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1 The program system ROHR2

ROHR2 the CAE-system for

component analysis, construction and
structural analysis of complex piping systems

ROHR?2 is the leading European Software for Pipe Stress Analysis, a standard tool for static, dynamic piping and

framework analysis.

The main tasks of ROHR2 are component analysis, construction and structural analysis of complex piping

systems and associated steel structures.

The static analysis includes the analysis of any
loads and load combinations according to first and
second order theory for linear and nonlinear boun-
dary conditions (friction, gap of supports, support
uplifty and coupling conditions (nonlinear
powers of expansion joints). Earthquake analysis

The dynamic analysis includes the calculation of
eigenvalues and mode shapes and their analysis
by means of different modal response methods or
direct integration method (e.g. analysis of fluid
regulation hammer forces). Based on the method
of Time - History.

An efficient superposition module enables a versatile selection and combination of static and dynamic
results as well as the generation of extreme values for loads on supports, components and nozzles.

Stress analyses of pipe components can be done by in accordance with a variety of specifications like
ASME, EN, 1ISO14692, KTA, CODETI or RCCM.

ROHR2 creates the load case superposition and the equations automatically according to the selected
stress specification.

ROHR2 compares existing and allowable stresses. The results will be documented in lists and graphical
presentations. The range of applications is completed by internal pressure analysis and flange and nozzle
calculation modules.

The software may be extended by a range of additional features and add on modules, enhancing an
facilitating the engineer’s daily job:

a wide range of interfaces covering market leading CAD/CAE systems,

ROHR2fesu for detailed component FE analysis,

ROHR2flange — Flange analysis

ROHR2_Featurelist
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ROHR2 users

For more than 40 years ROHR2 supports you

with continuously developed program versions

for pipe stress analysis tasks. Many leading Armaricn % ooy
national and international plant construction ~_ ggithest i
companies as well as operators in the energy, s o
chemical - and petrochemical industry trust in aica SouthgaPasia
the quality of ROHR2.

South
America

AFRY AB - AIR LIQUIDE - Atlas Copco -ANDRITZ - | ™
AREVA - ARXADA - AVAX - AXIMA -BABCOCK r
BORSIG - BABCOCK & WILCOX - BASF - BAYER ' %
AG - BERTSCH - BHEL - BGR BOILERS - Bilfinger SINETZ
Engineering - Bilfinger VAM -BOHEMIA POWER ENGINEERING -Burckhardt Compression AG - BURMEISTER &
WAIN - CAPGEMINI - CHANTIERS DATLANTIQUE - CITEC - COVESTRO - COWI - CURRENTA - DEKRA -
DONGFANG - Doosan Lentjes - DORNIER POWER and HEAT - EDF Electriee de France - Energoprojekt Katowice -
ENEA IT- ENGIE - E.ON - ESKOM - Eurocon - EVONIK - EXYTE - FERCHAU - FORTUM - FISIA - FIVES SOLIOS -
FORTUM - Fjérrvdrmeprojekt AB - FMT - Forsmarks - FOTAV RT - Framatome - FS Dynamics - FVB - GASCADE -
General Electric - Georg Fischer - GHENOVA - Glencore - HITACHI ZOSEN - IDOM - IHI CORPORATION -
INFOSYS - INFRASERYV - IQONY - Integral Montage - J CHRISTOF - JORDAN BORMINE - KAE - KAIROS POWER
- KIWA Inspecta - KRAFTANLAGEN ENERGIES - Kramer & Best - KRUGER A/S - LENZING - LEWA - L&T Ltd -
LENTJES - LINDE - MAN ENERGY - MAX STREICHER - NEILSOFT - OSCHATZ - PAUL WURTH - PETROBRAS -
PRESSURA - PROTTON - RAFAKO - RAMB@LL - RELITOR AB - ROSS-SHIRE Engineering - RWE - SENER -
SEONGHWA - SHELL - SIEMENS ENERGY - SMS SIEMAG - SLOVNAFT - SSAB EMEA - STANDARDKESSEL -
STEELFLEX - STEINMUELLER - SVTI - SWECO - TGE Marine Gas - TUV - UNIPER - THYSSENKRUPP UHDE --
TUV NORD - TUV SUED - TUV AUSTRIA - VALMET - VEOLIA Water - VERBIO - VOESTALPINE STAHL - VTU -
WESTINGHOUSE - WORLEY PROJECTS - WSP — ZEPPELIN

and National technical control boards (TUV), Power stations, Local energy suppliers, Manufacturers of pipe
components , universities and a large number of engineering companies.

Software Development

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 engineering,
chemical industry, engineering companies, energy suppliers and technical security boards.

Contact: ___ : B

Sigma Ingenieurgesellschaft mbH .Hn

Bertha-von-Suttner-Allee 19 - _ =

D-59423 Unna, Germany ﬁ m & b

Tel: +49 2303332330 e e S o

Mail: info@rohr2.com World Wide Net of Sales Partners
www.rohr2.de www.rohr2.com

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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2 ROHR2 Program version and scope of delivery

2.1 ROHR2 Static and Dynamic for Windows

Program System for Static and Dynamic Analysis of Complex Piping and steel Structures

Stress analyses according to a great number of standards like ASME, EN, 1SO14692, KTA, CODETI and

RCCM.
Modules included in the ROHR2 Static and Dynamic:

«  ROHR2nozzle Nozzle analysis acc. to standards like API, NEMA, EN ISO
+ ROHR2iso Generation of isometrics and part lists

The ROHR2 user interface can be executed in German or English.

Results may be printed in German, English, or French.

Country-specific program versions or floating licenses may differ from this specification.
Please refer to the offer/quotation.

Stress codes in ROHR?2 listed by their fields of application

Steel pipes ASME B31.1, ASME B31.3, ASME B31.4, ASME B31.5, ASME B31.8

EN 13480
CODETI

STOOMWEZEN D1101
Pipelines, general rpgr

VGLSR Equivalent stresses according to von Mises and Tresca

ASME CI. 1, ASME CI. 2, ASME CI. -3
ASME CI. 1, Fatigue analysis

KTA 3201.2, KTA 3211.2

RCC-M CI.1, RCC-M CI.2, RCC-M CI.3

Nuclear Power

Buried piping EN 13941
AGFW FW401

B31.4 Chapter IX
Offshore B31.8 Chapter VII

ISO
GRP Pipes 14692
KRV

Plastic Pipes ASME NM.1

Steel frameworks

DIN 18800
EN 1993
EN13480

VGLSP (Stress analysis for Structural Steel Sections) following

Note: spec. program version may include a reduced no of stress codes, ref. to specification or offer

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH

www.rohr2.com
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2.2 ROHR2 Interfaces

Included and optional interface modules enable you to integrate ROHR2 perfectly into your workflow. A
comprehensive number of interface modules is part of the ROHR2 standard package.

- PROBAD Import of Pipe classes

+  Neutral CAD Interface including Export AVEVA PDMS/E3D - ROHR2
+  DXF format Import

«  CS8SV format Import

- Export Interface into the Support Design Programs LICAD, FLEXPERTE, CASCADE
«  CAESARII Import and Export

- PIPESTRESS Import

. CAEPIPE Import

+ KWUROHR(SIEMENS) Import

- SINETZ Export

.- PIPENET Import / Export

- FLOWNEX Import/ Export

+  Load-time-functions e.g. FLOWMASTER, AFT Impulse Import
Optional interfaces are available to integrate ROHR2 into your workflow.

+ ROHR2 CAD Interface package: PCF, PDS, PXF, SDNF interfaces

- ROHR2 FEZEN Database extension (available soon)

Please refer to the ROHR2 Interface Brochure or contact us for further details.

Input ‘ Output

FLOWMASTER

AFT IMPULSE
Transi uid
fl

VEVA P 30 / <
¢ N N
“ADS PDS4
< “ADnext, etc - g
Autocad | - ntr oS P |
PLANT3D ROHR2 ey, o |
el T
J £ 5 Z " Neutral vy
Interface -
nte .
Sc | *pcf
o t =)
Vent
CADMATIC, ESAIn ESApro

=J ] T
Intergraph PDS J [— ‘n I ].
Bentley AUTOPLANT J e | J x
§ PIPESTRESS

SONF (Stes! Detalling ” NUROLT
g ) | |

ROHR?2 Interfaces, Standard equipment and optional modules

ROHR2 Projects

Textand data )

Support design
ci | | LicAD, cascae,

-/ FLEXPERTE )

© 2021 SIGMA Ingenieurgesellschaft mbH, Germany

Regarding the optimization of your workflow our staff of specialists will be happy to advise you individually
upon request, especially regarding the data import and export to ROHR?2.

Third Party Interfaces

The integration of ROHR?2 is supported by third-party interface products. In case of questions or
information requests, please contact the manufacturer. We will be pleased to advise you regarding the
data import and export to ROHR2.For current information and links to software companies, pls. refer to
www.rohr2.com or the ROHR?2 interface brochure.

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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2.3 Licensing

The program license is available as a single-user license or network license, perpetual or rental.
Licensing a program requires the acceptance of the terms of use by signing a System Contract.
Contract samples are available upon request.

Single user license

The single user license allows the installation of the program on the
PCsystems of the licensee and the use utilizing a license key (dongle) on
one PC system simultaneously.

Network license

WAN

Additional modules

The network license enables the access to the program system by any PC
in the network, limited by the number of users.

Wide Area Network option
Expanding the network license to additional locations
(requires at least one license / location)

Interfaces and additional programs are integrated into ROHR2/SINETZ
(no stand-alone applications).

License duration

Time unlimited /perpetual
license (purchase)

Allows the time unlimited use of the program.

Maintenance and user support are included during the first six month after
delivery. In order to receive continued maintenance and user hotline, the
signing of a maintenance contract is recommended.

Time limited program use
(rent)

Payment by installments
(leasing)

Time limited use of a program license. Minimum rental time is three month.
Support and maintenance are included. Fees may be partially reimbursed in
event of a purchase of the rented license(s) during the rental period.

Time limited single user program license including maintenance and
support. Payable by monthly rates. After finishing rates the license will be
converted into a time unlimited program version. Maintenance is included.

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH

www.rohr2.com
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2.4 Scope of supply and license key

The programs” scope of delivery contains

- the program data by download

+ the program manuals, online

- the ROHR?2 license key (USB dongle or Software License key), available as
USB license key (without assignment to a particular PC/server)
Software license key (SL license, PC/server assigned), network only

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

SL License key

« ROHR2 33.0 and higher supports Software license keys (SL License) without a USB key.
«  SL Licenses are available for network licenses
SL Licenses allow to ,Borrow licenses, i.e. taking a network license access/ user off the
network for a specified time period
«  For details please refer to the document ROHRZ2license or contact the ROHR2 sales team

2.5 System requirements

The system requirements of all ROHR2 program versions are as following:

System requirements of single user licenses and PC-workstations in the network
- PC min. 8 GB RAM, 16 GB recommended
+ Windows 11/10 (64-bit)
«  Screen resolution minimum 1280 x 720 px, 1920 x 1080 px recommended
«USB port (not in case of SL Licenses)
- Connection via Internet for activation of the program license *) and program updates
- .NET Framework 4 8
+  OpenGL 3.2

*) Activation by phone/email or internet
System requirements of the network server
In addition to the requirements for single user licenses:

- Installation of the HASP license manager on a Server PC accessible by all users in the
network
+ Windows 11/10, Windows Server 2022/2019/2016 (64-bit)

In case of integrating ROHR2 into company-wide or country-wide networks (WAN),
please contact us.

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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3 ROHR2 - Input of the piping system, results and documentation

The graphical user interface ROHR2win is the pre- and postprocessor of ROHR2. All inputs can be

generated by using ROHR2win.

A wide range of control functions enables the user to check the input data easily. The results may be
displayed and checked both graphically and/or numerically in tables additionally, detailed customized

printed reports may be generated.

3.1 System and load case input

ROHR2win creates input data for the calculation kernel.

+ All data required for the analysis are put in by the user by mouse

or dialog windows.

+ ROHR2win offers the full interactive access to data via graphics.

* Allinputs are shown graphically

» All control records, the line topology and superpositions of load

cases are created automatically by the program

¥ ' ROHR2 tasks - Operation

W Node 170

Node  Loads
Name [Jdont change name

Absolute coordinates

X coordinate Y coordinate Z coordinate
[4800 | mm [63837 |mm [2500 mm
Geometry

No. of couplings

Component - EN13480, VGLSP
TFS - butt welding tee ~

rafmm] rm[mm] Th[mm] l:l
Rmimm] Trfmm]

R Tasks Load case  Global loads ~Friction coefficient factors Comment Output file
. [E-RR Primary loads - Dead loa Dew'pnon'm Input file: operat show only valid components for the specfication
{1 E-RR1 Gewicht Category: | Secondary loads - Thermal expansion | Type: | A -Normal operating case 9:10"\‘ 5:: CO"*DUIWET for the geometry
i show all components
-RR1 Assembly Associated reference load case
Secondary loads - Thern| 2 [ take operation data M take loads
K = Gewicht v 4
+-RRN Operation take global load settings Consider the flexibiiity of the
R Occasional primary loads N shell by an intemal spring. ASME B31J il
i [-RRY Wind1 fa\c‘:j o & ~a & Congider "Welding Strength
) - e A medas e T e S demeee Frrhanslenndes Reduction Faktor" -
Intemal pressure analysis
GRP stress analysis SIF # BCK factors
OK Abbrechen Ubemehmen Hiffe:
=
Databases Database files 4 Bends
- . Pipes
During the process the user is supported by 5
. . anges
comprehensive integrated databases. —
Standard angular expansion joint x Valves
Material Tee
Manufacturer |Witzenmann_2017
g : Reducer
Available materials @ al types () only unidirectional () only gimbal
Name Number Type A Show all materials Type |WRKPN 63 ~ | [Jshow all types TERce
XSCrhi1810 1.4301 R2 Msteel M Plastic ) Aial e rigiog
X2CRNI1911 1.4306 R2 [MFerrites  [erP gimbal ial expansion joinf
X2CrNi18-9 1.4307 R2 A”s‘e"‘ms e max. angular movement: 2 ~ | deg Angular expansion joint
| Martensites
X2CRNIN18-10 1.4311 R2 A steel casts Type | WRK 63.0200.099.0 Lateral expansion joint
X6CRNITI18-10 1.4541 R2
X6CRNINB18-10 1.4550 R2 [ all manufacturing forms Mom. pressure bar(g) Length mm Supports
XSCrNiMo17-12-2 1.4401 R2 [ seamless pipe -
X2CrNiMo17-122 1,404 R2 rl’eged pipe e — Mass ka Couplings
ial
X6CRNIMOTI17-12-2  1.4571 R2
Forging s
X6CRNIMONB17-122 14580 R2 Ha:'geg o |11 Nen/bar ca Nim/deg Material
X2CrNiMoN17-13-3  1.4429 R2 [ screw Cp |16 Nmf{deg™bar) 7 | 140000 | Mmjdeg .
X2RNIMO18-143 14435 R2 [ Weld material Material database
X3CRNIMO17-13-3  1.4436 R2 zﬂ'er manufacturing Torsion Datab /
X2CRNIMON17-13-5  1.4439 R2 o allowable moment I:IkNm ataoase anguiar
X3CRNIMOBN17-13-3 1.4910 R2
= o allowable rotation l:ldeg expanS/On jOIntS
XBCRNINB16-13 1.4961 R2 =
X8CRNIMOVNB16-13  1.4988 R2 Cancel
X2CRNIMON22-53  1.4462 R2 LrE | B
P195GH 10348 R2 v || Add selected materials to
< > the local data

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH

www.rohr2.com
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3.2 Documentation and presentation of the results

W MNode218 b
All result details are within easy reach by a mouse click. : —
. . Node Loads Sectionalresults Rigid support Support loads
Analysis results are shown tabulated and graphically. .
Load case |Operation -
Load case "esu’ts Displacements. rotations in (@) global cs. Olocal cs
X i X Forces, moments in (O global cs. (®local cs
Graphical presentation of displacements and Displacements [mm] "
H Section Wxa W'a WZa
detailed results at selected nodes. e e ) s i e
218 -220 (n) 202 -5.45 -0.02
Rotations [deg]
Section Pxa Pva PZa
216-218 (v) -0.00 0.15 0.10
218 -220 (n) -0.00 0.15 0.10
Forces [kN]
Section N avyi QZi
216-218 (v) -0.303 0.365 0.381
218-220(n) -0.695 -0.264 -0.300
Moments [kNm]
Section MXi MYi MZi
216-218 (v) -0.208 0.180 -0.408
218-220(n} -0.208 0.190 -0.408
Equivalent stresses [N/imm?]
Section Sig-\V
216-218 (v) 240
218 -220 (n) 241
W
Table extreme values | from | Loads on suppe
Abbrechen | | Ubemehmen Hife
Graphical representation of displacements, rotations, forces, Next Back

moments and equivalent stresses for calculated load case and

load cases created by superposition Tabulated overview of

. . . . idsplacements
spatial presentation only for x, y or z direction
zoom, pan and rotate-function available Nl
graphical representation of results is scalable
detailed results for a selected node by mouse-click e
results in global or local coordinate system
results can be printed out or saved in rtf, html or csv format (e.g. MS Office)
tabulated overviews can be modified by user using filter functions
sort results by a click on the table header
Interaction between table and graphics, selected node in graphics is highlighted
in table and vice versa
N Sectional results (439) x
FE L0 sl E PO
X coordinate BB Sectional resutts  JR{ Support loads  JB Hangerloads ) Deformation breaks ) Additional resutts  JB{ Nozzleloads  JBI [+ | *
;Egg;g:g:i Mame | Pipeline Dimension... | WX Wy Wz ox QY oz M MY Mz SIG-V ~
Component fmm] —[mm] | [mm] [N ! k] fm]  [m] (kNm] [Njmm?]
12 | Feedline | DN150.0 0.00| owo| o.00| -0.357| 0.131] -1144| 0.147| 0747 0.5 23.5
Dimension na -
Segment name 14 FeedLine DM150.0 -1.34| -0.05 -0.21 -0.357 0.131 -0.081 -0.147 -0.,128 -0.075 18.9
S_ev:ﬁon 14 FeedLine DM150.0 -1.46 | -0.00 -0.20 -0.345 0.180 0.007 | -0.010 0,201 0.073 23.8
tlo 14 FeedLine DM150.0 -1.50 0.13 -0.16 -0.131 -0.357 0.066 0.134 -0.144 -0.024 18.9
WX 13 FeedLine DM150.0 -1.45 0.83 0.21 -0.060 | -0.121 -0.348 0.134 -0.345 0.195 18.9
w\zl 18 FeedLine DM150.0 -1.45 0.95 0.35 -0,237 | -0.152 0.121 0.241 0.062 0,392 246
PY 18 Feedline DM150.0 -1.43 0.87 0.53 -0.201| -0.080 -0.121 0.223 0.107 | -0.399 18.9
E; 20 FeedLine DM150.0 -1.00| -2.26 246 0.843 -0.060 -0,121 0.223 -0,200 -0.247 18.9
Qx 20 FeedLine DM150.0 -1.03| -2.46 2.69 0,606 -0.691 -0,121 0.008 -0.319 -0.,178 240
Y W 20 FeedLine DM150.0 -1,15 | -2.44 301 -0.0860 -0,121 0,991 -0.228 -0.019 0.250 19,1

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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3.3 Stress analyses

Colored presentation of stress utilization and detailed results
at selected nodes

W Node results (439)

SEL~O @S LGS

Xcoordnate | PRI Node resits

¥ coordrete Name  |Comp... [Ppeine | Dimension... |segment... |DaN fom] S [l i o [P barfg)] [S(M)... |Stotal (vinm | sallw [Njm... [UHTR]
Comans WsU [ Tornes [ DNe0n | 22352 | ®ee0] 5] 10] 1so] 00] 208 =N ] 7
b s TIU_ | Toplres | DNaoo0 | 398262 | 219.10] 60| 592] 592] 000] 1916 925 167.4] 1150
Segment namd WSU | Bypasstne | DNB0.0 | 262250 | sse0| 450| 10| 1so| 000 1642 165.1 67.4] 87
m] TFS | Toplines | DN80.0 254-252 8850 3.20] 221f 221 0.00] 1551 156,4 1674 93.5
T e |
= TTU_ | Bypassine | DNs0.0 | 232234 | 88o0| 450| 400] 400] 000] 1132 132 674 676
_ TIU_ | Toplres | DNzo00 | 7s-402 | 219.10] 60| 592] 592] 000] 1026 102.7 67.4] 613

0 TIU_ | Bypesstne | DNs0.0 | 220-222 | s890| 450| 400| 400] 000| 954 6.4 167.4] 576
TTU_| Bypassine | DNB0.0_ | 290232 | 8800| 450| 400] 400| 000] 869 7.0 674 522

S1 [Njmm?] wsU_| Bypasstine | DN80.0 206 -208 8850| 450 19%0] 190 0.00] 847 85.4 1674 510

Ea TTU_ | Bypassine | DNB0.0 | 220 228 | 88o0| 450| 400] 400] 000] sLL 525 674 3
vt VIIT | Aunmsciine | oann | 5% 5% | _Aaanl aonl im0l ianl _amnl ais s el w7l ¥

Tabulated overview of stresses

- graphical representation of stresses for the selected equation,

SIGMA INGENIEURGESELLSCHAFT [

292118 - LISEGA

W Mode 170

Node Loads Stress analysis

‘Slresses -53 - 02 - (Temp. loads)

T

Section Da[mm]  S[mm] P[bar(g)}] Tc[°C] Material
188 - 170 (v} 21810 6.30 0.00  200.0 P235GH
170-172(n} 21810 6.30 0.00  200.0 P235GH
170 - 208 (n) 2380 320 0.00 2000 P235GH
Forces [kN]/ Moments [kNm]
Section ax Mi Mo MT
168 - 170 (v) -5167 1.882 0914 0118
170- 172 (n) -3.473 0.642 0.870 0.500
170 - 206 (n) -0.857 1.220 -0.482 0.044
Stress intensification factor
Section ia ii i it
188 - 170 (v} 1.00 221 221 I
170-172(n} 1.00 221 221 I
170- 208 (n} 1.00 221 221 I
Stresses [N'mm?]
Section 51 S(M)y Sa Sb 5t Stotal
168 - 170 (v) 00 20 12 20 08 223
170- 172 (n) 0.0 125 0.e 1.0 3.0 13.3
170 - 206 (n) 0.0 787 1.0 796 1.3 80T
<
Details
=
oK Abbrechen Ubemehmen Hitfe

equations are defined automatically depending on the defined load cases
+  stress analysis according to different specifications for different parts of the piping system -
« stress analysis may be limited to selected parts of a piping system

+ detailed results for a selected node by mouse click

«  results may be printed or saved in rtf, html or csv format (e.g. MS Office)

- tabulated overview may be modified via filter functions

+ sort results by mouse click e. g. acc. to utilization or node number
+ interaction between table and graphics, selected node in graphic is highlighted in table and vice

versa

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH

www.rohr2.com




SKIOS SICMA m

ROHR2Featurelist Page 10

3.4 Loads on nozzles and supports

Graphical presentation of loads on nozzles and/or supports
and detailed results at selected supports.

= 0.107 kN
ra= 0.507 kN
=-1.727 kN

=-0.043 kNm
0.317 kN M 061 kNm
QZa= 1.018 kN MZa=-0.012 kNm

QXa=-1.140 kN MXa= 0.419 kNm|
QYa=-2.139 kN MYa=-0.124 kNm

QZa=-0.062 kN MZa= 0.628 kNm|
Suppert Ioads (30) x
Nozzles at vessels S s
P I e = R R = R S B
ﬁgg;g;g:‘: ~| I Sectional resuts JBL Supportloads  JB[ Hangerloads € Deformation brecks € Additional resuts JBL Nozzleloads  J8L Flang* | *
Possibility to define and e T R
poo! /I
Label for coorc 16 Siding su... | Feedlne | DN150.0 0.2% 0.071 822 0.000 0.000 0,000
document a”oWabIe Ioads at 22 Spring su... | Feedline | DN150.0 0,330 -0.506 2111 0.076 -0.057 0,000
nozzles Dimension ra 140 Siding su.. | Feedlne | DN150.0 0.109 0.050 5,400 0.000 0.000 5,000
- 146 Springsu... | Feedline | DN150.0 0.387 0924 3,366 0.139 0,058 0,000
Consider vessel f|eX|b|||ty in wz 180 Sliding su1.. | TopLines | DN200.0 0.850 0.273 297 2102 0.366 0.004
R i d 2 Anchor p... | Colomn | DN2000.0 2,450 2173| -maw| 155 5,85 2,895
pipe stress calculation Pz 184 Siding su... | Toplines | DNZ00.0 0.000 0.000 5,000 0.000 0.000 5,000
N | ith B a2 Anchor p... | Stuchre | HE180B.... 0.153 0.038 EXT 0.341 0,276 0.001
OZZ es Wlt Support gz 108 Anchor p... | Structure HE180B.... 0.489 -0.336 -0.612 0.522 0.507 0.040 w
L v < >

Tabulated overview of loads

. graphical representation of loads for the selected load cases
. graphical presentation for all or for selected supports

. detailed results for a selected node by mouse-click

. documentation in global, local or user defined coordinate system

. results may be printed eut or saved in rtf- or csv format (MS
Office)

. tabulated overview may be modified by user using filter
functions

. sort results by click e. g. acc. to load in any direction or
displacement in any direction

X . interaction between table and graphics, selected node in

T graphics is highlighted in table and vice versa

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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3.5 Additional results

In addition to the analysis of stresses and loads at supports and connections, ROHR2 provides, among
others, the results of:

+  Expansion joint analysis

+ Internal pressure design

+  Spring design

Expansion Joints
Database with lateral, angular and axial exp. joints

- data input by data base or user defined

«  spring rates are calculated automatically using the
manufacturers data

- forces due to internal pressure are considered automatically

«  The expansion joint analysis can be carried out as a separate
task automatically according to the selected superposition
specification: Allowable deformations are checked for all load
cases

- data sheet with detailed results for any exp. joint

292118 - LISEGA | & tesers X

Segment | 154 - 156 ~ Block Deactivate

(O extemal support (@) intemal support

Base poirt |ed| | Prop. of ausiiary member

Coordinate system

['spec. coordinate system Edit coordinate system
Spring design

Consider with automatic design

Design | Spring rate {res.) N/mm
Installation load fres.) kN
Additional bearings

[auide support  [Jaxial stop  [JWx [ WY WZ
Stiffness of rigid bearings

Spring design
Database with spring supports according
to manufacturer’s data

. . . . Edit stiffness Defautt
+  spring design, estimation

- check of allowable deformations F""’”"”'E::Zd o
for all load cases and -
for load case superpositions Add. support mass ke
« data sheet with result overview for Springtype 23118 |
all spring and constant force supports Desaription [uas |
Next Back

Abbrechen | | Ubemehmen Hife

Definition of spring support,
Calculation with given spring data or auto spring design

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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3.6 Postprocessing

Definition of post-processing tasks.
The following are currently possible

* Report generation

»  Conversion of output files into RTF or PDF format based on templates
»  Export support data LICAD/FLEXPERTE/PDMS or *.sup

»  Export of results in *.csv
» Check the results, e.g. for lifting bearings, permissible loads etc.

SIGMA INGENIEURGESELLSCHAFT [

The post-processing tasks are selected in the calculation dialog, so they are automatically executed after

the calculation.

Additionally, there is an automatically generated post-processing task "Convert output files to RTF". This
converts the output files of all previously calculated tasks into RTF format using the template for general

output.

ROHR2_Featurelist

Description | Results check

Superposition spec.

Checking upward loads

J Don't consider this task for calculation []

v

max. angular deviation

Supports rigid hanger max. deg
Hanger [A spring hanger max.
Jacket pipe couplings [ constant hanger max.

[ anqulating supports  max. [Zl deg

Utilization of allowable loads

Nozzles Supports Hanger
Support loads

Maximum forces [kN] (O constant

Maximum moments [kNm. (O constant
Nozzle loads

[Imaximum forces constant

[IMaximum moments constant

Additional results

(® nom. diameter

o100
(@ | xovo

(® nom. diameter

(O nom. diameter

nom. diameter

[ maximum deflection [mm] (@) constant () nom. diameter E'

[] minimum spring travel

SIGMA Ingenieurgesellschaft mbH

o

www.rohr2.com
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3.7 PROBAD connection

PROBAD is the standard solution for code-based strength calculations of pressure parts.

PROBAD is developed and distributed by SIGMA Ingenieurgesellschaft mbH.

The PROBAD functions in ROHR2 are used to export data of the selected areas to PROBAD strength
calculations..

%1 Export PROBAD X

Zelverzeichnis (PROBAD Datenverseichnis) |

Zechung  Drawing

EN1S2  ENIMMS  EN1340  AD2000 ASMEL ASMEVII  ASMEBIL1  ASMEBILY  EN1S91-1

. Data transfer process

T ROHR2 determines the
different, exportable
components existing in the
marked area in the sense of
PROBAD.

Primérlasten . Extremwerthidung
sires o
enferen

Benstte PROBAD Mocke sarien [] O] stbncn

Rigid beams are normally interpreted as design aid (exception: brackets, saddles), e.g. to define the
exact position of off-center branches. Rigid beams are therefore ignored when searching for branches.
The search continues across rigid beams until a valid branch element is found.

For brackets and saddles, rigid bars or other profiles can be used to model the connection from the
vessel to the bracket or saddle (= support in the ROHR2 model).

The data can be exported for one or more calculation standards. A directory structure is created
according to the PROBAD data directory.

For each calculation standard, not all components are available in some cases. The components that are
not possible for a calculation standard are deactivated during the export.

Database and Materials

ROHR?2 uses the PROBAD FEZEN database partially which makes the materials clearly assignable.
Projects, generated by former ROHR2 releases can be part of the PROBAD export, too. In this case just
the component type and the delivery status is missing and needs to be completed PROBAD.

Supported PROBAD components

* Cylinders / Cylinders + branch * Head/head + branch
< Bend, , miter bend,/ bend + branch * Flanges

* Cone/cone + branch * Vertical vessel on feet
« Tee ¢ Vessel skirt

»  Spherical fitting * Brackets

* Flat plate * Saddle

Import of pipe classes
The import of pipe classes from PROBAD is implemented.

Insert support constructions

At special analysis cases like PROBAD or ROHR2fesu particular support constructions like brackets or
saddles may be inserted

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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3.8 Internal pressure analysis

ROHR2 includes the check of internal pressure design of pipe components which are part of the model
(i.e.: wall thickness dimensioning caused by internal pressure).

The current program release analyzes these components according to the following standards:
. Straight pipes. acc. to EN 13480, ASME B31.1, B31.3, AD 2000 B1

. Bends and bows acc. to EN 13480, ASME B31.1, B31.3, AD 2000 B1
. Tees and nozzles acc. to EN 13480, ASME B31.1, B31.3, AD-2000 B9
« Reducers acc. to EN 13480

Documentation of the internal pressure analysis

* Detailed warnings and error messages
* Clearly presented documentation of all components

san werkzeuge Kaespr © A& Anmciden

SIGMA & ﬁ

= 181204 Desy
Ingenieurgesellschaft mbH 28122018

Dimensions - Prasentation_2

Overview Pipes and Elbows/Bends
Internal pressure analysis acc. to EN 13480-3 (Edit. 2017)

Analysls for Pipes and Deslgn Test
Nominal Waterat owan [warew]cr [z [v [p [t Jum [P T Jom
diameter
wm | [mm [mm b € % [ e |
DN200 0 P |P235GH 219,10 |6.30 800% [1,00 0,85 (2500  |300.00 T467|5527 2000 6271
DN200.0 B |P235GH 219,10 |6.30 800% |100 0,85]25,00 |300.00 9463|5327 20,00 79.48)
DN190.0 P |P235GH 168,30 |9.60 8.00% 100 0,69]2500 | 300.00 66.07|93.27 2000 55,49]
NI%00 B P23soH w6830 [560  [soms [100 [085]2500 [a0000 | sa2esaxr mea | 7077
DN8OO P |P235GH 88.90 5.00 10.00% | 1.00 0.85]25.00 |300.00 4078|5327 | 2000 34,25
oo o Pzs w500 [1oov[100 [oss|eso [souce | senfssa oo | ssar
* Detailed documentation for each component
Datei Bearbeiten Anzeige Fenster Hilfe
Start  Werkzeuge P235-PN25 - Pipes.. @ [ Anmelden

P235_PN25

Internal pressure analysis

Input data

Nom. diameter. Pipe EN 10220 welded 219,10 x 6,30

Material P235GH

Design pressureftemperature: 20,00 bar (8) / 350,00 °C

Test pressureftemperature: 37,50 bar (0)/ 20,00 °C

Analysis straight pipe

Dimensions

Outer diameter 219,10 mm

Wall thickness. 6.30 mm

Add. thickness c1 2,00 mm (EN 10217 - welded Pipes)

Add thickness ¢0: 1.00 mm

Welding factor 085

Allowable stresses Design cond. Test cond.

Allowable stresses: 100,00 N/mm* 223.25 Nimm*

Results Design cond. Test cond.

Calculated stress. 96,17 Nimm* 144,25 Nimm?*

Stress utilization: 96,17 % 64.61%

* The documentation is transferred into the ROHR2 calculation report

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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3.9 Nozzle analysis

Analysis of the loads following several standards for nozzles at a pumps and vessels which are part of the
ROHRZ2 project. The nozzle analysis is carried out by the module ROHR2press. ROHR2nozzle is part of

the ROHR2 standard package.

Currently the following standards are part of the nozzle analysis:

« API610/
- API617
- APl 661

- DINISO 9905

- NEMA SM23

+  Nozzle Spec

- ENISO 5199

- DINENISO 10437

- DIN ENISO 10440

- DINEN ISO 13709

- Allowable loads acc. to manual input in ROHR2

The first step is the definition of nozzle analyses in ROHR2 and

the selection of a standard.

Depending on the standard one or more nozzles in the ROHR2

model may be assigned.

Standard API 610

Type |Fig. 21 - Vertical in-ine pumps v

Fig. 21 - Vertical in-ine pumps
|Fig. 22 - Vertically suspended, double-casing pumps
|Fig. 23 - Horizontal pumps with side suction and side dis
|Fig. 24 - Horizontal pumps with end suction and top dis|
|Fig. 25 - Horizontal pumps with top nozzles

OK [ Cancel

A sub-type can be selected according to the standard, too. The

subtypes are defined in the standards.

Depending on the selected standard additional input
may be required.

Calculated loads are transferred from the ROHR2
calculation. The allowable stresses are determined
depending on the standard.

The stress utilization will be analyzed and
documented

Additionally the nozzle analyses may be carried out
independent of the ROHR2 model. In this case the
maximum occurring loads need to be inserted
manually.

Report

A documentation in *.rtf format is generated for all
calculated components. The document is shown in
the associated text processor.

Example: Sub-Types according to APl 610

Coordinate system

Fig. 21 -Vertical in-ine pumps

AP 610 - 18613709 - Centrifugai pumps for petroieum, petrochemicai and
natural gas industries
Component: Pump1

The factor fo increase the allowable loadsis: 1.00

[Nozzle Node

Diameter PFosition ax dy|
NPS [mm] fmm] [mm]

dz| : Factor for

allow.
loads

300 Suction 0.0 0.0 0.0

1

200 Dizcharge 0.0 0.0 0.0

T

Analysis

|:Nozzle T

Saugstutzen 1 Druckstutzen
OP

Loadcase 1

| OP

aliow.| UL %] calc. allow.|  UBL (%]

Fx %)

€€72.3] 5.01 3781.0] 0.05

y_ ()
T

53379 0.02 31138 0.0€

B006. 5| 0.01 Z. 4853.0] 0.0%
B

Bx_[m)

I I 0

olo| ofo| ofo)

€101.2 0.02 3525.1] 0.06

olo| o|o] of o]

gy (Fm

2582.8) 5.03 17626 0.11

%z (m)

46056 0.02 2576.1] 0.08

If ROHR2nozzle has been started inside a ROHR2 Project the output can be made part of the ROHR2

report.

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH
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3.10 Isometric drawings and part lists

Program module to create dimensioned isometric graphics

Detail: Dehnungsbogen / Dreigelenk

ROHR2iso completes the graphical user interface
ROHR2win by isometric drawing functionality.
ROHR2iso creates scaled and notscaled pipe
isometrics. The module allows to add dimensions,
welding nodes and additional parameters like height
data or user defined texts and graphics.

The creation of single- and cumulative part lists is
implemented.

Calculation and isometric modules are working with
the same model.

Modification of the calculation model automatically
influences and updates as well the isometric
representation.

W Partlist (sum) (47) *
S F L0 @SS L0

B Partlist Gum) JR] Part list indivicual)
Pos | Count Desc. Nom, diam... |Length Mass Insulation ... Surface Material Standard I A

[mm] [ka] [mm] [m?]

The benefits of ROHR2iso are:

Minimal effort for the training of users

The separate available program module ROHR2iso is integrated
into ROHR2win. Multiple inputs are not required: each data entry
is made for calculation and isometric drawing.

Significantly reduced effort of data input and editing

Enormous advantages arise when performing system
optimization or system changes. If there are changes in geometry
or in technical requirements, the calculation and isometrics may
be adapted in one step.

«  Automatic creation of simply dimensioned isometrics.
Dimensions can be adapted to the users needs.

+  Creation of single- and cumulative part lists completed by general system information

- Export of isometric drawings via clipboard and part lists to spread sheet format.

- Generation of isometries for the entire or partial system, for particular lines or defined views.

+  Welding seams: Insert welds at all components automatically or manually at individual nodes

+ Instruments: Select symbols from a library to represent instruments in the system.

- Elevation levels / Height indicators: Height parameters may be inserted and positioned at any
node.

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com
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3.11 Documentation

ROHR?2 Standard Documentation

Text

. Individually determined content of output files, results tables may be included/excluded by the user
. Output files in ASCII format

. Data can be stored in pdf or rtf format, e.g. for further processing in MS Word

. Headers and footers may be added

. Data export for further processing in a spreadsheet program like MS Excel

Graphics

- Selection of arbitrary views
Graphic representation of the entire system, of system parts or of specified pipes
Framework graphics or volume model
- Assigned parameters like dimensions, materials, operation data may be shown graphically (colored
representation)
Graphical presentation of results, e.g. deformations or stresses
Graphical presentation of loads

ROHR?2 Report generation

ROHR?2 offers functionality for customized report generation. Certain predefined templates for the
generation of reports are included in the scope of delivery of ROHR2. These templates may be used and
changed to customize result reports fulfilling the specific needs of the user.

An additional appendix to the report may be defined e.g. for printing complete calculation results The
report capabilities include free formatting of ROHR2 text modules and the refreshing of the report

when input changes are made and the analysis is redone the calculation changes.

5§ D502-DocE_RevD (Seitenansicht) - Microsoft Word
* Datei Bearbeten Ansicht Einfigen Formab Extras Tabele Fenster 2 FPDF Create! Frage t

‘S Fad e - A= ghliesena

Sete 3 Ab2 3}4  Beil2om Ze 18 Sp20  MAK AND ERW U8 Deutsch(De 0K Y

ROHR2 Report generation

ROHR2_Featurelist
SIGMA Ingenieurgesellschaft mbH www.rohr2.com



ENGINEERING AB

ROHR2Featurelist Page 18

Creatmg a ROHR2 report

Ada-ins

The report template includes links to
ROHR2 text and graphic output of

\
Stress calculation] B\
using roH)

«Resultsy

Cfrm- acc.-to-#R2DOC- Berechnungsvorschrift: IDATASTXTS: /FILESspec.txt$-
N

general data

TASRTFS:

T —— load cases

The:
“Stress analysis ’
1

stress analyses

IFILESSPO_res_sig_max_all.nf$-#]

[ Stresses—Overview] b
#R2DOC- /TITLES TotalSystem_Stress_1_Analysis_3§- /IDATASPICTS: 1

\ FLES o Syotom._Siress_1_ Baaysia 3 vowamit- 1 P { extreme va I ue calculatlons
oads- on-selected- nozzles{ )

graphics

Forall in the calculation model defined nozzles the: are isted in
#R2D0C /TITLES Selected nozzledoads$ /DA TASRTFS/FILESK2_LFEXTO_res_asn, nnnb rtf$:

g-owrfgel

results

1

* Loads- on-supports-
The- loads at all-supports-are fisted in the ROHR2: output file "Supportfoads™ §

o Suppon loads

-— NozzleLoads
[=-— Graphics

—_—

[=)-— Stress analysis

— Stress analysis
- — Stresses-Steel
— Calculated load cases
[=)-— Superposttions

[=)-— NozzleLoads

-8 Output file

— Wind-XY
— Max Deadl./-Max.
— Max Deadl./-Min.
\_. H— Extreme val-Max.

| siowa ==zt

: After re-

Start Einfugen Setentayout Verwelse Sendungen Uverpruten Ansicht Ada-ins Entwurt Layout !

{ 0 XA O BN W0 1O KRN KBS 11 SMACEN) S | B X | EMK: DM G | DS VO s L

: -Results{] .

" Sirosses ace to ASHE B3T3 calculating the

i b o Mok Saoh ameei  Umen .

2 s ANmmE  {NmmE Do

; 8 s gmme m “E CED SR ||| PIPINg system the

£ - e e e s modifications of Show only existing data
|- 04a  categoryPs 108 467¢  2800: 1670w Edit

o The detailed documentation of the calculated and allowable stresses can be-foundin the ROHR2 output file t h e curre nt Write changes to global file

“Stress-analysis" |

: R G analysis are taken \ (edtable |

: over into the (cmtosm) [ f ) [
: report. - [ |
‘
|| B e - Automatically refreshed
® 1 : i .
] Loads- on-selected- nozzles{ E after re-calculation
4 For-all-in the-calcul isted in the-following table §
A Nodes  Linea Descriptions § QX  QYe Q2 MXe MY  MZem
{kN)= {kN)e {xNJ= {kNm]z  {kNm]s {kNm)e
- Ve e i el dNE SR Gec TBC G G
j=] VaN1e vessel.V08s :"llld»- calce 2174 HATIe  1.162¢ 0A403¢ 1219«  0.756em

ozzleNts  allows 3000s 3000: 4000= 2000: 3000 20005 )

D  Output - g-aufgelistet §

ROHR2_Featurelist
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4 ROHR2 Optional available programs

The usability of ROHR2 Static and Dynamic program system may be even further extended by a number
of add-on modules. We will be happy to provide more detailed information including examples for the
following add-on modules.

4.1 ROHR2flange — flange analysis

Flange analysis with the optional available module

ROHR2flange.

| Flange connection X ‘
Flange analyses acc. to
. dard EN 1591-1
- EN 1591-1: ‘
. All, stresses EN13480
- ASME VI, Div.1 Flanges |
. . . Flange 1
Automatic analysis of all flanges in the system Type T |
taking into account all load cases. The number of Flange faces Raied face
load cases can be reduced by the user. SR <l
Automatic generation of load case combinations ,
. Nom. diameter
required for the analyses.
. . Nom. pressure 40 L
Simple pre-settings of the flange parameters by Materi pasocH v
means of standard values for flanges, screws and Materialloose flange
gaskets. Bols Washer
e . P . Type Bolt with head and nu' Standard v
The flanges may be modified individually and in === i
. Standard EN 24015 V. Material P235GH M
detail. Add. information x Nut
Surface finish normal v Standard 1S0 4034 WV
Friction coefficient 0.15 Material 21CrMoV's-7 v
. Material 21CrMoV5-7 o
The gasket database at the moment includes more e =
H H Gasket
than 350 different types of gaskets of leading - o ot et <]
manufacturers imensions Busiss v
Report of the calculation results in a list Vaues B25A/B27AB29AGral |
Automatic generation of a calculation report in [E == Hoet V |
. Thickness 49 mm
German or English
‘ Friction coeffident 0.22 ‘
For detailed information see ROHR2flange brochure.
s vatrel
Select gasket
Manufacturer Name Revision Main group Sub group Catalog
EN 1591-2 Tab.13/16/27,B01 10.05.2017 EN 1514-1 Non metallic flat gaskets with/with... Fibre gaskets EN 1591
EN 1591-2 Tab.14/16/28, FO1 10.05.2017 EN 1514-6 Grooved metal gaskets (Kammprofi... Graphite facing EN 1591
EN 1591-2 Tab.15/16/30, K01 10.05.2017 EN 1514-1 Non metallic flat gaskets with/with... PTFE/Graphite ... EN 1591
Kempchen Rub.-Steel, WG E... 08.01.2014 EN 1514-1 Non metallic flat gaskets with/with... Elastomer Gaskets www.gat
Klinger KGS EPDM 92 x 4... 14.07.2014 EN 1514-1 Non metallic flat gaskets with/with... Elastomer Gaskets www.ga
Klinger KGS FKMJViton 9... 14.07.2014 EN 1514-1 Non metallic flat gaskets with/with... Elastomer Gaskets www.ga:
Klinger KGS/NBR 92 x 49... 14.07.2014 EN 1514-1 Non metallic flat gaskets with/with... Elastomer Gaskets www.ga!
Kroll & Ziller G-ST-P/SEPDM, ... 27.09.2011 EN 1514-1 Non metallic flat gaskets with/with... Elastomer Gaskets www.ga:
Kroll & Ziller G-ST-P/SFPM, 4... 27.09.2011 EN 1514-1 Non metallic flat gaskets with/with... Elastomer Gaskets www.ga
EagleBurgmann ~ Burachem Multi 9... 05.12.2013 EN 1514-1 Non metallic flat gaskets with/with... PTFE Gaskets www.gat
Eriks RX Flowtite, 92 x... 14.10.2011 EN 1514-1 Non metallic flat gaskets with/with... PTFE Gaskets WWW.ga!
Flexitallic Sigma 500, 1.6 mm 10.04.2008 EN 1514-1 Non metaliic flat gaskets with/with... PTFE Gaskets www.ga
Flexitallic Sigma 511, 1.6 mm 04.12.2007 EN 1514-1 Non metallic flat gaskets with/with... PTFE Gaskets WAW.ga!
Flexitallic Sigma 533, .6 mm 04,12.2007 EN 1514-1 Non metaliic flat gaskets with/with... PTFE Gaskets www.ga
Flexitallic Sigma 588, 1.6 mm 04.12.2007 EN 1514-1 Non metallic flat gaskets with/with... PTFE Gaskets WAW.ga!
Flexitallic Sigma 600, 1.6 mm 10.05.2017 EN 1514-1 Non metallic flat gaskets with/with... PTFE Gaskets WWw.gat
Create data sheet with double-click or right-dlick. -Select Abbruch
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4.2 ROHR2fesu
Finite Element Analysis of Sub-structures in ROHR2

ROHR2fesu is an add-on module ROHR2 for detailed analysis of local segments in pipes and vessels.
ROHR2fesu offers an easy-to-use modeling of shell element sub-structures, fully integrated in the
ROHR2 framework. This enables the user to carry out detailed analyses of critical segments while
maintaining the framework of the entire model.

The shell analysis is carried out in accordance with the widely accepted method of finite elements. The
mesh generator of ROHR2fesu automatically integrates intersections of branches, trunnions, nozzles with
and without reinforcement. ROHR2fesu enables the user to easily control the mesh size and distribution.
ROHR2fesu has been extensively verified in accordance with the
present the state of technology.

ROHR2fesu inlcudes:

»  Complete integration of the FE structure(s) into the
connecting frame work

+ easy-to-use parameter controlled model generation and
meshing

» short solution time

+ automatic stress analysis and documentation

» stress analyses following EN 13445, Appendix C, ASME
Section VIII, Div. 2, Part 5 and AD S4

* enhanced possibilities to extend the substructures later

ROHR2 model with non-regular components

ROHR2fesu model rectangular lug

Head with nozzle
and support at bend

ROHR2fesu Documentation

The ROHR2fesu documentation can be modified by the user.
Input data and results are taken into a report template as text as
well as graphics.

A separate detailed ROHR2fesu program description is available.

ROHR2_Featurelist
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5 ROHR2 - Detailed features

5.1 Overview

All ROHR2 program versions include

ROHR2win Graphical user interface

ROHR2 Calculation program

ROHR2iso Generation of isometrics and part lists
ROHR2press internal pressure analysis
ROHR2nozzle nozzle analysis

PROBAD Interface Import of Pipe Classes

Neutral CAD Interface including Export AVEVA PDMS/E3D - ROHR2

CAESAR I Import interface , Export Interface
PIPESTRESS Import interface

CAEPIPE Import interface

SINETZ Export interface

FLOWNEX Export interface

PIPENET Import interface

PIPENET Export interface

DXF format Data import interface

Export Interface into the Support Design Programs LICAD, FLEXPERTE, CASCADE

Equivalent stresses are calculated at common beam elements.

5.2 General settings
System input

Several tasks can be calculated parallel which leads to a reduced calculation time
Calculation in a temporary local working directory accelerates analyses running on network drives

ROHR2_Featurelist
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5.3 Input features

System input

Pre-settings for new models (e. g. standard, ...) can be defined individually by the user
Input of system geometry by mouse and keyboard

Access to system data via graphics or tables

Zoom, pan and rotate functions with individual assignment of the mouse functions
UnDO and ReDO

Quick access to frequently used commands by context menu

User defined shortcuts for frequently used commands

Copy, insert, rotate, reflect(mirror) commands

Detailed Input features

Definition and assignment of boundary conditions and loads with the mouse by means of dialog
windows.

Different support conditions such as sliding support, guide support, axial stop, anchor point etc.
are available. The according support directions are determined automatically.

Input of internal supports and hangers (i.e. Supports and hangers where the base point is a
system node). Internal spring hangers and supports are analyzed like “normal” spring hangers
and —supports.

automatic coupling of a pipeline with the steel structure existing in the model by automated base
point search for supports and hangers.

There is a new component type Support construction, which can be used to insert saddles and
brackets. These are mainly required for component analyses with ROHR2fesu or PROBAD. Basic
data of these components are managed in the ROHR2 model and do not have to be entered
subsequently anymore

Input of angulating supports with any spring characteristics.

Definition of pipe couplings , e.g. Victaulic coupling

Local coordinate systems for boundary conditions are produced automatically if required.

User input of dimensions of pipes and structural steel sections, alternatively data may be
retrieved from the enclosed databases. The line masses of pipes, insulation and medium are
determined.

Sectional data of the common structural steel sections are determined automatically or retrieved
from a section data file (DIN).

Material properties like Young’s modulus, a: and allowable stresses may be taken from the
ROHR?2 database MATDAT (may be extended by the user).

For EN13480, ASME B31.1 and ASME B31.3 a reduction factor for allowable stresses at welds
may be considered (e.g. “Weld Joint Strength Reduction Factor” according to ASME B31.3).
Input of components like instruments, expansion joints and flanges.

The increased stiffness of the instruments is considered by 3*s of the associated diameter.
Expansion joints are integrated into the piping model considering type and orientation of the
tension and nonlinear regulating powers.

The stiffness of supports may be input by the user. Data may be retrieved from database (VDI
3842/2004) or manually entered.

Management of pipe names

Define and edit project regions. Regions are used to assign data or to manage reports
Modeling of soil restrained pipes with non-linear soil properties acc. to AGFW FW401 or EN
13941

Definitione of ,single use expansion joints* for distributed heating systems

New boundary condition "Hot-Tapping" to automatically generate the deformation breaks for a
connection to a hot piping

Modeling of jacket piping, considering the connections of inner and outer pipe via couplings.
Import of pipe classes from PROBAD

ROHR2_Featurelist
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Databases
Component databases, included in ROHR2

Databases with data e. g. of pipes, bends, flanges or expansion joints according to technical standards or
according to manufacturer’s data. Databases are extendable by the user. The ROHR2 standard version
includes:

Pipes: ASME B36.10, EN 10220, DIN 2448, DIN 2458

Bends: EN 10253-2, ASME B16.9, DIN 2605 part 1, DIN 2605 part 2
Flanges: EN 1092-1, ASME B16.5, DIN 2627 - DIN 2638

Blind flanges: EN 1092-1

Reducers: EN 10253-2, DIN 2616 part 1, DIN 2616 part 2, ASME B 16.9
Tees: EN 10253-2, DIN 2615 part 1, DIN 2615 part 2, ASME B 16.9
Expansion joints: HYDRA (Witzenmann), BOA (IWK), KOMPAFLEX,

Heads: EN 10253-2, DIN 28011, DIN 28013, DIN 2617

Visco dampers: GERB, type VES, RHY and VISCODA type VD, VM

Spring hangers /supports: ANVIL INTERNATIONAL GB-China, Grinnel, Hesterberg,
LISEGA, Petrochemical-CN, PipeSupportsGroup, Pipingtech
PSS, Seongwha, SSG, Witzenmann (HYDRA)
Constant hangers /supports: LISEGA
Stiffness of supports VDI 3842/2004
Steel structures: following standards, Definition of dimensions
Databases for rigid supports, couplings (jacket pipes) and instruments created by the user.

Material databases, included in ROHR2

Material database containing material according to EN / ASME / DIN etc.

Direct access to ASME Stress table data from ASME BPV Sec. Il

Temperature and wall thickness depending values for Young’s modulus, coefficient of expansion,
tensile strength, yield strength and code depending allowable stresses

The material database may be extended by the user

Material database allows the administration of various norms and revisions

Control the form of manufacturing

Consideration of creep range parameters

Automatic determination of allowable stresses depending on the life cycle

Automatic determination of reduction factors at cryogenic temperature according to AD 2000 W10 or
ASME B31.3

For EN13480, ASME B31.1 and ASME B31.3 a reduction factor for allowable stresses at welds can
be considered (e.g. “Weld Joint Strength Reduction Factor* according to ASME B31.3).

GRP materials with anisotropic properties may be defined.

Youngs modulus and creep modulus can be defined at plastic pipes to consider long time and short
time values

Load cases and loads

Definition of load cases in dialog boxes.

Alternative: Simplified user interface with load case and loads standard settings

Load case superpositions for stress analysis and extreme value calculation are created automatically
depending on the selected stress code.

Load case superpositions of extreme value combinations are created automatically and may be
modified by the user).

Automatic generation of wind loads according to DIN 1055 part 4, DIN 4133, EN1991, NV65, UBC,
ASCE 7, IS875 or by user defined wind pressure tables.

Automatic generation of snow loads and ice loads according to DIN 1055, EN 1991

Ice thickness is considered at wind loads

Automatic generation of seismic loads acc. to EN 1998, UBC and ASCE

Automatic generation of fluid hammer loads (Joukowsky)

ROHR2_Featurelist
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Generation of sinusoidal load-time functions
Generation of load-time functions to consider centrifugal forces of a pig on arcs

5.4 Documentation

Display of assigned parameters, loads and results in the graphics and dialog boxes.
Certain results may be displayed as animations and stored in a video file format.

Tabulated outputs

standard calculation outputs with

o easily understandable result tables with table header

o result tables may be enabled or disabled for user customized documentation

o customizable documentation content

output of calculation files and results in fixed format into a universal file (for transfer to database)
additional and user defined extreme value calculation for arbitrary sections as-yeu-like, selection
by filters. Selection of these sections by direct access via graphics

wide range of options to display input data, loads or results in lists and to create individual outputs
by printing out these lists

selection of data by filters

results may be presented in any coordinate system.

Graphical presentation

line- or volume presentation, user defined colored presentation

display options to modify the view by enabling or disabling the different options
selection of partial structures using a wide range of filter functions

predefined isometric views, in addition front and side-view

generation of arbitrary views using zoom, pan and rotate-functions

Input data

graphical representation of the structure

Inputs in Sl or US-units

color presentation of the assigned properties (dimensions, pressure, temperature, material, ...)
color presentation of the assigned loads

clear labeling of names of lines and nodes (supports, valves, ..)

stress analysis of partial systems enabled by the inclusion / exclusion of selected lines

Results

entering of text blocks, any texts and additional graphics into the graphics

Graphical objects controlled by layers

results in Sl or US-units

results (deformations, rotations, forces, moments, stresses) of any calculated load case may be
displayed in the graphics

deformations from natural frequency calculations and dynamic fluid hammer calculations are
displayed as an animation time dependently

Results of internal pressure analysis may be displayed in colors.

the stress distribution may be displayed in colors

creation of structure plots and result plots of the entire system or details

Export of results

output of graphics and text by printer and plotter (large format printers up to DIN AQ)

Export graphics in PDF, DXF or metafile format.

export text in PDF or RTF format

export of selected data (from dialog boxes, listings) into RTF, HTML or CSV format (csv for use
with spreadsheet programs, e.g. Microsoft Excel)

Exchanging data of lists using clipboard

Automatic report, plus appendix based on individual configurable templates.

ROHR2_Featurelist
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5.5 ROHR2 calculation program

The ROHR2 calculation program contains static and dynamic calculation capabilities.

ROHR?2 Static and Dynamic in addition to the features of ROHR2 Static includes the possibility to
calculate dynamic effects like earthquake (frequency-dependent) or fluid hammer / pressure surge
(timedependent).

Core Module - Static

+  Calculation of piping structures considering any static loads following the standard rules of linear
static theory

+ It may be considered
- shear deformation,
- continuous elastic foundation.

+  Automatic generation of the equation system with an optimum line topology path (band width
optimization). This enables problem-free transfer of data from other CAD-systems.

+ Input via graphical user interface or text editor

«  General properties of components such as constant hangers, spring supports or dampers may be
altered by simple switching.

« stress analyses according to von Mises yield criterion

- Stiffness calculation for vessel connections (BS5500/WRC 297)

«  consideration of pre-stressed springs

- spring hangers / spring supports as well as constant hangers/ constant supports can be designed
automatically

+  check of the movement of the expansion joints and overloading in consideration of the reducing
coefficients for compression, temperature and number of load cycles

- check of difference in deformation for jacket piping

Nonlinear Boundary Conditions

«  Calculation of pipe structures with nonlinear boundary conditions such as
- - friction
- - gap in supports and uplift

- Consideration of restoring forces due to skewing and internal friction for rigid hangers, springs
and constant hangers.

« Analysis of the nonlinear behavior of braced expansion joints

- Consideration of geometric non-linearities

Second Order Theory

- Calculation of spatial frameworks in general, with consideration of any static loads, according to
the standard rules of linear or nonlinear static second order theory

+  Calculation of buckling load and stress results according to the second order theory for analysis
in accordance with DIN 4114 and DIN 18800 part 2

Superposition module

- Different options for the selection, combination, calculation and analysis of extreme values of
results. Superposition of any static and dynamic load cases and output of resultant loads.

+  Nearly complete automatic superposition of defined load cases with additional options for
customization.

ROHR2_Featurelist
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Check of input data / verification

+  Error check during data input
In case of load case with temperature > or < installation temperature a check regarding
conservative calculation data is carried out

« Internal pressure analysis of newly added dimensions

- Internal pressure analysis interactively at each component when inserting

- Graphical presentation of assigned parameters for verification

+  Calculation includes formal error checking with listing of input files

- Additional safeguards for input data are provided by printing control values such as o

absolute coordinates, angles of bends, lengths in space, overall length, total weight,

overall center of gravity and sum of support loads

- listing and error messages with link to the concerning nodes or sections in the graphics for easy
error checks

- context sensitive link to user manual

- warnings / warning levels for advanced check of input data

Internal pressure analysis

+ Components which ar part of the piping model are checked according to AD 2000, EN 13480,
ASME B31.1, B31.3 and others

- Straight pipes, bends, tees with or without reinforcing pad

« Internal pressure analysis at reducers according to EN 13480

Nozzle analysis

« According to API, NEMA, DIN EN , BAYER company standard

«  Automatic analysis of all nozzles in the system considering all load cases of the system. The
selection of the load cases may be changed by the user.

- Comparison of calculated loads and automatically determined allowable loads

+  Detailed modification of selected nozzles

«  Automatically generated report in German or English.

Isometric drawings and part lists

- Automatic creation of simply dimensioned isometrics. Dimensions can be adapted to the users
needs.

- Creation of single- and cumulative part lists completed by general system information

- Export of isometric drawings via clipboard and part lists to spread sheet format.

- Generation of isometries for the entire or partial system, for particular lines or defined views.

+  Welding seams: Insert welds at all components automatically or manually at individual nodes

« Instruments: Select symbols from a library to represent instruments in the system.

- Elevation levels / Height indicators: Height parameters may be inserted and positioned at any
node.

ROHR2_Featurelist
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Core Module - Dynamics The core module
Dynamics includes additionally:

«  Calculation of natural frequencies and mode shapes for any pipe structures as well as for any
framework structures

«  Modal analysis for support excitation, which is defined in terms of floor response spectra (e.g.
earthquake spectra). Higher mode shapes are taken into consideration by means of a residual
mode approximation

«  The dynamic model is based on point masses. ROHR2 includes the automatic mass distribution
in relation to the defined cut off frequency

Excitation Forces

- Consideration of any dynamic excitation forces (particularly fluid hammer) according to the modal
time-history-method

- The influence of higher mode shapes is taken into account by use of residual mode
approximation. Inaccuracies in the dynamic model may be covered by using the frequency shift
method

Harmonic excitation

- Special solution for the calculation of any harmonic loading in conjunction with the pipe static core
module. Results are harmonic stress resultants

Structure Analysis of Fluid Hammer using Direct Integration
- This analysis is used to consider non-linear boundary conditions and couplings.

This method is an alternative to the modal Time-History-Analysis. It allows integrating the full range of
non-linear piping components like shock absorbers or dampers into the dynamic analysis.
Nonlinear boundary conditions may be used to model shock absorbers or visco dampers

« ROHR2fun is included for the graphical representation of functions and results.

Shock Absorber - Diagram Shock Absorber - Load displacement function
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5.6 Stress codes in ROHR2 Static and Dynamic

The following ROHR2 program features apply to all stress codes listed below:
«  Conformity check of pipe components
Processing of flexibility factors in accordance with the structure calculation.
Stress analyses.
Comparison of stresses
Listing of components with the highest stress utilization.

Stress analyses, included in ROHR2 are updated to the following level

Standard

EN 13480

FDBR

Stoomwezen
D1101

AGFW401

EN 13941

CODETI
ASME B31.1

ASME B31.3

ASME B31.4

ASME B31.5

ASME B31.8

ASME NM.1

ROHR2_Featurelist

Description

DIN EN 13480-3
Metallic industrial piping - Part 3: Design and calculation;
German release DIN EN 13480-3:2017-12/A2:2020, A3:2020

Power Piping
Fachverband Dampfkessel-, Behalter-, und Rohrleitungsbau e.V.,
Essen

Stress Analysis according to Stoomwezen D1101 /78-10

Stress Analysis of District heat Piping

AGFW / FVGW Regelwerk Arbeitsblatt FW401 - Teil 10 -
Verlegung und Statik von Kunststoffmantelrohren (KMR) fur
Fernwarmenetze

Design and installation of preinsulated bonded pipe systems for
district heating

Code de Construction des Tuyauteries Industrielles

Power Piping
ASME Code for Pressure Piping,
The American Society of Mechanical Engineers, New York

Chemical Plant and Petroleum Refinery Piping

ASME Code for Pressure Piping

The American Society of Mechanical Engineers, New York
Liquid Transportation Systems Piping

ASME Code for Pressure Piping
The American Society of Mechanical Engineers, New York

Refrigeration Piping
ASME Code for Pressure Piping
The American Society of Mechanical Engineers, New York

Gas Transmission and Distribution Piping Systems
ASME Code for Pressure Piping
The American Society of Mechanical Engineers, New York

Thermoplastic Piping Systems
SME Standards for Nonmetallic Pressure Piping Systems

SIGMA Ingenieurgesellschaft mbH

Release

2020

1/1987

7/2003

12/2007

2022

2014
2022

2022

2022

2022

2022

2020

www.rohr2.com



KRV

ISO 14692
VGLSP
VGLSR

ASME CL1 2)

ASME CL2 ?)

ASME CL3 ?)

KTA 3201 2)

KTA 3211 ?2)

RCC-M CL1?)

RCC-M CL2 ?)
RCC-M CL3 ?)
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GRP-pipes Verlegerichtlinien flir Rohrleitungen aus

textilglasfaserverstarkten Reaktionsformharzen -,Planungs-

und Konstruktionshinweise”, Ausgabe Juli 1993 des
Kunststoffrohrverbandes e.V., D-53113 Bonn

Stress analysis for GRP pipes acc. to DIN EN ISO 14692-3

Stress Analyses for Skeletal steel structures (VGLSP)

Stress Analyses for pipes (VGLSR), according to General
stress hypothesis von Mises/Tresca

NB-3600 "PIPING DESIGN"

in ASME-BOILER AND PRESSURE VESSEL CODE
SECTION Il SUBSECTION NB CLASS 1

NC-3600 "PIPING DESIGN"

in ASME-BOILER AND PRESSURE VESSEL CODE
SECTION Il SUBSECTION NC CLASS 2

NC-3600 "PIPING DESIGN"

in ASME-BOILER AND PRESSURE VESSEL CODE
SECTION Il SUBSECTION ND CLASS 3

Nuclear Safety standards commission (KTA)

Komponenten des Primarkreises von Leichtwasserreaktoren

Sicherheitstechnische Regel des KTA, Edition 6/96
Nuclear Safety standards commission (KTA)

Druck-und aktivitatsfihrende Komponenten von Systemen
aufderhalb des Primarkreises

Teil 2: Auslegung, Konstruktion und Berechnung
Sicherheitstechnische Regel des KTA3211.2, Edition 6/92
B-3600 "DESIGN"

in RCC-M SECTION | SUBSECTION B CLASS 1

C-3600 "PIPING DESIGN"

in RCC-M SECTION | SUBSECTION C CLASS 2

D-3600 "PIPING DESIGN"

in RCC-M SECTION | SUBSECTION D CLASS 3

optional available module ROHR2fesu

Standard

EN 13445-3

AD 2000 S4

ASME VIII Div 2

ROHR2_Featurelist

Description

Stress Analysis of FESU structures acc. to EN 13445-3
Appendix C
Stress Analysis of FESU structures acc. to AD 2000- S4

Stress Analysis of FESU structures acc. to ASME VIII Div 2
Part 5 (Elastic Stress Analysis Method)

SIGMA Ingenieurgesellschaft mbH

7/1993

2017
2010

2021

2021

2021

2013

2013
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Release

2018
2016

2019
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6 Software Services

6.1 Program maintenance and updates, User support

The program system ROHR2 and its add on modules are delivered with detailed application documentation.
For any questions about ROHR2 you may contact the ROHR2 hotline to get direct support from our hotline
staff which consists of ROHR2 developers and engineers using ROHR2 every day. You may send the
project file you are currently working on, to discuss your questions with our development and engineering
team with 40 years of pipe stress analysis experience.

This direct link to the hotline guarantees an effective use of ROHR2 and assures that you receive

competent help in a timely manner.
developed
ROHR?2 continuously analysis

Updating the software by periodical releases is an essential component of the maintenance agreement.
The software is developed continuously in order to incorporate the ongoing changes in the stress
calculation codes and norms, but also to improve the user interface and extend the capabilities of ROHR2
according to the user’s needs. The material and component databases are regularly extended and
adapted to include upcoming changes in specifications. The technical regulations for the calculation of
pipes are subject to a permanent change. These changes are monitored by our development team and
implemented in the program system ROHR2 in a timely manner. Updates are available via internet
download.

This assures the user of ROHR?2 that the software always is updated to most recent editions and changes
of the codes which is required by the legislator of the current norms and laws.

The technical development in software programming as well as the adaption to technical prerequisites, such
as operating systems, are also considered and part of the update service. This ensures a long-term
safeguarding of the investment of soft- and hardware.
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a ¥
6.2 ROHR2 trainings .Wise people realize how
little they know, only fools
think they know it all!“ \

Scheduled Standard Training Cours

In spite of all modern technologies like e.g. webinar- and internet video training
personal interaction of participants and instructors is still one of the most effecti
courses of different lengths and at different levels, from beginners to experts, are normany neia at our uairnng ceners.
This offers a perfect “Training Atmosphere”, facilitating the interaction of participants and instructors and thus the
transfer of new ideas, and last but not least “Best Simulation Practices”. The courses also include numerous

“real industry” training examples. Course literature and training examples are supplied in digital format.

As an alternative, standard training courses also can be carried out on your premises.

For scheduled ROHR?2 training courses please visit our website at www.skios.se

Customized Training Courses

We offer training courses customized to your company- and staff specific needs. Our instructors and you will jointly
determine the content and we will develop a specific course accordingly. In order to keep down costs, different parts
from different standard courses might be adapted to your specific needs. Training examples covering your specific
simulation challenges, ensure maximum efficiency in transferring simulation knowledge to your staff. Not only the
course content but also the venue and date offer total flexibility. Course literature and training examples are supplied
in digital format.

Online Training Courses

Should your staff for some reason be unable to attend a regular scheduled training course, they have the possibility to
participate at a course via the internet. Depending on the course of your choice, they extend over different numbers of
days and hours at each occasion. Relevant training material is supplied.

Focus Days

Does one or several of your staff members need direct access to specialists in order to efficiently solve a specific
simulation problem? Here our Focus Days offer the perfect solution, where we welcome your staff at a venue of their
choice. There they have immediate access to our specialists in different areas, including computer- and software
resources to solve their problem. Nothing is more efficient than a direct eye to eye discussion with people who have
the knowledge, when you need it!

Dates and Content
For information regarding the content and dates of the scheduled training courses, please visit www.skios.se

Don’t hesitate to ask for an individual training offer, call SKIOS Engineering at +46 704 91 83 73!

 Plgperior |

ROHR2- The'European Alternative!

For further information

Peter Bergman Holger Droege

holger.droege@skios.se
Direct: +46 70 491 70 81
www.skios.se

peter.bergman@skios.se
Phone: +46 704 91 83 73
www.skios.se
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