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St 1 Introduction 1

1 Introduction

1.1 RF-PIPING and RF-PIPING Design Add-On Modules

Pipelines are used to transport fluids. They are used in all areas of construction. For the design and
calculation of pipelines, the two US standards ASME B31.1 [1] and ASME B31.3 [2] are ground-break-
ing. DIN EN 13480-3 [3] contains the appropriate guidelines for metallic industrial piping.

With the RF-PIPING add-on module, DLuBAL offers a powerful tool for modeling piping systems.
There is no need to adjust to a new interface because the add-on module is displayed as an
extension in the RFEM user interface when modeling pipelines.

You can model the pipelines like members in the RFEM user interface. It is possible to graphically
enter connections such as tees and piping components using corresponding dialogs. Helpful
libraries for pipelines, flanges and other components are included in the program.

You can enter loads and combine load cases using the usual procedures. You can decide if the
load cases should be automatically or manually superimposed.

The calculation of internal forces, deformations and support forces corresponds to the general
principle of RFEM. You can use the graphical RFEM user interface with all functions to evaluate the
results.

With the second module, RF-PIPING Design, you can carry out piping analysis according to the
previously defined standard ([1], [2] or [3] - in preparation). In the current state of development of
the module, stress designs are carried out due to permanent, occasional or accidental loads.

You can clearly document all data, from modeling to design, in the global printout report of RFEM.
We hope you will enjoy working with RF-PIPING and RF-PIPING Design.

Your DLUBALTeam

1.2 Using the Manual

Since the topics installation, graphical user interface, results evaluation and printout are described
in detail in the RFEM manual, no further description is given here. The present manual focuses on
typical features of RF-PIPING and RF-PIPING Design.

The descriptions in this manual follow the sequence and structure of the module’s input and result
tables. In the text, the described buttons are given in square brackets, for example [Preset all
members]. They are also displayed on the left. The expressions that appear in dialog boxes, tables,
and menus are set in italics to clarify the explanations.

At the end of the manual, you find the index. In addition, feel free to use the search function on
our blog website www.dlubal.com/blog/en where you can find tips and tricks in our articles about
the add-on modules RF-PIPING.
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2 RF-PIPING
In this chapter, you will find information about the different dialog boxes and functions of the
add-on module RF-PIPING.
2.1 Opening RF-PIPING
RF-PIPING is an extension of RFEM. The functions of the piping module are available when Piping
analysis in the General Data dialog box, Options tab is activated.
rNew Meodel - General Data uw
General | Options | History
Activate Standard Gravity
[ RF-FORM-FINDING g [ms2]
Find initial equilibrium shapes of membrane and cable
structures
[C] RF-CUTTING-PATTERN
[¥] Piping analysis
[T]Use CQC Rule
(@) Rayleigh damping
o = [radfs]
[ | [s/rad]
Lehr's damping
[0 g = [
Lehr's damping different for each load case
[ Enable CAD/BIM model
2 EEE o) (o
ﬁgure 2.1: Dialog box New Model - General Data, Options tab
Project Navigator - Data = After closing the dialog box, additional navigator items and tables as well as a new toolbar are
(1]
'gg:f:,,e.m.m (20161 available. They are described in Chapter 2.1.2.

|_J Model Data

- Load Cases and Combinations
i-_4 Load Cases Piping x
% Load Combinations

B YPip 05 Loz Combinations] TFEKREZD 1 RS

=% Result Combinations

(3 Loads 'Figure 2.2: Toolbar Piping
|_J Results
|0 Sections

| Awverage Regions
|_J Printout Reports
| Guide Objects
=g+ | Piping (RF-PIPING)
&) Materials
i@ Cross-Sections
| Pipelines
=) Components
|_J Bends
|_J Reducers
] Tees
|_J Branch Cennections - Factors
IJ Expansion Joints
-1l Add-on Modules
-|_)l Stand-Alone Programs

ﬂnata Enisplay _ﬁ\he‘w;

Data Navigator
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2.1.1 Piping Analysis - Settings

To get to the detail settings for RF-PIPING, use the [Edit] button (see Figure 2.1). A dialog box
appears with important settings for the piping analysis.

' ™
Piping Analysis - Settings ﬁ

Stress Intensification Factors (SIFs) and Flexibilty Factors

Piping Standard:
ES ASME B31.1-2012 -
Use in-plane fout-of-plane SIFs
Default branch connection type:
Unreinforced fabricated tee -

[[]B31.1/831.3 Welding/Contour Tees meet ASME B16.9

Generated Combinations Internal Pressure

Load combinations: Digplacements due to pressure (Bourdon effect)

Create combinations automatically (@ Elongation

Loads incorporated into automatically
generated combinations:

[ Hydrotest

Generate expansion combinations as:

() Elongation and straightening
Treat Bourdon effect as:

(@ Expansion load
(incduded in expansion and operating piping

combinations)

() Sustained load
(induded in sustained, operating, occasional
and hydrotest piping combinations)

(@) Difference between operating and sustained
combinations (result combinations)

() Solve independently
(piping load combinations)

Material Properties

Use temperature dependent material properties

[ OK ] ’ Cancel

- S

ﬁgure 2.3: Dialog box Piping Analysis - Settings

Stress Intensification Factors (SIFs) and Flexibility Factors

EE ASME B31.1-2012 ~| The following standards are available in the list Piping Standard:
E= ASME B31.1-2012
5 ASME B31.3-2012

o ASME B31.1-2012 [1]
B EN 13480-3:2013

e ASME B31.3-2012 [2]
o EN 13480-3:2013 [3] (in preparation)

The option Use in-plane/out-of-plane SIFs is intended to be used for an analysis according to [3].

For a correct analysis in the module RF-PIPING Design, detailed data on the design of the tee is
necessary. The list Default branch connection type contains the following options:

e Welding forged tee

Reinforced fabricated tee with pad or saddle

Unreinforced fabricated tee

Extruded welding tee

Welded-in contour insert

Branch welded-on fitting (integrally reinforced)

User-defined

[ N ©DLUBAL SOFTWARE 2016
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The check box B31.1/B31.3 Welding/Contour Tees meet ASME B16.9 determines if the para-
meters r, and T_ are available for the branch connection types Welding forged tee and Welded-in
contour insert (see Chapter 2.2.10, page 27). This option thus refers to the note (7) in [1] Table D-1

and Note (8) in [2] Table D300.

Generated Combinations

This dialog section manages how the load cases are combined.

Create Combinations Automatically

The superposition of load cases is carried out in piping combinations. If the check box is selected,
these combinations are generated automatically. You can define other combinations individually
here.

If the check box Hydrotest is selected, additional piping combinations for the hydrostatic test
pressure are generated.
Expansion Combinations
The temperature combinations can be generated according to the following two methods:
e Difference between operating and sustained combination (result combinations)
e Solve independently (piping load combinations)
In the first case, result combinations are generated. The second case generates load combinations.

The difference between the two possible combinations is described in the RFEM manual, Chapter
5.5and 5.6.

l]g It is generally recommended to use result combinations: Here, the thermal load cases are entered
separately which interact with the other loads.

Internal Pressure

An internal pressure results in elongation and straightening of pipes. The check box Displacements
due to pressure (Bourdon effect) and the two radio buttons below specify if and how this effect is
considered.

Furthermore, if the Bourdon effect is considered, you have to specify if the internal pressure acts
as expansion load or as sustained load.

Material Properties

This check box specifies if the temperature dependent material properties are used which are
stored in the library (see Chapter 2.2.1.3, page 13). If the standard setting is deactivated, those
values will be used which correspond to the reference temperature T, indicated in Table 7.7 -
Materials.

[ N ©DLUBAL SOFTWARE 2016
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2.1.2 Extension for Toolbars, Navigator and Tables

RF-PIPING is displayed in the RFEM user interface as an extension in the toolbars, navigator and
tables.

Toolbar

By activating the module RF-PIPING, the corresponding toolbar is displayed (see Figure 2.2, page 4).
The functions contained therein enable the modeling of the pipeline.

Description

=]
[
| -~
-
[=]
=}

New Pipeline

New Reducer

New Valve

New 3-way Valve

New 4-way Valve

New Bend

New Flange

New Blind Flange

New Tee

3 I EINI EIES b3 VET

New Branch Connection - Factors

&ble 2.1: Buttons of RF-PIPING
The buttons and the corresponding dialog boxes are described in Chapter 2.2.

Navigator

In the navigator, the category Load Cases and Combinations is extended by the entry Piping Load
Combinations.

Moreover, the new category Piping (RF-PIPING) is added. All data concerning materials, cross-sec-
tions and pipelines are saved here.

Project Mavigator - Data x
ET™ RFEM
&-4¥ Pipeline [2016]

-2 Model Data
aﬂ Load Cases and Combinations
: _§ Load Cases
¥ Load Combinations
B4 Piing Loxd Combmaions]
‘.o Result Combinations
- Loads
----- |_J Results
----- | Sections
----- |_J Average Regions
----- | Printout Reports
[#-_J Guide Objects
[=&+"] Piping (RF-PIPING)
[+ &) Materials
[+ @) Cross-Sections
[~ Pipelines
- Components
[£
[£
[£

»

m

-] Bends

t-|_J Reducers

i) Tees

----- | Branch Connections - Factors
----- | Expansion Joints

-] Add-on Modules &

ﬂData gDisplay ﬁ\iiews

ﬂgure 2.4: Data Navigator for RF-PIPING
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[ 1]
7



i

Dlubal

Tables

All information about the pipelines are saved in the tables 7.1 to 7.10. To open these tables, use
the button shown on the left.

7.4 Components x
AEEE BEIO I EEE H X+ FE R EEaE A%
EB c D [ E F | G | H J | K L M N -
Component Pipeline | Member Node Mo Projected Length Cross-Section Mo. Weight
Type No Mo Start End Axfmm] | Ay [om] | Az jmm] Start W lka] Comment
1 12 23 43 600.0 6000 [@lo 1 1 1765 Y
=z 1 2713 43 24 2400.0 24000 @O 1 1 2085 ¥
1 14 24 67 -1286.0 12860 @O 1 1 82.9 X
1 46,15 67 25 -17140 17140 @o 1 1 1534 X
1 16 25 61 784.0 7240 [@lo 1 1 426 Y
1 36 61 50 2160 2160 [@o 1 1 173 Y
1 M 50 62 2160 2160 [@o 1 1 17.3 Ad
1 a7 62 25 784.0 7240 [@lo 1 1 I Y
1 13 25 1 1466.5 14665 @O 1 1 97.4 X
1 4819 1 3 15335 15335 [@lo 1 1 1389 X
1 2021 3 k7 2000.0 20000 @O 1 1 156.0 Ad
1 22 k7 63 1154.0 11540 @o 1 1 723 X
1 42 63 64 2000 2000 [@o 1 2 2150 X
1 39 64 75 2046.0 20460 llo 2 2 935.5 X
1 45 75 41 1000.0 10000 [l 2 2 457.2 X -
Materials | Cross-Sections | Pipelines | Componerts | Bends | Reducers | Tees | Branch Connections - Factors | Expansion Joints |
Description of piping component (F7 to select)

ﬂgure 2.5: Tables 7.xx for RF-PIPING

The functioning of these tables is described in the RFEM manual, Chapter 11.5.

2.2 Dialog Boxes of RF-PIPING

2.2.1 Pipeline

A pipeline is a continuous string of members of the type piping. By clicking the button [New
Pipeline], you can model new member strings. A dialog box appears where you can provide
detailed information about the pipeline.

' ™
New Pipeline M
General

Stress intensification factors

No. Pipeline Description Member No.
1 +] 1 =
Cross-Section DM 32 (42.2x1 65) | ASME B 36.10M
DM 32 (42.2x1 65) | ASMEB 16.9
WMo 1|on32 - Rz ]
Bend ASMEB 16.9
Available
Bend radius:
() Short
@ Long
() User-defined:
R [mm] Bend Factors ASME B31.1-2012
[T user-defined
Flexibility factor k: 4

g

(

OK

I[ Cancel

]

ﬂgure 2.6: Dialog box New Pipeline

[ N ©DLUBAL SOFTWARE 2016
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No.

You can assign any number. It is not possible to modify it afterwards.

Pipeline Description

You can enter any description for the pipeline.

Member No.
This number defines the first member of the new pipeline. You can freely define it. Other members

of the same pipeline will have sequential numbers.

Cross-Section

You have to define the cross-section of the pipeline in the text box. By using the button , you
can select a cross-section from the pipeline library (see Chapter 2.2.1.2, page 11).

For general information about the cross-sections, have a look at the RFEM manual, Chapter 4.13.

Bend

In this dialog section, you can define if the bends are generated automatically during the following
modeling and which bend radius is considered.

Bend Factors

The values of the Flexibility factor as well as of the Stress intensification factors indicated in this
dialog section are automatically calculated. However, it is also possible to define them manually.

The flexiblity factor k has an influence on the bending stiffness of the pipe bend. The stress
intensification factors i only take effect at the piping design with RF-PIPING Design.

2.2.1.1 Defining Pipelines

If you have entered all data, you can close the dialog box by clicking [OK]. You can now define the
pipeline as polyline in the work window. The following dialog box appears:

rNew Pipeline MW
Member No. Line No. Node No. Coordinates
1 1 1 X: 6.000 5| [m]
¥: 0.000 | [m]
Reference = 0.000 =] [m]
) Current CS
() Grid origin Length
@) Last node Lg | [m]
Bend [ step
Bend type: Bend radius: P | [m]
() None () Short
(@ Bend @ Long
() U-Bend () User-defined:
48.0 5| [mm]
2
L A

ﬁgure 2.7: Dialog box New Pipeline

In the New Pipeline dialog box, the numbers of the new members, lines and nodes are preset, but
it is possible to modify them.

[ N ©DLUBAL SOFTWARE 2016
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For entering the coordinates, you have the following three options:

e Current CS: The coordinates always refer to the origin of the coordinate system. The grid is
fixed.

e Grid origin: The coordinates refer to the origin of the grid.
e Last node: The coordinates always refer to the last defined node. The position of the grid

origin is also in the last node.

The Bend dialog section controls if bends are generated when gradually defining the polyline and
- which form they have. The parameters are explained on the previous page.

¥

L5 oo S If you select the check box Step, the length of the pipeline L is displayed at the cursor which may
help to model the pipeline easier.

Buttons

Two buttons in this dialog box are useful for modeling.

Details
rNew Pipeline - Details MW

Set Coordinates in Table

@ In global coordinate system
() Related to node No.: 1 -
() Related to the cument grid origin

Auto Connect

Connect lines/members
if they contact

Rotation

[ Rotate lines inside
by ads: @y

z

[ok ) [ cancel |

L J

ﬂgure 2.8: Dialog box New Pipeline - Details

Set Coordinates in Table: The input data is saved in the RFEM Table 7.7 Nodes. It is possible to save
the nodes in the global coordinate system or with reference to another node.

Auto Connect: This check box controls if a connection is generated between two pipelines, when,
for example, the end point is placed on an existing pipeline. If this check box is selected, the existing
pipeline in this node is separated; both pipelines are connected. If this option is deactivated, the
existing pipeline will not be separated. Depending on whether the option Use division for members
with nodes lying on them is activated in the FE Mesh Settings dialog box, the two pipelines are either
connected or not.

Rotation: This option may be helpful for bends which look drilled in the rendering. The drilling is
caused by a change of the local z-axis direction.

@ Undo

I]g Modeling a pipeline is equal to modeling a continuous line. From the very start to the very end,
all parts are continuously placed. If you have made any mistakes, you can undo your entries
step-by-step by using this button without deleting the pipe.

[ N ©DLUBAL SOFTWARE 2016
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Cross-Section

Create a new cross-section!

RIEIE

2.2.1.2 New Piping Cross-Section

In the dialog box New Piping, you have to define a cross-section (see Figure 2.6, page 8). You can
use the button [5].

The cross-section library is displayed where you can select the piping cross-section. This dialog
box is described in the RFEM manual, Chapter 4.13.

["Rolled Crass-Sections - Pipes for Piping - Straight Pipe [=Sc=)
Cross-Section Type To Select - Favorites To Select WPS 34 (1 0500 065) | ASME B 36.10M
Table Manufacturer/Standard | | Cross-Section -
I L T (L E
U NPS 1/ (0.405%0.049) =
0 @ 0 . || |owes = ASMEE 36.19M 1 NPS 1/8 (0.405x0.057)
= O DN 5 ASMEB 36,10M 1 NPS 1/8 (0. 405x0,068)
L[ |[w]|[e]|oow 5 ASMEB 3.19M i NPS 1/8 (0.405%0.095)
O DN B £ 10220 1) NPS 1/4 (0. 540x0,065)
O DN B 0 2448 T NPS 1/4 (0.540%0.073)
© DN 9 DiN 2458 0 NPS 14 (0.540%0.088)
O DN NER 5580:2002 W NPS 14 (0.540%0,113)
= om NER 5550: 1995 11 NPS 3/8 (0.675x0.065)
Fiter © NP5 (Table 22) = ADM 2010 1 NPS 3/8 (0.675x0.073)
1 NPS 3/8 (0.675x0.091)
Manufacturer Standard group: © NPS 3/8 (0.67510,126)
Al A L) NPS 1/2 (0.840x0.065)
11 NPS 1/2 (0,840x0,083)
Manufacturer/Standard:
0 NPS 1/2 (0.840%0,095)
Al - 4 NPS 1/2 (0.840x0.109)
Cross-section shape: 1 NPS 12 (0. 840x0. 147) :
19 NPS 1/2 (0.840%0. 188)
© DNsteel pipe sections v
1) NPS 12 (0.840%0.294)
Cross-section note:
1 NPS 3/4 (1,0500.083) [l

w - 90 NPS 3/4 (1.050x0.095) @

DN/NPS: 41 NPS 3/4 (1.050x0.113)
al - 1 NPS 34 (1.050x0. 154) aterial
101 NPS 3/4 (1.050%0.218) 1 - Carbon Steel (Seamless Pipe and Tube) A 53, Grade A+

[Elindude invalid. .. 141 NPS 3/4 (1,050x0.308)

1
[¥]Favorites group: NPS 1(1.315x0.065)

: ::121:::2:?2 - NP5 3/4(1.050x0.065) | ASME B 36, 10M

= 7

ﬂgure 2.9: Dialog box Rolled Cross-Sections - Pipes for Piping - Straight Pipe

After clicking [OK], the New Piping Cross-Section dialog box is displayed (see Figure 2.10). In this
dialog box, you can provide specific information about the cross-section, the bend, the structure
of the pipeline and the stress analysis.

In this dialog box, you can enter specifications separately for straight sections and bends of a
pipeline.

[ N ©DLUBAL SOFTWARE 2016
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Straight Pipe
rNew Piping Cross-Section ﬁ‘

Straight Pipe |Bend I Layers I Stress Analysis Paramehers|

Cross-Section MPS 374 (1.050:0.065) | ASME B 36.10M
(@ Standard section

NPS 3/4 (1.050x0.065) | ASME B 35.10M @

() Parametric section
(@ Outside diameter Dy [in]
Inside diameter d: [in]
Wall thickness b [in]

Material

W1 | Carbon Steel (Seamless Pipe and Tube) A -
@)

Line Mass

[T user-defined

Line mass: [Ib/ft]

Total Line Mass

Stracht e e s i
Design Data
Design pressure PC: [psi] Design temperature TC: [*F]
o) (o
g 4

ﬁgure 2.10: Dialog box New Piping Cross-Section

In the first tab, you can provide information about the cross-section of straight sections. You can
select between a Standard section from the library or a Parametric section defined by outside and
inside diameter with corresponding wall thickness.

bsiesta You can select the Material of the cross-section from the list of already defined materials. With the
B 1| Catbon Sesl (Searless Poeand * 1y 11160 below the list, you can open the material library as well as create or edit a material. For
more information about the material library, have a look at Chapter 2.2.1.3, page 13 and at the

RFEM manual, Chapter 4.3.

The Line Mass is automatically calculated by default from the cross-section and the material. How-
ever, you can define it manually.

In the dialog section below, the Total Line Mass of the straight pipe sections and bends is displayed.
It contains additional masses from the Layers tab.

In the last dialog section, you can define the Design pressure PC and the Design temperature TC.

If you use piping components such as flanges, the list of possibilities will be reduced automatically
according to the design pressure to appropriate elements.

Bend

The setting options of this tab apply solely to bends of pipelines. The concept corresponds to the
one for pipes (see above).

[ N ©DLUBAL SOFTWARE 2016
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Layers

| straight Pipe | Bend | Lavers | stress Analysis Parameters

Insulation

[¥] apply

Specific weight: b/t
s 1 .

Plating
Apply

Spedific weight: [t
Thideess 1 .

Lining
[ Apply Line Mass
User-defined
specficweight: [ ] [bHA3] zzmzes
thdeess v | Bl Lin mass - pe: o]
I
Line mass - bend: [b/f

ﬂgure 2.11: Tab Layers

In this tab, you can provide further information on the structure of the pipe. You can define the
thickness of the layer as well as the specific weight each for Insulation, Plating and Lining.

If you enter the Line Mass manually, the values of the last calculated line masses are available so
that individual values for pipe and bend can be entered.

2.2.1.3 Material Library

RFEM manages the materials for RF-PIPING separately in the category Piping (RF-PIPING). You can
access the material library as usual by using the navigator shortcut menu or the button []in Table
7.1 Materials, Column A.

Project Mavigator - Data x
E™ RFEM

é,...@ Pipeline* [2016]

-] Model Data

[#-_J Load Cases and Combinations
- Loads

----- |23 Results

----- |23 Sections

..... |20 Average Regions

..... | Printout Reports

[#-_J Guide Objects

(=¥ Piping (RF-PIPING)

£ () Materials

84 1: Carbon Steel (Seamless Pipe and Tube) A 53, Grade
84 2: Stainless Steel (Pipes and Tubes) A 269, Grade TP30:
. "} 3: Stainless Steel (Pipes and Tubes) A 376, Grade TP3.
[+ @) Cross-Sections Q Edit... Enter
&3 Pipelines |8 new Material... |
- Components
03 Bends & GotoTable
(-1 Reducers & Delete Del
- Tees
----- |2 Branch Connectio| [ | Select
----- |_J Expansion Joints
&1~ E3 Add-on Modules _b, Info on Input Errors...
[~ Stand-Alone Program Display Properties...

4 T 3
ﬂData gDisplay _ﬁ\iiews

ﬂgure 2.12: Shortcut menu Materials

In the library, the materials for the pipelines are preset by the Filter function.
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p
Material Library

Fitter

Material category group:

W Metal

Material category:

W steel

Standard group:

E=LE ]

Standard:

Special application:

E=ASME B31.1-2010

All

[ Include invalid...
[T Faverites group:

Material to Select

Material Description

[ Carbon Steel (Seamless Pipe and Tube) A 53, Grade A
[ Carbon Steel (Seamless Pipe and Tube) A 53, Grade B
[ Carbon Steel (Seamless Pipe and Tube) A 106, Grade .
[ Carbon Steel (Seamless Pipe and Tube) A 106, Grade |
[ Carbon Steel (Seamless Pipe and Tube) A 106, Grade |
[ Carbon Steel (Seamless Pipe and Tube) A 179

[ Carbon Steel (Seamless Pipe and Tube) A 192

[ Carbon Steel (Seamless Pipe and Tube) A 210, Grade
[ Carbon Steel (Seamless Pipe and Tube) A 210, Grade |
[ Carbon Steel (Seamless Pipe and Tube) A 333, Grade

[ Carbon Steel (Seamless Pipe and Tube) A 333, Grade |
[ Carbon Steel (Seamless Pipe and Tube) A 389, Grade |
[ Carbon Steel (Seamless Pipe and Tube) A 389, Grade |
B Carbon Steel (Seamless Pipe and Tube) API-5L, Grade
B Carbon Steel (Seamless Pipe and Tube) API-5L, Grade
B Carbon Steel (Furnace Butt Welded Pipe) A 53

[ Carbon Steel (Furnace Butt Welded Pipe) API-5L, Grac
W Carhon Steel (FI. Resistance Welded Pine and Tihe) 4

Standard

ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
E5 ASME B31.1-2010
EE ASMF R31.1-2010

= Search:

=

L

Material Properties.

Carbon Steel (Seamless Pipe and Tube) A 53, Grade A | ASME B31.1-2010

[ Main Properties -
Modulus of Elasticity E 29444 100 | ksi [
Shear Modulus G 11324.700 | ksi
Poisson's Ratio v 0.300 =
Specific Weight 5 49575 | bfARE |
Coefficient of Thermal Expansion o 6.4444F-06 | 1/°F

[ Additional Properties E_
Yield Strength [Fy [ 30.000 [ ksi
Utimate Strength [Fu | 48.000 | ksi

[ Temperature Dependent Properties

[ Modulus of Elasticity TIF Et
-103.0 30169.400 | ksi
68.0 25444100 | ksi
122.0 29154000 | ksi
2120 28718500 | ksi
302.0 28283.800 | ksi
352.0 27703600 | ksi
4820 27413.500 | ksi
572.0 26833.300 | ksi
662.0 25963.000 | ksi
752.0 24547700 | ksi -
ok | [ cancel
L A

ﬂgure 2.13: Dialog box Material Library
The characteristic features of pipeline materials are the temperature dependent strengths which
are specified in the Material Properties dialog section.

Chapter 4.3 of the RFEM manual describes how to select, modify or add materials in the library.
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2.2.2 Reducer

|E:’| Reducers are used to modify the piping cross-section. When clicking the [New Reducer] button,
you can select the member in the work window where you want to apply the reducer.

@ Reducers refer to nodes. If a cross-section is modified within a member, you have to divide this
member in advance at the appropriate position.

Reducer

Select a pipe member or node
to insert Reducer

Member No. 27

Cancel

ﬁgure 2.14: Select member in the work window

When clicking on the member, the New Reducer dialog box appears.

f MNew Reducer uw
General

Reducer Type Member No. Nodes No.
Type: [User-deﬁned v] 58 ) 1,38

Cross-Section
Reducer start:

WO 1|nPs 10 (10.750%0.500)

=l =30)

Reducer end:

W C 2 |nes 18 (18.000x1,250)

-
Geometry Eccentricity

Start: fin] [T Eccentriity
Length: fir] mxslofset: | 2] fn]

g:glz:semi- {1 [ User-defined In direction: Local +y Local +z

Local -y (@) Local z
Dimension Change Reducer Factors ASME B31.1-2012
To node: [ user-defined
Flexibility factor k: H
Stress intensification factor i [1
o ] (el ]

L5 J

ﬂgure 2.15: Dialog box New Reducer

Reducer Type

If the reducer is specified as User-defined, the geometry of the reducer can be defined manually in
the other dialog sections.

With the button , you can access a library with standardized reducers (see Figure 2.16).

If you have already defined a cross-section for the Reducer end (dialog section below), solutions
combatible with DN are preset in the library.

[ N ©DLUBAL SOFTWARE 2016
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r ™y
Reducer Library M
Fitter Choice To Select
Maijor Minor -
Sodeiaoun; DN DN Code Type ml
Al M 20
20 15 B EN 102532 A, eccentric
ood= 20 15 |E EN 102532 B, concentric
Al h 20 15 I EN 102532 B, eccentric
20 15 == DIN 2616-1 eccentric
Type: 20 10 == DIN 2616-1 eccentric
Al - 20 15 =9 DIN 2616-2 eccentric
20 10 == DIN 2616-2 eccentric
20 15 == DIN 2616-2 concertric
20 10 == DIN 2616-2 concertric
25 20 B EN 102532 A, concertric
25 15 B EN 102532 A, concertric
) 25 20 B EN 10253-2 A, eccentric
[ Oy satisfactory DN 25 15 |E EN 102532 A, eccentic -
Reducer Details EN 10253-2 - Type A, concentric - DN 20 - DN 15
Length L 1.50 |in
Maximum semi angle of cone o a.00|°
Eccentric No
[ OK ] [ Cancel
L "y

ﬂgure 2.16: Reducer library

Cross-Section

A reducer is - similar to a taper — defined by a start and end cross-section. Depending on which
node of the member was selected in the Dimension Change dialog section, either the Reducer start
or the Reducer end can be changed.

Geometry

If you have manually defined the reducer, you have to specify the start point (x-location along the
member axis) as well as the length of the reducer in addition to the cross-sections. You can also

define it graphically with and .

The Cone semi-angle can be specified as user-defined if necessary.

Dimension Change

The node specified here defines which end of the pipe is concerned by the modification of the
cross-section.

Eccentricity

Pipes always refer to the cross-section’s centroid (wireframe model). For reducers, this leads to the
fact that the pipe is continued centrally with a smaller cross-section perimeter. If, for example, the
bottom side of the pipe has to be continuous, you can define an Axial offset of the local member
axes after having selected the check box Eccentricity.

Reducer Factors

You can manually define the Flexibility factor and the Stress intensification factor where necessary.

[ N ©DLUBAL SOFTWARE 2016
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2.2.3 Valve

|E~c]| The definition of a valve is used within the program to correctly enter the weight and the stiffness.
When clicking on the [New Valve] button, you can select the member where you want to apply
the valve.

[@ Valves refer to members. Therefore, they can be arranged within a member.

Valve

Select a pipe member
to insert Valve

Member No. 43

Cancel

ﬂgure 2.17: Select member in the work window

When clicking on the member, the New Valve dialog box appears.

' ™y
New Valve u
Valve |Flanges | Additional Mass
Valve Type Member No. Nodes No.
Standard: | N} 58 1,33

Cross-Section

WO 1|nPs 10 (10.750%0.500)

Geometry

Start: [in]
o [ sw W

Parameters y
Mass: Mb]  [C]user-defined o
Stary o, SN
Multiplier of [ logr—s"

insulation mass:

Element type:
(@) Multiplier of thickness: H
() Rigid
OK ] [ Cancel
- A

ﬂgure 2.18: Dialog box New Valve

Valve Type

Currently, there are no preset valves available.

Cross-Section

The cross-section of the member is displayed for information purposes.

Geometry

To place the valve at the member, you have to define the Start (x-location along the member
axis) and Length of the valve (end point). By using [ % ] and (3%, you can graphically define both
positions.

[ N ©DLUBAL SOFTWARE 2016
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Parameters

In this dialog section, you can find options to adjust the Mass of valve and insulation as well as
setting options concerning the stiffness. The mass is uniformly “distributed” over the length of
the valve.

Flanges

| valve | Flanges | additional Mass

Flange No.1
Use at node: 37

Type:

[En 1092-1/01Pn 2.5 - E]

Cross-section:

Mo 1|ona2so

Mass: 19.66 |+ | [Ib]
Mominal pressure: [psi]

Flange No.2
Use at node: 38

Type:

[En 1092-1/01Pn 2.5 - E]

Cross-section:

Mo 1|ona2so

Mass: 19.62 |+ | [Ib]
Mominal pressure: [psi]

ﬁgure 2.19: Dialog box New Valve, tab Flanges

Use the second tab of the dialog box to assign flanges on both sides of the valve. By using this
function, you can correctly determine the load situation. The [Library] helps to find the correct
flange type and thus the correct load (see Figure 2.20).

As an alternative, you can manually define the flanges with Mass and the Nominal Pressure.

If you want to use the same flange type at both ends, you can transfer the flange with the button
E to the other part.

[ N ©DLUBAL SOFTWARE 2016
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' ™
Flange Library M

Fitter Choice To Select 1
DN PN Code Type
g < EN 1062-1 Loose plate flange + weld-on plate collar
Een - 250 60 (B EN 109211 02+32 Loose plate flange +weld-on plate collar
250 100 |EEl EN 1092-1 02+32 Loose plate flange + weld-on plate collar
eod= 250 160 |EE EN 10921 02+32 | Loose plate flange + weld-on plate collar
ElEN 1092-1 h 250 25.0 |EE EN 1092-1 02+32 Loose plate flange + weld-on plate collar
250 40.0 |EE EN 1092-1 02+32 Loose plate flange + weld-on plate collar
Type:
02432 [=)
all
01 Plate flange for welding
Loose plate flange + weld-on plate collar
02 + 35 | Loose plate flange + welding neck
02 + 36 | Loose plate flange + pressed collar with long neck
02 + 37 | Loose plate flange + pressed collar
04 + 34 | Loose plate flange + weld-neck collar
11 Weld-neck flange
12 Hubbed slip-on flange for welding DM 250 | EN 1082-1/02 + 32/PN 2.5 |
Mass M 2346 (b
Pressure P 36.3 psi
Length L 1.65 |in

[ ok | [ cance

s -

ﬂgure 2.20: Flange library

Additional Mass
Additional Mass

Additional Mass

Mass s &l

Offset from the component center
ax [l
i
Az [

ﬁgure 2.21: Dialog box New Valve, tab Additional Mass

To consider the eccentric mass of the handwheel, you can define the Mass and the Offset in this
tab from the center of the pipe.
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2.2.4 3-Way Valve

|z@ | You can arrange 3-way valves on nodes where three pipes are connected. When clicking on the
~  button [New 3-way Valve], you can select the corresponding node.

J-way Valve
Select node
to insert 3-way Valve

Cancel

ﬁgure 2.22: Select node in the work window

When clicking on the node, the New 3-way valve dialog box appears.

p S ™
New 3-way Valve
Valve |Flanges | Additional Mass
Valve Type Node No.
Standard: - L

Valve Segments
Member Mo.: Cross-section: Length:

Segment1: 28 WO 1 |nes 10 (10.750%0.500) fin]
Segment2: 58 WO 1|NPS 10 (10.750x0.500) fin]
Segment3: 59 WO 1 |NPS 10 (10.750x0.500) fin]

Parameters
Mass: [b] [[user-defined
Multiplier of
insulation mass: 175 E A
Element type:
(@) Multiplier of thickness: H
© Rigid
5] [ cond
L9 y

ﬂgure 2.23: Dialog box New 3-way Valve

Valve Type

Currently, there are no preset 3-way valves available.

Valve Segments
In this dialog section, you have to define the Length of the individual segments. By using and
(s41), you can also graphically define them.

I]g The Parameters dialog section and the other tabs Flanges and Additional Mass are described in
Chapter 2.2.3.
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2.2.5 4-Way Valve

You can arrange 4-way valves on nodes where four pipes are connected. When clicking on the
button [New 4-way Valve], you can select the corresponding node.

-

-~
MNew 4-way Valve

Valve |Flanges | Additional Mass

Valve Type Node No.

Standard: | - | |£| L

Valve Segments

Member Mo.: Cross-section: Length:
Seament1: 28 (Mo 1]nes 10 (10.750x0.500) | [ .00 ] in
Segment2: 58 (Mo 1]nes 10 (10.750x0.500) | [ 800 £ on
Segment 3: 59 (Mo 1]nes 10 (10.750x0.500) | [ 800 ] o
Segment4: 60 (Mo 1]nes 10 (10.750x0.500) | [ 800 3] in]
Parameters
Mass: [b] [[user-defined
Itiplier of -
bdton s g
Element type:
(@ Multiplier of thickness: M
() Rigid
&) (o ][ cone

L5

ﬁgure 2.24: Dialog box New 4-way Valve

Currently, there are no preset 4-way valves available.

The sections of this dialog box are described in Chapter 2.2.3 and Chapter 2.2.4.
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2.2.6 Bend

|E:]| If the check box for generating bends is selected in the New Pipeline dialog box (see Figure 2.6,

~  page 8), bends are generated automatically between straight pipeline sections when defining a

pipeline. By using the [New Bend] button, you can subsequently define a bend to connect two
straight pipeline sections.

When clicking on the corresponding node, the New Bend dialog box appears.

r ™
New Bend u
General | Flanges
Cross-Section Member No. Nodes No.
Mo 1|nes10 - | &2 = 81,77
. . . MPS 10 (10.750x0.500) | ASME B 16.9
Bend ASMEB 16.9
Bend radius:
() Short
@ Long
() User-defined:
2
Bend Angle Bend Factors ASME B31.1-2012
Angle 1= 92,72 - [ [] User-defined
Flexibility factor k: 2|
Stress intensification factors
2
I T ]
@) &) =) (&) o [ canel ]
L oy

ﬂgure 2.25: Dialog box New bend

In the first tab, you define the cross-section as well as the member number of the bend.

The Bend and Bending Factors dialog sections are explained in Chapter 2.2.1, the Flanges tab in
Chapter 2.2.3.

The Bend Angle is displayed for information purposes.
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2.2.7 Flange

|‘:ﬂ] | For detailed views of the loading, you can define flanges. When clicking on the [New Flange]
button, you can select the node or member in the work window where you want to apply the
flange.

RAange
Select a pipe member or node

to insert Flange
Member No. 58

Cancel

ﬁgure 2.26: Select member in the work window

When clicking on the node or member, the New Flange dialog box appears.

' ™
New Flange ﬂ
General

Flange Type Node No.

Type:  [EN 1092-1/02 + 35/PN 2.5 -][@]| w2

Cross-Section DM 250 (273x12.5) | DIN 2445
WO 1|DN250(273%12.5) o
Geometry i -,
Start: [in]
.
Flange Parameters
Mass: Ib]
Mominal pressure: [psi]
o [ cone
i A

ﬂgure 2.27: Dialog box New Flange

Flange Type

If the flange is specified as User-defined, the parameters of the reducer can be defined manually in
the other sections.

With the button @ you can access a library with standardized flanges (see Figure 2.19, page 18).
Here are solutions preset which are suitable for the cross-section. In the library, you can filter
according to DN and PN compatible entries.

Cross-Section

The current piping cross-section is displayed here for information purposes.

Geometry

If you have manually defined the flange, you have to specify the Start (x-location along the member
axis) as well as the Length of the flange. You can also define it graphically with .

When you use flanges from the library, you just have to indicate the position of the flange.
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2.2.8 Blind Flange

|::1] | Blind flanges are used to lock nozzles and piping ends. When clicking on the button [New Blind
~ Flange], you can select the corresponding node in the work window.

When clicking on the node, the New Blind Flange dialog box appears.

' ™
New Blind Flange u
General

Flange Type Node No.
Type:  [EN 1092-1/05/PN 25.0 - 19

Cross-Section Dk 250 (273x12.5) | DIM 2448

WO 1|DN250(273%12.5)

Flange Parameters

Mass: 73.85 *|| [b]
Mominal pressure: [psi]

[ ok ][ cancel

L o

ﬁgure 2.28: Dialog box New Blind Flange

Flange Type

If the flange is specified as User-defined, the parameters can be defined manually in the dialog
section below.

With the button , you can access a library with standardized blind flanges (see Figure 2.29).
Here are preset solutions which are suitable for the cross-section. In the library, you can filter
according to DN and PN compatible entries.

r ™y
Blind Flange Library i
Fitter Choice To Select
p DN PN Code Type
TEEICLE 250 25 |[BIEN10921 |05 Blind flange
e - 250 60  [E EN 109241 05 Biind flange
. 250 10.0 (EEN EN 10821 05 Blind flange
oce: 250 16.0 |EE EN 1092-1 05 Blind flange
ElEnN 1092-1 - o 05 Blind flange
250 400 |EE EN 109211 05 Blind flange
Type: 250 630 |E EN 10921 05 Blind flange
05 - 250 100.0 (EEN EN 1092-1 05 Blind flange
PM designation  Pressure Class:
All satisfactory
Only satisfactory PN
Only satisfactory DN
Flange Details DN 250 | EN 1092-1/05/PN 25.0
Mass M 73.85|b
Pressure P 3626 | psi
Length L 1.26 [in
[ oK ] [ Cancel
L A

ﬂgure 2.29: Blind flange library
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Cross-Section

The current piping cross-section is displayed here for information purposes.

Flange Parameters

If you have selected the blind flange from the library, Mass and Nominal Pressure are preset. The
pressure classes refer to the design pressure which you can define in the piping cross-section.

If the blind flange is specified as User-defined, both parameters can be defined manually. Only the

mass is considered as an additional load for the calculation.

2.2.9 Tee

|'|'_"'|| If a pipe is connected to an existing pipeline, prefabricated tees can be used for connection. When
clicking on the [New Tee] button, you can select the corresponding node in the work window.

I]g Only nodes are allowed where two pipes go straight through. The third pipe can be connected in
any way.

Tee
Select node

to insert Tee
Node Mo. 87

Cancel

ﬂgure 2.30: Select node in the work window

When clicking on the node, the New Tee dialog box appears.

f New Tee ﬁ‘

Tee Flanges

Tee Type Node No.
Type: [User-deﬁned v] @ 39
Cross-Section
Run: F F
1

W C 2 |nes 18 (18.000x1,250) - T i

:
Branch: T =
Mo 1|nes 10 (10.750x0.500) :

; el

Geometry T

Length:
wnr [ 2B
st & | o002l

Other Parameters

Mass: [b]  [T]user-defined

[ OK ][ Cancel

L J

ﬂgure 2.31: Dialog box New Tee

Tee Type

If the tee is specified as User-defined, the parameters can be defined manually in the dialog sections
below.

With the button , you can access a library with standardized tees (see Figure 2.32). Here are
preset solutions which are suitable for the connection. In the library, you can filter according to
DN compatible entries.
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r ™y
Tee Library u
Fitter Choice To Select
DN Wall thickness -
Cade group: un branch Code Type series run [mm] branch [mm]
Al - 250 250  |EE EN 102532 A 1 50 50
250 250 I EN 102532 A 2 6.3 6.3
ood= 250 250  |EE EN 102532 A 3 28 28
Al h 250 250 A 4
250 250 B EN 102532 A 5 125 125 L
Tee Type: 250 250 B EN 102532 A 6 16.0 16.0 F
All - 250 250 B EN 102532 A 7 22 22
250 250 B EN 102532 A 2 300 300
Wall thickness series: 250 250 B EN 102532 B 1 5.0 5.0
Al - 250 250 | EN 102532 B 2 63 63
250 250 B EN 102532 B 3 28 28
250 250 B EN 102532 B 4 10.0 10.0 P
250 250 B EN 102532 B 5 125 125
riyeiEEEE Y 250 250 | EN 102532 B 6 160 160 -
Tee Details EN 10253-2 - Type A- 4 - 273x10 - 273x10
= Run
Length (centerto end) F 850 |in
Wall thickness at welding end 7 039 |in
Wall thickness inside run s 0.39 |in
Bl Branch
Length (centerto end) G 850 |in
Wall thickness at welding end T1 0.39 |in
Wall thickness inside branch Tb 0.39 |in
'CD O I [ Cancel
L A

ﬂgure 2.32: Tee Library according to EN 10253-2 [4]

Cross-Section

If the tee is specified as user-defined, you can define the cross-sections for the Run and the Branch.

Geometry

If you select the tee from the library, the geometry parameters of the connection will be entered
automatically. If you manually enter the data, you have to define the Length and inner Wall
thickness for the run and the branch. You can define the lengths also graphically by using the

buttons and .

Other Parameters

The Mass of the tee is uniformly distributed as a distributed load over the parts of the tee. Only
the corresponding pipe weight is considered for the value 0.

Flanges

In the second tab of the dialog box, you have the possibility to arrange flanges on the connection.
The functions of this tab are described in Chapter 2.2.3 on page 18.
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2.2.10 Branch Connection

|%| The stress intensification factors (SIF) relevant for the design differ according to the type of tee.
The type preset in the basic settings is used by default (see Chapter 2.2.9). You can manually define
the factors for each connection by using the [New Branch Connection] button.

When clicking on the corresponding node, the New Branch Connection - Factors dialog box appears.

ra ™
New Branch Connection - Factors u
Branch Connection
Tee Type ASME B31.1-2012| Node No.
Type: [Unreinforced fabricated tee v] 87

Cross-Section Dimensions

Header outside di : 10.75 5| [in] |' Y

|
Header wall thickness: [in] _ Iﬁ _____ L KL .
Eranch outside di : 10.75 || fin] |\J[ /\ :'

Branch wall thickness: [in] H

Parameters Factors

Crotch radius e l:l [in] Flexibility factor k: [
Crotch thickness Te: l:l fin] Stress intensification factor - Run

or snade tkness | Il : w» 4
Stress intensification factor - Branch
2
@ 7 @ o Cam
= y

ﬂgure 2.33: Dialog box New Branch Connection - Factors

Tee Type

This list contains different types of tees according to [1] (see also Chapter 2.1.1, page 5). Depending
on the selection, more information about, for example, diameters or wall thicknesses is necessary.

Tee Type ASME B31.1-2012
Type: Unreinforced fabricated tee -
Welding forged tee
Reinforced fabricated tee with pad or saddle
Unreinforced fabricated tee
Extruded welding tee

Welded-n contour insert
Branch welded-on fitting (integrally reinforced)
User-defined

ﬁgure 2.34: Tee Types

With the option User-defined, you can manually define the flexibility and stress intensification
factors.
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2.3 Load Cases and Combinations

The loads acting in the piping structure are organized in different load cases. It is possible to
superimpose these load cases - manually or automatically - in Piping Load Combinations (PC)
and in Result Combinations (RC).

The functionality of these two combination possibilities is similar to the load and result combina-
tions in RFEM. They are described in the RFEM manual, Chapter 5. Only the specific characteristics
of piping construction will be mentioned in the following.

2.3.1 Load Cases

Load cases enable sorting of loads according to their action category. By activating RF-PIPING in
the General Data dialog box, the list of possible action categories is extendend.

Action Category EN 1990 | CEN / ASME B31.1-2012
[ Pipe self-weight H
Imposed - Category A: domestic, residential areas 3.4 -
Imposed - Category B: office areas 3B

Imposed - Category C: congregation areas 3.C
Imposed - Category D: shopping areas 3.0 -
Imposed - Category E: storage areas 3.E

Imposed - Category F: traffic area - vehide weight = 30 kN 3F
Imposed - Category G: traffic area - vehide weight < 160kN ~ 3.G

Imposed - Category H: roofs 3H
8= Snow (Finland, Iceland, Morway, Sweden) EN
Q=1 Snow (H = 1000 m a.s.l.) 4.B
Q51 Snow (H £ 1000 m a.s.l.) 4.C
Wind 5
Temperature (non fire) [
Accidental 7 =
Earthquake 3

TR Imperfection

Wi ° Pipe self-weight
Fluid

Fluid - Pressure Test

Temperature

I Pressure

Test pressure
Displacement
Hanger

51 Cold spring

ﬁgure 2.35: Action categories for piping load cases (in green)

(F= 1 - WEN. (T, QEUC R

The action categories for the classification of piping loads are:

e Pipe self-weight
Fluid

Fluid - Pressure Test
Temperature
Pressure

Test pressure
Displacement
Hanger

Cold spring

A load case which is adequate for piping design has to be classified in one of the piping-specific
action categories. These categories are described, for example, in [3] Section 4.2.5 as design
conditions.

If the load combinations are generated automatically according to the default settings in the
Settings dialog box (see Figure 2.3, page 5), only those load cases which have been classified as
piping load cases are considered for creating piping combinations and result combinations. Load
cases of other action categories are ignored.
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2.3.2 Piping Load Combinations (PC)

The superposition of load cases is normally carried out in Piping load combinations. They are based
on the principle of the load combinations: The loading of the single load cases is combined to a
“big load case” according to the combination criterion.

e ™
Edit Load Cases and Combinations g
Load Cases | Load Combinations | Piping Load Combinations |Re5u\t Combinations
Existing Piping Load Combinations PC No Stress Type / Piping Lead Combination Description To Solve
PC1 | Traditional Sustained 1 1 sus Traditional Sustained 1 -
sUs PC2 Traditional Sustained 2
sus PC3 Traditional Sustained 3 General | Calculation Parameters
sus Wi
Fes e Col:vbent Wieight ) Existing Piping Load Cases Load Cases in Piping Load Combination PC
Sus PCS Piping Weight + Fluid Weight EE L1 Seffweight 100 |MEE LC1 Seffweight
OFE PCE Operating 1 Lcz Fluid 1.00 Lc2 Fluid
OFPE| PC7 Operating 2 LC3 Tempersture 1 1.00 |HENE LCE Pressure 1
OPE! PC3 Operating 3 Lc4 Temperature 2
LC5 Temperature 3
XK L.C6 Pressure 1
W LC7 Pressure 2
I LCB Pressure 3 =
[Hp oRle:] Hydro Pressure Test
K LC10 | Fluid - Pressure Test >
T All (10) IS v
4 m b Comment
& [, Al @) - [X - =

=

ﬁgure 2.36: Dialog box Edit Load Cases and Combinations, tab Piping Load Combinations

Depending on the load situation, you may have to generate different combinations of the load
cases. They are classified in Stress Types. If you manually define a combination, you have the
following options:

Stress Type / Piping Load Combination Description

OPE I -
553 Operating

SUS Sustained
0OCC Occasional
|HBRI Hanger

HE' Hydro Pressure Test

ﬂgure 2.37: Stress types

Later on during the design in the module RF-PIPING Design, the stress type of a piping combination
determines which analysis is carried out with the resulting internal forces. If you manually define
combinations, you have to take care that they are correctly allocated.

If combinations are created automatically (see Settings dialog box, Figure 2.3, page 5), the piping
load combinations are automatically allocated to the corresponding stress types.

If there are more relevant temperature/pressure load cases, the pairs have to be defined appropri-
ately before the combination. An appropriate message will be displayed before the combination.
However, it is also possible to assign it later by using the button at the botton in the Edit Load
Cases and Combinations dialog box. The Grouping of Thermal and Internal Pressure Load Cases for
Operating Combinations dialog box will be displayed (see Figure 2.38).
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' ™
Grouping of Thermal and Internal Pressure Load Cases for Operating Combinations g
ly Acting Load Cases
Themal Load Case Intemal Pressure Load Case -
G[LC3 - Temperature 1 ~|IEE LC6 - Pressure 1 0
2 LC4 - Temperature 2 WK LC7 - Pressure 2
3 LC5 - Temperature 3 WK LC8 - Pressure 3
]
5
[3
7
8
9
10
11
12
13
14 -
@ BE E] I OK I [ Cancel ]
g 4

ﬂgure 2.38: Dialog box Grouping of Thermal and Internal Pressure Load Cases for Operating Combinations

2.3.3 Result Combinations (RC)

The function of result combinations is described in the RFEM manual, Chapter 5.6.

Result combinations are used in piping construction to generate temperature combinations. If you
have selected the automatic generation of combinations in the Settings dialog box (see Figure 2.3,
page 5), the combinations of the stress type Expansion will be created as a result combination.
The internal forces result from the difference between the operating stress piping combinations
(OPE) and the sustained piping combinations (SUS).

- .
Edit Load Cases and Combinations [

Load Cases | Load Combinations | Piping Load Combinations | Result Combinations ‘

Existing Result Combinations RC No. Result Combination Description Use

1 EXP Expansion 1 -

ISR RC2 Expansion 2

NEREH RC3 Expansion 3 General | calculation Parameters

MEREH RC4 Expansion 4
NERE RC5 Expansion 5
NEREl RCs Expansion &
BN RC7 Expansion 7
KRl RCa Expansion 8
NEREH RC3 Expansion &
(MERE RC 10 Expansion 10
BB RC11 | Expansion 11
MERR RC12 | Expansion 12

Existing Loadin: Loading in Resuft C RC

Self-weight - Factor No. Description Criterion Group
Fluid 1.00 |loPE| PC9 Operating Permanent =
Temperature 1 -1.00 | sus PC10 Traditional Sustain | Permanent
Temperature 2
Temperature 3
Pressure 1
Pressure 2
Pressure 3 =
Hydro Pressure Test
Fluid - Pressure Test =
Operating
Traditional Sustained 1
Traditional Sustained 2
Traditional Sustained 3
Mo Content Weight
Piping Weight + Fluid Weight
Operating 1
Operating 2
Operating 3
Expansion 2
Expansion 3
Expansion 4
Expansion 5
Expansion & |
Expansion 7
Expansion 8
Expansion § -

7 All (22) 2|22 v | [0 W ¥

4 1 3 Comment
= (&, Al (12) - X - =) e

- J

ﬂgure 2.39: Dialog box Edit Load Cases and Combinations, tab Result Combinations

m

&

o
Fiy

If the option Solve independently (piping load combinations) in the Settings dialog box (see Fig-
ure 2.3, page 5) is selected, no result combinations will be generated. The situations Expansion
are represented in this case by piping combinations.
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2.4 Piping Loads

The loading of the pipeline can be carried out with nodal and member loads.

For member loads, you can also select piping-specific load types such as Pipe content - full/partial

Displacement

Rotmtion and Pipe internal pressure in addition to temperature loads.
Fipe content - full
Pipe content - partial - -
New Member Load M
Rotary motion
No. Reference to On Members No. Load Type 'Pipe content - full
1 @ Members Load Distribution "Uniform’
() List of members |T| |_T‘| |S|
(©) Sets of members - TA
Load Type Lead Distribution Load Direction l i l l l l l l l i i l l
() Force Concentrated: Local X
= T |==| related to true . .
() Moment X M| |@| member length: ¥ Y ! !
= z v
() Temperature @ Uniform
® Axial strai Global XL
®
- il stran Trapezoidal related to true "
() Axial displacement member length:
- Tapered @I
) Parabolic
() Precamber Global ®
. . == || related to projected '
I shes Varing.. B member length: WP Load Direction ‘Global ZL'
() End prestress 7P
(@) Extra: A
— X
@) Y‘/[“’
Displacement 1
— Rotation z
¥ Fipe content - full
Pipe content - partial
'|" Pipe internal pressure . l:l [ft]
" Rotary motion
¢ e [ Eflm
l:l [Ibf2it3] [[]Relative distance in %
& l:l fir] ["]Load over total length of
) member
Comment
v ‘
=7 =
&)
L

ﬂgure 2.40: Dialog box New Member Load with options for piping loads

The piping-specific load types are briefly described in the following table:

Load Type Description

Temperature load evenly distributed over the member cross-section.
Temperature You have to define the heating T, with reference to the member
center line.

Distributed load due to complete filling of a pipe. You have to define

Pipe content - full
'P ! the specific weight « of the pipe content.

Distributed load due to partial filling of a pipe. In addition to the
Pipe content - partial | specific weight «y of the pipe content, you have to define the filling
level d.

Constant internal pressure of a pipe. You have to define the value of

the internal pressure.
./

ﬁ\ble 2.2: Specific load types for pipelines

Pipe internal pressure

The definition of node and member loads is described in the RFEM manual, Chapter 6.1 and 6.2.
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2.5 Selection and Modification of Pipelines
Before you can edit pipes or pipelines, you have to select the relevant objects. You have different
options:
e Selection in the work window by clicking the object
e Selection in the Data Navigator by clicking the entry
e Selection in the table by clicking the line
The selection of pipelines in the work window is similar to the selection of members: Left-click to

select the object, double-click to open the editing dialog box of the pipe or a component (pipe,
bend, reducer, etc.).

When you right-click the object, a shortcut menu is displayed where you have different editing
options.

7 Edit Line...

2 Edit Member...
’ ﬁ Edit Pipe...
Edit Pipeline Part...
Edit Pipeline...

Delete Line

Delete Member

Divide Member 3
Create Node 'On Ling’ 3
Connect Members...

= Set Parallel Member...

Compose Pipeline
Join Pipelines...

Explode Pipeline

Center of Gravity and Info...

Move/Copy...
Rotate...

Mirror...

Local Axis Systems of Lines on/off

Local Axis Systems of Members on/off

Member Orientation on/off
EEI Display Properties...

% Visibility by Selected Objects
®4  visibility by Hiding Selected Objects

ﬁgure 2.41: Piping shortcut menu with editing options (highlighted)

Edit Pipe

This option is the same as double-clicking the object. The dialog box is displayed and you can edit
the pipe (or the valves, flanges, etc.).

Edit Pipeline Part

With this function, the whole pipeline can be edited. In the Edit Pipeline Part ... dialog box (see
Figure 2.42), you can define, for example, a new bend radius for all bends or a new cross-section
for the pipeline.
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-
Edit Pipeline Part 1/2

General

No. Pipeline Description

Cold 1- Mytrogen

1

Member No.

12-22,27,34,36,37,46,48

Cross-Section

Mo 1|nes10 -

Bend DIN 2605-2

Available

Bend radius:
@2
©3

s
10
©20

() User-defined:

2

Bend Factors

MPS 18 (15.000:1 2500 | ASME B 36.10M
MPS 18 (15.000x1 .250) | ASME B 169

ASME B31.1-2012
[T user-defined

Flexibility factor

Stress intensification factors

@ & @ &)

ﬂgure 2.42: Dialog box Edit Pipeline Part 1/2

Edit Pipeline

With this function, you can edit the description of the pipeline and change the members which
display the pipeline. Thus, you can add members at a later time.

p
Edit Pipeline

No. Description

1 Cold 1- Mytrogen

Type

(@) Pipeline

Members No.
12-22.27,34,36,37.35,42 46,48 45

Comment

ﬂgure 2.43: Dialog box Edit Pipeline

Delete Piping

The selected pipeline or the selected object will be deleted.
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Compose Pipeline

If connected piping elements (members of the member type Piping) are present, which have not
been assigned to any pipeline, you can define a new pipeline with this function.

' ™
Compose Pipeline u
No. Description
5| Branch B
Type
(@) Pipeline
Members No.
7275
Comment
g 4

ﬂgure 2.44: Dialog box Compose Pipeline

Join Pipelines

With this function, you can connect multiple pipelines. However, they have to match the criteria
of a continuous member, i.e. the members of each pipeline must not branch.

rJoin Pipelines uw
No. Description
5| SectionF -
Type
(@) Pipeline
Pipelines MNo.
84 2
Comment
-
[ ok ][ cancel
g 4

ﬂgure 2.45: Dialog box Join Pipelines

Explode Pipeline

The selected pipeline is divided in its single elements. Afterwards, you can rearrange these ele-
ments.

Pipes which do not belong to a pipeline cannot be designed at a later stage with the module
RF-PIPING Design.
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2.6 Graphical Display

For visual control and a clearly arranged display, it is possible to display each pipeline in a different
color. You can set this function in the Display navigator: Colors in Graphics According to —

Pipelines.

Project Mavigator - Display X Panel x
i (Wi Model
- 14 Loads Pipelines
]D Results W 1: cold 1- Nytrogen: Memb
o-[¥]E8 FE Mesh 2: Cold 2 - Oxygen: Membe

- [B] 22 Sections M 3: Hot: Members: 54,53,5¢

JEQ Average Regions

i[85 Guide Objects

j@ﬂ General

i-[]I@ Mumbering

S E

OM Standard

Og Material

Og Cross-Section

OE Member Type

Og Member Hinge

(O Surface Type - Geometry

O% Surface Type - Stiffness
Og Surface Thickness
O +/- z Surface Side

(OB Solid Type

OB Visibility

@g Pipelines

jog Effective Length Factor

- [B] W Rendering

jlﬂg Preselection

0-[9] % Add-on Modules

ﬂData ngsplay _ﬁ\news

n E

ﬂgure 2.46: Pipelines in rendering

The functions of the graphical user interface are described in the RFEM manual, Chapter 11.

2.7 Calculation Settings

You can modify piping-specific settings for the analysis in the Piping Analysis - Settings dialog box
(see Chapter 2.1.1, page 5). In this dialog box, the global settings for stress intensification factors,
load combinations, internal pressure and material parameters can be adjusted.

The settings for the internal pressure are checked with the Calculation Parameters RFEM dialog box,
Global Calculation Parameters tab: If you select, for example, the Bourdon effect for the add-on
module RF-PIPING, the check box for the RFEM analysis will be also activated.

Pipe Internal Pressure

Displacements due to member loads of type 'Fipe internal
pressure' (Bourdon effect)

ﬂgure 2.47: Dialog section Pipe Internal Pressure in the dialog box Calculation Parameters

I]g The Bourdon effect is only fully considered for members of the type Piping: Regular members
are only subject to elongation, the curvatures are considered additionally for pipelines (option
Elongation and straightening).
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2.8 Results

You have the same possibilities for the results display and evaluation in RF-PIPING as for normal
load cases and combinations. They are described in the RFEM manual, Chapter 8 and 9.

Project Navigator - Results X | /
=[] Global Deformations

Vo

[—]E‘E. Members
[-[B], %4 Local Deformations
BIE‘,L Internal Forces

(- [B], L Stresses

(- [B],Za Strains
[-[J0D Criteria

[-[¥] 4" Support Reactions
(-] Distribution of load

ﬂData gDisplay ﬁ\iiews © Results

T

-

ﬂgure 2.48: Axial forces of RF-PIPING load case with display mode Cross-Sections

You can include the results in the printout report (see Chapter 4, page 62).
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T 3 RF-PIPING Design 3

3 RF-PIPING Design

The add-on module RF-PIPING Design is a tool for piping analysis according to the standards
ASME B31.1 [1], ASME B31.3 [2] and DIN EN 13480-3 [3] (in preparation). The stress designs due to
permanent and occasional loads and from thermal expansion are carried out.

RF-PIPING Design is integrated in RFEM. Thus, the design-relevant input data is already preset
when you start the module. After the design, you can use the graphical RFEM user interface to
evaluate the results. You can include the designs in the printout report.

3.1 Start RF-PIPING Design

In RFEM, you have the following possibilities to start the add-on module RF-PIPING Design.

Menu

You can open the add-on module with the RFEM menu
Add-on Modules — Piping — RF-PIPING Design.

Add-on Modules | Window  Help
£ T Q> PV G Ry
- BRADF R X-A-

Design - Steel

Design - Concrete

Design - Timber
Design - Aluminum
Dynamic
Connections
Foundations
Stability

Towers

Piping
Others

& | RF-FIFING Design Design of Piping

* v ¥ w w ¥ w ¥ w w ¥

External Modules b

Stand-Alone Programs b

ﬂgure 3.1: Menu Add-on Modules — Piping — RF-PIPING Design
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Navigator

Alternatively, you can open the add-on module in the Data Navigator by clicking
Add-on Modules — RF-PIPING Design.

Project Mavigator - Data b4
K™ RFEM i
£-9¥] Pipeline* [2016]

t--|_J Model Data

t-|_J Load Cases and Combinations

H-[J Loads

+-- ) Results

----- ] Sections

..... |20 Awerage Regions

----- | Printout Reports

&) Guide Objects

-] Piping (RF-PIPING)

- Add-on Modules

B\j Favorites

E RF-STEEL Surfaces - General stress analysis of steel surfaces

-JE] RF-STEEL Members - General stress analysis of steel members
RF-STEEL EC3 - Design of steel members according to Eurccode 3

----- | RF-COMCRETE 5urfaces - Design of concrete surfaces

----- = RF-CONCRETE Members - Design of concrete members

RF-TIMBER. Pre - Design of timber members

- [€] RF-DYNAM Pro - Dynamic analysis

----- T RF-JOINTS - Design of joints

[ RF-STABILITY - Stability analysis

3

RF-STEEL AISC - Design of steel members according to AISC (LRFD or ASD)
RF-STEEL IS - Design of steel members according to IS 4
< T | b

ﬂData gDisplay _ﬁ\!iews

m

£
£
E
£

ﬂgure 3.2: Data Navigator Add-on Modules — RF-PIPING Design

3.2 Input Data

When you start the add-on module, a new window is displayed. A navigator is displayed on the
left, managing the currently available tables. The drop-down list above the navigator contains the
design cases (see Chapter 3.7.1, page 59).

The design-relevant data is stored in three tables. When you open RF-PIPING for the first time, the
following parameters are imported automatically:

e Pipelines

Piping Combinations (PC) and Piping Result Combinations (RC)

Materials

Cross-Sections

To select a table, click the corresponding entry in the navigator. To set the previous or next table,
use the buttons shown on the left. Alternatively, you can use the function keys to go to the next
[F2] or previous [F3] table.

ak ] [ o ] To save the results, click [OK]. You exit RF-PIPING Design and return to RFEM. To exit the add-on
module without saving the data, click [Cancel].
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3.2.1 General Data

In Table 1.1 General Data, you select the pipelines and combinations that you want to design. The
standard is already preset due to the default setting for RF-PIPING (see Chapter 2.1.1, page 5).

- N
RF-PIPING Design - [Pipeline-05] ===
File Edit Settings Help
A1 - Design of piping ~| 11 General Data
Input Data Design of Standard / National Annex (NA)
i~ General Data
. Materiale Pipelines No.: 5 ASME B31.1-2012
i Cross-Sections = % 1K al
Combination Selection
Existing Combinations Combinations Selected for Piping Design
IEEBI RC3 | Expansion 3 EXBI RCT | Expansion 1
IEKEI RC4 | Expansion 4 NI RC2 | Expansion 2 u
IEEBI RC5 | Expansion 5 sus PC1 | Sustained 1
ERRl FC6 | Expansion 6 sUS PC2 | Sustained 2 z
IEREl RC7 | Expansion 7 SUS PCI | Sustsined 3
IEREl RC8 | Expansion B SUS PC4 | Weight empty —_—
IEREI RCY | Expansion 9 SUS PCE | Weight ful m
: A §
Ty
W g
Design of Piping
according to
- ASME B31.1
-ASME B31.3
1) - EE EE
Comment Y / \
!

ﬁgure 3.3: Table 1.1 General Data

Design

It is only possible to design Pipelines. Single piping components which are not assigned to a
pipeline are not available.

If you want to analyze only selected pipelines, clear the check box All: Then you can access the
text box to enter the numbers of the relevant pipelines. Use the [Delete] button to clear the
list of preset numbers in the box. By using the [Select] button, you can also select the pipelines
graphically in the RFEM work window.

] %]

Standard/ National Annex (NA)

In this dialog section, the design is displayed which is preset in the General Data RFEM dialog box
for the calculation with RF-PIPING (see Figure 2.3, page 5). You have the following opportunities:

e ASME B31.1-2012[1]
e ASME B31.3-2012 [2]
e EN 13480-3:2013 [3] (in preparation)
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Select Load Case

The column Existing Load Combinations lists all piping combinations PC and result combinations
RC that have been created in RFEM.

Use the button to transfer selected entries to the list Selected for Piping Design on the right.
Alternatively, you can double-click the entries. To transfer the complete list to the right, use the

button [5>].

To transfer multiple entries of combinations, click the entries while pressing the [Ctrl] key as
common for Windows applications. Thus, you can transfer several combinations at the same time.

If the number of a combination is displayed in red, such as RC 6 in Figure 3.3, you cannot design
it: This happens when a combination is defined without any load data. When you transfer such a
load case, a corresponding warning appears.

At the end of the list, several filter options are available. They will help you assign the entries
sorted according to certain criteria.

A7) Ivl. .
A7)

PC  Piping Load Combinations (0)
PC  Piping Load Combinations - Generated {0)
RC Result Combinations (7)
RC Result Combinations - Generated (7)
Piping Load and Result Combinations - Generated (7)
SUS Sustained (0)
B Expansion (7)

ﬁgure 3.4: Filter options for combinations

The buttons have the following functions:

All combinations in the list are selected.
The selection of the combinations is inverted.
U

&ble 3.1: Button in the tab Load Combination Selection

The column Selected for Piping Design lists all piping combinations and result combinations that
have been selected for design. Click E] or double-click to remove selected entries from the list.
The button empties the whole list.

Comment

In this text box, you can type user-defined notes describing, for example, the current design case.
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3.2.2 Materials

This table is split into two parts. The upper part lists all materials created in RFEM. In the Material
Properties section, the properties of the current material, e.g. the table row currently selected in
the upper section, are displayed.

1.2 Materials
A E
Material Material
No Description Comment

Carbon Steel {Seamless Pipe and Tube) A 53, Grade A | ASME B31.1-2010 =
2 | Stainless Stesl {Plpes and Tubes}.A 269, Grade TP304L, '\BC:—EN\ (Tube) | ASME B31.3-2010
3 Sta bes) A 376, Grade TP321, 18Cr-10Ni-Ti (Fipe > 3/8in) | ASME B31

EY
Material Properties
] Main Properties -
Modulus of Blasticity = 29444 100 | ksi F
Shear Modulus G 11324.700 | ksi
Poisson’s Ratio v 0.300
Specific Weight T 453.75 [ IbfAt2 L
Cosfficient of Themal Exparsion [ B A4UEDE | 17°F 3
EM::;::IEIS:;?;::N 1] 100 Material No. 1 used in
Yield Strength [Fy [ 30.000 | ksi || Cross-sections MNo.:
Uttimate Strength [Fu | 4s.000]ksi iz
H Temperature Dependent Properties .
B Modulus of Blasticty T[F] Et
-103.0 30163.300 | ks pamesTo
68.0| 29444100 |ksi 2-4,6,8-37,41-44,46,48, 50-52,57
122.0| 29154.000 |ksi
212.0| 28718.300 |ksi Pipelines:
302.0| 28283.800 |ksi 13
392.0| 27703.600 | ksi
482.0| 27413.500 | ksi
572.0| 26833.300 | ksi T Lengths: T Masses:
662.0| 25963.000 | ksi 132,39 [ft] 0.77 [kin]
752.0| 24947.700 | ksi
842.0| 23497.300 | ksi
932.0| 21756.700 | ksi
1022.0| 19726.100 | ksi -

ﬂgure 3.5: Table 1.2 Materials

Materials that won't be used in the design appear in gray lettering. Materials that are not allowed
are highlighted red, modified materials are displayed in blue.

The material properties required for the determination of internal forces (Main Properties) are
described in Chapter 4.3 of the RFEM manual. The material properties required for design are
stored in the global material library. These values are preset (Additional Properties).

To adjust the units and decimal places of material properties and stresses, select Settings — Units
and Decimal Places (see Chapter 3.7.2, page 60).

Material Description

The materials defined in RFEM are already preset, but it is always possible to modify them: To
activate the field, click the material in column A. Then click the button ~lor press function key [F7]
to open the material list.

E Carbon Steel (Seamless Pipe and Tube) A 53, Grade A | ASME B31.1-2010 |

Carbon Steel (Seamless Pipe and Tube) A 53, Grade A ASME B31.1-2010 .
Carbon Steel (Seamless Pipe and Tube) A 53, Grade B ASME B31.1-2010 D
Carbon Steel (Seamless Pipe and Tube) A 106, Grade A ASME B31.1-2010
Carbon Steel (Seamless Pipe and Tube) A 106, Grade B ASME B31.1-2010
Carbon Steel (Seamless Pipe and Tube) A 106, Grade C ASME B31.1-2010
Carbon Steel (Seamless Pipe and Tube) A 179 ASME B31.1-2010
Carbon Steel (Seamless Pipe and Tube) A 152 ASME B31.1-2010
Carbon Steel (Seamless Pipe and Tube) A 210, Grade Al ASME B31.1-2010
Carbon Steel (Seamless Pipe and Tube) A 210, Grade C ASME B31.1-2010
Carbon Steel (Seamless Pipe and Tube) A 333, Grade 1 ASME B31.1-2010 -

ﬁgure 3.6: List of materials
In compliance with the design concept, you can select only piping materials.
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Material Library

Numerous materials are already available in the library. To open the library, select
Edit — Material Library

or use the button shown on the left.
The material library is described in Chapter 2.2.1.3 on page 13.

3.2.3 Cross-Sections

This table lists the cross-sections that are used for the design.

1.3 Cross-Sections
A C D E F | [1-MPS 1010750405000 | ASME B 36....
Section | Material Cross-Section Cross-Section Type | Max. Design
No Na. Description for Classification Ratio Remark Comment
1 [Wo[NFS O, Pipe 1.09
2 2 |[JonPsis Fipe 067
[in]
=
EY =
Cross-Section Properties - NPS 10 Crose-section No. 1 used in
i Shraaht Fipe - NEG 10 (10, 7500 G00) | BAME B 36 100 [ —
Cutside Diameter Do 10.75 |in B
Inside Diameter d 9.75 |in O el i U 00,
Mominal Wall Thickness tn 0.50 |in
Area of Cross-Section A 16.1 |in2 Pipelines:
Elastic Section Modulus z 39.4 |in? 13
Comosion Allowance co 0.01 |in E
Mill Tolerance c1 0.00 |in
I Lengths: I M 2
Manufacturing Alowances cz 0.00 |in e asses )
Weld Joint Efficiency Factor E 1.000 13469 [f] 081 [kp]
Comoded Area of Cross-Section 15.8 [in2
Comoded Elastic Section Modulus 38.8 |in? —| Material:
B Bend 1 - Carbon Steel (Seamless Pipe and Tub
Cutside Diameter Do 10.75 |in
Inside: Diameter d 9.63 |in
Nominal Wall Thickness tn 0.56 |in
Area of Cross-Section A 17.5|in? -

ﬂgure 3.7: Table 1.3 Cross-Sections

Cross-Section Description
The cross-sections defined in RFEM are preset together with the assigned material numbers.

If you want to modify a cross-section, click the entry in column B to activate this field. Click
[Cross-Section Library] or Ll in the field or press function key [F7] to open the dialog box Edit Piping
Cross-Section (see Figure 2.10, page 12).

I]g Modifying the cross-section also affects the model in RFEM!

Max. Design Ratio

This column will be shown after the calculation. It serves as a decision support for the optimization:
By means of the design ratios and colored relation scales, you can see which piping cross-sections
are little utilized and thus oversized, or overloaded and thus undersized.
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Remark

This column shows remarks in the form of footers that are described in detail below the cross-sec-
tion list.

Info About Cross-Section

In the Info About Cross-Section dialog box, you can view the cross-section properties, stress points,
and c/t-parts.

r:l " Info About Cross-Section NPS 10 (10.750x0.500) | ASME B 36.10M uw

Cross-Section Property Symbol Value Unit 4 |MPS 10(10.750x0.500) | ASME B 36.10M

Outer diameter D | 10.75 |in

Wall thickness t 0.50 |in

Cross-sectional area A 16.1 |in2

Shear area By 8.0 |in2

Core area Ac 82,5 |in2

Plastic shear area Aply 10.3 |in?

Moment of inertia Iy 212.0 |in*

Governing radius of gyration Ty 3.63 [in

Polar radius of gyration ro 5.13 |in

Volume v 193.2 |in3/ft 0

Weight wt 54,79 | Ibjft =]

Surface Asurf 2.81 [ftd/ft =

Section factor AmiV 82,581 | 1jm

Torsional constant ] 422,59 |in*

Elastic section modulus Sy 39.4 [in?

Statical moment of area Qryumax 13.1 [in?

Plastic section modulus Zy 52.6 |in?

Plastic shape factor ToyfSy 1.333

Buckling curve (DIN 18800-2:2008-11) BC+,DIN a

Buckling curve for steel with fy,>=460 N/ [ BCy,DIN,5¢ ap

Buckling curve acc. to EN BCy.EN a

Buckling curve acc. to EM for steel 5 460 | BC.y,EN,S4¢ an finl
Full-plastic axial force acc. to DIN 18300-1 | Ngld 509,567 | kip

Full-plastic shear force acc. to DIN 18800- | Vgl 187.293 [ kip = S =B
Full-plastic bending moment acc. to DIN 18 (M . i

SN ol e Bl oM e
Close

o A

ﬂgure 3.8: Dialog box Info About Cross-Section

The buttons below the cross-section graphic have the following functions:

Button Function

Displays or hides the stress points

Displays or hides the c/t-parts

Displays or hides the numbers of stress points or c/t-parts

E= 4 Displays the details of the stress points or c/t-parts

Displays or hides the dimensions of the cross-section

Displays or hides the main axes of the cross-section

o O Gl S S

Resets the full view of the cross-section graphic

Prints the cross-sections properties and graphic

©

ﬂable 3.2: Buttons of the cross-section graphic
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3.3 Calculation

3.3.1 Detail Settings

Before starting the calculation, you should check the design details. To open the corresponding
dialog box, use the [Details] button available in every window of the add-on module. The content
of this dialog box varies depending on the design standard. The following description refers to
the detail settings for ASME B31.1 [1].

The Details dialog box contains the following tabs:
e Details

e Used Literature

r ™
Details - ASME B31.1-2012 ==

Detail Settings | Used Literature

Stresses Display Results Tables

Mumber of thermal cydes M acc, to 102.3.2: 2.1 Design by Load Combination
2.2 Design by Cross-Section
2.3 Design by Pipeline

2.4 Design by Member

2.5 Design by x-Location

Occasional load factor k acc. to 104.8.2: 1.00 -

Corrosion Allowances

Consider corrosion, mill and mechanical allowances in stress
calculations: 3.1 Governing Internal Forces by Member

@ According to Standard 3.2 Governing Internal Forces by Pipeline
() In all stress calculations (conservative approach)
4,2 Parts List by Pipeline

@ Only for pipelines to be designed
() Of all pipelines

[ OK ][ Cancel

ﬁgure 3.9: Dialog box Details, tab Details

Stresses

The limit stresses based on the designs may vary. They are, amongst other things, dependent on
two parameters which you can define manually in this dialog section:

e Number of thermal cycles N according to [1] sec. 102.3.2

e Occasional load factor k according to [1] sec. 104.8.2

[ N ©DLUBAL SOFTWARE 2016
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Display Result Tables

In this dialog section, you can select the result tables including parts list that you want to display.
These tables are described in Chapter 3.4 from page 46.

3.3.2 Starting Calculation
To start the calculation, click the [Calculation] button that is available in all input tables of the
RF-PIPING Design add-on module.

RF-PIPING Design searches for the results of the piping combinations and result combinations se-
lected for design. If no results can be found, the program starts the RFEM calculation to determine
the design-relevant internal forces.

You can also start the calculation in the RFEM user interface: The To calculate dialog box (menu
Calculation — To Calculate) includes, amongst other things, design cases of the add-on modules.

[ ™y
To Calculate g

Load Cases / Combinations / Module Cases | Result Tables

Mot Calculated Selected for Calculation

|»

Mo. Description Mo. Description
ML [sebne
Lc2 Fluid
LC3 Temperature 1
LC4 Temperature 2
LC5 Temperature 3
W 1C6 | Pressure 1
W LC7 Pressure 2
| P chle] Pressure 3
ITEE LC9 Hydro Pressure Test
8 LC10 | Fluid - Pressure Test
OPE PC7 COperational 2
OPE PCB Operational 3
IERRl RC4 Expansion 4
IEREl RC5 Expansion 5
IEXEl RCE Expansion &
IEREl RCT Expansion 7
IEXEl RC8 Expansion &
IERRl RCY Expansion §

m

Bl B

).

Al -

L& v

ﬂgure 3.10: Dialog box To Calculate

Al Iil If the RF-PIPING Design cases are missing in the Not Calculated list, select All or Add-on Modules in

T Lood Coses the drop-down list at the end of the dialog section.
€0 Load Combinations

Piping Load Combinations T transfer the selected RF-PIPING Design cases to the section on the right, click . Click [OK] to

RC  Result Combinations

Add-on Modules start the calculation.

Subsequently, you can observe the design process in a separate dialog box.
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3.4 Results

Immediately after the calculation, the Table 2.1 Design by Load Combination is displayed.

, N
RF-PIPING Design - [Pipeline] ===
File Edit Settings Help
CA1 - Design of piping | 21 Design by Load Combination
Input Data (I S © © D [E F
General Data Lc Member | Location Desian
-~ Materials Combin. Description M. x it Ratio Design According to Formula
e ES: Expansion 1 a2 89| <1 103) Stress due to di load ranges acc. to 10483
Results AC2 | Expansion 2 a2 89 <1 103) Stress due to di load ranges acc. to 10483
PC1_| Sustained 2 02> 1| 101) Stress due to sustainsd oads scc.to 10481
Design by Cross-Section PCZ_| Sustained 2 07 > 1] 101) Stress dus to sustained loads acc. to 104.6.1
Design by Pipeline PC3_| Sustained 32 07 | > 1] 101} Stress due to sustained loads acc.to 104.8.1
Design by Member PCA_| Weight empty 32 96 | 1101} Stress due to sustained loads acc.to 104.81
Design by x-Location PC5_| Weight ful 2 55 1| 101) Stress dus to sustained loads acc. to 104.6.1
Governing Internal Forces by I
Governing Internal Forces by F/
Parts List by Pipeline
Mo 10751 Bkw -JEEE %)
Details - Member 32 - x: 1.31 ft - RC1 1 - NPS 10 (10.750x0.594) | ASME B 16.8
Material Properties - Carban Steel (Seamless Pipe and Tube) A 53. Grade A ASME B31.1-2010
A Cross-Section Properties - NPS 10 {10.750¢0.554)| ASME & 16.9
Design Intemal Forces
El Design Ratio
Resultant moment due to themal expansion Mc 29.001 [ kipft
Section Modulus z 456 [in®
Stress intensfication factor i 2335
Cyclic stress range factor f 1.000
Basic material alowable stress at maimum temperature E 13700 | ksi a
Basic material allowable siress at minimum temperature E 13700 | ksi S
Stress due to di t load ranges Se 18272 |ksi
Alowable stress range Sa 20550 | ksi
Design Ratio M 089 <1
[in]
[ B
@ [“coin | (o) =

&

ﬁgure 3.11: Result table with designs and details

The designs are sorted in the result tables 2.1 to 2.5 by different criteria. The Tables 3.1 and 3.2
display the governing internal forces, the Table 4.2 displays the parts list.

Each table can be selected by clicking the corresponding entry in the navigator. To go to the
previous or next table, use the buttons shown on the left. Alternatively, you can use the function
keys to select the next [F2] or previous [F3] table.

I] Click [OK] to save the results. You exit RF-PIPING Design and return to RFEM.

The buttons below the table have the following functions:

Button Description Function
Displays or hides the colored reference scales in the result
Color bar
tables
Represents the criterion for filtering the results in tables:
1,0 Filter parameters | Design ratios greater than 1, maximum value, or user-defined
f= ki
Define limit
Shows only rows where the filter parameters are valid (ratio >
Apply filter .
1, maximum, user-defined value)
. Opens the dialog box Result Diagram on Member
Result diagrams

— Chapter 3.5.2, page 57

Allows for the graphical selection of a member to display its

Member selection .
results in the table

View mode Goes to the RFEM work window for changing the view

Eable 3.3: Buttons in the result tables 2.1 to 2.5
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3.4.1 Design by Load Combination
The upper part of the table shows a summary of the governing checks sorted by piping combina-
tions and result combinations.

The lower part provides detailed information about the cross-section properties, design internal
forces, and check parameters for the combination selected above.

2.1 Design by Load Combination

[ [ —— & c F
LT Member | Location
Combin. Description Ma. x fit] Design According to Formula
RC1 | Expansion 1 32 1.31 103) Stress due to displacement load ranges acc. to 104.8.3
RCZ | Expansion 2 32 1.31 103) Stress due to displacement load ranges acc. to 104.8.3
mned 1 32 1.3 101) Stress due to sustained loads acc. to 104.8.1
PC2 | Sustained 2 32 1.31 101) Stress due to sustained loads acc. to 104.8.1
PC3 | Sustained 3 32 1.31 101) Stress due to sustained loads acc. to 104.5.1
PC4 | Weight empty 32 131 101) Stress due to sustained loads acc. to 104.8.1
PC5 | Weight full 32 1.31 101) Stress due to sustained loads acc. to 104.8.1
e[ 107518 Bl )y EE]%
Details - Member 32 - x: 1.31 ft - PC1 1 - MPS10{10.750x0.5941 | ASMEB 16.9
Material Properties - Carbon Steel (Seamless Pipe and Tube) A 53, Grade A | ASME B31.1-2010
Cross-Section Properties - NPS 10 (10.750«0.554) | ASME B 16.9
E] Design Intemal Forces
Ayial Force N -4 675 | kip
Shear Force WV 0170 | kip
Shear Force Vz 0.190 | kip
Torsional Moment M 0.720 | kipft
Bending Moment My -27.7171 | kipft
Bending Moment Mz -7.697 | kipft "
1 Design Ratio =
Intemal design pressure P 87.0 | psi
Resultant bending moment due to pressure, weight and other sustair | Ma, 28767 | kipft
Section Modulus z 456|in?
Outside Diamster Do 10.75 |in
Mominal Wall Thickness tn 058 |in
Stress intensfiication factor i 2335
Sum of the longitudinal stresses due to pressure, weight and othersu | 51 13.987 | ksi
Basic material allowable stress at maxdmum temperature Sn 13.700 | ksi
Design Ratio 1 1.02 =1
[in]
(=)

ﬂgure 3.12: Table 2.7 Design by Load Combination

Description

This column shows the descriptions of the piping and result combinations used for the designs.

Member No.

This column shows the number of the member with the maximum design ratio of the analyzed
action.

Location

This column shows the respective x-location where the member’s maximum stress ratio occurs.
For the table output, the program uses the following member locations x:

e Start and end node

e Division points according to possibly defined member division (see RFEM Table 1.16)

Member division according to specification for member results (Calculation Parameters RFEM
dialog box, Global Calculation Parameters tab)

Extreme values of internal forces
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Design Ratio

Mac [ 09851 @ Columns D and E display the design conditions with the ratios which result from the design
according to the set standard.

The length of the color scale displays graphically the respective ratio.

Design According to Formula

This column displays more information about the performed design.

3.4.2 Design by Cross-Section

2.2 Design by Cross-Section

B C D [E F
Section | Member | Location Load- Design
N Na. x fit] ing Ratio | Design According to Formula
1 NPS 10
2 0.00 RC1 0.00 | = 1| 100) Negligible intemal forces
32 1.31 PC2 1.07 | = 1| 101) Stress due to sustained loads acc. to 104.8.1
32 1.31 RC1 0.29 | <1 | 103) Stress due to displ it load ranges acc. to 104.8.3
2 NPS 18
45 1.09 PCH 0.00 | =1 | 100) Negligble intemal forces
43 0.00 PC2 0.62 | 1| 101) Stress due to sustained loads acc. to 104.8.1
43 0.00 RC1 0.36 | <1 | 103) Stress due to di t load ranges acc to 10483
| o7[10 Etw JFEEEE
Details - Member 32 - x: 1.31 ft- PC2 1 - MPS10{10.750x0.594) | ASMEB 16.9
Material Properties - Carbon Steel (Seamless Pipe and Tube) A 53, Grade A | ASME B31.1-2010
B Cross-Section Properties - NPS 10 (10.750¢0.594) | ASME B 16.9
Outside Diameter Do 10.75 |in
Inside Diameter d 93.56 |in
Mominal Wall Thickness tn 0.59 |in
Area of Cross-Section A 18.0 |in2
Elastic Section Modulus z 456 [in?
Weld Joint Efficiency Factor E 1.000
Design Intemal Forces "
E Design Ratio =
Intemal design pressurs P 2321 |psi
Resultant bending moment due to pressure, weight and other sustained loads Ma 28.767 | kipft
Section Modulus z 456 |in?
Outside Diameter Do 10.75 |in
Nominal Wall Thickness tn 0.55 |in
Stress intensification factor i 2395
Sum of the longitudinal stresses due to pressure, weight and other sustained loads | 5L 14643 | ksi
Basic material allowable stress at maximum temperature Sh 13.700 | ksi
Design Ratio m 1.07 =1
[}
& E

ﬁgure 3.13: Table 2.2 Design by Cross-Section

This table shows the maximum design ratios of all pipelines selected for design, sorted by cross-sec-
tion.

The Member No. column shows the number of the member with the maximum design ratio for
the individual design criteria.
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3.4.3 Design by Pipeline

2.3 Design by Pipeline
B C D [E F -
Pipeline | Member | Location Load- Design 7
Na. No. x[ft] ing Ratio | Design According to Formula
1 Cold 1- gen (Member No. 12,27,13,14,46,15,16,36.34,37,17,18 48,19-22 42,39.49)

43 1.09 PC5 0.00 | £1 | 100) Neglighbls intemal forces L
ﬁ 5 131 P2 0.82| < 1| 101) Siress due to sustained loads ace. fo 104.8.1 3

15 1.3 RC1 066 | 1 103) Stress dus to t load ranges acc. to 104.8.3

2 | Cold 2 - Oxygen (Member No. 29,35.30,31,44,32,33.43 40) =

] 0.00 RC1 0.00 | < 1| 100) Negligible intemal forces
32 13 PC2 107 | » 1| 107) Stress due to sustained loads acc. to 104.8.1
32 1.3 RC1 0.89 | < 1| 103) Stress due to 1 load ranges acc. to 104.8.3
e[ 107[>7 @ Bl
Details - Member 15 - x: 1.31 ft - PC2 1 - NPS10(10.750x0.594) | ASMEB 169
Material Properties - Carbon Steel {Seamless Pipe and Tube) A 53, Grade A | ASME B31.1-2010
Cross-Section Properties - NPS 10 (10.750¢0 534) | ASME B 16.9
[ Design Intemal Forces
Pxial Force N -0.156 | kip
Shear Force Vy -0.173 | kip
Shear Force Vz 0.224 | kip
Torsional Moment Mx -21.429 | kipft
Bending Moment My 2.780 | kipft
Bending Moment Mz 0.435 | kipft o
[ Design Ratio ;
Intemal design pressure P 2321 | psi
Resultant bending moment due to pressure, weight and ather sustair | Ma 21.613 | kipft
Section Modulus i 456 [in?
Outside Diameter Do 10.75 |in
Mominal Wall Thickness tn 0.59 |in
Stress intensification factor i 2395
Sum of the longitudinal stresses due to pressure, weight and othersu | 51 11.263 | ksi
Basic material allowable stress at maximum temperature Sh 13.700 | ksi
Design Ratio n 0.82 <1
ir]
& E

ﬁgure 3.14: Table 2.3 Design by Pipeline
This result table lists the maximum design ratios sorted by pipelines.

3.4.4 Design by Member

2.4 Design by Member
B C [D E -
Member | Location Load- Design
No. x fit] ing Ratio | Design According to Formula
29 | Cross-section No. 1-NFS 10
000 RCH 0.00 [ £1 | 100) Negligible intsmal forces
000 PC2 0.68 | = 1| 101) Stress due to sustained loads acc. to 104.8.1 D
000 RC1 0.40 | <1 | 103) Stress due to di t load ranges acc. to 104.8.3
35 | Cross-section No. 1-NPS 10
0.00| RC1 0.00 | = 1| 100) Negligible intemal forces
000 PCZ 064 | =1 | 101) Stress due to sustained loads acc. to 104.8.1
0.00| RC1 0.37 | <1 | 103) Stress due to di t load ranges acc. to 104.8.3
Mo 107[>1@ E]
Details - Member 29 - x: 0.00 ft - PC2 1 - MNPS10(10.750x0.554) | ASMEB 36....
Material Properties - Carbon Steel {Seamless Pipe and Tube) A 53, Grade A | ASME B31.1-2010
[ Cross-Section Properties - NP5 10 (10. /5(b) 554) | ASME B 36.10M
Outside Diameter Do 10.75 |in
Inside Diamster d 9.56 |in
MNominal Wall Thickness tn 0.59 in
Area of Cross-Section A 15.0 [in?
Elastic Section Modulus i 456 [in?
Weld Joint Efficiency Factor E 1.000
Design Intemal Forces @
[ Design Ratio ;
Intemal design pressure P 2321 | psi
Resultant bending moment due to pressure, weight and ather sustair | Ma 31.183 | kipft
Section Modulus z 456 |in?
Outside Diameter Do 10.75 |in
Mominal Wall Thickness tn 0.59 |in
Stress intensification factor i 1.000
Sum of the longitudinal stresses due to pressure, weight and othersu | 51 5.253 | ksi
Basic material allowable stress at maximum temperature Sh 13.700 | ksi
Design Ratio n 068 1
ir]
& E

ﬁgure 3.15: Table 2.4 Design by Member

The maximum design ratios are displayed sorted by member number.
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3.4.5 Design by x-Location

2.5 Design by x-Location

B C [D E -
Member | Location Load- Design
o x fit] ing Ratio | Design According to Fomula
43 | Crosssection No. 1-NPS 10 .. 2-NFPS 18
0.00( RC1 0.00 | = 1| 100) Negligble intemal forces
0.00| PC2 0.62 | =1 | 101) Stress due to sustained loads acc. to 104.8.1
000| RCi 0.36 | = 1| 103) Stress due to dispk it load ranges acc. to 104.8.3 D
0.00| RCi 0.00 | =1 | 100) Negligible intemal forces
0.00] PC2 0.62 | =1 | 101) Stress due to sustained loads acc. to 104.8.1
000| RCl 0.36 | =1 103) Stress due to dispk it load ranges acc. to 104.8.3
063| RC1 0.00 | = 1| 100) Neglighble intemal forces
063| PC2 0.28 | =1 | 101) Stress due to sustained loads acc. to 104.8.1
063 RC1 0.14 [ = 1| 103) Stress due to disph t load ranges acc. to 104.8.3 -
v w18 Bl S EE]e]
Details - Member 43 - x: 0.00 ft- PC2 1-2 NPS10(10.750x0.594) | ASMEDB 3.,
Material Properties - Carbon Steel (Seamless Pipe and Tube) A 53, Grade A | ASME B31.1-2010
Cross-Section Properties - NPS 10 (10.75(0.594) | ASME B 36.10M
£l Design Intemal Forces
Aial Force N -4.840 | kip
Shear Force Vy -0.200 | kip
Shear Force Vz 0.171 | kip
Torsional Momert My 0.707 | kipft
Bending Moment My 7177 | eipft
Bending Moment Mz -27.130 | kipft o
[ Design Ratio =
Intemal design pressure P 2321 | psi
Resultant bending moment due to pressure, weight and other sustair | Mg, 28.057 | kipft
Section Modulus Z 456 |in®
Outside Diameter Do 10.75 | in
Nominal Wall Thickness tn 0.5 |in
Stress intensification factor i 1.000
Sum of the longitudinal stresses due to pressure, weight and other st | 51 B8.431 | ksi
Basic material allowable stress at maximum temperature Sh 13.700 | ksi
Design Ratio bl 062 <1
[in]
& E

ﬂgure 3.16: Table 2.5 Design by x-Location

This result table lists the maxima for each member at any locations x resulting from the division
points in RFEM:

e Start and end node

Division points according to possibly defined member division (see RFEM Table 1.16)

Member division according to specification for member results (RFEM dialog box Calculation
Parameters, tab Global Calculation Parameters)

Extreme values of internal forces
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3.4.6 Governing Internal Forces by Member

3.1 Governing Internal Forces by Member

B c [ b [ E F [ G [ H I -
Member | Location Load- Forces [kip] Momerts [kipft] T
No x ] ing N | Vy | Vz MT ‘ My | Mz Design According to Formula
12| Cross=section No. 1- NPS 10 E
0.00] RC1 0.000 |0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces
000| PC2 0.157 -0.152 1.858 -15.359 =10.052 0.275 | 101) Stress due to sustained loads acc. to 104 8.1 L4
0.00) RCi 0.327 0.222 1.839 =15.440 15.505 0.871 | 103) Stress due to displ t load ranges acc. to 104.8.3
27 | Cross-section No. 1- NFS 10
000 RC1 0.000 0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces
000| PC2 0.156 -0.157 1.455 -15.360 -6.791 0.575 | 101) Stress due to sustained loads acc. to 104.8.1
000 RCi H.326 0.227 1.436 =15.442 6681 1.308 | 103) Stress due to displ 1t load ranges acc.to 104.8.3

13 | Cross-section No. 1- NPS 10

000 RCi 0.000 0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces
1.3 PC2 0169 I0.157 0.879 2523 16.275 1.706 | 101} Stress due to sustained loads acc. to 104.8.1
1.31 RC1 0.239 0.328 0.260 2484 16.344 2.845 | 103) Stress due to di 1t load ranges acc to 104 8.3

14 | Cross-section No. 1-NPS 10

0.00| RCi 0.000 |0.000 0.000 0.000 0.000 0.000 | 100) Negligible: intemal forces
335 PC2 165 0.155 0.645 Riv] 18.705 1.187 | 101} Stress due to sustained loads acc. to 104.8.1
33%| RC1 {0.238 I0.325 0626 2481 18.708 1.751 | 103) Stress due to 1t load ranges acc. to 104.8.3

46 | Cross-section No. 1- NPS 10

000 RC1 0.000 0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces

47%| PC2 .17 0.155 0.315 2520 21.004 0.443 | 101) Stress due to sustained loads acc. to 104.8.1

479| RC1 0171 40.155 4.315 2520 -21.004 10443 | 103) Stress due to displ 1t load ranges acc. to 104.8.3
15 | Cross-section No. 1-NPS 10

000| RC1 0.000 0.000 0.000 0.000 0.000 0.000 | 100} Negligible intemal forces

1.3 PC2 40156 0173 0.224 -21.429 2780 0.435 | 101) Stress due to sustained loads acc. to 104.8.1

131 RC 0.156 0173 0.224 21428 #2780 40435 | 103) Stress due to displ it load ranges acc. to 104.8.3
16 | Cross=section No. 1- NPS 10

0.00| RC1 0.000 |0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces

1.74| PC2 0.154 0172 004 -21.240 3.020 0.736 | 101) Stress due to sustained loads acc. to 104.8.1

174| RC1 0.154 0.172 0.104 21.240 $3.020 40.736 | 103) Stress due to displ it load ranges acc.to 104.83 |~

BE E & (@

ﬁgure 3.17: Table 3.1 Governing Internal Forces by Member

This table shows for each member the governing internal forces - those internal forces which result
in maximum design ratios at the individual designs.

Location x

This column shows the respective x-location where the member’s maximum stress ratio occurs.

Loading

This column displays the number of the piping or result combination whose internal forces produce
the maximum design ratio.

Forces / Moments

For each member, this column displays the axial and shear forces as well as the torsional and
bending moments producing the maximum design ratio in the respective designs.

Design According to Formula

The final column provides information on the type of design and the formulas used in the designs
according to the specified standard.
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3.4.7 Governing Internal Forces by Pipeline

3.2 Governing Internal Forces by Pipeline

B c [ b [ E F [ G [ H |
Pipeline | Location Load- Forces [kip] Momerts [kipft]
No x ] ing N | Vy | Vz MT ‘ My | Mz Design According to Formula

1 Cold 1- Nytrogen (Member No. 12,27,13,14.46,15,16.36.34,37, 17,18 48,19-22 42,39.49)
1.03; PCS -0.005 0.000 0.810 0.000 -1.205 0.000 | 100) Negligible intemal forces
1.3 PC2 -0.156 0173 0.224 -21.429 2780 0.435 | 101) Stress due to sustained loads acc. to 104.8.1
131 RC 0.156 0.173 0.224 21423 -2780 -0.435 | 103) Stress due to displ it load ranges acc. to 104.8.3

2 Cold 2 - Cygen (Member No. 29,35,30,31,44,32,33.43.40)
000 RC1 0.000 0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces
1.3 PC2 4675 0170 0.150 0.720 =277 -7691 | 101) Stress due to sustained loads acc. to 104.8.1
131| RC1 -4.701 0.239 0.286 0.910 -27.862 -7.995 | 103) Stress due to displ 1t load ranges acc.to 104.8.3

s Hot (Member No. 54,53 56,55 52-50,2-4.41,6 57.8,9,24,25,10,11,26,23 28)

000 RCi 0.000 0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces
0.00| PC2 0.182 0.165 2512 -24797 0.104 0.761 | 101) Stress due to sustained loads acc. to 104.8.1
000| RC1 0.252 0337 2507 -24.899 0216 0.303 | 103) Stress due to di 1t load ranges acc to 104 8.3

BE E & (@

ﬂgure 3.18: Table 3.2 Governing Internal Forces by Pipeline

This table shows the internal forces of each pipeline which result in the maximum design ratios
for the individual designs.
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3.4.8 Parts List by Pipeline

Finally, RF-PIPING Design provides a summary of all cross-sections that are included in the design

case.
4.2 Parts List by Pipeline
A B C D E F G H
Part Fipeline Mumber of Length Total Length | Suface Area Wolume Unit Weight Weight Total Weight
o Description Pipelines fit] ft] ft2] ft3] IbAt] bl [kip]
1 Caold 1- Nytrogen 1 57.27 5727 182.63 1. 95.96 545511 0.56
2 |Cold 2 - Cxygen 1 288 2881 51.40 5.56 9454 2723.80 0.28
k] Hat 1 21.29 21.29 26492 16.89 101.81 8276.31 0.84
3 167.37 538.94 3366 T68]

ﬁgure 3.19: Table 4.1 Parts List by Pipeline

By default, this list contains only the designed pipelines. If you need a parts list for all pipelines of
the model, select the corresponding option in the Details dialog box (see Figure 3.9, page 44).

Part No.

The program automatically assigns part numbers to similar pipelines.

Pipeline Description

This column shows the pipeline descriptions.

Number of Pipelines

This column shows for each part how many similar pipelines exist.

Length

This column displays the length of a single pipeline.

Total Length

The values in this column are the product from the previous two columns.
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Surface Area

For each part, the program indicates the surface areas relative to the total length. They are deter-
mined from the surface area of the cross-sections that can be viewed in the Tables 1.3 and 2.1 to
2.5in the cross-section properties (see Figure 3.8, page 43).

Volume

The volume of a part is determined from the cross-sectional area and the total length.

Unit Weight

The unit weight is the weight of the section relative to the length of one meter.

Weight

The values of this column are determined from the respective product of the entries in column C
and G.

Total Weight

The final column indicates the total weight of each part.

Sum

At the bottom of the list, you find a summary of the values in columns B, D, E, F, and |. The last row
of the Total Weight column informs you about the total amount of required steel.

3.5 Evaluation of Results

You can evaluate the design results in different ways. The buttons in the Tables 2.1 to 2.5 may
help you to evaluate the results. You can find them below the upper table.

2.2 Design by Cross-5Section

] C D [E F
Section | Member | Location Load- Design
Na. Mo, x fit] ing Ratio | Design According to Formula
1 NP5 10
i 2 0.00 RC1 0.00 | £1 | 100} Negligible intemal forces

32 1.3 PC2 1.07 | =1 | 101) Stress due to sustained loads acc. to 104.8.1
32 1.3 RC1 0.89 | =1 | 103) Stress due to displacement load ranges acc. to 104.8.3

2 NPS 18
49 1.09 PCh 0.00 | =1 | 100) Negligible intemal forces
43 0.00 PC2 0.62 | =1 | 101) Stress due to sustained loads acc. to 104.8.1
43 0.00 RC1 0.36 | = 1| 103) Stress due to displacement load ranges acc. to 104.8.3

Maix: limm a \

ﬁgure 3.20: Buttons for evaluation of results

Blbw v EE[%]e)

The functions of the buttons are described in Table 3.3 on page 46.
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3.5.1 Results on RFEM Model

You can also evaluate the design results in the RFEM work window.

RFEM Background Graphic and View Mode

The RFEM graphic in the background may be useful when you want to check the position of a
particular pipeline in the model: The member selected in the RF-PIPING Design result table is
highlighted in color in the background graphic. Furthermore, an arrow indicates the member’s
x-location displayed in the currently selected table row.

Max Design Ratio [-]
RF-PIPING Design CA1 - Design of piping

-
RF-PIPING Design - [Pipeline]
File Edit Settings Help
CA1 - Design of piping | 24 Design by Member
Input Data E C [D B
- General Data Member| Location | Load- Design
Materials No. ] ing Ratio | Design According to Formula
Cross-Sections 2| Crosssection No. 1-NPS 10
ResuHs. o 000 RC1 0.00 | =1 100) Negligible intemal forces
~ Design by Load Ccmb.lnahon 131 PC2 0.22 | =1/ 101) Stress due to sustained loads acc. to 104.8.1
- Design by Cross-Section 131 RC1 (.14 | 1| 103} Stress due to displacement load ranges acc. to 104.8.3
- Design by Pipeline
EeSghyiiene 3 | Crosssection No. 1- NPS 10
- Design by x-Location 000 RC1 0.00 | £1 | 100} Negligible intemal forces
- Governing Internal Forces by v 450] Pc2 0.20 | =1 101) Stress dus to sustained loads ace. to 104.8.1
- Governing Internal Forces by P 450| RC1 0.13 | £1| 103} Stress due to displacement load ranges acc. to 104.8.3

ﬂgure 3.21: Indication of the member and the current Location x in the RFEM model

If you cannot improve the display by moving the module window, click [Jump to Graphic] to
activate the View Mode: The program hides the module window so that you can modify the display
in the RFEM user interface. In the view mode, you can use the functions of the View menu, for
example zooming, moving, or rotating the display. The indication arrow remains visible.

*You are in the view mode.

- Click [Back] to return to the add-on module RF-PIPING Design.
Bac

RFEM Work Window

The design ratios can also be checked graphically in the RFEM model: Click the [Graphics] button
to exit the design module. In the RFEM work window, the design ratios are now displayed, such
as the internal forces of a load case.

|'Q,| |ﬂ| To display or hide design results, use the [Show Results] button known from the display of internal
forces. To display the result values, click the [Show Result Values] button in the toolbar to the
right.

To set the design cases (see Chapter 3.7.1, page 59), you can use the list in the RFEM menu bar.

To adjust the results display, use the Display navigator below the entry Results — Members. The
display of the design ratios is Two-Colored by default.
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Project Mavigator - Display x
E% Model =

Result Values

Title Info

Max/Min Info
Deformation

..... ® [ Two-Colored

..... O[F With Diagram

..... O[F Without Diagram

..... OJF Cross-Sections

----- [ Result Diagrams Filled
..... W[ Hatching b
..... LI Al Values

..... [ Extreme Values

Display Hidden Result Diagram

----- |:| Reverse Results V-y and V-z

..... [ Results on Couplings

- [B] [ Stresses

- [E1 [ Type of Display -
ﬂData gDisplay ﬁ\-’iews D Results

m

ﬂgure 3.22: Display Navigator: Results — Members

When you select a multicolor representation (options With/Without Diagram or Cross-Sections), the

color scale panel becomes available. It provides the common control functions described in the
RFEM manual, Chapter 3.4.6.

Project Mavigator - Display x
E% Model -
& [“I[ Results
[]---D Result Values Panel £3
----- E| Title Info i Max
..... I Max/Min Info i Design Ratio [

[]---E‘ Deformation
[—]E‘ Members

O Two-Colored
O With Diagram
-(O[F Without Diagram

1.00
0.50
0.80
0.70
060
0.50
040
0.30
0.20
010
0.00

Cross-5ections

|:| Result Diagrams Filled
E‘ Hatching

-I[F Al Values

i |:| Extrerne Values

ﬂData.gDisplay ﬁ\-’iews © Results

Max : 0.81
Min : 0.00

RF-PIPING Design

BE @ 4=

ﬂgure 3.23: Design ratios with display option Cross-Sections

RF-PIPING Design

l To return to the add-on module, click [RF-PIPING Design] in the panel.
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3.5.2 Result Diagrams

You can also graphically evaluate a member’s result distributions in a result diagram.

Select the member in the RF-PIPING Design result table by clicking in the table row of the member.
Then, open the Result Diagram on Member dialog box by clicking the button shown on the left.
You can find the button below the upper result table (see Figure 3.20, page 54).

To display the result diagrams in the RFEM graphic, select in the menu
| 5}| Results — Result Diagrams for Selected Members

or use the corresponding button in the RFEM toolbar.

A window opens, graphically presenting the distribution of the maximum design ratios on the

member.
r M
< Result Diagram on Member u_lg:' =
(B | reopmcoesionca-1- < > ([ R BIGKIBLE o< e oew S| A4
Members No.: |35 “la e
b3 0.0 184 328 482 6.5 8.20 ft N
LT & L I I I i | | . i . TR Rl [ Fxed
- []:Design M3z
Design 1] Design
x Design
i H
T oo 064 =
0.00 0.64
119 057
237 0.51
356 045
474 0.40
593 0.36
711 033
230 036 |
- 830 036
[C] Mase/min only [T Ends only
Results 4 B
|StartXYZ: 78,131,00ft | EndX¥Z 04,131,007  Order 35 .

= J

ﬁgure 3.24: Dialog box Result Diagram on Member

Use the list in the toolbar to choose the relevant RF-PIPING Design design case (see Chapter 3.7.1,
page 59).

The Result Diagram on Member dialog box is described in the RFEM manual, Chapter 9.5.
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3.6 Filter for Results

The RF-PIPING Design result tables allow you to sort the results by various criteria. In addition, you
e can filter options for the tables (see Figure 3.20, page 54) to limit the numerical output by design
Define ratios. This function is described in the following article of the DLUBAL Blog:

https://www.dlubal.com/blog/11217

Furthermore, you can use the filter options described in Chapter 9.9 of the RFEM manual in order
to evaluate the results graphically.

| A . In RF-PIPING Design, you can also use the Visibility option to filter the members in order to evaluate
them (see RFEM manual, Chapter 9.9.1).

Filtering Designs

The design ratios can easily be used as filter criteria in the RFEM work window which you can
access by clicking [Graphics]. To apply this filter function, the panel must be displayed. If the panel
is not active, select in the RFEM menu

| | View — Control Panel (Colour scale — Factors — Filter)
or use the toolbar button shown on the left.

You define the filter settings for the results in the first panel tab (Color spectrum). Because this tab
is not available for the two-colored results display, you have to use the Display navigator and set
the display options With/Without Diagram or Cross-Sections first (see Figure 3.22, page 56).

The panel is described in the RFEM manual, Chapter 3.4.6. In Chapter 9.9.3, you can find detailed
information about filter options for result values.

Filtering Members

4 In the Filter tab of the control panel, you can specify the numbers of particular members to display
only those results. This function is described in the RFEM manual, Chapter 9.9.3.

Panel X

Show diagrame for
members No.:

12-22.27.343637,35 42 46 ¢

12-22.27.34.36.37.39.42.46.

(€] (]

BE @ 4=

ﬁgure 3.25: Memboer filter for the design ratios of a pipeline

Unlike the partial view function (Visibilities), the graphic displays the entire pipeline model. The
figure above shows the design ratios of a pipeline. The remaining pipelines are displayed in the
model, but are shown without design ratios.
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3.7 General Functions

3.7.1 Design Cases

Design cases allow you to group pipelines for a design or analyze members with particular design
specifications. It is no problem to analyze the same pipeline in different design cases.

To calculate a design case, you can also use the load case list in the RFEM toolbar.

Create New Design Case

To create a new design case, use the RF-PIPING Design menu and click

File — New Case.

New RF-PIPING Design Case ==
No. Description
2 Design of piping -
o) (G ]

ﬁgure 3.26: Dialog box New RF-PIPING Design Case

In this dialog box, enter a No. (one that is still available) for the new design case. An appropriate
Description will make the selection in the load case list easier.

When you click [OK], Table 1.7 General Data opens where you can enter the new design data.

Rename Design Case

To change the description of a design case, use the RF-PIPING Design menu and click

File — Rename Case.

Copy Design Case

To copy the input data of the current design case, use the RF-PIPING Design menu and click
File — Copy Case.

Delete Design Case

To delete design cases, use the RF-PIPING Design menu and click

File — Delete Case.

' ™
Delete Cases ﬁ

Available Cases
F
MNo. Description

| v

1 Design of piping
Design A 106, Grade B

-

[ ok [ cancel |

L o

ﬂgure 3.27: Dialog box Delete Cases

You can select the relevant design case in the list of Available Cases. To delete the selected case,
click [OK].
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3.7.2 Units and Decimal Places

Units and decimal places for RFEM and the add-on modules are managed in one dialog box. In
RF-PIPING Design, you can use the menu to adjust the units. To open the corresponding dialog
box, click

Settings — Units and Decimal Places.

The following dialog box appears which you already know from RFEM. RF-PIPING Design is preset
in the Program / Module list.

r ™
Units and Decimal Places u
Program / Module RF-PIFING Design

- RF-TIMBER - :
. RF-DYNAM Output Data Parts List

. RF-DYNAM Pro Unit Dec. places Unit Dec. places

- RF-JOINTS Stresses: kesi - 35 Lengths: 2k
- RF-END-FLATE

.. RFCONNECT Design ratios: - 25 Total lengths:
- RF-FRAME-JOINT Pro -
Nialay
.. RF-DOWEL Wolumes: ft"3 hd
- RF-HSS ; . -
- RF-FOUNDATION Vet perlength
- RF-FOUNDATION Pro Vieight:
- RF-STABILITY Total weight: kip -
- RF-DEFORM

- RF-MOVE

- RF-MOVE-Surfaces

- RF-IMP

- RF-SOILIN

- RF-GLASS

- RF-LAMINATE

- RF-TOWER Structure
- RF-TOWER Equipmeni
- RF-TOWER Loading
- RF-TOWER Effective |
- RF-TOWER Design

- RF-INFLUENCE

- RF-LIMITS

= RF-PIPING Design el

&

L5 J

ﬂgure 3.28: Dialog box Units and Decimal Places

Dimensionless: - 3 Surface areas: 22

LA R R
B N I N R A

m

o
-

[ Cancel

You can save the settings as a user profile to reuse them in other models. These functions are
described in Chapter 11.1.3 of the RFEM manual.

3.7.3 Data Transfer

3.7.3.1 Exporting Materials to RFEM

If you adjust the materials in RF-PIPING Design for design, you can export the modified materials
to RFEM: To do this, go to the Table 1.2 Materials, and then select the command in the menu

Edit — Export All Materials to RFEM.

Alternatively, you can export the modified materials to RFEM by using the shortcut menu in Table

1.2.
1.2 Materials
2 B
Material Material
Na. Description Comment

Carbon Steel (Seamless Pipe and Tube) A 106, Grade B | ASME B31.1-2010  ~
2 | Stainless Steel (Pipes and Tubes) A 269, Gradd Material Library...

3 | Stainless Steel (Pipes and Tubes) A 376, Gradq

Export Material to RFEM

Export All Materials to RFEM [
Import Material from RFEM

Import All Materials from RFEM @

ﬂgure 3.29: Shortcut menu of Table 1.2 Materials
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Before the modified materials are transferred to RFEM, a query appears as to whether you want to
delete the results in RFEM. By confirming the query and starting the [Calculation] in the RF-PIPING
Design module, the RFEM internal forces as well as the design ratios will be determined in a single
calculation run.

If the modified materials have not been exported to RFEM yet, you can reimport the original
materials in the design module by using the options shown in Figure 3.29. Please note that this
option is only available in Table 1.2 Materials.

3.7.3.2 Exporting Results

You can use the RF-PIPING Design results also in other programs.

Clipboard

To copy cells selected in the result tables to the Clipboard, use the keys [Ctrl]+[C]. Press [Ctrl]+[V]
to insert the cells, for example in a word processing program. The headers of the table columns
will not be transferred.

Printout Report

You can print the data of RF-PIPING Design into the printout report (see Chapter 4.1, page 62). To
export them, click

File — Export to RTF.
The function is described in the RFEM manual, Chapter 10.1.11.

Excel / OpenOffice

RF-PIPING Design provides a function for the direct data export to MS Excel, OpenOffice Calc or
the file format CSV. To open the corresponding dialog box, select in the module menu

File — Export Tables.

The following export dialog box appears:

s ™
Export of Tables M
Table Parameters Application
With table header (@) Microsoft Excel
[ only marked rows OpenOffice.org Calc
() €SV file format

Transfer Parameters

[~ Export table to active workbook
Export table to active worksheet
Rewrite existing worksheet

Selected Tables

(@) Active table [ Export hidden columns

() All tables [T Export tables with details
Input tables
Result tables

[ OK ] [ Cancel ]

L o

ﬁgure 3.30: Dialog box Export - Export of Tables

When you have selected the relevant options, you can start the export by clicking [OK]. Excel or
OpenOffice will be started automatically, you do not need to open the programs first.
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4 Printout

4.1 Printout Report

Like in RFEM, the program generates a printout report for the RF-PIPING Design results, to which
you can add graphics and descriptions. The selection in the printout report determines which
data from the add-on modules will be included in the final printout.

The printout report is described in the RFEM manual. Chapter 10.1.3 Define Contents of Printout
Report explains how to prepare the input and output data for the printout.

e N
&, Printout report - PR1: Input data and reduced results* E@u

File Wiew Edit Settings Insert Help

DEEBdd e vna B L20- QR EEEDD F AR

Printout Report Navigator x -

=)~y Printout Report

=+ RFEM ?ZK Caledonia Engi = e
- [3] Model - General Data ¥ —
ipin
P FE Mesh Settings —
-2 Model
e 1018 pose maice ERS W zos
=¥ Load Cases and Combinations Neiezne A ety Do oz o SEeE
- [ 21 Load Cases 7.1 MATERIALS
TERE | s = e = Ee
i~ [3] 26 Piping Load Cembinations Mo 20 I T T | abre Tra Comment
\..[7] 27 Result Combinations B i e ol
2 G = p
3 Loads ER L e 0
528 Results - Result Combinations e | =21 =0l
: 4.1 Modes - Support Forces
a PP 7.21 CROSS-SECTIONS - DIMENSIONS
[T 412 Cross-Sections - Internal Forces = S = 0 =
~o Sescroten metno | pel m |
E )
Bt es 1o ieTsIms) 1 sers|  em|  o=s
F7 7.1 Materials = e : b R
- [] 7.2/1 Cross-Sections - Dimensions R R NS 18{12000a1 50, 2 saoo| ozl s
2o NP 131200001 ) = sz00| azs|  asm
- [7] 7.2/2 Cross-Sections - Layers
- [ 7.3 Pipelines 7.2/2 CROSS-SECTIONS - LAYERS
E= e Tromr ) Tomee e
[3 74 Components o | L B T s T O | Fip= (V) | e piv) ‘
- T G| o] 6wl G@|  oE| 6@ =5 =5
[ 7571 Bends - Dimensions FR I G R B R R \
- [7] 75/2 Bends - Factors
- [ 77/1 Reducers 1 7.3 PIPELINES
p Fomea|  Peece = gm | n
[ 77/2 Reducers 2 o | oo |vosere 5 |
78 Tees T o = E
485 RF-PIPING Desi DlE= ® = oo
B - esign 2[5 B sz <o
-8 CAL - Design of piping
1.1 General Data
o ; 7.4 COMPONENTS
- [ 11.1 Details Componert Fios= Frjeoes Legh
No. Te no | mo [sen e | oven o || s em | |
- [0 1.2 Materials T |Twevaw T === Tar =az| 1 7 ¥
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ﬁgure 4.1: Printout Report for RF-PIPING and RF-PIPING Design

For large piping structures, it is recommended to split the data into several printout reports, thus
allowing for a clearly-arranged printout.
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4.2 GraphicPrintout

In RFEM, you can add every picture displayed in the work window to the printout report or send it
directly to a printer. In this way, you can also prepare the internal forces, deformations or design
ratios displayed on the RFEM model for the printout.

To print the currently displayed graphic click
File — Print Graphic

|@| or use the toolbar button shown on the left.

Also in the Result Diagram dialog box (see Figure 3.24, page 57), you can use the button to
transfer the graphic of internal forces, deformations or design ratios to the printout report or print
it directly.

The following dialog box appears:

' ™
Graphic Printout M

General |Option5 I Caolor Scale I Factors I Border and Stretch Factors|

Graphic Picture Window To Print Graphic Scale

() Directly to a printer... &= @ Cument only () As screen view

@ To a printout report: More... 2 || @ Window filing

() To the Clipboard () Mass prirt... 2. || ® Toscale 1: |5

() To 3D PDF

Graphic Picture Size and Rotation Options

Use full page width Show results for selected xJocation in result
diagram

() Use full page height
@ Height: 45+ [% of page]

[ Lock graphic picture {without update)

Show printout report on [OK]
Rotation: 0N

Header of Graphic Picture
Design: Ultimate Limit State - Cross-Section Design

[ok ][ caneel

L5 J

ﬂgure 4.2: Dialog box Graphic Printout

Printing graphics is described in the RFEM manual, Chapter 10.2. In this chapter, the other tabs of
the Graphic Printout dialog box are explained.
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Remove from Printout Report
Start with Mew Page

Selection...

Properties... N
Ly

4 Printout

-
&, Printout report - PRL: Input data and reduced results®
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Frintout Report Navigator
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-G8 Results

_.[ 2.1 Design by Load Case
[ 2.2 Design by Cross-Section
<[] 2.3 Design by Pipeline
[ 4.2 Parts List by Pipeline
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[} RF-PIPING Design CAL - Design: U|
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Project 2016
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Dste. 14072016

Part Fipeline
Desciption

Number | Length [Tot Length
|of Pipelines Ift] [f]

Surf. Area

If]

Velume Unit Wi.
1] (Y]

Weight [ Total Wt
(2} [kip]

Cold 1-Nytrogen
Cold 2- Oxygen
Het

Bon-(F

RF-PIPING DesignCA1
Ultimate Lim it State: Cross-Sedtion Design

EEEOEREG

E

Max Design Ratio: 0.82
Filter Members: 12-22,27,34,36,37,30,42,46,48,49

1 5737 5727
1 281 Bt
1 8122
2

8123
16737

121 596
556 45a
10181
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548511
272280
827631

Isometric

4 [

L

T}

|RF-PpingD | RF-PIPING Design

| Pages: 104

Page: 104

ﬁgure 4.3: Printout report with pipeline graphic

To move a graphic within the printout report, use the drag-and-drop function. To adjust a graphic
in the printout report at a later time, right-click the corresponding entry in the navigator of the

printout report. The Properties option in the shortcut menu opens the Graphic Printout dialog box,
offering various options for adjustment.
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