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VESSEL STRENGTH ANALYSIS SOFTWARE

Introduction

PASS/EQUIP is strength analysis software for vessels and their components
designed for estimating load-carrying capacity in operation, test and assembly
states. PASS/EQUIP is the basic module, which analyzes strength and stability of
horizontal and vertical vessels using national and foreign standards.

PASS/EQUIP-Columns module analyzes strength and stability of columns
considering wind and seismic loads.

PASS/EQUIP-Heat Exchangers module analyzes tube and casing heat
exchangers (HE), including analysis of tube plates, tubes, pass partitions, casing,
expansion joints, expansion vessel, floating head, and air—cooled heat exchangers.

Calculation of vertical steel tanks, designed for oil and oil product storage, is
performed via module PASS/EQUIP-Tanks. For tanks, it is possible to create
models of frame roofs and export it with loading and fixing to the ANSY'S program
for further strength and buckling calculations.

PASS/EQUIP-Seismic module analyses strength and stability of horizontal
and vertical vessels considering seismic loads.

The program automatically creates a high-detailed solid model of vessel, with
possibility of export to ACIS, IGES, Parasolid, STEP, JT, VRML, STL files.

This document contains a program overview, limitations of use, analysis
methods, description of the user interface, information on required input data and
analysis results, and installation and registration details.

A user-friendly interface and an easy to understand system for creating and
analysing vessels makes the software accessible to any user. A convenient 3D
graphic display allows easy verification of the accuracy of dimensions of both
individual components and the entire model.

There may be small differences between this Manual's content and the
software installed, as the program is being constantly updated.
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1. General

1.1. Program overview

PASS/EQUIP software allows static and low-cycle fatigue strength and
stability analysis of pressure vessels and their components to evaluate load-
carrying capacity in operation state (including those operating in corrosive
hydrogen sulfide environments), as well as in test and assembly states.

PASS/EQUIP analysis methods are based on the national and foreign codes
listed in references.

Analysis is carried out for each component individually and includes the
following:

cylindrical shells (smooth and stiffened by stiffening rings);
conical transitions;

welded and bolted heads: spherical, ellipsoidal, torispherical, conical and
flat (including reinforcing ribs and with a central opening) heads,
spherical heads without knuckle;

flange joints;
nozzles in shells and heads;
saddle supports and cylindrical shells for horizontal vessels;

cylindrical shells and heads in areas of intersection with supporting lugs
and legs for vertical vessels;

cylindrical conical shells and dished heads at attachment points of lifting
lugs, trunnions, joining pads; branches;

bends;
convex bulks;
ellipsiodal transitions;

column components under wind and seismic loads, including those
mounted on a support structure;

support shells of columns ;

tube plates, casing, tubes, expansion joint, expansion vessel, floating head
of heat exchange vessels;

air-cooled chambers of heat exchangers, nozzles into chambers;

jacketed vessel components(cylindrical, U-shaped, partially jacketed,
coiled and half-pipe, with longitudinal pipes);
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components of high-pressure vessels (shells, heads: flanges, heads, stub-
ins);

components of vertical tanks;

viewind windows, bosses;

noncircular cross section (rectangular, oval, stayed and reinforced);

strength and stability analysis of horizontal and vertical vessels is carried
out considering seismic and wind loads.

PASS/EQUIP is recommended for design and verification analysis in oil-
refining, petrochemical, natural gas, petroleum and other industries.

1.2. Capabilities

PASS/EQUIP basic module:

data input and analysis. An error message will be display if all required
data are not entered or data are entered incorrectly;

input of additional wind, seismic loads, weight loads, forces and
moments;

thickness calculation (including for external pressure) and calculation of
allowable pressure, forces and moments;

analysis of vessel flange joints under pressure, external forces, moments
and temperature stresses;

automatic calculation of values such as weight, length, stiffening ring
properties (in both cylindrical shells and saddle supports), circumference
chord length, etc. after input of component dimensions and material
properties;

calculation of fluid volume, fill height, filling ratio and hydrostatic
pressure in each component of horizontal and vertical vessel,

calculation of volume and weight of the product in each insulated cavity
of the vessel,;

representation of model structure as a structure tree.

3D graphic display which allows the color of separate components and
the entire model to be customized,;

"wire-frame" and "transparent" view which allows internal components to
be seen;

displaying of model filling by product
switching on/off of insulation and lining displaying;
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e estimation of materials using;

e when dimensions or load properties of one component are changed, an
option to automatically adjust all adjacent components is given;

e automatic creation of precise solid model of vessel and its export to
popular solid modelling systems, i.e. ACIS, IGES, Parasolid, STEP, JT,
VRML, STL.

e customization of measurement units;

o selection of materials from the database (as per GOST, ASME etc.) with
possibility of adding new materials. Allowable stress, elasticity
modulusand other values are automatically changed when changing
material, temperature or wall thickness;

e selection of components from GOST (ATK) database (shells, heads,
flanges, gaskets, studs of flange joints, saddle supports, supporting legs,
cylindrical and conical supports, nozzles, cross-sections of ribs, stiffening
rings, beam elements of support structure);

e analysis of horizontal vessel shells with any number (more than 2) and
position of saddle supports; output of diagrams for deformation, bending
moments, transverse forces and strength and stability allowances;

e calculation of many components (shells, heads, transitions) is performed
as per the Russian (GOST, RD) and foreign (EN, ASME) codes selected
by user.

e strength calculation of junction point between nozzle and vessel against
influence of pressure and external loads, as per as per the Russian
GOST 34233.3-2017) and foreign (WRC 537(107)/297) codes.

e calculation of pressure, external forces, moments and temperature stresses
for valves and vessel flange joints, as per the Russian codes (GOST, RD),
as well as per ASME VIII div.1 (pressure), ASME VIII div.2 (pressure
and external loads).

e analysis of bolted heads (with flange joints) as a combined analysis of
flange and bottom;

e calculation of low-cycle fatigue of vessel components;

e strength analysis of shells and heads considering displacement of weld
joint edges, angularity and out-of-roundness of the shells;

e output, preview and printout of full (with intermediate analysis results) or
short reports of component analyses;

e output of information on components that do not meet use or strength
requirements;
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calculation of required test pressure as per components;
building of compound unit model including two or more vessels;

calculation of weights and positions of gravity centers, with consideration
for filling per components and for vessel as a whole, in operating,
assembly and test conditions;

selection of thermal insulation of vessel components with consideration
for climatic factors and work process-related parameters.

export and import of vessel models from and to XML files;
export of nozzles to Nozzle FEM format files (*.nzl);

import of vessel models from MechaniCS XML format files.
PASS/EQUIP-Columns module:

determination of vibration frequency and modes for column type vessels
with any number of components, including support structure;

calculation of forces under wind loads (including resonance vortex
excitation) and seismic loads for columns ;

strength and stability analysis of column components;

analysis of “cylinder + cone” support with the option of including a
connecting shell;

automatic determination of position and properties of most unsafe cross-
section of supporting shell;

calculation of loads on basement and support structure (if any) of
columns.

PASS/EQUIP-Heat Exchangers module:

input of heat-exchange component properties within a single multi-
window interface;

calculation of forces in tube plates, casing and tubes;

analysis of tube plates, casing, tubes, expansion joint, expansion vessel,
floating head.

PASS/EQUIP-Tanks module:
tank parameters setting in a single multiwindow dialog;
automatic weight measurement;

strength and stability analysis of the wall, stationary self-supporting roof
and tank head, including wind, snow and seismic loads;

creation of a frame roof model with automatic weight calculation;

10
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e export of the model with loads and constraints to the ANSYS program for
further strength and buckling analysis;

o wall anchorage estimation;

e calculation of loads on basement;

e estimation of allowable stresses on the nozzles of cut-ins in the tank wall;
PASS/EQUIP-Seismic module:

e calculation of loads from seismic forces on horizontal and vertical vessels
of seismic resistance categories Is, lls, Ills;

e analysis of vessel components considering seismic loads;

e consideration of vessel installation height when calculating seismic loads.
1.3. Limitations of use

This software assumes certain limitations in the design of vessel components,

which are described in corresponding codes of standards listed in references [5].

If any of the conditions are not met for a given component, a warning message
will be displayed and analysis for that component will not be performed. Analysis
of other vessel components can be continued.
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2. System Administrator Manual
2.1. System requirements

2.1.1. Minimum configuration

Pentium 4 processor

1 GB RAM

1 GB free space on hard drive.

Video adapter 1024x768 or higher, 16-bit (65535 colors) or higher.
Windows 8/10/11

Internet Explorer 5.0 or higher

Dongle drivers (come with distribution kit).

2.1.2. Recommended configuration

Intel Core i5 2 GHz or higher

4 GB RAM

Video adapter with OpenGL 2.0 hardware support, resolution 1280x1024x24
Windows 8/10/11

Internet Explorer 7.0 or higher

MS Word 2003 or higher

2.2. Distribution kit

1) Flash-disk contains the software installation package.
2) License Agreement.
3) Registration form (if purchased through dealer)..

4) Dongle(s) (one per purchased copy) providing protection against
unauthorized access.

5) Software printed documentation.

2.3. Software installation
CAUTION: dongle must NOT be inserted in the USB drive during installation
in order to avoid its corruption.
To install the software, follow these steps:
1) Log in as administrator.
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2) Check if system clock is set correctly. Incorrect system time could
make the dongle unusable.

3) Insert installation disk/flash.
4) Run SETUP.EXE.
5) Follow the installation instructions.

During the installation process, you will be asked to define the location path
of the software and enter the directory name for the Start Menu. In addition, dongle
drivers are installed if necessary. Distribution kit also includes Acrobat Reader
software (installed separately, by launching arce505enu.exe in acroread.505
folder).

6) Insert dongle in USB port. System reboot may be required.
7) Launch the software by clicking on the PASS/EQUIP ® shortcut or
opening the PASSAT.EXE. file.

If PASS/EQUIP software was purchased through OOO "NTP Truboprovod"
dealers, a registration form must be sent in to activate the dongle. After receiving a
dongle update string, dongle update program must be run to activate the dongle
(see 2.5).

2.4. Network key (dongle) installation

A dongle can be placed both on the server and on any network computer,
including computer with installed PASS/EQUIP. If the dongle is supposed to be
placed on computer with installed PASS/EQUIP, it shall be done as per i.2.3. This
section describes installation of dongle on separate computer (server).

CAUTION! During program installation the dongle shall NOT be inserted in
the port, to avoid its damage.

To install the network key (dongle):
1) Log in with rights of administrator.

2) Check system clock truth. Wrongly set system time may lead to
impossibility of working with the dongle.

3) Install data storage device with distributive.

4) Run file Redistr\Sentinel\ SPNCombolnst_7.6.9.exe.

5) Follow all the instructions of the installation program.

To complete installation of dongle driver, system reboot may be required.
6) Insert dongle in USB port
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2.5. Software protection against unauthorized use

PASS/EQUIP software is protected from unauthorized use. While
PASS/EQUIP is running, some modules check for presence of dongle and, if
dongle is absent, the software is switched to demo mode.

There are two types of dongles: local and network (network dongle can be
supplied when purchasing 2 or more licences).

Local dongle authorizes the software on the PC where the software is
installed. It is possible to run several copies of the application on the same PC.

Error [%|

L ] E License is not checked out.
- Error #3 (Dongle is not found)

| Exit |[ Setup

Fig. 2.1

A network dongle authorizes the software for use on any PC within the local
network. Maximum number of copies that can be run at the same time is controlled
by the dongle and is equal to the number of licences purchased. A network dongle
can be inserted in any computer on the local network (for instance, the server).
Dongle drivers must be installed on the same computer. Dongle software uses
TCP/IP protocol for network access.
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Dongle Setup E|

® Local PC
O any available

) Server:

192,168.33.63 -~
192.168.33.24

192,168.33.23

192,168.33.83

192.168.33.90

192,168.33.118

192.168.33.27

192,168.33.20 v

O Specified:

Fig. 2.2 Dongle setup
You can choose which dongle type the software will use:
e local —alocal PC dongle will be used;
e server —adongle on a specific PC (defined by IP-address) will be used;

e Any available — any available dongle will be used (local dongle will be
chosen if present).

Dongle setup dialog box (Fig. 2.2) is opened by clicking "Setup™ or selecting
Settings—Customize dongle access from the menu. Local dongle is selected by
default. If no dongle is available, software will run in demo mode. If a network
dongle is placed on the PC where the sofware is installed, the PC’s network
address must be specified ( “Local PC” setting cannot be used).

To activate dongle or change its settings in case of license renewal or a
change in license details, use KeySt.exe, which can be opened from
Start—Programs—Passat—Dongle Update. A dialog box will open:
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*\ Dongle update

Dongle state string
| CRDYJREFBZHUDW GMEBDHKMRRITTMII1ISSIIIEK] | ’ Save... ]

Dongle

Program | | 5

Gydrosystem

Mozzle-FEM ;

Module | |
MNozzle
Columns

Dongle renewal string

)

Fig. 2.3 Dongle update

To activate or update dongle, the code displayed in Dongle state string must
be sent to PASS/EQUIP team. This code can be saved in a file by clicking Save,
and then sent e-mail.

The code will be different every time the program is launched and can't be
used repeatedly.

PASS/EQUIP team will provide a new code, which must be entered into the
Dongle renewal string. The code can also be loaded from a file by clicking Load.
When finished, click Update dongle.

You can check network key status, number of available licensed places and
clients currently occupying a licensed place by running “Sentinel License
Monitor”. “Sentinel License Monitor” can be run from a server computer by
opening a web browser (e.g. Internet Explorer) and entering the url
http://localhost:6002/ (default port is usually 6002). To run “Sentinel License
Monitor” from another a client computer, “localhost” should be replaced with the
name of the server computer. JAVA runtime environment installation may be
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required for the browser used in order to perform this operation (which should
happen automatically if the computer is connected to the Internet).

2.6. Installation using Active Directory (AD) technology

Microsoft Windows Server 2003 and Microsoft Windows Server 2008 include
integrated set of directory services Active Directory, constituent part of which Is
Group Policy. Snap-in Software Installation, being part of Group Policy, provides
remote installation of software on several workstations simultaneously.

Active Directory includes three (3) main installation scenarios:
e (Publish to User)
e (Assign to User)
e  (Assign to Computer)

Attention!

e Software installation on the workstation will be finished only after
reboot of the workstation.

e Software installation by scenarios Publish to User and Assign to User
is not supported.

Software installation on the group of computers starts from creation of
administrator setup. You can create this setup using ORCA MSI Editor. This
program creates from file *.msi file setup.mst, which will save all changes
introduced by administrator. Please find below the parameters, which are
recommended to be adjusted before creating of mst-file:

Table Parameter Description

Name of folder, where

Directory | INSTALLDIR program files will be copied.

Directory | SHELL_OBJECT_FOLDER Folder name in Start menu
Dongle operating mode:
0 — local;
Property | Mode 1 —any available;
2 — by specified address
[Server].
Name of address of the
Property | Server server, which contains the
dongle.
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Code of language, on which
the program interface  will
displayed at the first start. By
default 1049 (Russian)

Property | ProductLanguage

Full program version is installed by default. Parameters Mode and Server
inscribe dongle parameters into the branch of register
HKEY_LOCAL_MACHINE\SOFTWARE\PSRE LTD\PassatXX\Settings.

After program installation, you should install dongle drivers for correct
interaction with the dongle on local computers.
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3. Working with PASS/EQUIP

Software interface conforms to standards for Microsoft Windows applications
and is based on standard dialog components of Microsoft Windows (menus,
toolbars, dialog boxes, input fields, etc.); therefore, working with
PASS/EQUIP should be intuitive for any Windows user.

3.1. Geometric kernel, solid model generation

Starting from version 2.08, the program uses geometric kernel C3D developed
by C3D Labs Company. This kernel provides an automatic creation of high-
detailed solid model of vessel (creation of reinforcing pads, fillets, cutting holes in
the shells, etc.), and its export to popular solid modelling systems. The following
formats are currently supported:

e ACIS

e IGES

e Parasolid
e STEP

e C3D

o JT

e VRML

e STL

However, creation of solid models also places additional demands on the
system performance. With the lack of operating speed of the program, you can use
”Quick rebuilding of model”. Comparison of modes is indicated in the table below:

Icon | Mode Function description
§ | | Without Model rebuilding is not performed during changes. This
rebuilding mode is recommended for use with similar editing
operations in the number of components.
§ | | Accelerated In edit mode a solid model is built with some
model simplifications. Some components are displayed through
generation OpenGL (bolts, heat exchanger tubes, trays, etc.).

Reinforcement pads of nozzles are created by cylinder
projecting, which at visualization may give significant
distortions for tangential nozzles. For model rebuilding, an
additional memory is required (500-1000 MB, depending
on the model complexity). This mode is recommended for
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use for developing and editing of middle complexity
models (50...100 components).

B | | Fine model | At editing, the solid model is built with maximum level of
generation detail; reconfiguration may take a significant amount of
time. All components are created as solid ones, with holes,
fillets, etc. Reinforcement pads of nozzles are created by
offset of the intersection line equidistant along the shell,
which requires additional calculations. This mode may
require additional memory (1-2 GB, depending on the
model complexity). This mode is recommended for simple
models editing.

Note: At calculation or export, the model will be automatically rebuilt in
precise mode, if it hasn’t been activated earlier.

3.2. Program model types

3.2.1. Horizontal vessels

Fig. 3.1 Horizontal vessel model

Vessels of this type are usually installed on saddle supports. Model of
horizontal vessel is formed from the components specified in i..3.9. Axis z is
placed horizontally, along the vessel casing.

Loads calculation methods available for horizontal vessels:
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Load

Seismic

Wind

Show

GOST 34283-2017

GOST 55722-2013

STO-SA-03-003-2009

GOST 34283-2017

AZDTN 2.3-1 (AZE)

IS 1893 (IND) IS 875 (IND)
EN 1998 (EUR) EN 1991-1-4 (EUR)
CFE 2015 (MEX) CFE 2020 (MEX)

ASCE 7-16 (USA)

ASCE 7-16 (USA)

It is taken into account by
the specific load on the
service platforms  (total
pressure of snow, materials
and other loads) or the load
on the shell distributed
along the length

Inertial loads

3.2.2. Vertical vessels

Vertical vessels are installed on the landing pads or

leg supports of different types. Axis z is placed
vertically, along the vessel casing.

Methods for calculating loads available for vertical

vessels are similar to the section 3.2.1.

User’s Manual
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Fig. 3.2 Vertical
vessel model

3.2.3. Column vessels

Vertical vessels, which are installed on the skirt support.
For calculating of this vessels type, a license for ‘Passat-
Columns” module is required.

Fig. 3.3 Column
vessel model
Loads calculation methods available for column vessels:
Load
Seismic Wind Snow
GOST 34283-2017 GOST 34283-2017 It is taken into account by
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GOST 24756-81 GOST 24756-81 the specific load on the
service platforms (total

AzDTN 2.3-1 (AZE) pressure of snow, materials

1S 1 IND IS 875 (IND and other loads) or the load

51893 (IND) S 875 (IND) on the shell distributed

EN 1998 (EUR) EN 1991-1-4 (EUR) | along the length

CFE 2015 (MEX) CFE 2020 (MEX)

ASCE 7-16 (USA) | ASCE 7-16 (USA)

3.2.4. Vertical tanks

Fig. 3.4 Vertical tank model

Vertical filling tanks designed for storage of large volumes of product, with a
flat head in the base.

For wvertical cylindrical tanks a responsibility class shall be specified
additionally, as well as snow area and turnaround of stored product with service
life.

Loads calculation methods available for tanks:
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Load
Seismic Wind Snow
SP 14.13330.2014 SP 20.13330.2016 SP 20.13330.2016
AzDTN 2.3-1 (AZE)
ASCE 7 (USA) ASCE 7-16 (USA) ASCE 7 (USA)

API-650 (USA)

CFE 2015 (MEX) CFE 2020 (MEX)

IS 1893 (IND) IS 875 (IND)

EN 1998 (EUR) EN 1991-1-4 (EUR) EN 1991-1-3 (EUR)

3.3. Creating, viewing and saving input and output data
Input data is in PASS/EQUIP format files with the following extension:

g *.pst_horiz — for horizontal vessels;
G *.pst_vert — for vertical vessels;
G *.pst_col — for columns.

@ *.pst_tank — for vertical tanks.
The name of the active file is displayed in the title bar.

To create a new data file, use the Create A command in the main menu or
toolbar.

The new file will be create after it is saved for the first time. The Save =
command will work as Save as for a new file.

To save the active file, select Save in the main menu or toolbar.

To save the file with a new name, select Save as in the main menu. If
required, an appropriate file will be created, opened and will become a current data
file for the program.

When saving, a file type can be changed now, i.e. vertical model or column
can be saved as horizontal model for calculations of tests in the horizontal position
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on the saddle supports. Not all of components can be saved in the new type of
model, and appropriate notification will be displayed. If the mode type is changed,
the saved file wouldn’t become a current file.

To open an existing file, select Open = in the main menu or toolbar.

To properly view images and mathematical equations, Internet Explorer must
be set to display pictures(Service— Internet options— Advanced—
Multimedia— Display Pictures).

3.4. Software window

The following window will appear when PASS/EQUIP is launched:
[ @ passat 200 o] [ |

| Hle View QOptions Help

PR BRI =
QAo d o DB IFIZ-I8 B

EEEETEY

27 AEEB 8

“«©

Press F1 for help NUM SCRL

Fig. 3.5 Program window
To start, select File from the menu. Select Create to open a new file or Open
to open an existing one (or use appropriate Jand & icons).

A recently used file can also be opened from the File menu option. The
number of available recent files is set in "Document Options' (see 3.11).

Vessel type must be selected before creating a new file (Fig. 3.6). Columns
will be available only if PASS/EQUIP-columns module is licensed, or when
working in demo mode.
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MHew apparatus

i OK
Harizontal d
Wertical vessel: and apparatuses Caricel
Colurin weszels and apparatuzes
Vessels-tanks

Help

Fig. 3.6 Vessel types

When vessel type is selected or when an existing file is opened, a table
containing general vessel data, data on the vessel’s internal environment and
analysis methods in test state will be displayed (Fig. 3.8).

After you press "OK", a work screen with a graphic view and toolbars
containing all basic commands will be displayed (Fig. 3.7).

Graphic display of model is located in the middle of the screen. The symmetry
axis of the model runs along the Z axis.

Icons in the right column of the screen are used for creating new model
components.

(B PASSAT 2.10 - [Passat - horizontal2] | (B |

Fle Edt Components View Options Calculation Help

0 & # K i =) @ - In
FAIIDI @

qRQA0 @4 Fee o =-[is e

Model tree *

. | [ Passat - horizontal2 s
¥

JINA NOACKasKK HaxmMuTe F1

Fig. 3.7 Model window
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When creating vertical cylindrical tank, a dialog for input data editing is

opened automatically (i. 3.17.55).
3.5. General data

Dialog of general data includes main parameters of the vessel and its
environment, information of its internal medium, types of calculation, etc.

General data x
General 4 b
Loading cases
Loading case Operating Operating fluid MNumber
fluid name density p, kg/m* of cycles, N
Operating Water 1000 1000 add
Steaming Steam 12,7 1000
Delete
Fluid filing Sulfurated hydrogen fluid
) Gas (®) Liguid Sulfurated hydrogen fluid
Filling ratio - Vessel group as per GOST 34233.10: 1 v | =x
Limit temp. of the operating fluid corr. activity, tnp:
Filing ratio, & 100 % el
Operating fluid group as per CU TR 032/2013: [ | Low-cyde fatigue
Low-cyde fatigue calculation
Testing
Test pressure calaulation: GosT 34347, hydro - Impact testing requirement evaluation (MDMT)
[1 tndusion of static head in the test pressure calculation Caleulate MDMT
Inclusion of static head in the design pressure Lowest expected material temperature: 43 =C
Kind of test: Hydrotesting - Use to compute the MDMT: (@) P[desiar] ) MAWP
Test pressure: 1 MPa [ Mo UG-20(f) exemptions
|:| Mo corrosion in the test
Insulation Base elevation, XocH: 0 mm
Insulation data
[1 consider internal temperature loads (a -AT)
OK Cancel
Fig. 3.8 General data

Parameter "Operating fluid group as per TR CU 032/2013” is designed to
estimate the vessel category on the basis of this regulatory document.

If test state analysis is selected (in this instance "Hydrotesting"), all
components will be analysed both for operation state and hydraulic test state with

specified test pressure.

Liquid density and its fill factor (when using "Vessel carrying fluid") must be
entered in order to calculate weight properties of vessel components in operation
state. Vessel fill can also be set through fluid volume or fill height.
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The “Load Cases” table allows to define several operating modes that will be
simulated within one calculation. The loading case is characterized by the name,
the name of the operating fluid and its density. The filling for all loading cases is
considered uniform (to speed up the computing process), but the density of the
operating fluid is assigned individually. This allows you to simulate various filling
cases (working in steaming mode, etc.).

“Corrosion is not taken into account in the test calculation” enables to exclude
a corrosion allowance (c,) at calculations of all model components in test
conditions, if they are performed for a new vessel.

"Calculation of test pressure” allows showing the code, under which a test
pressure will be calculated.

“Inclusion of static head in the test pressure calculation” allows you to control
subtraction of hydrostatic head pressure (pH), when evaluating a hydrotesting
pressure. This item has appeared, because today there is no clear definition of the
“test pressure” concept. In hydrotesting conditions, different components are
subjected to different pressures (depending on the height of water). If, under test
pressure, we assume pressure without hydrostatic one (“according to the upper
gauge”), then in order to obtain pressure under hydrotesting conditions for a vessel
component calculated in accordance with GOST, the test pressure shall be reduced
by the hydrostatic pressure value. Otherwise, you can get an excessive pressure for
the head.

“Inclusion of static head in the design pressure” allows you to control the
influence of the static head on the design pressure (p) when evaluating the test
pressure (ptest). This item has appeared due to discrepancies in the regulations
regarding the determination of the design pressure (p).

“Hydrogen sulfide environment” must be selected when analyzing vessel
components operating in corrosive hydrogen sulfide environments.

“Low-cycle fatigue analysis” must be selected for analyzing vessel
components operating under cyclic loads where the number of cycles is between
10° and 10°.

“Insulation calculation data” allows setting parameters, according to which
calculation of thermal insulation for components will be performed (see. i.3.9).

“MDMT” (Minimum Design Metal Temperature) option allows you to assess
the suitability of the material and the need for additional testing in accordance with
the selected standard for each component. When this option is activated, a cell
appears in which the user must enter the minimum temperature value at which the
vessel can operate (based on the technological process or climatic data).
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The option “Taking into account internal temperature loads” allows, when
solving a beam model, to take into account loads due to thermal elongation of
elements (with a rigidly clamped model or using non-standard fastenings).

3.6. Wind loads

The value of the natural period (T) is used in the calculation of wind and
seismic loads for horizontal and vertical vessels. It can be calculated automatically
or entered manually for each load case. The natural period of the vessel body is
implied. Minor sections of the model (eg piping, internals) may have a lower
oscillation period, but these values should be excluded from the analysis.

If "Calculation of vortex resonance" is selected, the chances of resonance and
structure strength, if such resonance occurs, will be determined. This item is
recommended for free-standing smooth and high structures, i.e. chimneys. In other
cases, its activation may lead to excessively conservative assessment of strength.

3.7. Seismic and inertial loads

The "Allowance for seismic and inertial loads" option is required for
calculating vessels taking into account loads due to seismic effects. This
calculation is available for the PASSAT-Seismic, PASSAT-Columns, PASSAT-
Tanks modules. It is necessary to select the standard according to which the loads
will be calculated.

3.8. Elevation (height) of the vessel

This option provides consideration for the presence of any building structure
under the vessel, which leads to an increase in wind and seismic loads.

XUEN
Xocn

Horizontal vessel on Supporting lugs Supporting lugs
saddle supports welded poles

Fig. 3.9 Elevation of the vessel
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3.9. Insulation calculation data

Specified properties are used for calculation of parameters of calculation of
component thermal insulation (i.3.17.1.10)

Insulation data x
Stationing: Qutside =
Select location: From database T
Country! o e e hd
Region: e =
(o1, P————— i
Search by: Find

Average temperature
Mid-annual: 4,3 SZ

Average maximum of the warmest month: 24,1 SZ
Average temperature of the coldest five-day peried:  -27 iE
Average monthly relative humidity of the warmest month: 79 L7
Insulation project:
ROCKWOOL + Steel sheets -

0K Cancel

Fig. 3.10 Insulation calculation data

Parameter “Project of insulation” is the name of the package of rules,
according to which insulation components are selected.
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3.10. Main menu

The Table 3-1 briefly describes all available main menu items.

Table 3-1

Menu item name (icon)

Function

"File" submenu

1 | New (Ctrl+N)

Create a new file

.= | Open (Ctrl+0)

Open an existing file (with *.pst extension)

Close

Close active file

=l | Save (Ctrl+S) Save active file
Save as Save active file with a new name

[% | Exportto XML Export model to XML file

& Eéﬁﬂort to Nozzle Exports nozzle data to a "Nozzle-FEM" file.
Export to C3D,
IGES, .STEP’ ACIS, Saves solid model of vessel to one of formats
ParaSolid, JT,
VRML, STL

[~ Import from XML Import model from XML file

— | Import from XML . .

[ MechaniCs Import model from XML MechaniCS file
Exit (Alt+F4) Exit program

"Edit" submenu

) Undo (Ctrl+U) Cancel the last command

¥ | Redo (CtrlI+R) Redo the last cancelled command
Edit (F4, double .

& click) Edit model components

® Delete (F8, Delete)

Delete model components

=3 | Copy (Ctrl+C)

Copy selected component to clipboard. All
component data except name will be copied as
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Menu item name (icon)

Function

well. Sub-components will not be copied.

Cut (Ctrl+X)

Similar to copy, but after being pasted, the
original component will be deleted (after user's
confirmation)

Paste (Ctrl+V)

Paste copied component into the model. If an
component is selected at this time, the new
component will be adjoined to it. If no
components are selected (or if selected
component has several possible joint locations),
you will be asked to specify the new
component’s joint location.

Change color

Adjust display color of model components

32
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Menu item name (icon)

Function
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Menu item name (icon)

Function

34
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Menu item name (icon)

Function

"View" submenu

Turn on/off the following toolbars: View (3D
model view options), Standard views (common

Toolbars vessel model views), Components (components
which can be added to the model), Themes
(change interface styles).

Settings. .. Adjust interface and toolbars and set hotkeys.

Status bar Turns status bar on/off.

"Options" submenu

Units

Set measurement units used for dimensions,
load properties and material properties.

General data

Display (and edit) general model data.

Customize dongle access

Displays network or local dongle settings
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Menu item name (icon)

Function

Settings... Displays software settings
E L Change interface and output language (Russian
anguage... ;
E= or English).
Provides setting of calculation temperatures
Components .
Ik simultaneously for several components of the
temperatures. ..
model
Components Provides setting of thermal insulation
B . PO parameters  simultaneously  for  several
insulations...

components of the model

"Calculation" submenu

= Vessel Run calculation and produce output file

calculation (F3)

i Converting to | Create output report in RTF format (MS Word).

fE | WORD (Ctrl+W)
"Help" submenu

@ | Help Open help file.

@ | Check for updates Runs an integrated automatic update system.
About Passat | Display software version, support contact e-mail
program and copyright information.

Components library

Cylindrical shell

Cylindrical jacket

Conical transition

U-shaped jacket

Ellipsoidal head

Partially jacketed vessel

Spherical head

Half-pipe coil jacket

Qo090

Torispherical head

HEQ@®

Half-pipe battery jacket
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Flat conical head (a>70°)

Jacket with longitudinal
channels

Steep conical head (a<70°)

Ellipsoidal bulk

Spherical head without knuckle

Spherical bulk

Flat head (cover)

C T

Torispherical bulk

Flat head with ribs

Virtual bulk

Integral flat heads with opening

Ellipsoidal transition

= g

Oval head Expansion bellows
Nozzle | I Heat Exchanger with stationary
tubesheets
Oval nozzle | Heat exchanger with U-shaped
tubes
Bend | ¥ Heat exchanger with floating

head

Saddle support ¥

Air—cooled heat exchanger

xR ozecoe

Bracket supports ?

Nozzle (tie-in) to air—cooled
heat exchanger

Stiffening ring

High pressure cylinder

Stiffening rings_group

Ellipsoidal high pressure head

Flange joint

High pressure flat head

Reversal flange

Spherical unbeaded high
pressure head

7 @@

~

Bolted flat head

Bolted high pressure flat head

Bolted ellipsoidal head

Bolted high pressure spherical
head

Bolted spherical head without
knuckle

High pressure flange joint

=ee

Bracket supports *

veeeeeedl. &

High pressure bend
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Supporting legs

High pressure nozzle

Supporting lugs ®

Packing

Supporting legs on the shell ®

Service platform

Supporting ring®

Tray block ©

Skirt @

Viewing window in the boss

TR -

Viewing window in the nozzle

Lumped mass

Flanged boss

7]
7| -8

=

il

External loads

Vessel assembl

ﬂ

External distributed loads

Rigid link

#

Vessel fixing

Custom equipment

=
=

a

g
r
r

Non-circular component

I 670)0 ET

3 for horizontal vessels
® for vertical vessels
% for column vessels

"View' and "'Standard views'" toolbars

The Table 3-2 describes the functions of the “View” and “Standard views”
toolbar icons.

Table 3-2

Icon (name)

Function

(&

Front view

Full-screen model display in Z-Y plane (X-axis
pointed away from screen).

&

Back view

Full-screen model display in Z-Y plane (X-axis
pointed toward screen).
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Icon (hame) Function
D | Left-side view Fu]l-screen model display in X-Y plane (Z-axis
pointed away from screen).
. S Full-screen model display in X-Y plane (Z-axis
(9| Right-side view pointed toward screen).
. Full-screen model display in Z-X plane (Y-axis
(5 | Top view pointed toward screen).
(| Bottom view Fu_ll—screen model display in Z-X plane (Y-axis
pointed away from screen).
BE1 | Isometric view Full-screen isometric model display.
B | Fitto the screen size | Full-screen model display in current view.
'@1 Zoom in Zoom in using the left mouse button.
r'~. . Zoom infout by moving the cursor up or down
4, | Zoom in/zoom out .
using the left mouse button.
. Rotate model around axis by holding down the
+J | Rotate around axis left mouse button and moving the cursor.
Rotate model around selected point by holding
Rotate around .
4% . down the left mouse button and moving the
selected point
cursor.
$ | Move Move model using the left mouse button.
<%y | Cancel view Retu_rn to previous view (before rotation, zoom,
moving).
&+ | Repeat view Repgat cancelled view change (rotation, zoom,
moving).
Y | solid Display model as a solid, 3D object.
& | Gradient Display model in gradient (semitransparent)
mode.
(| Beam Display model as transparent beam.
& Display filling Display of calculated filling as translucent
volume
== | Insulation and lining | Display of created volumes of insulation and
=] view lining
Display service Display or hide sites existing in the model
plaforms
- | Colors by materials nghllghtlng _of comp(’)’nents by color according
to the “Materials using” panel
Perspective view Display model in perspective view
£4| Dimensions Display dimensions of model components
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Icon (name) Function
g
ui; Elevation labels Display elevation labels of shells, nozzles and
_Ll platforms, stiffening rings
I
[T | Product level marks | Display product level marks by cavities
B | Labels Display model with component labels
_t. | origin point Display origin point of solid model (relating to

it, barycenters of components are calculated)
The solid model is created in detail that can

Fine generation of

retard the work in case your computer is too
model

slow.
Accelerated model | Some components of solid model are created
generation more simply.

No model rebuild Model rebuilding is blocked.

Forced rebuilding of the model with the
Regenerate model elimination of artifacts left over from previous
incomplete rebuilds

{mnm

Moving down of the
component in the
current branch | Changing position of the selected component in
(Ctrl+{) the model hierarchy relating to the components
Moving up of the | of the same level. This option is available only
component in the | for daughter components (nozzles, rings, etc.).
current branch
(Ctrl+1)

For quick move "'P' zoom ‘-4, and rotation <) of the model, you can also use
left, right and middle mouse buttons, respectively, while pressing the "Ctrl" key.

To rotate the model around a selected point 42} you can use the right mouse
buttonwhile pressing the "Ctrl" and "Shift" keys together.

When rotating the model around a selected point %, X and Y coordinates (in
the coordinate system of the screen) are determined by the mouse cursor position,
while the Z coordinate (“depth™) is determined by the current depth of non-
transparent model component under the mouse cursor. If no non-transparent
components are present under the mouse cursor, Z coordinate is set as equal to
model's average depth.
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3.11. Model tree

El--ﬁ Column vessel
=% Bottormn head
-l Mozzle £2

..... I support
= Cylindrical shell

- Packing
[—]ﬂ Mozzle #1

..... & Reinforcing ring 9
..... &' Reinforcing ring #8
..... @ Reinforcing ring 27
..... &' Reinforcing ring 26
----- & Reinforcing ring £5
..... &' Reinforcing ring #4
..... @ Reinforcing ring #3
..... &' Reinforcing ring 22
..... & Reinforcing ring £1
- Service platform #2
- Service platform #1

----- ‘ Top head

Fig. 3.11 “Model tree” Toolbar

A model tree is designed for a visual presentation of model structure and
quick navigation. Elements of model are represented as scaled-down icons with
names. The icons are interactive and have a pop-down menu. So, they provide easy
access to component editing commands. A top-most component with model file
name provides general data editing.
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3.12. Materials using

Materials using
Material
DEXH28MAT
0713420 (YC-48)
DEX18MEH2T (KO-3)
0ar2
12MK
12184107
1218H12T
Kupnny

MiH, BaTa
CT3

Color Quantity

I 77 kg
I 25,71 kg
I 722

Fig. 3.12 “Materials using* panel

This panel is designed for the rapid material consumption assessment.

displays a list of materials used in the construction, colors of materials used in ==
“Colors by materials” mode, and the estimate of the mass of each material in
accordance with a given density. Mass is displayed in units that have been selected
in the "Dimension" dialog. If the density of the material is unknown, or set zero,
the item is considered to piece goods, and in the "Quantity" column shows the
number of parts (eg, gaskets).

42
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3.13. Themes toolbar, customization of toolbars and
menus

Program has the ability to switch PASS/EQUIP interface style can be
adjusted. To do this, choose the style in themes toolbar.

Themes toolbar BEE

o BRER [ =
BB veeEla

If the themes toolbar is hidden, you can enable it via View—Toolbars
—Themes toolbar.

In addition, you can customize toolbars, add or remove toolbar buttons, and
create new toolbars in View—Customize.

Customize [‘5_(|

Toolbars | Cammands |Ke_l,l|:u:uaru:| Optiohs

To add a command to a toolbar: zelect a category and
draqg the command out of thiz dialog box to a toolbar.

Categaories: Commandsz:

New A
Wigw lJ =
O ptions I.j Open...
Help B
Al commands Close
Mew Menu H Save

Save as... M

Dezcription:

Cloze

Fig. 3.13 Customization window

When customization window displayed, you can drag and drop. Desired
toolbar buttons and menu commands with the mouse can be selected in the
customization window by dragging and dropping.
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3.14. Software settings

To show PASS/EQUIP settings, select "Options"”, then click submenu
"Settings". The settings dialog box includes the following tabs and commands:

Program settings * Program settings X
General Colors|1mage quiity|Updat General [ Imagequitﬂundate
Number of items "Recently opened files™ [§ = SEEE

Number of significant digits when rounding off: 4 i‘
Sdentific notation digit: 3 j‘

[ o kg
Dimension marks color
Component marks color
Drop-down tobars Selected component color
Filling color

[] Recent command is displayed in the toolbar

[[1 show the finite element model
[[] 5ave the component name when copying/pasting
Solid model export
. . - Conical transition
Export insulation and lining Elipsoidal head
Export fasteners (bolts, nuts) Spherical head
Torispherical head :
Edit

Geometric kernel mode Flat conical head w
Flat haad frmvarl

Component colors by default

indrical shell A

Standard multithreading -
Tolerance factor [0.01...0,35): 0,1

Calculation of filing volume tolerance: o
Default settings
OK | Cancel ‘ Apply ‘ 0K | Cancel ‘ Apply ‘
Program settings x Program settings »
General |Colors [l ReTE ] Undat General | Colors | Image quality [ITNeE
® Manualy Atamatical chisdk far indares:
O setup Notify me when updates are available but need to update the dongl
Update server URL:
http: vw. truboproved.rufupdate/
Rl Fiz [ Use Proxy-server
mooth transition in the view operatior! Server type: -
T Wireframe T Server address: Port: g
User name: Password:
50 Mumber of steps on partitioning of droumferences
Smoathing
0K Cancel ‘ Apply ‘ 0K ‘ Cancel Apply

Fig. 3.14 Software settings
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The Table 3-3 describes the options available within the tabs of the settings

dialog.

Table 3-3

"General" tab

Number of "Recently opened
files"

Set the number of recent documents to be
shown in the "File" menu.

Number of digits when
rounding

Set the maximum number of digits when
rounding numbers in output. For example: if
this value is set at “3”, 1032.37 will be printed
as 1030.

Minimum number of digits
for scientific notation

Set the minimum number of digits when
scientific notation should be used. For example:
if this value is set at “4”, 10320 will be printed
as 1.032-10°, while 1270 will be printed as is
(depending on rounding; see above). Note: for
numbers with notation of less than 10° and
greater than 1077, this setting is ignored.

Recent command is displayed
in the toolbar

Set recently used command to add model
component as default command in the toolbar.

Show finite element model

While working with PASS/EQUIP, the model
can be shown as a finite element beam model.
This model provides better control over
software functions, but can slow down software
operation.

Show model fill

Calculated model fill will be indicated by
colored dots

Filling calculation (Faster -
Fine)

PASS/EQUIP program implements calculation
of vessel filling based on a statistical method of
calculation of the volume integral, when the
model is filled with randomly generated points
(Monte Carlo method).This setting controls the
number of generated points.The more points,
the better the result, but the calculation is longer
(in the fastest mode, the accuracy is ~5%).

Export insulation and lining

Establishes, whether there is a need to include
insulation and lining, when exporting solid
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model. If lining is set as a plating (Fig. 3.27), it
will be always exported.

Export fasteners (bolts, nuts)

Establishes, whether there is a need to include
fasteners (bolts, nuts, studs, etc.), when
exporting solid model

Geometric kernel mode

Includes multi-threaded mode of operation of
some functions of geometric kernel. Working
with the model in multi-threaded mode is faster,
but in some (rare) cases, the program may fall.

Accuracy control parameter

A numerical value that controls the accuracy of
the mathematical functions of the geometric
kernel in the construction and calculation of
mass-dimensional characteristics. The higher
the value, the faster and more accurately the
calculation is performed

Accuracy of calculation of
filling volume

A value of the relative error of calculation of the
filling, when selecting option "Calculation by
the specified volume of product.” For example,
at a value of 1% and specified target volume of
1000 liters, the calculation will be considered
successful, if it gives any value in the range of
990 to 1010 liters. A small relative error can
extend the calculation for a complex
configuration of cavity of the wvessel (heat
exchangers, etc.)

Materials DB Allows you to configure the path to the database
of user materials located in the centralized
access (for example, on a network drive), or use
a local database (by default)

"Colors" tab

System colors

Customizes colors of view window elements

Element colors

Customizes  default colors of  model
components. New model components will be
created with this setting. To apply changes to
components that were previously created, go to
“Components”—”Change color’—”Default
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colors” or use the appropriate icon |

"Image quality" tab

Manual setup

Set image options manually.

Default

Use default values.

Smooth transition in view

operations

If selected, changing to selected view (standard
views and "Show window" function) is
performed smoothly.

Dynamic view

Choose view during dynamic operations:
moving, zooming and rotation:

"Normal" — aligns with current view;

"Beam” beam model. May significant
accelerate view operations on slow PCs.

"3D box" —3D box circumferencing the model.
Used on slow PCs.

Number of sections for

circumferences

Set accuracy for displaying curvilinear surfaces
(cones, spheres) by setting the number of
sections.

Anti-aliasing If selected, a full-screen image anti-aliasing is
applied to correct imperfections. Requires a
high-performance OpenGL video adapter.

"Update" tab

Check for updates at each run

Automatically check for the

application run

updates at

Notify of wupdates, which

require dongle updating

Notify of updates, which can be installed after
dongle updating.

Use Proxy-server

Connect with updating server via proxy server
(required, if Internet is launched via HTTP
through the proxy server)

3.15. Software update system

Regular program updates provide user with the latest version of the software.

An update system can check for updates in automatic or manual mode, as well
as download and install updates on PC.

For the proper work of the system a dongle is required. If the dongle is not
available, check and installation of updates cannot be performed.
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Check for updates is performed automatically at the program launch, or
manually from Help—Check for updates menu. Automatic check can be switched
off in the parameter settings window, tab “Update”, check button “Check for
updates at each run”.

Check and installation of updates is performed up to maximum allowed
version number, which is specified in the dongle. Software update system can
notify a user of the available updates to the latest versions, which are newer than
those allowed by the dongle, if the following item is switched on: ”Notify of
updates, which require dongle updating” in the parameter settings window,
tab “Update”. If this message appears, such updates become available after the
dongle update to the required version (see i. 2.4).

To install updates, system administrator’s rights are required. There can be a
request of UAC (Windows User Access Control system) about permission of
install.exe launch during installation process. . For proper updating,
install.exe shall be launched with administrator’s rights.

Proxy settings may be required for connecting to update server. The same
proxy settings as in a web-browser should be set. In the case of Internet Explorer
these settings can be found in the tab Connections—Network properties of the
Internet Options. When being installed, the program offers to use as default
settings for these options, installed in the system.
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3.16. Measurement unit settings

Before creating a model (and at any other time), you can set dimension and
load measurement units. Element properties are recorded using internal units by
PASS/EQUIP and automatically re-calculated using these settings. The units
selected in these settings are displayed in the output.

Units setup X

Selected units will be used when entering data and in the derivation of the calculation results. Units are set
for the current document

Units
Length Moment Mem <
Diameter, thickness mm - Temperature °C -
Area m?2 - Angle v -
Moment of inertia m4 - Density kafm* -
Stress, pressure MPa T Mass g -
Force N - Velodty km/h <
Program default system of units International system of units (SI)
English system of units (U.5.) Gravitational metric system (MKS)

Gravity acceleration, g
() Normal value
() Tech value 9.807 mys2

(®) User valus oK Cancel

Fig. 3.15 Units settings

Measurement units need not follow the same measurement system (eg,
diameter in mm and moment in N-m). Therefore, when viewing equations in
output, the final result may not coincide with intermediate calculations, which does
not constitute an error (M = 2 [N] * 1000 [mm] = 2 [N-m]). To avoid this, set units
from the same measurement system (for example, all linear dimensions are in mm
and moment in H-mm).

Buttons with systems of units are useful for quick assignment of the whole
complex of dimensions used in the corresponding system.

The “Gravity acceleration” option allows more flexible adjustment of the
weight, seismic and inertial loads calculation.
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3.17. Data input

You can start building the model from a cylindrical shell or conical transition
or from any head. First component is placed from zero position along Z-axis: from
left to right for horizontal vessels and from the bottom up for vertical vessels. The
following components are joined or inserted to existing model components.

() PASSAT 2.08 - [Passat - horizontal2] O | B ||

File  Edit | Components View Options Calculation  Help

0= ¢Mﬂw PO Fe | [AQA0 D+ FF @ =-188

Model tree
& Conical transttion

Saddl rt
h‘ addle suppo!
Nozzle 4

~
@1 Reinforcing ring

Lumped weight

F
‘{_A\M External loads on apparatus

Dished heads L4
Flat heads 4
Flanges 3
Detachable covers L4
Heat Exchangers r
% Air-cooling heat exchanger
5’ Bend
Jackets 4

P Ellipsoidal bulk

Ifi Passat - h ‘ Ellipsoidal transition s

Press F1 for he

High pressure components »

Fig. 3.16 “Components” menu

After you select ""Components™ Add ¥ (or press the corresponding icon in
the right column of the screen), possible joint or insertion points are
determined and you will be asked to select the desired joint or insertion
location:
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Cylindrical shell M1 - end
Cylindrical shell M1 - start

Elliptic: head M21 - start
Elliptic: head M:2 - end

Fig. 3.17 Model building

After the new component is placed, a dialog with all required dimensions,
materials and load properties data will be displayed. To input data, press “Enter” in
the desired field. Element properties will then be recalculated if necessary.

Some options are common to different components and work in a similar way.
3.17.1.1 Component name

Set component name ("Cylindrical shell No..." is used by default). This name
will be used during editing, deleting and assigning of adjoined components, and
displaying output.

3.17.1.2 Code

Set the standard to be used for analyzing this component. When you change
the selected regulatory documents, input data indications are changed as well, and
their values are automatically recalculated if necessary. The code (normative
document) can be assigned individually for each component, i.e. GOST 34233.2-
2017 for shell and ASME VIII-1 for nozzle. At that, if during calculation the
nozzle requires the shell parameters calculated as per ASME, they will be
calculated, despite the shell code specified.

3.17.1.3 Temperature
Temperature, at which material properties in operation state are calculated.
3.17.1.4 Design pressure

Internal or external pressure in operation state. Does not include hydrostatic
pressure of liquid, if present. Hydrostatic pressure for each component is calculated
individually based on fill estimation. Excessive pressure with allowance for
hydrostatics is calculated using the following rule (for external pressure p is
negative):
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p'=4p+p-g-h,ifpisinternal, or if p is external but |p| <|=p+p-g-h|;
p'==p, if pisexternal and [+ p|>|+p+p-g-h|.

3.17.1.5 Design values calculation

To calculate thickness, allowable pressure and other properties without
existing the component properties window, use the ""Calculate values™ button.
These parameters are defined more simply and approximately, without
consideration for filling of the vessel, influence of the neighboring components,
etc. The final result of calculation may differ from this value.

3.17.1.6 Material

Material selected from database (GOST 34233.1-2017, PNAE G-7-002-86,
GOST R 54522-2011, ASME Il Part D, EN etc.), or is set by user, where required
properties at operating, test and assembling temperature (20°C) must be set.
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Selection of material *
Per the reference | gosT 34233,1—2017 (Vessels and apparatus  ~ Bl
! Per the fragment of name: Erl
Mame: -
Cr3 Per Type/Grade: Reset
Per the material type:  All =
Type of material: g =
Per the material (steel) grade:  All <
Material (steel) grade: - -poric o
Per the workpiece type: Al <
Type of workpiece: Pipe -
Designlife: | pegign life < 100000 h -
Thickness range: . _ a9y o
Estimate [o] Actual thidmess of the wall: | 10 mm Design temperature: | g oE
Material properties at design temperature Material properties at a temperature T=20°C
Allowable stresses, [o]: 154 MPa Allowable stresses, [a][20]: 154 MPa
Yield point, Re: | 25g MPa Yield point, Re[20]: 250 MPa
Strength limit, Rm: | 460 MPa Strength limit, Rm[20]: agg MPa
Modulus of longitudinal elastidty, E: 199000 MPa Modulus of longitudinal elasticity, E[20]: 190000 MPa
Linear expansion factor, a: | 1 16e-005  1/°C
Long strength limit, Rm10~5: | g MPa Edit user materials > >
Creep limit, Rp10°5: | g MPa
Show properties table 0K Copy to dipboard Cancel
T,°C [a], MPa Re (Rp1.0, Rp0.2), MPa R, MPa E. MPa o, 1/°C | Rm/10*5 MPa | Rp1.0/10*5, MPa
Factor A: | go000 MPa Factor Ct: | 2300 Density: 7350 ka/m?
Factor B: | .4 Min. cydes number: | 3ppg Poisson ratio: | g,3

Fig. 3.18 Standard material properties

Material database consists of two parts: group of standard materials and group
of user’s materials. First group cannot be changed by user. To edit the second
group, “Edit user’s materials” shall be selected.
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User's material - e -
092C KM245 Material name:  09M2C KM245 Type of material:  Steel
09r2C(265)
09rac-2 Material (steel) grade: | sy
1.0586 P355NL1 < 150mm
1.0566 P355ML1 <40mM Rupture elongation:  |jningwn
14404
s Workpiece | Type/Grade|T,...| Re (RpL.0, Rp0.2), MPa | Rm, MPa | E, MPa | Albha, 1. |Rm/10°5, MPa
SA-240 304 Forging |~ | 350 161 258 164000 0,0000136 0
iy Forging [+ 375 152 244 164000 0,0000136 0
TTSt35N Forging |- | 400 138 220 155000 0,0000136 0
Forging |+| 20 245 378 199000 0,0000116 0
Forging |+ | 100 210 336 191000 0,0000116 0
Forging | x| 150 202 323 186000 0,0000126 0
Forging | x| 200 194 311 181000 0,0000126 0
Forging | x| 250 190 304 176000 0,0000126 0
Forging |~ | 300 176 281 171000 0,0000131 0
< .
Delete selected lines
Low-cyde strength (*) Physical properties (*)
Coefficent A: of 2
Creste oeffiden 0 MPa ensity: 7300 ka/m3
CoeffidentB: g Poisson's ratio: 3
Add copy Delete CosffidentCt: g (%) 1F 0", substituted values for steel
Minimum number of g
(¥) If 07, defined as per GOST R 52857.6 oK Cancel

Fig. 3.19 User defined material properties
In the user’s materials editor the following operations are available:
e Adding new “empty” material (“Create”);

e Copying table of properties of any of the existing materials as a
whole (the command "Copy to clipboard" in the table), and the
subsequent insertion to the user material (command "Paste form

clipboard™);
o Deletion of material “highlighted” in the list ("Delete™);

e Creation of the new material and copying into it the properties of the
material, which is “highlighted” by the cursor in the list (“Add

copy”);

o Deletion of the group of lines with material properties (“Delete

selected lines”);

e Material renaming (the name of material is edited in the same field);

e Setting of material properties, depending on temperature, thickness,
workpiece type, parameters Type/Grade and Class/Condition/Temper

(by analogy with ASME Il Part D).

After pressing “OK” button a new material will appear in the group “User’s

materials”.
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Material properties at given temperature are determined by linear
interpolation. Data can be set randomly, depending on the temperature — the
program will sort them automatically, in the order of temperature increasing. In
addition to steel, cast iron, nonferrous metals and titanium alloys can be entered. A
and B material properties and correction factor C, are set for steel, non-ferrous
metals, cast iron and titanium alloys when calculating low-cycle fatigue.

If some value is initially equal to 0, then at calculation in will be set
automatically, as per GOST 34233.6-2017, based on the material type and grade.

When you add a new material, its properties are saved both in the database and
in the model file. When transferring data file to another PC, PASS/EQUIP will
read material data and add it to local database if necessary. If a material with the
same name already exists in database, properties from the database and not the
model file will be used.

In case of simultaneous access of several users to the publicly available
database (for example, when it is placed on a network drive), only the first user can
edit (for other users, a message appears about the impossibility of editing at the
moment).

3.17.1.7 Standard dimensions

By this command you can select a component from standard items database
via clarifying filters (from more general parameters to the particular ones)

3.17.1.8 Negative tolerance

By |i| key you can select this value from database as per different
standards. A user can select only those variants, which correspond to the defined
nominal thickness of the wall.

n w .
Negative tolerance —_— - [&J

Maminal thickness: | I T

[5]

Code: | FOCT 19303-74 MpokaT AMCTOB0MA FOPAYEK AT aHBIA, CopTateHT
WupmHa pyncHa: | 500 750 IZ|

TOMHOCTE NPOKATEM. | HopabHan TOMHOCTE MoKATEM IZ|

Negative tolerance, mm: | [ g mm

OTrmeHa

Fig. 3.20 Negative tolerance
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3.17.1.9 Weld strength ratio

This value is set based on weld type and materials used via > | button.

Weld joint coefficient ‘

i =

Weld lype as per GOST A 52857 1-2007

il weld or T-bull weldh
with bilateral soid
‘penetation, automatic |

®

Butt weld with back run

of root, T-bult weld with
= bilateral solid

penetration, hand weld

Butt weld available for
one-side welding, with
back weld on the root's

bt

T-beam, with
2 constiuction gap of the
detalles welded

Bult weld, with fux or
2 ceraic substrate.
automatiz

A
)

f——Y

%
7

: = :

side j—
Al

—

%

Aburminum alloy; Butt bilateral, uniiateral vith
technalogic lining, caried oLt by welding in shielding

%) gas or plasma weding: Angular T-butt weld with

bilateral solid penetration, camed out by welding in
shislding gas

Alurrinum alloy; Bult wels uriletaral, T-butt weld with

%) unilateral soid penetration, caried out by welding in

shielding gas

Aluminum alloy; Buit weld with bilateral solid
penetration, Bt weld with bilateral solid penetration
cartied ou by hand ar: welding

Alurninum alloy: Butt weld uniletaral, T-but weld,

- carried out by all other weld procedures

Copper alloy: Butt weld with bilateral solid penetration,
T-butl weld with back run of root, T-but weld

) unilateral with technologic lining. earied out by

automatic arc welding by nonconsumable electrode in

£

.

%) penetration. BUtt weld with bilateral solid

-/ solid penetrationcaried or by hand arc

*) Copper alloy: Dverlapped saldering

NIl

-/ Welding or hand welding in argon o helium

*) penetration by atamalic welding or by hand

Copper allay; Butt weld with bilateral solid

penetrationcaied or by hand are welding

Copper dloy: Butt weld uniletaral with
techalogical lning, But weld with bisteral

welding

Titanium alloy: Butt weld with bilateral solid
penetration caried ou by sutomatic flux

medium

Titariium alloy; T-butt weld with bilsteral solid

welding in argon or helium medium

shislding gas

Copper alloy; Bult weld with bilateral solid penetration,
T-butt weld with back run of oo, T-butt weld
unilateral with technologic lining, eariied out by
manual or semi-automatic open arc welding by
noRconsumable electiode o by automatic i
welding

Bult weld. operated
) manualy from the cne
side

Titanium alloy; T-butt weld, without solid
- penetiation

F kG

Fe
-
f——

=
&

Titanium alloy: Bult weld. avaiabls anly from
) one side in argon or heliom medim, with
provisian of pretection fram the back side

i

100% length contrel Coefficient, Fi: |1

Fig. 3.21 Weld strength as per GOST

Selection of this parameter depends on the accepted calculation code. Ff
calculation is selected as per ASME VIII-1, weld strength factors are assigned
concurrently (Fig. 3.22).
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Welding efficiency _ @

Longitudinal joint radiography Circumferential joint radiography
@ Full radiography per UW-11(a) Type 1 @ Full radiography per UW-11(a) Type 1
() Full radiography per UW-11(a) Type 2 () Full radiography per UW-11(a) Type 2
() Spot radiography per UW-11{(h) Type 1 () Spot radiography per UW-11(a,5,b) Type 1
() Spot radiography per UW-11{(b) Type 2 () Spot radiography per UW-11(a,5,b) Type 2
() Mo radiography per UW-11{c) Type 1 () Spot radiography per UW-11(b) Type 1

~) Mo radiography per UW-11{c) Type 2 (") Spot radiography per UW-11(b) Type 2

") Mo radiography per UW-12 Type 4 (7} Mo radiography per UW-11(c) Type 1

") Seamless (7)) Mo radiography per UW-11(c) Type 2

") User defined (7)) Mo radiography per UW-12 Type 3

Longitudinal effici ") No radiography per UW-12 Type 4
eS| 1 ~) Mo radiography per UW-12 Type 5
) Mo radiography per UW-12 Type &

1 User defined

Circumferential effidency: 1

OTMeHa

Fig. 3.22 Weld strength as per ASME

Strength reduction factor of welded joint ¥

Butt/Ce ingraphic or ul n 100% 0K
Butt/Corner/Tee; Radiographic or ultrasonic inspection 50% —
Butt/Corner/Tee; Radiographic or ultrasonic inspection 25%:
Butt/Corner/Tee; Radiographic or ultrasonic inspection not less than 10%
Cr-Mo-¥ steel; Loaded with bending loads; Rolled pipe

Cr-Mo-¥ steel; Loaded with bending loads; Centrifugally cast pipe, machined
Circular seam of a cylindrical or conical shell, loaded with pressure

Seamless component

User defined

[ cr, cr-Ma-v steel Factor, i | Cancel

Fig. 3.23 Weld strength as per PNAE G-7-002-86
3.17.1.10 Insulation and lining

In the presence of insulation, for automatic weight accounting, you should
specify its thickness, as well as density or mass (for complex heterogeneous
insulation). When assigning insulation, the program takes into account the change
in the outside dimension of the component, when calculating wind loads.

Thickness and density of insulation can be selected from database according
to the current regulations (Fig. 3.26, Fig. 3.27).

User’s Manual 57



VESSEL STRENGTH ANALYSIS SOFTWARE

Insulation parameters selection X
Standart: CN 41-103-2000. MpoeKTHPOBaHWE TENNOEDH MsoNALMM obopyAoEaHKa U Tpybonposoaoe T
Region:  eeponeicanii paiton PO - Location: -
Material: | s o I A - i~ < -
Diameter: 13 -
Temperature, *C: gy <
Thickness, mm: 57 o

0K Cancel
Fig. 3.24. Thermal insulation thickness selection
Insulation parameters selection *

Standart: cr 41-103-2000, MpoeKkTHPOBaHKE TENNOBO0A M3oNAWAM obopyaosaka M Tpybonposonos -

Material:

A S g i gt AR O

Applicability: _7pec  470ec - Density, kg/m3: 55 -

0K Cancel

Fig. 3.25 Thermal insulation density selection

By selecting "Calculate™ option, you can receive a lot of components of
thermal insulation via the calculation module of the “Insulation” program. Input
data for calculation are the geometric dimensions of the model component, its
temperature, climatic parameters and project data specified in the dialog "Data for
calculation of insulation™ (i.3.9)
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Insulaticn and lining e

Insulation

Insulation name! | <Enter name>

o
Insulation thickness, s(i): |9 mm *

Insulation density, rofi): |0 kg/m3 oG

Presents under test conditions Ty
Presents under assembling conditions -
(=]

Facing of the inner surface

S

#| Lining Flating {two-ayer steel)

Lining name: <Enter name:=

Lining thickness, s():| g mm
Lining density, ro{l}: | 0 kg/m3

0K Cancel

Fig. 3.26 Non-metallic insulation and lining

Option "Presents in test/assembly conditions” influences on weight of the
component and its outside (“wind") diameter in appropriate conditions.

In the presence of lining, for automatic weight accounting, you should specify
its thickness and density.

For some components (shell, head), it is possible to take lining as plating
(double-layer steel wall, Fig. 3.27). At that, the calculation takes into account the
wall thickening and changes in allowable stresses.
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Insulation and lining x

Insulation

Insulation name:  <Enter name=

Insulation thickness, s(i): 0 mm
Insulation density, ra(i): 0 ka/m3
Presents under test conditions

Facing of the inner surface

O Lining @
Plating material:
Ct3 =3
Plating thickness, s g mm
Corrosion allowance, c1': g mm
Negative tolerance, c2: g g mm o
Technological alowance, c3: g mm
OK Cancel

Fig. 3.27 Insulation and lining suitable for plating

For tube sheets of heat exchangers, two-sided cladding with recalculation of
the allowable stresses of the carrying layer is provided (Fig. 3.29).

Double-sided plating X
Inside plating R .
Plating material: | 08X 18M8H2T (KO-3) =2 H
Plating thickness, s | 3 mm
Corrosion allowance, c1':| g mm i
Megative tolerance, c2: (g 5 mm | ==
Technological allowance, 3| g mm

Outside plating

Plating material: | 07X 13420 (4C-46) =z
Plating thickness, s": | 3 mm
Corrosion allowance, c1': [ g mm

Negative tolerance, c2:[p g mm

Technological allowance, c3': [ g mm

Cancel

Fig. 3.28 Two-sided cladding
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3.17.1.11 Low-cycle fatigue

For low-cycle fatigue analysis, load properties and weld type must be set,
depending on adjoining nodes or vessel components.

Low-cycle fatigue calculation as per GOST R 52857.6-2007 gl
Assembly or element of vessel Basic lemert materiat Adiacent element data
. . Mateiial: Cr3 -
r ’> Tempersture, T2 30 -«
' , Thickness. s2 g m
Operating pressure amplitude, Deltapi o MFa
Force ampliude, DeltaFi g N
Bending moment amplitude, DeltaMi g Nmm
Arnpltude of tampsraturs differsnce of b heighbeuing points o o
the vessel wal, Deltal T
) weld erdgs displacsmert Amplitude of calculation temperatures in junction points ;
. . between two materisls, with different linsar expansion 0 T
© Junetion of shels with different thickness et e el

O Butt welding of flange with smooth transition

weld ype or element comection

© Junetion with aised par o trspherical head or corical head @Z@

@ Seamless element

© Plane langes welded to the shel () Butt welds with full penetration and smooth transition
(O Vessel welds with reinforcing plate throughout the length

) Bult welds and T-welds with full penetration withaut smogth transition

) Reinforced butt weld

© Connection with shell of raised or grooved flat head 3 Single-sided welds withaut reinfarcing plate, with lack of penstration in the rocts
© Cannection with shel of welded fiat heads of ather types
© Total roundness s per GOST A 52857112007 3 welds of ki bisrds

© Dent as per GOST Rt 52657.11-2007
O Longitudinal weld deflection as per GOST R 52857.11-2007
O User defined Local stresses factor, st 15

) User defined Welding type factar, ksl 1

oK Cancel

Fig. 3.29 Local stress factors
3.17.1.12 Defects according to GOST 34233.11-2017
If any defects are found, an additional analysis will be performed. Defect type

and properties can be set via ﬁ button.
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Weld misalignment, angular misalignment, shell nonroundness as per GOST R 52857.11-2007 E|

(O Longitudinal weld offset
() Girth weld offzet
O Tatal roundness (ovality)

() Girth weld deflection

) Dent, stretched along the axis
() Round dent

Offset, deflection or depth of dent, delta: 4 mm

Half the roundness zone central angle, psic g radian

0K

Cancel

Fig. 3.30 Defects as per GOST 34233.11
3.17.1.13 Space in the component

In the simplest case, the vessel has one internal volume, and content
properties are specified in the general data (Fig. 3.8). However, in some cases, the
vessel has two or more isolated volumes (jackets, heat exchangers, vessels with

separating walls). In this case, it is necessary to set parameters of filling of the
subsidiary volume.
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Filling parameters X
Ellipsoidal bulk
Loading Operating Operating fluid
case fluid name density p, kgfm®
Operating conditions 1000
< >
Liquid Filling
(Gas
(® Liquid
Filling ratia -
Filling ratio, £ 100 o

Operating fluid group as per CU TR 032/2013: | .| =

Kind of test:  Hydrotesting -
Test pressurer 1,47 MPa

Wessel group as per GOST 34233.10: [ T |

Limit kemp. of the operating fluid corr, activity, tnp: - 250 °C

0K Cancel

Fig. 3.31 Space in the component

This dialog works similar to the general data dialog (Fig. 3.8), but it is
applicable only to subsidiary volume properties.
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3.17.2. Cylindrical shell

Cylinder X

Component name:  Cylindrical shell Mo, 1 =

Code:  GOST 34233.2-2017 -

Material: CT3 Welded pipe >

Skandard dimensions
Inside diameter, 0t 1000 mm

Outside diameter, D0t 1020 mm

Mominal thickness, s: 1q mm
Corrosion allowance, cl: 2 mm
Neqgative tolerance, €2 gog mml o=
Technological allowance, c3: g mm Tnsulation and lining =
Length, Lt 2000 mm Loads
Longitudingl welded joink sfficiency, gp: = (® Calculate automatically () Define manually
Circular welded joint efficiency, gk 1 . Calculation axial Force, F:
Loading Fressure | Temperature
tase p. MPa T.°C Design model ko determine Inp:
Operating 1 20 @1 Os

Stearning 01 20 L Oz Oe
pe— - 0: 0

4

b O

|:| Defects as per GOST 34233.11-2017 E

ok Cancel Design values calculation

Fig. 3.32 Cylindrical shell

Code - Set the standard to be used for analyzing this component. Calculation
as per GOST 14249-89, GOST 34233.2-2017, EN13445-3, ASME VIII-1 is
available.
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Standard dimensions — with this command one can select a number of
preferable shell sizes (or reject it), indicate the intended type of workpiece (flat
steel or pipe), and specify the standard of the workpiece. At that, wall diameter and
thickness will be set automatically, as well as a negative allowance.

Selection of standard cylindrical shell X

The preferred range of diameters: | e -

Werkpiece tyPe: products in coils

Code: GOST 19904-74 Cold-rolled fiat steel. Grade

Diameter (outer - for pipes), mm: 509 - Thidkness, mm . - Width of sheet, mm: g9

Precision/Tolerance/Ident: Ephanced accuracy
Applicability:  The yessels of non-ferrous metals

0K Cancel

Fig. 3.33 Standard shell selection from database

Loads — if “Define manually” is selected, external loads and how they
influence the component must be defined (see below). Input loads are considered
only when analyzing this component and are not transferred to supports,
adjoining components, etc. If “Calculate automatically” is selected, maximum
loads are determined automatically based on restraint properties and properties of
loads on all model components, weight loads from material and component
content, etc.

Bending moment, intersecting force, axial force, design model are
determined based on a preliminary analysis of external forces and moments
affecting the shell.

In the presence of compression forces on the shell, design model is
determined according to GOST 34233.2-2017 (GOST 14249-89), as shown on
Fig. 3.34. Lengths of external pressure and axial force are calculated automatically
based on the structure of the model as a whole.

®1 ® 2 ® 3
i i i
=] 1. =
77 7
© 4 ®5 ® &
L L

1
_g — _-f £ --hF -q—F

7

@®7

77 77
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Fig. 3.34 Design models for determining the overall shell stability

At calculation of loads using FEM (finite element method), cylindrical shell is
modelled by a chain of beam elements of ring cross-section with weightless nodes
(Fig. 3.35). Uniformly distributed lengthwise load is applied to each chain element.

Fig. 3.35 Modeling a cylindrical shell with beam elements
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3.17.3. Conical transition

Conical transition

Companent name: [T e e e
Code:  GOST R 52857.2-2007 -
Shell material:
Cr3 - | Properties... Add..
Inside diameter in the beginning, Dr: 4 0og mm
Inside diameter in the end. Dk: 2000 mm
Mominal thickness, sk: 1p mm
Carrosion allowance, c1: 2 mm
Wag=tive elkeee, 62 [ (G Insulation and lining > > Law-cycle fatigue »>
Technological allowance, c3: mm Loads
Shell lenath. L: 2000 mm (&) Calculate automatically () Define marualy
Horizantal offset, <0: g ] Diesign pressure [without hpdrostatics], p:
Wertical offset, ¥0: g mm &) Internal ) Esternal ] MPa
Longitudinal welded joint efficiency, Fip: 4 e
Circular welded joint efficiency, Fit: q e
Calculation temperature, T: 2 °C
[] Defects as per GOST R 52857.11-2007
Mext »» Cancel Design values calculation

Allowable pressure [at a length L): [p] = 1.09 MPa
Effective thickness including allowances [at a length L) sp + © = 2.8 mm

Fig. 3.36 Conical transition

Component name, code of standards, material, dimensions, weld strength
factors, insulation and lining, and load properties of conical transitions are set in
the same way as those for cylindrical shells.

Horizontal and vertical displacement is calculated for eccentric conical

transitions. Use the button to switch to a list of joints with
neighboring components. Joint structure is according to GOST 34233.2-2017
(GOST 14249-89).

At calculation of loads using FEM method, conical transition is modelled by a
graduated chain of beam elements of constant ring cross-section (Fig. 3.37). To
each chain element a uniformly distributed lengthwise load is applied, amount of
which depends on the mean cross-section diameter at the given area.
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Fig. 3.37 Modeling a conical transition with beam elements

Reinforcement elements in the transition ends are modelled similarly to the
cylindrical shell.
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3.17.4. Dished head

Ellipsoidal head X
Component name: - (Elipscidal head No.1 |
Code: GOST R 52857.2-2007 - £
Head material Dimengions as per GOST »»
Cra = | Properties.. Add.. !m
Head inzide diameter. 00 1000 s ! =
Head wall thickness. s1: g mm D
Carrozion dlowance, c1: 2 mm
MNegative tolerance, c2&: g mm
Technological allowance, c3: mm
Head height, H: 257 o
Straight flangs lencth, 1 g o Ingulation and lining > > Low-cycle fatigue >
w/elded joint efficiency, Fi: 1 . [] Defects as per GOST R 52857.11-2007
Calculation temperature, T: 20 T
Dresign pressure [without hedrostatics), p:
) Intemal () External 0 MPa
QK Cancel Design values calculation

Effective thickness including allowances: s1p + ¢ =28 mm
Allowable pressure: [p] = 2.21 MPa

Fig. 3.38 Ellipsoidal head

Component name, code of standards, dimensions according to GOST,
material, dimensions, weld strength factors, insulation and lining, and load
properties for dished heads are set in the same way as those for cylindrical shells.

At calculation of loads using FEM method, dished heads are represented as a
pair of weightless beam elements with node in the point, which corresponds to the
head gravity centre (Fig. 3.39).Cross-section of elements is considered to be
constant and corresponding to the cross-section of the head foundation. Head
weight is considered to be lumped and is applied to the centre of gravity (yellow
node).
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Fig. 3.39 Modeling a dished head with beam elements

Campanent name: |Spherical head Mol |

Code:  GOST R 52857.2-2007 -

Head material:

Head inside diameter, D 1gpo i

Head wall thickness. s1: 1 mm
Corrozion allwance, cl: 2 mm =
Megative tolerance, c2: g mm D
Technological alowance, c3: mm
Straight flange length, h1: - — -
o i | Inzulation and lining > | | Lawe-cycle fatigue > |

e
b

‘welded joint efficiency, Fii 1
[ Defects as per GOST A 52857.11-2007

Calculation temperature, T: 20 T
Drezign pressure [without hpdrostatics], p:

@ Intemal (O Estemnal 0 MPa

Effective thickness including allowances: s1p+c =28 mm
Allowable pressure: [p] = 4.4 MPa

| Design values calculation

Fig. 3.40 Hemispherical head
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Torispherical head

Component hame: [T arispherical head No.1
Code: GOST R 52857.2-2007 -~
Head materiak =]
Cr3 - | Properties... Add.. 7 i
Inside head diameter, D o000 mm - + _ﬂ =
Head thickness, 1: 1 mm ! .
Corrosion allowance. cl: 2 fre / Iy
Megative tolerance, ¢ g mm R
Technological allowance, 2 mm D
Straight flange length, hi: g fre
Crownradius, B: 1000 mm Welded head ype
Kruckle radiuzs, 11: - 2np fre © Seamless
Calculation temperature, T: 20 T O welded from flat bars
Diesign pressure [without hpdrastatics], p: ) whelded from segrents

@) Internal ) External 0 MPa

[] Defects az per GOST R 52857.11-2007

Insulation and lining »>
Low-cycle fatigue > >

QK Cancel Design values calculation

Effective thickness |nc|ud|ng allowances: s1p+c =28 mm
Allowable pressure: [p] = Fa

Fig. 3.41 Torispherical Head

Torispherical head type is determined according to GOST 34233.2-2017 and
can be seamless pressed, welded from flat bars or welded from segments (Fig.
3.42). Weld strength factors must be set welded heads.

Seamless Welded from flat bars Welded from segments

Fig. 3.42 Torispherical head types
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3.17.5. Flat conical head

Flat conical head

Component name:

() with reinfording ring
() without reinforcement
Head material: C73 Sheet
Head inside diameter, D:
Head wall thickness, =1:
Corrosion allowance, ci;
Megative tolerance, c2:
Technological alowance, c3:
Head wall deflection angle, al:
Head height, Hd:

Insulation and lining ==

OK

Mozzle at top

Code:  GOST 34233.2-2017
Head type
(®) with simple reinforcement
() with knuckle

1000
10

2
0.8
0

75
&7

Circular welded joink efficiency, pt: | 1

Longitudinal welded joint efficiency, pp: 1

Loading Pressure | Temperature
case g, MPa T, "C
PaBioqme yonosua 0 20

Connection type
(O Withaut reinforcement

®) Simple reinforcement

)

i

mm

i

i

i

a

i

‘wall thickness of adjacent component, s: 1g mm

Insertion material{s2): C13 Sheet

B

Insertion wall thickness, s2;

=

Reinforcement thickness, s1: mm

Reinforcement length, a1: mm

o o o

Reinforcement thickness, sz mm
Reinforcement length, a2 0 mm

Conical section material (s1}:
C73 sheet =

Cylindrical section material (s2):
C13 Sheet =3

Cancel

Design values calculation

=

50 mm

52

di

GOST 34233.2-2017.

Fig. 3.43 Flat conical head

Component name, code of standards, material, dimensions, weld strength
factors, insulation and lining, and load properties for flat conical heads are set in
the same way as those for cylindrical shells. Head type is determined according to

“Nozzle at top” option is used in cases when the modeling of the vessel with a
conical transition gives an incorrect result (for example, for horizontal vessels on

saddle supports).
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3.17.6. Steep conical head

Steep canical head x
Component name:
Code: GOST 34233.2-2017 i
Standard dimensions
Head type
(® Junction with cylindrical shell
() Junction with cylindrical shell, with knuckle
() Junction with cylindrical shell, with ring
() Junction with cylindrical shell, without reinforcement )
Shell material: 13 Sheet S *
Head inside diameter, 0t 1000 mm
. Section material s1 (st} 13 Sheet =
Wl deflection angle, al: gp °
Secti terial 52:
s, A - ection material s2: €T3 Sheet =
Corrosion allowance, cl: P
Negative tolerance, c2: g5 mm | =
Technological allowance, c3: g mm Insertion wall thickness, s1:| 15 uly
Head height, Hb: 150,11 | mm Insertion wall thickness, s2! 5 mm
Langitudinal welded joint efficiency, @p: 1 . Insertion section length, al: 5p il
Circular welded joint efficiency, @t e Insertion section length, a2: 5p mrn
Loading Pressure | Temperature
case p, MPa T, °C
B . Mozzle at top 52
Operating conditio 0 20 Connection bype
YWacuum ] 20 () without reinforcement h
Simple reinfarcement 5
|:| Defects as per GOST 34233, 11-2017 =33 @ 2 5 b
Reinforcement thickness, s1: g frn
Insulation and lining ==
d Reinforcement length, al: o mm |
Reinforcement thickness, s2: 0 T 21
Reinforcement length, a2: O mm
Conical section material (51} | T3 Sheet F5-3
Cylindrical section material {s2): | ¢T3 Sheet P53
(a4 Cancel Design values calculation

Fig. 3.44 Steep conical head

Component name, code of standards, material, dimensions, weld strength
factors, insulation and lining, and load properties for steep conical heads are set in
the same way as those for conical transitions.
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“Nozzle at top” option is used in cases when the modeling of the vessel with a
conical transition gives an incorrect result (for example, for horizontal vessels on
saddle supports).

3.17.7. Flat head

Flat head/cover, E
Component name: | FETERT TG, Construction of heads and covers
Code: [GOSTR52857.22007 | @1 O3
Head material: Oz O3
Cr3 v Add.. 08 (afl
Inzside diameter of adjacent component, D: | 1000 o o
4 1
“wall thickness of adjacent component, s |10
o5 O1z
Head wall thickness. s1: |1
O Q12
Carrasion allowance, cl: |2
Megative allowance, o2 g g C7 O
Technological allowance, c3: | O15
welded joint efficiency, Fi: |1 [ Inzulation and lining >
Calculation temperature, T: |20
Calculation pressure, pr il eelictve. & |
) Intemal (O External 0
Design values calculation

| Allowable pressure: [p] = 0.02842 MPa

Fig. 3.45 Flat head
Component name, code of standards, material, dimensions, weld strength
factors, insulation and lining, and load properties for flat heads are set in the same

way as those for cylindrical shells. Head structure type is determined according to
GOST 34233.2-2017 (see Fig. 3.46).

® 2 ® 3 [OF! ® 5
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Fig. 3.46 Flat head types as per GOST

Head calculation is now available, as per ASME VII1-1 (versions of structure
are indicated in Fig. 3.47).
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o o o

Fig. 3.47 Flat head types as per ASME

Note: don’t use this component to model a tank supported by soil (the
calculation method does not take into account the supporting conditions and in this
case gives an excess margin).
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3.17.8. Flat head with ribs

Flat head/cowver with ribs

Companent Name:  =|at head (cover) with ribs Mo, 1

Code:  GOST 34233.2-2017 -
Head material: 13 Welded pipe
Inside diameter of adjacent component, 00 1oon mm
wiall thickness of adjacent component, st 1 mm
Head wal thickness, s1: 4 M
Corrosion allowance, ¢t 2 M
Megative tolerance, 2! g5 mm
Technological allowance, c3: g M
Welded joint efficiency, @i =
Loading Pressure | Temperature
case p, MPa T, "C
Operating 1 20
Steaming 0 110
Hub/boss options
Material: CT3 Welded pipe
Height, HD: q0p mm
Distance from the head surface, hD: 2 mm
wall thickness, st 1 mm

Diameter, d0: D

Allowance ko the wall thickness, c0: g

=3

==

B

mm
Rib profile bype
@1 Oz O3 O+ H
0Os Oe O7
() Custam QJ_ = ta
t

le

Assortment >

Adjacent component:  Cylindrical shell Ma. 1

Construction of heads and covers

() without hub and boss @® withhub () With boss
2y l
d@
[
1
o,
' ‘
=z I
4] [
— ]
5 D 'y =D =
@ Version 1 O Wersion 2

Additional load onto the cover centre, QO
(®) Automatically () Manually

Rib options {including corrosion)
Rib material: T3 Welded pipe 33
Mumber of ribs, ni g

Welded section width, £ 1

mm
Section height, b 2 T
Distance to the centroid, &0 136 mm
Sectional area, Ap: 2np ram?

Second moment of area, Ip: geg7 mme
Rib height, Hpt 2q mm

‘Welded joint efficiencyaf ribs, op: 1 >

Design values calculation

oK Cancel

Fig. 3.48 Flat head with ribs

Rib section type and dimensions are set in the same way as those for

stiffening ring of cylindrical shells.

It is possible to attach a child component (cylindrical shell) to the central part
of the head, which will automatically determine the load on the center Q. If this
load is applied manually, it is taken into account in the model and transferred to

adjacent components.

The available options are shown on Fig. 3.49.
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Fig. 3.49 Ribbed head types

3.17.9. Integral flat heads with opening

This component behaves in the construction like a conical transition (creates a
difference in diameters). Adjacent elements can be attached to a smaller diameter.

Flat head with opening X
Component name:  Mnoccan KPeILKS © LEHTPaNEHE REZEEED
Hub [ swap
Code: ASME VIII div.1 < .
Y
Material: 092 Sheet > 0 Ra Be f b i
Head thidmess, t: gp mm
Corrosion allowance, ¢l 2 mm T < tfa
Negative tolerance, c2: 0,8 mm == *
Technological allowance, c3: mm ;*
Shell o
Shell inside diameter, Bs: 1500  mm
Conical hub thickness, gis: 50 mm
Cylindrical hub thickness, g0s: 20 mm ] = T
Cylindrical part length, hOs: 21 mm
Conical part length, hs: 51 mm Insulation and lining ==
Opening
Opening inside diameter, Bn: 20g mm
. i Rim holes
Conical hub thickness, gin: 45 mm Radius, Rs, | Angle, 8, ° | Diameter,
Cylindrical hub thickness, gdn: 30 mm mm dh, mm
Cylindrical part length, hon: 20 mm 1l 526 0 100
Conical part length, hn: 50 mm 2 400 %0 100
Loading Pressure | Temperature
case p. MPa T.°C Add Delete
PaBoune ycnoens 1 20
OK Cancel

Fig. 3.50 Integral flat head with opening
The “Hub” option sets the hub on a smaller diameter (Fig. 3.51)

The “Swap” option sets the orientation of the component along the axis of the
vessel.
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St
o

Els

hin, i

Eis

Fog Byt b £

T
” _

e

4 - . T " QQS:_

a) without hub b) with hub

Fig. 3.51 Flat heads with opening designs

The “Rim holes” option allows to take into account the weakening by
perforation (additional small holes located in the edge zone of the head).

3.17.10. Oval head
This component can be attached to oval nozzle.

Oval cover " &J
Element name: | 0yal head Ha1| Cover type ) ) )
Design: @ Typel ) Type 2
Attached to: | Qyal nozele Mo.1
Code: |RD 10-245-38 [<]
Cover material
Cr3
I Larger inside diameter of nozzle, n: | 3ng fr
Minar inside diameter of nozzle. m: |20 mm
Minor diameter of the bolts arangement line, Db | 250 fr
Carrosion allowance, c1: |2 fr
Megative tolerance, ¢ | fr
Technological allowance, c3: | fr
Outside bolt diameter. d: | IZ| mm
Mumnber of bolts, re |12
Wwall thickness, s1: |2 fr
Flange thickness, s3: |1g -
Minor average diameter of the gasket, Du | 220 fr
Calculation temperature, T: | 2g o
Design pressure [without hpdrostatics], p:
@ Internal ) External |1 MPa
[ Cancel ] [ Design values calculation ]
L

Fig. 3.52 Oval head
Possible designs of the head according to RD 10-249-98 shown in Fig. 3.53.
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Fig. 3.53 Oval head types
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3.17.11. Spherical head without knuckle

(X

Spherical unbeaded head/fcover

) . Congtruction of heads and covers
Component narne: |Sphencal unbeaded head [cover| @1
Code:  GOST A 52857.2-200F -
Head material: Oz
Cr3 - | Propetties.. Add..
Inzide diameter of adjacent O3
component, [: 1000 mmm
Wall thickness of adjacent component, &2 9 mm O s
Head radivs, Bt 1000 mm
Head wall thickness. 1. 1p i (@)
Corosion allowance, c1: 2 frres O6
Megative tolerance, c2: g mm
Technological allowance, 2 g mm Insulation and lining >» Head low-cycle fatigue > >
“welded joint efficiencyol spherical 1
segments, Fi: 2
Circular welded joint efficiencyaf of the head 1 %
edge, Fik:
Caloulation bemperature, T: 20 T
Dezign pressure [without hydrostatics), p:
(&) Internal () External 1] MPa
[] Defects as per GOST B 52857.11-2007
aK Cancel Deszign values calculation

Effective thickness including allowances: s1p + ¢ = 2.8 mm
Allowable pressure: [p] = 0.667 MPa

Fig. 3.54 Spherical head without knuckle

Component name, code of standards, material, dimensions, weld strength
factors, insulation and lining, and load properties for flat heads are set in the same
way as those for cylindrical shells. Head structure type is determined according to
GOST 34233.2-2017 (see Fig. 3.55).
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Fig. 3.55 Spherical head types
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3.17.12. Nozzle

d).

Mozzle

Component name: | JE

Code:  GOST 34233

F-2017

Standard dimensions

Nozzle material; CT3 Shest =
MNozzle inside diameter, di 1on mm
Nozzle outside diameter, do: j2g i
MNozzle wall thickness, s1: 1n i
Total sllowance to thickness, cs: 2 mm |
Exterior patt length, 111 pp froes
Mozzle inner part length, 13: 0g mm
Mozzle inner part thickness, s3: g froes
Corrosion allowance, sl g mm
Loading Pressure | Termperature
case p, MPa T °C
Pafiouue yonosws Q 20
PAD
Ring material C13 Sheet x>
Pad width, I2: 1pg mm
Pad thickness, s2: 1 mm
Inside part material: 13 Sheet E
WELDED SEAMS:
Longitudinal welded joint efficiency, ol 1 =
Joint efficiency in the nozzle tie-in zone, o 1 =
Minimurn sizes of seams:
A 100 mm Al 10 mm AZ: 10 mm
HMext == Cancel

Drawing marks

Design models of nozzles

()1 -s5et-on

() 2 -5et-in

(C) 3 - Set-on with reinforcing pad
() 4 - Set-in with reinforcing pad
(®) 5 - With pad and internal part
() 6 - With crotch
(0 7 - With weld-in toroidal insertion

() 8 - With weld-in ring

POSITION:
(@) Radial

() In the cross-sectional plane
) Offset
O Tiked
Offset, Lt
66,987 mm
Axis offset angle, B:
o radian

Insulation and lining =3

Nozzle attached toi | Ofieyalica uniHapreckan N9L

Design values calculation

Fig. 3.56 Nozzle

Component name, code of standards, material, dimensions, and weld strength
factors for nozzles and padding ring (if present), as well as load properties, are set
in the same way as those for cylindrical shells. Nozzle placement is determined
based on the type of adjoining component.For cylindrical and conical shells and for
conical heads, the nozzle can be radial (Fig. 3.57, a), positioned in the cross-
sectional plane (Fig. 3.57, b), offset (Fig. 3.57, ¢), or placed arbitrarily (Fig. 3.57,
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(b) In the cross-section

(a) Radial plane

(c) Offset (c) Tilted
Fig. 3.57 Nozzle positioning on the cylinder

For dished heads (including spherical without knuckle), nozzle can be set in
the polar or Cartesian coordinate system and can be radial, positioned along
vessel’s axis or positioned arbitrarily (Fig. 3.57). For flat heads, nozzles must
be placed perpendicular to surface.
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For a set-in nozzle with the inner surface of the
shell, select the "Set-in " configuration and set 13=0.

For an inward forming nozzle (Fig. 3.58) set a
negative value of “x”.

Fig. 3.58 Inward forming

nozzle
Nozzle X
Component name: Drawing rark: Mozzle atbached bl e cheprueckos HeaTRopToBaHHGE (F
Code: | GOST 34233.3-2017 . Design models of nozzles
1 - Set-an
Standard dimensions o
Mozzle material:  CT3 Sheet B O 2-setin
Nozzle inside diameter, d: 1o ] () 3 - Set-on with reinforcing pad
Mozzle outside diameter, do: 12g mm
! () 4 - Set-in with reinforcing pad
Mozzle wall thickness, s1: 1g T
Total allowance to thickness, cs: 2 mm | @® 5 - with pad and internal part ]
Exterior part length, I11: 100 o () & - with crotch
Nozzle inner part length, 13
D i 100 i () 7 - wWith weld-in toroidal insertion
Nozzle inner part thickness, s3t 1 fres
Carrasion allawance, csl: g M O &- With weld-in ing
Loading Pressure | Temperature POSITION:
case p, MPa T,°C @ Radial Coordinates: (@) Polar (O Cartesian
Pafioume yonoeua 0 0 Ofalenakekce
—
PAD O Tiked
Ring material C13 Shest E orfsehlRuy
. i} mnm
Pad width, 12: ' 1pg fres
] Axis offset angle, B: 0y 4-—-—
Pad thickness, s2: | 1n fres 0 .
Inside part material 13 Sheet =3
WELDED SEAMS:
Longitudinal welded joint efficiency, gl 1 =3
Joink efficiency in the nozzle tie-in zone, v: 1 =3
Minimum sizes of seams: Insulation and lining >
A: 10 mm Al 10 mm A2: 10 mm
Mext == Cancel Design yalues calculation

[Pafioume yonosma)

Diameter of the hole, which does nat require any reinfarcement; d0 = 0 mm
Allowable pressure: [p] = 2.2096 MPa

Calculation nozzle wall thickness including allowances: sip+c = 2 mm

Fig. 3.59 Nozzle on the head
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Radial Along the axis Tilted

Fig. 3.60 Nozzle positioning on the head

Nozzle model is determined according to GOST 34233.4-2017. See Fig. 3.61
for possible models.

Without additional With projecting With projecting

reinforcement inward With pad inward and pad
W'th pad and With beading W!th tor_0|dal With insert ring
internal part insertion

Fig. 3.61 Nozzle types

An analysis of insertion point strength from external forces and moments

(assigned using the L_M=#>> | hytton) is available for radially placed nozzles in

cylindrical and conical shells and dished heads.
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Leads on nozzle

Loads
() Calculate automatically
(®) Define manually

Loads location
(®) At the cut of nozzle
() In the tie point

Code: GOST 34233.3-2017 (loads)

Loadings for tited nozzles are specified only for the
transfer to other elements of the vessel

[ Sl s % Sl

[ 5ame loads in all modes

[] Pressure effect is induded in the loads

Accounting of thermal strains tightness
® Without accounting
() with accounting

Loads coordinate system

® Local O Global

Loading Axial force (under Shear force Shear force Circular mement | Longitudinal moment | Torque mon

case tension "-"} Fe,M FILMN Mc,MN-m MI,M-m Mt M-m
Operating 0 0 0 0 0 0
Steaming ] ] 0 ] 0 0
Test conditions 0 0 0 0 0 0

oK Cancel

Fig. 3.62 Nozzle loads

In this case, in addition to nozzle reinforcement against pressure, an analysis
of external forces and moments is carried out according to the selected standard:
GOST 34233.3-2017, RD 26.260.09-92, WRC 537(107) /297, , EN 13445-3

Loads can be determined automatically during analysis based on the adjoining
component or set manually. If “Apply as external” option is selected, input loads
on the nozzle will be transferred to all model components.

The “Same loads in all modes” option allows you to avoid filling the whole
table of loads individually for each mode if the loads are the same or differ slightly.

Using the “Loads coordinate system” option, loads can be specified in the
nozzle coordinate system (“Local”) or in the model coordinate system (“Global”).

When manually assigning loads, a user can also specify, at what point they are
applied (option "Location of loads"). When assigning loads on the nozzle cut, they
are automatically recalculated during the calculation, taking into account length I;.

For flat head, operability under pressure is evaluated considering presence of
passages.

Pay attention to positive and negative signs when setting forces and moments.
Positive values correspond to directions indicated on the model. Analytical model
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displayed in Fig. 3.62 is applicable only for radial nozzles. For other variants of
structure it is necessary to control the direction of loads on the displayed model, as
in general the coordinate system of nozzle is set at an angle 0 first, then at ®, and
then at y or y.For instance, a shifted nozzle is resulted from the tilted nozzle, at © =
90°.
At calculation of loads using FEM method, cut-in is represented as several
beam elements (Fig. 3.63):
e Element marked with blue joins outer wall of supporting shell with
axial line of the shell in the cut-in point. This element is a rigid link.

e Chain of elements marked with red is modelled by weightless ring
cross-section beam elements. Weight load is applied to the yellow
node placed in the gravity centre of nozzle.

External loads are applied to point 1 or 2, depending on the selected position.

Fig. 3.63 Modeling a nozzle with beam elements
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3.17.13. Oval nozzle

Nozzle 3]

Component name:| 8 Drawing mark: [ Dyl nozzle | Moz2le attached te: Cylindical shel No.1

Design models of nozles

Code: |GOST R 62857 3-2007 v

Nozele material 1 -Without addtional
®© ey
o2 « | [Properties. Add
Larger inside diamete: of nozale. d1: 100 © 2- Wit projecting inward 5

Minar inside diameter of nozzie, d2:[ 100

i
s

O 3-With pad
Nozde wallthickness, 110
Total allowance to thickness, cs:[2 o ::Q\Qfgzﬁ:fg”"g T

Nozae's exterior part length, 112100 (05 Wihpad snditemal % 1
part A ‘ o
o

O 8- With insert fing

Calculation temperature, T: 20

—_— POSITIONING
slculation pressure,
Internal o O]
O Extemnal
Offset, Lst:
1000

Asis offset angle, Teta:

Asis detivation angle, omega

0

WELDED SEAMS
Longiudinal welded jairt efficiency. Fil 1
Welded joint eficieneyIntegralin e

nozzle liein zone, Fis
Minimum sizes of seams;

Low-cycle fatigue 5>

Delal 1y

Design values calculation

Diameter of the hole, which does not require any reinforcement: d0 = 0 mm
Allowable pressure: [p] = 2.202
Effective hole dismeter: dr = 104 mm

Fig. 3.64 Oval nozzle

Component name, material, dimensions, weld strength factors for nozzle and
padding ring (if present), load properties and location are set in the same way as
those for ordinary nozzles.
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3.17.14. Bend

Bend

Bend design as per 54 03-003-07
(%) a-Seamless elbow () b - Miter bend

] O ¢ -'welded elbow () d -'welded elbow

Element name:

Bend material:
Cr3 - [ Properties... ] [ Add..

Bend internal diameter. d: | gp
whall thickness. &0 1 M
Carrosion allowance, c1: [2 /"\
Wegative dlowance, c2: | e
Technological allowance, c3: | \/
Bend radius. R: |10

Angle, gamma: |

Bend position

Caloulated temperature, T: | 2g

¥
Caloulated overprezsure, p:
() Internal () External 1]
’ Insulation and lining > ]

E stimation of calculation walues

Allowable prezsure: [p] = 23.83 MPa
Calculated bend thicknezs including allowances: sp + c = 2 mm

Fig. 3.65 Bend

Component name, material, dimensions, weld strength factors and load
properties are set in the same way as those for cylindrical shells. Bends are
connected to nozzles and their adjoining shells. Bend placement is determined by
its bend angle.

Bend structure is determined according to SA 03-003-07. Bends can be
seamless (Fig. 3.66,a), sectorial (Fig. 3.66,b), welded longitudinally (Fig. 3.66,c)
and welded transversely (Fig. 3.66,d).
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<>

(c) Welded, when the welds are (d) Welded, when the welds are
positioned in the curve plane positioned along the neutral line

Fig. 3.66 Bend types

92 User's Manual



PASS/EQUIP 3.06

3.17.15. Flange joint

Flange joint options

ey Gtk [A5yE VIl | Flangs it g
1 Integral weld rieck

FLANGE #1 () [Dimensions as per G0ST >> FLANGE #2 [ Accept as 1 )
APt e e et e ©2-8iip on flange
At et G G P e O3 -Lap ot lange
Inside diameter, D:[ 2000 Flange desian
(® Raised face O MaleFemale
O TongueGrove O Ring Type Joint

Inside diameter, D2 2000

il thickness, =10 ‘wllthickness. s: 10

Materiak | ggrac v Materak: | ggrzc v [Properies. | [_Add
Flange/iing aptions Flange/iing aptions
Materiak | garzr 3 Materik | arar 3 3

Inside diameter, 0 2000 Inside diameter, D: 2000

Total allowance. &2 Total alowance. &2

Dutsice dismeter, D | 2385 Dutside diameter, Dn: 2325

Flange thickness, b g5 Flange thickness, b g5

Conical hub length, || g5 Conical hub length, |: g5

Thickness of hub at small end, 0: 14
Thickness of hub &t laige end, +1: 32
Transition adius, 17

Thickness af hub at small end, s0: 14
Thickness of hub at laige end, +1: 32
Transifonradius, 1|7

Cylinciical hub length, 2| g Cylinciical hub length, Ic: g

LOADING CONDITIONS:
Calculation pressure (withaut hydrostatics). p:

@ Intemal ) Extemnal 04

Calculation temperature. T: [200

Fastensrs Gasket [ nsulated
@t O Suds Moment oonlrol V| Materak
Mateil pom o PP TEAUHE He Bonse 3 v v
[15tud groove n rocT 481 fones 3
40 5 Add Dimensions as per GOST 5>
Outside diameter, 424w Dutside diameler, Dpn | 2044

Number, i gq Inside diameter, Dpv: 203

Dismeter of bolted circle, Db: 2150

Fig. 3.67 Flange joint
Calculation of flange joints is possible as per RD 26-15-88, GOST 34233.4-
2017, ASME VIII div.1, ASME VIII div.2. Comparison of codes for consideration

of loads is specified below:
Table 3-4

Code Pressure | Consideration of Consideration of
considerat | external loads (F, | temperature loads
ion M)

RD 26-15-88 + N N
GOST 34233.4-2017 ~ ~ N

ASME VIII div.1 N - -

ASME VIII div.2 N N -

Component name, code of standards, material, dimensions and load properties

for flanges are set in the same way as those for cylindrical shells. Flange type is
determined according to GOST 12820(12821,12822)-80 (see Fig. 3.68).
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()1 - Integral weld neck, {#) 2 - 5lip on flange (%) 3 - Lap joint flange

—

[y

Fig. 3.68 Flange joint types

Fig. 3.69 - Fig. 3.73 show various flange joint models as per GOST 34233.4-
2017.

Bl
3:&
J

S
d T
—t
7
&y
Dy

I

[GRCR
ity R
]

(a) Raised f (b) Male-Female

5,

D
Den
D, 3
Dy
ace
— ﬂir‘ —
o r
&y
. b
Den - Doy
L Dg
Dy D,

(c) Tongue-Grove (d) Ring Type Joint

Fig. 3.69 Butt-welded flanges according to GOST 28759.3-90 (a,b,c) and
GOST 28759.4-90 (d)

1
sl

At ek
L
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(b) Raised face (b) Male-Female (c) Tongue-Grove
Fig. 3.70 Flat welded flanges according to GOST 28759.2-90
Ld g d s - 3

Ry Bhg o A
BY K R R

d LA d 5
1D [\ D

o B =y 'R
=11 r T [ I
= ;! = :l
] Dign = L]
. D,
foad \ ;&_ on
= S \v
) @

) By, Ly

(a) Flat face (b) Tongue-Grove

Fig. 3.72. Flanges for fasteners according to OST 26-01-396-78

User’s Manual 95



VESSEL STRENGTH ANALYSIS SOFTWARE

o Dent

@) (b)
Fig. 3.73 Contact flanges

Surface design of the flange joint at calculation as per ASME VIII-1(2) is
shown in Fig. 3.74.

Fig. 3.74 Flange joint types as per ASME

Size of flanges, fasteners and gaskets can be selected from the database of
standard parts by selecting the flange joint type and variation and pressing the
"Standard dimensions™ button. These properties will be set for both flanges.
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Selection of standard flange joint

Type of flanges | ANNapaTHEIE NPHEaPHEIE BCTRIC o MOCT 28759.3
B " ANNapaTHbIE NPHESpHEIE BCTEIK no FOCT 258759.3
Lopueldan=ealy oo * lapmarypHels cTaneHEE NpYEaDHEIE No TOCT 12521-80

Mominal pressure, Py 1,00 !

Cancel

Fig. 3.75 Standard flange joint selection
To select a gasket from the database, its material must first be selected. Gasket
type must match flange type to allow the selection of a standard part.

Selection of standand gasket rz|
Material | SRR TEEPAOCTE Mo LUopy & 40 65 &AHHHL| |
Standart |I'OCT 26739.6-90 MNpoKnaakn M3 HEMETANNHHECKHX MaTEPHAN0E, FOHCTPYELWA M pasMepsl i |
Nominal diameter, Dy

Hominal pressure, Py

Version | MecnanHeHke 1 v

Fig. 3.76 Standard gasket selection

Dialog window (Fig. 3.76) may differ from the example, as it is determined
by the flange joint type, its variation and the gasket material selected.
Bolt (stud) materials and properties can be selected from the database or input

manually.

Pressing key , you can open a dialog of extended properties of

flanges and fasteners (Fig. 3.77):
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Additional fasteners parameters X
Fasteners Outside diameter, d: 10 =5 | mm
1
O Bolts ® studs Sectional diameter, db®: g mm
(*) Specify 0 to assign automatically as for a coarse thread
Groove Groove diameter, dn: 1 = o=
1
Material: 35 Bolting = |
Tightening control: Mo tightening control - --——|—d" -
Tightening calculation: [EREEEErEE R3] H [
dy
Washer 1 Material: 13 Pipe »> | hwl: 4 mm :
The second is the same !
Washer 2 Material:  Cr3Pipe 5% [ hw2i mm 2 a -

[] The same tightening in all design conditions and testing

oK Cancel

Fig. 3.77 Fasteners additional parameters
Item Groove is used for rods with groove diameter less than the internal

threading diameter. Flange insulation ([¥]Insulated) affects the temperature of
flange joint components.

Selection of option «Control per momenty activates checkbox «Calculation
of bolting load without allowance for minimum initial tension of bolts
(0.4*[6]*Ab)», in some cases it helps avoiding of excessive reinforcement of
flanges.

If you select item "Uniform tightening under operating conditions and tests",
bolting load will be taken the same (maximum of all) for all modes.

The “Tightening calculation” option allows you to select an alternative
standard for calculating the torque on the wrench.

Flange joint gasket and its properties can be selected from the RD 26-15-88

database or input manually by pressing Add.-

Database of materials of flanges and bolts is sensitive to the selected
calculation code. This is due to the fact that ASME Il Part D includes a large
volume of data per allowable stresses, which can be used only in calculations as
per ASME VIII-1(2).

98 User's Manual



PASS/EQUIP 3.06

Flange insulation influences on calculation temperatures of flange joint

components, weight and material consumption.

Checkbox «Insertiony is used for the part clamped between the flanges (line-

blanks, blind, etc.).

Insertion

O

Insertion material: T3 Welded pipe
Insertion thickness, spn:
Elind Swivel cap

[ clased under aperating conditions
[ closed under tesk conditions

Outside diameter, D:

Total allowance, c:

Center distance, A

Inside diameter, d1:

Central part thickness, sp:

Central part diameter, d2:

Distance between webs, B:

7

148
1}
a5
L]
2
94
70

wiebs diameter, d: 5

>

mm =5

mm
T
mm

mm

Standard dimensions

Cancel

Fig. 3.78 Insertion

Item “More” allows more detailed sealing surfaces parameters (Fig. 3.79).

Sealing surface parameters

Boss outside diameter, D2
Boss height, delta™

Tongue inside diameter, D3:

Tongue (boss) outside diameter, D4:

Tongue (boss) height, delta1:
Groove inside diameter, D5:
Groove outside diameter, Dé:
Groove depth, delta2:

[ swap sealing surfaces

OK

117
137
4,5
116

3,5

mm

mm

mm

mm

i

mm

mm

mm

*

1

1 S
SOE

[T Boss without indline

Fig. 3.79 Sealing surfaces

T
an

[ D

Cancel
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Option "Swap sealing surfaces" allows exchanging "male-female”.

The “Flange Thickness” parameter has a peculiarity — having an
unsymmetrical configuration of the sealing surface (tongue-groove,, male-female),
it can refer both to flange No. 1 and flange No. 2 (depending on the state of the
option “Swap sealing surfaces™).

External forces and moments can be set by pressing .

Loadings on the flange X
Loads
(O Caleulate automatically
(®) Define manually Fr
[ Pressure effect is induded in Fr
Loads under operating conditions Mc I
Axial force, Fri (under 9 N M.
tension the sign is «-»)
Shear force, Fo: g M
Shear force, Fl: g N
Circular moment, Mc: g Nm
Longitudinal moment, Mi: g Nm
Torgue moment, Mt: g MNm
Loads under test conditions
Radial force, Fr: (under 0 N
tension the sign is «-»)
Shear force, Fo: 0 N
Shear force, Fl: o N
Circular moment, Mc: Nm
Longitudinal moment, Mi: g Nm
Torque moment, Mt: g Mm
oK Cancel

Fig. 3.80 Flange loads

Loads can be calculated automatically during analysis based on components
adjoining the flange joint or set manually. If “Apply as external” option is selected,
set loads on the flange joint will be transferred to all model components.

3.17.16. Reversal flange

A reversal flanges set similarly to the flange connection.
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Reversal flange joint X
Companent name: | Reverse flange No. 1] Code: ASME VIII div.1 - EI)E’EQ:E]"'TME "
ntegral weld ne
Flange #1' (Reversal): Flange #2' (Mating): Sl on f
Adjacent component data Adjacent component data @i
(® Combined Reverse
Adjacent component: Adjacent component: <
wap
Inside diameter, Bn: oo mm Inside diameter, Bn: gog | mm Cor
wall thickness, tn: 19 ] wiall thickness, n: 1 mm (®) Raised () Male-Female [ More
T
Material: 54350 Gr LFe >> Material: 54-350 Gr.LFg > o i
Flange fring options Flange fring options
Material:  54-350 Gr.LF9 E Material: $A-350 Gr.LF3 E
Inside diameter, B: 700 mm Insde dameter, B: 300 mm

Inside diameter, Bt 700 mm
Total allowance, & B Total allowance, ¢ o o

Outside diameter, A: 1200  mm

Flange thickness, t: 5p - Flange thickness, t: 3p -
Hublength,h: 100 mm
Thickness of hub at small end, g0: 19 =
Thickness of hub at back of flange, g1: 29 —
Transition radius, r: 5 mm Transition radius, r: 5 -
Cylindrical sleeve length, h: 20 mm
Fasteners Gasket
Material: 35 > Materl;  Properties | add LOADING CONDITIONS:
utsde dommeter b | 10 o Spiral wound with carbon steel tape ~  Design pressure (without hydrestatics), p:
" . o @ Internal () External 1 MPa
Q Outside diameter, OG: gog  mm Design temperatures: (O Manually @) Automatically
Number; : | 6 Inside dameter, 1G: 780 mm Design temperature, T: 259 oC
Dismeter of bolted cirde, C: 197p Trickness, hn: 3 . S

Next >> Cancel

Fig. 3.81 Reversal flange

Calculation of reversal flanges can be done according to ASME VIII div.1.
Available calculation schemes are shown in Fig. 3.84.
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Fig. 3.82 Reversal flange types

3.17.17. Bolted heads

Bolted heads include three types — flat, ellipsoidal and spherical without
knuckle. They are composed of a flange and the head itself.
Detachable cover ﬁ

Component name: | Kpoiuica nnocian 121 FLANGE: [ Fangs=coveras per ND »> | [FangsasperiD>>| 1o79°Pe
[q]  Adesent companert dea e S e
Adjacent component:

Code: | GOST R 52857.4 22007 © Siip onflange

Cover optians
Head materisl Inside diameter, D
c3 40 fmm Flange design
Wall thickness, s1: [22 Wallthickness, (10| mm © Fat © Male-Female
b mm ) ©) TongueGrove ) Ring Type Joirt
Comosion allowance. c1: |2 . Material: | Cr3
Negative tolerance. 2 (0.8 |mm Flange options
Technological allowance, c3: o o Meteral: Cr3
Thickness in gasket place. s2: (22 |mm Inside diameter. D:/400 | mm
Thickness out of seal, s3: 19 |mum ez T ] mm
Minimum dismeter of exteriorthinned [0~ |1 Outside diameter. Dn (535 | mm
=338 Fange thickness. b
Outside diameter, Dn: (535 |mm S P £ mm
Welded joirt efficiency. Fi: |1 ub length, I:| 30 mm
= Thickness of hub at smal end. s0: m
Sict for separating wal
oresperina e Thickness of hub at large end s1- 15| mm
Transtion radius. |7 m
Cyindrical hub length, Ic: g =
Clamps Gasket
- : ; LOADING CONDITIONS
© Bole © Suds Notightening cortrol |~ Maleral: P A
Material: |35 [ Groove Peauria no MOCT 7338 ¢ TépancTuio no Wopy A oo 65 e E P whe

Outids damter. & 20 [ v

Outside diameter, Dnp:|457 — Calculation temperatures: @ Manualy ) Automatically

Number, n: [20 Width,bp: 125 |mm Cover, Tkp: |29 <
Diameter of botted cirde, Db 485 | mm Height, hp: 3 o Range. T 20 i
Clamps, Tb: |25 -

] Include allowanos in igidiy calcuiation

Fig. 3.83 Flat bolted head
Bolted heads can be adjoined to the same components as welded heads.

There is a possibility of selecting either head assembled together with the
flange (components are selected from database, so that the fasteners parameters
match), or the flange separately (in case of non-standard heads).
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Fig. 3.84 Flat bolted heads as per RD 26-15-88, GOST 34233.4-2017
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Fig. 3.85 Flat bolted heads as per ASME VIII-1
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Fig. 3.86 Spherical bolted heads as per RD 26-15-88, GOST 34233.4-2017
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1-6 (d)
Fig. 3.87 Spherical bolted heads as per ASME VIII-1
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3
el
oy
&
o=
~§ DCH
o= 0
L
I
|| D,
' 5

1-6 (a) with full penetration
Fig. 3.89 Elliptic bolted heads as per ASME VIl11-1
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3.17.18. Stiffening ring

Stiffening rings can be adjoined to any cylindrical shells in the model.
Component name, material, dimensions, weld strength factors and load properties
for stiffening rings are set in the same way as those for cylindrical shells. Ring
placement on the model is determined by the adjoining component and the distance
from the left (head) margin (toward Z-axis). The ring can be placed both inside and
outside the shell.

Reinforcing ring E|
Carmponent name: | Reinforcing ring #1 Ringis attached to: | Ddeyaiika uiniHLpuueckan N1
Inside diameter of the shell, D: 100 ; ]
Shelllthickness, s [1g j - f
Distance from component edge, lo: 100 0
Calculation temperature, T: |2p ~
Fing positioning ]
() Ingide the shel | ¢
() Outzide the shell -
Fiing type T T 1
®1 Li,.] 2
i
Oz : L .
Ring geametry (including camasion)
()] L - Ring rmaterial:
O @ o3 v
Os T welded zection width, & [
O le Ring height, h: | g
O7
O st
Distance to the centroid. e |35
Sectional area. 2k (g
Ring zection moment of inertia, [k: |
welded joint efficiency of ring, Fik: |1
[ Design values calculation ]

Fig. 3.90 Stiffening ring

Ring type and dimensions are determined by standard cross-sections or input
manually. Material corrosion must be taken into account.
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® 1
¢
‘ii -5
i}
le
® 4 (OF:;
h -
i S <
A - -
s} ; T
et s
!Ie b;o ,lfe
=7 %) Custom
Digtance to the centroid, & 53 5 m
Sectional area, Ak 4000 £0. MM
Ring section moment of inertia, 1k g330000 romd
‘welded joint efficiency of ring, Fik: 1 Fr

Fig. 3.91 Standard sections
Standard cross-section of selected pipe can be selected from the database

Agzortment > »

using the button.

3.17.19. Stiffening rings group

This component provides setting of group of stiffening rings of the same
section, located at regular intervals. In calculating, each ring within the group is
considered individually. So, the groups of rings can be combined with single rings.
These rings are set similarly to the component stiffening ring.
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Stiffening rings group

Compenent name:  Reinforcing rings group Mo. 1

Inside diameter of the shell, Dt 000 mm
MNominal thidness, s: 1 frn,
Distance from component edge, lo: g, 1 m
Rings number, n: 2
Distance between rings, delta: g2 m
Calculation temperature, Tt 2g o

Ring positioning
(®) Inside the shell

() Outside the shell
Ring type

[OF!
@z
O3
O 4
(@)
Oe
O7

() Custom Assortment ==

CK

Ring is attached  Cylindrical shell Mo. 1

Ring geometry (induding corrosion)

Ring material:
LT3 Fx
Welded section width, t: g mm
Ring height, h: 17 [
Thickness of ring’s upper pan, s5: 3 mm
Ring width, b4 49 mm
Distance to the centroid, &: g mm
Sectional area, Ak: g =g, mm
Ring section moment of inertia, g mm4
Welded joint effidency of ring, Fik: 1 e
Cancel i Design values calculation

Fig. 3.92 Stiffening rings group
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3.17.20. Saddle support

Saddle support *

Component name:  Saddle suppart Na.1 Support attached bo: Cylindrical shell Mo, 1

Code:  EOST 34233.5-2017 -

Inside shell diameter, Dt 1pon mm

Mominal thickness, s: 1 mm Q)
Shell reinforcement o -
() without reinforcement ”‘O b

2
O Reinforcing ring b
Fixing — ! !
@ sliding N N
() Fixed
Support width, b: - 250 mm Standard dimensions

Support spanning angle, 81t 12 @

Pad thickness, s2: 1 mm

Distance from component edae, 100 1575 mm .
: Pad width, b2: 375 T

Saddle design temperature, T 2 o Pad spanning angle, 62: 14 o
LI |

5 t height, H: nlength, f: ap, 757

Uppart hegnt, 500 ) Sheet extension | b T 90,757 mm

Pad material:
13 Welded pipe E

[ metailed [ Full girth [ Flip vertical

OF Cancel Design values calculation

Fig. 3.93 Saddle support

Saddle supports can be adjoined to any cylindrical shells of the vessel casing.
Its placement and dimensions determine the analysis of bearing loads on vessel
components. The number of supports must be no less than two.

[}
ia_ T
b?
b
e “
Fig. 3.94 Saddle support with Fig. 3.95 Saddle support with
reinforcing pad reinforcing ring

Name, code of standards and dimensions of saddle supports are set in the
same way as those for cylindrical shells.

A saddle support can have no reinforcements or be supported by a reinforcing
pad or stiffening ring.
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When supported by stiffening ring, the ring’s type, placement and dimensions
are set in the same way as those for cylindrical shells (see item 3.17.18). The ring
is considered at calculation of cylindrical shell against pressure influence. A user
can also consider presence of spacing ribs in the internal stiffening ring (Fig. 3.96).

Cross-section parameters of spacing rib can be set by selecting key.

Ring position Spacer ribs

@ Inside the shell ) Absent

() Outside the shell @ Three
) One

Fig. 3.96 Spacer ribs inside of ring
The "Full girth" option affects the visual display of the support and allows to
form a full girth support consisting of two components (in the second component,
the option "Flip vertically" must be enabled).

Fig. 3.97 Full girth support consisting of two components
One of the vessel supports must be fixed.
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At calculation of loads using FEM method, a saddle support is represented as
two beam elements (Fig. 3.98):

e Element marked with red connects the pinning point with outside
wall of supporting shell. This element has a cross-section typical for
a certain version of support.

e Element marked with blue joins outside wall of supporting shell with
its axial line. This element is a rigid link.

Node marked with yellow is fixed per 5 degrees of freedom for fixed support
(Fx, Fy, Fz, My, Mz) or 4 degrees for sliding support (Fx, Fy, My, Mz). In the
process of solving, the fastening in Fz for the sliding support is iteratively modeled
by the friction force.

Fig. 3.98 Modeling a saddle support with beam elements

If analysis of the support is required ( Support calculation required ) gy 501t
type (one of several standard types), materials and dimensions must be assigned.

“Without calculation” option allows to form a refined version of the support
without calculating (only the shell at the point of support is considered).

“Flip horizontally” option flips the support relative to the vertical plane.
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Saddle support X
Code: GOST 34233.5-2017 - Standard dimensions
Saddle type b ———— 0
O Type 1 O Type 2 ® Type 3 O Type4
C Type 5 O Types O Type 7

Fnd. concrete: B10 (M150) s

Middle support tie height, h1: g mm
Last support tie height, h2: g mm
Support ties thickness, sp: g mm ‘-
Total allowance to tie thickness, ¢: g mm % fdr
Distance between support ties, ap: 471 mm I B v?'* B .
Tie width, bp: mm = -
I o »Ch;_ o
Baseplate length, an: 1900 mm fy
Baseplate width, bn: 259 mm b

Baseplate thickness, sn: 14 . Support welding
Welding around the contour

Number of vertical ribs: 3

Anchor balts Weldind cathetus, Aw:  1g mm
Material:  C13 Bolting = Welding contour area, Aw: 23995  mm:?
Diameter outside/sectional: 74 0 => [mm Welding contour section
modulus, ww: 0:0058¢ m?
Bolt corrosion, cb: 0 mm !

Fastening in the longitudinal plane
@ Hinge

(O Rigid fastening

() spedfied pliability

Tightening calculation: Mg calculation -
Number, n: 4 o
Distance between bolts, ab: 550 mm
Support on the base friction constant: g 3

oK Cancel Design values calculati

Fig. 3.99 Saddle support options
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n .
+ 1511 « "
p
2

Type 7
Fig. 3.100 Saddle types
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The “Anchor bolts” option allows you to set and calculate the fastening of the
support to the foundation under external loads (weight, seismic, wind, temperature

loads).

The “Support welding” option allows you to set the parameters of the weld
between the vertical ribs of the support and the base plate.

The option “Fastening in the longitudinal plane” allows you to control the
fastening of the support from the moment in the YZ plane:

Hinge — used for flexible structures or sliding supports if there is a
gap between the base plate and anchor bolts, or for fixed supports if
the anchor bolts are in a row in the XY plane. Fastening in the YZ
plane is modeled by a hinge, no moment occurs in the reactions. This
option is recommended by GOST 34233.5 (Fig. 3.101)

Rigid fastening — used for rigid structures or fixed supports rigidly
fixed to the foundation. Fastening in the YZ plane is modeled by a
rigid anchorage, the shell body is modeled by a rigid element. This
option gives the most conservative result, possibly a significant
overestimation of the loads.

Specified pliability — used in cases where it is possible to estimate
the overall pliability of the fixing (flexibility of the shell wall +
pliability of the foundation). Fastening in the YZ plane is modeled by
a spring with a given pliability.

F

{
AN NN R AN EE N

o | o | S
B e | — P
A
B . i fo

Fy |':: ! Fa |r'r.-' {Fr

Fig. 3.101 Calculation scheme of a horizontal vessel
according to GOST 34233.5

3.17.21. Bracket supports of horizontal vessel

This component is a group of two symmetrical supports. It can be attached to
the same components of a horizontal vessel as the saddle support.
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Bracket supports *

Component name: | Bracket supports Mo. 1 Attached to:

Ofevaiica unMHapHueckan N1
Code: WRC 537(107)/297 ' Eu

Design
Material:  gr3 == Pogsiﬁon Reinforcement
Calculation shell diameter, Dp: | 100 mm O circular (O without reinforceme
Nominal thickness, s: | 1 mm (®) Longitudinal ®) Reinfordng pad
Distance from component edge, lo: | 137.5 mm
Spanning angle, 81:  12p o
Support width, b: | 25 mm __16 T

Baseplate length, B: | 225 mm b2

Support rib tapering, K: | 1p mm ﬂ;_g&r‘_

Maximum rib length, b1:  30p mm

Reinfording pad width, b2: | 375 mm
Rib thickness, s3:  1p mm
Support height, h: | 5pp mm

Reinforcing pad lenght, b3: | 390 mm

Reinforcing pad thickness, s2: 10 mm I\.::gioar‘:bolts
Pad material: CT3 = 35 (MOCT 1050-2013) ~ |Properties... Add...
Welded joint effidency, @: | 1 =3 Nominal diameter, d: 12+ |mm
Design temperature, Tt 2p o Distance from axis to edge, C1: | 1125 |mm
Design pressure {without hydrostatics), p: Friction constant: | g 3
Internal External 0 MPa
oK Cancel

Fig. 3.102 Bracket supports of horizontal vessel

During calculation, the load on each support is determined individually, upon
which the supporting shell is calculated on the impact of the local load applied
along the welding contour of the support.
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3.17.22. Bracket supports of vertical vessel

Bracket supports

Companent name. | Bracket supparts Lugs altachedto | Cyindiical shel #1

Cods, [ GOST R BB 52007 | 100l sueel

Caleulation shel diameter, Dy
OTypet OTypeD
s o Shel reinforcement
O Withaut reinforcement B
@ Reinforsing pad

Distance from comporent edge. o
Supports postion angle, Teta

Caleulation temperature, T: Humber of supports

‘w/elded joint fficiency, Fi o K

@ Thiee
Dimensions as per GOST >> | O Four

@ Typets OTypeB Tl &

Lengih of bottom plate, b4
Lug helght, ki

Distance between mean lines of
qussets. g

Gussets thickness. s1

Rlad. width of battam plate, 1

Distance between reaction peint Fi
and shell or reinforcing pad, &1

Reinforcing pad width, b2

Reinforcing pad length, b3

Reinforcing pad thickness. s2
Ancher bolts
Material

cr3 | [Propetties.| [_Add. ]

Morninal diameter, d:

Distance betiueen bolt axis and shel
o reinforcing pad. &

Caleulation pressure (without hydrostatics). p:

Fig. 3.103 Bracket supports of vertical vessel

Bracket support type is determined according to GOST 34233.5-2017 (see

Fig. 3.104).

5

L

Type C

Type D
Fig. 3.104 Bracket supports types

User’s Manual

121



VESSEL STRENGTH ANALYSIS SOFTWARE

Bracket supports can be adjoined to any cylindrical or conical shell or steep
conical head of the vessel casing. Bracket support placement and dimensions
determine the analysis of bearing loads on vessel components. Analysis is carried
out if 2, 3 or 4 supports are present. If there are 4 supporting lugs, assembly quality

must be accurately defined [] Accurate mounting Name, code of standards and
dimensions of bracket supports are set in the same way as those for cylindrical
shells. Bracket supports can have no reinforcements or be supported by reinforcing
pads.

Key “Standard dimensions” activates selection of typical support as per the
conditional load, because, according to the applicable codes, not the support itself
is calculated, but a vessel wall in the place of its connection.

3.17.23. Supporting legs

Supporting legs

Camponent name: | S5upporting legs Legs attached to: |Haad #1

Code: | GOST R 52857.6:2007 | Type of support
Calculation shell diameter, Dp: | 2000 0 Elec
Head wall thickness, 1: [2p H]
Calculation temperature, T: 100
Shell reinforcement Mumber of supports
Crwithout reinforcement & Thiee

(3) Reinforcing pad O Four

Dimenszions as per GOST »»

Supparting circle diameter, d4: 4400

Leg outside diameter, d2: | 2pn
Leg height, h: {500

Reinforcing pad diameter, d3: [300

Reinforcing pad thickness, s2 | 53
Angle of arival. Alpha2: | 261

Supparts position angle, Teta: [

Baseplate width, & | 400

Baseplate length, b (500

Anchor bolts
M aterial

2] v Add.

Mominal diameter, d: |10«

Diameter of bolted circle. Db: | 2100

Calculation pressure (without hudrastatics). p:

2 0K Cancel
[ ]

Fig. 3.105 Supporting legs

Supporting legs can be adjoined to the lower head of the vessel casing. Their
placement and dimensions determine the analysis of bearing loads on vessel
components. Analysis is carried out if 3 or 4 supporting legs are present. If there
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are 4 supporting legs, assembly quality must be accurately defined
Accurate mounting

Name and dimensions of supporting legs are set in the same way as those for
cylindrical shells. Supporting legs can have no reinforcements or be supported by
reinforcing pads (see Fig. 3.106).

Supporting leg type is determined according to GOST 26202-84 (see Fig.
3.106).

Type A Type B

Fig. 3.106 Supporting legs types
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3.17.24. Supporting lugs

Supporting lugs &l

Comparent name: Sugpotting legs atached t: Elipscidal hood
Code: |BDST R 5285752007 | gyppon pe

Caleulation shell diameter, Dp: [1000

Head wall thickness, 1

118

Calculation temperalure, T
Shel reinforcement Number of supports
(&) Without reinforcement ) Three
O Reinforcing pad OFi

Dimensions as per GOST »>

Supporting circle diameter, 44: (g8

g
2

"

Contactline length, & [144

Leaheight.  [220

Angle of arival, AphaZ: [37.5

Marimum i length, B1: (120

Suppart rib bapeting, K:

Ed

Distance from df to the edae, CT: |22

Suppott faundation length, B: [g5

Rib thickness, 3
Distance between ibs, & |75

Ed

Supparts pastion angle, Teta: g
Ancher bolts
Malerial
cra | [Fropatties ] [ Add__]

Nominal diameter, d
Diameter of bolted circle, d1

Caleulation pressurs [without hydrostatios), p

Fig. 3.107 Supporting lugs

Head lugs can be adjoined to the lower head, conical shell or steep conical

head of the vessel casing. Their placement and dimensions determine the analysis
of bearing loads on vessel components. Analysis is carried out if 3 or 4 head lugs
are present. If there are 4 head lugs, assembly quality must be accurately defined

Accurate mounting
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3.17.25. Supporting legs on the shell

Supporting legs on the shell

Componentname:  OnopHeie crofiki Ha ofeualike

Code: WRC 537(107)/297 -

Calculating shell diameter, Dp: 1000 mm

Wall thickness, s: 1p mm

Distance from compenent edge, lo:  5gp mm
Axis offset angle, Teta: g o

Calculation temperature, T: g s

Welded joint effidency, Fi: 1 =

Dimensions as per ND ==
Leg height, h: 1000 mm
Welding height, h1: 15p mm
Welding width, g:  1pp mm
Legs crcumference diameter, d1: 1980 mm
Baseplate width, a: 157 mm
Baseplate length, b:  2gq mm
Reinforcing pad width, b2:  2gq mm
Reinforcing pad length, b3:  30p mm

Reinforcing pad thickness, s2:  1p mm
Leg cross-section:

OeyTasp 10 Range »3=
Rotation angle, omega: g o

Anchor balts

Material:

Ct3 (MAC 31-4.2000) - Properties.. Add...

Mominal diameter, d: 12+ mm

Diameter of bolted cirde, Dbt 1300 mm

Design pressure (without hydrostatics), p:
Internal External i} MPa

x
Joined to:  pfeyaiika LuMnMHApKMYecKas N21
Type of suppart
Shell reinforcement ' &
() Mo reinforcement
(®) Reinforcing pad
Pad material: ’
Cr3 -3 - -
Mumber of supports: g = X

OK Cancel

Fig. 3.108 Supporting legs on the shell

Supporting legs can be connected to the lower head or cylindrical shell of
vessel casing. There can be any number of legs (not less than 2). Loads in the weld
point of each leg are defined automatically from the analysis of statically
undeterminable beam system, and are individual for each leg.

Note: The strength and buckling of the legs structure is checked simplistic,

like a bar loaded with axial force.
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3.17.26. Supporting ring

Supporting ring X

Component Name:  Supporting ring Lugs attached to:  Cylindrical shell Ma.1

(@i =CHll|HeEnry H.Bednar,

Calculation shell diameter, Dp: 1opo mm

Mominal thickness, st g mm

Distance from component edge, lor 100 mm
MNurmber of lugs, ¢

Supports pasition angle, B8: g 2

Supporks maketial:  C13 Welded pipe EES

Design temperature, . 2 o

welded joint effidency, @i | =
Lower ring width, b: 2qg mm

Lower ring thickness, tb: 1 mm

Upper ring width, c: 2 fon Archor bolks
Upper ring thickness, ta: 1g mm anchor holts
Gusset height, h: g mm MaTepHan: Cr3 Bolting -
Gusset thickness, b3: 10 fon Diameter
- Eside/sectional: 10 1] == (mm
Distance between gussets, ai 2gg T oubsidelsectional;
Effective bearing width, wh: g . Distance between balt axis

and shefl, d: 100 mm
Effective bearing area, Ab: g mmz?

oK Cancel

Fig. 3.109 Supporting ring as per H.Bednar

A ring support can be connected to the cylindrical shell of the vessel casing.
The support is calculated as per Henry H. Bednar, "Pressure Vessel Design
Handbook" [72].

A calculation according to EN 13335-3 [57], is also available, in which case
the support configuration corresponds to Fig. 3.110.
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Suppaorting ring
Component name:  Sypporting ring
Code:
Calculation shell diameter, Dp:
Mominal thickness, st 1n
Distance from component edge, |o:
Mumber of lugs, ¢
Supports position angle, B: g
Supports makerial:  C13 Welded pipe
Design kerperature, ! 2

welded joink efficency, @i |

@RI

O B1 Welded section width, £ gn
O o1 Ring height, h:  4q
Ot Upper pan thickness, s5t g
8 E-—IIII Wertical pan thickness, s4: (g
O R Lower pan thickness, s6: 1
(O B-1II

(0 U111

O L1z Welding size, A1 1

Diskance between reaction

point F1 and shell, et: u

arn

mm

mm

x

o
==

Bearing'  pagHomepHoe -

mm

arn

mm

mm

arn

mm

mm

Lugs attached to:

Cylindrical shell Mo. 1

th o5
fa
|
ki
5
Anchor bolks
Anchor bolks
MaTepuan: 13 Bolking
Diameter
outsidefsectional: 10 d
Diskance between bol: axis
and shell, d:

OK

=

=x | mm
100 mm

Cancel

Fig. 3.110 Supporting ring as per EN 13445-3
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3.17.27. Lifting lugs

Lifting lug
Element name:  Hecywee ywko Ne5 Carying element: - 0 gizyaiina unninapuueckan N2
Cods: FOCT P 52857.22007 Tipe oflfting lug
o &
Shell calculation diameter, Dp: - 1goQ mm O Circular EO
Shell wall thickness, . 1 i &) Meridional Fj
Distance from element edge, lo: {220 o Reinforcement of shell

Ry

O without reinforcement
(%) Reinforcing plate
(O Reinforcing ring

Paositioring angle, Teta: 45

Weld strength ratio, Fi: - 4 By

Angle between direction of force 5
and normal to the shell, Alphal:

Operating [ Azsembly [ Test
Calculation axial force, F1:

5555 N

[ s

Lug length, B1: 307 mm
Lug thickness, s1: 2 T

Distance from load to shell or
reinforcing plate, e1:

Eccentricity of load, 620 3p mm

an mm

Reinforcing plate width, B2:  20n mm
Reinforcing plate length, b3: 400 mm

Reinforcing plate thickness, 2. 10 mm

Calculation overpressure, p:

(] 8 Cancel

Fig. 3.111 Lifting lugs
Lifting lug can be adjoined to any cylindrical or conical shell of vessel casing,
or to ellipsoidal (hemispherical) head. Loads and their direction must be input by
user based on operation conditions. Lifting lugs can be placed both in longitudinal
and transverse directions on the shell.
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&
f

by

Lifting lug with reinforcing plate Lifting lug with reinforcing ring

Fig. 3.112 Lifting lugs types
Lifting lugs can be either without reinforcement or reinforced by reinforcing
plate or ring.
When reinforced by ring, its type, placement and dimensions are set in the

same way as those for stiffening rings of cylindrical shells (i.3.17.18).The ring is
considered when analyzing pressure influence on the cylindrical shell.
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3.17.28. Joining pad

loining pad

Component name: | MpucosmmHerine N21

Code: WRC 537(107)/297

Calculating shell diameter, Dp:
Wall thickness, s:

Distance from component edge, lo:
Axis offset angle, Teta:

Welding height, hi:

Welding width, g:

Shell reinforcement

1000
10
500
20
200
100

mm

mm

mm

mm

mm

() Mo reinforcement  (®) Reinforcing pad

Reinfordng pad width, b2:
Reinfordng pad length, b3:
Reinforcing pad thickness, s2:

Pad material: Ct3

Welded joint effidency, Fi:

Calculation temperature, T:

150
300
10

1
20

Design pressure (without hydrostatics), p:

Internal External 0

Mext ==

of vessel and its supports.

Fig. 3.113 Joining pad

This component is designed for modeling of any joints of external steel
structures, consoles, non-standard supports of horizontal vessels, etc, with further
calculation of carrying ability of casing wall as per WRC 537(107). Component
can be joined to the cylindrical shell or spherical head. Loads for joining are set
similar to component «Nozzley, and can be transferred to neighboring components

mm
mm
mm
==
=
L

MPa

Joined to:

Obevarka winmHapu-eckan N21

Joining type

e
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3.17.29. Trunnion

-
Trunnicn

. . T
Elementname:  Trunnion (assembly nozzle) No. 1 ype

Joined to:

Cylindrical shell No. 1

Code: RD 25-02-75-88 -

Dimensions as per MO == |

Boss diameter, i 375 mm
Trunnion wall thidness, s1 10

(0", if solid trunnion): b
Distance to flange, ! 433 mm
Distance to force apphgchorll 473 mm

line, 1:

Distance between flanges, e
mm

{07, if one flange): sa

Weld strength factor, Fi: 1

Shell reinforcement

(7) Without reinforcement @) Reinforcement pad Paositioning:
Di: t, L
Pad diameter, Do: 535 mm Er IR
Pad thickness, sn: 1g mm 1000 e
Teta:
0 @
Design loads on trunnion
P14 12000 N P24 12000 N
[¥]More  PIH: 10000 N P24 14000 N
[V More P goon N P24 15000 N
L
P/ '
| P*
—_—
[

Cancel

Fig. 3.114 Trunnion

This component can be joined to cylindrical shell. There are different
variants of developing of this structure. If a solid boss is used, s; = 0 should be
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defined. Besides, there are variants with one or two stop flanges. If there is one

flange, e = 0 should be defined.

There is a possibility to define up to 3 trunnion loading cases, with

consideration for changing of loads at lifting. Pressing button automatically
defines loads on the trunnion, if vessel weight, centroid position and point of lift

are known:

-

Slinging diagram as per RD 20-02-76-88 —

of

- i

) —

Vessel weight atlifting, G 13000 N
Distance to the centroid at lifting, IT: 5000 mm

Distance to the assembly nozzles, IC: mm

OK

P;

ES

Ir
‘—’i ;L ,
o P2

Ic

Cancel

Fig. 3.115 Slinging scheme

For this component, export to Nozzle-FEM program is provided.
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3.17.30. Additional loads

Besides loads from weight of shells, heads, fittings, etc., additional weight
loads (for example, from service platforms) and force loads (for example, from
adjoining pipes) can be input. Fig. 3.117 includes an example of setting additional
weight and external loads for horizontal vessels.
(e W

[ S e —
Corpanert reme. Lped mass Mo 1 d dx
Distance from component sdge. lo: mn ¥,
Coordate systen. ) Foar @ Cartesan
Offsetdc 0 o
Ofset 47 0 o
Vieight. G. o N
I Prestets e teet conditions

oK Cancel

Fig. 3.116 Weight loads for horizontal vessels

opledts: Dfeucie mspmeocn 1| 5
Componart name: |Eema oacs orto soarss No. 1
Distance from componert sdge. o -
DP_I:MM
Loadings undar partr e
Felo H
o N
=0 N
Mo [
My e
L Hm

| ox | oo

Fig. 3.117 External loads for vertical vessels

Lumped mass displacement is available, after which displacement moment
will be calculated automatically.

Lump

attached 1 | Cyniical shel Mil

Comperant nama: [Lumpad mass 11 ]
Distance bom componert adge. b |

Comdinale stem () Polar (3) Caesion

Fig. 3.118 Weight loads for vertical vessels
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External lnads onto apparatus

Arpbed 16| Cytreticlshel 11 = |
Compones rame: | pena oot ko apparats W1 |
Distance hom cempenert sdge, I
O Presares under test
contion:
Loatings unds: cpeealig cond
Flp
Felp
Felp
0
0

—o

Fig. 3.119 External loads for vertical vessels

External distributed loads X

Applied to:  Ofieuaiika LANMHAPHMHECRER N21 |

Component name:  External distributed loads onto apparz !

Distance from component edge, lo: g 1 m |

Distributed along the length, I: 1 m — |

Presents under test ~ i

conditions -
Loads under oper. cond. Loads under test cond. |
ol

ax: 5 Mjm ax: g Njm ~ !

qy: 100 Mjm qy: | gg| Nfm
0K Cancel

Fig. 3.120 External loads distributed along the component

3.17.31. Vessel fixing

This component is designed for consideration of non-standard fixing of vessel
(that cannot be modeled via supports). These can be non-standard supports of
horizontal vessels (legs or pillars), rigid steel structure enveloping the vessel
(racks, apertures), as well as multilayer vessels (fixed lower nozzles act as
supports).
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Wessel fixing bt
Fastened component:  Cylindrical shell Ma. 1 Y .
Fixing name: | yessel fixing Mo, 1 Iy i X
Distance From component edge, lo: 100 Thm )
Linear along the Fliant: o rrnfM - z
Linear along the ¥ Fliant: 0 M
Linear along the 2 Pliant: 0 rarnfM Coordinate system XYZ
Angular around the X Fliant: o oM @ Global () Local
Angular around the ¥ Fliant: 0 =[Mm
Angular around the 2 Pliant: o #Mm Presents under mounting condition
1] ¢ Cancel

Fig. 3.121 Vessel fixing

It is necessary to specify fixed degrees of freedom in a global or local system
of coordinates (the local system corresponds to the parent component's coordinate
system). Results of calculation will be appropriate reactions of supports.

To simulate rigid fixing by the corresponding degree of freedom, it is
necessary to set the pliant equal to 0.

3.17.32. Service platform

The platform can be installed on the cylindrical parts of vessel casing, as well
as on the supporting skirt of the column.
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Service platform

Component name: Attached to: |Cylindiical shell N21 |
Distance from companent edge, lo: El
Start angle of platform, Tetal El
Platform’s sector angle, Tetal
Platform width, 11 :

Platform height. hi:

Bracket length, 12
Bracket height,

Clearance between platform and shell, delta:|5n
A EX o
Specilic weight of platform, G| ooz

3
—a-]

Ladder availability

Ladder
Angle of positioning, Teta:
= b Slope. | 3000 Aerodynamics of platforms(as per As per GOST R 51273-99)
& Weight per unit (%) Approvimately O Precisely
x length:
. i

a,
[ Presents under test conditions

Agrod; fficient, K: |0.85
R e
Surface area of structure, A: | 4640000

Fig. 3.122 Service platform of vertical vessel

A variant of the platform for the horizontal vessel is a rectangular flooring,
optionally fenced with railings. Weight of the platform and its wind load are
applied to the horizontal shell in a given number of points (parameter “Number of
rows of supporting lugs™).
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Service platform X

Componentname:  Mnowanka ofcnyxueaHa N1 Attached to:  Ofeuaiika WinMHApKWUECKas NO1
Distance from component edge, lo: 200 mm

Platform width, 111 4500  mm
Platform height, h1: s00 mm

Bracketlength, 12: 1000 mm
Bracket height, h2: g mm
Clearance between platform and shell, @ 5p mm

Spedific weight of platform, Ga: 0,002 mps

Structure material: €T3 B
Loading due to material of the platform
®) Related (O Absolute
Spedific weight of material, Gs:| g MPa
Ladder availabil Rais:[A] 1 [] 2] 3[4
.LaddEr tr M10204304 Aerodynamics of platforms{as per As per GOST 34283-2017)
Positioning angle, 8:  13p 5 @) Approximately O Predsely
Slope, I 2000 mm 1
Weight per unit
g length: 0.3 RhT r\ /"
width: 600 mm
A I A
Suppart rows number: 4 Aerodynamic factor, K: | 0,85

: 2
[ Presents under mounting Surface area of structure, A: | 3825000  mm

|I| Cancel ‘ Design values calculation |

Fig. 3.123 Service platform of horizontal vessel

Combination of railings on the four sides can be arbitrary, which makes it
possible to form a multi-layer floor from several platforms.

Fig. 3.124 Service platforms group
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The specific weight G, is assigned according to SP 20.13330 [35] and
includes the load from the material, snow, equipment, people, etc. This load is
considered to be evenly distributed over the sector of the site and is used in
calculations (when determining the natural period, load on the supporting shell,
etc.).

The parameter "Weight of material” is not used in strength calculations and is
required only for calculating material consumption.

3.17.33. Column components

Packings, service platforms, trays, concentrated masses and external loads can
be adjoined to cylindrical shells of columns. Their position, dimensions and mass
(forces) are added to loads and considered in vessel strength and stability analysis
under wind and seismic loads.

Packing *
Component name: | Packing Mo.1 Attached ko Cylindrical shell No. 1
Distance from component edge, lo:| o
Diamster, O1: | g - i
Height, hi: o . |
‘Weight of the arid assembled, Gri g M

Conkents descriphion: | <Enter name >

Packing density, pt 2700 kgfm*
Removable parts material: | 13 Shest ==

hy

Welded parts material: | C13 Sheet B

‘weight of welded grid parts, Gw: 0 N
Liquid in packing
Liqud filing, B+ | 1gp

)

Liquid density, o1t 1000 kgfm®
Presents under mounting condition

Presents under test conditions

0K Cancel

Fig. 3.125 Packing
When calculating the weight load, the packing is considered as a complex
component containing:
e welded part weighing G, (taken into account in any design mode);

e removable part weighing G,-G,, (taken into account in the design
mode according to the options "Present under mounting/test
conditions");

e liquid (if any) in the form of a conditional cylinder weighing
pr-m-Di%/4-h,-&, (taken into account in operating conditions);
o filler (catalyst) in the form of a conventional cylinder weighing

p-m-D,%/4-h; (always taken into account in operating conditions, in
the mounting/test conditions according to the specified options)..
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The table of materials used is formed taking into account the materials
assigned to the welded and removable part..

Tray black x
Component name: | Tray block Mo.1 Trays attached koo Cylindrical shell Mo, 1
Distance From component edae, lo: 0 mm 1
Diameter, D1: | 0 mm |
Tray height, bt 0O mm
Number of trays, n: | 2 [ . i
Distance between trays, & 200 mm | —— | ¥
Weight of each kray as aset, Gkt 0 M “
| —— ] T
Remavable tray parts material: Ct3 Shest =3 ' i
welded tray parts material: 73 Sheet == —
‘weight of welded tray parts, Gw: 0 M Ll @ Y
; .o
Liquidfiling, £ 1og = Iy -
Liquid density, pl: o kg/m*
Presents under mounting condition

Presents under test conditions

0K Cancel

Fig. 3.126 Tray block
When calculating, a group of trays is considered as several lumped masses
attached to a parent component with an equal pitch. The weight load of each tray is
taken into account in the same way as for the “Packing” component.
When rendering the model, the trays are displayed conditionally. If necessary,
you can combine them with the "Custom Equipment"” component, preparing a tray
of any required design in any CAD system.

Lumped mass X

Mass attached t0: | cylinchical shel No. 1 %
Camponent nams:  |ymped mass No.1 =
—
Distance from component edge, lo: g mm ’% ¥
= |
Coordinate system: () Polar (®) Cartesian = G
Offset, dz: O mm
Offset, dy: 0 mm - ‘ K

d

Weight, G: g M X

Material: €73 Shest >

\ 4

Presents under test conditions

|

Presents under mounting conditions T
=
—

(114 Cancel

Fig. 3.127 Lumped mass
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us
Applied to: | Cylindical shell N2
Component name: | Extemal laads onita apparatus N1

Distancs from component edge, lo: D mm

PFresents under test
condtions

Loads under operating conditior Loads under test conditions
Fuin M Feln
Fen N Fein
F=n N Fzlg

O

Presents under operating
condition

Cancel

Fig. 3.128 External loads
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3.17.34. Skirt support

Colurnn vessel support

Column vessel support

Component nams: Standard dimensions Attached oy Ellipsoidal head ho. 1
Design
Code:  GOST 34233.9-2017 -
() Cylindrical ) Conical (® Composite

Parent inside diameter, D! 1000 mm
5

i

3

Upper base diameter, D0: 1000 mm -

Dist, from the bottom edge to the skirt, hb: 51,23 mm e |
Base dismeter, DLi 1500 mm

h

\

S
|2

Tatal suppart height, hO: 1500 mm

weld cathetus, & 17 mm

e

WL (5
T

Cylindrical section of support

Section material: €13 Welded pipe =
Section wall thickness, s0: 1 mm D,
Carrosion allowance, cl: 2 mm D
. &
Negative tolerance, 2 gg  mm | a=
Technalogical allowance, <3 g i
Circular welded joint efficiency, o: =5
Insulation and lining > Length calculation model >
|:| Transition seckion Transition section data ==

Carniical section of support
Section material: C73 Welded pipe =
Section height, bk 1000 mm

[ Calculation in Ifting conditions | >

Section wall thickness, sk: 1¢ mrn
Corrosion allowance, c1ki g mm
Negative kolerance, c2k: g mm | >3

Technological allowance, c3k: g mm

Cireulat welded joint efficency, gk | foe
Loading Cylindrical section Conical section Supporting assermbly

case temperature T, °C temperature Tk, °C temperature, °C
Operating 20 20 20

0K Cancel Apply

Fig. 3.129 Skirt support
Skirt support can be adjoined to the model’s lower head or to the cylindrical
or conical casing shell. Support shell type is determined according to GOST
51274-99 (see Fig. 3.130).

D 5 o /_\77 o A=

g —— =
- s
r ) Dy . . Dy
“L—‘] D§ DE

Cylindrical Conical Composite

Do S0 So

fo

N

e

mﬁﬂ
\
B
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Fig. 3.130 Skirt types

There is a possibility of express temperatures estimation for the support
components. To do this, click the [...] button in the table of loading cases. In the
dialog that appears, you can select a method for the temperatures estimation (Fig.
3.131).

Calculation ternperature estirmation x

Code: |{
Heated end temperature, T1:  2g o
Heat transfer coefficient from the side surface, a: g WM
Heat transfer coefficient from the end surface, al:  1ppn wiime-K) L
The coefficient of thermal conductivity of the section material, »: 2 WK
Ambient temperature, TO:  2g o
a4 Cancel

Fig. 3.131 Skirt components temperature estimation

A transitional section (skirt) with a material different from the support
material can be input. To set the transitional section’s dimensions and material,

Tranzition section

Tranzition section data »>

select and press[
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Transitional component of support ﬁl

Material of zupport’s tranzitional:

03<18H11 v | [Propetties.. | [ Add.. |

Section height, bn: {500
Section wall thickness, sn: |[1p
Corrogion allowance, c1: |2
Megative allowance, c2: Qg

Techhological dlowance, ¢ |

Circular welded joint efficiency. Fio |1

Calculation temperature, Tr: | 300

Fig. 3.132 Transitional section

Option [¥] Calculation in lifting conditions enables performing of supporting
shell calculation of strength and stability against loads arising during mounting of
the column, and selecting of additional furnishings. For this purpose, additional
data should be defined (Fig. 3.133).

Design scheme as per OST 36-116—% n @

— Column weight at lifting, Gt gpgoon M
Distance to the centreid atlifting, T 1000 mm
Distance to the trunnions, IC: 15000 mm

Force application angle in the beginning of lift, beta:  4g o
Height of the backstay attachment point, Ho: 15000 mm
Distance to the backstay ancher, lo: [ 40000 | mm
; G So
4
Ho 4
b P
N Ir B
' 1 )
o 2 *
- G
Io Ic
0K Cancel

Fig. 3.133 Lifting scheme

Supporting assembly type and dimensions can be input by pressing
Mewt »»
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Colurmn vessel support X
Supporting assembly | 4 b
Code: GOST 34233.9-2017 M
OTypet OTypeta OTypez O Type3 @ Tvpe 4
Assembly elements material:  CT3 Welded pipe >
Thickniess of the lower supporting ring, 51 35 mim
Corrosion allowance, cl: 2 e

Hegative tolerance, €2 p.g | s>

Technolagical allowance, ¢3¢ i

‘width of the lower supporting ring, bl:  jgp mm
Emerging width of the lower ring, b2 140 mm £

S

[ swvailabiliy o reinforcing pad

;
-
Width of the upper supporting ring, b% | 350 | om bs & *

Minirmurn distance between tbwo adjacent ribs, bS: 150 mm bj

Thickness of the upper supporting ting, 52! 3 e
Thickness of the rib, 5% 15 mm
Height of supporting unit, hi 386 mm

Base plate Anchor bolts

Concrete: B10(M150) ~ | Properties Add Material: €T3 Bolting >3

]

Gt e i Tahlhty Diameter outside/sectional: 45 il 5% mm

Minimurm inertia moment of 13000000000 mmé .

Foundation base, IF: Number, n: 12

Concrete foundation area, AF: 4000000 mm? Diameter of bolted circle, Db: 1760 mm

Irrequilarity ratio of soil Bolt corrosion, cb: g mm

compressian, CF: 0.08 Mieub.mm | »>

oK Cancel Apply

Fig. 3.134 Supporting assembly

Supporting assembly type is determined according to GOST R 51274-99 and
GOST 24757-81 (see Fig. 3.135).
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Type 3 Type 4

User’s Manual 145



VESSEL STRENGTH ANALYSIS SOFTWARE

Type 5

Fig. 3.135 Supporting assembly types

Option Consider foundation pliability enables considering influence of
soil flexibility on natural vibrations period of column. At the active check, it is
necessary to define area and inertia moment of foundation base, as well as
irregularity coefficient of soil compression. To define geometric characteristics,
there is an assistant button, which enables automatic calculation of typical
foundation parameters.

| Automatic calculation of the foundation geometric parameErs 4 I ﬁ
Foundation type
) Square A
@ Rectangular
() Circular Side, & 5000 mm -
() Orbicular Side, b: 3000 mm D

Minimum inertia moment: 11250000000 mme

Area: 15 sq. m i

0K Cancel Design values calculation

Fig. 3.136 Foundation geometric parameters
When the check is off, the foundation is modeled as built-in.

Supporting shell fittings can be input by pressing [t = ]
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Column vessel suppart
Skirt fittings 4
Name Inside Wall | Distance from | Height, | Angular | Lengthof | Length of
diarneter, d, | thickness, | the base plate, | hu, mm | position, B, ° external part, | inside part,
mrm 3d, mm hd, rmm 11, mm 13, mm
L Addftng Bt iy
Fittings matsrial:
73 Welded pipe e [3 I lj
| Fittings reinforce the crass section (Full penetration i
and welding examination)
0K Cancel Apphy

Fig. 3.137 Supporting shell fittings

Any number of fittings (including stretched), as well as their dimensions and
placement, can be input using [_2dd. ][ Com.. ] During supporting shell
analysis, all sections will be checked and most unsafe section will be determined.

The option “Fittings reinforce the cross section” controls the way of defining
the skirt cross section characteristics (when this option is enabled, the cross section
is formed taking into account the walls of the fittings).

Support structure (pedestal), if present, can be input by pressing
( Aevailability of zupporting structure ).
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Column vessel's support I =

Supporting structure 4 b
Availability of supporting structure Plate
Geometry of supporting structure [ Upper plate
*) Cylindrical shell *) Vertical rods
~) Conical shel @ Indined rods

*) Rigid weightless structure
Supporting structure material:
B25 ~ | Properties Add

Number of rods, N:
s Filling with bonds

Supporting structure height, H: 20000 mm Absent Brace with lower beam type 1 |
Upper crcumscribed cirde diameter, D 2300 mm _ . - A ~
Lower creumscribed cirde diameter, D1t 2600 mm - - F]
) Brace type 1 _) Brace with lower beam type 3
Nuriber of belts: *) Brace type 2 *) Brace with lower beam type 4
Couplings on each facet ") Brace type 3 ") Brace with upper beam type 1
[ Medial junction of diagonal rods ~) Brace type 4 ~) Brace with upper beam type 2 m
Height borders of bonds placement ) Cross | S S—— =
Lower level, h1: -
100 mm ) Cross with upper beam () Brace with upper beam type 4
Upper level, h2:  apg
o *) Cross with lower beam “) Brace with two beams type 1 -
Orientation of elements =
e (- @ Cross with two beams *) Brace with two beams type 2
@ Mormal :’/:\( ) Lower knee-brace ") Brace with two beams type 3 o
1

Cross sections

~) Tangental -J [- ~) Upper knee-brace _) Brace with two beams type 4
L__ %

Braces - ~ Lugs: Range >3
@ Along the row ’\ / Beams: Range >>
%) Across the row et

Braces: Range =
@ Along the row
) Across the row

|
oK Cancel Apply

Fig. 3.138 Column support structure

The support structure can be in the form of cylindrical or conical shells or
metal structure with a foundation of vertical or tilted poles.

Variant «Rigid weightless structure» is designed for cases, when pedestal
parameters are not known yet, but its height is known. In this case, the pedestal is
modeled by rigid link and causes no influence on the vibration period. Wind loads
are calculated with consideration the pedestal height.
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(%) Cylindrical shell %) Conical shel

(%) vertical rods (® Inclined rods

hy

hy

D LD

Fig. 3.139 Support structure types
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3.17.35. Heat Exchanger with stationary tube plates

General data X
Component name:  Heat exchanger No.1 Presence of baffles in bubular space
Maimum tube span between -
Cods GOST 3233722017 - nheshest and batfe, 1R 400 ™M - f
8] Masirnum tube span between baffles, IR
Matetial: Cr3 Welded pipe » J2q; 400 mm - - ——
T Bafle thickness: 10 mm e - 1
Iside diameter, D 1000 | rom Balfle mateial: Cr3Welded pipe > - —
Outside dismeter, Dot 1020 mm Anchor pins materiast 35 Bulling >> — A
Wallthickness, s 10 D [ Baffles rest on the casing L ke
e, o F) o Calcuation pressure on the fube sheel
Negativetalerance, 62 05 | | 5y | @ Aule PR=malpTHhLRT-phil: L
Technological alowance. 3 m O Manuely pl=0 WP pRI=t 0 MPa
Fist lubeshest clamp Second tubsshes! clamp
Length, Lt
[ . 2000y O By welding inta the casing O By welding inta the casing
ongitudinal weld strength ratio, @p: -
DE - o ' o > @ Though flange joint @ Though flange joint
ircular weld strength ratio, ot: -
SnEnEl > (® Flangs tubesheot elded (0the ) Flange tubssheet wekded 0
Assombly tenperatune 10 20 °C shel the shell
(o Shouldered fsnge ibeshest () Shouldered fange ubecheet
lrkimoe g welded to the shel welded to the shell
9
() Flange ubesheet wekded (a the  (~ Flange tubeshest weldzd to
end shel the end shel
O Tubssheet welded inflange () Tubeshest welded in flange
Tubeshest welded between Tubeshest welded between
Loading Shell-side, shell Tube-side, tubes e e i e
e and shel lange and shel
case Pressure Temperature, *C Pressure Temperature, °C
Pk, MPa Design, Ts Mean, t PT. MPa Design, Tt Mean, T
Operating 1 &0 a0 1 60 a0
Steaming 0 120 100 0 120 100
Shel-<ide space flng >» Tube-side space fiing »>
<Hazan Oreera Crpaera

Fig. 3.140 Heat Exchanger Data

Heat exchanger casing wall temperature is used to determine allowable stress
on the casing. Average casing wall temperature is used to determine the linear
expansion and elasticity factors. Insulation and lining can also be input.

Operation environment properties in tubular space are determined by the heat
exchanger’s parent component or (if there is no parent component) using the
“General Data” setting. Operation environment properties in inter-tubular space are
considered when calculating weight of the casing’s daughter components.

Casing and tube plate joint structure according to GOST 34233.7-2017 (RD
26-14-88) are shown in the Fig. 3.141.

A heat exchanger can be calculated according to ASME VIII-1. In this case,
variants of structure are shown in the Fig. 3.142.
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(%) By welding into the casing ® F'I_larlllge tubeshest welded bo the
she

K.=17 £.=17

ii : K.=17

® Shouldered Flange tubesheet: ® Flange tubeshest welded to
welded ko the shell the end shell

K=12 K,=17

f — T I
(®) Tubesheet welded in flange ® Tubesheet welded bebween

flange and shell

K,=35

Fig. 3.141 Tube plate joints
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UHX-13.1 (a) UHX-13.1 (b)

UHX-13.1 (c) UHX-13.1 (d)
Fig. 3.142 Tube plate fixing as per ASME VIlI-1

Properties of the tube plate joint can be input by pressing (see
i.3.17.36).
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3.17.36. Tube plate joint

First tubeshest connection 3

Flange of chamber

Flange of shell

Flange type

e .

Wateriah (73

v |[Properties... | [_add...

] ()1 - Butt-welded )2 - Flat welded

Internal diameter, D
Total alowance, ¢

External dameter, Dn:

[T

Flange height, h2:

Conical slesve length, I:

Thickness of sleeve’s eylindrical part, s0:
Thickness of slseve’s conical part, sl:lzl

Transition radius, r:

Length of sleeve’s cylindrical part, Ic: D

Adjacent element of chamber

Internal diameter, Dt D
wall thickness, st D

Material: [ v |[Properties.. [ add...
Fasteners
@goks O studs [ Tightening control
Material: DOstud groove
E3  |[Properties..|[_Add.. |

Outsice diameter, d;
Nurmber, ni El
Diameter of bolted circle, Db: D

Properties...] [_Add...

[Pesya n rOCT 7338 ¢ TeeEpaseTEIa no LWapy A 0 65 ea V.
Dimensins as per GOST >

Mean diameter, Dm:D

idth, bn:

Thickness, hn: El

Gasket
Material:

External diameter, Dz

Flange heigh, h1:

Tubesheet

Tubesheet thickness, sp:

Total allowance, cp
Calculated temperature, Tp:

Adjacent elzment of the shel

Adjatent element: | Heat exchanger shell

Internal diameter, D:
wal thickness, s:

Flanges version
() Flat ) Lugsocket
) Dowelslot ) Octahedron

Calculated temperature of flanges, T:

[insulated flanges

Waterisl 73

v |[Properties. .| [_add...

)| Flange dimensions a5 psr GOST > ]

[ Tahe ashellflange as a chamber flange |

[ <toman | gsnee> | [ Ommena | [ Copeexa

Fig. 3.143 First tube plate joint
If a tube plate is connected through a flange joint, data are input in the
same way as those for a flange joint, according to GOST 34233.4-2017 (RD 26-15-
88). Standard flanges can be selected.
Option "Transitional shell" is available for all variants of design of the
tube sheet. When this option is activated, an additional window appears with
parameters of the transitional shell (bushing), Fig. 3.124.

Transitional shell extended parameters

Material: [ cr3 .

Inside diameter, D:[ 1000 | mm

Thickness, s1: [ 2 mm

Corrosion allowance, c1: [ 2 mm
Megative tolerance, c2: g mm

Technological allowance, c3: [ mm

Length, 11:[ 20p mm

Design temperature, T1: | 2g oC

OK

Insulation and lining >>

Cancel

Fig. 3.144 Parameters of the transitional shell
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Properties of the second tube plate joint can be input by pressing
. Data on the second tube plate is assigned equally to the first tube plate.
You can quickly copy data from the first tube plate by pressing button “Accept the
second connection as the first”. Tube bundle properties, properties of tube
mounting within the plate and pass partitions (if present) can be input by pressing

(see i.3.17.37).
3.17.37. Tube bundle properties

TpyGHuii nyuok c pe e THamy X
PaCTONCHEHHE OTEERETH ToyBel
@og0rpaaycoe Oe0rpaaycos [ Crewenns ST
Q45 rpaaycon ) Onp. nomeamatenen [25) ~ Hapyheit ananeTp, dT: [ 25
PacugTHan TemnepaTypa, T: | 20 Tonuma crercn, Tt |5
1 Cpeawnn TermepaTypa, tT: [ 20 Cymrapwan nprBaeka, <T: |
GG Kpennenne Tpy6 & Nepeo peweTke Kpennenue Tpy6 B0 BTOpOi peweTke
n (3T naar03aBaNEU0EaHHEIE TPYBE (@ naaxosasansuosantsie Tybil
£ T O 3asansussantibie 5 nasel O 3asancussaitiie 5 nasel
VT O 3apancuseartste ¢ oTBopToBKof (O)3seaneuseantile ¢ oTEOpTORKSH
At
O MeToacH npHeapkH O MeTozon npHeapKH
i+ YaeneH.aonyek Harpysea,[al: [ 14,5 ¥aeneH Aoy ck.Harpyska, [0 14,5
S Tnyfia passancucern, bbi | 10 TyBiia passaneuoskw, i 1o
= i [ ofisaprof  ofbaprori
ik Karer wea, Deka: [ 7
5 =
= = T
o = of R e
o Sl Sy
PaccTosHMe 0T 0ck Koxyxa A0
e cao yaaneHHoR Tovee), ali | 274 Is Is
A, ORYAHOCTH, EMHCZHHOR B e =3
MaKC. GeCTpYBHyIa NnoLaAL, DE! | 3223 Sp Sp
HHCno 0TBEPCTHA, i | 733
Hamane neperopoars [ Hanvrare neperopoarh
spcno Ty, i | 733 Meperapa.Ka nepaori Kanepe!
Mare, paanyc TpyBrof sonsy Ri | son Matepran:
Liar pacrionosern oTeepcTil, ! | 32 [25) v
Avarerp areeperii, d0: | 5.6 Tomu. peweTii & Hecte naza, sn: 5
PaccT, MEWAY PARAMH OTEERETHI, B! | 55 475 Wrpkiia nasa, bn: [ 11
BiicoTa Bepxnero cerments, il | 5op TORWAHE NEPErOROAKH, SNEpt | 10
BricoTa iwera cerventa, h2: | 500 Cymmapman npuBaers, m: | 2
PacuéTran Tennepatypa, T | 29
Mepenas aseneni, Delta pr [
OnpeAenEHiE PacETHoIR BENHHHH
[ <tason [ romeo | [ omena | [ crpaera

Fig. 3.145 Tubes bundle with plates

Position of passages in the tube plate can be set manually or automatically. To
set position automatically, position angle of opening axis, opening spacing and
diameter, radius of tubular space, and heights of upper and lower sections must be
input. Properties such as the number of openings, distance to the most distant
pipe’s axis and the maximum diameter fitting within the tubeless area will be
calculated automatically.

The position of symmetry axis of tube bundles can be changed by selecting
[ offset (Fig. 3.146)

(®) 90 degrees (®) 60 degrees
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Fig. 3.146 Holes layout

At non-standard parameters of tube bundle, it is possible to compose it in the
interactive designer mode.

Constructions of tube holders in the sheet as per GOST 34233.7-2017
(RD 26-14-88) are shown on Fig. 3.147

0 ¥
s —*
Ig
Ip
Smoothly rolled Smoothly rolled, with seal welding
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Rolled in two and more Rolled in two and more grooves, with seal
grooves welding,

Welded without rolling

Fig. 3.147 Tube holders in the sheet as per GOST 34233.7-2017

At calculation of the heat exchanger as per ASME VIII-1, possible types of
holders are shown on Fig. 3.148.

LF'—P“ %,.F’jﬁ =20 i-—‘—f—|¢
T T — T -y
[—] [—— ag [f——"]
by iy Yy
UW-20 (a) UW-20 (b) UWw-20 (c)
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&”F_f-j_&_} s a_jijj_]L N @@ ) :jjjlﬁ @@
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“E BB el il
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App.A (e) App.A (f) App.A (9)
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Fig. 3.148 Tube holders in the sheet as per ASME VIlI-1

Optionally it is possible to add bellows (i.3.17.38) and (or) expander(s)

(i.3.17.39) on the casing.

The heat exchanger will be displayed after all required data are input and

saved by pressing . Heat exchanger properties can be edited through a
tabbed dialog box.

3.17.37.1 Handling with tube sheet designer

Designer enables creation of the tube bundle and calculation of its properties,
when placing the tubes by method that is not described in the i.3.17.37. To
activate it, select the "Custom" option in the toolbar "Position of holes” A window

specified in Fig. 3.149 will open.

Tube shect designer

e

®® @ @@ @ ® e @@
®® @ @@ @ @@ ® @@

§

@

®

® @ ® @ 06 666 eee

QQQ@@@@QDQ@Q@
-0

® @@ eee@®E®e e e@E e

®e e 8 eEedeEeEEES

-600 -400

x, mm
Chart Directar (unregistersd) from waw advsafteng som

By pressing the left mouse button
(®) Generate 3 tube with a hole
(O Remove the tube and the hole

For window with the tube sketch, the following operations are available:
e Image scaling— by mouse wheel;
e  Sketch moving — press and hold down left button of the mouse, and

Recalculate
(O Remove tube, leaving a hole

() Generate the anchor pin pow—

Holes layout
(@ By squares (O By triangles

Tube zone radius, R: | 500

Horizantal interval, tp: | 53

Vertical interval, ty: g2

Upper segment height, h1:  5gp

Lower segment height, h2: | 509

Left segment width, h3: s

Right segment width, h4:  5pg

Streams

Streams number: | B
# %0, mm y0, mm
il0 = LI

[ Transpose

mm

mm

mm

mm

mm

mm

mm

Stream #1: number of pipes 193, relative to the total number 100%
Total number of holes: 193
Total number of tubes: 133

oK

Fig. 3.149 Tube sheet designer

move it;

Cancel
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Commands and parameters:

Name Description

By squares Rows of holes are not displaced

Each row of holes is shifted
By triangles relative to the previous one for a
half of the horizontal pitch

Holes are arranged in concentric
circles, holes on one circle are

By circles spaced with equal pitch, rounded
to an integer number of holes
ot Horizontal and vertical pitches of
Py rows arrangement
Enables creation of zone, beyond
R, hy, hy, h3, hy which arrangement of pipes is

excluded
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Enables creation of pipeless zones
Number of - -
for separating walls, for typical
flows, - - X
. . configurations of multiflow heat
configuration
exchangers

Provide more precise positioning
of the tube bundle, belonging to
Xo, Yo the 1% flow, if the automatic
arrangement does not furnish the
desired result

U Distance between axis for pipes in
- the area of the 1* separating wall

D Distance from axis of tube sheet
- to axial line of 1¥ separating wall

Transpose 90° rotation of the created tube
sheet

If the tube already exists at the

point with selected coordinates, )
than nothing happens, otherwise,
the point gets an attribute "tube"

Create a tube
with hole

160
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A hole will be included in
calculation of the sheet peripheral

Delete tube, zone, but the tube will be )
remain hole . .
excluded from calculation of axial
force on the casing.
There is no hole in this point, it
Delete tube and  cause no influence on calculation %
hole of peripheral zone (used for

creation of tubeless zones)

A hole will be included in
calculation of the sheet peripheral
zone, but the tube will be .
excluded from calculation of axial
force on the casing

Create anchor
stud

Rebuilding of tube bundle is
performed (coordinates of points,
where the holes will be placed, are
outlined)

Update

All additional signs of points are
cleared

Reset
3.17.38. Heat Exchanger with expansion bellows on the casing

To include the expansion bellows in heat exchanger model, select an
appropriate checkmark in the "Expansion bellows” tab (Fig. 3.150).
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Expansion bellows 3]

Expansion pipe material: Type of junction to the shell as per GOST 30780-2002

v ops Otpes Otypec
Maximum internal diameter, Dk: [ 1100 = %
Minimum internal diemeter, dk: | 1000 5 — =

wall thickness, ski [ 19

Corrosion allowance, ci: [z

Negative allonance, 2 g5

Technolngical alawance, c3: | g | .

Length of one section, ak: [ g

Wurber of sections, ni | |

Distance from the shell beginning, Lk: | Lk

Radius of curvature, th: | 29

Circular weld strength ratio, Fit: | Estimation of calculation values

Calculated temperature of wal, T: [ 2n
Weld processing

@ welds ground face

O weld's rough surface
*Weld positioning

(&) To external diameter

O Te nternal diameter

[ <Haan || roroeo | [ Omewa | [ crpeeca

Fig. 3.150 Expansion bellows

At calculation of heat exchanger as per GOST 34233-2017, bellows type with
casing is determined according to GOST 30780-2002 (Fig. 3.151).

9 G Ik

L [l

Type A Type B Type C

Fig. 3.151 Joint of expansion bellows and casing as per GOST 30780-2002

At calculation of heat exchanger as per ASME VIII-1, possible design
variants of expansion joints as defined according to section MANDATORY
APPENDIX 26 (Fig. 3.152).
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Without reinforcement With reinforcement Toroidal

Fig. 3.152 Design variants of expansion bellows as per ASME VIlI-1
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3.17.39. Heat Exchanger with expansion box in the casing

To include the expansion box in heat exchanger model, select an appropriate
checkmark in the "Expansion box” tab (Fig. 3.153). In the presence of expansion
box on the expander, its parameters are set similarly i. 3.17.38.

f Heat exchanger 2 |

Expansion bux‘ 4 I

Expansion box material:

# ¥ ]
cr3 >> —“\r L
Maximum internal diameter, Dp: 1100 mm —
wall thickness, spac: 10 mm
Corrosion allowance, c1: 2 mm I
Megative tolerance, c2: 0,8 mm
Technological allowance, c3: 0 mm o
Transitional section’s length, Ip: 50 mm qlE
Cylindrical section’s length, Lp: 200 mm '80?{
wall deviation angle, betal: &0 o 3
Length to the beginning of shell, Lp0: 500 mm Lk ,fk r
Calculated temperature of wall, T: 2p oC LPO fp gic Lp

trength ratio, Fit: 1

| Expansion bellows avaiable!
Expansion bellows options

Expansion bellows material:

==

Type of junction to the shell as per GOST 30780-2002

= . @ Typea Typeb Typec
Maximum internal diameter, Dk: 1100 mm g.fc
Minimum internal diameter, dk: 1000 mm
Wall thickness, sk:  1g mm T
Corrosion allowance, cl: 3 mm
MNegative tolerance, c2: g3 mm
Technological allowance, c3: g mm
Length of one section, gk: g mm
Number of sections, n: 1
Distance from the shell beginning, Lk: mm
Radius of curvature, ks g mm
Weld processing Weld pasitioning
@ weld's ground face @ To external diameter
Weld's rough surface To internal diameter
0K Cancel

Fig. 3.153 Expansion box

When calculating the heat exchanger, the flexibility of the expansion box is
taken into account. If the expansion box is made with bellowed sides, use this
option (Fig. 3.154).
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~
Spac

Lpg bl _Lp {
2 . !

Fig. 3.154 Expansion box with bellows on the sides

Do not use the "Expansion box" option to define the distribution manifold
(without cutting the casing section under it) - for this, use the “Cylindrical
jacket”’component.

3.17.40. Heat Exchanger with U-shaped tubes

Data input is similar to heat exchangers with stationary tube plates. The tube
plate must always have a pass partition and tubes must be arranged symmetrically.

Tube sheet for this heat exchanger can be performed similar to i. 3.17.35.

Besides, as per GOST 34233.7-2017, a variant of tube sheet clamped between
the flanges is additionally available (Fig. 3.155)

Lo

1 FnSenfin fz

1y FnSpnfin Rz

Fig. 3.155 Tube sheet between flanges
In accordance with ASME VII1-1, additional configurations are available (see
Fig. 3.156).
User’s Manual
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Fig. 3.156 Tubesheet types according to ASME VIl11-1

The “Electric immersion heater” option allows the calculation of the heater
base plate as a perforated flat cover.

3.17.41. Heat Exchanger with Floating Head

Data input is similar to heat exchangers with stationary tube plates. Properties
of the floating head are input instead of second tube plate (Fig. 3.157).

Floating-head heat exchanger X
General data | Tubesheet flange | Floatinghead | Tubes wih tubeshests

Cover parameters Parameters of semi-rings Head type

Head maketial materisl: 1o | properties) [ Add. ) @eliptic © spherical unbeaded

Head’s ring material:
[erz v [Properties...] [_add
Flange internal diameter, 0: External diameter, Bk | 1045

Wl thickness, 5Lt Height i the unsafe cross-section, bk ag

et B T Showlder of forces effect for semi-ring, r1: [ 15

Internal diameter, Dk go0

) Total allwance, ki 2

Hegative alowance, c2: D Contact’s surface devistion angle, Teta: [ 12
Technological alowance, c3: Tubeshest
Thickness in gasket place, hkp: Ratenzl ;5 v |Propetties...] [ add.. |

Hesd height, H: Tubesheet thickness, sp: | 15

External diameter, Dn: [ 1045 Thickness in gasket place, spn: | 12
Beading length, hi: Total allowance, cp: [

i ter of thickened part, DB:
Diameter of holes for bolts, d0: SIEEC ARl (i ]

Diameter of contact with ring, DZ: | a5g

Weld strength ratio of spherical
segrents, i (1|52 Extemal daneter, 0p: [ gpn
Circular weld strength retio uFE:;eEh?kd. T L —

Fasteners Gasket LOADING CONDITIONS:

©pots Oy LITahtenng conerdl " Cakulated terperatire, T

Material: [5tud groove
S | [Froperties_)(_aad

Outside dismeter, d:
niumber,

Flange dimensions as per GOST >3

| [Pesuia no FOCT 7338 ¢ TetpaccTor no LWapy A 20 65 sany | [

U}
Thickness, hn:

Diameter of bolted circle,

[ o J[omena | Crpaeka

Fig. 3.157 Floating head

At calculation of heat exchanger as per GOST 34233.7-2017, the floating
head may include elliptic head and spherical unbeaded head.

Possible variants of floating heads are shown on the Fig. 3.158
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Fig. 3.158 Types of floating heads
Version of head corresponds to section “Bolted heads”.
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3.17.42. Air cooled exchanger

Air cooler x
Chember | Tubes with tubesheets 4 b
T — Chamber desgn
Tt Detachable with weided cover
Transverse inside dmension B0: [194 | mm ateria: cleom): c2(reg.al): c3(techn.): Plating petachabie with cast caver

Grid thidkness n the perforation area, 514: [0 | mm | 10X17H13MZT] 3 | L5 |mm [0 || »> lmm [0 |mm | »3 | || = Detachable with castor stamped cover

S T o= Detachable with semicindrical weded cover
. Non-detachable with semicyindrical welded nal
B ] [ Welded vithout separating walls
Cover thicknessin the flange zone, s5A: 5 mm Stamped and welded (oult-ug) without separating wall
Cover fiange thickness, s64: [ 13| mm Welded with separating walls
Outside cross dmension of gasket, B2: (26— | mm - Gasket Stamped and welded (bult-up) with separating wals
Ditance between axis of bots, 83: 255 | pyy | Meterial: | Propertes Add. Detachable with cast cover, type 3 as per RTM 26-13-79
Cutside cross dmension, B4: [ 35| g | PErONtE according to GOST 481 at a thickness of less than 3mm =

Outside longitudinal dimension of gasket, L2: [ 1282 | mm Width, bn: | 12 mm
(Grid thickness in the seal place, 5241 |5 e Thidness, bn: [ | mum
Grid thickness out of seal place, s34: [ ¢ mm | Fasteners
Grid area width with thidness 51, B1: (227 | mm | (=) Bolts () Studs No tightening control -

Chamber cover depth, H: [ 109 mm Material: | 35% >> | [ Groove
Spherical radius of chamber cover, R: [ 19 = Outside diameter, d: 15 ~ mm
Chamber weld strength ratio, Fi: [ 1 =
Transverse inside dimension, L0: [ 1228 | mm Number, n: 25

Design pressure, pT:

Design temperatire, T: [ 144 | ¢

*! Internal External 0,12 MPa
Charmber holes
Plate Hole | Plateheight, | Nozle | Nozzle length, In, | Offset by X, | Offset by Y, Mate
diameter, Db, | diameter, d0, | sy, mm | thickness, sn, mm mm mm
mm mm mm
4 [ »
Add hole. Delete hole

oK Cancel Appl

Fig. 3.159. Distribution chamber

Air-cooled heat exchanger is created as a model component. This component
cannot be joined to anything. No other components can be joined to it as well in
the current program version. Air cooled exchanger consists of two identical
distribution chambers (Fig. 3.160) and tube bundle (Fig. 3.162). Two heat
exchanger chambers can be set independently and have a different type. Special
nozzle type can be attached to the chamber.
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Bolted with welded head Bolted with cast head Bolted with cast or
stamped head

Bolted with  Non-detachable with  Welded without separating
semicylindrical ~ welded semicylindrical welded walls
head head

Stamped and welded Welded with separating Stamped and welded with
without separating walls walls separating walls
Fig. 3.160. Types of distribution chambers

For welded components of heat exchanger, you can assign a negative
tolerance, cladding.
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Per tops of rectangles Per tops of triangles

N A Pala)
Y

fany |
RER
bond

\L/

AR AR AR
NV RNV NP
d, t d, f,

Fig. 3.161. Types of tube bundles

Upon pressing button, tube bundle parameters can be defined,
similar to i. 3.17.35.

Air cooler L&J

— W - - . - il - -
Tubes with tubesheet5| 4 I

Pasition of holes Pipes

© Per tops of rectangles! Materiak
Per tops of triangles Ccr3 fos
Calculation temperature, T: g oC
f\ KN KN Qutside diameter, dT: 75 mm
& : &J : KJ Wall thickness , sT: 5 I
5 1 . Total allowance, cT: 3 mm

Pipe anchoring in the grid

AR
\L/J
AR
N

Smoothly beaded pipes

Van's
s AL

tf Beaded in one groove
'@ Beaded in two or more grooves
Location parameters By welding method
Distance between grids, Lt jgpg = mm Allowable spedific load,[a]: 35,2  Mpa
Longitudinal pitch of holes arrangement, t1: 49 mm Expander depth, IB: g mm
Transverse pitch of holes arrangement, t2: 4 | with welding
mm Weld cathetus, Delta: 1 mm
Mumber of holes, n: 195
Number of pipes, it
Diameter of holes, d0: 75 5 mm
Estimation of calculation values
oK Cancel Apply

Fig. 3.162. Tube bundle

If there are screw plugs in the chambers (Fig. 3.163) they can be calculated
according to [34].
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Flugs presence

Plugs
Material; 35 Bolting ==
Outside diameter, dnp: | 1 * | mm
Groove diameter, d1: g mm
Flug gasket groove depth, cp: g mm
warking thread length, bnp: o mm
Gasket

IMaterial:

Rubber according ko GOST 7338 with a Shore & less t| ==

Outside working diameter, Dpn: | 1 M

Inside working diameter, Dpv: g M

Thickness, hn: i

Fig. 3.163. Screw plugs in the chamber

The outer frame can be set according to Fig. 3.164 (it is taken into account
only in the visualization of the model and in the calculation of the metal
consumption table).

Outer frame MNumber of belks: | 3
Bottom beam (1 ] 1ow =
Side beam (2| | spxs0x6 5
Top beam (33 | Soxs0xe =
Frame materiali | 13 Sheet ==
Side sheet thickness, sn:| 1 i

Fig. 3.164. External air cooler frame

3.17.43. Nozzle of the air cooler chamber

This component can be attached to the back wall of the cast/forged air cooler
chamber, to the rear surface of the cylindrical chamber, to the back or side surface
of the box chamber. Input data of tie-in into the cylindrical chamber are set
similarly to the component “Nozzle”. For tie-in into the flat wall, the dialogue
looks like Fig. 3.165
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POSITION:

(@ Radial
Offset, X0:
0 mm
Offset, Y0:
250 mm

Fig. 3.165 Nozzle of the air cooler chamber

3.17.44. Cylindrical jacket

A cylindrical jacket can be joined to any cylindrical shell of the existing
model (Fig. 3.166). Component name, code of standards, material, dimensions,
weld strength factors and load properties for jackets are set in the same way as
those for cylindrical shells. Jacket placement within the model is determined by the
jacket’s adjoining component and the distance from left (bottom) edge (toward Z-
axis). Supports, nozzles, stiffening rings and other components can be adjoined to
the jacket. Jacket pressure, p,, is transferred to adjoining components, and vice
versa. The jacket cannot be placed outside the parameters of the shell on which it is
placed.
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Cylindrical jacket g|
Element name: | TR demeheksn— .
- cone junction ] Expansion bellows
Carying element: | Cylindrical shell No.1 (O b - ring junction Junction design
Code: |GOST R 52857.8.2007 v s[5 ®Typea OTppee
Jacket material OTypeb O Tuped
Cr3 v Add.
Distance from element edge, lo: [1pp ] @=45°
Jacket internal diameter, D2 1200
by
Wwiall thickness. s2: |1 —~| 2 D2
. &
Corrosion allowance, cl: |2
Megative allowance, c2: g
) i D g
Technological allowance, ¢3: |
Jacket length, | |10 = D2 Iy
Longitudinal weld strength ratia, Fip: 1
Circular weld strength rati, Fit: |4 [ T o e
Calculation temperature, T: |20 Space i jacket
Mean vessel wall temperature, Top: |2 Space with fluid
Mean jacket wall temperature, Tep2: | 2g Ebaeslialatd [undsrnr?dpiﬁ;a':g?]g: 100
Calculation pressure in jacket [without hydrostatics), p2: Name af operating fluid: | <E nter value>
(&) Internal () Extenal 01 Denszity of operating fluid: |10
Kind af test:| Yy dratesting v
Test pressure: [ 5
[ Sulfurated hydrogen environment
[ ()8 ] [ Cancel ] [ E stimation of calculation values

| Distance from the jacket’s mid-wall o the vessel's external side: &0 = 95 mm
Fig. 3.166 Cylindrical jacket

Properties of inner jacket environment test properties without supporting shell
can be input.

Structure of jacket and shell joint is determined according to GOST 34233.8-
2017 (GOST 25867-83) (see Fig. 3.167).

Volume and weight calculation of the jackets content is possible only using
the fill factor.

User’s Manual 173



VESSEL STRENGTH ANALYSIS SOFTWARE

rp @=s0° r a=er
a
a
o o
D] Dl s =
Ly 5 Dy 5
= el

Fig. 3.167 Jacket types as per GOST
Cylinder jackets can have bellows ( [¥] Exparsion bellows ) 1o reduce loads from
temperature deformations.
It is possible to calculate jacket as per ASME VIII-1. In this case, variants of
connection with casing specified in Fig. 3.168 are taken.

=07t 1.235¢, min. 1,23, min. ¥
/< . 125, min :
3

L s
* Jmax=00°
a’T

A
Iy Fum= 3t T
i

Iz = 13mm
g 228

g
=2t

Fig. 3.168 Jacket types as per ASME VI11-1

3.17.45. U-shaped jacket

U-shaped jackets are created using a multi-page dialog and include the
following components:

e Vessel shell;
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e Jacket shell;
e Vessel head;
e Jacket head.

Jacket and vessel joint data are input similarly to those for cylinder jackets.
Jacket and vessel head properties are input in the same way as those for dished
heads.

U-jacket E‘

Vessel shell [Jacket shel | Vessel head | Head of jacket
Element name: | [T

| - Jacket desion

Code: |GOST R 5285762007 v

Yessal's shell piopetties 3, D
Wessel shel material ‘

3 v | (Propeties ) [ Add. ]
Shelntemal diametzr, D: -

Shell wall thickness, s:
Carresion allowance, 1

Negative allowance, ¢2:

Technelogical allowance, ¢ D I =

Shel length, L:

Longitudinal weld stiength rati, Fi

L
L
W2
B
As]

Circular weld stiength ratio.

Calculation temperature, T n
Caleulation pressure [witheut hydrastatics]. p: ]
@lnema O Edemal

Guide spiral Insulation and liring 3>

Spiral paremelers
Spiral materisk

[16rc | [Propetties..] [_2dd. |
Spiral shif. o
Cross section height, bt
Cross section wickh,

‘wheld cathetus, 2

Number of coils,

Spiral pitch, ts:

Caleulation weld stiength ratio, Filt

Fig. 3.169 U-shaped jacket: vessel shell
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Vessel shell| Jacket shell |vessel head | Head of jsoket

%)

Jacket parameters
Shell materiat

Shel internal diameter. D2: [1200

Shellwal thickness. s2. [1g

Conosion alowance, c1: |2
Negative dlowanee, o2 0@
Teshnological allwiance. o3 [

Shelllength, L2 2100

Cenial 20ne diameler, d1: [280 |

Longitudinal weld strength ratio, Fi

i

Circular weld strenath ratio, Fi

Caleulalion temperature, T: [20 |

Mean vessel wal temperature, Teps: |20

Mean jacket wal temperature, Tep2: |20

Calculation pressure in jacket [without hydrostatics], p2:
@ Intemnal O Extemnal

Distance fiom the jacket's midwall to
the vessel's extemal side. el

Jacket design

Junction design

- cone junclion ®Typea OTppec
© b- fing junction O Typeb O Typed
E D [ «=4°
o
-5 . a
o
w1y 2 ] 0y D 3
|
5
= H =1
Insulation and lining >>
4

Space in jacket
acket with fuid

Jacket filing atio funder operating [0
condiions}

Name of operating fhict | <Begume sauesie>
Densty of operating flict 1000
Kind of test |y aratesting v

Test pressure: (05

[ Sulfursted hydrogen enviranment

Estimation of calculation values

Orwena

Fig. 3.170 U-shaped jacket: jacket shell
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() Hemispherical
() Torispherical

cket X
Yessel shell | Jacket shell | Vessel head ‘ Head of jacket
Head type
() Elliptic @

i1l

Head material

Cr3 | | Properties. Add D

Head intermal diamster. D

Head wall thickness, 1

Conasion allowance, cl
Megative alowance, c2:
Technological allowance. c3: |
Head height, H: |250

Bead length. h1: | 2p

Ring weld strength ratio, Fi:

Calculation temperature, T
Insulation and lining >»

Fig. 3.171 U-shaped jacket: vessel head

cket

Wessel shell | Jacket shell | Yessel head ‘Head of jacket

=

Corosion allowance, cl

MNegative allowance, c2:

Technological allowance. c3: |
Head height, H: [25n
Bead length, h1: [100

Ring weld strength ratio, Fi

Calculation temperature, T

Inzulation and lining >>

Head type
() Elliptic —_—Rﬂ 8
O Hemispherical |
O Torispherical
jus

Head material =i
Cr3 + | | Properties... Add... D

Head internal diameter, D

Head wall thickness, 51
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Fig. 3.172 U-shaped jacket: jacket head
3.17.46. Partial jacketing
Partial jacketing data are input similarly to those for cylindrical jackets.

Jacket partly covering a vessel g|
Element narme: Supporting element: 0 fevaika udnMHApHYeckan N1
- Jacket canstruction as per GOST 2586783
. Code: | GOST R 5285782007 - () a- junction by bead (%) b- junction by anchar tubes
Jacket material: A A
Cr3 - | Properties.. Add.. =
Anchat tubes material: |'/__\_/\’]
Cr3 - | Properties... Add.. A | Oy ns
Dictance from the element edae, lo: 1820 mm ¥ 5
r
Jacket intemal diameter. D2 1200 5
r
wall thickness, s2. 1 0D = = [
Corrosion alowance, cl: 2 fre f
Megative tolerance, ©2 gg fre \—Ethl."_hi A fr
Technological alowance, ¢ g fre £ l} PN —)l
Distance along the axis to the centraid 120 L 2 A
to the first row of junctions, t: o L
Longitudinal pitch of junctions, tP: 199 012 mm e
unchion type
Mumber of junctions along the asis, nl: 5
Mumber of junctions along the circle, nC: 5 tp
Angular pitch of junctions, dekaT: 2q * p
Distance from the edge to the first 10 . 259
rows of junctions, deltak:
Junction external diameter, d0: g mm '
‘weld cathetus, a: 1 mm =
Fipe wall thickness, =0: 10 mm
Langitudinal weld strength ratio, Fip: q 3 d 0 o \Q
. ) o 0 d
Circular weld strength ratio, Fit: 4 »
Junction weld strength ratio, Fi: q 3 oy
Calculation temperature, T: 20 °C Operating fluid in the jacket
Mean vessel wal temperature, Top: 20 T Comporert fil factor [ér;r?giﬁioar:g?]g' 100 4
Mean jackst wall temperature, Tep2: 29 o Mame of operating fluid: <Beeawre sHaveHues
Calculated pressure in jacket [without hydrastatics], p2: Rebaipea ol 1000 RoiE
&) Intemal ) Extemal 01 MPa Test e Hydrotesting W
Test pressure: .5 MPa
Insulation and fining >> [ Sulfurated hydrogen environment
Ok Canicel Estimation of design values

Jacket length: L = 1000 mm

The circular distance to the first senies of connections: tK = 35.9 mm
The circular connections step: tT =191 mm

Half-angle coverage of jacket: psi=50"

Fig. 3.173 Partial jacketing

Jacket and shell joint type is determined according to GOST 34233.8-2017
(GOST 25867-83) (see Fig. 3.174).
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Fig. 3.174 Jacket and vessel body joint types
3.17.47. Half-pipe coil jacket

Half-pipe coil jacket @

Coil channel | First nazale of cail channel | Second nozzle of coi channel
Channel parameters

) B Camying element: | Cylindrical shell No.1
Element name: | Jacket with coiled channel: No.1

Channel design
Code: |GOST A 52057.0-2007 ~| | @ & - semicitcular cross-section with Yeweld

Channel materiak 2
(O b - semicircular cioss-section with comer weld

BE v Add

O ¢ - segmental cross section
Shell internal diameter, D |4 gng

Spiral shif, lo: |5 5
Spiral pitch, ts: [300 §
Channel sxteral iadius, 12: [gg

Channel wall thickness, 52 |10 o

Comosion allowance, ¢1: |2 1

Megative alowance, c2: g b2

Technalagical sllowance, &3: g

Number of channel cails, nZ: |3

Channel closing number, n3:

Calculation weld strength ratio, Fiz: |4

Calculation temperature, T: |20

Mean vessel wall temperature, Tep: |20

Mean jacket wall temperature, Tep2: |20
Calculation pressure in the channel{without bydrostatics] p2:
) Intemnal O Extemal 01

Space in channel
Channel with fluid
Charinel filing rato: {under operatingl ;o
conditions!)
Hame of operating flic| (Enter value>

Density of operating fluid[1ggg

Kind of test Hudrotesting b
Test pressure| 0 2

0 Sulfurated hydiogen
enviionment

Fig. 3.175 Half-pipe coil jacket

Spiral jacket data are input similarly to those for cylindrical jackets. During
analysis, the coils can be treated as reinforcement of supporting shell by a system
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of stiffening rings. Coil types are determined by GOST 34233.8-2017
(GOST 25867-83) (see Fig. 3.176). Nozzles are automatically placed at coil ends.

o) 52 5

sy 2 A‘f 2
b2 S@ b) b2

Fig. 3.176 Coil types

Coiled channel | First nozzle of cailed channel | Second nozele of coiled channel

MNozzle matenial:

EER A

Nozzle intemal diameter. & 100

MNozzle wall thickness, £1: [1g 51

d
|
1
i
Mozzle's exterior part length, 11: | 20p
1 vd

Mirirnun weld size, Dela: |1 |

Longitudinal weld strength ratio, Fil. |4 % a

‘wield strength ratio of shell in nozzle tie-in 1 A
zohe, Fis:

Total allowance to thickness, ez |2

Fig. 3.177 Coil nozzle

3.17.48. Half-pipe battery jacket

Half-pipe coil jacket data are input similarly to those for spiral jacket. In
accordance with GOST 34233.8-2017 (GOST 25867-83), this jacket is not
considered as a system of stiffening rings.
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Half-pipe battery jacket §|

Battery channel | First nozzle of battery jacket | Second nozzle of battery jacket

Ehannelpoiamelers ) - _ Carrying element: | Ofewariva unaiHapuueck.an Nel
Element name: Half-pipe batteny jacket Na.1 Channel design
Code: |GOST R 52857.8-2007  » (®) a- semicircular cross-zection with V-weld

Channel material: L . .
) b - semicircular cross-section with comer weld

Cr3 ~ Add..

5 3 ) ¢ - segmental cross section
Shell intemnal diameter. 0 |1000

Channel shift, lo: |g 2 S
Charinel pitch, ts: | 300

Channel external radius, 12: | gp

Channel wall thickness, s2: |1p

Corosion allowance, cl: |2 1 ]

Megative allowance, c2 g bg

Technological allowance, c3: |

Channel pozitioning

MNumber of channel coils, nZ: |5

L]
Calculation weld strength ratio, Fi2: 4
Calculation temperature, T: |20
Mean vessel wall temperature, Top: |20 =

Mean jacket wall termperature, Top2: |20

Calculation pressure in the channel [without hpdrostatics), p2:
@) Intemal O External 0.3

Space in channel
Space with fluid
Space filing ratio [under operating 100 ] %__II
conditions!|: @

Mame of operating fuid:| ¢E qter values

Density of operating fluid:| 4 gog

Kind of test:| g testing “

[l Sulfurated hydrogen
environmert

[ Ok ] [ OTrieHa ]
Fig. 3.178 Half-pipe battery jacket

3.17.49. Jacket with longitudinal channels

Jacket with longitudinal channels can be connected to cylindrical shell or
conical transition.
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PyBaluka ¢ NpoACAEHEIMK KaHAN2MK x

: KoHeTpykupa I
Hazearme anemerTa: | TGRSR e PR NICE] £ Py

Hecywuii sneMeHT:  Ofevalika LuiMHApM4eckan NS £ ‘h
HOPMETUBHEIA AOKYMEHT PA 26-01-149-84 -
MaTepian NpoaonsHei Tpyo: &)
Cr3 Fx
MaTEpian KonbUEBoro KonnexTopa:

Cr3 =3

PaccTosHue OT Kpan snemeHTa, lo: )1 M

Anuna pyBawsn, Lt g 3 M

HapyxHeiit paguyc Tpyel, Rn: | 5p MM |R,(
E +
TonuwHa cTeHki Tpybisl, st g MM L |
Mpufiaska Ha Kopposuia, cin: | 3 MM
- ConpsmeHue
Murycosoit aonyas, cn: g8 [ TonWKHa CEEPHOM WBa KOANEKTOPE, 3K! 10 M ® fmn 2 O s
Mpubiaska TEXHONOMMHEKARA, C3M: g MM TonwuHa ceapHoro wea Tpybel, an:  1p M
Yncno TpyE, n: 8 Pac4ETHaA TeMnepaTypa cTexikn pyBauwku, tp* op oC
HapyxHbiii panuyc KonnexTopa, RK:  gg MM TewmnepaTypa annapaTa B Hayane pasorpesa, t1i o oc
S
TonwHHa CTEHKN KONNEKTOPa, SIKi 5§ MM TemnepaTypa TennoHoouTens B pybawke, t2: 2p oC
Mpubaska Ha Koppasiio, Clk: 3 MM PacuéTroe aasneHne 5 pyBawxe (Bes ruapocTaTiaar), p2:
MuHYCOBOM aonycK, C2k: 0,3 MM @ BHYTpeHHEE O HapysHoe 1] Klcfks.cn
Mpubiaska TexHonorMieckasn, c3k:
= " a 1M * Ecm HeMZBECTHD, 3381k 0, 1 yKasaTe t1, t2
rmamEEE iy GE R B2 Heponycrimel nacT-eckine aedopmalymi
MpOCTPaHCTEO B KaHane >
pacTpa OK OTmeHa Onpenenenne pacHETHLIX BENNYUNH

Fig. 3.179 Jacket with longitudinal channels

Parameters of channel cavity are specified by pressing “Space in channel"
button, similar to 3.17.1.13.

Types of conjunction are set as per [51] and indicated in Fig. 3.180.

Fig. 3.180 Types of conjunctions

Parameters of pipes and collector (radius, thickness, negative allowance) can

be selected from the grade using button =z

If the wall calculation temperature tp, is unknown, it is necessary to
specify““0” instead of it and set temperatures ty, t,.

Option “Inadmissible plastic deformations” is used in the presence of brittle
coatings, possibility of corrosion cracking, etc.
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3.17.50. Convex bulk

This component can be used in horizontal, vertical and column vessels for
separation of volumes with different pressures and fillings. In the course of model
building, it can be joined to the other components and inserted between them like a
cylindrical shell, but during calculation it should be always placed between the
other components. A separating wall creates a new volume, calculation of filling
for which is performed separately. Filling parameters and propertied of the fluid
inside this volume are also set in the dialog of separating wall. Daughter
components, pressure in which is transferred depending on the separating wall
orientation, can be joined to the separating wall.

Ellipsoidal bulk ﬁ

Component name: Elipsoidal bulk No.1
5

Code: [OCT P 52857.22007 ~
Bulk material: Dimensions as per ND >>
cn3
Head inside diameter, D: 1000 mm

Head wall thickness, s1: 19 o

Comsion allowance, c1:

~

mm
Negaifvetolerance, €2 08 mm

Technological alowance, c3: g &

Location relative (o the shels
© Between () Inside [] Invert the side

Headheight. H: 250 mm
Straight flange length. h1: o o

Weldsd joirt eficiency. Fir 1 5 The space befind the wal
Design pressure (without hyrestatics), p2:
Calculation temperature, T: 20 T
Design pressure (without hydrostatics). p:
© Intemal *) Bdemal 0 MPa Vessel with fluid
By vessel filing ratio
Insuiation and lining >> Head low-cycle fafigue 5> Fling atio: 100

@ Intemal ) Bdemal 0 MPa

[] Defects as per GOST R 52857.11-2007 Name of operating fluid: <Beegire Hassarne patiousi ¢
Densty of operating fid: gg0 /3

Kind of test: o teeting

(7] Sulfurated hydrogen environment

OK Cancel

Fig. 3.181 Ellipsoidal bulk
The head of the bulk can be elliptical, spherical or torispherical.

3.17.51. Virtual bulk

This component can be used in the same manner as convex bulk, but without
strength and stability calculation of the separating wall itself (for instance, for
modeling vessels with layer by layer filling with a heterogeneous medium, coke
collectors, etc.).
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Virtual bulk >

Companent name:  virtual bulk No. 1

Design pressure (without hydrostatics), p:

h

® Internal () External 0 MPa

Calculated pressure behind the wall {without hydrostatics), p2:
® Internal () External 0 MPa

| Environment behind the wall (p2)>>

Fig. 3.182 Virtual bulk
3.17.52. Ellipsoidal transition

This component can be used in places of different diameters.

Component name: | [EMERTER e TRl A

Code: | RD 24.200.08-50 IZ|

Transition material:

cr3

Inside diameter in the beginning, Dn:| 1000

Inside diameter in the end, Dk: 5pp

Nominal thickness, se:| 1p
Comosion allowance, c1:

Negative tolerance, c2:
S

Technological allowance, c3:
Straight flange length, h1:
The length of the thickened shell part. 10:
The thickness of the thickened shell part, s11:
The length of the thickened transition part, L0:
The thickness of the thickened transition part. s10:

[7] Defects as per GOST R 52857.11-2007

Welded joint efficiency, Fi:

Calculation temperature, T:| 20
Design pressure (without hydrostatics), p:
@ Intemal ) Extemal 0

Fig. 3.183 Ellipsoidal transition
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3.17.53. Expansion bellows

This component behaves in the model similarly to elbow. Its calculation
includes an assessment of strength and stability against pressure and

displacements, including the calculation of low-cycle fatigue.

Expansion bellows

Companent name: ansion bellows No.

Code: | ASME VIII div. 1, Mandatory Appendix 26 ~

Material: SA-240 -321 (PTB-4) Shee >>

Convoluton height, wi 2 |in
Minimum inside ciameter, Db: 45 i
Wall thickness, i 0,048 | in
Carrasion alowance, ct: o n

Negative tolerance, c2: o in

Convolution pitch, g:

B

Number of convolutions, N: | 13

Number of plies, n:

Segmentlength, me: g1

Segmentlength, mi: 0,1 |in
Radius, fir 0,25  |in
Radis, rict 35 in
Length al:| o &

Forming Bellows type
@® Expanding mandrel or rol forming O Unreinforced @ Reinforced O Toroidal
O Hydr., elastomeric, or pneum. tube forming
(® Formed from cyiinders with an inside diameter of Db X*& H C’Z‘fa’
© Formed from cylinders with an inside diameter of Dm

Annealing E i{

@ As-formed 1 -

O Annealed

Collar =

Present Material: Cr3 Welded pipe > L &

Colar thickness, tc: | 0 in B
Belows collar length, Le: | 0 in
Tangent collar longitudinal weld efficency, Cwe:| 1 e []
Cross-sectional area, Atct | in: + q
Cold spring Li |7 ks
X0 0 n oy 0 in 800 radiar
Displacements Loading Pressure, | Temperature, | x,in | y,in | @, | Mt
O Calaulated case psi g radian | Ibfin
(® Specified
Operating conditio 50 650 45 0 0 0
Axial stiffness, Kb: | 0 bfin

stiffening ring material: C13 Welded pipe
Reinfordng fastener material: | Cr3 Welded pipe

Reinforeng member longitudial weld efficency, Cur:| 1
Length to the center of the first convolution, Ld: 0
Effective length of one reinforcing fastener, Lf: 0

>> | Cross-section of one reinfordng fastener, Af: 0 in?

>  Cross-section of one reinfording member, Ar:| o in?

ESS
in

in

Fatigue strength reduction factor, kg (L..4): 1

oK. Cancel Design values calculation

Fig. 3.184 Expansion bellows

Expansion bellows deformations can be calculated automatically, based on the
fixing and loading conditions of the model. To do this, use the option
“Displacements” — “Calculated”.

The “Cold spring” option allows to specify a prestressed bellows.

For bellows operating as part of a shell (shell-and-tube heat exchanger), the
“No calculation” option is available - it allows to specify a non-standard bellows
with a known stiffness and take it into account in the calculation of the shell.

3.17.54. Structure

This component can be attached as a child component to the casing shell; its
input data are set similarly to column support structure. Its calculation includes
stiffness assessment and implementation of steel structure in the beam model as a
super-element. The strength of the structure parts (beams) is not currently
estimated.
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Structure

Component name: | sirycture No.1
Structure material:

€235 - | Properties. Add.
Distance from component edge, lo: 100 mm

Number of rods, N: g

Structure height, H: | 1300 mm
Start drcumscribed crdle diameter, D: 1200 mm
End drcumscribed cirde diameter, D1: 100 mm

Number of belts: 3

Fillng with bonds
() Absent

() Beam

(O Brace type 1
() Brace type 2
() Brace type 3
(® Brace type 4

Attached to: | Ofeuaika LMmMHADUYETKas N21

() Brace with lower beam type 1
(O Brace with lower beam type 2
(O Brace with lower beam type 3
(O Brace with lower beam type 4
() Brace with upper beam type 1
() Brace with upper beam type 2

e
RN

Couplings on each facet Q) Cross (O Brace with upper beam type 3 =
O Cross with upper beam ) Brace with upper beam type 4
Height borders of bonds placement
< C O Crosswithlowerbeam () Brace with two beams type 1
Lowerlevel, hi: 100 mm ey
Upper level, h2: | 300 . (O Cross with two beams (O Brace with two beams type 2
Orientation of elements O Lower knee-brace () Brace with two beams type 3
-
- O Upper knee-brace () Brace with two beams type 4 Dy
(®) Normal . ¥ .
() Tangental ~ " Cross sections
(O Along X axis [ Ol Legs: OD 102 5 Buicoxas TowHOCTL Range >
O Along Y axis \ |
Braces 1 ~
@) Along the row }\/{ Braces: | [ 10 Range >>
() Across the row L
oK Cancel

Fig. 3.185 Structure

The steel structure shall be placed entirely within the boundaries of the parent
shell. It can also be placed as part of an assembly. An assembly can contain a
sequence of structures, in which case their beam models are linked automatically.
End points of structures can have links and fastenings.

\
L»

|
0

v,

=-{f Merannokoncrpykuus.pst_horiz
-9 Obeuaiika upnuHgpuueckas N1
-] Chopka cocyaa Ne2

& 3akpennerine annapata NE1
oneTpyua Ne3

Kecrcan conss N1
4 3axpennenne annapata N2
BB Npucoegurenne Net
=-B8 Npucoeantienne Ne2
+ T Kecrkas come Ne4
A% Brewnne Harpysku Ha annapar N1
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Fig. 3.186. Modeling a stand by structure
3.17.55. Vertical steel tank for oil and oil products

When selecting “Vertical tanks” (Fig. 3.6), an component “Tank” is created
automatically in the model, and the dialog with its data opens.

Tank [5_<|

General data |

Tal
@®

[ Awailability of pontoon

) With floating raof

Inside diameter, D: 0700 mm
Operating conditions
Predicted filing level. H: 17000 mm
Normative intemnal pressure. ot 0002 MPa
Normative internal vacuum, pvi 00005 pMPa

M awimum storage temperature of product: 20 C

Hydro- and pheumatic test conditions

Allowance for hydio- and pneumatic tests
Test owverpressure. o 00025 MPa
Filing levvel. Ha: 17000 mm

0K Cancel

Fig. 3.187 Tank general data

Currently a calculation of the tanks with stationary and floating roof is
implemented. Calculation of tanks is available according to the following codes:

e  STO-SA-03-002-2009 [54]
e GOST 31385-2016 [31]
e  API 650-2020 [75]

Normative internal pressure and internal vacuum are set above the surface of
the product (without without regard to hydrostatic pressure). When a checkbox
“Pontoon presence” is selected, a weight of the pontoon being at the filling height,
is considered (calculation of the pontoon itself is not provided yet).

Component “Tank” cannot be deleted from the model, but can be edited;
besides, some daughter components can be connected to it. As the daughter
components, the following can be taken:

e  Stiffening rings (are connected to the wall);
e Nozzles;
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e  Service platforms (are connected to the wall);

Lumped masses (are connected to the wall and stationary roof, are divided
into metal structures and equipment, are considered in different ways at
calculation.

Tank wall parameters can be set by selecting button.
3.17.55.1 Tank wall

Tank gl
wall|
EBelt height, Mominal Megative | Allowance for Material Color
h, mm thickness, £, | tolerance, | corrosion,
T Deltatm, | Deleate, mm
1 2250 27 09 [+ 1 czas(Craemy ()] v
19 g [ 1 czascraem (] v n
3 2250 16 g [ 1 czas(Craemy ()] v
4 2250 16 08 [ 1 czas(Craemy ()] v
5 2250 14 038 [ 1 coas cramy (v
& 2250 14 s [ 1 czas(Craemy ()] v
7 2250 12 08 [ 1 czas(Craemy ()] v
g Z250 1z 05 [ 1 czas(craey ()] w
Add belt.. Delete belt..
wall anchorage
Anchor bolts
Material: Cr3 ~  Properties.. Add..

Nominal diameter, d: 42 = mm

Quantity, na: 24

Diameter of boled circle, DB 1000 mm

Heat insulation of wall > »

1] Cancel

Fig. 3.188 Tank wall
Height, thickness, negative allowance, corrosion allowance and material are

set for each belt. Negative allowance and material can be selected by (] buttons,
in accordance with [53].
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If additional anchoring of the wall to the foundation is required, anchor
bolts can be specified.

Thermal insulation parameters are set in accordance with clause 3.17.1.10.

When modeling a tank with a floating roof, it is necessary to specify the
data of the upper wind ring (in addition to it, you can specify an arbitrary number
of intermediate rings according to clause 3.17.18).

When calculating AP1-650, you can select the calculation method according
to the code (“1 Foot Calculation Method” is simplified, “Variable Design Point” is
more accurate).

Tank roof parameters can be set by selecting button.
3.17.55.2 Tank roof

Tank g|
Roof |
FSDt;anﬂ:onery ranf Lr
() Conical (®) Spherical —
Dresign: - ¥ @ tr
() Casing 10-20
Roof material: ~
£235 [Cr3kn] » ~ L i
Connection with wall 1 @
O Typel @ Type2 O Typed 7 t%i ~
Thickness of casing wall, tr: ’121— i 1
Allowance for comosion, Deltate: 2 mm t r
Curve radius, Bc: 90000 mm 1
Roof section width, L1:  5p mm ¥
‘wiidth af fing pan. 11: gon mm Heat insulation >
Thickness of ring pan, t1: 5 mm
“Width of ing pan, 121 ang mm
Thickness of ring pan, t2: 5 mm
Sheeting roof weight: 400000 M
118 Cancel

Fig. 3.189 Tank roof
Style, material and type of connection with wall are set.

When calculating according to API 650, the following options are available
for joining the roof to the wall (Fig. 3.190):
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Fig. 3.190. Roof-to-wall joining types as per API 650

The calculation of the supported roof strength and buckling is not performed
in the current version of the program; only weight loads due to metal structures are
taken into account. The weight of the frame roof can be specified in various ways:

e manually (weight value is specified);
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by the attached frame (it is necessary to prepare the frame model in a
third-party CAD system similarly to the “Custom equipment”
component, Fig. 3.191).

by supported roof designer tool.

Fig. 3.191 Imported roof frame model

Tank bottom parameters can be set by selecting button.
3.17.55.3 Supported roof designer

This tool allows to create a mesh of beam profiles. The created mesh is
“stretched” onto the generatrix of the roof, the weight loads due to all beam
elements of the frame are summed up. In addition, the tool allows to create a
complex beam-shell finite element model of the tank and export it to an APDL file
for strength and stability studies in the Ansys program.

Obijects that the designer operates on:

Nodes (nodal points) - indicate the places where the frame
elements are joined together and with the roof shell. The nodal
points split the roof shell into 4- nodal finite elements;

Connecting nodes (nodes with the attribute “Roof-wall
connection”). This nodal point is involved in the modeling of the
wall (from the circular sequence of such nodes, shell 4-nodal
elements of the wall are “grown” down to the foundation). It is
desirable to arrange the connecting nodes evenly and assign their
coordinates as accurately as possible along the circumference of
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the wall. An error in the value of the connecting nodes can lead to
a significant distortion of the solution;

Support nodes (nodes with the “Roof-column connection”
attribute). In this case, a beam element is “grown” from the nodal
point to the foundation, modeling a column of a given section;

Free nodes - nodes where beam elements do not join. Such nodes
are used to control the mesh (the roof shell is divided into shell
elements using all specified nodes);

Element — section of a beam, connecting two arbitrary nodes with
given cross-section;

Section — profile of the element, which can be selected from the
database. The sections are named (“Rafters”, “Beams”, etc.), but
this naming is conditional and does not necessarily reflect the
functionality of the element. The exception is the “Column”
section — support nodes always generate a vertical element of just
such a section.

When opening the designer, a circular selection is displayed in the Cartesian
axes, corresponding to the diameter of the roof in the plan, as well as the area of
the central hole (if the “Skylight” option was activated).

12000

10000

Supported roof designer

X
Cross-sections
rafters: @ IS | Assortment >>
Girders: () | L 20%12,5%11 Assortment >
Braces: () ]53 Assartment >>

Central ring: O RN | #ssortment >>
Edge ring: O |IET ssortment >>
cotorn: O | <<= >>
section 1: O | ETEORON | s=ortment >>

Section 2: (O | 2L 2012, 5%12 [OCT 8510-86 Assortment >>

E o Carcass material: €73 Sheet >
L Central hole diameter, DI: 1420 mm
2000
Edit mode Keypoint attbutes
~4000 O Nodal points creating Ll @ Mo attbute
@ Modal paints editing RN,p | O Roof-wal connection
e () Elements creating (O Raof-column connection
Elements editing
(@] g
-10000
Elements attributes
12000 ' dxl: o mm ax2: | 0 mm rot: 0
10000 5000 (] 5000 10000 dyt: 0 ey dy2[0 = Apply
X, mm
/ Left button - select node/element
Ctrl-Heft button - group selection
Esc, repeated dick - deselect
Ctri +4 - select all nodes/elements
Ctrl+mouse -move
Wheel - zoom
Del - delete
Double dick - edit node coordinates oK Cancel

Fig. 3.192. Supported roof designer
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The sequence of creating a frame plan:

1) Create nodal points (“Nodal points creating” mode) — for example,
by Cartesian coordinates (X, Y), in the form of a circular array (R,
N, @) or by clicking the left mouse button (not recommended, but
acceptable, in this case, the coordinates of the node will be taken
approximately);

2) Connect nodal points with beam elements (“Elements creating”
mode) — when two nodes are sequentially selected, they are
connected by an element of the selected section;

3) Assign attributes to the nodes of support and connecting;
4) Assign profile sections.

Nodes can be edited at any time (including after the creation of elements) -
in this case, the element grid is not destroyed. For this, the “Nodal points editing”
mode is provided.

Node attributes can also be changed at any time (group editing is available
by selecting with the Ctrl key).

The section of an element can be changed using the “Elements editing”
mode (group editing is available).

Element attributes are used to fine-tune the parameters of a beam element
(dx, dy - displacement of the cross section at the end point, rot - rotation of the
section by a given angle).
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}’){\> R <N
Fig. 3.193. Roof frame model

Based on this information, the program automatically generates a finite
element model. The roof shell and wall belts are divided into 4-nodal shell
elements, the frame and stiffening elements (rings, columns) are represented by
beam elements. Shell elements in the center hole (DI) area are not created. The
model can be loaded and exported to an APDL file (see section 3.19.1 for details).
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3.17.55.4 Tank bottom

X

Tank
Head|
Head
Material of edges:
C235 [Cr3kn] >3
Thickness of ring edges. th: 2q mm
Allowance for comosion of edges, Deltatch: 4 mm
Negative allowance for edges, Deltatmb: g g T
“width of edae inner part, Lb: gon T

[ Plastic deformations in the edge sheet are allowed

Material of center:
C235 [Cr3kn) ¥

Thickness of center, the: 1 mm

118 Cancel

Fig. 3.194 Tank bottom
Information on the nozzles in the wall and stationary roof is entered by

selecting button.
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3.17.55.5 Tank nozzles

Tank X
Mozzles | 4 Pk
Wall nozzles
1 z 3
Marne Mrak-naz Matpyiok gna saumcter Matpybok npuemo-pas: Narpyhc
Drawing mark ) n3 nz
Inside diarmeter, mm 608 147 257
“ifall thickness, mm 12 4] g
Type Set-inwith reinforcir|~ | Set-in with reinfarcir « | Set-inwith reinforcir « | Set-inw
Pasitioning angle, © o0 30 120
Displacement from edge, mm 750 300 390
Qutside part length, mm 350 200 250
Inside part length, mm 200 125 130
Reinforcement thickness, mm [ 4] ]
Reinforcement width, mm 5 705 1365
Add.. Edit... Delete selected...

Roof nozzles
1

Marne Slrok cBeTOBDIA
Drawing rmatk ne
Inside diameter, mm 506
“ifall thickness, mm 12
Type Set-in with reinforcir v
Pasitioning angle, ® ]
Displacernent frorm edge, rmrm 350
Qutside part length, mm 350
Inside part length, mm 200
Reinforcernent thickness, mm 10
Reinforcement width, mm 263

Add.. Edit... Delete selected

oK Cancel Apply

Fig. 3.195 Tank nozzles

For each list of nozzles the following operations are available:

e Adding of nozzle to the wall/roof (“Add”).If some of already created
nozzles is highlighted in the list, then data of a newly created nozzle
is copied from the selected one; Nozzle data editing window is
opened automatically; some data can be corrected right in the list;

e Nozzle editing (command “Edit”);

e Deleting nozzles one by one or group; all selected nozzles are
deleted.

Then all added nozzles can be edited and deleted as ordinary components of
the model.
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3.17.56. High pressure cylinder

High pressure cylinder

Component name: || jynumppieckan obevaiiia Bbic

Code: TOCT P 54522-2011 2

Material of center shell: 20

W
W

Material of shell layers: 20

w
b

Casing material: 20

w
b

Shell type Layering
() Singledayer @ Concentric
@ Mutilayer () Serall

Shell inside diameter, D0 1000 mm

Insulation and lining ==

As-buitt thickness of center shell, su:  1p mm Welded joint efficiency, Fi: q o
As-buitt thickness of outer casing, sk:  1p mm Calculation temperature, T:  2p T
As-built total thickness of leyers between

center shelland casing, sc: 20 mm Design pressure (without hydrostatics), p:
Corosion allowance, c1: 2 I @ Intemal ) Exemal 5 MPa
Megative tolerance, c2: g g mm
Technological allowance, c3: g mm

Shelllength.L: 2000  mm

QK Cancel Design values calculation

Fig. 3.196 High pressure cylinder

Component name, code, material, geometry and weld strength ratios are
assigned equally to cylindrical shell (i. 3.17.2). Both a single-layer and a multilayer
shell can be assigned. At that, for multilayer shell you should select a type of
layers positioning (concentric or scroll).
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3.17.57. Ellipsoidal high pressure head

Ellipsoidal high pressure head @
Component name:  |3Innunmmeckoe pHvILE BbICOKD!
Code: TOCT P 545222011 >
Head material:
Cr3 >3 si =
Head inside diameter. D:  1g0p mm i
Head wall thickness, s1: 49 mm &
Comosion allowance, c1: 2 mm -
Negative tolerance. c2: g mm
Technological alowance. c3: g mm
Head height, H: 257 mm
Straight flange length. h1: 30 - Insulation and lining ==
Weld strength factor, Fi: 1 ==
Calculation temperature, T: 200 T '
Design pressure {(without hydrostatics). p:
@ Intemal ©) BExdemal 5 MPa
0K Cancel Design values calculation
W

Fig. 3.197 Ellipsoidal high pressure head
3.17.58. High pressure flat head
Flat high pressure head @

Construction of heads and covers

Component name: gy ericokoro AaENEHAR NET

©) With conical transition
Code: [OCT P 545222011 =

() With radius transition

Head material: @ Grooved:
Ci3 3>
Inside dizmeter of
adjacent companent, D; 500 Lt
Cylindrical part thickness. s: 4 mm
Head wall thickness. s1° 110 mom
Comosion allowance, c1: 2 mm
Negative tolerance. ¢2: o mm
Technological allowance, 3 g o

Cylindrical beading length, h2: 5p mm
Fillet radius, r: 29 mm
Insulation and lining >>
Min. thickness in a goove area. $2° 80 mm

Groove inside diameter, D1: 4p0 mm

Calculation temperature, T: 20 C
Design pressure {without hydrostatics), p
@) Intemal ©) Bxdtemal 5 MPa

0K Cancel Design values calculation

Fig. 3.198 High pressure flat head

It is possible to assign three types of high-pressure flat heads construction:
with conical and radial transition, as well as with groove.
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3.17.59. Spherical unbeaded high pressure head

Spherical unbeaded high pressure head

Insulation and lining =

Component name: |Cq:enmqecKoe OHULLE BEICOKOD
Code: [OCT P 54522-2011 i
Head material:
Cr3 >
Inside dlameézl;nnguarlliéla_nc‘eg 1000 mm
Wall thickness of adjacent companent. s:  4p mm
Head height, H:  5pp mm
Head wall thickness, s1:  4p mm
Corrosion allowance. c1: 2 mm
Negative tolerance. c2: g g mm
Technological allowance, c3: g mm
Welded joirt efficiency, Fi: 1 5>
Calculation temperature. T: 20 .
Design pressure (without hydrostatics), p:
@ Intemal () Extemal 5 MPa
OK Cancel

Design values calculation

Fig. 3.199 Spherical unbeaded high pressure head
3.17.60. Bolted high pressure flat head

Detachable high pressure flat cover

Component name:  Mnocicas kpbika BicoKaro AzaNEHAR

Code: GOST R 545222011 GOST 261 ~
Flange parameters
Materal: 30 >

Inside diameter. D: 600 mm
Cyindical pan thickness, s: 40 mm
Corsion allowance, ¢1: 2 mm
Negative tolerance. ¢2: g mm
Technological alowance, €2: mm
Fange outside diameter, D2: 800  mm
Gylindical bushing length, h6: 100 mm
Gylindrical part height. h3: 100 mm

Slops angle. alpha: 30

Head parameters

Material: C73 >
Otside diameter, D4: 809 | mm

Minimum groove diameter, D& §50 | mm

Mezimum groove diameter, DE: §60  mm

Stud hole diameter, d6: 30 mm
Thickness of center, H1: 44 mm
Thickness inthe groove point. HZ 32 mm
Peripheral part thickness. H3: 40 mm

Caleulation temperature, T: 20 °C
Design pressure fwthout hydostatios), p
@ Itemal () Bdtemal 5

Cansider load from temperature deformations
Load from temperature deformations. F: 1117 | N

0K

Seal
Dimensions as per ND >
@ Biconicaling
©) Trigonal ing
@ Octagonal fing
*) Flat gasket
Height hl: 20 mm
Height h1: 12 mm
Friction anle, o: 1g
Sealthickness.b: 4 —
Slope angle, gamma: 15
Vit 35 >> | Dimensions as per ND >> =
Outside diameter, ds: 20 mm
MNumber of studs. z: ¢ Ring material as per OST 26-01-86-88:
Centre circle diameter, D3: 7p mm 12X13 ~ [5gmT20= MPa
Stud hole depth, 1B: 57 mm
Stud stem diameter, d1s: 13 mm
Centerhole diameter, dlis: 2 —
Inside thread diameter, d3s: 135  mm
Thread pitch. ts: 1 —
Tightening: Without control °
Cancel

Fig. 3.200 Bolted high pressure flat head
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3.17.61. Bolted high pressure spherical head

Detachable high pressus

Component name: | Crpepuueckan Kpoiusca BbicoKoro faem D4

Code:  GOST R 54522-2011.GOST 262 ~

Seal

Dimensions 2= per ND >> |

Flange parameters

Material: 20 ﬂ

Inside diameter, D o~

Cylindrical part thickness. s =

Negative tolerance. c2: o~

Teshnological allowancs, c3: o~

00
40

Comosion allowance. c1: 3 mm
]
]

Fiange outside dameter. D2 800 mm

Cylindical bushing length h6: 100 um

Cylindical part height. h3: 100 mm
Slope angle, alpha: 3p

Head parameters

Head materal: Cr3 =

Flange materal: Cr3 o> s

Inside diameter. D1: 00 mm WMaterial: 35
Thickness, s1: 4p mm Outside diameter, dB: 2p
Height. H: 200  mm Number of studs. 2: §
Outside diameter, D4: 780 mm Centre: circle: diameter, D3: 750
Minimum groove diameter, D5: 610 Unit Stud hole depth. IB: 5g
Maximum groove diameter, D6: g6 mm Stud stem diameter, d1s: 19
Studhole dameter, d6: 20 mm Center hole diameter, dlis: 2
Peripheral part thickness, H4: gp mm Inside thread diameter. d3s: 195
Wield sirengih factor, Fi: { > =iy
Calulation temperature. T: 29 T Tightening: Without control

Design pressure (without hydrostatics), p:
© intemal () Exemal 5 MPa

(] Considerload from temperature deformations

OK Cancel

»> | Dimensions == per ND 5>

mm

mm

mm

mm

mm

mm

mm

Octagonal fing
Flat gasket

Siope angle. gamma: 15

Heght.h: 12 mm
Heght.hZ 10 mm
Sealthickness. b: 4 D

Fig. 3.201 Bolted high pressure spherical head
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3.17.62. High pressure nozzle

High pressure nozzle =)
Component name: [FI=AE Drawing mark:  Uryep Ne2 Nozde attached Liymmmpisecian oessin
o R . Designmedek of nozzles
¢ Leadinin the oyindical
Nozde materal body wih renforcing bek
2 > Leadin wih discortinuous
(PR — connection
jozze inide diameter
L Leadin with continuous
Nozzle wall thickness, w4 m e
Total slowanos to thickness. o 2 m Leadin wihous welded
Nozdle's exteriorpat lengih, Iv: 100 R
— Leadin wihau welded
peahEs 15 mm nozzle, variant 2
Filetmdus,b: 10 mm
Celoulaton terperature, T 120 o
. ) POSITION
Design pressure {without hydrostatics). p: Radial
© Rada
@ Intemal Baemal 20 | MPa B Eeatecara pios
Reirforcing bandage Offset
Bandage material: Tited
= . Offset, Lst:
2000 mm
Bandage length, Ib
20 e Aods offset angle, Teta:
Bandagethickness. sb- 20 . :
Transtion lengin, k: 150
Insulation and fing >>
oK Cancel Design values calculation

Fig. 3.202 High pressure nozzle
3.17.63. High pressure flange joint

High pressure flange jaint x
Component Name: | pnaHLesos COGAHHEHHE BEICOK Cods: RDRTM26-01-44-78 = ) Dy ,
FLANGE #1 (): FLANGE #2 ("): dD“‘
Adjacent component data Adjacent component data
Adjacent | LTyuep M22 Adiacent [ T
Insids dismeter, D: 72 mm Inside diameter, D 73 mm } d i
Wall thickness, st & om Wall thickniess, st 5 mm I 3
Material: 120 sheet >3 Material: 1z2xm sheet >3 & ‘ T i
First flange {ring) Second lange (ring) I N
Material: 1231 Shest e Material: 123M Sheet s DH\DQ =
Flangs thickness, ha's 32 mom Flange thickness, " 32 mom ' } ' R
Inside diameter, dd": 89 mm Inside diameter, dd": &9 mm —
Total allowance, ¢ 0 . Total allowance, ¢ o mm i =
p— s Design kemperatures: () Manually (@) Auto
Material: Z0XHZA Bar >3 Material: 12:M Sheet g el s
Cutside dismeter, di 24 =l Gasket thickness, b 22 mm Insulation >3
ey Spherlcal surface radius, R: 130 |mm Lg:‘;:
Number, n: | 5 Calculation seal diameter, D 88.5  mm

() Compensative

Bolt circle diameter, Dw: | 160 | mm Outside langes dismeter, Dy 230 | mm

Holes diameter, do: 26 mm Distance betwesn fanges, hd: 122 wm
Loading Pressure | Temperature
case b, MPa ToC
Pafioune yenosua 7.5 a0
Mext = Cancel

Fig. 3.203 High pressure flange joint
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This component can be attached to a high pressure shell or high pressure
nozzle.

3.17.64. High pressure bend

High pressure bend x
Component name: igh pressure bend Mo, 1 |
Code: RDRTM 26-01-44-75 i A
Material:  122M Sheet S
Bend inside diameter, 4 ag mm
wWall thickness, si g mm
Wall thickness, s1: 1 [
wall thickness, s2: 1 mm =3 )
Corrosion allowance, i) g [
Megative kolerance, c2: g T
Bend radius, Rr: 178 mm
Tail length, Ict 100 mm Bend position
Scresy length, Ipt 5n mm ¥
Raotation angle, v g a ﬁ
Bend angle: op @ '
Loading Pressure | Temperature LD
case p, MPa T, °C
Pafioume yonoena 7.5 440
Insulation and lining ==
Ok Cancel Design values calculation

Fig. 3.204 High pressure bend
This component is used to simulate the piping of the high pressure vessels.
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3.17.65. Viewing window in the boss

Viewing window in the bass

Elementname:  Cuorposoe okro Ha Gofisiue Ne1

Code: ATK 24.201.10-90
Design
@ Type 1 (boss-sieeve-fiange)

Window inside diameter, D: 170 mm
Glass thidness, hets 20 om
Flange parameters
Material: ¢r3
Outside diameter, D2 245 mm
Thidkness, h: 23 om

Groove depth, h: 5 B
Gasket
Mean diameter, Danl: | 135 mm
Width, b1l 15
Thickness, nt: 3 =
Material: Properties... || Add..

Rubber according to GOST 7333 with a Shore A less tha

) Type 2 (boss-fange)

Dimensions as per ND >>

Joined 0! Ofeuaiixa LnHApHeckas N21

2>

Rubber according to GOST 7338 with a Shore A less tha =

Fasteners
Material: 35 >3
Outside dameter, d1: 14 - mm Parameters of sleeve
Mumber of studs, n1: g Material: CT3
Diameter of bolted crcle, D3: 200 mm Thickness, he: 35
Outside diameter, D1: 319
Hos= X e s Groove diameter, Dnl: 292
Material: Cr3 >
Groove depth, h2: g
Grove depth, h3: 15 m Sleeve diameter, D&: 750
Groove dameter, D 251 mm Fange thickness, bf: 29
Inside dismeter, Din: 220 mm
Thickness, H: 57 mm Fasteners
Material: 35
Gasket . z
Mean dameter, Den2: 185 mm e =g -
As previous width, bnZ 15 mm BEbSGESRRe] 3
Thidess, bnz: 3 . Diameter of bolted circle, D4 739
Material: Properties Add Gasket
Mean diameter, Den3: 33
Rubber according to GOST 7338 with a Shore Aless tha ~ Width, b3 15
Temperatures ;
@ Manually ©) Automatically Height, hn3: 5
Boss, Tb: 157 o Flange, TR 13p o Material: Properties
Studs, Ts: 110 oc  Skeeves, o 1ap o

mm
mm
mm
mm
mm

mm

>

mm

mm

mm
mm
mm

Add

Fositioning:
Displacement, Lu:
1000 mm
Teta:
0 .

Calculation pressure (without hycrostatics), p:

@ Inside *) Outside 1 MPa

oK Cancel

variants of structure:

Fig. 3.205 Viewing window in the boss
This component can be joined to cylindrical shell or elliptic head. Possible
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Boss-sleeve-flange | Boss-flange
Fig. 3.206 Viewing window types

Gasket properties, temperatures and fasteners parameters setting is
performed similarly to the flange connection (only soft gaskets can be used).

Window position on the bearing component is defined similarly to the
nozzle.

Button Dimensions as per ND = (“Sizes as per codes”) enables selection of
standard variants of component from database.

Additional glass parameters >

Strength calculation of glass required

(o 1<0 21922-2021 -]

*Bending tensile strength, am: g MPa
* Guide values:
Annealed glass: 40-60 MPa
Tempered glass: 100-150 MPa

0K Cancel

Fig. 3.207 Additional glass parameters

Using the button [ * | it is possible to set additional glass parameters for
strength calculation (Fig. 3.207).
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3.17.66. Viewing window in the nozzle
Viewing window in the nozzle &J

Element name: | CroTposoe orHo Ha wryuepe Ne 1 Dimensions as per N >> Joined to:  |iiryuep Ne1 (Utryuep Ne1 Dy st 253xi0mm

Code:  ATK 24.201.10-90 °
Bore dameter, Dt 170 mm

Boss parameters

Material:  C13 >

Thickness, he: 35 mm

Outside diameter, Du: 310 mm

Groove diameter, Dnl: 207 mm

Groove depth, h2: 19 mm

Groove width for nozde, s 10 mm
Gasket.
Mean diameter, DN 185 mm
Width, bnZ: 15 mm
Thickness, hn2: 3 m
Material: Properties Add.

Rubber according to GOST 7338 with a Shore Aless tha =

Glass thickness, hes 20 um

Fiange parameters

Material: 13 55

Fasteners Temperatures
Outside diameter, D21 345  mm Material: 35 > © Manually Automatically
Thickness, h: 24 mm Outside diameter, d1: 14 - mm Boss, Th: 9 <
Groove depth, h1: 5 = Number of studs, i g Fasteners, Ts: 2g =
Gasket. Diameter of bolted crde, D3t 220 mm Flange, Tf: 20 oC
Mean diameter, Donl: | 185 | mm
=T Width, bl 15 o Calculation pressure (without hydrostatics), p:
Thickness, hnl: 2 - © Inside Outside 1 MPa
Material: Properties Add
Rubber according to GOST 7338 with a Share Aless tha ~
oK Cancel

Fig. 3.208 Viewing window in the nozzle

This component acts in the structure similar to the head.Defining of
properties is performed similar to the window on the weldolet.
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3.17.67. Flange boss

-
Flange boss

DR T BT —

Fasteners

Element name: PnaHuesan bobbiwka N2 1

Joined to:  ORevaiika uMnMHApHueckan N21

Code: OCT 26-01-748-73 M

Dimensions as per ND >

Boss parameters

Material: 13 ==
Inside diameter, d1: 73 mm
Outside diameter, D: 195 mm
Thickness, H: 35 mm

Corrosion allowance, c1: g mm
Negative allowance, c2: g mm
Technological allowance, €3 g mm

Male diameter, D2: 35 mm

Male height, f: 3 mm

Female diameter, D3: 171 mm
Female (groove) depth, f1: 3 mm

Groove inside diameter, D4: 195 mm

Outside diameter, d: 15 -+ mm
Mumber of studs, n: 4

Diameter of bolted drde, D1: 157 mm

Driling depth, Lt 25 mm

Thread depth, I: 2p mm

Calculation temperature, Tt 20p o

Calculation pressure (withuot hydrostatics), p:

@ Inside

) Qutside 1,6 MPa

0K

Type
@ Type A (welded)

() Use 1 (male) @ Use 3 (groove)
() Use 2 (female) () Use 4 (oval)
Paositioning:

Displacement, Lw:

1000 mm
Teta:
0 o

Cancel

Fig. 3.209 Flange boss

This component can be joined to cylindrical shell or elliptic head. Possible
variants of structure:
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L

H
2

Female

Groove Oval gasket
Fig. 3.210 Flange boss types

3.17.68. Vessel assembly

This component provides creating of a model that has two or more vessels.
(Fig. 3.211).

Fig. 3.211 Two-level vessel
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This assembly is a coordinate system tied to some component, shifted and
rotated relative to the source coordinate system (model CS or parent component
CS).

Wessel assembly X

Component NAMe:  yessel assembly Mo, 1
Joined to:  Cylindrical shell Mo, 1

Assembly origin
(®) Relatively to model 5

—_0f°
() Relatively ko CS at the parent start 1\{’?’}'7 00
() Relatively ko CS at the parent end
B
0 g ¥0: g 20 g mm
Turns around own axes:
Fi¥i o Fifi o FiZ: o a Zg
b 1
oK Caneel

Fig. 3.212 Vessel assembly

New coordinate system is shifted relative to the old one at Xq, Yo, Zo, and then
is rotated around its own axis X, Y, Z consequently to @x, ¢y and ¢z Child
components of the vessel, rotated in a specified manner, are joined to the assembly.
To close the structure of the unit, the assembly shall be used together with the
Rigid link component.

3.17.69. Rigid link

The component allows the two endpoints of the device to be rigidly connected
at the level of a beam finite element model, by visually forming a rectilinear area
of the given section.

Rigid link X

Component name:  Rijgid link Ma.1

Joined to: | Cylindrical shell Mo, 1

Connecked component: -
Construckion material:  C13 Welded pipe >3
Conskruction section: Assortment ==
Section rotation angle, m: g o
Desian temperature, Ti 2 e

Stiffness calculation

Stiffness values

O absolute K 10000 ki Mxi 174532,925 kNemfe
(O By cross section Kyi 10000 kbfmm Myt 174532.925 Kimye
i Kz 10000 kMfrorn Mzi 174532,925 kh'm/°

CK

Cancel

Fig. 3.213 Rigid link

208

User's Manual




PASS/EQUIP 3.06

The component is attached to the end of the shell or nozzle, or to the joining
pad, or to the saddle support.

The other end area shall be selected from the list of available related
components.

The weight of the material for this component is taken into account for a
given section and is applied as a distributed weight load. The link is visually
displayed with the specified section (if specified), and its stiffness is set by the
"Stiffness calculation” option:

« Absolute - an absolutely rigid link is formed,;

* By cross section - stiffness parameters are calculated for a beam element of a
given section and length;

» Manually - the stiffness components must be entered.

3.17.70. Custom equipment

This component allows you to add arbitrary equipment created in a third-party
CAD system to the model. These can be internal technological components, metal
structures, external units, etc. The equipment will be visualized in the context of
the model, as well as taken into account in the formation of the materials table and
in the calculation of loads as a lumped mass rigidly connected to the selected
parent component.
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Custam equiprment x

Mode File: CiilUsers\Model_4.igs Open File...

Attached 0! | Ofeuaiica unHHApHYECKaA N2

Compaonent name: | User equipment Na1|

Assembly origin

(®) Relatively to world €5

() Relatively to CS5 at the parent start
() Relatively to CS at the parent end

EA HE] Y0 o 200 o T
Turns around own axes
i py: 90 Pz 0 °

Scale Factor: 0,001

Loading due to equipment weight
(®) By material attributes in the model file

() By volume of bodies and specified density

() By volume of bodies and sperified material

() By specified mass of equipment

Equipment mass: kg Presents under mounting condition
Component type: | Structure -
0K Cancel Design ¥alues calculation

Fig. 3.214 Custom equipment

To load the equipment, it is necessary to prepare a file with its model in one of
the popular data exchange formats and specify it in the “Model file” line. After
loading, the assembly elements are stored in the vessel model (synchronization
with the source file is not supported).

The options “Assembly origin”, “Turns around own axes” allow placing
equipment at an arbitrary point of the model. The Scale factor option allows you to
control the scaling of the custom model if the third-party CAD units are different
from those used in the program.

The "Equipment weight load" option allows you to set the method by which
the weight load will be calculated:

e “By material attributes in the model file” - if the assembly parts have
a material density attribute set, the volume of each part is multiplied
by the density;
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e “By volume of bodies and specified density” - the value of the
material density is set by user, the volume of each part is multiplied
by the density;

e “By volume of bodies and specified material” — the material of
equipment elements and its density is selected by user from the
database, the volume of each part is multiplied by the density;

e “By specified mass of equipment” — the weight of equipment is set
by user manually.

The “Component type” option (Equipment/Structure) is required for
compatibility with the “Passat-Tanks” module:

e Loads from the weight of equipment and metal structures are
calculated in different ways;

e Structures attached to the carcass roof are identified as carcass
element.

3.17.71. Non-circular component

This component is intended for modeling and analysis of rectangular
and oval structures.
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Mon-circular component x
Component name: ] o Tl
" | Hepyrinui snenev HA1 O B2 @ B2E OBEE O 5266
Code: ASME VITI div. 1 T OwneE O i32E0E) O 13200 O 13.2()
Box material: CT3 Sheet = O 2@ O 13.2E)N (O 13.20)1)
O 2@ Oz2aEe O 182600
Thickness of short-side plates of vessel, t1: 1p mm Reinforcement type
Corrosion allowance, cl: g mm () Partial (® Follows the contour () Rectangular frame
Megative tolerance, c2: g [
Section =3

Thickness of long-side plates of vessel, t2: 15 mm
Distance from midlength of plate to weld joint, dj: g mm

Distance from midlength of plate to weld joint, di: o mm

Inside radius, R:| 5pp mm

Dimension of rectangular vessel, L3: 1900 |mm T
Dimension of rectangular vessel, L% 1000 mm t l [*— 14'-| /\
Length of vessel, Lv:| 000 | mm X — + 4 M
Pitch distance, p: H G F
wames o || [ ] 2P

Longitudinal weld strength ratio, E:| 1 + L= 0 - +I

Ly Ls

i t=t - g
i \\* T

Leading Pressure | Temperature T
case p, MPa T,°C
PaBouue ycnoena 1 20 Ly —| )q—f_-‘—bq—.r.l—b| |<—.L1-|

oK Cancel

Fig. 3.215 Non-circular component

Available configurations of the component are determined by the code (Fig.
3.216).

Some configurations of the component can be reinforced with stiffeners (set
by the “Section” button similar to the stiffening rings of cylindrical shells).
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Fig. 3.216 Non-circular component as per ASME VIII-1

Currently, this component cannot be parent or adjacent to other design
components.
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3.18. Editing and deleting input data

After the model is created, its components can be edited or deleted, their
colors can be changed, and existing components can be copied as new ones.

Select the desired component to edit or delete an component. If there are
several components in one spot, select the desired component and choose the
operation you wish to perform.

“ Cylindrical shell No.1 » Edit F4

Delete  Delete, F&

Select

Copy Chr+C

Cut Chrl+X

Paste Ctrl+y

By 8o 8 x ¢

Edit color

Fig. 3.217 Editing and deleting input data

Select whether to edit or delete the component. If component dimensions or
load properties are changed, adjoining components of the whole model will also be
changed (after a warning message is displayed).

Confirmation will be requested before deleting an component. In addition, if
selected component includes daughter components (supports, nozzles, flanges,
etc.), a warning message will be displayed before their deletion.

Components can also be edited or deleted by pressing "F4" or "F8",
respectively, and choosing the desired component from a table.
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Select an component to edit: §|

All components w

Cylindrical shell N1
Ellipzoidal head M1
Ellipsnidal head M2

Fig. 3.218 Selection of the component

A component can be selected using the mouse cursor or the “Select” (icon)
command of the pop-up menu (selected component will be highlighted). Selected
component can be edited by double-clicking it or pressing “F4” and deleted by
pressing “Delete” or “F8”. It can also be copied and then pasted. When pasting, the
copied component will be adjoining to the selected one (if any). If no component is
selected when pasting, a dialog with the list of possible adjoining components will
appear.

3.18.1. Group data editing

If necessary to change some parameters (design temperatures, corrosion
allowances) of several components within the model immediately, it can be

conveniently done using icon 'L “Group data editing”.

B Group data editing X

Datatyps: Temperature T

Component Parameter Walue Replace A

200

&S]

200

&S]

200
200
200

RER

200
20

OOr

200

&S]

v
< >

Select all Reset selection Loading cass:  Pafiodue yenosna - Select Mew value: [ z5g] °C Replace

0K Cancel

Fig. 3.219 Group data editing
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In this window you can directly edit the available data cells, and also check a
group of cells (buttons “Select all” and “Deselect” select/clear all the checks in the
list). Then you can input a new value below and press “Replace” button. In the
example at Fig. 3.219, all temperatures in the model, except for saddles supports
ones, will be replaced from 200°C to 250°C.

3.18.2. Insulation setting by list

Insulation list” tool & provides setting and changing of thermal insulation
parameters of several model components.

B Components insulation x
Component Prasence Name Thickness| Density |Test conditions| Assembly co... Replace
Cylindrical shell No.2 Insulation 15 150 O
Flange joint No.1 O Insulation i i O
Cylindrical shell No.1 Insulation 10 150 O
Elipsoidal head Mo.1 Insulation 10 150 O
Selectal Reset selection Insulation Replace
Insulation name:  Rockwool-1
Insulation thickness, s(): |12 mm
Insulation density, rofi): 154 kg/m3
Presents under test conditions
Presents under mounting conditions
0K Cancel

Fig. 3.220 Insulation setting by list
In the open window, you can directly edit the available cells, as well as check
a group of cells (buttons “Select all” and “Deselect” select/clear all the checkmarks
in the list). After that, you can enter the insulation sample parameters and click the
"Replace™ button. In the example shown in Fig. 3.220. after clicking the "Replace”
button, thermal insulation on all components will be changed from mineral wool
boards to fiberglass mats.

3.19. Data export and import

There are several import/export options in PASS/EQUIP. This is done by
saving files in different formats. The following import/export options are currently
available:

Format Description

Import/export to XML format. XML format data contain

. Export to XML an object model and are sufficient for setting/retrieving

X ot from XML all model properties required for vessel strength
mport from analyses. For more details, see Attachment
“Passat XML”
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Import from
MechaniCS XML

Export to Nozzle-
FEM

When exporting to the “Nozzle FEM” program, the
model is saved completely in XML format, while the
target element is marked with a special tag, which allows
the “Nozzle FEM” program to correctly interpret it. You
must specify the folder where the exported files will be
placed. The file names are the same as the components
names. You must specify which of the components
should be exported, or select an individual component
using the context menu of the right mouse button (this
can be a nozzle, a conical reducer, etc.).

Export of other
file type to
PASS/EQUIP file

When saving, a file type can be changed: i.e. a vertical
model or column can be saved as horizontal model for
calculations of tests in the horizontal position on the
saddle supports.Not all of components can be saved in
the new type of model, and appropriate notification will
be displayed.

Export to IGES
Export to STEP
Export to ACIS

Export to
Parasolid

Export to JT
Export to VRML
Export to STL

Creates the selected file format, containing geometric
parameters of the vessel solid model and the attributes of

object colors. In case simplified redesign mode Bis of
switched on, the model will be additionally redesigned in
precise mode, which may take more time. Obtained files
can be opened and used for creation drawings of views
and sections of the vessel in the popular 3D design and
analysis systems (SolidWorks, Kompas-3D, ANSYS,
etc.).

Export to Ansys

(APDL)

The command is available for a vertical tank model
(Passat-Tanks module). A finite element model of the
structure is created, to which loads are applied based on
the selected code (STO-SA-03-002, GOST 31385, API
650). The model is exported to an APDL batch file,
which can be opened in Ansys to estimate the strength
and buckling of the structure under a given loading
mode. For details, see clause 3.19.1

When running a

program with command line parameters passat.exe

File_Name /savexml, the program saves an opened file in XML format in silent
mode and ends.
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3.19.1. Export of a tank model to Ansys

After creating a tank model, it can be exported to an Ansys batch file (APDL
format) with constraints and applied loads, according to the selected code (Fig.
3.221, Fig. 3.222).
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Fig. 3.222 Ansys exported model solution example (hydrostatic pressure
loading, deformed view, stress intensity)
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3.19.1.1 Model loading as per STO-SA-02-003, GOST 31385-2016

When selecting the option “Tank loading according to STO-SA-02-003,
GOST 31385-2016” in the general data, the model is loaded according to the
settings Fig. 3.223.

Fodel loading as per STO-54-03-002-2009 >

Loading condition

Snow loading
() Unifarm (®) Non-uniform
wind loading
®) Apply (O Mo
0K Cancel

Fig. 3.223 Model loading as per STO-SA-02-003, GOST 31385-2016

Option Description Note

Wind loads Wind loads, if specified,
are applied to the roof
(wind uplift as a constant
internal pressure
0.9-pu-Ce; as per [35])
and to the wall (variable
pressure diagram in
height and in plan
0.9-k-py-Ce1 as per [35])
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Snow loads:
uniform

The weight load due to
snow is applied vertically
downwards, taking into
account the inclination of
the normal to the roof
surface: ps=0.9-pso

Ps

CL Ps-cosa

8 s i N s,

Snow loads:
non-uniform

The weight load due to
snow is applied vertically
downwards, taking into
account the inclination of
the normal to the roof
surface, as well as the
unevenness factor as per

[54]: ps=0.9-p-pso

P=

oL Ps-cosa

Operating

Loading with weight
loads, internal vapor
pressure and static head
of the product: p=p-g-(H-
xX)+1.2-p;

Wind loads are applied
automatically (if any).

The weight of the metal
is taken in the corroded
state.

The weight of the
attached metal structures
and equipment is applied
with a coefficient of
0.95.

The equipment and metal
structures on the wall are
applied as a weight load
distributed along the
circumference.
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Empty buckling | External pressure on the
wall: p=0.95-1.2-p,

External pressure on the
roof: p=0.95-1.2.p, +
0.95:(1.05-G,¢+1.3-Gy)/(n
%), where G, — roof
insulation weight, G, —
roof equipment weight.

Snow and wind loads are
applied optionally.

3.19.1.2 Model loading as per API-650

When selecting the option “Tank loading according to API-650” in the
general data, the model is loaded according to the settings Fig. 3.224.The minimum
design load on the roof L,=1.0 kPa is considered as a constant vertical load in the
plan, it is applied to the roof elements taking into account the direction of the
normal to the surface at the considered point (L;-cosa).

Uniform snow load S,=0.84-S, non-uniform snow load depends on roof slope:
Su={Sp, when 6<10°; 1.5-S, when 6>10°}, is distributed over the roof sector 135° in
the plan.

The design wind pressure on the shell Pys=0.89-(\V/190)? is applied as a
horizontal load from the windward side, taking into account the direction of the
normal: F,=Pws-A-cosa, where A, is the area of the considered wall element.

The design wind uplift pressure on the roof is Pyr=1.48-(\V/190)? applied as

internal pressure to the roof elements (normal to the surface at the considered
point).
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tadel loading as per AP1-650

Loading condition
(@ B et head and it srmal fressins shenathl Bl E

() Wind and internal pressure (strength): DL + W + 0.4+ Pi
() Wind and exrnal pressure (strength and buckling): DL + W + 0.4-Pe
Gravity lnad (strength and buckling)
(O DL + maxiLr; st} + 0.4-Pe
(O DL+ 5Su+0.4Pe
(O DL + Pe + 0.4+ macdLr; Sbi
(O DL+ Pe+0.4°5u

CL - deadload

F - static head

Fi - internal pressure

Pe - external pressure {wacuum)

W - wind load

Lr - minimurm roof live load 1 kPa

sb - balanced design snow load {0 if absend)

SU - unbalanced design snow load (applied over a 135° sector, 0 if absend)

(114 Cancel

Fig. 3.224 Model loading as per AP1-650

3.20. Vessel components analysis and output of results

press ""Vessel analysis F3" (or Z| button) to run the analysis.

If vessel

When model creation and input of load and material properties is complete,

component dimensions and placement meet the analysis

requirements, a detailed report containing strength analysis results and operability
conclusions for each individual component will be displayed.
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Passat report  Strength calculation of vessel
General data
Eftipsoidal head Me2

Cylindrical shell Mol

Ellipsoidal head Mol

Unit name:

Object name:

Vessel with carrying fluid: No

Test type: Hydrotesting
Test pressure: 1 MPa

Fig. 3.225 Report window
3.21. Output in RTF format

Analysis output including intermediate and final results can be saved in RTF
format. Output in RTF format is convenient in that its format can be set manually
by using a template and that it can be edited in a word processor, such as Microsoft
Word.

To export to RTF format, use the [ putton (Ctrl+W). Output options can be
set in the dialog window that will open (Fig. 3.226).
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Creation of report...a EI

Components | General | Title Block Filing

Check components, which courss of calculation is ko be incuded in the repart...:
Ellipsoidal head Moz
Cylindrical shell Me1
Elipsoidal head H21

Select all

] l Deselect

Kind of the repart: Full report, based on ESKD -

Save Report as:| SICEE

Template:

Select file...

Open report in M5 Word

[create Report... | [ cawel |

Output options:

Fig. 3.226 Output in RTF format

Output type

Full report, based on ESKD (Russian unified design
documentation system) -—contains input data and
intermediate and final analysis results, including
borders and title blocks in accordance with ESKD.

Brief report, based on ESKD —contains input data and
final analysis results, including bounds and title blocks
in accordance with ESKD. It includes only criteria on
which it is concluded about the vessel operability, and
the values that they contain.

Full report in free format —contains input data and
intermediate and final analysis results. Output format is
similar to the HTML format displayed at the end of
analysis.

Based on user template — output format is defined by
the selected template.

Template

Allows selection of the template to be used for output.

Save report as

Allows input of the file name under which output
should be saved.

Open output in MS Word

If selected, after output file is created, it will
automatically be opened in MS Word (MS Word 2000
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or higher must be installed).

Create output Generate output file.

Cancel Close window without creating output file

"Elements" tab (Fig. | Allow selection of model components to be included in
3.227) output.

Allows input of vessel and plant names, analysis
number and other values that can be included in the
output. See 3.21.1.

“General" tab (Fig.
3.227)

Allows input of information to be included in the Title
"Title Block" tab Block of reports based on ESKD (or a custom format
using a similar template)

Creation of report...

General

Creation of report... E|

Object riame ||
Titls Block fling |

Unit name Aeinermatop nos.302/1

Calculation number  <Enter calculation number > Signature | Date

Order number  =Enker order number> Designer <Enter name Liter | Shest | Shests

Supervisor <Enter name [ I

Order name  <Enter order name:

Organization
<Enter organization na

Estiratir <Enter name

Organization  <Enter organization name:> Inspector <Enker name> Strength

caleulation
City  <Enter city> Confirm, <Enker name:

Fig. 3.227 Title block
3.21.1. Template creation

An output template must be in RTF format and can be created using any word
processor supporting this format — for example, Microsoft Word. The template can
include any components and formatting, which will be included the output. To
insert appropriate data into the output, variables used by PASS/EQUIP must be
included in the template. These variables will be substituted with actual values
during output generation. A hatch sign (#) must be placed before a variable in the
template. Two consecutive variables must be separated by a space. If a hatch sign
not intended for variable definition must be placed, two consecutive hatch signs
should be used (##).

Output of variables can be modified using parameters. Parameters are written
inside the variable string, separated from the variable name by a colon and from
each other by a comma. Parameters can have values, indicated by an equal sign.

#VARIABLE NAME:PARAMETER[=VALUE],PARAMETER[=VALUE]...#

User’s Manual 225



VESSEL STRENGTH ANALYSIS SOFTWARE

3.21.2. Use of variables

The following variables are currently available for use in templates:

Variable name

Description

Place of value

#OBJECT# object name "General" tab
#PLANT# name of plant "General" tab
#NCALC# analysis number "General" tab
#NORDER# order number "General" tab
#ORDER# order number "General" tab
R "General" tab, “Title

#ORGANIZATION# organization name Block” tab,

#CITY# city of organization "General" tab

#TITLEL# — #TITLES#

job titles in Title Block text, top
to bottom numbering

"Title Block" tab

#NAME1# — #NAMES#

surnames in Title Block text, top
to bottom numbering

"Title Block" tab

#APPTITLE# software name and version set automatically
vessel component analysis set automatically In the
#PROGRESS# progress range of the cycle
#<ELEMENT#
#IMG# figure containing vessel view set_automatl_cally based
on input options
set automatically,
#CALCDATE# Analysis date and time according to current
analysis time
Determines whether the current - ]
f set automatically in the
paramgt_er s ahcomplex one range of the cycle effect
(ortanne s pronete | #<pARAMETERS#. S
N as «TRUE» or «FALSE»
material is @ complex parameter.
set automatically in the
#CALC# Determines if the parameter is range of the cycle effect
an intermediate analysis value #<PARAMETERS#. Set
as «TRUE» or «FALSE»
set automatically in the
#NAME# parameter name range of the cycle effect
#<OPTIONS#
arameter dimensions (if set automatically In the
#DIM# paral range of the cycle effect
applicable) #<OPTIONS#
set automatically in the
#SYMB# parameter symbol (if applicable) | range of the cycle effect
#<OPTIONS#
set automatically in the
#VAL# parameter value range of the cycle effect
#<OPTIONS#
#RESULT# Component analysis results set automatically in the

(whether or not it meets the

range of the cycle effect
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standards) #<MODEL_COMPONE
NT#. Set as «<SUCCESS»
or «FAIL».

To simplify the creation of a new template, an existing template installed with
the software (eskd.rtf, located in the "Reports Templates" folder) can be used. Copy
the template file under a new name and edit it.

Any variable can be used at any point in the template any number of times.
Output variable text format will match formatting set in the template.

For example, if the template includes the following fragment:

Analysis was carried out by "#ORGANIZATION#"
#CITY#

where variable values are "NTP Truboprovod™" and "Moscow™ respectively,
the output will look like this:

Analysis was carried out by "NTP Truboprovod"
Moscow

The only exception is the #REPORT# (#REPORT_BRIEF#) variable, the
formatting of which is set automatically because it includes a large number of text
fragments, titles, tables and figures describing the course of component analysis
(full or brief).

3.21.3. Conditional variables

Conditional variables can also be used, which provide data output depending
on fulfilment of various conditions. Conditional variable consists of two parts with
a text fragment between them, which will be printed if conditions are met. The first
part consists of text in the form of #<VARIABLE_NAME#. The second (closing)
part consists of text in the form of #>VARIABLE_NAME#. Conditional variables
can have dependant variables, the value of which is set automatically depending on
the state of the conditional variable. The value of a conditional variable is output
repeatedly until its value is false.

At the present time the following conditional variables are supported:

Variable name Description Dependant variables Number of
cycles
True if
#<_IF_:condition# . .
#>_IF_:condition# condition Is no 1
true. The
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condition can be
a variable name
(in  which case
the expression is
true, if such
variable exists) or
a

variable_name

=value string.

True, if vessel is

used for filling
#<POURING#... ("Vessel carrying no 1
#>POURING# fluid" option in

"General data"

dialog box)

True, if tests are
#<TEST# performed ("Test
type" option in No 1
#>TEST# "General  data"

dialog box)
#<ELEMENT#... True until all
#>ELEMENT# components  (full #REPORT# ﬁﬂlrﬁl)er to tr:;
#<ELEMENT_BRIEF# Ic;gtbrlifr)]c;:?m EEE components
" " #REPORT_BRIEF# included in the
#>ELEMENT_BRIEF# | Clements" tab report

are printed

True until all

components from

the list under the

aE(Iaementsprintf;jb equal to the
#<MODEL_ELEMENT# | . . " | #ELEMENT# number of
#<PARAMETERS# components
#>MODEL_ELEMENT# | components #<ATTACHED# included in  the

must meet report

additional

parameters, if

such parameters

are set.

True until all equal to the

components number of
scarmcuens | ST 10 e | yeycuevrs
#>ATTACHED# Lo #<PARAMETERS#

adjoining current and

components are adjoining

printed components

True until all | #<LEVEL# equal to  the
#<PARAMETERS# parameters of :ggrcg'EX# number of
.1;>PARAMETERS# the current | gprc# component

component are | #NAME# parameters
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printed. #DIM#
#SYMB#
#VAL#
Specifies equal to nesting
::t:z:tz parameter level of the current
nesting level parameter

Parameters of the #<MODEL_ELEMENT# conditional variable:

Parameter name Description Values Default value
“Top level”
components, i.e.
TOPLEVEL components No No
composing the
vessel shell
CYL - cylindrical shell
CYL_CLMN - cylindrical shell of
column
CONE - conical shell
CONE_CLMN - conical shell of
column
NzZL - nozzle
ELL - elllipsoidal head
CONEHEAD - flat conical head
CONEHEAD_STEEP - steep
conical head
ELL_FLANGEAPP - bolted
elllipsoidal flange
FLANGEAPP - vessel flange
FLANGEAPP_BOTT - head
flange
T Component type FLANGEAPP_ARM - valve No
flange
FLAT_FLANGEAPP - bolted flat
head
FLATHEAD - flat head
FLATHEADRIBS - flat head with
ribs
PACKING - packing
RINGSTIFF - stiffening ring
SADDLE - saddle support
SKIRT - supporting  skirt
SPH - spherical head

SPHBEADHEAD - spherical head
without knuckle
SPHBEAD_FLANGEAPP - bolted
spherical head
SUP_LUG - supporting lugs
SUP_POLE- supporting legs

For example, to display intermediate analysis data for all components, the
following text can be entered in the template:

#<ELEMENT #
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#REPORT#
#>ELEMENT#

Existing templates stored in the "Reports Templates™ folder can be viewed as
examples of template structure.
3.21.4. Embedding the vessel image

An image of the vessel can be inserted into the output using the #IMG#
variable. The following parameters for the the #IMG# variable are available to
adjust image output:

Parameter name Description Values Default value
TOP — top view
LEFT — left-side view

VIEW view type FRONT - front view FRONT

ISO — isometric view
USER - custom view

image width in

pixels 1-65535 100

image height in

pixels 1-65535 100

SOLID - solid filling

STYLE image style TRANSPARENT - transparent | SOLID
WIREFRAME — beam

if installed, perform
AA image anti-aliasing | no no
(smoothing)

For example, to display an image containing beam top view of the vessel with
dimension of 100x200 pixels, the following text must be entered:

#IMG:VIEW=TOP,X=100,Y=200, STYLE=WIREFRAME#
3.21.5. Embedding analysis time and date

Time and date can be inserted into the output in different formats using the
#CALCDATE# variable. For time and date formatting, the #CALCDATE#
variable has a string parameter DATEFORMAT, which can include the following
fields:

Field | Description

%a Abbreviated weekday name

%A Full weekday name
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%b Abbreviated month name

%B Full month name

%c Date and time format appropriate for current locale

%d Day of month as two digit humber (01 — 31)

%H Hour in 24-hour format (00 — 23)

%I Hour in 12-hour format (01 — 12)

%j Day of year as three digit number (001 — 366)

%m Month as two digit number (01 —12)

%M Minute as two digit number (00 — 59)

%p Current locale's A.M./P.M. indicator for 12-hour clock

%S Second as two digit number (00 — 59)

%U \5/\;e)ek of year as two digit number, with Sunday as the first day of the week (00 -
%w Weekday as two digit number (0 — 6; Sunday is 0)

%W \é\gek of year as two digit number, with Monday as the first day of the week (00 —
%X Date format appropriate for current locale

%X Time format appropriate for current locale

%y Year without century, as two digit number (00 — 99)

%Y Year with century, as four digit number

%z, Either time-zone name or time zone abbreviation, depending on registry settings;
%Z leave empty if time zone is unknown

For example, for date output in the DD.MM.YYYY HH:MM, format, the

following text must be entered:

#CALCDATE : DATEFORMAT=%d. %m. %Y $H:S$M#
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4. Example
4.1. Data input

An analysis of a horizontal vessel on saddle supports carrying

petrochemical products (p=780 kg/m3) with excessive internal pressure of
1 atm is given as an example. Excessive pressure during hydro-testing is 2
atm.

The vessel includes a shell, 5000mm in length and 2400mm in diameter,
and two ellipsoidal heads. The vessel is placed on saddle supports, 300mm in
width and with a wrapping angle of 120°, with reinforcing pads, 500mm in
width, 12mm in thickness and with a wrapping angle of 140°. Corrosion
allowance is 2mm. The vessel is under axial compression force of 200000N.

e
vessel type and

New apparatus 0K general data, model

Yertical vezselz and apartses creation can begm'

Colurmn veszels and apparatuzes

General data E|

Dhject name: ||

Unit name: | tets

Wessel with fluid

Yeszel filing ratio:
[under operating conditions!]

Operating environment | ail

Density of operating fuid:

Test review: | Hydraotesting

|
aan
vl
Test pressure:

Calculation of nozzles and pipe flanges
il
[module "PASSAT -Mozzle")

Fig.4.1 Example: general data
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Dimensions, material properties and load properties for cylindrical shell

, ellipsoidal heads and saddle supports are input.

ylinder E|
Companent name: | Cylindrical shell w
Shell material::
[cra | [Properies | [ add._]
Dimensions as per GOST a

Inside diameter, D:
Shell thickness, s

Conasion allovwance, o1

Negative allowance, c2 D
Technological allowance, 3, D

Shell length, L.

Longitudinal welded joint efficiency, Fip:

Circular welded joint efficiency, Fit

Caloulation terperaturs, T: |7

Calculation axial force, F
3 Tensils

(&) Compressing

Design model lgfdraw. 7 GOST 14243-83)

Calculation pressure, p: g 12 g ;
() Intemal ) External
O3 Os

Calculation bending moment, M:

Calculation iansverse force, Q: D
Insulation and lining >

Allowable pressure: [p] =119 MPa

Effective thickness including allowances: sp + ¢ = 2.8667 mm

Diameter of the hole, which does not require any reinforcement: d0 = 3323 mm
Mirimum distance between “single” nozzles: b0 = 309.8 mm

Cancel Dresign values calculation

Fig.4.2 Example: shell

Campanent name:

Head material.

Cr3 ~ | | Properties... Add

Head inside diameter, D

Head wall thickness, 51

Iy

Corosion allowance, ¢l

Negative dllowance, c2: E

Technological allowance, 2 D

Head height, H

Straight flange length, il El
wielded joint efficiency. Fi

Caleulation temperature, T

Calculation pressure, po
) Internal ) External

Insulation and lining >3

Desiagn walues calculation

Effective thickness including allowances: s1p + ¢ = 2.866 mm
Allowable pressure: [p] = 0.9226 MPa

Fig.4.3 Example:head
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Saddle support

Compaonent name: | Saddle suppart N2

Suppart attached to: [Cyliniical shell N1 |

Imside shell diametes, D

Shelthickness, 5. |1

Support width, b

Support spanning angle, deltal: |1

Distance fiom component edge, lo.

Calculation temperaturs, T
Support height, H

Shell rzinforcement

O Without reinforcame
(®) Reinforcing pad

(O By reinforcing ring

Cancel

Flate spanning angle. delta2:
Distance between plate edges, f: | 2115

Plate thickness, s2:

Plate width, b2:

D esign walues calculation

Fig.4.4 Example: saddle support
The following model will be displayed in the graphic display window.

Fig.4.5. Example: calculation model
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4.2. Analysis and output

To analyse the model, press "'Vessel analysis F3" (or & button). In the
course if analysis a detailed report with intermediate results is generated, which
opens automatically upon the end of analysis. Ready report looks like a web page,
the left part of which includes the table of contents (Fig.4.6).

* [NACCAT - [Calculation results]

File Edit Components View Options Calculation Help EnglishfRussian

0 @

Passat report Strength calculation of vessel

General data

Strength from supporting loads:
Drawings of forces and mom
Saddle support Mel
Saddle support Mo

Ellipsoidal head MNe2

Cylindrical shell Mal

Ellipsoidal head Mol

Unit name: tets
Object name:

Vessel with carrying fluid:  Yes

Fill factor of vessel:

(in operating conditions)

Density of operating fluid: 880 kg/m3
Name of operating fluid:  oil
Fig.4.6 Example: report

To get detailed analysis output for a specific component, the component must
be selected by clicking on it or pressing the “Tab” key.
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strength calculation. Determination of stresses nozzle-to-shells and heads
under action of pressure and external loads on the nozzle.

GOST 34233.10-2017. Vessels and apparatuses. Norms and methods of
strength calculation. Vessels and apparatuses operating in hydrogen
sulphide media.

GOST 34233.11-2017. Vessels and apparatuses. Norms and methods of
strength calculation. Method of strength calculation of shells and head,
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.
217.

28.

29.

with provision for displacement of weld joint edges, angularity and out-
of-roundness of the shells.

GOST 34233.12-2017. Vessels and apparatuses. Norms and methods of
strength calculation. Requirements to the form of presentation of strength
calculations made on computer.

GOST 14249-89. Vessels and apparatuses. Norms and methods of
strength calculation.

GOST 25221-82. Vessels and apparatuses. Spherical heads and covers
without knuckle. Norms and methods of strength calculation.

GOST 26202-84. Vessels and apparatuses. Norms and methods of
strength calculation from influence of supporting loads on the shells and
heads.

GOST 24755-89. Vessels and apparatuses. Norms and methods of
strength calculation of holes reinforcement.

GOST 25859-83. Steel vessels and apparatuses. Norms and methods of
strength calculation under low-cycle loads.

GOST R 51273-99. Vessels and apparatuses. Norms and methods of
strength calculation. Determination of calculated forces against wind and
seismic loads for column vessels.

GOST R 51274-99. Vessels and apparatuses. Column vessels. Norms and
methods of strength calculation.

GOST 34283-2017. Vessels and apparatuses. Vessels and Apparatus.
Norms and methods of strength calculation from wind loads, seismic
influence and other external loads.

GOST 25867-83. Vessels and apparatuses. Jacketed vessels. Norms and
methods of strength calculation.

GOST 30780-2002. Steel vessels and apparatuses. Bellows and sliding
joints. Strength calculation methods.

GOST 26159-84. Iron vessels and apparatuses. Norms and methods of
strength calculation. General.

GOST 27772-88. Mill products for constructional steel works.

GOST R 54522-2011. High pressure vessels and apparatus. Norms and
methods of strength calculation.

GOST 26303-84 High-pressure vessels and apparatus. Threaded studs.
Methods of strength calculations.

GOST R 55722-2013. Vessels and apparatus. Stress analysis code.
Seismic analysis.
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30.

3L

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,
45.

46.

GOST 34283-2017. Vessels and apparatus. Norms and methods of
strength calculation under wind loads, seismic influence and other
external loads.

GOST 31385-2016. Vertical cylindrical steel tanks for oil and oil-
products. General specifications.

OST 26-01-86-88. Fixed metal seals for vessels and equipment at
pressures from 10 to 100 MPa.

OST 26-1046-87. High-pressure vessels and apparatus. Methods of
strength calculations.

PNAE G-7-002-86. Strength calculation norms of the equipment and
pipelines of atomic power plants. —M.: Energoatomizdat, 1989. — p. 525

SP 20.13330.2016. Set of rules. Loads and actions.

RD 24.200.08-90. Vessels and apparatuses. Norms and methods of stress
analysis conical, ellipsoidal and spherical transitions.

RD 26-14-88. Vessels and apparatuses. Norms and methods of strength
calculation. Components of heat exchangers.

RD 26-15-88. Vessels and apparatuses. Norms and methods of strength
and leak integrity calculation of flange joints.

RD RTM 26-01-96-83. Flat round heads and heads with radial reinforcing
ribs of vessels and apparatuses.

RD RTM 26-13-79. Heads and grids of air coolers. Strength analysis
method.

RD 26-02-62-98. Strength calculation of vessel and apparatus components
operating in corrosive hydrogen sulphide environments.

RD 26-02-63-87. Technical requirements towards designing and
manufacturing of vessels, apparatuses and technological units of oil and
gas treatment facilities working in environments causing hydrosulphuric
corrosion cracking.

RD 10-249-98 Norms of strength calculation of stationary boilers and
steam and hot-water pipelines.

OST 26-01-64-83. Fasteners. Construction and dimensions.

RD 26-01-169-89. Vessels and apparatuses. Norms and methods of
strength calculation of the heads in attaching points of dumbbell piers.

RD 24.200.21-91. Vessels and apparatuses. Norms and methods of
strength calculation of the components of floating heads within shell and
tube heat exchangers.
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47.

48.

49.

50.

Sl

52.

53.

54.

55.

56.

57.

58.
59.

60.
61.
62.

63.
64.

RD 26-18-8-89. Weld joints of peep holes, nozzles and couplings
welding. Basic types, structural components and dimensions.

RD 26.260.09-92. Vessels and apparatuses. Norms and methods of
strength calculation of cylindrical shells and dished heads in junction
points of nozzles under external static loads.

RTM 26-110-77. Strength calculation of cylindrical horizontal apparatus
mounted on saddle supports.

RTM 26-111-77. Supports of cylindrical vertical vessels and apparatus.
Norms and methods of strength calculation.

RD 26-01-149-84. Steel welded vessels and apparatuses with jackets
made of semi-pipes located along generatrix. Codes and methods of
strength calculation.

RD RTM 26-01-44-78. Details of pipelines for pressure over 10 to 100
MPa. Norms and methods of strength calculation.

SA 03-003-07. Strength and vibration calculation of steel technological
pipelines. Standard of Rostekhexpertiza Expert Association of
technogenic hazardous facilities.

STO-SA-03-002-2009. Rules for design, fabrication and assembly of
vertical cylindrical steel tanks for oils. Standard of Rostekhexpertiza
Expert Association of technogenic hazardous facilities.

Gorbachev M.V. "Heat and Mass Transfer". Publishing house of NSTU,
2015.

Standards of the Expansion Joint Manufactures Association, INC, 8th
Edition, 2003.

EN 13445-3. European Standard. Unfired pressure vessels — Part 3. Issue
1 (2002-05).
EN 1991-1-4. Actions on structures - General actions - Wind actions

EN 1998-1. Design of structures for earthquake resistance. General rules,
seismic actions and rules for buildings

ASME Boiler and Pressure Vessel Code. Sect.VIII, Div.1.

ASME VIII, Div 1, 2015. Rules for construction of pressure vessels.
ASME VIII, Div 2, 2015. Rules for construction of pressure vessels.
Alternative rules.

ASME I, 2015.

WRC-107 Welding Research Council. Bulletin. “Local Stresses in
Spherical and Cylindrical Shells due to External Loadings”. 1979.
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65

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

. WRC-297 Welding Research Council. Bulletin. “Local Stresses in
Cylindrical Shells due to External Loadings on Nozzles — Supplement to
WRC Bulletin Ne107”. 1987.

WRC-537 Welding Research Council. Bulletin. “Precision Equations and
Enhanced diagrams for Local Stresses in Spherical and Cylindrical Shells
due to External Loadings for implementation of WRC Bulletin 107. 2013.
BS-5500: 1976 Specification for Unfired fusion welded pressure vessels.
British Standards Institution.

WRC-368 Welding Research Council. Bulletin. “Stresses in Intersecting
Cylinders subjected to Pressure”. 1991. 32 p.

Bildy, Les M., 2000, “A Proposed Method for Finding Stress and
Allowable Pressure in Cylinders with Radial Nozzles,” PVP Vol. 399,
ASME, New York, NY, pp. 77-82.

Zick, L.P., “Stresses in Large Horizontal Cylindrical Pressure Vessels on
Two Saddle Supports”, Welding Research Journal Supplement,
September,1951.

Henry H.Bednar, Pressure Vessel Design Handbook. Second edition.
1986

Dennis R.Moss, Pressure Vessel Design Manual. 1987

AzDTN 2.3-1. Seysmik rayonlarda tikinti (zorbaycan Respublikasi Dovlot
Soharsalma va Arxitektura Komitasi)

IS 1893. Indian Standard. Criteria for earthquake resistant design of
structures.

API 650-2020. Welded Tanks for Oil Storage
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