Training Services

Pressure Vesseals
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Purpose

Introduction of the governing codes and basic
considerations and concepts of pressure vessel
design, fabrication, inspection, and modification.
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Pressure Vessal vs Piping

= PressureVessel - A container in which an
occurrence takes place at adifferent pressure
than atmospheric

= Piping - A container used for conveyance or
control (valves)

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-3

nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-4
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.




Outline

Process Engineer Responsibilities
Pressure Vessel Geometry and Heads
Codesand Standards

Evaluation M ethods (nondestructive
examination)

Fabrication and Welding
Testing

Support

Revamps

Stressand Strain

Stress Analysisand Code Rules
Wind and Seismic Loading
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Process/Project Engineer Responsibility
Process Design Conditions

Design Pressure

Design Temperature
Vessel Size and Orientation
Metallurgy

Nozzle Sizes and L ocation
Vessel Elevation

Internal Requirements
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Mechanical Design Features

Vessel Thickness

Heads

Shell

Vessel Support

Nozzle and M anway Details
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Mechanical Design Features

(continued)

= Fireproofing/insulation
= Internals, Including:

Distributors

Vortex Breakers

Grids

Trays

Centerpipes and Scallops
M esh Blankets
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Process Design Considerations
Pressure Nomenclature

= Normal Operating
— Pressure at which equipment operates

= Maximum operating

— Highest operating pressure foreseen for all applicable
cases (normal, turndown, startup shutdown)

= Design Pressure
— Maximum operating pressure plus a safety margin
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Process Design

Conditions

Determine Design Pressure

Maximum Operating
Pressure, psig

Design Pressure, psig

Less than 25

50

25 t0 250

Oper P+ 25

250 to 1000

(Oper P) * (1.2)

More than 1000

(Oper P) ™ (1.05) (*)

otherwise use a 10 percent margin

(*) Applicable only if pilot operated relief valves are used,
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Process Design Conditions
Exchanger Design Pressure

= Design pressureisnormally determined by the
preceding guidelines

= Toavoid the need for an additional relief valve,
the low pressure ssde may be designed for 10/13
of the high pressure side design pressure
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Process Design Conditions
When Vacuum Design is Specified

= Equipment that operates under vacuum
(including startup and shutdown)

= Equipment issubject to vacuum during drainage

m Wherelossof reboiler or other heat to agaswith
aresultant cooling, even condensation, can result
INn avacuum

m Operator error normally not considered

= Can design equipment for both internal and
external pressure

m UOP designsfor full vacuum if any vacuum is
possible
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Process Design Considerations
Effect of Pressure Drop on Mechanical Design

m Design pressureisat thetop of thevessel in
Its operating position

= Mechanical design conditionsat the bottom
should consider:
— Liquid head
— Upflow or downflow pressure drop
— Hydrostatic test conditions
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Process Design Conditions
Temperature Nomenclature

= Normal Operating
— Highest temperature expected during the
equipment’ s operating cycle, including start
and end of run.
m Design Temperature
— Normal operating temperature plusa margin
m |f operation iscryogenic (cold), themargin is
aminusvalue (usually -25°F). Alternative

margins may be considered wherethe
metallurgy is affected.

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-15
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Design Temperature

= Maximum

— Mean metal temperature based on highest
expected operating conditions

= Minimum

— Mean metal temperature—considering lowest
operating, operational upsets, auto-refrigeration,
atmospheric temperature, and many other
sources of cooling
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Design Temperature
(continued)

m Zoneswith different metal temperaturesare
allowed.

m Based on the minimum temperatures, impact
testing may berequired.

m Consider the effect of elevated design
temperature on the allowable design stress. Due

to creep considerations, the allowable stress can
drop rapidly at elevated temperatures.
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Process Design Considerations
Determine Design Temperature

Normal Operating
Temperature, F | Design Temperature, F

Less than 200 250 *
More than 200 Operating Temperature + 50

* 150 °F when caustic is present and the
operating temperature is 100 °F, or less
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Process Design Considerations
Special Casesfor Design Temperature

m Fractionators

— Design temperature normally constant top to
bottom, based upon the highest operating
temperature (which isgenerally at the bottom)

— Graduated for large delta T’ swhen the higher
design temperatureisgreater than 650°F

m Cooler Failure

— Failure of coolersupstream of equipment
could require a greater margin than 50°F
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Process Design Considerations
Special Casesfor Design Temperature (continued)

= Heat Exchanger Shells
— Usehigher of theinlet or outlet

— Graduateif change in metallurgy possible on
large exchangers

m Cold Wall Design

— Internally insulated vessels allow lower shell
design temperature and possibly alower and
less expensive metallurgy

m Flange Classes

— Watch the effect on the flange class when
setting the design temperature
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Process Design Considerations
Special Casesfor Design Temperature (continued)

m Short Term Elevated Temperature

— Useareduced margin (or no margin) when the
maximum temperatureisashort term
condition (e.g., end of run (EOR)) only and is
In the creep range of the material(s)

— In the creep range, the allowable stress drops
rapidly
- Creepistimedependent and not generally
significant in the short term

= Design codesdo not require or give guidelines
for temperature or pressure design margins
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Specified Design Conditions

m The specified design conditions are those resulting
In the most severe head/shell requirements

— Generally the greatest temperature and greatest
pressure

= |If thegreatest temperature and pressure do not
act smultaneoudly, the governing case may not
Include either or both

m Different portions of the equipment may have
different design conditions

— Consider need to accommodate pressuretesting
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Overall Geometry

m The sphereisthe most economical shape for
pressureretention
— Used for some gas storage vessels, particularly

high pressure

m For processequipment, the need to fabricate
and install internals, distribute and collect
process material, and control the process
leads to the need for a consistent cross-section
rather than the constantly varying cross-
section of a sphere
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Overall Geometry
(continued)

m Plot spacerestrictions (i.e. “footprint”) also
make a sphereless attractive

m Fabrication costs may offset sphere’s material
thickness savings

m Shape of choicefor process equipment isa
cylinder

m Most vesselsareoriented vertically unless
thereisa specific (process) reason to be
placed horizontally (e.g., gravity separators)
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Overall Geometry
(continued)

= Vessel dimensionsand orientation are controlled by
process requirements (e.g., space velocity, fluid
distribution, catalyst contact, resdencetime, tray
design and spacing, etc.)

= Cylinder length toinsde diameter ratioof 3 or 4is
typically used
— Provides good mix of inside volume, cross-section

area, and vessel cost (e.g., wall thickness)

= Minimum shell thickness, in inches, of (D+100)/1000
Isprovided for structural stability
— D istheinsidediameter, in inches
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Overall Geometry
(continued)

m Corrosion/erosion allowanceis usually provided
on the thickness
— Determined based upon internal atmosphere
— Isusually 1/16 to /8 inch (1.5 to 3 mm)

= Insidediameter and length dimensionsare set to
Increments of 6 inchesor 100 mm

— M atches commonly available head sizes and “can”
lengthsfor the shell
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Tangent and Weld Lines

= Tangent Line
— Point at which the head curvature begins

= Weld Line

— Point at which the head and shell are welded
together

Theweld lineisvery rarely the same point asthe
tangent line. Thismovesthe weld to a point where
fit iseasier (e.g., both sectionsare cylindrical) and
away from any stress concentrations present at the
geometrical joint.
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Tangent and Weld Lines

Overview

/\ —— Tangent line

Weld line

Tangent length

Weld line \/ —— Tangent line
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Tangent and Weld Lines

Detail

2:1 Head

K nuckle Weld line

Tangent line —»
’ Stright flange

Weld line—>p-@ Tangent line
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Common Head Styles

Hemispherical
Elliptical

Conical

Flanged and Dished
Torispherical

Flat

Hemispherical and 2: 1Elliptical arethe
most common.
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Hemispherical
versus 2:1 Elliptical Heads

= Hemispherical

Optimal pressure containing shape
Half asthick asthe shell

No sharp radius bends (e.g. knuckles) or stress
concentration points

Minimizesthinning, cracking, and compression
concerns

Entire head isat one smooth, constant, curvature
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Hemispherical

versus 2:1 Elliptical Heads
(continued)

= Hemispherical (continued)
— Joint with the shell is more complex
— Greater contained volumethan 2:1 elliptical
— Moresurfaceareathan 2:1 elliptical

— Moredifficult toform or fabricate, fewer
potential vendors

— Suitablefor thick shells (> 2 inches) (from a cost
viewpoint)
— Often fabricated rather than formed in one piece
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Hemispherical vs. 2:1 Elliptical Heads

(continued)

m 2:1édliptical

Three dimensional elliptical geometry

Depth equals 1/2 the vessel radius

Same thickness asthe shell

Easy butt weld detail at joint with the shell
Commonly available

L ess volume and surface area than hemispherical
K nuckles arein hoop compression

Suitable for thin shells (< 2 inches) (from a cost
viewpoint)
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Nozzle Details

= Although nearly any orientation is possible, for
ease of design and reinforcement, nozzles should
be perpendicular tothe shell

= Although not prohibited by codes, avoid locating
nozzlesin or near vessel weld seams

— Nozzle and any reinforcement will interfere with
the ability to inspect and NDE the vessel weld
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Nozzle Detalls
(continued)

m Locate nozzles so nozzle and itsreinforcement
arelocated within 80% of the head diameter

= Nozzleto shell welds are difficult to examine,
especially to radiograph, because of the difficulty
In accessing welds between two componentsat a
right angle and the interferencein thereadings
caused by the geometrical changes
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Vessal Fabrication

Nozzles

A. Pipe Couplings - Generally Avoided B. Forged Steel Nozzles

I L B

I I L

C. Built-up Nozzles D. Integrally Reinforced Nozzles

I P~ I
bi L
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Nozzle Details
(continued)

= Nozzleto shell joint geometry (e.g., sharp
corners, sudden thickness and geometrical
changes) causes stress concentrations

» Welding effects (heating, cooling,
metallurgical changes, heat affected zones)
and geometric constraints also cause residual
stress concentrations
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Nozzle Details
(continued)

= Tominimize effects of stress concentrations
and examination difficulty, flared nozzlesare
sometimes used for high pressure, cyclic, or
elevated temperature (creep range) service

m Thisdetail movesthe weld away from the
geometry discontinuities and creates an easier
to perform butt weld to the shell, with
probable improved weld quality
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Nozzle Detalls
(continued)

m Examination of the weld becomes easier and
the geometrical stressconcentrationsare
moved from theweld HAZ and are not
additiveto the stress concentrationsresdual
stresses due to welding

= A smoothly contoured detail, free of stress
concentration points, ismorereliably made
from aforging than grinding a confined weld

m Flared nozzles are more expensive to produce
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30 deg. min.
1/2 in. min.

D)

but not greater
than 1/4 in.

45 deg. max.
30 deg. max.

@) '
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Nozzle Detalls
(continued)

= Nozzle attachments may be through the shell
or butt welded to it

— Through shell

-  Welding may be performed and examined
from both sides; NDE iseaser

- Nozzle ID formsa uniform diameter,
smooth, unbroken single metallurgy
surface through the shell
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Nozzle Details
(continued)

— Through shell (continued)

 For thick shells, heat of welding may warp
nozzle; may be impractical for small
nozzlesin thick shells

- Requiresweld preparation of the shell
plate (e.g., beveling)

- Connection tendsto be stronger. Weld is
placed into shear by tension, bending,
compressive, or torsional loads.
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Nozzle Details
(continued)

— Butt weld to shell surface

Smaller weld, lessdistortion possibility

Shell laminations are a concern, especially if
external loads are present

Accessto theweld (for back welding or NDE)
from inside the nozzle may be impossible

Inner surface of the nozzleis broken:; shell
opening must match nozzle ID

Connection tendsto be weaker because the weld
Isin tension duetotensle or bending loads.
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Nozzle Neck Thickness

m Greater of:

— A) Minimum thicknessrequired for the nozzle
cylinder by the code design equationsfor
pressure plusexternal loads, pluscorrosion

— B) Smaller of

-  Minimum thickness of standard wall pipe
plus corrosion

« Vessdl shell or head thicknessrequired for
pressure, pluscorrosion
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Codes and Standards

Therulesfound in the design codes represent
many man-years of experience. If used wisely,
the code requirements can:

= Communicate design requirements

= Utilize know-how and technology

m Keep equipment costslow

®» Reduceinsurance costs*

= Reduce chance of legal entanglements*

* Duetotheuse of standard, recognized, design
methods and components.
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Design Codes

m Providerulesfor the design of equipment
adequate for design conditions determined by
others

= Donot providerulesor guidancefor the
determination of design conditions

= Donot providerulesor guidancefor the
determination of therequired material(s) of
construction or corrosion allowance

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-47

nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Design Codes
(continued)

m Tolerancesincluded in design codesare
Intended to insuretherulesand design
methods are applicable (e.g. the vessel is
essentially circular)

— They donot insurethe equipment issuitable

for the desired use or near the specified
dimensions

= Defined scope of most design codesincludes

new construction only, not revamps, repairs,
or rerates
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Design Codes
(continued)

= Lawsand regulationsin force at the site
determinethe Code that must be used.

= Lawsand regulations may also specify the
edition of the Code and could limit use of
referenced or auxiliary documents (e.g., Code
Cases).
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Code Use

m Provisonsof adesign codearean interrelated set of
design, fabrication, ingpection, and testing requirements.
For example, the use of a higher design stress may depend
upon use of stringent material, analysis, examination, and
testing requirements. Therefore, different codes can arrive
at different resulting wall thickness yet have equivalent
degreesof reliability (see following slide). Becausethe
provisonsareinterrelated, any selected code must be used
In itsentirety. Provisions cannot be mixed from different
codes. Use of particular codesisgenerally written intothe
national or local laws of the plant site.
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Comparative Wall Thickness
Requirementsin Various Countries
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Codes and Standards
ASME Section |

m Used for steam generating equipment and
certain auxiliary equipment and piping
m Often used for power plantsthat cannot

afford tobe“ down” ; therefore, design alittle
mor e conservatism into them

m Usesfactor of safety of 3.5
= Maximum joint efficiency of 0.9
= Moreexpensivethan Section VIII, Divison 1
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Codes and Standards
ASME Section VIII, Division 1

m Used for most unfired refinery equipment

m Usesfactor of safety of 3.5 against tensile failure
and 1.25 for 100,000 hour creep rupture

= Limited to 3000 ps (lessasa practical matter)

= Rigorousevaluations of local, thermal, and
fatigue stresses are not usually explicitly
performed
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Scope of ASME Section VI, Division 1

® Includes most vessels (or portions of vessels)
subject to either an internal or external pressure

— Local laws and regulations determine applicability
of the Code

= Doesnot include the following vesselswithin its
scope (in some cases they can be constructed and
stamped in accordance with the Code if desired)

— Internal and external operating pressures do not
exceed 15 ps

— Diameter, width, height, or cross-section diagonal
does not exceed 6 inches (no limit on length)
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Scope of ASME Section VIII, Division 1

(continued)

m Vesselsnot included in scope of ASME VIII-1,
(continued):
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Codes and Standards
ASME Section VIII, Division 2

m Used for high pressurerefinery equipment

m Usesfactor of safety of 3 against tensle failure

m Resultsin thinner vessels (compared to
Division 1)

= Not permitted in the creep range of materials

= Requiresadditional design analysis(e.g., local
and thermal stress, fatigue) and quality

control (e.g., full X-ray, stringent material
requirements)

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-56
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Codes and Standards
ASME Section VI, Division 2 (continued)

= Moredifficult tore-evaluatefor future
operating condition changes

= Limited fabricators

= Material and fabrication costs (welding,
rolling) are lower, asaretransportation,
erection, and support costs
— Partly offset by analysis, design, and quality
control expenses
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UOP Guidelines

Use of ASME Section VIII Division 2
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Codes and Standards
ASME Section VIII, Division 3

For ultra high pressure equipment (>10,000 ps)
High strength materials

Material toughnessrequirements

Fatigue analysisrequired

Refinery equipment does not fall within its scope
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Codes and Standards
ASME Code Cases and | nterpretations

= Code Casesareauxiliary tothe Pressure
Vessel and Nuclear Sectionsof the ASME
Code. If accepted by the local governing
body they carry the legal weight and
authority of the Code.

= Interpretationsare committee responsesto
qguestions but carry no legal weight. They
exist for many Sections of the Code.
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Codes and Standards
Non-Code Vessals

= Applicableto atmospheric vessels handling
water and injection chemicals

= Nominal cost savings
— No Code shop
— No Code stamp

m Must still be safely constructed—often
complieswith Code details

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-62
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Codes and Standards
Other Related Codes and Standards

APl Standard 620, Large Low Pressure Storage
Tanks, Pressure 0.5t0 15 psig

API Standard 650, Welded Storage Tanks,
Pressuresup to 0.5 psig

ASM E B31.3, Process Piping
ASME B16.5, Pipe Flanges and Flanged Fittings

ASME B16.47, Large Diameter Steel Flanges
NPS26 Through NPS60

TEMA for Heat Exchangers
L ocal codes if more stringent
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Code for Repairs and Alterations

m Scope of the familiar design codes covers new
construction only
— For repairsand alterations (revamps), other
documents govern
= Aswith codesfor new construction, the
applicable document depends upon local laws
and regulations

= Two common documentsare:
— NB23 - National Board Inspection Code

— API 510 - Pressure Vessel Inspection Code,
M aintenance, I|nspection, Rating, Repair, and
Alteration
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UOP Standard Specifications

m UOP Standard Specificationsfor pressure
vessels augment the codes
= Areorganized on the basis of the material of
construction
= Most commonly used are:
— 3-11 PressureVessels—Carbon Steel
— 3-12 Pressure Vessels—L ow Alloy Steel

— 3-17 Pressure Vessels—ASME Section VI
Division 2
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ASME Versus ASTM Materials

= ASTM materialsare prefaced with “ A” (e.g.
A387); ASME materialsare prefaced with
“SA” (eg. SA387)

= Arenormally nosignificant differences
between the materials

— Any differencesare noted in the ASME listings
(Section Il of the ASM E Code)
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ASME Versus ASTM Materials
(continued)

= ASME materials(i.e. those designated with
“*SA” ) must be used for fabrication according
tothe ASME Pressure Vessel Code

= ASTM materialsare used for most other uses,
Including piping conforming to ASME B31.3

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-67
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



SPECIFICATION FOR FORGED OR ROLLED ALLOY-
STEEL PIPE FLANGES, FORGED FITTINGS, AND
VALVES AND PARTS FOR HIGH-TEMPERATURE

SERVICE

3,
9@@ SA-182/SA-182M

&
{Identical with ASTM Specification A 182/A 182M-95¢ except for A96
the clarified heat treatment requirements by the addition of Note 4 to Table 1.) A97
1. Scope 1.6 The value stated in either inch-pound units or

: g 51 units are to be regarded separately as the standard,
!;} m;;fﬂfﬁ,m' m“‘:‘n;b‘hﬁ‘d low alloy and — yih the text, the ST units are shown in brackets. The
SYRALERS ARG EANnpon i 160 . prenouEn values stated in each system are not exact equivalents;

ZyStalRL. Lnckiied iy Hnn_gu. I'T'thngsT valws! A S therefore, wach system must be used independently of
lar parts to specified dimensions or 1o dimensional ; P
: . the other. Combining values from the two systems may
standards such as the ANSI specifications that are P ; e ;
result in nonconformance with the specification.

referenced in Section 2.

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-68
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



L ow Temperature Requirements

= At low temperatures, many materials may

become brittle

— ASME Code contains additional requirements
for these materials depending upon the
applicable MDMT

m MDMT standsfor Minimum Design M etal

Temperature
— Isthelowest mean temperature of the metal (not
theinternal fluid) considering many factors,
Including operating temperature, low ambient
temperature, and auto refrigeration
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L ow Temperature Requirements
(continued)

= Application of additional requirements

depends upon the material, MDMT, and
thickness

m Figure UCS-66 of ASME Section VI
Division 1 isused to determineif Charpy V-
notch testing isrequired
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L ow Temperature Requirements
(continued)

m If required by Figure UCS-66, materials must
exhibit minimum Charpy V-notch impact test
valueswhen tested at the MDM T

= Exemptionsand exceptionsexist for thin
carbon steel vessels, low stressed materials,
and heat treated itemsif heat treatment is not
otherwise required
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MDMT Determination

m The MDMT shown by UOP isthe lowest of the
following temperatures:
— Minimum operating temperature minus 25°F
— Lowest average ambient temperaturefor a24
hour period

— Auto-refrigeration temperature determined by
flashing the material to 40 percent of design
pressure

= Thismethod of determiningthe MDMT tends
to be conservative because the surrounding
fluid temperature, not the actual metal
temperature, is used.
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| mpact Test Exemption Curves
ASME Section VIII Division 1
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_80 1 | |

Minimum Design Metal
Temperature, °F

| |
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Nominal Thickness, inches
(limited to 4 inchesfor Welded Construction)
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Partial Materials List for Curves

m CurveA

— All carbon and all low alloy steel not listed for
CurvesB, C, and D below

— SA-216 GradesWCB and WCC,; SA-217
Grade WC6 if normalized and tempered

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-74
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Partial Materials List for Curves
(continued)

m CurveB
— SA-216 Grade WCA if normalized and tempered

— SA-216 GradesWCB and WCC for thickness
not exceeding 2 inches, etc

— SA-217 Grade WC9 if normalized and tempered
— SA-285 Grades A and B

— SA-515 Grade 60

— SA-516 Grades 65 and 70 if not normalized
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Partial Materials List for Curves
(continued)

m CurveC
— SA-182 Grades 21 and 22 if normalized and
tempered
— SA-336 F21 and F22 if normalized and tempered
— SA-387 Grades 21 and 22 if normalized and
tempered
— SA-516 Grades55 and 60 if not normalized
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Partial Materials List for Curves
(continued)

m CurveD
- SA-203
— SA-508, Grade 1
— SA-516 if normalized
— SA-524 Classes1 and 2
— SA-537Classes 1, 2,and 3
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Reduction in Minimum Design Metal
Temperature Without | mpact Testing

1.0

0.8
w |9
.9"' 0.6
kS

0.4

0.2 See UCS-66(b)(3) when ratios are 0.4 and smaller

0 20 40 60 80 100
°F
Nomenclature

t, = required thicknessof the component in corroded condition for all applicable loadings based on
the applicablejoint efficiency E, inches.

t, = nominal thickness of the component under consideration including corrosion allowance, inches.
c = corrosion allowance, inches.
E = joint efficiency. -
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Name Plate

Name of M anufacturer

psa__ °F
Max. Allowable Working Pressure

_ °Fa____ ps
W (if arc or gas welded) Min. Design Metal Temperature
RT (if Radio graphed)

HT (if Postweld heat treated)

M anufacturer’s Serial Number

Y ear Built
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ASME Section VIII Divison 1 Postweld
Heat Treatment Requirements

Code Reference

Vessels containing letha substances UW-2
Carbon-steel vessels for service at temperature below -20°F UCS-67
Welded vessels UW-10

Uw1-40
Carbon and low-alloy steel vessels UCS-56
t > 1.25 inches UCS-66
Low alloy steel vessels UCS-67
t > 0.625 inches UCS-79

U-1
High-alloy steel vessels UHA-32
Clad-plate vessels UCL-34
Bolted flange connections UA-46
Castings uG-24
Forgings UF-31
HT under symbol - entire vessel postweld heat-treated UG-116
PHT under symbol - part of the vessel postweld heat-treated UG-116
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Postweld Heat Treatment Not Required

m Carbon Steels
— t<1.25inches
— t<1.50inchesif 200°F preheat

= Low Chrome Steels
— Circumferential butt welds of pipe or tubes
— If pipe< 4inchesoutside diameter
— t<5/8inches
— Carbon <0.15%
— 250°F preheat, minimum
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Postweld Heat Treatment Reguirements
for Carbon and Low Allow Steels

Minimum Holding Time at Normal Temperature for
Nominal Thickness[see UW-40(f)]
Normal Holding
Temperature,
M aterial °F, min Upto2in. Over 2in.to51n. Over 5in.
P-No.1 1100 1 hour/inch, 15 | 2 hours plus 15 2 hours plus 15
minutes, minutes for each minutes for each
Gr. Nos 1,2,3 minimum additional inch additional inch
(carbon steel) over 2 inches over 2 inches
P-No. 4 1100 1 hour/inch, 15 | 1 hour/inch 5 hours plus 15
minutes minutes for each
Gr. 1,2 minimum inch over 5 inches
(low dloy)
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Non-Destructive Examination Methods

Nondestructive examination (NDE) isa quality assurance
tool used to check weldsfor flaws. Thisresultsin safer
vessels and allows use of higher joint efficiencies; therefore,
thinner shells. Methods of NDE include:

= Visual
— Most economical
— Most versatile
— Requiresan experienced inspector
— Detects surface imperfections only

= Dye Penetrant (PT)
— Placesa contrasting dye over the weld surface, then
wiped clean
— Surface imperfectionsretain the dye
— Apply adeveloper to make dye visible
— Detects surface imperfections only
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Non-Destructive Examination Methods

(continued)

= Magnetic Particle(MT)

Metallic particlesare sprinkled on the surface
and magnetic poles are supplied by an electric
current, creating a magnetic field

Particlesalign with the magnetic field

Orientation of the particlesindicates surface and
very dightly subsurface imperfections

May use fluorescent particlesin aliquid
suspension to increase visibility and ease of
particle movement

Material must be magnetic and surface must be
horizontal

Accidental arc strikes possible
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Non-Destructive Examination Methods
(continued)

= Radiography (RT)
— Detects many types of subsurface

Imperfections, lack of fusion, dlag inclusion,
porosity, etc in addition to cracks

— Dangerousto perform

- May requirean isolated or roped off area
and be done at night or other timeswhen
people are not present

— Reguiresaccessto both sides of the examined
surface and clearance from obstructionsin the
Immediate vicinity
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Non-Destructive Examination Methods

(continued)

= Radiography (RT) (continued)

Generally reguires an experienced, specialty
contractor

Can examinethe full length or a portion of the
length (i.e. spot) of welds

Provides a permanent record in theform of a
film image
Difficult to perform in the field

For field ingpections, gamma rays are often
substituted for X-rays
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ASME Section VIII Division 1
Full Radiographic Requirements

Carbon and Low-Alloy Steels

P Number and Group Number — M etals When Thickness Exceeds

P=1 Group 1 1.25in
1 2
1 3

Carbon steels

P=3 Group 1 0.75in.
3 2
3 3

Alloy steels with 0.75 maximum chromium and those with 2.00
maximum total alloy
P=4 Group 1 0.625in.
4 2
Alloy steels with 0.75 to 2.00 chromium and those with 2.75
maximum total alloy

P=5A Group 1 0.0in.
5A 2
Alloy steels with 10.00 maximum total alloy
P = 9A Group 1 0.625in.
9B 1
Nickel alloy steels
P=10A Group 1 0.75in.
10F 6
P=10B Group 2 0.625in.
10C 3

Other aloy steels
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Non-Destructive Examination Methods

(continued)

= Ultrasonic (UT)

Usesreflection of sound wavesto detect subsurface
flaws

Used to measure thickness

Accessrequired from only one side

Not dangerous

Requires experienced operator tointerpret results

Requires smooth, clean surface (including grinding
of welds)

Requiresfrequent calibration and a calibration
block for the material being examined
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Non-Destructive Examination Methods
(continued)

= Ultrasonic (UT) (continued)

— Use of angle beams eliminates some concern with
near by obstructions

— Straight beam isused for thickness determination
— Can be performed while equipment ison stream

— Useof computersallows creation of a permanent
record on adisk

— May bedifficult touse on thin shellsand on
austenitic stainless or coarse grained steels
m Other gpecialty methods, including replication
and acoustic emission, are available
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Non-Destructive Examination Methods

= New vessel examination
-~ Usesall examination methods
- RT and UT detect subsurface fabrication
flaws and cracks, allowing for correction
= |n service examination

— New damage/flaws form at surface, detectable
by visual, PT,or MT

— Cracksmay grow from existing subsurface
defects, detected by RT and UT

— Corrosion detected by visual and UT
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Lethal Services

m Defined in ASME Section VIII Division 1,
Section UW-2.

= Lethal isdefined as“ poisonous gases or
liquids of such a naturethat avery small
amount of the gas or of the vapor of theliquid
mixed or unmixed with air isdangerousto
life when inhaled.”

= API hasdetermined that refinery processes,
Including HF containing services, do not
qgualify aslethal services.
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Vessal Fabrication
Methods of Shell Fabrication

m Shellsareformed from a series of cylinders butt
welded together

— Typically these“ cans’ are 8 feet (2.5 meters) long

= Two forming methods are common:
— Rolled plate
— Drum forging
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Vessel Fabrication
Methods of Shell Fabrication (continued)

= Rolled Plate
— Commonly available
— Many potential fabricators
— Unlimited vessel size
— Includes at least one longitudinal weld seam

— Longitudinal seams of neighboring sections
cannot be aligned

— Difficult to form thick shells
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Vessal Fabrication

Methods of Shell Fabrication (continued)

= Rolled Plate (continued)

Distortions possible during rolling
Difficult to maintain a consistent diameter

May be difficult to match shapes of
neighboring sections

Tendsto haveagrain alignment in the
direction of rolling

Can bedifficult toroll toa small radius of
curvature (relativeto the thickness)
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Vessel Fabrication
Methods of Shell Fabrication (continued)

= Drum Forging

— Excellent for thick shells; nothinning or
creation of stresses

— Nolongitudinal weld seam

— Close ID tolerance; can be machined to very
close tolerances

— Good thickness and diameter control
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Vessel Fabrication
Methods of Shell Fabrication (continued)

= Drum Forging (continued)
— Formed directly from ingot

— Duetoneed towork with a hot ingot, potential
fabricatorsarelimited

— Limited diameterspossible

— Limited volume of shell section determined by
Ingot volume

— Material propertiesvary from surfaceto center
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Multi-Layer Construction

m Considered for heavy wall vesselswherethe
thickness makes other methods impractical or
expensive

= Shell ismade of multiplethin layersof material

— Layersmay bewound (like a coil) or formed from
separate rings and shrink fit onto each other

— Thinner plateiseasier toform
— Thin plates have more uniform material properties
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Multi-Layer Construction
(continued)

m Headsremain assinglelayer construction
m Nozzlesare solid forgings

® Insuring that nozzles are welded to all of the
plate layers can be difficult

= Ventsareprovided to detect leakage and, if
applicable, hydrogen venting

— Ventsextend from the outside through all but
theinner layer
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Multi-Layer Construction
(continued)

= Must insurethat all layers act together, carrying
their share of the load

m Attachments(internal or external) can be a concern
because they attach to the surface layer
— For sgnificant loads, insure that all layers participate
In carrying the load
m Cracksdo not propagate between layers

m Most suited for membrane (uniform) stresses,; not
well-suited for bending stresses

m “Gaps’ between layers make NDE nearly impossible
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Multi-Layer Construction
(continued)

= Thorough inspection isdifficult —visible layersdo
not reflect or represent condition of other layers

= Very difficult to evaluate for future service (i.e.
fitnessfor service or rerating) dueto difficulty
accurately ascertaining the current condition

— Divison 2 designs are especially difficult because of
the detailed analysisrequired

= Very difficult torepair or modify

= May need to account for differential thermal
expansion between layers
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Vessal Seam Welds

yRDOT PASS ! — ROOT PASS

DOUBLE BUTT SINGLE BUTT
WITH BACKING BAR

ROOT PASS HEAT
AFFECTED

/ONE
SINGLE BUTT
WITHOUT BACKING BAR
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Welding Methods

= All processes use an arc between the electrode
and base metal to produce the heat for fusion
— Some electrodes become a part of the weld

(consumable) while othersdo not (non-
consumable)

m All processes are dependent upon a competent
welder, qualified per the governing code

m Proceduresarewritten and welderstested for
each type of weld used.

= Low hydrogen isdesired to prevent flawsand
cracking, hence electrodes must be kept dry

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-104
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Welding Methods
(continued)

m Shielded Metal Arc (SMAW)

— Shielding of arc provided by gasesfrom
electrode covering decomposition

— Molten flux or dag provides more shielding
— Electrodeis consumed

— Usually done manually

— Can bedonein any position

— Good ductility and resistance to weld shrinkage
cracks
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Welding Methods
(continued)

m GasMetal Arc (GMAW)
— Shielding isfrom a gas stream

— Electrodeis consumable and becomesfiller
material

— Usually done automatically (machine) with a
continuoudly fed electrode
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Welding Methods
(continued)

= GasMetal Arc (GMAW) (continued)

Can bedonein any position with proper
shielding gas selection (e.g. argon is heavier
than air and isnot used for overhead welding)

Weld spatter isaconcern
Sometimes known asM G (Metal Inert Gas)

Use often limited due to concer ns about
difficult to detect cold lap or lack of fusion
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Welding Methods
(continued)

= Submerged Arc (SAW)

Shielding from agranular, fusible flux (fused
flux provides additional protection)

Arc cannot be seen, henceits* submerged”

Usually a continuous, automatic (machine)
process

No weld spatter, but shielding flux may not
stay in placeif in other than aflat position

Flux isamaterial that preventsformation or
aldsremoval of oxides and other undesirable
substances
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Welding Methods
(continued)

m GasTungsten Arc (GTAW)

Shielding from a gas stream (typically argon)
Uses a hon-consumable tungsten electrode

Filler metal may be added

Used for thin materials (< 3-4mm) in all positions
Usually manual but may be automatic

Also known as TIG (Tungsten Inert Gas)
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Welding Methods
(continued)

m Flux Cored Arc (FCAW)

— Shielding gas from decomposition of the
electrode and, occasionally, an external gas

— Often produces a dag covering the weld
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Welding Methods
(continued)

= Electric Resstance Welding

Heating of the base metal by resistanceto an
electric current

Does not melt the metal

Narrow, sometimes hard to detect weld or
fusion line

Very limited applicability to pressure vessels
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Pressure Testing

m Presauretestingisrequired by the ASME Code

m Testing to be performed after all fabrication,
welding, and heat treatment is completed

— Testing should occur prior to any painting or
priming

m Testing to be observed by the authorized inspector

EDS-2003/PV-112

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: Thismateria is UOP LLC technical information of a confidential

nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Pressure Testing
(continued)

m Test pressure may be based upon either
— thedesign pressure

- MAWRP of thefull, corroded or uncorroded
thickness

m Two types of pressure are accepted:
— Hydrostatic
— Pneumatic
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Hydrostatic Pressure Testing

m Vessal isfilled with water and pressured to
therequired value

m Section VIII Division 1 minimum required
test pressureat all locations= 1.3« DP » S./S,

= Usethelowest S./S, ratio

= May be based upon design pressure or testing
of full (uncorroded) thickness of vessel

= Recommended test temperatureis 30°F over
MDMT

— Temperatureisof the metal, not thetest fluid
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Hydrostatic Pressure Testing
(continued)

m Check flanges and shell for overstressdueto test
pressure + hydrostatic head (especially significant
for tall columns)

— Noareamay be stressed to more than 90 percent of
the material’syield stress

m Test issafer duetoincompressibility of water (or
other fluid)

— Littleenergy isstored in thetest fluid under
pressure

m Easy to see and detect leaks; large water molecule
may not reveal some small openings

» May add adyeor luminescent material to see leaks
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Hydrostatic Pressure Testing
(continued)

= Must vent properly during filling toinsure
completefilling (including voidsin internals)

= Avoid overstressing or lifting internals during
filling
m Supports(e.g. support skirt and structure)

must be adequate for liquid full vessel (may be
difficult to providein situ)

m Adequate supply of suitable water may be
difficult to obtain

— For example, where stainless steel is present,
chloridesarelimited to 50ppm
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Hydrostatic Pressure Testing
(continued)

= Avoid damage (e.g. pulling a vacuum) during
drainage; fully removing liquid and drying may be
difficult

— If not thoroughly dried, corrosion (rust) may occur

= Some environmentsand internals (e.qg. refractory)
may make hydrostatic testing undesirable

m Water must not freeze

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-117
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Pneumatic Pressure Testing

m Test pressureisprovided by compressing air
or another gas

m Section VIII Division 1 minimum required test
pressureat any point = 1.1 « DP « S./S,,
— Aswith hydrostatic testing, pressure may be

based upon the design pressure or the full
corroded or uncorroded thickness

- Usethelowest S./S,ratio

= Metal test temperature must be at least 30°F
over the MDMT
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Pneumatic Pressure Testing
(continued)

= Very dangerousdueto stored energy in the
compressed gas

m Heat of compression, and subsequent cooling,
may mean a loss of test pressure

m Existence of aleak may be detected by a loss of
(i.e. difficulty maintaining) internal pressure
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Pneumatic Pressure Testing
(continued)

= May bedifficult to see leak location—colored
smoke sometimes added

= No extraweight or hydrostatic pressureto consider
= Venting and concern with thefilling method are

not a concern, nor isfinding, draining, or disposing
of thetest medium

m Doesnot damagerefractory or impact the process
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Hydrostatic Test Example

LR

100

200’

v N

rr 7 777

Design Conditions:
P = 50psig
T = 650°F (Top 100)
= 1050°F (Bottom 100"
Materid:
SA387 GR11 CL2 (Bottom)

SA516 GR70 (Top)
Allowable Stress at Design

Temperature:
S+ (top) = 18,800 psi
SH (bottom) = 4,200 psi
Allowable Stress at Test
Temperature (70°F)
Sr (top) = 20,000 psi
Sr (bottom) = 21,400 ps

Hydrotest Pressure, PHybro

Puywro =1.3P STEST
SHOT | | owest Ratio
Top of the Vessel,
STEST _ 20 ,000 - 1 064
SHoT 18 ,800
Bottom of the Vessal,
STEST _ 21 ,400 - 5 095

SHOT 4,200

Prvoro (&t top head) = 1.3(50)(1.064) =69.2psig

Actud pressure at bottom,

ps

including hydrostatic head = 69-2+0-433? x200' =155.8 psig

Bottom head must be capable of taking this pressure.
All flanges must be checked for hydrotest condition.

NOTE: Prvoro for asingle vessel made of SA387G11CL2

material, with Design Temperature = 1050F and P = 50
psigPHypro = 1.3(50)5.095 = 331.2 psig. Including hydrostatic

head P,

Bottom
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Full Thickness
Hydrotest Pressure

For each shell section, head cone, etc.,
determine the maximum allowable
pressure at the test temperature (M AW
Pc.). For ashell section:

SET

R+ 0.6T

Where: P, = Maximum permitted pressure for material
thickness
S = Material allowable stressat test temperature
(ambient)
~ T = Material thickness
VAV AWV E = Joint efficiency
R = Radius
PV-R00-31
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Full Thickness Hydrotest Pressure
(continued)

m Calculated test pressure at top of vessel
P. =1.3F- -liquid head
For hydrotest of acylindrical section:

o _ L3SET

) = - 0.433(SG.)H
R+ 0.6t

Where: S.G. = Specific Gravity of the test medium

m Hydrostatic test pressure at thetop of the vessel =
minimum of all calculated test pressures
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Vessel Supports

m Straight skirtsbelow the vessel are most
common for vertical vessels

m Skirt isbest centered on the shell thickness

m Skirt Details

— For vessels subjected to high (creep range)
temperatures, cyclic loading, or with thick
shellsa contoured joint isused to reduce stress
concentrations

— Insulation detailslocate thermal gradients away
from thejoint
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Vessel Supports
(continued)

= SKirt Details (continued)

— Other heavy wall or “severe’ service equipment
uses alessstringent detail, usually aflat exterior
facewith aweld height at least twice itswidth

— Remaining equipment usesa “standard” fillet
welded joint

m Flared skirts(conical skirt attached tothe side
of the vessel) are often used for equipment

supported on atabletop or astructure (e.g.,

reactorswith unloading space beneath them)
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Vessel Supports
(continued)

m A flared skirt allowsthe vessel to project below

the support level, reducing the wind overturning
moment on the vessel

= Analternativetoaflared skirt issupport from
lugs

— Tension and compression ringsarerequired to
avoid high local stresses

m Small vessels are occasionally supported by legs

— Thisalternative should be considered only for
short, small diameter, lightly loaded items
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Vessel Supports
(continued)

m Horizontal vessels are supported by saddles
located near the ends

m Design of thissystem isfairly specialized in
order to avoid shell distortions at the saddles
and “ sagging” of the vessel between saddles
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Vessel Support Skirts

= Ventsarerequired at thetop of the enclosed
space to allow escape of any gasesand to
promote air flow and cooling

m Flangesarenot permitted beneath skirts
because they are aleak source and are not
easi|ly accessible inside a skirt

— The confined space promotes dangerous
concentration of leaking vapors

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-129
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Vessel Support Skirts
(continued)

m SKkirt length must be sufficient to absorb any
radial thermal growth of the vessel

m Upper portion of skirtsis made of the same
material asthe vessel shell

— Remainder of the uninsulated skirt may be
carbon stedl

m Providea“ hot box” at the skirt/shell junction
for elevated temperature service

— Thismovesthethermal stresses away from the
mechanical stressesand HAZ at the junction
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Contoured Support Skirt Detail

= Joint between skirt and head shall have a
smooth streamlined geometry
= Joint detail may be fabricated from:

— A singleforged component, butt welded asan
Integral portion of the vessel

— Weld metal buildup
— Built up plate construction

m Backing strips, if used, shall be removed after
welding
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Contoured Support Skirt Detail
(continued)

= Welds shall be ground smooth and flush

m Weld surfaces shall be examined by magnetic
particle or dye penetrant after final postweld
heat treatment

= All pressure containing welds must be accessible
for NDE in both the shop and thefield
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Vessel Supports
Contoured Skirt/Shell Junction

I nsul ation

{
Work Poi nt\ &
[ ottom Head

B
‘ 1'-0" (300) Air Space
| r 107 (300) Air p
L

\ 4

: Minimum
/

y

By Manufacturer

Pipe Sleeve Vents 1/2"(13) Radius Minimum

\
A

/
Support Skirt b ocS

(@)
(o)

Insul ation

e
(8%

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-133
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or PV-R02-68
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Vessel Supports
Flared Skirt
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Revamps

® Revampsinclude any re-evaluation and/or
modification of an existing vessel

— Reratesand evaluation for different operating
conditionsisincluded

= Perform a complete engineering evaluation of
the vessel for any new design conditions or
Imposed |oads

= All modifications must be designed and
performed in accordance with the governing
codesincluding the inspection codes (NB-23 or

API-510)
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Revamps
(continued)

m Consder aformal fithessfor service evaluation,
especially if the vessel operated in the creep
range, has been deformed, has significant
corrosion damage, experienced operational
upsetsincluding overpressure or overheating,
was subjected to cyclic loading or has been
damaged (e.g. cracks) or deformed (e.g. bulges).

m API 579 provides a basisfor evaluation of
cracks and similar flaws, local thin areas
(LTA’S), bulges, creep and fatigue damage, etc.
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Revamps
(continued)

m Vessel must bethoroughly inspected, both
visually and by nondestructive means, prior to
commencement of the evaluation and any
modifications.

= A complete metallurgical evaluation isalso
necessary to determine the present
metallurgical condition after operation (e.g.,
creep, fatigue, embrittlement, etc).
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Revamps
(continued)

= Suitability for continued service under the same
or new service conditions must be determined
per the original code of construction.

= Very difficult to evaluate Division 2 vessels due
tothe detailed analysisoriginally required.

m Consider evaluation in accordance with the
current design codeto investigate the effect of
code modifications (e.g. lower allowable stresses)
since the original code.
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Revamps
(continued)

= Suitability of the materialsfor the intended
atmosphere must be checked, even if it has not
changed
— For example, the Nelson curvesfor hydrogen
atmospheres are occasionally revised so that a

material may no longer be suitable for
operation at the intended design conditions

= Review flange classes
m Review nozzle reinforcement

m |f thevessel isrelocated, review wind and
earthquake
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Revamps
(continued)

m For servicein thecreep range, aremaining life
evaluation isnecessary asa minimum

= Proper fabrication methods must be used for
the alteration, considering that the vessel has
been in service
— Morecare may be needed to prevent damage
(e.g. maintenance of proper pre, during, and

post-weld heat temperatures, sequence of
welding, dehydrogenization, existence of coke)

= Thoroughly inspect and possibly test the
modifications
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FCC Revamp
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On-Stream Repair Concerns

= Welding to operating equipment is dangerous
— Welding may add to stresses already present

— Thismay over-stressmaterial or propagate an
existing crack

= Welding will increase the local metal
temperature, perhapsto the point the load
carrying ability is compromised

m If thereisaleak, welding arc may ignite vapors

m Hot tapsarestrongly discouraged

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-142
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



On-Stream Repair Concerns
(continued)

= Working in the presence of a processleak is
very dangerous

= Must avoid creating thermal stressesduring
repair procedure or shutdown
— Any patch must be the same material at the

sametemperature asthe base material at the
time of therepair

m Stressrelief may berequired

= May need to vent beneath a patch to allow
escape of welding gases
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Stress Analysis

Terminology

Primary M embrane Stressesin Shells
Primary Membrane Stressesin Heads

Code Design Equationsfor Shellsand Heads
Nozzle Reinforcement

Discontinuity Stresses

Code Allowable Stress Basis

Wind and Earthquake
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Stress and Strain Definitions

= Strain - Distortion per unit length. For atensile
test it’susually the elongation divided by the
original stressed length. It may be applied
directly or bethe byproduct of an applied
Stress.

m Stress- Forcedivided by the area over which it
Isapplied. For atensiletest theareaisthe
original crosssection. It may be applied directly
of be the byproduct of an applied strain.
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Review of Strength of Materials
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Typical Stress-Strain Curve
for a Stainless Stedl
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Typical Stress-Strain Curve
for a Mild Stedl
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Stress - Strain Terms

m Creep - Continuous changein strain over time
at elevated temperature under constant load or
displacement conditions.

m Creep Strain - Increasein strain with time
under constant loading conditions.

m Creep Relaxation - Reduction in hot stresswith
time under constant displacement conditions.

m Creep Rupture- Failure dueto excessive
accumulated creep strain.
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Histories from a Loading At
Low Temperature
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Histories from a Controlled Loading at
Elevated Temperature
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Stress - Strain Terms

= Ductility - Ability todistort plastically before
fracturing
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tensletest.

Ductile material will distort dramatically before
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Brittle material will distort very little before
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Astemperatureislowered, ductile material can
become brittle. Thispoint isthetranstion
temperature.
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Stress - Strain Terms
(continued)

m Elasticity - Ability of asolid to deform in direct
proportion to, and in phase with, increases or
decreasesin applied force, i.e., stressand strain
are proportional

m Elastic Distortion - Strain isfully recovered
when the stressisremoved

m Plasticity - Ability of a material to deform
inelastically without rupture

m Plastic (Inelastic) Distortion - Strain isnot
proportional to stressand is not recovered
when the stressisremoved, i.e. it IS permanent
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Stress - Strain Terms
(continued)

= Modulusof Elasticity (Young’'s M odulus) -
Ratio of stressto strain beforethe
proportional limit, e.g., the dope of the curve

m Proportional Limit - Stress at which stress
and strain ceaseto be directly proportional
(i.e., astraight linerelationship)
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Stress - Strain Terms
(continued)

m Strain Hardening - Increasein stress
capacity duetointernal strain redistribution
In ductile materials

m StressRupture - Time dependent failure

— Ruptureisafunction of time, temperature,
and stress
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Stress - Strain Terms
(continued)

= Toughness - Ability to absorb energy

— Generally characterized by the area beneath the
stress-strain curve

— A common test method isthe Chary V-notch
Impact test

= Ultimate Strength - Maximum stress, based
upon theoriginal area, before failure
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Stress - Strain Terms
(continued)

m Yield Strength - Stressat which a small additional
stressincrease resultsin alarge additional strain

— Sameasthe proportional limit if thereisaclear
break between the elastic and inelastic portions of
the stress-strain curve

— If thereisnot aclear break between the elastic and
Inelastic portions of the curve it’sdefined asthe
stress at which aline beginning at 0.2% (0.002)
strain and drawn parallel tothe elastic portion of
the curveintersectsthe stress-strain curve
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Stress Analysis of Pressure Vessels

m Basic Formulasfor Stress

m ASME Code Pressure Design Equations
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Areas of Knowledge and Application

= Analysisand design of pressure vessels can be complex
= Requires knowledge and application of:

— Applied M echanics — Stress Rupture

— Strength of M aterials — Metallurgy

— Fatigue — Heat Transfer

— Fracture M echanics — Computational M ethods (e.g., Finite
Element Analysis)

— Plasticity — Fabrication & Welding Techniques

— Creep — Nondestructive Examination (NDE)

— Provisions of all currently applicable codes
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Stress Analysis of Pressure Vessels

Types of Stress

m Primary Stress

Caused by an applied force, strainisa
response, i.e., a secondary event

If excessive, can cause failurein asingle
application

Necessary to satisfy equilibrium of forcesand
moments

Not self-limiting
Internal or external pressure
Weight, wind, earthquake
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Stress Analysis of Pressure Vessels

Types of Stress (continued)

m Secondary Stress

Caused by an applied strain, stressisaresponse,
|.e., a secondary event

Generally doesnot lead to failurein a single cycle
Self-limiting (e.g. thermal stress)

L ocal geometric effects, thermal stress, residual
stresses from welding (often due to constraints)
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L oadings Causing Vessdl Stresses

= Internal or external design pressure

= Weight of the vessel and contentsunder
operating or test conditions

m Superimposed static reactions from weight of
attached equipment

® Internals
m Vessal attachments
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L oadings Causing Vessdal Stresses
(continued)

m Cyclic and dynamic reactionsdueto pressure
or thermal variations

= Wind, snow, and seismic reactions
= Impact loads

m Temperature gradientsand differential
thermal expansion

m Residual stressesdueto constraints
m Local stressesat geometric discontinuities
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Stress Analysis of Pressure Vessels
Terminology

m Stress Types
— Membrane Stress

- An essentially uniform stress averaged
across the thickness of the cross-section

— Bending Stress

. Stresslevel variesthrough the thickness of
the cross-section

m StressDirection

— Circumferential
— Longitudinal
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Cylindrical Vessel
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Spherical Vessel or Head

Circumferential
(Hoop)
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Hoop Stress

_ _ Applied force= Pressure x fluid area
Sectional view of a pressure vessel Reaction force = Stress x metd area
cylinder or sphere
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Longitudinal Stress
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Stresses in Pressure Vessels Dueto
| nternal Pressure
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ASME Code Design Thickness

Equationsfor Shells
Section VIII, Division 1

m Cylindrical Shells
— Circumferential stress (longitudinal joints)

_ PR Limits tE%R
SE - 0.6P P £ 0.385SE
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ASME Code Design Thickness
Equationsfor Shells

— Longitudinal Stress(circumferential joints)

_ PR Limits t£ %R

— For circumferential stress (longitudinal joints),
based on the outside radius

_ PR,
SE+04P
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ASME Code Design Thickness
Equationsfor Shells

m Spherical Shells

PR Limits t £ 0.356R
2SE - 0.2P P £ 0.665SE

m Spherical shellsbased upon the outside radius

_ PRy
2SE +0.8P
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Pressure Vessal Heads

m PressureVessal Heads
Ellipsoidal

PDK 2SEt
or P

- 2SE- 02P KD +0.2t

where

65U
+ &
§2 gzjhﬂ r

For a2:1 ellipsoida head K=1

@
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Elliptical Head/Cylinder Stress Ratios

Rh= 1.1 R:h= 142:1 Rh= 2:1 R:h= 31

-3.0 [~ -3.0 [~ -3.0 -3.0
404 -40 L 40 -4.0

h
h
\ \ h\
R R R R
2.0 - 20 201 2.0
S S S S
10 L=H 10k L 1.0 > LOT‘QQ\\L
0 0 =~ 0 :: 0
1.0 1.0 |- >y -10} s 1O
2.0 20 2.0} H -20F
B s
- H
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ASME Code Design Thickness
Equations for Heads

m Pressure Vessel Heads
— Conical (without transition knuckle)

D
PD T

- 2cosa (SE - 0.6P)
_ PD, |
2cosa (SE +0.4P) 2

Limits:
Half Apex Angle, a<30°
P£ 125S5E
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ASME Code Design Thickness
Equations for Heads

m Pressure Vessel Heads
— Toriconical heads (conical portion)
PD Limitsr > 0.06D,

t. = r>3t,
2cosa (SE - 0.6P) mandatpry if a>30°

— Knuckle portion /.\
D

PLM
Ly

 2SE- 0.2P ~ ; J
| = Di R D, .

2C0sa

5
M:lg +\/E+
de ' o
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Pressure Vessal Heads

m PressureVessal Heads
Torispherical

PLM 2SEt

- 2SE- 0.2P LM +0.2t

where

M = 1§%+ \FO for thetypical case where
r

4 P,
r=0.06L and L=skirt OD,
= 0.885PL
SE- 0.1P
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Symbols

—+
I

Minimum required thickness, exclusive of corrosion

allowance

Minimum required thickness of cone, exclusive of

corrosion allowance

ts Minimum required thickness of knuckle, exclusive of
corrosion allowance

= Internal design pressure

= Tensleallowable stressvalue at design temperature

Joint efficiency

= Insideradius

o = Outsideradius

—+
I

A0 MO0 T
I
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Symbols
(continued)

Inside diameter

Outside diameter

Inside diameter of conical portion of
toriconical head = D-2r(1-cosa)

= Onehalf apex angle of cone

Inside knuckle radius

Inside crown radius

Minor axisof elliptical head

O O O
— O
I

> - - 9
T
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Vessel Weld Joint Categories

= Assigned to permit application of specific rules
and restrictions, including joint detailsand
efficiencies

Category A — Longitudinal shell, heads,
diameter transitions, hemispherical head to shell,
highly stressed welds

Category B — Circumferential shell, head (other
than hemispherical) to shell

Category C — Flanges
Category D — Nozzlesto shell
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UW-3 PART UW — WELDED VESSELS UW-5

SEE UW-3{b)

FIG. UW-3 ILLUSTRATION OF WELDED JOINT LOCATIONS TYPICAL OF CATEGORIES A, B, C, AND D
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Efficiency of Welded Joints (E)
(Excerpt from ASME Code Table UW-12)

Degree of Radiographic
Examination
No. Type of Joint Full Spot None
1 | Double-welded butt joint or single- 1.00 0.85 0.70
welded butt joint with backing strip
which does not remain in place
2 | Single-welded butt joint with backing | 0.90 0.80 0.65
strip which remainsin place
3 | Single-welded butt joint without use — — 0.60
of backing strip
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Weld Examination

m Weldsshall be examined by full or spot
radiography
— Full — Radiography of the entire length of the
weld joint
— Spot — Radiographic examination of one spot in
each 50 feet or fraction thereof for each welder,
weld method, or type of joint

= Ultrasonic examination may be substituted for
radiography for thefinal closure seam if it isnot
possible to obtain interpretable radiographs

EDS-2003/PV-184
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Section VI, Allowable Stress Basis

= Divison 1
— Thelower of thefollowing at temperature:

. 2/3yield
- 1/3.5ultimatetensle
. 2/3 averagerupturestressin 100,000 hours
« 80% minimum stressto rupturein 100,000 hours
- Averagestressfor creep of 1% in 100,000 hours
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Section VI, Allowable Stress Basis
(continued)

= Divison 1 (continued)
— Note: For many steels, yield and tensile

strengths may first increase, then decrease as
temperaturesrise above ambient

- Ambient allowableisused until alower
oneisrequired (usually at 650°F)
— In combination with wind or earthquake
loads, allowable stress may beincreased to 1.2
timesthevalueslisted in the code
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Allowable Stress Table

Table 1A 200% SECTION 1
TABLE 14 (CONTT
SECTION I; SECTION II1, CLASS 2 AND 3;" AND SECTION VILI, DIVISION 1
MAXTMUM ALLOWABLE STRESS VALUES 5 FOR FERROUS MATERIALS
(*See Maximum Temperature Limits for Restrictions on Glass)
Alloy
Desig Classd

Line Mams=al Spa UNS Conds Sizef Group
Mo Composiion Praduci Form Ma, Type/Grate Ho. Temper Thicknuss, in. P-No. Mo

1 Carbon sheel [=£ 10 S&-35F Lca Joioay = 1 1

- Carbon stee] Piaie LA-515 &5 KnFand . 3 1

i ] Earban sl Flaie Sh-806 b8 K403 i 1 1

a4 Carbaon vl Wid. mipe SA-ET1 CB&S HOZBO0 L 1 |

5 Carbon shesl Wid. frpe Sa-LTY CLaS Eo#daa 1 1

& | Carbon steed Wid. plpe SALTE  BRS OFRan 1 1

7 | Carbon sbeel Wid. plpe SA.LTF CbS ®O2407 - 1 1

B | Carbos steel Shewi S&-ala  E K02To4 ' 1 1

q Carbon wkiel Piwie Hh-ne? B KOZz0a ' s 1 1
10 | Carbon see Flate FA-BAT .. K1Ea37 1 thcrsa 1 F
11 | Carbon el wid, pipe HA-691  CMSN-TO Kizasr . haisd 1 2
12 Garbon steel Flats BAEN PIInGH ER R ] 1 i

100282
1F Caribem steel Plage SAcEM PFIR5GH i = 2% 1 1
inoze-2
14 " G = i - -
15 Carbon el Pl SA-ARG B! Koazoo LR 1 2
b | Carbon steel Dar SA-T5  TO ' - 2
ar Carbon sies=l Fargings: BA-105 KOMsgs ... L 2
in Carban siesl Fargings SA-p81 KoXs0z 70 3 2
1% Carkan sies] Castings Sh-3 18 WCE JOF00E .. 1 x
0 Carton wherl Farimgs G- Tl 2 Hosson 1 i
21 | Cargon stesl Forgiengs BA-Zek 4 xa3gar 1 2
a2 Carton steel Forgangs 54550 LFZ Lk kb b 3
% Coaban shesl Fargings A58 1 K13202 1 7
FL] Caron steel Forgings SA-508 1A K13%02 1 Fi
E£S Carben soeel Forgings LA-541 1 LR T 1 2
EDY Carbon ateel Forgings A-541 A Koisoe 1 -]
27 | Carbon atemi Canl pigs Sh-6h0  WOEE LELEY i 2
8 Carbon siesl Fargings HATESL 1l Koroay 1 2
9 Carbon vl Plaie 5A-515 7O Koilol 1 2
30 | Carbon stesi Prlabe 5A-51% TO Knzroa 1 2
=1 Cartan wiesl Wid. pipe Ba-&TF1 CBTH 33101 K 1 2
32 Carbon siesl Wid, pipe BA.&T1 CoTh EGZTo0 L 2
33 Carban siesl Wid, pipe L ) BTd Eg3lal L 2
34 Carkan siesl Wid, pipe Sh.aTI cio KOETR0 L 4
14
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Allowable Stress Table

(Continued)

PART D—FROFERTIES

TABLE 1A (CONTD)

Tabbe 1A

SECTION [; SECTION 11, CLASS 2 AMD 3;* AND SECTION VIII, DIVISION 1
MAXIMUM ALLOWABLE STRESS VALUES 5FOR FERRDUS MATERIALS
I*5ee Maximum Temperature Limits for Restrictions on Class)

Apolic, and Max, Temp. Limis

M. Min, (W = ot Parmitaed) External
Tenule Fiaid {EPT = Zupgarts Only} Prevure
Line Strengh, Strength, Chart
L] sl 1 I ¥l Ho. Hotes

1 B s NP bl (11 (=55 &1, Gar

] s as 1000 -] ] h5-2 Gio, 81, T2

a 1 EL] as0 70 10D 52 o, 51, T2

* &5 5 MNP Too WP o452 Eb, W10, Wiz

L A% % NP T00 KP L5 Sb, WD, Wiz

& &5 15 NP Ton L1 &2 56, W10, Wiz

7 A5 = NP Ton KP 52 56, W10, Wiz

-] (] EE ] MNP NP w00 CE2 40, 535, T

L] &5 E] HF NP Ton -5 TL

1] &5 A% HF TOQ BED Cha Tt

11 &5 o5 L1 oo LY CE-a Ce, TL, W10, Wik

1z L] L r ] EED NP 1no¢ (=2} L1o, ST, T

13 b5 EEO MNP 100 EE-z G1o, a3, €1, Ty

1a i i il u N

15 Eail a5 KNP AgE 11, T anlyl L =53

16 T a6 BEO BSE TG, B eniyl 1000 E5-7 G1o, G1s, Goa, G2z GasS, Y, T2
17 0 kL] 1000 7o 1000 C5-7 Glo, GIA, GAs, 51, 12
18 o 38 1000 L LoD C5-7 Glo, GIA, G3S, 51, T3
10 ki kLY 1000 kL] 1o C5-7 G1, G10, K17, GiE, %1, Tz
20 Bl 38 1000 F00 s C5-7 Glo, G1A, 51, T3

21 ki kLY NP L1 e 57 @l T2

22 El L NP EL] et 57 Gle, T2

&3 T ELY NP T Tenn Lrtod G189, TE

&d Fa ELY NP T 1o TE-2 G119, TE
5 L kLY NP o0 1enn 52 G119, TE
Ed] i kLY MP a0 oD Lt Gle, TF
27 T kTS 1000 700 HE o5 G, G10, 617, SuN, %1, T2
28 T T P NP (e o572 p
29 I g 1000 TO0 1o 57 Glo, 51, T2
an Im a8 B50 a0 B0 Lt Gla, 51, T2
1 o i NP Ton L1 53 T8, WD, Wi
nz To m NP To00 LTS o5-2 Th, WD, W1Z
a3 To In N 700 P G52 £, W10, Wiz
34 To n L 700 L1 €3z &b, W10, Wiz

13
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Allowable Stress Table

(Continued)

Tuble 1A 2001 SECTTON 11
TABLE 1A (CONT'D)
SECTION I; SECTION 111, CLASS 2 AND 3;* AND SECTION VIIl, DIVISION L
MAXIMUM ALLOWABLE STRESS VALUES 5 FOR FERROUS MATERIALS
1 See Maximum Tempsraturs Limis for Resiriclions on Class)
& Manimum Allewnble Biress, ksl {Muliiply by 1000 10 Obiais psil, for Metal Temperotore, *F, Mot Excesding
ni

Hg. ~-20 &0 100 10 200 50 el A0a SO0 Wha (] O T noa mso Lo

i igs 188 1E6 o igs 186 186 1ira T3 1s.7 . . wia

Fd ERL 186 16 i 186 ELR R Lol ve L] 16,7 ine r.4 L bt

3 108 186 184 i 10 10k 8.8 17.9 17.3 P e 154 ar 5.0

4 10L& 104 10k 106 8% 17.9 17.3 b

= LE& j 188 1H& 185 18,8 17.9 1r.a 1bF i = .

L] LB& " 18& 18& 18.b 18.& 17.9 17.n Ih7? " " m

7 106 i 10k 104 106 0.8 17.9 17.3 187 s S P

[] 106 §T Y 104 106 106 1.8 1B& ree 1% 1.4 ar 59

2 188 FL N 1E.E 1EE 1.8 18.8 188 rew <

i ige 186 186 186 186 186 I&® "

11 10& 106 1R 1A.6 T Y TR ] is

1z 1%4 AL 1%.0 19.40 15.0 1%.0 1.0 bR s @ IL? 154 a7 59
13 199 e 1%.0 190 1.0 150 194 9.0 19a e 1INy 1r4 &7 59
11 i A sa o oy & = .

15 goa FAE) ELR o 199 19.0 7e 17 " " ' ' i
1h zo. O 0.0 0.0 1%.% 1%.0 179 17.3 8.7 T4R FEF.] L5} &7
17 LT IO 20,0 ELE 0.0 194 .4 17m 1TE Tam 2.0 LR &7
14 L] 0.0 0.0 20.0 .0 1.6 184 178 irz FEF | reo wa &
19 204 00 200 20,0 20, 19.6 i8.4 174 I+8 T 2.a &7
20 Zoa 0.0 0.0 0.0 1.6 17.a T4R Ao EE S ar
1 z0.0 0.0 EL 0.0 0.0 18 178 148 FEE ] LXS a.r
EE] Foa EAil] 200 ze.n LR 18,6 18 ira I+ 8 e L &7
F3 1 0.0 30,0 0.0 o0 0.0 194 8.4 178 FER TaE FEF. ] e &7
24 0.0 0.0 2o.0 0.0 0.0 198 1m.4 178 173 148 FEF. ) o a8.7
5 0 Fia N 200 Toun rLoR 196 id.a ira irz 1a5 1.0 L% &
T 0.0 ;e ELER Eou 2oum 5.6 1A.4 7.8 ez 148 188 L L
Fo 0.0 Ak 20,0 zo.n Z0.0 1.8 18.4 17.m 7.z 14.8 120 o3 a.r
EL) FaiN-] 0.0 eAi i} e rLUR 196 iAa.a ira

29 20,0 200 2D £ 0D LR 2903 154 8.8 181 FER- 3 1xa A &r
-] 0.0 0.0 oo o Fmna Fo.0 0.0 1%.4 .. 18,1 14.8 FER. LE | &7
ax 0.5 iz o0 i zwa F{] 0.9 14 N ] 1|1 i
az Fo.o ' A ' EL ] o0 oo 154 a8 18,1

33 20.0 : 0.0 o 0.0 z0.0 20.0 1%.4 1.8 18.1 -

a4 a0 g 00 0.0 Fi-H i%a 18.8 18,1
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Section VI, Allowable Stress Basis
(continued)

= Divison 2
— Lower of thefollowing at temperature (below
the creep range):
. 2/3yield
- 1/3 ultimatetensle

— Above creep range, Division 1 allowables must
be used

m Allowable stresses for materials permitted by
the Codearelisted in ASME Section 11, Part D
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External Pressure Design

m Internal Pressure

— Allowable stressisa function of material
properties

m External Pressure
— Stability (buckling) becomesa concern

— Allowable stressisa function of material and
geometrical properties
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External Pressure Design
(continued)

m Vessel diameter fixed
— Variablesare:
- Length (between stiffeners)
- Thickness
m Solutions
— Increaset
— Reducelength
m Length isdecreased by adding stiffening rings
m Design procedureistrial-and-error

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-192
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



External Pressure
Design Length

Moment Axis of Ring

- L
7 W W |
/)

h/3—

w ————

h = Depth of Head
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External Pressure Design
Code Design Method

m Stepl
— Assumeathicknesst and determinethe length
between stiffeners, L
— CalculateL/Dg, Doft
m Step 2
— Find factor A from figure G of ASME Section
I, Part D

m Step 3

— Find B, using the proper chart for the material
from ASME Section I, Part D
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External Pressure Design
Code Design Method (continued)

= Step 4
— Calculate allowable external pressure,
_ 4B

P . =
ext S(Do/t)
— or, for A valuestotheleft of chart,
2AE
Pext =

' 3(Do )

m Step 5
- If P, <applied external pressure, repeat Step 1,
using alarger t or asmaller L

- If P, 3 applied external pressure, design okay
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External Pressure Design
Code Design Method (continued)

m Example: external pressure = 15ps
T = 800°F
D, = 500mm
L = 2750 mm
10 mm
50 L/D,y = 2750/500 = 5.5
0.0006 (per thefollowing dide)

> O
=
TRNTIT
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External Pressure Design
Code Design Method (continued)

g = i | | I | mmi i
wot e e s e e e e e He e e
B[Ot T i Kiws N il TV ST T ST ST
30.0 ——§——§—— § aI5rsTTs 2+HH2++3 g4 5118 rs = = S £

O 25.0

Q .

— 20.0

I 18.0

— 16.0

% 14.0

E 12.0 \ \

8 10.0 \

- g.g \

Q) .

= 7.0 AN A\ \\ \ 1

7] 6.0 N 1\ \ \

E d N\ [\ \ \
50 SN\ \

©) : AV WANEIA N A |

= 40 N WA WA N\ NSANAVEAN \

3. ANAVELNEANE A\ VAV WA WA VA WL \

g 38 \ ORI \ VLV

S N NA YN S A\ RNA A VTR |
20 N NN \ \ \\ N\ \0 i
2.0 \ \WAY \ \, N % T
16 N N N ANEIAVA N ANERA WANPINZ, W
14 \ \ . N\ A} \\ \\ \\ AN ez XA
1'2 NANAN | \ NANRYAN AN Idjllﬂ

2 3 456789 2 3 456789 2 3 456789
.00001 .0001 .001 .01 i
Factor A
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External Pressure Design

T Tt Tt T Tl H‘H
Note: See table 5-UCS-28.2 for tabular values Up to 300F
500F
_ é"/ I
= 700F
— L« |800F
! [
- T u " )/ 900F
// /,/l—///’/
” ~ /’ P i
/ Pty
A A
fa A

E=29.0x 10
E=27.0x 100
E=24.5x 106
E=22.8x 106
E=20.8x 106
2 3456789 2 3 4508789 2 3 456789 2 3 456789
.00001 .0001 .001 01 1
A Factor A
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External Pressure Design
Code Design Method (continued)

B = 6200ps

_ 4(6200) _ 24,800
= 3(50) 150

= 165psi > 15psi OK
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Carbon Stedl Vessels 500°F

Full Vacuum Design

w

o

o
!

N
o
o

[ SA285GRC
E=1.0

100 |-
SA285 GRA
E=0.85

Stiffening Rings Required

Interna Design Pressure (psig)

5 10 15
L/D Ratio
Illustratesthe internal design pressure above which no stiffening rings would be
required in accordance with the ASM E code, for two material specifications.
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Axilal Compression

= Maximum permitted axial compressive stressis
the lower of the following:

— Allowabletensle stress

— Stressdetermined asfollows:

- Determine (outside radius/minimum required
thickness)(R/t)
- Determine A=0.125/(R/t)

- Enter the appropriate external pressure chart
and read “ B,” the allowable compressive stress

- Comparetheallowable stresstothe applied stress

- If allowable stressislessthan applied stress,
Increaset and repeat above steps

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-201
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Nozzl e Reinforcement

= Nozzle opening reducesthe shell strength

m Replace cross-sectional area of metal
removed

m Avalablereaenforcement includes excess shell
and nozzle thickness

= Limitsof effective reinforcement defined by
the code
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Nozzle Raeinforcement
(continued)

m Factor “ F” used for integrally reinforced
nozzles since longitudinal stressisequal to
half of the hoop stress

= Add additional reinforcement, if required

= Additional reinforcement may be provided by
surface pads, insert plates, thickened full or
partial shell courses, or thickened nozzle
necks (integrally reinforced)

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-203
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Nozzle Raeinforcement
(continued)

m Per UW16, integral nozzle definition includes
Insert plate design

= Small openingsdo not require any additional
reinforcement under the following conditions -

— Finished openingsequal to or lessthan 3.5 inches
In diameter in vessel shellsor headswith a
required minimum thickness of 3/8 inch or less

— Finished openingsequal toor lessthan 2.375
Inchesin diameter in vessel shellsor headswith a
required minimum thickness over 3/8 inch
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Nozzle Raeinforcement
(continued)

= Openingsin flat headswhere the opening diameter
Islessthan one-half the head diameter shall be
reinforced by replacing half of the area removed
by the equation A = 0.5dt

= Reinforcement of large openings (UG-36) requires
special consideration because area replacement is
no longer areasonable approximation
— Largeisdefined as one-half the vessel diameter up

to 60 inch diameter vessals and one-third the
diameter for larger vessels
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Nozzl e Reinforcement

77777 77777 77777 77777
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Section A-A

Flange —

Reinforcing Pad

Vent hole

A A

\./\
I

Vessel Shell
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Nomenclature and Formulas
for Reinforced Openings

Dp >
7 t, I 4’! Reinforcement zone
t |
et . F . —— N N

T

2.5t or 2.5t + I
UseSmaIIerVaIud
|4

% f:’////////
I
T

%

t

|
T

2.5t or 2.5t, Use | T

7

| .
Smaller Vaue | N
v |._-_-_-_-_-__.___._ ...........
dorR,+t, +t '
\ e dorR,+t +t y
use Iarger vaI ue
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Opening Reinforcement

Reinforcement arearequired
Area available in shell

Area available in outer nozzle

Y
AN
ERsesss

=

Area availablein inner nozzle

w

= Areaavallablein welds

~
|

> > > > > P

= = Areaavailablein pad (if required)

A+ A,+ A+ A+ Ag(ifrequired) 3 A
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Nozzl e Attachment Weld Loads and
Weld Strength Paths to be Considered

e | P
§ N
o &g 1 \Emm P o
Zz .. ISR > . 7
L L
RS | )
@/% ‘ %\@

m Strength calculationsarerequired along each potential
failure path when the nozzle to shell weld isnot full
penetration, or when arel nforcing pad isused.
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Reinforcement of Multiple Openings

m Total Reinforcement = Total of area(s)
required by each opening

= Overlapping reinforcement area proportioned
by theratio of the opening diameters

= |If reinforcement between openingsislessthan
50% of total, special rules apply
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Reinforcement of Multiple Openings
(continued)

m Each pair of three or more openings must be
at least 11/, timesthe average diameter apart

— If not, then thereisno credit for area between
the openings

= |nall cases, an opening that encompasses all
of the actual openings may be assumed and
reinforced
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Examples of Multiple Openings

Limits of
Reinforcement
/
\
\
Limits of I|
Reinforcement
- -~
Openin RN
penings N
| \
\
e Vs \
\ \
/ \/ \
/
/ Y ‘
I |
—i— . |
\ d ~. !
\ X N~
\ H /7 .
N I // N Y / \’\
~ ~ - -— -~ \‘ // \
B . -
1 | R - Y
\
(a) Two Openings Spaced at Less (b) More Than Two Openings Spaced
Than Two Times Their Average at Less Than Two Times Their
Diameter Average Diameter
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External Loads on Nozzles

= Imposed loads on nozzles are generally not a
problem for the vessel shell

— Maintaining aflange seal usually governs
m Several analytical methods exist to evaluate

local shell stressesfrom imposed loads

— Welding Research Council Bulletin 107

— Welding Research Council Bulletin 297

= WRC 297 issomewhat more accurate, but is
limited to cylindrical shells
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Design of Tall Vertical Vessals

= |n addition to hoop (circumferential) stresses,
tall vessels must consider longitudinal stress,
which may govern the wall thickness

= Weight

— Weight of the vessel will impose compressive
stressesin the shell (tensle stresses when the
shell isbelow the supports—i.e., it’s hanging)

— Weight of internalsand contents supported by
the shell above the point being considered also
contribute to shell loadings
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Design of Tall Vertical Vessals
(continued)

m Pressure

— Internal pressureimposestensile stresseson
the shell

— External pressureimposes compressive
stresses on the shell
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Design of Tall Vertical Vessals
(continued)

= Moment Loadings

— External loadings produce an overturning moment
and resulting tensile and compressive longitudinal
stresses at the bottom of tall vertical vessels.

— Common sources of large external moments are:
- Wind
- Earthquake
- Eccentricity

- Forcesfrom piping weight, thermal expansion,
and expansion joints
— Wind and earthquake are short term loadings,
othersarelong term sustained loads.
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Design Cases

m Erection — Greatest tensle uplift on the skirt
and anchor boltsdueto theleast weight and
the full moment

m Design — Greatest longitudinal tensile shell
stressdueto high internal pressure coupled
with full moment

m Operating
m Shutdown — Greatest compressive loadings due

to lack of internal pressure but full weight and
moment
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Design Cases
(continued)

= Long-Term Operation — Evaluating sustained
loads (e.g., expansion joint operating forces)

= Short Term — Evaluated short term loads, e.g.,
expansion joint blow out forces

= Hydrotest — use reduced magnitudes of wind load
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Wind Loading

— > 7

Windward Side
4— [eeward Side

’ N—
—>

ST S SS
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Design of Tall Vertical Vesselsfor

Moment Loadings

Combination of Longitudina Stresses

- Interna pressure

Stress Windward Side Leeward Side
Due to Moment + (Tension) - (Compression)
Due to Interna Pressure + +
Due to Weight - -
- External pressure
Stress Windward Side Leeward Side
Due to Moment + -

Due to Externa Pressure
Due to Weight

Resultant longitudinal stresses are the sum of each of the above
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Design for Wind Loads

m IntheUnited Statesthere aretwo commonly
recognized standards for wind load design:

— ASCE 7-98, “Minimum Design L oads for
Buildingsand Other Structures’

— International Building Code (IBC)

= Apply applicable local codes must be followed
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Wind Load Design

= Wind design per ASCE 7-98

The following information and factors must
be determined for the site and application

Basic wind speed (V)

Importance factor (1)
Exposure (A, B, C, or D)
Velocity pressure coefficient (K )
Gust factor (G)

Directionality Factor (K )

Force Coefficient (C;)

Projected area (Ay)

Design wind pressure(s) (q,)
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Design for Wind Loads
(continued)

m Basic wind speed (V)
— 50 year recurrence interval wind speedsin miles per
hour at the standard height of 33 feet (10 m)
— Measuresthe speed of a 3 second gust
— Based upon Exposure C

— Given in ASCE 7-98 charts. USA variesfrom 85 mph
to 150 mph

— Conault local codes

= Importance Factor (1)
— Measure of therelative need for survivability or
consequences of failure
— Thegreater the factor the higher the design load,
INncreasing costs
— Petrochemical facilitiesusel = 1.15
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Design for Wind Loads
(continued)

= EXposure

— A measure of the surrounding conditions and
wind obstructions

— Rangefrom A (center of large cities) to D
(unobstructed areas areas within 1500 feet of
open water 1 mile or greater in width)

— Thedefault for refinery design is Exposure C

— Within each exposure, non building structures
are denoted as Case 2
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Design for Wind Loads
(continued)

= Velocity Pressure Coefficient (K,)

— Accountsfor the exposure and the height
above grade

— Wind pressureincrease with height for a
given basic wind speed

— Givenintablesin ASCE 7-98
= Gust Factor (G)

— Accountsfor the dynamic response to gusts
— For most refinery equipment G = 0.85
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Design for Wind Loads
(continued)

= Velocity Pressure Coefficient (K,)

Height Above Average L evel
of Adjoining Ground, in Feet

Exposure B

Exposure C

0-15

0.57

0.85

15-20

0.62

0.90

20-25

0.66

0.94

25-30

0.70

0.98

30-40

0.76

1.04

40-50

0.81

1.09

50-60

0.85

1.13

60-70

0.89

1.17
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Design for Wind Loads
(continued)

= Directionality Factor (K )
— Used with load combinations defined in ASCE
7-98
— For round structuresuse K, = 0.95
- Useof K, = 1isonly dightly conservative

= Force Coefficient (Cy)
— Accountsfor the streamlining effect of the shape
— For round structures C; = 0.8 in most cases
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Design for Wind Loads
(continued)

m Force Coefficient C;

DESCRIPTION C: FACTOR

Round cross section (diameter/square root of 0.6
wind pressure > 2.5), smooth surface

Round cross section (diameter/square root of 0.8
wind pressure > 2.5), rough surface
(proj ection/diameter = 0.02

Round cross section (diameter/square root of 0.8
wind pressure< 2.5)
Square cross section, wind normal to face 1.4
2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PV-229

nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Design for Wind Loads
(continued)

= Projected area (A;) or wind sail - smplified calculations

I TEM WIND SAIL (FEET)

Vessl Outgde diameter of insulation

Piping Outside diameter of primary line insulation

L adders |1 foot

Platforms |1 foot
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Design for Wind Loads
(continued)

m Design Wind Pressures
g, = 0.00256K KK, V2l

= Design Wind Force
F =q,CiGA;
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EL 197.5

Wind Loading
Example

1 EL +197.5
= 5= 1
25270# é L;g Total sail area=
I [ 22 21¢1D)=2(1/22)(thickness) +
EL 150 2|15 NS - 2(42)(Insulation) + 302 (piping and insulation) +
" ylle— 12" thick 1¢(platforms + ladders)= 25¢32
= E Cq=0.8
M’g ’?15 Effective width =
7 2 £ 25'3"x 0.8 =20.2 ft
, e — Ib
EL 100 E = Vp=9L000
— <}
- ) & M. = 11b
17912# % S = p ~ 0-800.000
3 o) o
N S :O If the vessel height was 150 feet, a 24 percent decrease:
EL 60 L5 2 - V = 65,800 a28 percent decrease
8396#, = M = 5,400,000%"° a 45 percent decrease
EL 40 <
7276#, 5
EL 20" &
6716# 3
O A
- | 16
VB
Mgy
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Regimes of Fluid Flow
Across Circular Cylinders

—  Re<5 Regime of unseparated Flow

—>  5to 15 < Re< 40 a fixed pair of foppl vortices in wake

- 40<Re< 90 and 90<Re < 150

Q
o ﬂ O Two regimes in which vortex street is LAMINAR
8 —>
c 0
>
2
‘2 0 150<Re < 300 Transition range to TURBULENCE in vortex
g ~ @
E \/(y 5 .
300<Re <3 x 10° Vortex street is fully turbulent
i J@@ 3x105< Re<3.5x 106
v Laminar boundary layer has undergone turbulent
transition and wake is narrower and disorganized
/@\\Hg O\ 35x105<Re
Re-establishment of Turbulent
Vortex Street

Re =Reynolds Number  For Air Re = 6380 VD

V = Wind Velocity (ft /sec)

D = Shell Diameter (ft)
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Vortex Shedding

Force

Wind Velocity
Vv
>

Vessel Diameter
D

Frequency of Vortex Shedding

Y
Where,
S = Strouhal Number = 0.2
V =Wind Vel ocity, feet/second
D = Shell Diameter, feet
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Determining Structural Dampening

Damping: o = Log,

Yy

YN+1

/ No Damping 8=0

Moderate Damping o =1

Displacement

Critical Damping 6 = 2f

Forcing Frequency
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Critical Wind Vel ocity

Vortex Shedding
>
O
5 Structure
=]
=3 I
)
= I
- |
I
I
I
I
I
|
I
I
] )
VC R Velocity
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Saismic (Earthquake) Design

m Historically a smplified static force procedure
has been used and isillustrated here

m Therecently released International Building
Code (IBC) requiresamore detailed, dynamic
analysisin many cases

= Inthedatic force method an “ equivalent” shear
forceisdetermined and distributed along the
vessel
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Saismic Design

(continued)
m Static load method:
Shear Force, v = £/Cw
where: Rw
V = Dedgn lateral force
Z = Selsmic zonefactor (variesfrom 0.075 to 0.40)
W = Dead load (weight)
R,, = Stiffnesscoefficient (4 for skirt supported vessels)
| = Importancefactor (use 1.25)
C = Coefficient dependent upon soil conditions C = 1225/338
and the vessel’s period of vibration T
S = Sitecoefficient, generally takeas 1.5
T = Period for avertical cylindrical vessel :0'258“/L4%E|
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Saismic Design
(continued)

— Horizontal forceisapplied to the vessel asfollows:
- Forceat thetop, F,=0.07TV (maximum
F.=0.25V)
— Thisapproximatesthe effect of higher
modes of vibration
- Distributetheremainder in accordance with
— (V B |:t)\Nxhx

5 a W, h,
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Saismic Design
(continued)

— Horizontal forcedistribution isa function of
the amount of massat and the height of each
location

— For avessel with uniform massdistribution,
the force distribution becomestriangular

- Theentireforce (V-F,) may be applied at
%/, the height
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Saismic Design
(continued)

= Additional Points

— Movement or “doshing” of liquid contents must be
accounted for

— In general, use of the static force method has been
adequate

- However, design for forceresistance leadsto use
of astiffer structure, when moreflexible
structuresare preferred for seismic conditions.

— If support isat intermediate point along vessel, treat
portions above and below support separately

- Unlikewind loadings, the upper and lower
portions can move in opposite directions during
selsmic activity
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Saismic Design
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Training Services

Piping
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Purpose

Tointroduce piping designation, design,
and support, including accommodation
of thermal growth.
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Piping Definition

Piping isan assembly of components,
Including pipe, valves, fittings, flanges
and supports, used to convey, distribute
or control fluid flows.

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This materia is UOP LLC technical information of a confidential EDS-2003/PP-3

nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



o
L ¥
II b " ‘u
| #
-~
L
'E
b s g
i 33,]
. e IR
4 EX
! o s S| i ;
. i A _T_ﬂ_ T F

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: Thismateria is UOP LLC technical information of a confidential

EDS-2003/PP-4
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Definitions

= Pipe
— A hollow, generally cylindrical member used to
convey awide range of fluids(gas, liquid, or

fine solids) over awide range of temperatures
and pressures
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Definitions
(continued)

m Tube

Special, thin wall class of pipe
Are generally small diameter
OD equalsitsnominal size

Made of soft, ductile materials, allowing them
to be bent tothe desired configuration

Larger diameter tubesare used in heat
transfer applicationsduetothe smaller mass
of metal, hence better heat transfer
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Definitions
(continued)

= Ducting

— A thin wall, often rectangular system used to
convey vapor at near atmospheric pressure
(i.e. afew inches of water).
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Piping Designation

= Nominal pipe size (nps) isused to designated
piping size

= For each pipe size, outside diameter isa
constant

— Aswall thickness changes, the insde diameter
and, therefore, the flowing area, varies
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Piping Designation
(continued)

= For 14 inches and above, the npsisequal to
the outside diameter

= For smaller sizes, the outside diameter varies
with the size
— For example, 10 inch pipeis10.75 inches OD,
6 inch pipeis6.625 inches OD, and 2 inch pipe
152.375 inchesOD
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Piping Thickness

= Pipingisavailablein many standard thicknesses
— Common thicknesses are designated as schedules

= Schedule40 is“standard” thicknessfor nps
through 10 inch
— For larger sizes, standard wall is0.375 inch

— Inlargediameter piping, sufficient thickness for
structural stability and handling is necessary
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Piping Thickness
(continued)

= Extrastrong (X-strong) isanother common size
— Isthe same as Schedule 80 through 10 inch nps
— For larger sizes, it is0.500 inch wall

= Doubleextrastrong (XX-strong) isalso
sometimes called for in smaller sizes

— lIsavailable 1/2 inch through 8 inch nps (except
for 3.5inch nps)

— Hastwicethe wall thickness of X-strong (except
for 8 inch nps)
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Piping Thickness
(continued)

= Thereisa+12.5 percent manufacturing
tolerance on wall thickness of seamless pipe
— Must be considered when determining required

wall thickness, and when evaluating the cross
sectional area of pipe wall and flowing area

= Small diameter pipe (1-1/2 inch and less) is
usually a minimum of Schedule 80
= Pipe2- 10inch uses Schedule 40 as minimum

= Very large pipe must bethick enough for
stability and handling
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Design Properties of 8 Inch Pipe
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Piping Dimensions
Key

Schedule

Wall Thickness (inches)

Inside Diameter (inches)

(inside diameter)>(102 inches®)

Outside Surface Area (square feet per foot)
Inside Surface Area (sguare feet per foot)
M etal Cross Section (inches?)

Flowing Cross Section (inches?)

Pipe Weight (Ib/ft)

Water Weight (Ib/ft)

Radius of Gyration (inches)

Moment of Inertia (inches?)

Section M odulus (inches?)
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Piping Fittings

= Fittingsare piping system componentsthat provide
for junctions, size changes, and terminations

— Examplesare elbows, tees, caps, and reducers
(eccentric and concentric)

= Fittingsare madeto standardized shapes and sizes

- ASME B16.9, “ Factory-M ade Wrought Steel
Buttwelding Fittings’ isthe governing standard

- ASME B16.28, “ Wrought Steel Buttwelding Short
Radius Elbows and Returns’ coversshort radius
elbows
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Piping Fittings
(continued)

= Fittingsareforged (wrought) components

-~ May occasionally be fabricated or, in the case
of bends, made from bent pipe

= Elbowsare available aslong radius (bend
radius equals 1.5 timesthe nps) and short
radius (bend radius equals the nps)

— Longradiusisstandard because of smaller
pressure drop and less potential for erosion

— Short radius elbows have the same pressure
rating as straight seamless pipe
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Piping Fittings
(continued)

= For solids conveyance (e.g., catalyst) “ sweep”
elbows are often used

— Arevery long radius, gentle, changes of
direction to avoid breaking up the solids
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Componentsfor Pipeline Systems
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Bending of Pipe

= Instead of using fittingsfor changes of
direction, straight piping is occasionally bent

= Method isvery common for small (2 inch and
less) piping

= With proper controls, (e.g. maintenance of
Ccross section geometry, control of local strains
and thinning) larger piping may also be bent
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Bending of Pipe
(continued)

= Bendingisnormally done cold

= Hot bending may be considered if:

— Procedureistightly controlled and performed
by trained, experienced people with proper
equipment (e.g., not awelding torch)

— Temperatures, holds, and heating and cooling
rates, aswell asthetransition from cold to hot
pipe, aretightly controlled
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Bending of Pipe
(continued)

= Hot bending (continued)

— Material must be suitable for the procedure
(i.e. metallurgical structure and mechanical
properties maintained)

— Wall thinning or buckling, and cross section
distortion (e.g., ovaling and flattening) must
be controlled
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Bending of Pipe
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Bending of Pipe
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Miters

= Areelbowsfabricated from lengths of
straight pipe

= Most commonly used for large diameter

piping, where fittings are expensive or not
readily available

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PP-24
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Miters
(continued)

= Piping Coderulesfor determining permissible
Internal pressurein a miter bend are applicable
only if the angle of each miter cut does not exceed
22.5° (total change of direction = 45°)

= Required thicknessfor a miter with agiven internal
pressureisgreater than for astraight pipe

— Actual thickness may be the same because of the use
of standard pipe thickness, with a minimum
depending upon size
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Multiple Miter Bend
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Joining of Piping

Piping isbuttwelded together using full
penetration welds. Small piping (1%,

Inch and less) is generally socket welded.
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Weld Types

S S

Buttweld Socketweld
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Piping Sizing
= Processconsiderationsare primary factor used to
determinerequired pipe sizes
= Pressuredrop through piping isthe most common factor
In linesizing
— Often expressed in “ equivalent length” of straight pipe
— Pressuredropsof fittings, valves, reductions, etc., may be

expressed as an equivalent length of straight pipe

— Convenient source of equivalent lengthsisCrane
Company’s Technical Paper 410

— Thetotal pressuredrop isfound by multiplying the
equivalent length by the ?P per unit length of straight pipe
of the appropriate size

— Pipesizeisthen selected for alow pressure drop, while
remaining economical
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Representative Equivalent Lengths

Beseription-ei-Froduer

Equivslent Length

WD)
Stem Perpendic. | With no obstruction in flat, bevel, or plug type seat Fully open 340
Gilobe ular to Run With wing or pin guided disc Fully open 450
Valves (Mo obstruction in flat, bevel, or plug type seat)
Y-Pattern = With sten &0 degrees from run of pipe line Fully open 175
= With stem 45 degrees from run of pipe line Fully open 145
With no obstruction in flat, bevel, or plug type seat Fully open 145
Angle Valves With wing or pin guided disc Fully open 200
. Fully open 13
w: “-“gi; %‘i’s:" Threc-quarters open 35
or Plug Disc One-halfl open 160
Gate One-quarter open 900
Yalves Fully epen 17
Pulp Stock Three-quarters open ' 50
One-hall apen 160
One-guarter open 1200
Conduit Pipe Line Gate, Ball, and Plug Valves Fully open | 3
Cenventional Swing 0.5t...Fully open 135
Check Clearway Swing 0.5%...Fully open 50
Valves | O1obe Lift or Stop; Stem Perpendicular to Run or Y-Pattern 1.0%. . .Fully open Same as Clobe
Angle Lift or Stop * 2.01.. .Fully open Same as Angle
In-Line Ball ! 1.5 vertical and 0.29 horizontalt. . Fully open 150
Foot Valves with Strainer | Wfth poppet Ii_ft-:ype disc 0.3t...Fully open 410
With leather-hinged disc 0.4t . Fully open 75
Butterfly Yalves (8-inch and larger) Fully open | 40
Straight-Through | Rectangular plug port arca equal to 1005, of pipe area Fullv open | 18
Cocks Three-Way Rectangular plug port area cqual to Flow straight through 44
B0, of pipe area ((ully open) Flow through branch 140
90 Degree Standard Elbow 30
45 Degree Standard Elbow 16
90 Degree Long Radius Elbow 20
90 Degree Street Elbow 50
Fittings| 45 Degree Street Elbow 16
Square Corner Elbow 57
With flow through run 10
Standard T B
| Aneare ¥ | with flow through branch 1 60
_ Close Pnl:tcs_'-r!_Rt_:l_:!.!rn Bend B o s 7 fasis _] SRS T
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Piping Sizing
(continued)

= Other factorsthat may affect line sizing:

— Erosion potential of the carried medium (e.q.,
entrained solids) or the need to prevent settling of
components of the flowing mixture

— Erosion reduction may call for low velocities and
large diameter piping, while higher velocitiesto
prevent settling argue for smaller diameter pipe

— In some cases velocity can affect the the corrosion
rate of the base material by “stripping” off the
protective, passivating, film
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Piping Sizing
(continued)

= Piping iscommercially availablein sizesfrom
lessthan 1 inch to 60 inches or more.

= Through most of that range, pipeisavailable
In 2 inch increments(e.qg., 6, 8, 10 inch).
Beginning at 48 inches, the increment
Increasesto 4 inches.
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Piping Sizing
(continued)

= When selecting a pipe size, consideration must be
given to availability of flanges, valves, fittings, etc.

= For thisreason, some sizes are generally avoided
— 2.5,5,and 22 inch fall into thiscategory

= Flanges are commonly available for 24 inch and
smaller piping. They conform to the requirements
of ASME B16.5. Flangesconformingtothe
requirementsof ASME B16.47 are available for
larger piping (26 inchesand greater).
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Piping Sizing
(continued)

= Minimum size normally used (other than for
local instrument or utility lines) is1inch

= Small piping isprovided as seamless (i.e., no
longitudinal seam), while piping over 14 - 16
Inchesisnormally welded (i.e., containsa
longitudinal seam)
— Larger seamless piping isavailable, but is
Increasingly more expensive as size increases
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Valves

= Valvesareintegral part of any piping system

— Used toregulate flow, halt flow, or prevent backflow
of fluids

— Arealsoused for safety purposesto relieve pressure

= Valvesmust perform their intended function
whenever they are called upon, whether that is
multiple timesa day or after along idle period
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Valves
(continued)

= Many typesof valves, some very specialized

= Most common include gate, globe, check, ball,
butterfly, relief valves

= Valvebodiesare madeto standard ratings,
equivalent tothe classrating system used for
flanges
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Gate Valve
Handwheel
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Gate Valves
(continued)

= Most widely used valvesin industrial plants

= Used tofully stop or fully permit flow
— Best used where infreguent operation isrequired
= Not practical for throttling the flow because
flowing areaisnot a straight line function of the
amount of the gate’ stravel
— Isdifficult to know how open or closed thevalveis

— Partially open gates set up vibrationsthat can
damage the valve
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Gate Valves
(continued)

= Fluid passes straight through the valve,
minimizing the pressure drop

= A platedidesup and down perpendicular to
the flow to open or close the flow path

— Usually takes many turns of the handwheel to
open or close valve
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Gate Valves
(continued)

= Most discsand seats have a matched taper,
making repair or resurfacing difficult

= Stemsmay berising or non rising

— Screw surfaceson rising ssemsareisolated from
fluidsin theline

— Arising stem shows, at a glance, position of disc
(open or closed)

— Clearance must be provided for therising stem,
and exposed portions must be protected from
damage or corrosion

— In non-rising stem system, screw threadsare
exposed to the corrosive fluid
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Globe Valve
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Globe Valves
(continued)

= Seat of aglobevalveisparallel tothe flow
path

— All contact between seat and disc ends when
flow begins

= Efficient for throttling of flow with minimum
erosion

= Perform well where frequent operation is
required
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Globe Valves
(continued)

= Size of seat opening isproportional tothe
number of handwheel turns, making
regulation of the flowing area easier

= Maintenanceiseaser than gate valves, often
without removing the valve from theline

= Not recommended where flow resistance and
pressure drop are a concern because flow
path isnot straight
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Check Valves

= Check valves prevent the backflow of the
carried fluid, i.e,, they are“ one way” valves

= Thedisc may be seated by gravity, by the fluid
itself if it attemptstoreverse, or sometimeshby a
piston or spring

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PP-45
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Check Valves
(continued)

= Swing check valvesare the most common in
liquid service

— Flow itself opensthe valve, and keepsit open

— Straight flow path meanslow pressure drop

— Vapor usually hasinsufficient momentum to
keep the valve open

= Lift checksare seated by gravity or the lack of

flow
— For ahorizontal line, the change of direction
resultsin increased pressure drop
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Ball Valve

Lever Handle for quick quarter-turn

<5 (P
i

Top-Entry for
maintenance

" Wedge-Seat"”
compensates
for seat wear

Seat wipes ball clean,
assuring tight shutoff
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Ball VValves
(continued)

= Spring loaded ball, pierced with aline size
hole through the center

= Seat isalwaysout of the flowing stream,
between the ball and the valve body

— Can begoaod for flow carrying solids (prevents
damage to the seat)

= Flow path isstraight through the valve,
minimizing the pressure drop
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Ball Valves
(continued)

= Valvesopen and close with a quarter turn of the
handle, making them quick on/off valves

= When installed in vertical piping, solids can
settle on the ball (especially when closed) and be
ground into the ball and seat upon use

= Areusually small sotheforcerequired toturn
the handle ismanageable for one person
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Butterfly Valve
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Butterfly Valves
(continued)

= Consistsof adisc, ashaft, and a body

= Usually used with an actuator, though they
can be manual

= Used for flow control of gasses

= Not good for complete flow shut off

— Another backup valve or, better, a blind
flangeisrequired
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Relief Valve
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Relief and Safety Valves

= Valvesprotect against overpressure of equipment

— Overpressure could result in equipment damage
or failure, with possible catastrophic consequences

= Onevalvecan protect afull system (several
pieces of equipment) if the system is“open”, i.e,,
no valves or other means of isolation from the
relief/safety valve

= Valvesarerarely, if ever, used, but must react
quickly and properly when called upon, even
after along period of inactivity
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Relief and Safety Valves
(continued)

= Generally usea spring toremain sealed

— If pressurerises, force on the disc becomes
greater than the spring force, causing thediscto
lift and the contained fluid and pressureto vent

= Upon return tonormal pressure, the spring
causesthevalveto reseat and seal
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Relief and Safety Valves
(continued)

= Safety valvesarefor use with compressible
fluids (gases) where a quick response is needed

— They open fully upon overpressure, relieving at
full flow

= Relief valvesare for noncompressable fluids
and open more slowly
— They do not fully open immediately
— Lessfluid islost upon relief
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Relief and Safety Valves
(continued)

= Reélief valvesmust be inspected and maintained to
insure that they function properly when needed

= Relief and safety valves must beinstalled closeto
the equipment they protect sothat pressuredrop in
the piping tothe valveisnot afactor

= Backpressure (e.g. trapped liquid, relief system
pressure) isnot permitted because it isadditiveto
the spring force and will affect the pressure at
which the valve opens
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Pipe Classes

= Pipe classes are a means of conveying all
Information necessary to specify the
components of a section of a piping system.

= Classesare usually organized based upon
service, metallurgy, flange class, corrosion
allowance, and temperature

= Classescontain designation of the piping,
component, and bolting material, gasketing,
flange facing, valve details, minimum piping
thicknesses, etc.
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Pipe Classes
(continued)

= Contractors have prepared standardized classes
— Special classes may be developed as needed

= Lineindexesare prepared for each line of a
specific project
— They list the class, thickness, design temperature

and pressure, retirement thickness and other
details

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PP-58
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Pipe Classes
(continued)

Flanges

Gaskets
Fittings

Globe Valves

Gate Valves
(Note 2)

Check Valves

Wafer
Check Valves

Plug Valves

(Temp.limit to
350°F/177°C)

Bolting

ANSI Class 150 forged raised face. ASTM A 105.

2 inch and smaller sockel welding.

2 1/2 inch to 24 inch welding neck bored to suit pipe.

26 inch and larger design per ASME Section VIII, Division 1.

Spiral wound per API 601 except with graphite filler.

Class 3000 forged socket weld. ASTM A 105.
Welding same wall thickness as pipe. ASTM A 234 WPB or WPB-W.
Branch connection welding fittings. ASTM A 105.

2 inch and smaller Class 800 forged socket weld. ASTM A 105,

Vogt series SW-12141, Smith 0G80W, DSI 4211-A8 or Newco 285-FS2.

2 1/2 inch 1o 6 inch Class 150 cast flanged. ASTM A 216 Grade WCB.

Crane 143-XU, Stockham Triangle 1812V-U, Poyam 22 CIBP-IR12-U or Newco 21F-CB2,

2 inch and smaller Class 800 forged socket weld. ASTM A 105.

Vogt series SW-12111, Smith 0800W, DSI 4111-A8 or Newco 185-FS2.

2 1/2 inch 1o 24 inch Class 150 cast flanged. ASTM A 216 Grade WCB

Crane 47-XU, Stockham Triangle 1822V-U, Poyam 22 SBW-1R12-U or Newco 11F-CB2.

2 inch and smaller Class 800 forged socket weld. ASTM A 105.

Vogt series SWB-701, Smith 0B80W, DSI 4511-A8 or Newco 48S-FS2.

2 1/2 inch to 16 inch Class 150 cast flanged. ASTM A 216 Grade WCB.

Crane 147-XU, Stockham Triangle 1842V-U, Poyam 22RBC-1R12-V or Newco 31F-CB2.

1 1/2 inch and larger Class 150 Class 150 cast. ASTM A 216 Grade WCB.
Stockham Duo-Chek II 15 SPF-4.

4 inch and smaller with manufacturer’s standard wrenches; 6 inch and larger gear operated.
Manufacturer's standard lubricant for specified flowing material, pressure and

temperature. Class 150 cast flanged. ASTM A 216 Grade WCB.

1 inch 10 4 inch Nordstrom 1925 or Serck Andco MRW/MSW 233 CC.

6 inch to 12 inch Nordstrom F1949 or Serck Andco MSW/MSG 233 CC.

14 inch 10 30 inch Nordstrom F4149 or Serck Andco HVG 233 CC.

Stud bolts ASTM A 193 B7 threaded full length with 2 ASTM A 194 2H nuts.
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Piping Codes

= Most refinery and petrochemical pipingis
designed and fabricated in accordance with
ASME B31.3, “ Process Piping”

— Isoften referred to asthe “ Piping Code”

= Steam system piping isdesigned and
fabricated in accordancewith ASME B31.1,
“ Power Piping”
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Piping Codes
(continued)

= Pipeconformsto ASME B36.10M, “ Welded and Seamless
Wrought Steel Pipe” and ASME B36.19M, “ Stainless Steel
Pipe’

= Material designationsand requirements are in accordance
with American Society for Testing of M aterials (ASTM)
standards

= Existing pipe may be evaluated in accordance with ASM E
B31G, “ Manual for Determining the Remaining Strength
of Corroded Pipelines’

= Piping inspection guidelinesare given in APl 570, “ Piping
Inspection Code: Inspection, Repair, Alteration, and Re-
Rating of In-Service Piping Systems’
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Pressure Design

= Codecontainsalisting of accepted standards

= A component that conformsto one of these
standards, and that complieswith that standard’s
temperature and pressure ratings, may be used
without further evaluation
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Pressure Design
(continued)

= Componentsnot in accordance with listed
standards, and proprietary itemsfor which
Coderulesare not applicable, shall be designed
by rules consistent with Code philosophy
— Design shall be substantiated by service

experience under similar conditions, detailed
stress analysis, or proof testing

= Other components (straight pipe, bends, miters,
branches) may be designed by Code equations
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Design Conditions

= Each component shall be designed for the most
severe expected coincident pressure and
temperature condition
— Most severe condition isoneresulting in the
greatest required thickness (piping) or highest
required class (flanges, valves)

= Governing coincident conditions may not be
the highest or lowest pressure or temperature
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Design Conditions
(continued)

= Different componentsin same piping system may
be governed by different conditions

= Advantage may betaken of lower temperatures
of uninsulated components

— Temperature may be determined by test, heat
transfer calculation, or Code guidelines

= Short term variations above design stress or
rating are allowed if Code requirements are met
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Useful Piping Code Features

= Piping Code explicitly permitsa design
temperature reduction for uninsulated
piping, valves, flanges and bolting

= Design temperature permitted, asa
percentage of the fluid temperature:

Bolting - 80%
Flanges - 90%
Piping and Valves - 95%
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Useful Piping Code Features
(continued)

= Piping code also explicitly allows for occasional
short-term variations above pressure-
temperature design conditionsiif:
— Total number of variationsislessthan 1000

— Pressuredoes not exceed test pressureor yield
strength at temperature, and

— Non-ductile componentsare not present
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Useful Piping Code Features
(continued)

= Stresses may exceed allowable by:

— 33% - if nomorethan 10 hoursat atime and
100 hoursin ayear

— 20% - if nomorethan 50 hoursat atime and
500 hoursin ayear
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Required Piping Thickness

Piping thicknessrequired by ASME B31.3 for internal

pressure containment is. T, =PD /2 (SE + PY)
Where: T, =Minimum required wall thickness

P = Design pressure

D = Pipeoutside diameter

S = Allowable stressat design temperature,
per ASME B31.3

E = Quality factor, depending upon radio-
graphic examination or casting type (for
valves)

Y = Factor dependent upon material and
temperature; for ductile materials and
for temperatures below 900°F, it is0.4

Equation isvalid for T<D/6 and P/SE<0.385.
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Required Piping Thickness
(continued)

= Total thicknessisthe minimum required
thickness plusthe corrosion allowance,
corrected to account for the 12.5% tolerance
on thickness

— Standard schedule of pipeisthen selected to
providethisthickness

= Pipeisthen evaluated for any longitudinal or
thermal loads
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Required Piping Thickness
(continued)

= Duetothenormally small diameter and
relatively thick wall of piping, external pressure
Isusually not a concern

— When it is, userulesand proceduresin Pressure
Vessel Code

= Piping retirement thickness must be determined

— Onemajor factor in determining necessary
thicknessisthethicknessrequired by internal
pressure and temperature
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Basisfor Allowable Stresses

= Piping Code allowable stresses are based upon the
lowest of:

Onethird of room temperature and operating
temperaturetensile strength

Two thirds of room temperature and operating
temperatureyield strength

Average stressfor creep rate of 0.01% in 1000 hours

67 percent of average stressfor creep rupturein
100,000 hours

80 percent of minimum stressfor creep rupturein
100,000 hours
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Basis for Allowable Stresses
(continued)

= Belowthecreep range, thiscriteriaresultsin
allowable stressesthat are generally higher
than those permitted by Division 1 of the
Pressure Vessel Code
— Aremoreclosely related to Division 2
allowable range

= Inthecreep range, the allowable stressbasis
Isthe same asDivision 1 of the Pressure

Vessel Code
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Multiple Miter Bend
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Miter Allowable Pressure

= Per the Piping Code (B31.3), the allowable
Internal pressurefor a multiple bend miter is
the lessor of:

5 _SE(T-C)& T-C 0
" r Q(T C) +0.643tanq,/r,(T - C)g

or

5 _SE(T-Cl@R,;-r1, 6
m r, R, - o.5r2é;
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Miter Allowable Pressure
(continued)

m Limitationsinclude:

Q£225°
M=larger of 2.5(r,T)%° and tanQ(R;-r»)

= Separate equations apply to single miter bends
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Branch Connections

= Junctions, or branch connections made with a
fitting (eg, atee) complying with standard listed
In the Piping Code may be used within itsrated
pressure without evaluation

= Useof proprietary fittings, such asweldolets, is
acceptable, provided they have been qualified by
burst test requirements of the Code

— Besurethat they arefully and properly welded

= Branch junctions may be fabricated, but they
require an evaluation for adequate reinforcement

— Areareplacement method isused
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Branch Connections
(continued)

Weld
Line

Proper
Weld

Improper
Weld
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|
|
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|
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/) @RunPipe | T
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Branch Connection Nomenclature
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Branch Connection Ranforcement

= Required reinforcement area, A,=t,d,(2-snb)
where:
t, = pressuredesign thickness of header
d, = effectivelength removed from header
b = small angle between header and branch
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Branch Connection Ranforcement
(continued)

= Availablerenforcement:
A, = excess header thickness=(2d,-d,)(T,-t,-C)

where:
d, = reinforcement zoneradiususually=d,

T, = nominal header thicknessincluding the
minus mill tolerance

c = mechanical allowances (e.g. corrosion)
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Branch Connection Ranforcement
(continued)

A; = excessbranch thickness = 2L ,(T,-t,-c)/sinb
where:
L, = Height of reinforcement zone, usually 2.5(T,-c)

T, = Total branch thickness (including minus mill
tolerance)

t, = pressuredesign thickness of branch

A, = areaof weld metal and reinforcement within
reinforcement zone
= For aproperly reinforced opening:
AL+AHA,S A,
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Branch Connections

= Extrusions may also be used for branch
connection points

= Extrusionsareformed by pulling adie
through the wall of the pipe, creating aradius
at the opening
— Radiusreduceslocal stresses, and the joining
weld isa smple butt weld, located away from
any mechanical stressraisers

— Adequate reinforcement using area
replacement method must be present
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Branch Connections
(continued)

mdiusJ &
I |

Extruded Junction
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Piping Testing

= Piping Coderequiresthat erected system be
pressuretested

= Testing reguirementsare similar tothose
required for pressure vessels, i.e., hydrostatic or
pneumatic testing based upon design pressure
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Piping Testing
(continued)

= Hydrostatic Testing:

— ThePiping Coderequiresatest pressure of 1.5
timesthe design pressuretimestheratio of cold to
hot allowable stresses (S./S,)

- The S./S, ratiois*® capped” at 6.5

- Minimizes possibility of distortion or damage
during hydrotest from a high test pressure
caused by alow allowable stressdue to creep
considerationsfor elevated temperature
operation
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Piping Testing
(continued)

= Pneumatic Testing

— ThePiping Coderequiresatest pressure of 110 percent
of design pressure, without correction for cold vs. hot
allowable stress

— Thisisduetotheinherent danger from the stored
energy during a pneumatic test

— Theinitial test isnormally performed at 25psig and
gradually increased tothefinal test pressure (110
percent of design)
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Piping Testing
(continued)

m Nondestructive Examination

— In certain circumstances (e.g., water exposure
Isundesirable and pneumatic testing unduly
hazardous), Piping Code, unlike the Pressure
Vessel Code, also permits nondestructive
examination plusaleak test instead of full
pressuretesting
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Piping Testing
(continued)

= During hydrotesting, care must be taken to
Insure that system isadequately supported for
the additional weight of the water

= Flexibleitems, such as spring hangers, need to be
fixed into place to prevent excessive distortion
(remember to removethefixity beforereturning
to service)
— Some components (e.g., expansion joint bellows,
strainer internals) may need to beisolated from
thetest
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Piping Testing
(continued)

= Additional pressure dueto any head of water
present must be considered when testing a
piping system
— May limit overall test pressureto avoid
overstress of portionsof the piping
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Cold Service Requirements

= Piping must be adequate for design minimum
temperature
— Temperature may be from cold service, auto-

refrigeration, low ambient temperature, or
other causes

= Minimum temperature at which each material
may be used without further evaluation islisted
In stresstables of the piping code

— -20°F isacommon value

— For some materials, referenceismadeto curves
similar to Pressure Vessel Code'sMDMT curves
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Cold Service Requirements
(continued)

= For colder temperatures, material must be
Charpy V-notch impact tested, and meet
listed minimum impact capacity values,
beforeit can be used.

= Alternatively, pretested materials, certified as
suitable for a specified low temperature, may
be used without testing. These materials have
passed supplier performed Charpy V-notch
Impact tests at the specified temperature.
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Minimum Temperatures Without | mpact
Testing for Carbon Steel Materials

Nominal Thickness 7, in
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Examination and Heat Treatment

= Process Piping Code containsrequirementsfor
piping system assembly welding preheat and
postweld heat treatment

= Requirementsare dependent upon material
characteristics

— Similar materialsare grouped and assigned a“P”
number, which isused to define the requirements
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Examination and Heat Treatment
(continued)

= Required examination of welds consists of visual
Inspection and a random radiograph or ultrasonic
examination of 5 percent of the butt welds of the
completed system.

— Further examination isasrequired by the piping
design
= Heat treatment and examination of longitudinal weldsare
asrequired by ASTM specification and class of piping
specified. ASM E B31.3 may impose additional
requirements.

= For some materials and services UOP imposes additional
Radiography and heat treatment requirements.
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Piping Flexibility

= Piping will be subject tothermal expansion
(or contraction) caused by itsown heating (or
cooling) or that of theitemstowhich it is
connected

= Piping must be able to accommodate this
movement without failure, overstress, flange
leakage, or overloading theitemsto which it
IS connected

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PP-96
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



Piping Flexibility
(continued)

= Accommodation of the movementsisajob for
a specialist

= Encompasses plant layout, routing of the
piping and methods of supporting the piping

= Specialized computer programsare used to
analyze the system

= Flexibility isstrain, not stress, driven
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Piping Flexibility
(continued)

= Object isto avoid:

— Failure of piping or componentsdueto overstress
or fatigue

— Leakageat joints
— Detrimental stressor distortion in piping, valves,

or connected equipment (e.g. pumps, turbines,
expanders)

— Creation of “ pockets’ (unvented or drained high
or low spots), loss of required free draining, etc
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Piping Flexibility
(continued)

= |naddition tothermal expansion and support
of the piping’ sweight, wind, earthquake,
vibration, dynamic loading, and friction must
be considered

= Analysisusually considersthree cases.

— Sustained (forcedriven) loads only

— Displacement (thermal loads) and movements
only

— Operating case for reactions at equipment
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Piping Flexibility
(continued)

m Stressconcentrations at elbows and other
points must be considered

= Piping Code contains stress intensification
factorsfor determining effective stress at
these points
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Flexibility and Stress | ntensification Factors

Stress I ntensification Factor

Flexibility | Flexibility
o Factor  Outplane Inplane Characteristic Sketch

Description K o i h

TR
Welding elbow or 1.65 0.75 0.9 21
pipe bend h h?3 h? M2
Closely spaced miter bend 1.52 0.9 0.9 cotg Ts
s<r,(l+tanq) h¥® B B 2 1)
Single miter bend or l+cotq T
widely spaced miter bend 1'—55/§ 053 053
s>r,(1+tanaq) h h h 2 r,
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Piping Flexibility
(continued)

= Analysisisbased upon operating temperature
to properly account for all interactions and
movements of lines and equipment

= Review the entire syssem—not just one
line—because all portionsareinterrelated

— Response and stresses depend on the other
portions
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Sustained and Displacement Stresses

when Pipe Lifts off of Support
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Pipe stress analysis
1s not linear
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Piping Flexibility
(continued)

= Sustained load only case considers weight of the
uncorroded piping, including contents, valves and
attachments and longitudinal stressesdueto
pressure

= Alsoincludesother force driven loads, e.g., wind,
earthquake, friction, etc

= Usenominal thicknessin the corroded condition
for determining stresses

= Isnothermal movement; therefore, flexibility (i.e.,
moment of inertia) isnot afactor
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Piping Flexibility
(continued)

= Allowable stressfor the weight case isthe hot
allowable stresslisted in the Piping Code,
without ajoint efficiency factor

= A 33% increase may be used when considering
wind or earthquake loadings
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Piping Flexibility
(continued)

= For displacement, or strain driven, cases only
the forces and loads resulting from the imposed
displacements, such asthermal growth, are
considered

= Consderation of multiple cases (e.g., startup,
shutdown, operation, steamout, etc.) may be
necessary in order to cover all possible
combinations of temperaturesfor portions of
the piping
— Piping weight isnot included
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Piping Flexibility
(continued)

= Usenominal (uncorroded) thickness and the
ambient temperature modulus of elasticity for
maximum stiffness, hence highest displacement
loads

= Thermal expansion isdetermined from the
material’sthermal expansion coefficient, the
operating temperature, and lengths of pipe at
each temperature
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Piping Flexibility
(continued)

= Thegeneral expression for the thermal
expansion of pipeis:

DL = LaDT

where:
L = Length
DT = Changein temperature

a = Thermal expansion coefficient— change
per unit length per degree
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Thermal Expansion Coefficients

(10-° inched/inch-°F)

Material
CATOON STeeT Rustentc UNS
Carbon-Maoly- 5Cr-Mo Stainless 12Cr, N04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
F (Through 3Cr-Mo) 9Cr-Mo 18Cr-BNi 27Cr 25Cr-20Ni &67Ni-30Cu 315N Copper Alloys
—450 £.30
—425 3 B.61
—400 5 6.93
— 375 7.24
—350 G 7.51
— 325 5.00 4.70 8.15 4.30 5.55 4.78 7.74
—300 5.07 477 8.21 4.36 5.72 4.90 7.94
—275 5.14 4.84 8.28 4.41 5.89 5.01 8.11
— 250 5.21 491 8.34 4.47 6.06 5.15 B.26
—225 5.28 4.98 B4l 4,53 6.23 5.30 B.40
—200 5.35 5.05 B.47 4,59 6.40 5.45 8.51
—175 5.42 5.12 8.54 4.64 6.57 5.52 8.62
—-150 5.50 5.20 B.60 4.70 6.75 5.59 8.72
—125 5.57 5.26 B.66 4,78 6.85 5.67 B.81
—100 5.65 5,32 875 4.85 6.95 5.78 B.89
—75 5.72 5.38 8.83 4,93 7.05 5.83 8.97
—50 5.80 5.45 8.90 5.00 7.15 5.88 9.04
-25 5.85 5.51 8.94 5.05 7.22 5.94 9.11
] 5.90 5.56 8.98 5.10 7.28 6.00 9.17
25 5.96 5.62 9.03 5.14 7.35 6.08 9.23
50 6.01 5.67 9.07 5,19 7.41 6.16 9.28
70 6.07 5.73 9.11 5.24 7.48 6.25 9.32
100 6.13 5.79 9.16 5,29 7.55 6.33 9.39
125 6.19 5.85 9.20 5.34 7.62 b.36 9.43
150 6.25 5.92 9.25 +5.40 7.70 6.39 9.48
175 6.31 5.98 9,29 5.45 e 7.77 6,42 9.52
200 6.38 6.04 9.34 5.50 8.79 7.84 6.45 9.56
225 6.43 6.08 9.37 5.54 B.81 7.89 6.50 9.60
250 £.49 6.12 9.41 5.58 8.83 7.93 6.55 9.64
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Thermal Expansion
(inches/100 ft)

Material
Carbon Steel Austenitic UNS
Carbon-Moly- 5Cr-Mo Stainless 12Cr, NO4400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
‘F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 35Ni Copper Alloys
—450 P e i =393
— 425 i ~3.93
—400 s - 391
—375 . - 3.87
=350 ‘e —3.79
—325 —2.37 —2.22 — 3.85 —2.04 —_— — 2.62 - 2.25 — 367
—300 —2.24 -2.10 — 3.63 —1.92 N —2.50 - 2.17 —3.53
—275 =2.11 —1.98 — 341 — 1.80 Vo - 2.38 - 2.07 = 3.36
—-250 - 1.98 — 1.86 - 3.19 — 1.68 i —2.26 - 1.96 -3.17
—225 - 1.85 —=1.74 - 2.96 —-1.57 e —2.14 - 1.86 —-2.97
—-200 - 171 - 1.62 - 2.73 —1l.46 Vi - 2.02 - 176 —2.76
-175 — 1.58 - 1.50 - 2.50 —1.35 el —1.90 - 1.62 - 2.53
- 150 - 1.45 -1.37 ~ 2.27 —1.24 it - 1.79 - 1.48 - 2.30
-125 - 130 —1.23 - 2.01 —-1.11 s - 1.59 - 1.33 — 2.06
—100 - 1.15 — 1.08 - 1.75 - 0.98 Ca - 1.38 — 1.}7 —1.81
75 — 1.00 —0.94 - 1.50 - 0.85 e —-1.18 -1.01 - 1.56
—50 —0.84 - 0.79 - 1.24 - 0.72 N —-0.98 — 0.B4 —1.30
—25 —0.68 —0.63 —0.98 - 0.57 Wi —0.77 - 0.67 - 1.04
] — 0.49 —0.46 - 0.72 —0.42 e - 0.57 —0.50 —0.77
25 —0.32 —0.20 —0.46 - 0.27 i - 0.37 —0.32 = 0.50
50 —0.14 - 0.13 —-0.21 —-0.12 Fl - 0.20 — 0.15 —0.22
70 0 0 0 0 0 0 0 0
100 0.23 0.22 0.34 0.20 0.32 0.28 0.23 0.34
125 0.42 0.40 0.62 0.36 0.58 0.52 0.42 0.63
150 0.61 0.58 0.90 0.53 0.84 0.75 0.61 0.91
175 0.80 0.76 1.18 0.69 1.10 0.99 0.81 1.20
200 0.99 0.94 1.46 0.86 1.37 1.22 1.01 1.49
225 1.21 1.13 1.75 1.03 L.64 l.46 1.21 1.79
250 1.40 1.33 2.03 1.21 1.91 1.71 1.42 2.09
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Displacement Stresses per B31.3

m Stressesshall be computed using the asinstalled
modulus of elasticity; computed displacement stress
range, S;, iIsthe greatest algebraic differencein
Stress.

S, = \/S? +4S°

S, = Reaultant bending stressrange

= Resultant moment range (S,%+S,,;2)%>/section
modulus
In =in plane out = out of plane

S = Torsional stressrange
= Torsional moment range/2(section modulus)
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Displacement Stresses per B31.3
(continued)

m Axial stress effectsare generally insignificant and
ignored

m For elbows, tees, and other componentswith
applicable stressintensification factors (i) and
applied moment M, theform of § Is:

Sb — \/(iiM i)2 +(ioM 0)2
Z
— Subscriptsi and o represent in and out of plane

respectively; reference planeisthat of the
component, not of the piping system

= Computed stressrange S: iscompared tothe
allowable stressrange (S,)
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Moments

Momentsin Bends

Momentsin Branch Connections
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Piping Flexibility

= Theallowable stressrange, per Process Piping
Code (B31.3) is.
S,=) (1.255.+025S))

If S,>S then thefollowing formula may be
used:

=1 [125(S.+S)-S ] where:

2003 ENGINEERING DESIGN SEMINAR LIMITED DISTRIBUTION Th smateria is UOP LLC technical information of a confidential EDS-2003/PP-114
nature for use only by personnel within y ganlzanon requi g the information. The m erial shall not be reproduced in anyman ror
d ributed for any purpose whatsoever p by writtel pemss fUOPLLCandexoep asauh ed nder agreements with UOP LLC.



Piping Flexibility
(continued)

S, = Allowabledisplacement stressrange

: = Stressreduction factor accounting for the number
of full displacement cycles (equals 1 if cyclesare less
than 7000 during expected service life)

S. = Codeallowable stressat minimum temperature
during the displacement cycle
S, = Codeallowable stressat maximum temperature

during the displacement cycle

= Longitudinal stressesdueto sustained loadings (e.g.,
weight, pressure, etc.), based on nominal thickness
minus corrosion allowance; thermal stress not
Included; under tolerance need not be subtracted to
determine S
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Piping Flexibility
(continued)

= Higher allowable stressis permitted because
stresses are self limiting

= Any local areas exceeding yield, or subject to
creep, deform causing a stressreduction and

redistribution

= Although stressrange isunchanged, stress
valueswill change
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Piping Flexibility
(continued)

= Piping stresses are combined vectorially to
determineresultant stresses

— Comparetotheallowable stress

= Changing wall thickness of straight pipe does
not affect thermal bending stresslevels

— Both the section modulus and moment of
Inertiaremain in sameratio

— Reactionsat anchors may change
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Piping Flexibility
(continued)

= For very smple, uniform size, two anchor
systems, with no intermediate restraints or
branches, the Piping Code offersan empirical
method of evaluation

If Dy /(L - U2EKZ,

No formal flexibility analysisis necessary
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Piping Flexibility
(continued)

= Where:
— D = outsde diameter of pipe (in or mm)
All piping must be the same size and thickness

— y=resultant of total displacement strainsto be
absorbed by the system (in or mm)

— L =developed piping length between anchors (ft or m)
— U =dgraight line distance between anchors (ft or m)

- K1=30(S/E,) for English units (208,000 (S,/E,) for Sl
units)
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Example of Simplified Stress Evaluation

5!

15' 1
AN

1"Vertical movement T
of Anchor AN
\
\
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y
U .
'\

N\ Z X

L=sum of pipe lengths

\
1

25 T 2" Vertical movement

Material = carbon steel of Anchor
Temperature = 650 °F
Expansion rate = 0.052 inch/ft

Pipe size = 10" (10.75" OD)
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Example of Simplified Stress Evaluation
(continued)

L = 15+10'+15'+50'+25' = 115
U= x*+y?+2 = /(15+25)° +(10- 50)" +(15)
= /(40)" + (- 40)" +(15)" = /1600 + 1600 + 225

/3425 = 58.5feet

Dx = (15 + 25)(0.052) = 2.08"
Dy = (10 - 50)(0.052) - 2+1= - 3.08"
Dz = - 15(0.052) = - 0.78"

y =+/(2.08)% + (- 3.08)% + (- 0.78)% = 3.81"
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Example of Simplified Stress Evaluation
(continued)

D= 10.75" (10" npspipe)
Df _(1075)(381)
(L-U) (115 585)

=0.0128< 30(Sa/ Ea) @80(0.00) =0.03

= Adequate flexibility has been provided.

= Method appliesto piping stresses only

— Doesnot addressthereactions, which must be
evaluated with aformal stressanalysis
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Piping Flexibility
(continued)

= |n addition to an evaluation of the stresses,
thermal movements must be reviewed to insure
that thereis adeguate space to accommodate
them, particularly on the pipe rack
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Providing Flexibility

= Flexibility isgenerally provided by bending or
distortion of the piping

= Installed components, such as valves and flanges,
are very stiff and contribute little flexibility
— They may be damaged by imposed bending or
distortion
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Providing Flexibility
(continued)

= Most common method of increasing flexibility of a
piping system iswith changesin direction such as
piping loops

— Legsof theloop(s) allow absorption of movements
= Natural arrangement of the piping will often

provide sufficient loops and flexibility

— May benecessary to add artificial loops

— Horizontal loopson piperacksare an example
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Horizontal Expansion Loop

Deflected Shape

Sy

Anchor

Note: Elevation is changed
to allow loop to pass over

Anchor _ R
nei ghboring piping.
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Providing Flexibility
(continued)

= Loopsdo, however, add to piping length and
pressuredrop

= Vertical direction changes may also create
high or low points (local aswell as global)
that require ventsor drains
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L oop Example

NN, NN, NN, NN,

deflected shape

H I H— ’L—u-

piping ; initial shape

= <SS AN =

Inflexible System Flexibility Improved with a Loop

2003 ENGINEERING DESIGN SEMINAR — LIMITED DISTRIBUTION: This material is UOP LLC technical information of a confidential EDS-2003/PP-128
nature for use only by personnel within your organization requiring the information. The material shall not be reproduced in any manner or PPF-R00-84
distributed for any purpose whatsoever except by written permission of UOP LLC and except as authorized under agreements with UOP LLC.



L oop Examples

Upward T _{
Growth

o " memnn

J Deflected Shape

Initial Shape

—

Ny

Natural “Loop” in the piping layout
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Providing Flexibility
(continued)

= Elbowsincreasetheflexibility, but are also
points of stressconcentration

= Piping Code contains
— Flexibility factors
- Accountsfor reduced stiffness
— Stressintendfication factors
- Accountsfor higher stresses at these points
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Providing Flexibility
(continued)

= Inlow pressure (usually below 50 - 60 psig),
critical, cases, where loops are not an option,
expansion joints may be considered

= EXxpansion jointsconsist of one or more
flexible bellows that may compress, elongate,
or rotate dightly to absorb piping movements
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Single Expansion Joint
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Universal Expansion Joint
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Providing Flexibility
(continued)

= EXxpansion jointscannot transmit forces across
the bellows

— Piping forces, including “ blowout” on the
bellows, must be absorbed by piping system, via
anchors

— Some special joints (tied, hinged, or pressure
balanced) do permit transmission of axial forces
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Expansion Joint Blowout Force

Vessel Wall
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Reaction Force on Nozzles = (P)Aannulus
Forceat Vessel Support = (P)Azgions

Blowout Force F; = P% DZeff
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Providing Flexibility
(continued)

= Expansion jointsaretested in placeto confirm
the adequacy of the main anchors.

— Test pressureisno morethan 150% of design
pressure

= Jointsare normally installed in vertical position
to allow draining of corrugations

— Otherwise, ameansof drainage is necessary
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Providing Flexibility
(continued)

= Many typesand configurations of expansion
jointsare available

— Allows absorption of sometimeslarge
movements

= EXxpansion joint designsare governed by the
Expansion Joint M anufacturers Association
(EJMA) Standards and Appendix X of B31.3
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Expansion Joint Bellows

m Bdlows must beflexibleto allow deformation
and movement absorption

— Areverythin

= Bellows stiffness (spring constant -- axial,
rotation, or torsional) must be overcome before
the bellows will deform
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Expansion Joint Bellows
(continued)

= Belows must be strong to withstand internal
pressure and local stress at the bends (which
must retain a smooth radius)

= Toprovide needed strength and corrosion
resistance, at generally elevated temperatures
(causing significant movementsto be absorbed)
and still bethin and therefore flexible, bellows
are constructed of high alloy material
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= Multi-ply bellows (made of several independent

Expansion Joint Bellows
(continued)

layers) allow greater thickness, strength, and
flexibility

L ayers can moverelative to each other
Inspection and maintenance isa problem

L eak detection between layersisrequired to
detect inner layer failure

Weld joint details are more complex wherethe
bellowsjoinsthe pipe

If one ply fails, therest are not adequateto
withstand the pressure
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Expansion Joint Bellows
(continued)

= Maintenance of thin bellows, and protection from
damage, iscritical
— Small amountsof corrosion or damage may be
“fatal”
= Beélowsaregenerally purged to avoid contaminant
accumulation
— Purge must not result in liquid water formation or
accumulation which can result in very corrosive
materials (e.g. polytheonic acid)
= Reducethe net offset movement the bellows or
universal joint must take by using an initial offset
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Universal Expansion Joint

(without I nitial Offset)
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Universal Expansion Joint
(with Initial Offset)
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Pantographic Linkage
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Tied Expansion Joint

.
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Pressure Balanced Expansion Joint
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Hinged Expansion Joint
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Elastic Followup

= Elastic followup isa phenomenon that may occur
In “ unbalanced” piping systems
— Resultsin overstressor acreep or fatigue failure
after a (possibly lengthy) period of satisfactory
service
— Normal stresd/flexibility analysiswill not indicate
a problem
- Makesdetection or prediction more difficult

— Stresses cannot be considered to be proportional
to strainsthroughout the system
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Elastic Follow-up
(continued)

= For elastic follow-up to occur, two conditions
must be present
— System, or aportion of it, must operate within the
creep range of piping materials.
— System must be unbalanced, i.e., some areas must

be hotter, more highly stressed, or less stiff than
others. Thesearetherelatively weak areas.
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Elastic Followup
(continued)

= Over time, the more highly stressed, weaker, or
hotter portionstend to creep morethan remainder
of system

= Strainin the system isconcentrated in these
locations (which may be local)

— If weak areas perform elastically, increasein strain
meansincreasein stress

- Areasare more highly stressed (remainder of
system less stressed) than predicted

— If weak areas perform inelastically, they may develop
creep (or fatigue) damage, even if increased strain
resultsin little or no stressincrease
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Elastic Followup Examples
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Elastic Followup Examples
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Elastic Followup Examples
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Elastic Followup
(continued)

= Normal flexibility/stress analysisisindicative
of initial, pre-creep condition and is based
upon stress, not strain, status

— Strain redistributionsdueto creep are not
accounted for

— Damage, or failure, may occur
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Elastic Followup
(continued)

= May be prevented by:
— Avoiding use of unbalanced systems

— Lowering long term operating temperatures
below the creep range

— Useof materialswith higher creep range
threshold temperatures
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Elastic Follow-up
(continued)

= May be prevented by (continued)

— Design for overall low piping strainsthat
remain low even with redistribution

— Creative support/restraint systemsto prevent
strain redistribution, including the selective
use of cold spring

Care must be taken not to impose
additional stressesinto the piping system
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Piping Support

= Pipesupportsmust carry the weight of the
piping, with contents, and account for thermal

movements and loads
= Asageneral rule, minimizing restrictionsto
the piping’sthermal movement will minimize
pipe stresses and reactions
— Meansfewer guides, anchorsand other
restrictionsisbetter
— In some cases, problems can be resolved by
removing restraints
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Piping Support
(continued)

= Avoid placing portions of the piping system in
compression
— Buckling may occur

— For example, support vertical runs of pipe
from thetop rather than the bottom

= Pipingidentified as“ Free Draining” must
gravity flow in theindicated direction during
all operating, start-up, shut-down, out-of
service, and other conditions.
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Piping Support
(continued)

= Often, load limitations on attached equipment
(eg, pumps), locally high stress, or limitson the
magnitude of the movement that can be
permitted require that thermal movements be
restricted via guides, anchors, etc

= Restricting thermal movementswill result in
Imposition of aforce on theresisting support
and cause stresses within piping
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Piping Support
(continued)

= Thereare many waysto provide support
= Pipe“shoes’ beneath the piping
— Shoesallow axial and, if permitted, out of

plane movement; may even lift off the support
during operation

— Guides, possibly with a clamp over the shoe,
may be used to limit or restrict movements

— Caremust betaken toinsure shoe cannot dide
off support and “bind” at any time
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Piping Support
(continued)

= Providelow friction dide plates (Teflon or
graphite) to minimize the effects of friction
where movement isrequired

= Limit stopsallow the pipeto move acertain
amount, then halt further movement
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Pipe Shoe Details

¢ Support Unless ¢ Support Unless
/ Otherwise Noted Pipe Otherwise Noted
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Piping Support
(continued)

= Hangersprovidearigid vertical support,
while allowing horizontal movement

= Anchorsareany system that does not allow
any piping movement at that point

= Piping supports must be provided to prevent
excessive piping deformation from piping’'s
weight (sag)
— Supportsmust also allow retention of any free
draining requirements, without creating
pocketsin piping system
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Pipe Support Assembly
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Stress (psi) Due to Sag
Standard Wall Pipe—Filled With Water

— SPAN BETWEEN SUPPORTS, FEET .
inches per Lineal
10 12 14 16 18 20 24 30 36 2 48 54 60 Foot
% | 2387 | 3438 | 4680 | 6113 | 7736 | o551 | ... | .... 13164
1 1531 2205 3002 3921 4962 6126 8822 13785 37345
1% | 1342 | 1932 | 2630 | 3436 | 4349 | saee | 77ar | w208t | ... | ... 88260
2 903 | 1301 | 1771 | 2313 | 2027 | 3614 | 5205 | 8133 | 11711 | 15941 | .... 1.4541
3 620 | 892 | 1215 | 1587 | 2008 | 2480 | 3571 | 5580 | 8035 | 10936 | 14284 | .... 3.0032
P 503 | 725 | 986 | 1288 | 1831 | 2013 | 2900 | 4531 | 6525 | 8881 | 11600 | 14681 | .... | 55172
5 424 | 610 | 831 | 1085 | 1373 | 1696 | 2442 | 3816 | 5495 | 7480 | o769 | 12365 | 15265 | 8.6666
6 368 | 530 | 721 | 942 | 1192 | 1472 | 2120 | 3313 | 4771 | 6495 | 8483 | 10736 | 13285 | 125530
8 319 | 450 | €25 | 816 | 1033 | 1276 | 1837 | 2871 | 4135 | 5628 | 7351 | 9304 | 11487 | 22.206
10 283 | 407 | 554 | 724 | 917 | 1132 | 1630 | 2547 | 3668 | 4993 | 6522 | 8264 | 10191 | 35.454
12 238 | 343 | 467 | 610 | 772 | 954 | 1374 | 2146 | 3091 | 4207 | 5496 | 6955 | 8567 | 49.760
14 213 | 308 | 419 | sa7 | 701 | 855 | 1232 | 1925 | 2772 | 3774 | 4920 | e230 | 7702 | e0.000
16 197 | 284 | 387 | 506 | 640 | 700 | 1138 | 1778 | 2561 | 3486 | 4554 | 5763 | 7115 | 70.187
18 181 | 261 | 355 | 464 | 588 | 726 | 1045 | 1633 | 2353 | 3201 | 4182 | 5202 | 6534 | 100.48
20 173 | 250 | 340 | 444 | 562 | 694 | 1000 | 1563 | 2251 | 3084 | 4003 | 5066 | 6254 | 12530
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Stress (psi) Due to Sag

Standard Wall Pipe—Empty

?EI:: SPAN BETWEEN SUPPORTS, FEET
Inches
10 12 14 16 18 20 24 30 36 42 48 54 60
% 2063 2971 4044 5282 6685 8254 11886 e

1 1249 1799 2449 3199 4049 4998 7198 11247 PR

1% 1010 1454 1979 2586 3273 4040 5818 9091 13092 w5 Sy

2 644 977 1262 1649 2087 2577 3ri 5798 8350 11365 14844 TS G
3 434 625 851 1111 1406 1736 2500 3907 5627 7659 10003 12661 15631
4 331 477 650 849 1075 1327 1911 2986 4390 5853 7644 9675 11945
5 265 381 519 678 858 1060 1526 2385 3435 4675 6106 7728 9541
6 220 a7 432 656 667 823 1186 1853 2669 3893 5085 6436 7945
8 167 240 327 427 541 668 962 1503 2165 2998 3915 4956 6118
10 131 189 258 337 426 526 758 1185 1706 2323 3034 3840 4741
12 110 159 217 283 359 443 638 ea7 1436 1955 2554 3232 3080
14 101 145 198 259 332 405 583 911 1312 17686 2333 20953 3646
16 B8 127 172 225 285 352 508 793 1143 1555 2032 2571 3175
18 78 112 153 200 253 313 450 704 1014 1380 1802 2281 2817
20 70 100 137 179 226 230 403 630 907 1235 1613 2041 2520
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Maximum Pipe Spans (Feet)

PIPE SIZE 1" 14" 2" 3" 4™ p" 8" 10" 12" 14" 16" 18" 20" 24"
PIPE SCHED.

SCHED. 10 - = - 14 15 18 20 23 25 30 31 31 32 34

SCHED. 20 - - = = = = 27 28 29 33 34 35 39 40

SCHED. 30 = = = ‘= = = 28 30 35 36 37 40 43 47

STANDARD" 8% 11* 13* 19 21 26 29 33 35 36 37 38 39 40

SCHED. 40 8% 11% 13*% 19 21 26 29 33 36 38 41 44 46 50

SCHED. 60 - - = = = = 32 36 39 41 44 47 50 55

X-STG. 8% 11% 14% 20% 24 29 33 36 38 39 41 42 43 45

SCHED. 80 8% 11* 14* 20% 24 29 33 38 41 44 47 50 53 58

SCHED. 100 - = = = = = 35 39% 43% 45% (8% 51% 54% 50%
SCHED. 120 - = = = 25 31% 35% 40% 43% 45% 49% 52% 55% Q0%
SCHED. 140 - = = = = = 3b% L40* 44* 46% 49% 52% 55% pl*
SCHED. 160 9% 12% 15% 20% 25% 31*% 36% 40* 44% 46% 49% 52% 55% gl*

Basis. smple span; carbon steel pipe; water or lighter fluid service;
maximum temperature 650°F
Criteriaz  maximum stress = 6000psi

*Maximum deflection = smaller of 1" or nominal pipe diameter
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Piping Vibration

= Many potential causes of vibration
— Connected equipment

Pumps
Compressors

— Flow characteristics

Flashing
Intermittent flow
Two-phase flow
Water hammer
Etc.
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Vibration Control

= Design piping system and itssupportsto have a
critical frequency well away from the exciting
frequency

= |solatevibrating equipment from the piping
system

= Maintain uniform processtemperature and
minimize piping length and elbowsto control
vibration caused by flow characteristics
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Vibration Control
(continued)

= Usesnubbersor dampersto slow the systems
response to excitation, whileretaining
flexibility

= Useguidesto limit amplitude of vibration

= “Dead leg’ teesrather than elbows may help
reduce vibration
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“Floating” Systems

= A*“floating” system haseither nointermediate
supports or supports capable of absorbing only
afixed load (e.g., a constant spring support)

= Unlessall weightsand loading conditionsare
known, “floating” systems are avoided because
any unanticipated or misestimated load can be
absorbed only at the ends

= Load transmission through the system tothe
ends creates additional strains and stresses
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L ocation of Pipe Supports and Guides
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Spring Hangers

= Spring hangersare systemsdesigned to provide
support while allowing vertical movement

= Two kindsareavailable
- Variable
- Lessexpensive
— Constant
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Spring Hangers
(continued)

= Variable spring hangers provide a supporting
forcethat varies as afunction of deflection

— Forceisgoverned by the spring constant of a
simple spring

= Allow for overtravel (greater than expected
movement) when designing spring hangers
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Spring Hangers
(continued)

= Support force will vary due to thermal movements

m Forcesgreater or lessthan thosereguired to
support the pipe sweight must be absorbed
elsewherein system

— Reaultsin stress changesin the piping and load
changes at other supports
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Spring Hangers
(continued)

= Generally, variable hangers are commonly
used If movementsarelessthan 2 inches

= Constant spring hangers provide constant
force throughout their range of motion

— Constant supportsare used for movements
greater than 2 inches

— Constant supports may also be advisable if
additional loads cannot be imposed upon
other supports (e.g. pump casings)
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Variable Support Size Selection Table

Praicr i HANGER SIZE
g 8 g8 1 2 3 4 5 6 7 8 9 10| 1 12
3|85 44 | 59 | 79| 104 | 139 | 185 | 245 | 326 | 434 | 577| 767 | 1020
wlole 46 | 62| 82| 109 | 145 | 193 | 256 | 341 | 453 | e02| 801 | 1065
2lEiE|S 48 | 64 | 85 | 113 | 151 | 200 | 266 | 354 | 471| e26| 832 1107
g E|lE|E 50 67 B9 | 118 | 157 | 208 | 277 | 369 | 490| ©52| 866 | 1152
glols|S 52 | 69 | 92| 123 | 163 | 217 | 288 | 383 | 509 | €77 | 900 | 1197
elelg|E 54 | 72| 96 | 127 | 169 | 225 | 299 | 398 | 529 | 703| 935 | 1243
cla s j; 56 75 99 | 132 | 175 | 233 | 310 | 412 | 548 | 729 | 969 | 1288
=) 58 | 77 | 103 | 137 | 181 | 241 | 321 | 427 | 567 | 754 | 1003 | 1333
o[o0[o0[0F 60 | 80 | 106 | 141 | 188 | 250 | 332 | 441 | 587 | 780 | 1037 | 1379
- 62 | 82 | 110 | 146 | 194 | 258 | 343 | 456 | 606 | 805 | 1071 | 1424
g - 64 | 85 | 113 | 150 | 200 | 266 | 354 | 470 | 625 | 831| 1105 | 1469
= 66 | 88 | 117 | 155 | 206 | 274 | 365 | 485 | 644 | 857 | 1139 | 1515
B - 68 | 90 | 120 | 160 | 212 | 282 | 375 | 499 | 664 | 882 | 1173 | 1560
- 70 | 93 | 124 | 164 | 219 | 291 | 386 | 514 | 683 | 908 | 1207 | 1605
g 2%l 1% %| % 72 | 96 | 127 | 169 | 225 | 299 | 397 | 528 | 702 | 934 | 1241 | 1651
" E. 74 | 98 | 131 | 174 | 231 | 307 | 408 | 543 | 722 | 959 | 1276 | 1696
§ ~ 76 | 101 | 134 | 178 | 237 | 315 | 419 | 557 | 741 | 985| 1310 | 1741
g - 78 | 103 | 138 | 183 | 243 | 323 | 430 | 572 | 760 | 1011 | 1344 | 1787
= ~o| 80 | 106 | 141 | 188 | 249 | 332 | 441 | 586 | 779 | 1036 | 1378 | 1832
5 ~E€| 82 | 109 | 145 | 192 | 256 | 340 | 452 | 601 | 799 | 1062 | 1412 | 1877
S |4%| 3|1%| %pe| 84 | 111 | 148 | 197 | 262 | 348 | 463 | 615 | 818 | 1088 | 1446 | 1923
g —% 86 | 114 | 152 | 201 | 268 | 356 | 474 | 630 | 837 | 1113 | 1480 | 1968
B -S| 88 | 117 | 155 | 206 | 274 | 364 | 485 | 644 | 857 | 1139 | 1514 | 2013
g -S| 90 | 119 | 159 | 211 | 280 | 373 | 495 | 659 | 876 | 1164 | 1548 | 2059
£ -wl 92 | 122 | 162 | 215 | 286 | 381 |.506 | 673 | 895 | 1190 | 1582 | 2104
= = 94 | 124 | 166 | 220 | 293 | 389 | 517 | 688 | 914 | 1216 | 1617 | 2149
6% |4%|2%|1% 96 | 127 | 169 | 225 | 299 | 397 | 528 | 702 | 934 | 1241 | 1651 | 2195
= | 98 | 130 | 172 | 229 | 305 | 405 | 539 | 717 | 953 | 1267 | 1685 | 2240
100 | 132 | 176 | 234 | 311 | 414 | 550 | 731 | 972 | 1293 | 1719 | 2285
102 | 135 | 179 | 239 | 317 | 422 | 561 | 746 | 992 | 1318 | 1753 | 2331
103 | 138 | 183 | 243 | 323 | 430 | 572 | 760 | 1011 | 1344 | 1787 | 2376

Spring Rate — Ibs. per inch of deflection

316 [42 | 558 | 74.2 | 988 131 [ 175 | 232 | 308 | 410 | 546 | 726
158 | 21 | 27.0 | 37.1 | 49.4 | 665| 875 | 116 | 154 | 205 | 273 | 363
79 | 105 | 14 | 186 | 247 | 328 | 438 58 | 77 | 103 | 137 | 182
53 | 7 93 [ 124 | 165 | 218| 2902|387 [ 513 | 683 | 91 | 121
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Constant Supports

TT
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Constant Supports
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(continued)
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= Referringtothe

diagram to theleft, take
three positions high,
mid and low, and equate
the moments about the
main pivot

F.a, = Wb,
F.,a, = Wb,
F.a, = Wby,

Fila; _Fyap _Fzasz _
b, b, by

W
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Constant Support Size Selection Table
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HGR. TOTAL TRAVEL (In Inches
SIZE MAXIMUM RATED LOAD IN POUNDS FOR EACH SIZE
:‘% 2 | 2% | 3 | 3% | 4 |4 (5 |5% | 6 |6~ | 7 [T |8 |8 | 9 |on
4200

1 9%( 75| 60 55| 45| 40| 35] 35] 30 25 20 20

130| 100] 85 70| 65| 55| 50| »45| 40 35 30 30

2 175| 140] 115] 100] 85| 80 70] 65| 60 50 45 40

3 235/ 190] 160f 135| 120| 05| 95| 85| 80 70 60 55

4 325| 260| 215] 185] 165| 145 130 120] 110 95 80 70

5 445| 360| 205/ 255| 225| 200 180 160] 150 130 110 100

6 B00| 485] 405 345| 305| 270 | 245] 220] 205 175 150 135

7 755| 605| 505] 435]| 380| 335] 305 275] 2551 235\ 215 205\ 190 | 180\ 170 | 160\

8 905| 725] 605 520] 455| 405]| 365| 330| 305| 280 260| 245| 230 215 205 190

9 1090| 875 725] 625| 545| 485( 435| 395| 365| 335| 310 200| 275| 255| 245| 230
10 1310| 1045 B875| 750| 655| 585| 526| 475| 440] 405| 375 350 | 330 310| 290 | 275
1 1465| 1175 980 B840| 735| 650 585| 535| 490| 450 420 390 | 365| 345| 325] 310
12 1620| 1295] 1080 925] 810| 720| 650| 590| 540] 500] 465| 435 405 385| 360 | 345
13 1810 ) 1450] 1210| 1035]| 905| 805| 725| 660 605| 560| 520 | 485 455| 430 | 405 | 385
14 2000| 1605] 1335] 1145| 1005| 890 | 805| 730| 670 620 575| 535| 500 475| 445 425
15 2240| 1790| 1495| 1280 | 1120 995| 900| 815| 750| 690] 640| 600 | 560 530 | 500 | 475
16 2475| 1980 1655| 1415| 1240| 1100 | 990| 900| 825| 765| 710| 660 | 620| 585| 550 | 525
17 2770 | 2215] 1850| 1585| 1385| 1230 | 1110 | 1010| 925] 855| 790 | 740| 695| 655 615| 585
18 3060| 2445] 2045| 1750 | 1530 | 1365 | 1225| 1115] 1020 | 945| 875| 815| 765] 720 | 685| 650
19 3400| 2720| 2265| 1940 | 1670 | 1510 | 1360 | 1240| 1135| 1050 | 975| 905| 850 | 800 | 755| 720
2 3735| 2990 2490| 2130 1870 | 1660 | 1495 1360 | 1245| 1150 | 1070 | 995| 935| 880 | 830 | 790
21 4120| 3295| 2745]| 2350 | 2060 | 1830 | 1650 | 1500 1375 | 1270 | 1180 | 1100 | 1030 | 970 | 915 | 870
22 4500 | 3600 3000| 2575| 2250 | 2000 | 1800 | 1640 | 1500 [ 1385 ] 1285 | 1200 | 1125 | 1060 | 1000 | 950
2 4950 | 3960 | 3300| 2830 2475| 2200 | 1980 | 1800 | 1650 | 1525 | 1415 | 1320 | 1240 | 1165 | 1100 | 1045
24 5400 | 4320 | 3600 3085| 2700 | 2400 | 2160 | 1965 1800 | 1665 | 1545 | 1440 | 1350 | 1270 | 1200 | 1140
25 5940 | 4755| 3960| 3395| 2970 | 2640 | 2375 | 2160 | 1980 | 1830 [ 1700 | 1585 | 1485 | 1400 | 1320 | 1255
26 6480 | 5185| 4320 3710 3240 | 2880 | 2595 | 2355| 2160 | 1995 | 1855 | 1730 | 1620 | 1525 | 1440 | 1370
7 — S710| 4755| 4075| 3565 | 3170 | 2855 | 2595 | 2380 | 2195| 2040 | 1905 | 1785 | 16801 1585 | 1505
28 6230 | 5190| 4445 3890 | 3460 | 3115 | 2830 | 2595 | 2395 | 2225 | 2075 | 1945 | 1830 | 1730 | 1645
2 6845| 5705| 4890 | 4280 | 3805 | 3425 | 3110 | 2855 | 2635 | 2445 | 2285 | 2140 | 2015 | 1905 | 1805
30 7645)| 6380 | 5465| 4780 | 4250 | 3825 | 3475 | 3190 | 2945 | 2735 | 2555 | 2395 | 2250 | 2125 | 2020
3 8660 | 7215]| 6180 5405 | 4810 | 4330 | 3935 | 3600 | 3330 | 3090 | 2885 | 2705 | 2545 | 2405 | 2285
32 9480 | 7895| 6760 | 5915 | 5265 | 4740 | 4305 | 3945 | 3640 | 3380 | 3150 | 2960 | 2780 | 2630 | 2500
33 10515] 87701 7510 | 6575 | 5845 | 5260 | 4780 | 4380 | 4045 | 3750 | 3500 | 3285 | 3095 | 2920 | 2775
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Spring Hangers
(continued)

= Limited horizontal movement may be
accommodated

— Amount depends upon length of the support rod

— Angle of support rod should be within 4 degrees
of vertical (constant supports may accommodate
morein the plane of the support)
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Piping Reactions

= Sometimesthe equipment itself isdesigned to absorb
some (or all) of the unrestrained movements present at

that point in the piping system. Thiscan servetoreduce
the stresswithin the piping system.

= Reactionsat equipment consider weight only, sustained
load, and weight plusthermal load cases

— Pressure, friction forces, etc., are considered when
conservative to do so

= Loadsimposed upon vesselsare normally not a concern

— For largeloads, specialized methods exist for determining
and evaluating the imposed stresses and deflections
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Piping Reactions
(continued)

= Of more concern isoverstressing or rotating
flanges, possibly causing leakage

= Attachmentstorotating equipment are of
particular concern

— Casingshaveavery restricted load carrying
capacity

— “Excessive’ loads may distort the case

— Even very small distortions may affect

operation of equipment or cause contact
between rotor and case
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Piping Reactions
(continued)

= Permissible casing loads are provided by
individual vendors

= Loadsareexpressed aspermissible
component forces and momentsat inlet and
outlet or areresolved toresultant loads
relative to the shaft
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Piping Reactions
(continued)

= NEMA SM 23 providesdefault loads for turbines

= API 610, “ Centrifugal Pumpsfor General Refinery
Services’ providesdefault loadsfor pumps

= API 617, “ Centrifugal Compressorsfor General
Refinery Services’ permits1.85 timestheloads
permitted by NEMA SM 23
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Nozzle Loadings
(U.S. Units)

Note: Each value shown below indicates a range from minus that value to plus that value; for example 160 indicates a range from -160 to +160.

Nomina Size of Flange (NPS)

Force/M oment 2 3 4 6 8 10 12 14 16
Each Top Nozzle
FX 160 240 320 560 850 1200 1500 1600 1900
FY 130 200 260 460 700 1000 1200 1300 1500
Fz 200 300 400 700 1100 1500 1800 2000 2300
FR 290 430 570 1010 1560 2200 2600 2900 3300
Each Side Nozzle
FX 160 240 320 560 850 1200 1500 1600 1900
FY 200 300 400 700 1100 1500 1800 2000 2300
Fz 130 200 260 460 700 1000 1200 1300 1500
FR 290 430 570 1010 1560 2200 2600 2900 3300
Each End Nozzle
FX 200 300 400 700 1100 1500 1800 2000 2300
FY 160 240 320 560 850 1200 1500 1600 1900
Fz 130 200 260 460 700 1000 1200 1300 1500
FR 290 430 570 1010 1560 2200 2600 2900 3300
Each Nozzle
MX 340 700 980 1700 2600 3700 4500 4700 5400
MY 170 350 500 870 1300 1800 2200 2300 2700
MZ 260 530 740 1300 1900 2800 3400 3500 4000
MR 460 950 1330 2310 3500 5000 6100 6300 7200

Note 1: F = force in pounds; M = movement in foot-pounds; R = resultant. See Figures 2-2 — 2-6 for orientation of nozzle loads (X, Y, and Z).
Note 2: Coordinate system has been changed from API Standard 610, 7th Edition, convention to 1 SO 1503 convention.
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Permissible Loads for Steam Turbines
per NEMA SM 23

A) At any connection:
3Fr + Mg £500 D,
Fr = Resultant force (Ibs)
Mg = Resultant moment (ft-1bs)

D, = Nominal connection size
(inches). If greater than 8
Inches, use (16+D)/3.
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Permissible Loads for Steam Turbines
per NEMA SM 23 (continued)

B) Combineresultant at centerline of exhaust
1) 2F-+ M £ 250D,

Fe =
Mc =
De =

Resultant force (Ibs)
Resultant moment (ft-1bs)

Diameter of the opening with
the same area asthe sum of

Inlet, extraction, and exhaust.

If greater than 9 inches, use
(18+D.)/3.
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Permissible Loads for Steam Turbines
per NEMA SM 23 (continued)

2) Component Limits

F, £50D, M, £ 250D

F, £ 125D, M, £ 125D,
F, £ 100D, M, £ 125D,
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Force and Moment Terminology
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Cold Spring

= Cold spring istheintentional, cold, deflection
of the piping in adirection oppositetothe
direction of thermal movement, imposing
opposite stresses

= First part of thermal movement will be
through thisdeflected range
— Reaultsin asmaller net deflection and lower
stress magnitudes
— Lessdstrain during initial deflection
— Similar to camber provided in some beams
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Cold Spring
(continued)

= Effectsof cold spring may only be considered
for reaction loads
— Piping stresses are compared to a stressrange
(maximum - minimum), which isnot affected
by the cold spring
— Reactions, on the other hand, consider the
absolute value of the load
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Cold Spring
(Continued)
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Cold Spring
(continued)
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Cold Spring
(continued)

= Because of difficultiesin insuring the proper cold
spring isactually present, the Code allows
consideration of only 2/3 of the intended cold
spring

= When installing a cold spring, care must be
taken toinsurethat piping still dopesin the
Intended direction

= Ensurethat the flanges may still be bolted up
without excessive difficulty (cold spring may
Introduce a cold misalignment)
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Cold Spring
(continued)

= Deformation must be a stress-strain imposing
distortion (e.g. fabricating one leg short and
pulling the other leg to mate), not a no stress
or strain “ off line” fabrication
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Cold Spring Fabrication

As fabricated - will
create cold spring
when assembled (i.e.
bolted at pump)
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