CSiPlant Tutorial

Intro to user interface
ASME B31J
Vessel Modeling




After clicking File>New or the New Model icon, an initial setup screen appears with the “Default Settings” tab as shown below left. Here the user can select
starting units which can be changed later, an option to add an initial point (aka joint) at a specified location, and an option to override ambient temperature and
pressure if different from the default. Accept default values on this tab and move to “Default Properties” tab shown below right.

The Default properties tab enables users to specify piping design code, spring hanger library (which can be changed later) and specify grid spacing. In this example
select ASME B31.3-2018 design code (B31.3-2020 is the default), preload the B31.3 material properties library, and accept default grids and default spring hanger
library by clicking the “Grid Only” button and then click OK.
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Grids can be useful when working with Draw commands which snap to grid intersections. Grids also automatically generate planar views as we will see
later. In this example, add X direction grid lines as shown using the “Add” button. With Grid ID 5 in the X direction, type 77 in the Ordinate field, which
shows that gridlines do not have to be equidistant.

E Define Grid Systems
If grid lines later need to be
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Coordinate system and units are displayed below right and can be changed at any time. If the mouse cursor snaps to a point/joint or grid intersection, the
global coordinates of that snap point will display in the bottom right area of the screen.

Note CSiPlant global axes have Z as vertical.
I_[ 3DView |

[Tovew )

GLOBAL ~ | | kip il ~||F




In order to add piping, we must first define a pipe section and then define a pipe property set. Go to Define menu>Pipe Sections, click ‘Import From Library’
button, then click the radio button for ‘Name of XML Property File’ as shown below and select (ASME) B36.10 library.

If it was a nonstandard pipe section or a pressure vessel modeled with a large diameter pipe, you would instead click ‘Add New’ and specify diameter, wall
thickness and material for a custom pipe section.
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Select NPS 16 Sch. 30STD pipe section from the B36.10 library, then select A106-B material as shown.
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On the Define Pipe properties dialogue there is a button for Design Properties. This dialogue is used if you want to change the default mill tolerance
(12.5%) or specify corrosion or erosion allowance for pressure design. In this example we will use the default values.

The Section Properties button displays cross sectional properties of the pipe section in current units.
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Next go to Define menu>Pipe Property Sets, click ‘Add New Property’ button, change Pipe Section to the NPS 16 Sch. 30STD section that we just imported, give
it a descriptive Name, 16”STD CS, change units as shown below, and then specify Pipe contents as shown. Users can specify fluid contents weight as Specific
Gravity or by Weight density. Next, specify custom insulation as shown using 14lbs/ft3 density. Note the thickness field in which the numeric value is appended
with mm in order enter using millimeter units. CSiPlant will automatically convert to current units. Input can be appended by mm, m, , “ psi, Ib, or N

ﬂ Define Pipe Property Sets

>
Properties Definition
- User Defined General Insulation Intemal Lining
16"STD CS Name |16"STDCS e =Custom= - = e — o .
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Let’s quickly explore CSiPlant’s temperature-dependent material library for reference purposes only. Go to Define menu>Materials. For B31.3, CSiPlant
also offers Minimum Temperature curves for carbon steel. You can review temperature-dependent material properties and design stresses, as well as
yield stress and Ultimate stress for each library material.
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Click the Draw Joint icon ﬂ , enter -13 ft. in the Offset X field and left-mouse click the origin, which is the intersection of gridlines A and 1. Draw
commands snap to joints/points, grid intersections, and global axes in the + and — directions. Other than importing from a 3" party program, there are two
techniques to create piping models in CSiPlant: Draw commands, which we’ll cover first, and Insert commands, which can be conveniently accessed by
typing the letter | on your keyboard.

Click the Draw Pipe icon %, change Pipe property set to 16”STD CS and left click on the orphan joint, then click the origin and then click to the grid
intersection just above the origin as shown below right. Note how CSiPlant automatically adds elbows.

_. Draw Propetties  Options

v Misc _ Draw Properties Qptions
- Offset X ft) -13.0 .
> Offset Y ff) 0.0 ) —~Draw Popedies _________
4 Offset Z fit) 0.0 .| Pipe Property Set 16'STDCS

. | v Auto Generation Options
Use Default Labeling  Yes
Auto Add Elbows Yes

v Auto Bbow
Elbow Type Elbow
Radius Type Long Radius (1.5D)
< “a v Auto Reducer
i : i &= Then click here Reducer Length ft) 1.08268
. - Object Offset Reference Start Point
e "ir/« Then click here 4V Centerline Offset - 2 ft) 0.0
) . ) : Centerine Offset - 3 ft) 0.0
1 'S ’ v Auto Tee
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2 : Half Main Length (C) ft) 0.91535
T 1 j A Branch Length (M) ft) 0.84318

After drawing the orphan joint,
click here first using Draw Pipe



Next, change Elbow radius type from Long radius to Nominal 3D and click to the next grid intersection in X direction, then go down in —Z to the grid intersection
below at the intersection of gridlines 2 and A as shown and left click that intersection. At this point change elbow radius back to Long radius by clicking Radius
type field and type the letter L, so only the two elbows on the second level have 3 diameter radius. As you can see, Draw Auto generation options and pipe
section can be modified on the fly as you create the piping model.

T Draw Properties QOptions

v  Draw Properties
Pipe Property Set 16"STDCS

v Auto Generation Options
Use Default Labeling  Yes

Auto Add Elbows Yes
v Auto Hbow
Elbow Type Elbow . .
o e Nominal 30 (3.0D) < You can quickly switch to 3D

radius by typing the letter N in

s —— this field

Reducer Length ft) 1.08268
Object Offset Reference Start Point
Centerine Offset - 2 ft) 0.0
Centerline Offset - 3 ft) 0.0

v Auto Tee
Tee Type Welding Tee
Half Main Length (C) ft) 0.91535
Branch Length (M) ft) 0.84318




Move your mouse in the —Y direction as shown, then type 16 on your keyboard and press enter. Because current units are in feet, CSiPlant draws a 16’ run of pipe
from the elbow tangent intersection point (TIP). Draw commands will snap to points, grid intersections and global axes in the + and — directions.

Draw Pipe Segment

Draw Properties  Options

v D n-- 7l7.
Pipe Property Set 16"STDCS

v  Auto Generation Options
Use Default Labeling  Yes
Auto Add Elbows Yes

v  Auto Hbow
Elbow Type Elbow
Radius Type Long Radius (1.5D)

v  Auto Reducer
Reducer Length fft) 1.08268
Object Offset Reference Start Point
Centerine Offset - 2 ft) 0.0
Centerine Offset - 3 ft) 0.0

v Auto Tee
Tee Type Welding Tee
Half Main Length (C) ft) 0.91535
Branch Length (M) ft) 0.84318




Now move your mouse to snap in the X direction, type 4.5m and press Enter on your keyboard. CSiPlant automatically converts meter input into current feet
units. Right-click to end drawing and press Esc key on the keyboard or Select Object icon J | to switch from Draw mode to select mode.




Click XZ icon to select plane. Press Ok to accept default

gridline A. Users can scroll through planar views using In elevation view, hold down left mouse key and drag left to right as shown in
up/down arrow keys 4 i, order to select. Selected elements and joints are highlighted.
I3 set view Grid Plane ZX *
Plan View Options

{(®) From Reference Plane
(O) At Specified X Coordinate
(O At Specfiied Y Coordinate

() At Specffied Z Coordinate
Select a Reference Plane y u

Fitter ‘ ‘ Clear
B
C




Under Edit menu there is a Move command. However, it’s almost always faster to instead use keyboard commands, so type Ctrl+M to access the Move dialogue.
Enter 8 ft. in the DZ field to expand the loop and click Apply button.

File | Edit | View Define Draw Insert L B .
I Move Selected Objects et
j ~ ¥) Undo Draw Pipe Ctrl+Z
J (¥ Redo Ctrl+Y v Coordinate System
Coordinate System GLOBAL
v Delta
X Delete Delete DX 60 00
> DY ft) 0.0
4 Add From Piping Model... DZ f) 8.0
&= Add From SAP2000 Model...
DZ (ft)
‘P Move... Ctrl+M Movement in the Z direction.
IH Replicate... Ctrl+R
“I'w .
rly Mirror... Cancel =7
[~ EditPipes b
¢  Edit Frames 3
@:g Change Labels/Renumber...
3" Change Ambient Properties...




I

Click undo, then click Previous selection button " enter -3 in the DZ field and press OK reduce the size of the loop. Press undo again to return to original

dimension

Original dimensions after undo

ﬂ Move Selected Objects

v Coordinate System
Coordinate System GLOBAL
v Delta
DX #) 0.0
DY f) 0.0
DZ ) -3.0
DZ (i)
Movement in the Z direction.

[0k [ Cancel || ronh



Click Previous selection button or window select as shown below, then Assign menu>Pipe>Elbow radius to change selected elbows to Long radius.
Click clear selection icon 4% to deselect all.

Assign menu>Pipe also has options to assign a different pipe property set to selected elements among other options

I3 Assign Elbow Radius >

Elbow Information
Radius Type  Long Radius (1.50) ~ =

1.5

. R




Left click anywhere in the screen of the 2D elevation view and click 3D button 3D to switch from planar view to 3D. Next, we’re going to define a new pipe
section and pipe property set in order to draw a branch line.

Define menu>Pipe sections to Import from Library NPS 10 Sch 40STD pipe section and apply Material A106-B material. Press OK to complete.

ﬂ Define Pipe Sections

Properties

Search
|

-B36.10
- Custom
- PSEC1

=

O

Import From Library...

LA |mport Pipe Cross Section Definitions
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Property File Version: |v1.l}
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ﬂ Define Pipe Sections
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Convert to User Defined
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W e
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| i vl — L]

Spec
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Mater
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A106-C - ASME B31.3- 2018

A134-A1011 Gr. 30 - ASME B31.3 - 201
A134-A1011 Gr. 33 - ASME B31.3 - 201
A134-A1011 Gr. 36 - ASME B31.3 - 201
A134-A1011 Gr. 40 - ASME B31.3 - 201
A134-A1011 Gr. 45 - ASME B31.3 - 201
A134-A1011 Gr. 50 - ASME B31.3 - 201
A134-A283 Gr. A - ASME B31.3 - 2018
A134-A283 Gr.B- ASME B21.3-2018
A134-A283 Gr. D - ASME B31.3 - 2018
A134-A285 Gr. A - ASME B31.2- 2018
A134-A285 Gr. B - ASME B31.3 - 2018
A134-A285Gr. C- ASMEB21.2- 2018

A134-A36 - ASME B31.3 - 2018
A135-A - ASME B31.3 - 2018
A135-B - ASME B31.3 - 2018
A138-A - ASME B31.3-2018
A139-B - ASME B31.3- 2018
A139-C - ASME B31.3-2018
A138-D - ASMEB31.3-2018

{A139-E - ASME B31.3 - 2018

A179 - ASME B31.3-2018
A181-1 - ASMEB31.3 - 2018
A181 - ASME B31.3- 2018
A182-F1 - ASME B31.3 - 2018
A182-F10 - ASME B31.3- 2018
A182-F11-1 - ASME B31.3 - 2018
A182-F11 - ASME B31.3 - 2018
A182-F12-1 - ASME B31.3 - 2018

W

A106-B - ASME B31.3 - 2018

OK

Cancel
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Properties
Section Properties...
Design Properties

e
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Next, go to Define>Pipe Property Sets and ‘Add New Property’ as shown for the 10” pipe section we just imported. Units changed to Ib ft. for convenience.
Pipe fluid contents specific gravity 1. Note that Insulation thickness was input as 2” although current units are feet. CSiPlant automatically converts that entry
into feet units. Press OK to complete.

ﬂ Define Pipe Property Sets
Properties Definition
=) User Defined General Insulation Intemal Lining
10"STDCS Name |10"STDCS <Custom> v <None>
- 16"STDCS _
.. PropSet coor [ Notes.. v Definition
Weight Density {Ib/ft%) 140 G
Pipe Secti i 2t
ipe on Mass Density (b-s%ft*) ﬂ:.435
e [oess 1) PI N
Linear Weight (b/ft 359
v  Definition
3 fit 0.89583
tw ) 0.03042
Tot. Wt (bt 77.77
Cladding Pipe Contents
<None> w <Custom:>
v Definition
Specific Gravity 10 C—
Weight Density (b/ft%) 624
Mass Density (b-s2ft¥) 1.939
. Fill Percent (%) 100.0
e —— Linear Weight (b/ft) U 17
Add New Property
Add Copy of Property
Delete Property
| 0K | Cancel Apply —p b w




Click Draw Pipe icon and change Pipe property set to the 10” line that we just defined. Starting at the first point of the model, drag your mouse along the
pipe in the X direction as shown below left, type 7 and enter.

Next, drag your mouse in the =Y direction to snap to that axis, type 18 and press enter as shown below right. Note how the tee was automatically added.

) Pipe Segment
o © | 1~ Draw Propetties Options
el L~ B | \: [
' < S - Pipe Property Set 10"STDCS «
T Tl g i [P o |
R P | = 1 e, X ,‘(_ v Auto Generation Options >
(») Auto Add Elbows Yes ),

v Auto Hbow -
Elbow Type Elbow
Radius Type Long Radius (1.5D)

v Auto Reducer

Reducer Length ft)  1.08268
Object Offset Reference Start Point
Centerfine Offset - 2 ft) 0.0
Centerdine Offset - 3 ft) 0.0

v Auto Tee «
Tee Type Welding Tee
Half Main Length (C) ft) 0.91535

Branch Length (M) ft) 0.84318




Drag your mouse in the —X direction as shown below, type 8'+3”
(architectural units are entered in this calculator format) and
press enter and right-click to detach cursor from the end point.

Press Esc key or Select Object icon to switch to Select mode. Left-click or window
around each of the 3 end points to select them as shown below.

Type the letter | on your keyboard then type the letter A to bring up the Insert
dialogue shown below. Press Insert button to add anchors, then cancel to exit
the dialogue. Press clear selection icon r:lr[i to deselect the 3 points.

S s
(
4 Object Type Insert Options ~ Auto Options
[Point
Ppe Pipe Property Set
Flange 10°STD CS v| [+
Valve
Reducer
Object Property
Guide
Line Stop Sup e
Rod Hanger :
Snubber Insert Type Replicate
Vertical Stop [
Spiing Hanger Offset v 1
1-Joint Link
Insert Options
Offset Xft) |0 |
Offset Y ft) 0 |
Offset Zft) [0 |
Insert Cancel

Anchors added




Go to Design menu>Define Design requests and go to the ‘Design Preferences’ tab. Make sure that SIF mode, flexibility factor, and Connection SIF are all
set to ASME B31.3 Appendix D as shown below. We’ll come back to this dialogue later to explore more options. Click OK to accept.

Design Reguests >
Design Requests
o] Aange Leakage Check
Design Request Included Objects Design Checks Design Preferences  Qperating Cases  Spring Hanger Sizing
v  Design Settings
Pipe Reference Diameter: Inside Dia/Outside Dia Outside
v Stress Calculation Settings
SIF Mode ASME B31.3 Appendix D
Flexibility Factor Mode ASME B31.3 Appendix D
Connection 5IF Mode ASME B31.3 Appendix D
Consider Pressure Comection No
v  Pressure Check Settings
Consider Material Allowance Yes
v  Sustained Check Settings
Consider Material Allowance Yes
v Occasional Check Settings
Consider Material Alowance Yes
v Displacement Check Settings
Consider Material Allowance No
Consider Sustained Stress Yes
Consider Temperature Scaling Yes
Stress Factor Calculation Method User
Stress Factor 1.0
v Hydro Test Check Settings
Consider Material Allowance No

Add New Design Request
- Pipe Reference Diameter: Inside Dia/Outside Dia
Copy Design Request Hag indicating whether the inside or outside pipe diameter should be used as the basis when calculating pressure stresses. Note minor
differences in results exist between the two methods.
Delete Design Request

OK Cancel



Use rubber band zoom to zoom into the tee, move your mouse to the
tee midpoint to snap, then right-click to view the Tee dialogue below

using the Design tab. Note that SIFs are displayed for the default

welding tee.

ﬂ Display infarmation - Pipe Tee - A-50.25 X ﬂ Display information - Pipe Tee - A-50.25
Geometry Assignmerts Loads Design GQMW Aasigrmerts Loads Dﬂgn
Design Request v Assignments
0R o » Main Pipe Property 16"STDCS
Property Modifiers AL ASZ T ASEL T 1121131, M1, W: 1
) ) Local Axes Default Local Axes
Desian Properties » Loca
- _ | > Local Axes - Branch Default Local Axes
CEg‘d" IT'E""‘;]E": f:} g-g A > Insertion Point 10 (Centroid), End-: (0.0.0). End-J: (0.0.0
o Emall;m[__m:r'us #) . » Qutput Stations Min Stations: SYes
Auto Mesh O tio No
Rexibility Factor k), In Plane 1.0 : GL” esh Options 1 Assianed G
Rexibility Factor (k), Out Of Plane 1.0 ) roL!ps san foup
Rexibility Factor (k). Torsion 1.0 > Distributed Supports <None>
Branch Fexibilty Factor (k}, In Plane 1.0 > Wind Paralnetcr‘s .
Branch Fexibility Factor (k), Out Of Plane 1.0 v Pipe T_ee Definition
Branch Hexibilty Factor (k), Torsion 1.0 Half Main Length ft) 0.91535
v SIF Branch Length fft) 0.84318
SIF 6) In Plane 2653819 » Branch Pipe Property 10"STDCS
SIF §), Out OF Plane 3205092 -— Reinforced Fabricated Tee
SIF §). Torsion 1.0 Welding Tee
Branch SIF (i), In Plane 2653819 v Reinforced Fabrcated Tee
[ T -T e = i Un-Reirforced Fabricated Tee
ee lype Branch Welding On Fitting
Tee type that should be used during design. _ Extruded Outlet
Tee - Welded in Contour Insert
Type of tee, Other
Units | kip v| v|[F v
0K Units kip v | R v | |F v

Switch to Assignments tab and change Tee type from Welding Tee to Reinforced
Fabricated Tee as shown below.




Switch back to the Design tab. Because we haven’t yet entered a
reinforcement thickness, the SIFs have spiked.

Enter .375” as the reinforcement thickness and tab. The quotation
mark will automatically convert inches input to current units.

Geometry Assignments Loads Design
Design Request
DR v
Design Properties
v SIF and Hex Factor Parameters ~
I Reirforcement Thickness ft) 0.0 I
~ Hexibility Factor
Rexibility Factor (k), In Plane 1
Rexibility Factor (k), Out Of Plane 1
Rexibility Factor (k), Tors 1
Branch Flexibilty Factor n Plane 1
Branch Flexibilty Factor f Plar 1
Branrh Hewihilty Eactar Tor=io 1
v SIF
SIF ), In Plane 5.360652
SIF ), Out Of Plane 6.814202
SIF ). Torsior 1
Branch SIF (i), In Plane 5.360652 v
Tee Type

Tee type that should be used during design.

Units | kip | |R ~| |F

W

After the reinforcement thickness is entered, the SIFs automatically adjust
accordingly. As an alternative to the right-click tee modification, users
could select one or more tees, then use the Design menu>Assign design
properties for Object type Tee to change tee properties.

Press OK to exit this form.

Geometry Assignments Loads Design
Design Request
DR v

Design Properties

v SIF and Hex Factor Parameters -
Reinforcement Thickness #ft) 0.03125

v Hexibility Factor

Rexibility Factor (), In Plane

1.0
1.0
1.0
1.0
1 1.0
1.0

Thickness of the reinforcement pad or saddle.

_'0K Units | kip v | R v | |F



Pipe supports can have different properties in each
local direction in which the support is acting. With
anchors, options are shown below.

Other support types offer additional options for gaps,
friction, and multi-linear stiffness in each direction.

& - -

L Sup

- Distributed

Guide
Hanger
Line Stop
Snubber

- Spring Hanger
- Vertical Stop

Add Property From Library
Add New Property
Add Copy of Property
Delete Property

Directional Properties  General

OK

Direction
U1 v

v Directional Data

Fixed

Free
Linear

Support Type
Type of support used for this direction.

Cancel Units  kip ~ | lin ~

To graphically review support local axes, left click Set Display Option|w#| icon as shown
below. Red/Green/Blue correspond to local axes 1/2/3. Anchor, Guide and Line stop
supports share the same local axes as the piping, which is useful when modeling skewed
piping. Note that local axes can also be displayed for joints, pipes, frames, and links.

ﬂie: D )ptions
D \ Object Options  General Options
y Joints Pipes Ranges/Valves
[] Labels [] Labels [] Labels
[~] Restraints ["] Pipe Property Sets [] Properties
[] Local Axes [] Section [] Local Axes
] Not in View ] Insulation [] Releases
Frames ] Lining [] Output Stations
[] Labels [] Cladding ] Operator Weight
[] Sections [] Content Supports
[] Releases [] Releases [] Labels
[] Local Axes [ Local Axes [ ] Properties
[] Materials [ Aow Amows Local Axes
[] Output Stations ] Materials [ Not in View
] Distributed Supports ] Output Stations Links
[] Auto Mesh Options [] Distributed Supports [] Labels
[] Notin View ] Auto Mesh Options [] Properties
[] Netin View [] Local Axes
] Metin View
] Apply to All Windows
Set to Default View Options
oK Close



By default, the guide support acts in both vertical and lateral
directions for horizontal piping (pipe local 2 and 3 directions), but

users can specify different gaps, friction, and other parameters

for each acting direction.

Property List

o [ [ [

- Anchor

L Sup

+- Distributed
- Guide

L. Guide

- Hanger

- Line Stop

- Snubber

- Spring Hanger
- Vertical Stop

Add Property From Library
Add New Property
Add Copy of Property

Delete Property

Directional Properties General

oK

Direction
Along Positive-2

v Directional Data

Gap

[v]

v Propetties
Friction Coefficier|
Gap in)

Stifness Type

Fixed
Free
Linear

MultiLinear Elastic
MultiLinear Plastic

Support Type

Type of support used for this direction.

Cancel Units

kip

L

in

Click on the default Guide property then click the ‘Add Copy of Property’
button, change the name to Lat Guide using the General tab and then use
Directional properties tab to specify the Support type “Free” in both the
positive and negative local 2 direction. This defines a guide support which
acts only in lateral directions.

Users can define libraries of custom pipe supports for reuse.

ﬂ Define x
Property List Directional Properties  General

+)- Anchor Direction
+- Distributed ;
- Guide Along Negative-2 ~

é--Guide

i Lat Guide
+}- Hanger v Directional Data
+- Line Stop Support Type Free
+)- Snubber
+)- Spring Hanger
+- Vertical Stop

Add Property From Library

Add New Property Support Type
Type of support used for this direction.
Add Copy of Property
Delete Property

Cancel Units  kip ~ | i ~



Vertical stop support acts in the Z direction. Open the Vertical stop
properties, click Vstop, and then click ‘Add copy of Property’ button
and rename the copy to +VS using the General tab. Change property
Above to “Free” as shown, and change properties below to have .3
Friction coefficient and 0 gap. Click OK to close Define Supports

dialogue.

47}

Property List
Anchor
- Distributed
Guide
Hanger
Line Stop
Snubber
- Spring Hanger
- Vertical Stop
E--+VS
.- VStop

I e R o R R e R o R e e

Property List
- Anchor
- Distributed
Guide
Hanger
Line Stop
Snubber
- Spring Hanger
- Vertical Stop
- 4VS
- VStop

L (oo e oo [ e [ [ oo ] o[

Directional Properties General
Direction
Above

v Directional Data
Support Type Free

Directional Properties General
Direction
Below

v Directional Data

Support Type Gap

v Properties
Friction Coefficier 0.3
Gap {in) 0.0

Stiffiness Type  Rigid

Click ‘Draw vertical stop’ icon 2 and click at midpoint of the loop (there is an
automatic snap at midpoints) shown below using default VStop property. Next,
click at midpoint shown below using the +VS property shown below.

“ Draw Properties

v Properties
Type Vertical Stop

Property Name Vs «

Vstop
vertical stop

+VS property



Zoom in to the tee area and click Draw Guide Icon. Using the default Guide
property, slide your mouse along the branch in the —Y direction, type 7 (feet) and
press Enter to Draw the guide. This dimension is offset from the tee centerpoint.

Draw Support Object

Below are the 3 supports we added plus a Lat Guide support which
we will now undo or delete. Note that you can see graphically how a
support is acting. Gaps are also shown graphically.

Draw Flopevtm' -
/
v PIM“ Draw Support Object
Type Guide Draw Properties
Property Name Guide - o

Property Name Lat Guide <




Use Define menu>components>Valves and click ‘Import From Library’ to import a 300 Ib 16” valve and 10” valve as shown from the built-in Crane valve
library and press OK to import. CSiPlant will display the valve weight and length. Alternatively, users can define their own custom valve libraries.

ﬂ Define Component Properties E mport Valve Definitions

E mport Valve Definitions >
Properties
Search Property File
Property File
Name of XML Property File: | V)L ]
MName of XML File:  |Crane Valve Libr,
=) User Defined Path of XML Property File: | pas Propery } i |
- ASME B16.34 Standard - / / Path of XML Property File: C:\Temp“\CSiPlant v6.2.0 Build 785 64-bit\Li
- Custom Ven::r " it i | ,/ ,/ | o _ :
- e I — / 1 Property File Description: |Crane Valve Library in Imperial Units
E mport XML Library Property File Version: |vﬂ.*|

N <« Libraries 3

Select Properties to Import

. =) Library Defined
Organize * New fo = ASME B16.34 Standard
A - Crane
Temp i MName - 150

|j Crane Valves
| | Texas Flanges

This PC D Velan Valves

El-- 300

ECRCH BW -
~CRCHBW -
-CRCHBW -

B16.34 -
B16.34 -

e ) 3D Objects BCRCHBW - .
< ~CRCHBW -B16.34-300- 18
| mnn e B Desltop ~CRCHBW -B16.34-300-2
Export to Librarv... £ Documents “-CRCHBW-B16.34-300-2%
~~CRCHBW-B16.34-300-20
~-CRCHBW-B16.34-300-24
- CRCHBW-B1634-300-3




After importing the valves, click the “Material Type” field where it says ‘Custom’ to activate its radio button [..I. Click the button and select one
of the materials in the list in order review CSiPlant’s material library of temperature-dependent pressure ratings which are available for valve
and flange objects using ASME B16.34 and B16.5 standards. For this example, select A105 material.

@ Define Component Properties
Properties Definition | Pressure Rating
Search
| | Name CRCHBW -B16.34-300- 14 Filter
Calumn | Name W |
& A:SME B16.34 Standard Motes | Modify/Show Motes...
[ Crane Fitter | |
! =-300
- CR CH BW/ - B16.34 - 300 - coor [
i ‘. CR CH BW - B16.34 - 300 - -
& Custom Vendor MName Construction Type Group
- 300 4 Valve Standard Forgings, Bars Group 1.1
-~ ValveProp Standard e ie e A216 Gr. WCB Castings Group 1.1
| Material Type Custom | A515Gr. 70 Plates Group 1.1
Custom Materal Name Custom Matedal A350 Gr. LF2 Forgings, Bars Group 1.1
4 Size Designation
NPS 116667 ABTEGr. 70 Plates Group 1.1
4 (lassification ABT2Gr. C 70 Tubular Group 1.1
< ? Vendor Crane AS37Gr. 0. 1 Plates Group 1.1
Ushea Tima Mharl: Ushea




After selecting valve material A105, switch to the Pressure Rating tab to view pressure rating curve. With this data, engineers can determine whether
their components may be used within those ratings in order to maintain system integrity and safety. This material pressure rating data is also needed
for flange leakage checks in CSiPlant. Detailed information on CSiPlant’s flange leakage check per ASME code case 2901 (now incorporated into UG-
44) can be found under the Help menu>Documents>Design>Codes>Supplemental.

Properties Definition | Pressure Rating
Search Data Points Curve
| | Convert to User
1 10 -
- ASME B16.34 Standard Leeree Lol b el
- Crane 106.56 100 —
=300 100 106.56
CR CH BW - B15.34 - 300 - 90 -
: .- CRCHBW-B16.34-300- | | (200 9732
[+ Custom Vendor 200 94 37 80 -
400 9144 S 0.
500 87.12 =
a
600 8208 3 81
i
650 792 o
o
J00 7632
40 -
< > 750 7272
200 h9.04 -
| Impart From Library... | @
250 4608
20 -
| Add New.. || 00 3312
| Add Copy | 950 19.44 Il I I I I I I I I 1 I
012 000 012 024 038 048 080 072 0.84 098 1.08 E+3
| Convert to User Defined | _ Temperature (F)



Click XY view, Z1 plane as shown below, then window zoom in to the right side. Click Draw valve icon and change Valve property to the 16” valve that we
just imported. Move your mouse in the X direction away from the elbow and type 5 and press enter on your keyboard to insert the valve “Start point” 5’
from the elbow tangent intersection point (TIP). Note how CSiPlant offsets from elbow TIP, not end points, which is consistent with piping isometrics.

J Grid Plane XY @ Z=0

l

)

ﬂ Set View Grid Plane XY

Plan View Options
(® From Reference Plane
(O A Specified X Coordinate
O A Specfied Y Coordinate
(O At Specified Z Coordinate

Select a Reference Plane

o E—

mm

Cose | [ ooy

XY@Z=0 ]

Draw Component

Draw Properties

v Properties

Component Type Valve

Valve Property CRCHBW-B16.34-300-16
Object Offset Referenc Start Point




After drawing the valve, click undo to remove it.

Next, redraw the valve using the same 5’ offset from elbow TIP, but this
time change Object offset reference to “End point” as shown below. Since
drawings can be dimensioned to valve or flange start point, midpoint, or
end point, offset reference can make modeling more convenient.

Lraw Lomponent

Draw Properties

[w Properties
Component Type Valve
Valve Property CRCHBW-B16.34-300- 16

Object Offset Referenc End Point h

Press Esc key on your keyboard to switch to select mode and left click the
valve that we just drew. Next, type Ctrl M on the keyboard to bring up the
Move dialogue. Enter 3 in the DX direction and press OK.

When a Move command is applied to selected points/joints, valves, flanges,
or pipe supports, it slides their location without changing the overall length
of the piping system.

[~ Coonjnj eSyﬂem

Coordinate System GLOBAL
v Delta

DX §t) 30

DY ) 0.0

DZ #t) 0.0
DX (ft)

Movement in the X Direction.




Next, we will select areas of the piping to assign temperature and pressure loads. There are several different ways to select: left-clicking, window
zoom, or by dragging a window right-to-left which selects everything which the box intersects. The Select menu offers several other select options
which can be useful. For this option, let’s use Select by pipeline and select Object label Pipeline-A, which is the header pipeline.

- Select This Type of Object
L ~ o j Object Type Pipeline v

~ 17 "~ Select Options

g @ Select a Single Object

(O Select Muitiple Objects from List

1 Include Connected Blements in Selection
[] Include Connected Pipelines in Selection

Select This Object
Object Label |PipeLine-A v

Deselect Close



With the header pipeline selected, left click anywhere in the white area of one of the screens away from the piping model andthen type the letters Fand then T
on your keyboard to assign temperature load to the selected elements. For T1, enter 300 for the header and click Apply button For T1 load pattern/case the
branch line is ambient. Next, click the “Select all” button, change the load pattern to T2, enter 300 and press OK to close the temperature load dialogue.

Next, using the select by pipeline dialogue again, select Pipeline-A, then left click in the white area and type F then R to assign pressure load. The default units
are different than the psi units that we want to work with so type 300psi (with or without a space between 300 and psi) and dick Apply for load pattern P1 and
CSiPlant will convert to current units. Click Apply to apply this pressure load assign Next, click “Select all” button, change load pattern to P2. Type 300psi if it’s
not already entered by default and press OK to close the pressure load dialogue. Close the Select by Pipeline dialogue.

Using keyboard commands to assign loads is usually more efficient than using the menu Assign menu>Pipe loads. Although CSiPlant has no limit to the number
of temperature or pressure loads which can be analyzed, it gives you 2 temperature and 2 pressure load patterns/cases by default.

P
ﬂ ﬂ Assign Pressure Loads to Pipes ﬂ

v |Load Pattem
Load Pattem T v Load Pattem v Load Pattern v Load Pattem

v Loads Load Pattem T2 Pressure Load Type Intemal
Load Application Type Absolute v Loads Pressure Load Type intemal Pressure Load Method Constant
Temperature Direction Temperature Load Application Type Absolute Pressure Load Method Constart Load Pattem P2
e 300.0 Temperature Directign Temperature Load Pattem P1 v Loads

v Options Temperature Value (F) 300.0 v |Loads Constart Pressure Valus iy 43.2
Load Assign Option Replace v Options Constant Pressure Value (ksf) 300psi| Load Application Type Absolute

Load Assign Option Replace Absolute

Load Applicati

300psi input automatically converts to current units

For external pressure, there are several pressure load methods that
you’ll want to be aware of which can be useful for applying external
pressure load on subsea risers and pipelines where pressure varies
with depth. Press F1 key on your keyboard for additional information.

CSiPlant accounts for changes to Poisson effects due to external
pressure vs internal pressure.



Let’s review the Define menu>Load patterns to review defaults. Load patterns must be defined in order to assign loads. Load patterns control the magnitude
and distribution of the load, but they cannot provide analysis results. Load cases determine how load patterns are analyzed — as linear or nonlinear, statically or
dynamically, with or without P-delta. Load cases produce analysis results. If additional thermal, pressure, or wind load cases are required, they must first be
defined as load patterns by clicking “Add New Load” button.

Self Weight multiplier of 1.0 is applied to Dead load pattern by default. You would almost never want to apply a self weight multiplier to more than 1 load
pattern. Otherwise, you could accidentally double or triple count self weight and mass.

Click to
MName Load Type Saﬁu:;ﬁg_m Auto Pattem Auto Load Case MNotes Add Mew Load
sulat sulat [ [ ]
Modify Special Loads...
Lining Lining [
Cladding Cladding [ Delete Load
Fluid Fluid Weig u
Dead Self Weight W 1 ]
T1 Temperature W 0 ]
T2 Temperature W 0 L]
P1 Pressure W 1] ]
P2 Pressure W 0 O

oK | | Cancel




Wind and Seismic load pattern types offer auto-load generation by activating the “Auto
Pattern” option associated with them. Below, by selecting Wind load type with ‘Auto
Pattern’, users can automatically generate code-based wind loads on piping (and
structure) using the form below.

Cancel the wind load pattern dialogue. Occasional load cases will be covered in more

By selecting Earthquake load type, you have the option to apply
acceleration loads (G) as shown. Alternatively, you can apply static
acceleration factors using the Load case dialogue, as well as options to
define response spectrum and time history cases.

Cancel this seismic dialogue and load pattern dialogue and we’ll move to
the load case dialogue.

Load Pipes and Companents
Load Frames

Load Discretizationi Length

Wind Angle

Exposure Height

(@ Program Calculated

() User Defined

Ground Global £

12 ft

Basic Wind Speed, WV
Exposure Categorny
Topographic Factor, Kzt
Directionality Factor, Kd
Ground Bevation Factor, Ke
Gust-Effect Factor, G

Force Coefficient, Cf - Pipes
Force Coefficient, Cf - Frames
Area Scale Factor - Pipes

Area Scale Factor - Frames

S D2 e = o =
@ |2 g
£

mph

detail in another tutorial. Define Load Patterns
Define Load Patterns
Seff Weight Mame Load Type feflt Hfuto Pattem Auto Load Case Notes
MName Load Type Muttiplier Auto Pattem Auto Load Case P Multiplier
sulatio sulatio D 1| = 3 | [ ]
Lining Lining 1 | |
= = - q Lining [ |
Cladding Cladding 1 [ ]
Auid Fluid Weig 0 = Cladding Cladding [ ]
Dead Seff Weight w 1 O F Ve [ |
T Temperature b 0 0 Dead Sef Weight v i O
T2 Temperature L 0 [
P1 Pressure w ] | T Temperature v ] |:|
Pz Pressure w 0 1 T2 Temperature v 0 D
WIND Wind L* 0 ASCESSEI 716 o P1 Presaie " 0 D
Pz Pressure v ] ]
QUAKEY Earthquake v ] User Acceleration ‘ v
Load Options Parameters

Acceleration
Global X Acceleration
Global Y Acceleration
Global Z Acceleration

| 0K




Default load cases below. Let’s review the default Displacement stress load case (aka Expansion case)
highlighted below. Displacement stress case is the subtraction of gravity weight loads (scale factor -1) from an
operating case. Since pressure causes piping to deflect and is self-limiting like thermal load, by default
CSiPlant considers pressure elongation as part of the displacement stress case. This default can easily be

modified by subtracting pressure along with GR for displacement stress cases.

When reviewing the Load case dialogue, note the

Whenever there are more than one displacement cases defined, CSiPlant automatically subtracts moments
between the displacement stress cases in order to check the displacement stress range between cases. If
worst case displacement stress is from one of the automatically generated range cases, that range case is
reported as the “controlling load case” in the design report.

L Load Cases
Click to
Mo MName Type Design Categony z
1 Modal Modal - Eigen w | Mone W
2 GR Monlinear Static w | Mone W Ad
3 T1+P1 Linear Static w | Pressure w
4 T2+P2 Linear Static w | Pressure " Ij
5 GR-=P1 Monlinear Static w | Sustained w E
6 GR->P2 Monlinear Static » | Sustained ~
7 GR-=T1+P1) Monlinear Static w | Dperating w I?I
8 GR-=T2+P2) Monlinear Static w | Dperating o @
Load Combination w | Displacement W
Properties Reference Load Case
' General | |GR->{T1+P1) v
- IEE Load Cazes
Load Combination Mame (GR-={T1+FP1)}+-GR)
Notes | Add || Delete || Delete
4 (Other Parameters
Combination Type Algebraic Seale
MNo. Load Case Mame Load Case Type Fachor
GR-T1+P1) W Monlinear Static 1
2 GR W Monlinear Static -1

Click to

load case options, particularly unique load case types
Buckling, Ritz modal, and Nonlinear time history
cases which are not possible with most other piping
stress programs.

Linear Static W

Linear Static

Monlinear Static

Maodal - Eigen

Madal - Rz

Load Combination

Response Spectrum

Buckiing

Time History Modal Linear

Time History Modal Nonlnear

Time History Linear Direct Integration
Time History Monhnear Direct Integration

Show Load Case Spreadshest

All of the load patterns are available as load cases, but you
would have to define additional load cases to expose them.

For example, you could define a load case for Insulation
only as shown below. Same procedure if you wanted to

create load cases for individual load patterns T1, P1, etc.

Properties Reference Temperature Reference Pressure
General |(Same as Previous> v| |¢Same as Previous> v|
- lmEs Loads Appiied
Load Case Name INSULATION
Notes | add || Delete || Deletedl |
4 Pipe Design
Design Category None Scale
4 Advanced No. Load Type Load Name Factor

Mass Source
Use Stiffness at End of

MSSRC
<None>

Insulation




With sustained stress code cases, the “reference temperature” is by default used only to specify Sh allowable stress for that load case, not for additional load.
Pressure elongation is accounted for as a load in B31.3 sustained stress case, but pressure is treated as an equation, PD/4t, by default for sustained stress
calculations in B31.1. Calculated stresses from the pressure case are added to stresses from the GR weight case to determine B31.3 sustained stresses. Note how
“Continue from End state of” has GR, which includes reactions from GR in the sustained stress case.

Properties Reference Temperature Reference Pressure
Properties Reference Temperature Reference Pressure General |T2 v| |P2 W
General —)p | T w P1 w General
| i R GRF2 SR
ad Case Name -
4 General Loads Applied o
Load Case Name GR->P1 - | Add || Delte | DelteAl |
P ]
Notes | Add || Delete || DeleteAl | pe e .
- Design Category Sustained
# Fipe Design 4 Advanced Mo. Load Type Load Name —_—
Design Category Sustained ccale _ Factor
4 Advanced Ma. Load Type Load Name Factor MES§ Source <Previous> Load - 1
Mass Source <Previous> B = 1 Carlt!nue fmm.staie at End o GF{ - -
I Cortinue from state at End oo GR -I R 4 Nonlinear Opltmns.... . Click fur props. Load Pattem P2 1
4 Monlinear Options... Click for props. Load Pattem F1 1 Geometric Nonlinearty  <Previous::
Geometric Monlinearty <Previous:

GR “weight” load case automatically combines weight and mass of
Pressure design load cases, aka “Hoop stress” check cases, similarly use Reference Dead (piping selfweight), fluid contents, insulation, cladding, and
temperature only to specify Sh allowable stress, not as an applied load. Reference internal lining.

pressure is always applied as an equation per the applicable piping code in pressure _
design cases. Options on how the pressure equation is applied are available in the

Design requests dialogue which we’ll cover later in this tutorial.

Froperties Reference Temperature Reference Pressure
ettt | o e — S —
’ m N GR R
Properties Reference Temperature Reference Pressure ad Lase fame
Genorl it [P | Nates . Add || Delete || DeleteAl |
enera n ™ 4 Pipe Design
4 General ) Design Category None Seal
Loads lied cale
Load Case Name T1=P1 hop 4 Advanced No.  Load Type Load Name =2
Motes Add Dielet Delate Al Mass Source <Previous>
i | | | = | | = Continue from state at End o <Nong: S T el v 1
I Design Categony Pressure I ol 4 MNonlinear Options... Click for props. 2 Load Pattem | v Insulation W 1
a Advanced Ma. Load Type Load Mame Fa“;:r Geometric Nonlinearty None « 1 | Load Pattem | v (ladding W 1
Mass Source MSSRC - X —
IUse Stiffness at End of <Mones SR L i Here you can specify P-delta 4 | Load Pattem v Lining v 1
2 Load Pattem P1 1 5 Load Pattem | w Fluid ] 1




Click ‘Set Display options’ icon [¢] and checkbox Joint labels to view them. As can be seen

below, after intermediates joints are added to an existing pipeline, automatically

generated joint labels for those intermediate joints remain sequential, but they’re often

not integers.

A similar occurrence can happen with Pipe labels as well, so let’s relabel Joint and Pipe

labels before generating design and analysis results..

D View ] | -. N
Set Display Options
Object Options | General Options
Joints Pipes
[ 1 Labess | [0 Labes
estraints ipe Property Sets
R [] Pipe Property S
[] Local Axes [] Section
ot in View nsulation
|:| Mat in Vi |:| Insul
Frames (] Lining
[] Labels (] Cladding
[] Sections [] Content
[] Releases [ ] Releases
[] Local Aves [] Local Axes
[] Materils Flow Amows

[] Output Stations
[] Auto Mesh Options
[] Mot in View

(] Applyto Al Windows

[] Materials

[] Output Stations
[] Auto Mesh Options
[] Matin View

Use Select menu>Select>Select by Pipeline to select Pipelines
individually using the “Include Connected Elements in Selection” in
order to select associated joints and pipe elements which we’ll
relabel. Select Pipeline-A and click “Select” button.

Select This Type of Object
Object Type Pipeline

1 Select Options

i @ Select a Single Object

(O Select Muttiple Objects from List

Include Connected Elements in Selection
[[] Include Connected Pipelines in Selection

Select This Object

Object Label PipeLine-A

[ ] [ Oeea | | o



Go to Edit menu>Change labels/renumber and specify Object Point labels are now all integers in a logical order.
type “Point” and “Custom Relabeling Schema” as shown below
and click Apply button.

E Relabel Objects
Relabel
| Pigei'ues v
Relabeling Control
Pipeline | PipeLine-A ~
Object Type [Poﬂ ~
Start Object | A-DD v | EndObject |AS5 v
[] Use Custom Prefix Pipeline Prefix A
[C] Preserve Custom Labels I [“] Use Custom Relabeling Scheme
Relabeling Scheme
v Definition
Sample Label A-10
Prefix A
Separation String
PreStation Str
Start Station 0.0
Increment 100
Station Label Length 2
Labels
Cumrent Label New Label Obj Type Custom A
A-00 Conflict: A-00 Point False
A-25 Conflict: A-10 Point False
A375 Corflict: A-20 | Point False
A-05 Conflict: A-30 Point False
A-10 Conflict: A-40 Point False
A-15 Conflict: A-50 Point False
A-20 Conflict: A-60 Point False
A225 Conflict: A-70 | Paint False | ™

[Roshy ] | Cose |



Because pipe stresses are reported at multiple
stations along the length of the piping, not just at
meshed point locations, we will next relabel the
pipes in a logical pattern.

Use ‘Set Display options’ as shown below to display
pipe labels and select Pipeline-A as we did before.

Go back to Edit menu>Change labels/renumber and
select Object Type “Pipe” and “Use Custom
Relabeling Scheme” as show to the right and accept
defaults by pressing Apply button then close.

ﬂ Set Display Options
Object Options  General Options
Joints Pipes
[] Labels [] Labels uum
[] Restraints [] Pipe Property Sets
[] Local Axes [] Section
(] Netin View [ Insulation

Because CSiPlant’s graphical review of output
results is so powerful and versatile, labeling is
not as important in CSiPlant as it is with other
pipe stress programs.

Nevertheless, CSiPlant’s alphanumeric
labeling options can be useful to have.

Relabel
Pipelines

Relabeling Control

Pipeline PipeLine-A

Object Type | Pipe

Start Object | A-SD
[] Use Custom Prefix
[] Preserve Custom Labels

~| EndObject |A-S11 v

Pipeline Prefix | A

[] Use Custom Relabeling Scheme

Relabeling Scheme
'~ Definition
Sample Label A-10
Prefix A
Separation String
PreStation Str
Start Station 00
Increment 10.0
Station Label Length 2
Labels
Current Label New Label Obj Type Custom A
A-SO A00 Fipe False
A-S0.25 A-10 Tee False
A-505 A-20 Pipe False
A-S1 A-30 Blbow False
A-52 A-40 Pipe False
A-S3 A-50 Bbow False
A-54 A60 Pipe False
A-S5 A-T0 Elbow False e
Apply Close




Click the “Run Analysis & Design” button P 5o that we can
review analysis and design results. Analysis and Design results
run separately, so wait until you see the Design Request Log to
know that it has completed.

Change units in the bottom right area of the screen for
convenience. Piping code stresses, support reactions, internal
forces/moments, and deflection results results can also be
graphically displayed in CSiPlant.

Design Summary Active Log
Design Summary v

Setup

ign | Find Neod
Preliminary Analyses
Al required prefminary load cases aready run
Load prefiminary analyss pipe load stale information

Information

Primary Design
Run Design Analyss
Load Design Analysis Results Summary
Send Desgn Analysis Aesuns 1o Designer ¥ 0 Erors
Run Design Checks %] 2 lnformations
DR: OK ] 0 Wi

Change units in bottom right area of your screen as shown

GLOBAL vl b v|[in vl[F "

Click the “Show design results” icon D™ to display color-coded design code stresses. In this
example below, Sustained stress ratios. Hover your mouse above parts of the model to see
more details. The color-coded legend for “Show Varying DCR contour” shows that highest

DCR (demand capacity ratio) is just over 30%.

| 3-D View - DR DCR Diagram (Sustined Loads) - Controling |

-1

(N

(DCR)

0.3028

0.2826

0.2624

0.2422

0.222

0.2018

0.1816

0.1614

0.1412

0121

0.1008

J 3-D View - DR DCR Diagram (Sustained Loads) - Controlling ]

ﬂ Display Design Results
Design Request
DR

Dispay Type
DCR

Load Options

(® Display by Design Categary
Design Category  Sustained

Display by Load Case

Options

Controling Step

Display Options

M Contours M Values

() Shaw Controling DCR Contour

®) Show Vaning DCR Contour

Contour Options

®) Atomatic () User Defined

Pressure

T+P1



Use “Show deformed shape” icon 71 to display X direction displacements GR->(T2+P2) operating case on the left by clicking the white area in the left screen then
clicking Apply button and then click in the window on the right to display Z direction displacements for a different operating case, GR->(T1+P1) on the right. If you
change units in the bottom right, the color-coded graphics values will automatically adjust.

3-D View - Deformed Shape (~DR~1_GR-> (T2+P2)) | - | | 3-DView - Deformed Shape (~DR~1_GR->(T1+P1)) | .
(in) (in)
0.65 0.1288
0.559 0.0897
0.468 [ 0.0505 [
0377 0.01141
0.2854 -0.02772
0.1843 -0.0668
0.1031 I —0.106'
0.01185[ -0.1451 7
-0.0792 -0.1842
-0.1703 ‘2 -0.2234
-0.2615 -0.2625




Use Display design results icon b* by clicking the left screen and specify displacement stresses as the Design category and choose “Show Varying DCR
contour”. The model is overstressed by 1.2% as shown below left. Hover your mouse over the overstressed area at the branch to see the worst case for
displacement stresses. Click right screen and then click “Display pipe/frame forces” icon =t to display bending moments in the 2-2 local direction for the
GR->(T2+P2) operating case changing units in the bottom right part of the screen to Ib ft.

3-D View - DR DCR Diagram (Displacement Loads) - Controlling | = % | [ 3-DView - Moment 2-2 Diagram (~DR~1_GR-> (T2+P2)) | v X
(DCR) (Ib-ft)
1.012 35300
7
0.915 27210
0.818 19120 A
0.721 {1 11030 H
0.624 2840
0.527 -5150
3% eaons 0.43 -13240
0.333 -21330
0.2363 -29420
0.1392 -37500
K 0.0422 -45600
v




In this example, we use the “Support reactions” icon 7+ to display Z direction reactions from the GR case on the left, and Z reactions from the GR->(T2+P2)
operating case on the right. This tool enables users to quickly highlight changes in gravity direction loads due to load redistribution from thermal displacement.

[ 3-D View - Support Reactions (~DR~1_GR) | _]' 3-D View - Support Reactions (~DR~1_GR-> (T2+P2)) |

Load Case
Load Case Name GR->(T2+P2) v

[[] Show Intermediate Cases

ResultSet
Result Set Name DR™1 ¥

3982 35

CSYS
Result CSYS Global il

Display Results for These Components

[ rx [ mx
[ Fy [ my
M Fz O mz

oK Close Apply



Click the “Unlock” icon/button & in order to make a change to the model. Go to Design menu>Define design requests, click “Copy Design request button” and
give it the name DR-B31J. Although we won’t cover it in this tutorial, the ‘Included objects’ tab enables users to apply different design parameters, including
different design codes, to different parts of the model using groups.

Design Requests

DR Hange Leakage Check

DR-B31J Design Request  Included Objects Design Checks Design Preferences Operating Cases  Spring Hanger Sizing
MName

Request Name |DR-BS1J

Design Code
Code Type Piping -
Code Standard | ASME ~
Design Code ASME B31.3 ot
Code Edition ASME B31.3-2018 ~
Load Cases
- B MNone

- Pressure
-6 Sustained
|+|--E Operating
I;I--E Displacement

Add New Design Request

q Copy Design Request

Delete Design Request

OK Cancel



Design checks tab enables users to control how each category is
analyzed. Stiffness temperature dependence means use of operating
temperature modulus. We won’t make any changes here.

Hange Leakage Check

Design Request  Included Objects Design Checks  Design Preferences Operating Cases  Spring Hanger Sizing

Operating Condtions
M Include Stiffness Temperature Dependence

M Include Temperature Elongation
[ Include Pressure Blongation

Sustained Check
(] Include Stiffness Temperature Dependence

[] Include Temperature Elongation
[ Include Pressure Blongation

Occasional Check
(] Include Stiffness Temperature Dependence

[ Include Temperature Elongation
[ Include Pressure Blongation

Displacement Check
[M Include Stiffness Temperature Dependence

M Include Temperature Elongation
[ Include Pressure Elongation

Hydro Test Check
M Include Stiffness Temperature Dependence

M Include Temperature Elongation
M Include Pressure Elongation

Spring Hanger Sizing
Hot Load Calculation
(7] Include Stiffness Temperature Dependence

[] Include Temperature Elongation
[ Include Pressure Elongation
Operating Displacement Calculation
M Include Stiffness Temperature Dependence
Include Temperature Elongation
M Include Pressure Hlongation

Design preferences tab offers users to specify design parameters for each DR,
enabling users to run sensitivity studies using multiple DRs. In this example we
change SIFs and flexibility factors to ASME B31J. Note that at the bottom of the
dialogue is a help description for each field which is highlighted.

Flange Leakage Check
Design Request Included Objects Design Checks Design Preferences  QOperating Cases  Spring Hanger Sizing
v Design Settings

Pipe Reference Diameter: Inside Dia/Outside Dia Outside
v  Stress Calculation Settings
SIF Mode ASME B31J
Flexibilty Factor Mode ASME B31J
Connection SIF Mode ASME B31J
Consider Pressure Comection
v Pressure Check Settings
Consider Matenal Allowance Yes
v Sustained Check Settings
Consider Matenal Allowance Yes
v Occasional Check Settings
Consider Matenal Allowance Yes
v Displacement Check Settings
Consider Matenal Allowance No
Consider Sustained Stress Yes
Consider Temperature Scaling Yes
Stress Factor Calculation Method User
Stress Factor 1.0
v Hydro Test Check Settings
Consider Matenal Allowance No
Consider Temperature Scaling

Flag controlling i stress results should be scaled by Ec/E per 319.2.2(b)4)

For B31.3-2020, ASME B31J is the default in CSiPlant



In this example, we’ll display displacement stresses side-by-side between one DR using Appendix D SIFs and flexibility factors, and the other DR-B31)J
request using ASME B31J SIFs and flexibility factors. As of B31.3 2020, B31J is now the only method allowed for calculation of SIFs and flexibility factors.

Design Request ﬂ
DR-B31J Design Request
Display Type DR -
DCR Display Type
Load Options DCR -
(® Display by Design Category () Display by Load Case Load Options
Design Category | Displacement » Pressure (® Display by Design Category () Display by Load Case
T1P1 Design Category | Displacement v Pressure
Options Lo
Options
Controlling Step
Controlling Step
Display Options
Contours ] Values Display Options
Contours ] Values

(O Show Controlling DCR Contour (® Show Varying DCR Contour
() Show Controlling DCR Contour (® Show Varying DCR Contour

Contour Options

(® Automatic () User Defined Contour Options

(® Automatic (O) User Defined

Ok || Cancdl || Aomy
] .



DR-B31J DCR on the right is under the allowable at 82.3% for max displacement stress, whereas the DR on the left using App. D SIFs and
flex factors is slightly above the allowable as shown below.

J 3-D View - DR DCR Diagram (Displacement Loads) - Controlling | = X _| [ 3-DView - DR-B31J DCR Diagram (Displacement Loads) - Controlling ] v X
(DCR) (DCR)
1.012 0.823
0.915 % 0.745
0818 0.667 [

"
d"‘,
0.721 7 ' 0.589 [
=2
o
0.624 ‘ 0.512
0.527 d 0434
: P :
0.43 0.356
0.333 - 02779
0.2363 02

4 0.1392 8 0.1221

> 9/
0.0422 : 0.0442




Display menu>Show tables to review tabular output results. If you want to report results only for selected members, then select them before generating
this table in order to limit the reported results. In this example, we’re going to generate tables for support reactions and displacement stress results. Click
the Modify/Show options button to select load cases to review.

ﬂ Select Tables ¥
+--[] Model Defintions Result Options
-8 Analysis Resuits | Modify/Show Options... | h
+-[] Run Information
+-[J Joints Named Sets
+-[] Pipes
#-[] Links Modify/Show Named Sets...
=& Supports
t--[J Support Combined Results - Local
B4 Support Combined Results - Global Delete Named Set
+-[] Structure
-|--B Design Results
-8 ASME B31.2- 2018 Cument Name Set:
i-[] B31.3-2018 - Pressure Stress Summary None

---[] B31.3-2018 - Pressure Stress Details

---[] B31.3-2018 - Sustained Stress Summary
~-[J B31.3-2018 - Sustained Stress Details
~-[J B31.3-2018 - Displacemert Stress Summary

;---E B31.3-2018 - Displacement Stress Details

OK Cancel




Here we select load cases of interest, GR case and the 2 operating cases for review of pipe support reactions. Result sets for both DR and DR-B31J design
requests will be reported since we choose the “All Except Base” result set. Base result set would be results without piping SFs or flexibility factors applied.
Design stress results automatically generate results for all applicable design load cases for each stress category.

ﬂ Result Options
Options Base Reactions Location Load Cases Result Sets
. S R
odal
[[] Combine Case and Step Fields Global Y: l}—] ) +p1 E}??afr
) s s izl Jm |72
' : ' GR->P1 DR™3
[ Hide Intemal Objects GR->P2 DR-B31J~1
GR->(T1+P1) DR-B31J~2
Modal History Results Direct History Results GR->(T2+P2) DR-B31J~3

® S ® e S eon
O Stepby-Step (O Stepby-Step

() Last Step () Last Step

(O Fixed Steps (O) Fixed Steps

A1 Al Steps [2] Al Steps

Nonlinear Static Results

Load Combination Results

(O Envelopes (O Envelopes

() Step-by-Step (® Multiple values. if possible
(@ Last Step

Mode Shapes Buckling Modes
All Steps B Al Steps

[] Show Intermediate Cases




File meu on the Table display offers options to export to Excel. The support reactions report include the support label, X/Y/Z coordinates of the support, support
reactions, and pipe displacements at the support point. Within the CSiPlant tables, right-click the top of any column in order to interactively sort and filter results.

I Table Display >
File
Table or Filter
Suppol Combined Results - Global ~ Column | Support ID v
Fitter

Support Type

GR->(T2+P2)
GR>(T2+P2) DR-B3L~1
-A-ﬂﬂ' --13 - - -GR->U1+F“|] -DR"'I -l
(GR>(T1+P1)  DR-BIL™1 L

Sup-1 File Home Insert Page Layout Formulas Data  Review View Help 13 Share L1 Comments
SLp‘1 - - f— b g - — L —
Sup-1 Ifl"j dﬁg, Calibri “ 11 - : i E' General w ﬁCondltlonal Formatting ~ @ /O _lﬂ]:
Spl| pose 1B IU-|ANIES==B- | §$~ %9 | HromaasTble~ Cells | Editing | Analyze
| Sup-1 v oS He A A == B <9 00 i Cell Styles ~ v . Data
Sup-1 Clipboard (Y] Font Y] Alignment Y] Number (Y] Styles Analysis #
Sup-2 || pq - I Support Combined Results - Global .
Sup-2
< A B C D E F G H I ] K L M N O
| SupportCombined Results-Global
Record: | << 2 |Support Support TyJoint ID X Y Z OutputCase ResultSet Step TS5t FX (Ib) FY (Ib) FZ (Ib) MX (Ib-ft) MY (Ib-ft)
3 | Sup-0 Anchor A-00 -13 0 0 GR->{T2+P2) DR™1 Lasts 1 13433.4 -10588.29 4172.24 1129552 -38528.53
4_ Sup-0 Anchor A-00 -13 0 0 GR-»(T2+P2) DR-B31J~1 lastS 1 11341.54 -10012.07 4379.28 9382.26 -39669.61
5 B Sup-0 Anchor A-00 -13 0 0 GR-»(T1+P1) DR™1 LastS1 1 8406.68 -2404.02 4195.2 11521.11 -38687.38
5_ Sup-0 Anchor A-00 -13 0 0 GR-»(T1+P1) DR-B31J~1 lastS 1 7046.39 -2018.69 4404.68 9732.75 -39864.98
_."_ Sup-0 Anchor A-00 -13 0 0GR DR™1 LastS1 1 -05.05 2.56 1834.31 3131.25 -13495.63
8_ Sup-0 Anchor A-00 -13 0 0GR DR-B31J™~1 Lasts 1 -90.27 1.39 2003.5 1912.9 -14485.96
Q Coorm1 Nrnchoar A_1TN 2A FRAITL 1A N ER_SIT2LD2Y Mikeed |l act+ Q4 1 _IRAT O 2R A 112N /O ARTFRT LA _4ACCA41 Q1




As an alternative to modeling a pressure vessel or tank connection to piping as a
rigid anchor, we can model the vessel as a large diameter pipe which we’ll do next.

Another potential application for B31J is for calculation of flexibilities at
nozzle/vessel junctions. Unlock the model by clicking the unlock icon g and go
to Define menu>Pipe sections to define a 14 ft. diameter “Vessel” pipe as shown
below, then use it to define a new pipe property set as shown below right.

Properties

Search

MNPS 10 Sch. 405TD

" B36.10
B- Custom
14" DIA WESSEL

Property Modifiers

Section Hame

14" DIAVESSEL

Set Modifiers. ..

Properties

Section Notes

| Modify/Show Notes...

Section Properties...

Dizplay Color .

Design Properties

Design Properties...

4 ldentifying Information

Spec. Custom
4 Size Designation
Standard <Custom=
4 Dimension
t3 (ft) 14.0
tw (7t} 0.0625
| Impart From Library...
| Add New... 13 (ft)
Outside Diameter.
| Add Copy
Convert to User Defined Katerial
| Delete |A1D'B—B—ASHIE B31.3 - 2016

N EmaamEm

3
o

‘\\\-‘ _"//

’
\

Define a new Pipe property set for the 14’ Vessel

i Define Pipe Property Sets

Properties

=) User Defined
i.10"STDCS
i--14' DIA VESSEL
i.16"STDCS
- PropSet

Definition

General

Name |14' DIA VESSEL

Color .

Pipe Section

14' DIAVESSEL

‘v Definition
t3 f)

t'l\' ﬁ:
Tot. Wi b/t

Notes...

— ) =k
[}

o =

I

& uh




The modeling approach will be to extend the existing piping to the vessel
centerline and then insert the vessel pipe. CSiPlant will automatically convert
the portion of the piping between the nozzle connection and vessel centerline to

rigid zero-weight piping.
Select anchor and press Delete key on the keyboard to delete it. Left click to PL
select the point as shown and type | (for Insert) then type Q to Insert pipe and
type 7 ft in the length field as shown using the 16"STD CS pipe property set as
show and click Insert button.
E nsert Pipe x
Object Type Insert Options  Austo C_)_rtions
Poo Propoty Set
F L . -+
Flange 16°sTD CS _
mcrer Insert Type Replicate
e Stop | Along Length ~ ]
Rod Hanger
Snubber Insert Options
Vertical Stop )
Spring Hanger Direction Forward v|
1-Joint Link
Mode Absolute v|
Length /1) 7 |

Next, change pipe property set to the vessel pipe, Insert type
“Offset”, input -8 ft in the Offset Z field, and click the Insert

button
Object Type insert Options | Auto Options |
_"_‘ Pipe Propery Set
Eaﬂl?;e 14' DIA VESSEL v| |+
e — S
P Offset 1
Rod Hanger
Snu!:-l:uer Insert Options
b Ofiset Xfi) [0
1-Joint Link ohatY®) [o
OfsetZft) [
nset | | Cancel




}

Click the “Set line view” icon = £~ | 3C to make it easier to manipulate this
portion of the model, click “Clear selection” icon «* and click to select the
elbow joint shown below. Change offset to 10’ in the Z direction as shown
below and click Insert button which auto-converts the elbow to a tee using the
Tee type specified in the “Auto Options” tab. Say OK to the pop-up asking about
a new branch.

Object Type m

Pipe Property Set

Gr | e o

Eﬁﬁ? Insert Type Replicate

Eﬁge&np | BT i ‘ 1

Rod Hanger

Snubber Inzert Optiong

gsrn't:galHEE‘ltr?ger Offset X ft) |D |

1-Jairt Link Offset Y fi) |El |
OffsetZft) |10 |

Insert | | Cancel |

Clear selection then click to select the point at the bottom
of the vessel as shown below. Change to Insert Anchor with
0 length, press Insert button to Insert Anchor, then press
Cancel to complete the insert commands.

rd

.;..;.._T_:HH%

Object Type Insert Options | Ato Options

E;‘:gt Pipe Property Set
Flange | 14' DIAVESSEL
Walve
Reducer )
—t— Object Property

Guide
Line Stop |5“pI
Rod Hanger
Snubber Inset Type
Vertical Stop
Spring Hanger |"ﬂ"“:”"g Length
1-Joirt Link

Insert Options

Length fft) ||ﬂ

| Inzeart [ [ cancal |



Right-click vessel tee and specify the B31J Design tab parameters below
for “Design Settings”. Also input Tp reinforcing pad thickness to utilize
B31J flexibility factors which adds a spring at the nozzle/vessel junction,
not the vessel tee centerpoint. This example assumes the nozzle is
attached to the vessel as a reinforced fabricated connection.

Stress results for the rigid “dummy” pipe segment connected to vessel
centerline and stresses for the vessel itself can be ignored since they
are non-pipe elements.

Geometry | Assignmerts | Loads | Design

Design Request
DR W
[esign Properties
4 Design Settings -~
Tee Type Ovemde
Ovemden Tee Type Reinforced Fabricated Tee
Flexdbility Factor Mode ASME B21J
SIF Mode ASME B21J
4 5IF and Hex Factor Parameters
-—
Fange Location Both Sides
| Flange Distance ft) 0.0
J FAange Distance {ft) 0.0
4 Hexibility Factor
Flexdibility Factor {k), In Plane 1.0
Flexdbility Factor (), Out Of Plane 1.0
Flexibility Factor {k), Torsion 1.0 i
Tp {t)
Reinforcement pad or saddle thickness. See ASME B31J 2017, Sketch 2.2 (Reinforced Tee)
in Table 1-1. Defined in General Motes on page 9.

Units|1p v/ [f v|[F v

Assign appropriate temperature and pressure loads to the newly added vessel.
Use of “Get previous selection” icon |k is useful when assigning multiple loads
to the same elements as we have here. Wind load will automatically be applied
to the vessel if it was specified in a load pattern.

Consideration of vessel displacements and local flexibility at the nozzle provide a
more realistic piping stress analysis, as would consideration of the support
structure combined with the piping and equipment.

@ Assign Temperature Loads to Pipes
4 Load Pattem
Load Pattem T
4 |loads
Load Application Type Absolute
Temperature Direction Temperature
Temperature Value (F) 300.0
4 Options
Load Assign Option Feplace

Click ‘Set extruded view’ icon (= to switch from single-line to rendered
view. Use view menu to toggle off grids from view and ‘Set display view’
icon to toggle off flow arrow from view for a cleaner appearance.




