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1 ROHR2fesu Overview

ROHR2fesu is an additional module in the program system ROHR?2 for detailed analysis of local seg-
ments in pipes and vessels.

ROHR2fesu offers the easy-to-use modeling of sub-structures by nearly any circle and elliptic geometry
using shell elements , fully integrated in the ROHR2 framework. This enables to carry out detailed analy-
sis of critical segments inside the framework of the entire model. The shell element sub-structure analysis
is carried out using FE-method.

The mesh generator of ROHR2fesu automatically integrates intersections of branches, trunions, and noz-
zles with and without reinforcement. ROHR2fesu allows controlling the mesh resolution in a simple way.
ROHR2fesu has been verified extensively by comparison against reference solutions of standard prob-
lems.

ROHR2fesu offers:
e Complete integration of the FE structure(s) into the connecting frame work
e easy-to-use parameter controlled model generation and meshing
e short calculation time
e automatic stress analysis and documentation
o stress analyses following EN 13445, Appendix C, ASME Section VIII, Div. 2, Part 5 and AD S4

SUB_1-001 SUB_1-001

ROHR2fesu_Featurelist
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2 Task

The task of ROHR2fesu is the modeling and calculation of shell-sub-structures for the detailed analysis of
stiffness and stresses in concentrated segments of the piping structure.

The determination of the substructure in the framework is made on the basis of a stiffness matrix.

The results of a ROHR2fesu calculation are a stiffness matrix and loads at nodes from element loads and
extra loads (e.g. loads concentrated on the sub structure) at connection points.

The load cases and load case combinations of the ROHR2 framework model used to determine the ele-

ment stresses within the shell structure.

The main focus of the application of ROHR2fesu is problems in piping and vessel models where stiffness
and/or stress analysis needs to be performed like for:

e Intersections of piping elements generally
e Special components for which internal pressure design stress codes are available but no calcula-

tion norms for external forces and moments
e Components where the standards of k- and i-factors are unsatisfactory

Special components without k- and i-factors defined in the stress codes

Calculations with to measured pipe segments (as-built), e.g. bends

]

e Analysis of local stress utilization

e Optimization of details in pipe and vessel constructions
o Nozzle and cams at vessel with or without reinforcement
o Big diameter tubes with miter bends

[ ]

o Damage analysis at corroded or eroded pipes

]

Detail analysis of bend deformation due to internal pressure or bending in oval bends

Of course the standard pipe components (e.g. acc. to EN 13480) can be modeled and calculated in

ROHR2fesu.

Stress analyses following EN 13445, Appendix C, ASME Section VIII, Div. 2, Part 5 and AD S4 can be

carried out.
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3 Features

Integration into ROHR2

« Fullintegration of the shell model as substructure into the framework of the entire piping system

» The stiffness of the shell model is considered in the framework by its stiffness matrix

» Consideration of the loads at the connection to the framework, which result from the substructure

» Easy-to-use modeling of the shell model by combinations of simple basic elements (superele-
ments)

» The coarse model is generated automatically based on the framework

« Automatic generation of connecting elements (interface elements) at the coupling nodes between
pipe element based framework and shell element based sub-structures

Superelements/Components

The structure is made of superelements.
The super-elements (SE) are combined in groups in ROHR2fesu:

« SE-components pipe Cone: centric, eccentric, elliptical
Bend, circular bend, miter bend, measured bend, creased bend
« SE-component rectangular duct, saddle
e SE- components head Spherical slice
toroidal slice - concave, convex
elliptic slice
« SE- components point Transition element

Superelements/Jackets

« The superelements are defined by a system center line using the start and end node and dimen-
sions at the end node or by cross section areas inside the superelement

« Easy-to use extension and modification of the model by inserting conical or elliptical transitions

« Variable wall thickness across the circumference and elliptical cross sections can be modeled

« Superelements in sequential order are combined in a “jacket”

Intersections

« Intersections can be placed at all superelements except at the connection to the framework

» Fillets at transitions are considered

» Intersections for the modeling of nozzles and trun-
ions with or without reinforcing and internal projec-
tion, gusset, rectangular lugs

* Modeling of inserted (block flange) and welded re-
inforcing pads

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.de
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Meshing

+ Simple meshing of the shell model by defining the axial and circumferential subdivision

+ Optimization of model size and calculation time by progressive or regressive division in axial di-
rection

» Individual pre-definition of the mesh of system parts in the intersection segments

» The mesh division can be modified easily

« Automatic conversion of loads of load cases and load case combination from the framework at
the connections between shell model and framework model

« Assignment of operation data (pressure, temperature, medium density) at each load case in the
framework analogue to the ROHR2 framework

» Consideration of wind, snow- and ice loads of each load case in the framework

» Consideration of various additional masses, forces and area loads on the sub-structure of each
load case in the ROHR2 framework

« Consideration of the axial force from internal pres-
sure at the transition nodes

* ROHR2fesu offers an easy-to-use way to check
allowable stresses, e.g. at nozzles

Stress codes

+ Stress analysis acc. to EN 13445-3, appendix C
due to the method of stress categories

» Stress analysis acc. to ASME Section VI, Div. 2,
Part 5

» Stress analysis acc. to AD S4

* Alocal area acc. to EN 13445 can be defined eas-
ily and the membrane stresses can be regarded as
locally which results in a definition as Pl

Optimization

»  Simply modification of the system in pipe seg-
ments, e.g. fillets, transitions

»  Substructures can be optimized independent from each other

* Modifications at a sub-structure does not require the calculation of other sub-structures

Documentation

« Colored representation of element parameters like wall thickness or material
»  Graphic representation of utilization and calculated stresses

*  Graphic representation of deformations

« Automatic report generation, to be modified by the user

ROHR2fesu_Featurelist
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3.1 Integration into ROHR2

ROHR2fesu is fully integrated into the ROHR2 user interface.
Select the segment, to be analyzed detailed, in the framework.
From framework details (geometry, dimensions, component
type like bend or head) a coarse model of the sub-structure is
generated from the selected segment. This model can be com-
pleted in ROHR2fesu by details which are missing in the frame-
work. The sub-structure is shown in the containing piping
framework using the system lines or as simple shell model. By
a double-click on the sub-structure in the framework,
ROHR2fesu is launched to change the model or for analysis or
documentation of the sub-structure.

The assignment of operation data (pressure, temperature, me-
dium density) at each load case in the framework is done ana-
logue to the ROHR2win framework

ROHR2 calculation of the connecting framework

The stiffness of sub-structure is considered in the framework by
a stiffness matrix resulting from the FE-analysis.

ROHR2fesu calculation of the substructure

Loads at the connection points in the framework are automati-
cally taken over into the calculation of the sub-structure.

Loads from the sub-structure are taken over in the framework analysis.

MANUAL DATA
TRANSFER NOT
REQUIRED!

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH
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4 Available library of Superelements

4.1 Overview Superelements

The FE structures can be created by nearly any combination and intersection of basic elements (superel-

ements). These superelements are available:

Cone, centric, eccentric, or elliptical / Cylinder (cone special shape)

Properties cone ®
Name [53 | okt [2 | e [pe | P2 [P |
Difference coordinates fmm]
px= 0 | ov=[o | oz=[384 | tengn [384 | L .
. The definition of the cone can include the parameters:
(@) certric (KOZE) g = ==
Qemeiuen | [~ «  Type
el . Material
— . Outer diameter / radius at start/ end node
Material | P235GH || Materials ° Wall thickness
R T — Y —, . Minus-mill tolerance
Point Outer diameter Mean radius Wall thickness e . . . . . .
PFE ] oar- 2 me-fizs | sl | . Element division in axial and circumferential direction
P2fPE | paze 2 R-[125 | seB |
Comosion Minus mil tlerance
Cross section definition for eliptic cones
Plane  Syp Sp Sym Szm Ry Rz New .
= The superelement cone also can be used for the modeling of a
Deete nearly flat plate.
Distribution
in axial direction -M elements in circumferential direction -32 elements
Progression tthe distribution in cincumferential direction is valid for
all elements of the jacket)
Properties bend
Cancel Consider intemal pressure N ‘52 | ket |M ‘ . |PZ ‘ o ‘N |
Tangent intersection PT Radius m
Type =
® :d;alﬂrgn.}nnd bend
- o Miter bend
Pipe bend as Ideal sound bend, miter bend or measured O(;EGBL“ .
bend Qs
OCreased bend
" aga . (RUBD)
The definition of the cone can include the parameters:
Material | P265GH ~ | Materials No. of segment cuts 0
) Ty pe Dimenmcn; \[:;:i outer diameter (@) Insert mean radius
. Outer diameter Mean radius ‘Wall thickness
o Material Dal- (3239 R1=[1582 s1=[71
° Outer diameter / radius Comosion [1 Minus mill tolerance  [0.8875
. Cross section definttion for measured bends
i Wa” thICkneSS Plane Syp Szp Sym Szm Ry Rz
e  Minus-mill tolerance =
e Element division in axial and circumferential direction s
. .. . , Creased bend
At measured bends additionally the radii and wall thickness” can No.cf crases 0 Heihtof creases. 0 mn
be defined for each cross section around the circumference. e B s
Progression ‘Te; ms:g:tm\:m d;u:)fereﬂtial dirsction is valid for
] 3 Semcrta of e
Cancel Considerintemal pressure

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH
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Rectangular duct

The definition of the rectangular duct can include the parameters:

type

material

length/width, radius of the corner

wall thickness

minus-mill tolerance

element division in axial direction and length/width

Properties cenical rectangular duct *
Name [S3 | Jacket [11 | pim A
Difference coordinates mm]
Dx- [71498898] DY- [0 | pz- [0 | tengh [714 999997

local
coordinate
system

Material | PZ35GH ~ | | Materials
Dimensions [mm]
Haff edge length up to middle of the wall in y direction at P1 (HKy1) (80

Haff edge length up to middle of the wall in 2 direction at P1 (HKz1) |200

Half edge length up to middle of the wallin y direction at P2 (HKy2) [0

Haff edgs length up to middle of the wallin z direction at P2 (HKz2) (200

Wall thickness (SK) 8

Radius of the comer (RK) 10
Comosion Minus mill tolerance
Distrbution

in axial direction clements

on half of the edge length in y direction (1FEy) (8| elements

on half of the edge length in z direction (FEZ) elements

Distibution in angle direction at the comer on the jacket (V) D
Distribution in radius direction at the comer on the jacket RR): D

Progression

OK Cancel

all slements of the jacket)

Consider intemal pressure
Spherical slice or ellipsoid slice
RS ——— - The definition of the spherical slice can include the parameters:
Name [58 | acket [J1 | PPz Je2[F3 ]
Difference coordinates [mm]
DX= ‘D \ DY:‘D ‘ DZ- ‘222735515‘ Length ‘22273551: ° Material
. Outer diameter / radius at start/ end node
° Wall thickness
° Corrosion allowance
. Minus-mill tolerance
. Element division in axial and circumferential direction
Material ~ erials Sphere radius (RKug) |2220 mm . . . . . .
e —J = g Alternatively an ellipsoidal slice can be defined in ROHR2fesu.
. e
P Dal= 1958.5915¢ FH: sw:
P2 Ds2- 0 S - ]
T M il clerance . = " \
Ta:?: :nredion slements i circumferential direction elements =R
Progression {the distribution in circumferential direction is valid for R \

T =

RZyl
Cancel Consider intemal pressure

Using these superelements nearly all components used in practice can be modeled.

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH

www.rohr2.de




S l GMA INGENIEURGESELLSCHAFT [l

ROHR2fesu Feature list
Page 8

Torus, convex or concave

Dimensions [mm]
(O Insert outer diameter (®) Insert mean radius

Mean radius Wall thickness

Pairt Qutter diameter
5

P1 Dal= 2220
P2 Da2- | 1958.5915¢

Coroson

Minus mil tolerance

Distribution

in axial direction elements  in circumferential direction elements

Properties terodial slice (TORS) X
Name [S7 | acket [11 | e1[Ps | P2 [P12
Difference coordinates [mm]
DX= ‘0 ‘ DY=‘D ‘ DZ= ‘20371791‘ Length \20371791‘ .
° Material
RZ
| o Type convex / concave
~ [ ]
° Wall thickness
Fror . Corrosion allowance
/] N £ . Minus-mill tolerance
£ °
R1
Material | P235GH ~ | | Materials
@ convex  (Jookau Tonss redis BTer) (232 | mm /3

The definition of the torus can include the parameters:

Outer diameter / radius at start/ end node

Element division in axial and circumferential direction

[:F)

P2

P1

L

Rt

Progression tthe distribution in circumferential direction is valid for

all elements of the jacket)

Cancel Consider intemal pressure

Torus concave as shown in the dialog window

Without fillet

Elliptic slice
The definition of the elliptic slice can include the parameters:

Material

Type convex / concave

Outer diameter / radius at start/ end node

Wall thickness

Corrosion allowance

Minus-mill tolerance

Element division in axial and circumferential direction

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH

with fillet

Eigenschaften Ellipsoidscheibe (ELIS) 3
Neme [STT | Mantel 1 A
Diferenzkoordinaten fnm]
DX= |D | DY:‘TMM' DZ- ‘2227&551“ Linge \222.73551«‘

V [
Y Rz
Sz <
P1 \/
Material P235GH

Blipsenradius (RZ) @ mm
Pomessungen frm]

(O Aussendurchmesser vorgeben (@) mittl. Racius vorgeben

~ | Materialien

Punkt A mitl. Radius Wanddicke
P1 |P15 Dal= 1958 5915¢ R1=‘9€925577." §1= |20
F2 [P16 Da2- 0 R2- [0 | s[
Korrosion |1 Minus-Fertigungstoleranz |0.5
Teilung

noigerRichiung [0 | Hemerte in Unfangsnchung [0 | Bemerte

Progression {die Umfangsteilung git fur alle Superelemente des Mantels)

Abbruch Innendruck benicksichtigen

www.rohr2.de
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Saddle

Saddle forms based on DIN EN 28080:1994-07 and DIN EN 28080:2015-06 are implemented.

This includes form A, AV, B, BV, C, D, E and F for the revision 1994 in the variants welded and bended

and for the revision 2015 the forms AV, BV, CV and D. The values of input parameters are taken from the
standard if possible or are individually chosen by the user.

Eigenschaften Sattel X
Info View - Side
Name: 53 P1 P1 pz P2 P3: P3
DX 0 DY: 500 Dz 0 Length: 500
Saddle
Osd. ©User hi 285
Sid.:  DIN28080_1934 - Fom: | AV - Vari:  Welded -

| Peefml
© Outer diameter. 168 (O Mean Radius: 81.05
Minus Mil Tolerance: 031 Com.: 1 Thick. 5.3
Mat: P236GH Materials
Wear mm]
b2z 160 sz & el i r 5
Oc2 5 Obgl 187
Mat: P236GH Materials
Web [mm] View - Front
5 5 4 8 b5 8 h3:
On2 64 O alpha: 80.735187(
Mat: P235GH - Materials
Rip [mm]
b3 % ba: 1 2 [E
53 8 ol 12 low: 25 r2_high: 25
Mat. P235GH ~ Materials
Base fmm]
1: 160 bl: 120 sl &
Mat. P238GH ~ WMaterials
Boundary Condition: Held Edge ~
13: 120 a 3
Mesh
Factorfor Mesh: 1.1

4.2 Connections to the framework

Transition elements are inserted the connection to the framework (transition elements). A transition ele-
ment is the connection between a shell and a beam. The transition element consists of a short hub (cen-
tered pipe stump) with rigid spokes, leading to the shell points at the circumference. According to the Ber-
noulli Hypothesis of linear statics it guarantees the flatness of the cross section at the limit of the shell
model.

In special cases the degrees of freedom of the couplings at the shell can be modified.

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.de
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4.3 Intersections

The program allows inserting intersections for the modeling of nozzles and trunions with or without rein-
forcement and internal projection. The model of the reinforcing pad may be entered as single shell or dou-
ble shell with material selectable for the reinforcing pad.

The meshing is done for partial regions inside the intersection f’”
area. ~
/
g
. . . Ak@Eg \ A kEg =
Inserted values are explained by expandable detail drawings. r—j / -~ 15
. . . s l_\_q_\
The intersection includes the parameters o2
/
o Type: Nozzle or trunion
« Fillet radius on the surface o
« Element distribution
« Internal projection
« Reinforcing pad with details:
- single shell/double shell [ sl
- width [V with reinforcing pad  Type of model: % single-shell ¢ double-shell
- thiCkneSS ‘idth of the reinforcing pad (Akrag) I 30 mm
- material Add, thickness of the jacket wall in the regain of I 5 mm
Mo. of elements on the reinforcing pad (nFEK) I g
Material

Examples: fillet or reinforcing slice

Intersection with fillet
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4.4 Loads

The connecting framework influences the sub-structure by its loads. The loads are transmitted into the
sub-structure at transition nodes. This does not require special load inputs in the FE model. Loads from
load cases and load case combinations in the framework are taken over into the FE model.

Loads, occurring in the sub-structure are assigned in the framework model, too. Among them:
e Operation data (pressure, temperature, medium density)

Wind loads (determined automatically or manually entered)

Snow loads

Ice loads

additional masses

any additional forces

any loads on areas

The insulation parameters of automatic determined loads form snow, ice and wind are taken from the fol-
lowing segments in the framework. They are considered approximately when calculating the loads in the
sub-structure.

Loads at the entire system (framework model) occurring at transition nodes, which are resulting from the
sub-structure analysis, are considered in the framework model.

4.5 Model generation restrictions

Even though the generation of the shell sub-structure from the piping system is very generic a few limita-
tion apply in order to allow a smooth integrated meshing and calculation: but the intersection of super ele-
ments causes a few limitations.

Assignment of materials can be done only for each superelement

Opposite nozzles may not though themselves

Only one superelement can be active in an intersection

The intersection always needs to go through the entire cross-section of the nozzle

An intersection at connection points of several jackets (e.g. branching of pipe jackets a skirt sup-

port) or transition element are not allowed

¢ At one end of the superelement an intersection is allowed. At the other end a cross section verti-
cal to the axis is required. If necessary the superelement can be divided by an intermediate node.

¢ Intersections cannot be intersected again

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.de
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4.6 Stress analysis

A stress analysis is carried out for the sub-struc-
ture following EN 13445, Appendix C, ASME Sec-
tion VIII, Div. 2, Part 5 and AD S4.

. The generation of load case superpositions and
required analyses is done in ROHR2win using the
defined load cases or it can be entered manually.
Load cases and stress utilization for each analysis
at the shell elements are shown in the graphic.

JaasssaRisanniy

10.9 mm < 25.8 mm
Max. Ausn.: 91.7 %

Y8

bu

4.7 Results representation

At each analysis the model can be shown as com-

pletely deformed shape or the deformations are shown

in an additional wire frame model.

ments can be displayed.

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH
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In the analysis of the local membrane stresses
(PI) only the segment is shown, where the calcu-
lated stress

is > 1.0 x f which means that they must be charac-
terized as local. An easy-to —handle measuring in-
strument can be used to verify if the selected part
is really a local area according to EN 13445. In
the intersection area the measured width in merid-
ional direction is automatically compared to the
maximum value Is+In of EN13445.

Max Ausn. = Max Stress Utilization

Connection loads and movements at transition ele-

v
)
o0
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4.8 Results documentation

ROHR2fesu automatically generates a re-
port in rtf format after the calculation show-
ing essential results. The report generation
is carried out using a report template. Pre-
defined templates are available in German
and English. They can be modified by the
user.

The reports are updated automatically af-
ter re-calculation.

Sample ROHRZ2fesu - report template

ROHR2fesu_Featurelist
SIGMA Ingenieurgesellschaft mbH
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5 Examples

The ROHR2fesu examples listed here are shown in a reduced size.
For bigger drawings and additional comments please go to ROHR2fesu at www.rohr2.com.

Simple sloping branch

A simple (sloping) branch is created by two superelements of the type Centric Cone. For the intersection
it must be defined properties like rounding radius, projection or reinforcement.

Norm-Tee with conical transitions

The cylindrical bases of the norm tee are created by superelements type Cylinder. The conical transitions
in the center of the tee are superelements of the Centric cone with different dimensions at the beginning
and at the end. The intersection requires the input of a fillet.

Spherical fitting

The cylindrical bases as well as the conical transitions are made by superelements of the type Centric
Cone. The sphere is created by the superelement Spherical Slice (in the special form complete sphere).

ROHR2fesu_Featurelist
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Support at bend
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The support and the cylindrical bases are created by the superelement of the type Centric Cone.
The bend is created by a superelement of the type bend (here round bend).

Branch in eccentric reducer
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The nozzle and the cylindrical bases are created by a superelement of the type Centric cone (cylinder).
The reducer is created by a superelement of the type Eccentric Cone.

Y-piece
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The cylindrical bases are created by superelements of the type Centric Cone (cylinder).
The two “reducers” are made by superelements type Eccentric Cone
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welded-in bend segment
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Support in Miter bend
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Complex systems
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Drainage

Branch at bend
Torispherical head

Cyclone
Flat plate
Tripod

Head with 2 branches
SIGMA Ingeﬁieurgesellschaft mbH

Hemispherical head

Cross-sectioned bends
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Rectangular lug and Gusset

Gusset and tee

Gusset - model

Rectangular lug
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6 Program license and system requirements

Program version, network license

ROHR2fesu is an optional available module in the program system ROHR2.

It can be part of the ROHR2 single user license and ROHR2 network license. In the ROHR2 network li-
cense the number of the users of an optional module can be similar or lower than the number of ROHR2
network seats.

For system requirements and program features see ROHR2 Specification.

Running ROHR2fesu requires the installation of ROHR2.

Scope of delivery and license key

The programs” scope of delivery contains

- the program data

- the program documentation in html format

- unlocking the module on the ROHR2 license key (USB, dongle).

The software does not run without the license key. In case of updates/upgrades the license key will be
replaced or updated.

Documentation /User manual
The functions of ROHR2fesu are part of the ROHR2 online help.
Maintenance and user support

Advice about installation and application is done by the ROHR2 user support (hotline). The hotline is part
of the included service after purchase, during time limited licensing (rent) and as a part of a maintenance
agreement.

Interfaces and additional programs are integrated into ROHR2. Maintenance of additional programs and

interfaces is mandatory in this case.

7 Software Development, Sales and Support

SIGMA as one of the leading engineering specialists in the Pipe Stress Business offers ROHR2,
PROBAD and SINETZ: field tested software products, strongly adapted to the user’s needs.

SIGMA engineering division is known as a partner of choice offering consulting services for plant engi-
neering, chemical industry, engineering companies, energy suppliers and technical security boards.

Contact: World wide Sales partners
SIGMA Ingenieurgesellschaft mbH i '
Bertha-von-Suttner-Allee 19 -E! 4 ; = e
D-59423 Unna . T e

Germany ﬁ m & by %

Tel +49 2303 33233-0 sowme e e e e B o, (8

sales@rohr2.com

www.rohr2.de www.rohr2.com
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