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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 ANSYS 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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e components of high-pressure vessels (shells, heads: flanges, heads, stub-
ins);

e components of vertical tanks;

e viewind windows, bosses;

e 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:

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

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

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

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

e 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;

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

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

e representation of model structure as a structure tree.

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

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

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

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

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.

customization of measurement units;

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;

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);

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;

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

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.

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).

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

calculation of low-cycle fatigue of vessel components;

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

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

output of information on components that do not meet use or strength
requirements;

10

User's Manual



PASS/EQUIP 3.07

o calculation of required test pressure as per components;
e building of compound unit model including two or more vessels;

o 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;

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

e export and import of vessel models from and to XML files;

e export of nozzles to Nozzle FEM format files (*.nzl);

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

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

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

e strength and stability analysis of column components;

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

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

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

PASS/EQUIP-Heat Exchangers module:

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

e calculation of forces in tube plates, casing and tubes;

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

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

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

e creation of a frame roof model with automatic weight calculation;
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o 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;

o 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 drive contains the software installation package:
a. SETUP.EXE - Pass/Equip program installation file

b. ACROBAT - setup directory for Acrobat Reader - a program
for preview and printout of documentation;

c. SENTINEL - setup directory for manual installation of the
dongle Sentinel Protection Installer 7.6.9.exe;

d. GUARDANT - setup directory for manual installation of the
dongle Guardant.

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.
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2.3. Software installation

To install the program on the user's computer, you must:

1)
2)
3)
4)

5)

6)

7)

8)

Log in with administrator rights.

Install the media with installation files.

Run the setup.exe file.

Follow all instructions from the installation program.

During the installation process, you must specify the path where the
program will be located, as well as the name of the folder for the program
menu. The package includes Acrobat Reader for reading documentation.
If the program comes with a local hardware dongle, then install the
dongle in the USB port.

ATTENTION: During installation of the program, the hardware dongle
must NOT be present in the port to avoid damage it.

Check that the system clock is correct. An incorrectly set system time
may make it impossible to work with a USB dongle or cloud license.

The program is launched via the gPass/EQUIP shortcut or by running
the passat.exe file.

When you first start the program, specify the file with license parameters
(license.txt) issued by the program supplier (see section 2.4).

When the program is supplied through dealers of PASS Team, to activate the
dongle, you must send a registration card and, having received the dongle update
string, use the dongle update program.

2.4. Software copy protection

The PASS/Equip program is protected from unauthorized copying. The
protection lies in the fact that the program, while running, checks for the presence
of an available and valid license and, if it is missing, displays a corresponding

message.

2.4.1. License providers

A license for a program can be supplied by several types of license providers:

14
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License provider Description
Sentinel HL Hardware A USB hardware key is used.
dongles Can  be local or network.
Guardant Installation of drivers is required for

network dongles.

Internet License | Web-license | The HTTPS protocol is used to
transfer data.

Requires Internet connection and
PASS ID for authentication.

Trial License Trial license This is a temporary Web-license that
can be obtained directly from the
program.

Requires Internet connection and
PASS ID for authentication.

The type and parameters of the license provider used are stored in a text file
(license.txt). If the user has several different licenses, he can easily switch between
them simply by pointing to different license files in the program.

2.4.2. Transferring a license to a user

When recording a license to a hardware key or linking a PASS ID to a web
license, the program uses a text file with license.txt settings, which is sent to the
user. The user must specify this file when starting the program. After this, the
program saves a copy of this file and subsequently works with it. The copy is saved
in the following path.

%APPDATAY%\PASSUITE\LICENSES\license-[FileName].txt
To see the parameters of the license used (number, provider, etc.), user must

to execute the command of the menu item Help—About PASS/Equip program
(Fig. 2.1).
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About PASS/EQUIP program X

@ PASS/EQUIP Version: 3.7.0.0
License serial: 50001
License type: Developer

Support or license expiration: 30.09.2023

Modules available:

PASS/EQUIP Heat Exchangers
PASS/EQUIP Seismic
PASS/EQUIP Tanks

Copyright (C) 2024 PASS Team

PASS/EQUIP

e-mail: support@passuite.com

Developers: A, M. Krasnokutsky
.Y, Trifonov
:;r 'I-I:lmoshkjn
Fig. 2.1 License parameters
A screenshot of this dialog box with license parameters and program version
number must be attached when contacting technical support for the program.

To change the license, you must selec Options — Customize license file.
After this, user must specify the path to the new license file.

When you first launch the program, it will show an error that the license was
not found and will offer several options for further actions. If the user has a valid
license file, then he must press the “Browse” button. To configure internet license,
see i.2.4.3.

2.4.3. Internet License

To obtain a web license, the user must register a PASS ID at:
https://1lms.passuite.com/personal/signup

PASS ID is a pair of {email, password}, user identification data used to work
with the internet license. The user's email can be any valid address, including a
corporate address. The user generates the password independently. The program
remembers the PASS ID for further quick verification of the internet license when
launching the program. User can also write PASS ID to the license file.

PASS ID registration is a one-time process. Multiple licenses can be
associated with one PASS ID. After registration, the user must send the sales
manager (support@passuite.com) his email address to link the license to it..

Attention:
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Do not tell anyone your PASS ID password, not even employees of
PASS Team!

Sales and technical support services do not require Your password to manage
your license.

To work with internet license, a hardware key is not required, but a permanent
connection to the Internet is required. To work with the web-license, the HTTP
protocol is used, so if the user has access to the Internet through a browser, then no
special firewall settings are required.

If the system is configured for access via a Proxy server, its settings will be
applied automatically.

If the license file does not contain PASS ID, then after reading it the program
will generate an error (Fig. 2.2).

EQUIPMENT STRESS
AMALYSIS & SIZING

EQUIPMENT

Invalic e-mail or password

Luwant to set up the license file Retry
Lwant to get the trial version
Exit program
passuite.com Copyright (C) 2003-2024, PASS Team

Fig. 2.2 PASS ID authorization error

To enter a valid PASS ID, click the OK button, after which the PASS ID
authorization dialog box will appear, where user must enter your email address and
password (Fig. 2.3), which were used during registration (see above). If PASS
ID has not been registered, user can go to the registration page using the link “Get
trial license” a PASS ID account in the same dialog box or recover your PASS ID
password.
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EQUIPMENT STRESS
ANALYSIS & SIZING

EQUIPMENT

Login
PASS ID is a unified account for accessing warious PASS online resources, With
PASS ID, you can get trial access to software, manage you licenses, get updates
and more.

i
Create PASS ID Account Log in
| forgot password
Cancel
passuite.com Copyright (C) 2003-2024, PASS Team

Fig. 2.3 PASS ID authorization for internet license

Trial License

To receive a trial version, the user must fill out the registration form to obtain

a Trial License. After successful registration, a PASS ID is created for the user and
a new Trial License is attached to it. The entire process occurs automatically,
without the participation of a manager.

programs and to purchase a commercial license.

The same PASS ID can be used both to obtain a Trial License for other

If the user does not have a commercial valid license, then he can obtain a trial

version directly from the program upon first launch or when any licensing error
occurs. To do this, in the dialog box (Fig. 2.2) user need to click on the “I want to
get the trial version” link. After clicking on this link, the program will prompt to
fill out a form to register the PASS ID of the trial version (Fig. 2.4).

18
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»
EQUIPMENT STRESS
ANALYSIS & SIZING
EQUIPMENT
Sign up
PASS ID is a unified account for accessing various PASS online resources. With
PASS ID, you can get trial access to software, manage you licenses, get updates
and more.
&
First Name
Last Name
I'am - Select below --- e
Job Title
Organization
Country --- Select below --- v
Phone (with country code "+")
Industry --- Select below --- v
How did you know about us? - Select below --- ~
I want to receive PASS news by e-mail
| agree with the personal data processing to receive local support or sales
offers
Lalready have PASS ID Sign up
I forgot password
Cancel

passuite.com Copyright (C) 2003-2024, PASS Team

Fig. 2.4 The registration form of trial version

After filling out the form, user must click on the “Sign up” button. If all fields
are filled in correctly and the program has received a connection with the server,
then the program enters the waiting mode for registration to complete (Fig. 2.5).
Otherwise, the program will generate an error with the appropriate description (for
example, this PASS ID has already been registered).
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EQUIPMENT STRESS
ANALYSIS & SIZING
EQUIPMENT

Wait a response from the license server...

Cancel

passuite.com Copyright (C) 2003-2024, PASS Team

Fig. 2.5 Registration standby mode PASS ID of trial version

As soon as the user confirms his email address, the program will issue a trial
license file (Fig. 2.6), which must be saved in order for the program to start using

it.
EQUIPMENT STRESS
ANALYSIS & SIZING

EQUIPMENT

Authorization was successful!
Save the license file for future use:

¥ LMs

type = 4 ¥ Web

server = passuite.com
roduct = 27 9bc -Tele T TTha Lol % PASS/Equipment
license_number = 58881 % developer license

Save As

Back to register

passuite.com Copyright (C) 2003-2024, PASS Team

Fig. 2.6 The file of a trial license

If the user already has a PASS ID, but for some reason does not have a license
file, then in the registration form (Fig. 2.4) user can follow the link | already have a
PASS ID. In this case, PASS ID confirmation is not required, the program does

not enter standby mode, and upon a successful response from the server, it will
issue a license file (Fig. 2.6).

20
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2.4.5. Hardware dongles

Hardware keys can be one of two types: Sentinel HL and Guardant. Their
setup is generally the same, but differs in some details (see below).

For both types of keys, driver installation is not required, the key is
immediately ready for use (this is the so-called driver-less configuration, the keys
work in USB HID mode).

The supplied license.txt file already contains information about the key type
and serial number, so in most cases additional configuration is not required. The
type (local/network) of the key is determined by remote=local|remote
parameter in the license.txt file.

2.4.5.1 Converting Sentinel SuperPro dongles to Sentinel HL
format

The latest generation Sentinel SuperPro hardware dongles (purple and red)
can be converted to the modern Sentinel HL key format. Users of such keys must
leave the only key that requires conversion in the port, run the key update
program KeySt and follow its instructions. After converting the dongle, KeySt will
generate a status string that needs to be sent to managers. In response, the user will
be sent an update string that needs to be applied to this dongle, after which the key
will be ready for use.

2.4.5.2 Local dongles

A local key of any type is immediately ready for use. Before starting the
program, the user must insert the key into the USB port of the computer and make
sure that the light built into the key is continuously lit. The absence of a light bulb
or a flashing light indicates either insufficient power of this USB port (in this case,
the dongle must be placed in another port), or a malfunction of the port or dongle.

If automatic program updating is enabled and functions normally, then the
local dongle is also automatically updated if necessary (when new versions are
released, technical support is extended), this makes manual key updating and
sending status and update lines unnecessary.

2.4.5.3 Network dongles

The network dongles is installed on the server - a computer selected by the
user for this purpose on the network. To access the dongle, user need to install a
network license manager. Each dongle type has its own (see below).

To configure a network dongle, user must edit the license.txt file by adding an
entry indicating the location of the dongle server on the network. The following
parameters are allowed (it is enough to indicate only one):
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Parameter Value

Im_ip dongle server IP address

Im_host | network name (dns) of the key server

Im_id LM server identifier (for Sentinel HL
keys only)

The network dongle is not updated automatically. To update it, user should
either use the KeySt utility to get the status string and apply the update string, or
use it as a local key:

1. Place the dongle on a local PC with the program installed;
Edit license.txt by setting the parameter value remote=1ocal;

3. Launch the program and perform the automatic update procedure (the
information in the key will be updated);

4. Replace the dongle and the entry in the license.txt file.
2.4.5.4 Sentinel HL network dongle

For the Sentinel HL network dongle to work, user need to install a license
manager service on the server (download link in the download section of the
corresponding website), suitable for the server OS (options: Windows 7/8/10/11+,
Linux Ubuntu, Linux RedHat, Linux common).

For communication with the application and control, Sentinel LM uses the
TCP and UDP protocols, port 1947. After installing and starting the service, user
can monitor the dongles in a web browser at:

http://<dongle server>:1947
2.4.5.5 Guardant network dongle

For the Guardant network dongle to work, user need to install a license
manager service on the server, which can be downloaded from the manufacturer’s
website:

https://www.guardant.com/support/users/server/

For communication with the Guardant LM application, it uses the TCP and
UDP protocols, port 3187, for control via http - port 3185. After installing and
starting the service, user can monitor the keys in a web browser at:

http://<dongle server>:3185
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To search for Guardant network dongle parameters, an additional settings file
"gnclient.ini* is used. This file is created automatically using the parameters from
"license.txt" and is placed in the folder:

%LOCALAPPDATA%\PASSUITE\<program id>\

The format supports the grdinipath parameter to specify the full path to the
Guardant network dongle settings file, which can be written to "license.txt". Then
the file is created and searched not
in %LOCALAPPDATA%\PASSUITE\<program id>\gnclient.ini, but in the path
specified by the grdinipath parameter.

The program_name parameter is also supported, which can be used instead
of the program guid. If it is installed, the file is created and searched at:

%LOCALAPPDATA%\PASSUITE\gnclient.ini.

ATTENTION: gnclient.ini is created once. If the file already exists, its
parameters are not overwritten. Therefore, further settings must be made either
directly in gnclient.ini, or make changes to license.txt, but delete gnclient.ini to
apply them. This file can also be obtained from the LM monitoring page (Menu
“client ini-file settings”).

2.4.6. Updating hardware protection dongles (KeySt utility)

To update hardware protection dongles, use the KeySt program (utility). The
program allows you to update license information in Guardant and Sentinel HL
dongles, as well as convert legacy Sentinel SuperPro dongles to the Sentinel HL
format.

Attention:

Before using the KeySt, you must leave only one
dongle in the port. After its launch, the program
analyzes the found dongle and enters the mode of
dongle updating or converting.

To update the dongles contents, the state and update strings are used. Using
KeySt, the user generates a text string of the dongle state, sends it to the technical
support, and in response receives a text update string. And the update string is
applied to the dongle in the KeySt program.

Each update string can be applied to a dongle only once. After the update
string is applied, all previous dongle state strings become invalid, so the new state
string must be generated to subsequently update the dongle.

To convert a Sentinel SuperPro dongle to the Sentinel HL format, the user
generates a dongle state string, sends it to technical support, in response receives
an update string, which is applied to the dongle via KeySt program, after which the
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dongle is converted to the new Sentinel HL format. After this, it is necessary to
write a license information into the converted dongle. So the procedure is repeated,
but with the dongle state and update strings of a new format. Using KeysSt, the user
generates the dongle state string, sends it to technical support, and in response
receives an update string, which he applies to the dongle.

Only modern SuperPro dongles can be converted (Fig. 2.8). Legacy dongles
(Fig. 2.7) cannot be converted and must be replaced.

Fig. 2.7. The legacy Fig. 2.8. The modern Sentinel
Sentinel SuperPro dongle SuperPro/Sentinel HL dongle
Attention:

Before using the KeySt, you must leave only one
dongle in the port. After its launch, the program
analyzes the found dongle and enters the mode of
dongle updating or converting.
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2.4.7. Converting Sentinel Super Pro to Sentinel HL

If the program detects the Sentinel Super Pro dongle, it enters into conversion
mode (Fig. 2.9)

%, KeyST SuperPro to Sentinel HL Upgrade — O =
Dongle
Model: |SuperPro | Hardlimit | 10 |
S/N: | 259% |
License
Product: | PASS/NOZZLE-FEM | Version: [35 |

Mumber: | Mot specified |

The Sentinel SuperPro dongle has been detected. To work with the new program
versions, it must be upgraded to the new Sentinel HL format.

To start the upgrade procedure, send the dongle state string file to your product
distributor,

If you already have an update string file, write\open it down in the "SuperPro
dongle update string” field below and click the "Upgrade” button..

CAUTION: The process is irreversible, you will not be able to return|the dongle to its
previous state!

SuperPro dongle state string

| DNIGBGBBCXBIBLEFIOHFJUEUCOFXBAHIFRHGHTGNEFGBDQJFE| Save...

SuperPro dongle update string

| | Open...

Upgrade Refresh Cuit

Fig. 2.9. The KeySt program in conversion mode

from SuperPro to the Sentinel HL
format

Output infofmation:
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Field Description
Title Current KeySt mode.
Model Model of the dongle ("SuperPro™).
Hardlimit | Maximum number of licenses that can be written to the
dongle.
SIN Unique serial number of the dongle.
License Information about license in the dongle: product, version,

etc.

State string

Dongle state string. You can save it (the “Save” button) to
an .idx file, and send it to tech support.

Update
string

Dongle update string. You can read it (button «Open») from
an .upx file, received from technical support.

In this mode, the user has the following actions:

Action

Description

Convert | Starts the conversion of SuperPro to Sentinel HL (enabled if
update string is presented).

When you try to convert a legacy dongle (Fig. 2.7), an error
message appears.

Refresh | Searches for the dongle again and then selects the appropriate
mode.

2.4.8. How to convert SuperPro to Sentinel HL

1. You need to save the dongle state string to a file.
Press the “Save” button and enter the .idx file name (as on Fig. 2.10).

It’s the best way.
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\

Dongle

Model: | SuperPro } Hardlimit: [10 ]
sn: 259 ]

License

Product: | PASS/NOZZLE-FEM |  Version: | 3.5 ]

Number: ’ Not specified |

The Sentinel SuperPro dongle has been detected. To work with the new program
versions, it must be upgraded to the new Sentinel HL format.

To start the upgrade procedure, send the dongle state string file to your product
distributor.

If you already have an update string file, write\open it down in the “SuperPro
dongle update string" field below and click the "Upgrade” button..

CAUTION: The process is irreversible, you will not be able to return the dongle to its
previous state!

SuperPro dongle state string
DNIGBGBBCXBIBLEFIOHFJUEUCOFXBAHIFRHGHTGNEFGBDQJFE| | [ Save...

SuperPro dongle update string /

1) Click "Save" —]

1 Open...

Upgrade ¥4 Refresh € Quit

Fig. 2.10. Saving the dongle state string to an .idx
file

You can also copy the dongle state string to clipboard via the context menu by
right-clicking, and then paste it into the editor or email body.

2. The .idx file you must e-mail to technical support address
support@passuite.com.

3. You will receive a reply e-mail with an attached .upx file containing the
dongle update string.

4. In KeySt you need to open the file containing the update string. To do
this, press the “Open” button and select the file (Fig. 2.11). You can also
copy the update string from the clipboard.
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Dongle

Modek: | SuperPro | Hardiimie: |10 1
SN [ 259 ]

License

Product: | PASSNOZZLE-FEM |  Vemsiom: | 35

Number: | Not specified ]

The Sentinel SuperPro dongle has been detected. To work with the new program
versions, it must be upgraded to the new Sentinel HL format.

To start the upgrade procedure, send the dongle state string file to your product
distributor.

If you already have an update string file, write\open it down in the "SuperPro
dongle update string” field below and click the “Upgrade” button.,

CAUTION: The process is irreversible, you will not be able to return the dongle to its
! )
previous state!

SuperPro dongle state string
| BAHIFRHGHTGNEF GBDQJFBKAADXDCBPEBDLXUSUILROIUSSIE | | [ Save...

SuperPro dongle update string
/

1) Click open to select file with update string | @ quit

Fig. 2.11. Applying the .upx file
5. With the dongle update string, press the “Upgrade” button (Fig.
2.12).
l |

SuperPro dongle state string
| BAHIFRHGHTGMEFGBDOJFEKAADXDCEPEBDLXUSUILROINSSIE | | H Save... |

SuperPro dongle update string

| /CSDIIDJQIRIUFVFEFNCPEIHLANIX)OENHVEKAADXBWEPEBDL | | [ Open.. |

- Click "Upgrade”
PI Upgrade | | 44 Refresh | I_Q Quit |

Fig. 2.12. Key upgrading
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6. You will get a message about the status of operation. In case of an error,
please contact technical support and send a screenshot of the error
message.

7. If the conversion was successful, the dongle is in the Sentinel HL format.
Now you need to update it and write the license information (see the next
section).

2.4.9. Updating Guardant and Sentinel HL dongles

When KeySt finds Guardant or Sentinel HL dongle, it starts the dongle update
mode (Fig. 2.13).

A, KeysT - o x
Dongle
License

Product | pass/NOZZLE-EEM Version: Active:
Mumber: Workplaces: Support until:
Features

Me Mame

1 Chinese language

2 Exportto ANSYS

Log

2024/02/16 12:15:46.430 - Looking for a dongle... Sentinel dongle found A
2024/0216 12:15:46.552 - Reading Sentinel dongle... OK,

W

SAVE Dongle State string LUPDATE Dongle

Refresh Quit

Fig. 2.13. Update mode for Sentinel HL (similar for
Guardant)

Output information:
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Field Description

Title Current KeySt mode.

Model Model of the dongle ("SuperPro").

Hardlimit Maximum number of licenses that can be written to the
dongle.

SIN Unique serial number of the dongle.

License Information about license in the dongle: product, version,
etc.

Features List of license features for the program.

Log Log of operation.

Field Description
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In this mode, the user has the following actions:

Action Description

Save state string Opens the .idx file name selection dialog.

Update dongle Opens the .upx file selection dialog, and then starts
updating the dongle.

Refresh Searches for the dongle again and then selects the
appropriate mode.

Exit Exits the program.

Attention:

1. For a Guardant dongle, the state string is generated once. The
generation (even randomly) of a second state string will make it
impossible to apply the update string from the previous state string.

Do not generate new state string while waiting for an update string
from technical support, otherwise the received update string cannot
be applied and the update process will have to start again.

2. For a Sentinel HL dongle, the update string can only be used once. If
you reapply the same update string, or apply different update strings
obtained from the original state string previously, error 40054 will
occur:

Trying to install a V2C or V2CP file with an update counter that is
out of sequence with update counter in the Sentinel protection key.
Values of update counter in file are lower than those in Sentinel
protection key

The next dongle update is possible only after generating a new state
string.

2.4.10. Sequence of operation for updating Guardant and
Sentinel HL dongles

1. You need to save the dongle state string. To do this, press the “Save state
string” button and enter the filename (Fig. 2.14). For Sentinel HL
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dongles, the file extension is .sntlidx, and for Guardant dongles, the file
extension is .grdidx.

LY
Donghe

Model | 2antingl HL Hardlimit [g
M 1B24506421

Licensa

Froduct PASS/MOTZLE-FEM Version 35 | Active:

[ ves
Mumber

10006 Workplaces: | 4 Supportuntl | 18052026
Featuras

M Mame
1 Chinﬁelanguagc

2 Expedt o ANSYS

Log

20240216 12:15:46.430 : Looking for a dongle... Sentinel dongle found ~
20240218 121548 582 - Reading Sentinel dongle... OK

SAE Dongle Stabe siring

UPDATE Dongle

1 Refresh Chusit

Fig. 2.14. Saving the state string of the Guardant/Sentinel HL
dongle

2. The saved .sntlidx/.grdidx file must be e-mailed to tech support address
support@passuite.com.
3.

In reply e-mail you will get an attachment with the .sntlupx/.grdupx file

containing the dongle update string.

4. You need to open the .sntlupx/.grdupx file in KeySt program.
To do this, press the “Update dongle” button and select the file (Fig.
2.15).
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“
Dongle
Model [ Sentingl HL ] Hardlimit [g
SN 1824506421
License
Product [ pass/NOZZLE-FEM version: 35 Active Yes
Number. | 10006 Waorkplaces: |4 Supportuntil | 48 05 2026
Features
MNe Name
1 Chinese language
2 Exportto ANSYS
Log
2024/0216 12:15:46,430  Looking for a dongle, . Sentinel dongle found N
2024/0216 12:15:46.552  Reading Sentinel dongle . OK
w
SAVE Dongle State string ’_,,..-F-"" UPDATE Dongle
1) Click "Update Dongle”. jrach Quit

Fig. 2.15. Applying an update string to a Guardant/Sentinel HL
dongle

5. The dongle update string will be applied and the dongle content will be
updated.

In case of problems or error messages, please contact technical support at
support@passuite.com, indicating the error numbers and attaching screenshots of
the program.

2.5. 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:
o  (Publish to User)
o (Assign to User)
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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

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.
B | | 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..3.6. 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)

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

IS 1893 (IND) IS 875 (IND) along the length
EN 1998 (EUR) EN 1991-1-4 (EUR)

CFE 2015 (MEX) CFE 2020 (MEX)

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

Inertial loads

3.2.2. Vertical vessels

Fig. 3.2 Vertical
vessel model

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.
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3.2.3. Column vessels

Vertical vessels, which are installed on the skirt support.

e

X

Fig. 3.3 Column
vessel model

Loads calculation methods available for column vessels:

For calculating of this vessels type, a license for “Passat-
Columns” module is required.

Load

Seismic

Wind

Snow

GOST 34283-2017

GOST 34283-2017

GOST 24756-81

GOST 24756-81

AzDTN 2.3-1 (AZE)

It is taken into account by
the specific load on the
service platforms (total
pressure of snow, materials

38
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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)

and other loads) or the load
on the shell distributed
along the length

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 vertical 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:
Load
Seismic Wind Snow
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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 =l
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
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.
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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 2.09 [E=ER)

© Fle View Options Help

EEEETEY

DBl sx o4 BEl90c 0 e mE L
QR QAo d o PRI FIZ- 8§ 8

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 3.9).

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

OK
Harizantal w 1 1
Vertical vessels and apparatuses Cancel
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] ] [

Fle Edt Components View Options Calculation  Help

0= Z % i@ ] @ | wa|iE |,
FAEHFIH @

QRA0 @4 FeE o =-[is e

Model tree *

. | [ Passat - horizontal2 =
¥

JINA NOACKA3KK 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. 3.15.55).

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 127 1000
Delete
Fluid filling Sulfurated hydrogen fluid
() Gas (®) Liquid Sulfurated hydrogen fluid
Filing ratio - Vessel group as per GOST 34233.10: 1 v | >
Limit temp. of the operating fiuid corr. activity, tnp:
Filling ratio, & 100 o P P = ty, P 250 oC

Operating fluid group as per CU TR 032/2013: 1 - | Low-cycle fatigus
Low-cyde fatigue calculation
Testing

Test pressure calaulation: GosT 34347, hydro - Impact testing requirement evaluation (MDMT)
[] indusion of static head in the test pressure calculation Calculate MDMT
Indusion of static head in the design pressure Lowest expected material temperature: -43 =C
Kind of test: Hydrotesting o Use to compute the MDMT: (@) P[design] (O MAWP
Test pressure: | MPa [ Mo UG-20(f) exemptions

|:| Mo corrosion in the test

Insulation Base elevation, XocH: 0 mm

Insulation data

[] Consider internal temperature loads {o -AT)

0K 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.3.6).

“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).

The option «Elevation of the vessel» allows you to take into account the
presence of any building structure under the vessel.

The option «Buried» allows you to take into account the influence of the soil
(see p.3.5.2).

3.5.1. 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.

3.5.2. 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.

3.5.1. Underground vessel

The “Underground Vessel” tab is available for horizontal vessels if the
“Buried” option is activated in one of the load cases. It allows you to set soil
parameters in accordance with the selected code.

3.5.2. 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.
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Xocw
XOCH

Horizontal vessel on

Supporting lugs
saddle supports

Fig. 3.9 Elevation of the vessel

Supporting lugs
welded poles
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3.6. Insulation calculation data

Specified properties are used for calculation of parameters of calculation of
component thermal insulation (i.3.15.1.10)

Insulation data x
Stationing: o iside -
Select location: From database -
Country: e -
Region: g -
QY e i e -
Search by: Find
Average temperature
Mid-annual: 4,3 °C
Average maximum of the warmest month: 24,1 CE
Average temperature of the coldest five-day peried:  -27 CE
Average monthly relative humidity of the warmest month: 749 L7
Insulation project:
ROCKWOOL + Steel sheets v

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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3.7. 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
5 | 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
S Eéﬁﬁrt to Nozzle Exports nozzle data to a "Nozzle-FEM" file.
Export to C3D,
IIDEZSSBI?J,—ER ACJ.?.: Saves solid model of vessel to one of formats
VRML, STL
[ | Import from XML Import model from XML file
(% :\;Inerz:(;lgniggm XML Import model from XML MechaniCS file
Exit (Alt+F4) Exit program

"Edit" submenu

=) Undo (Ctrl+U) Cancel the last command
(¥ | Redo (Ctrl+R) Redo the last cancelled command
Edit (F4, double .
a2 click) Edit model components
~ Delete (F8, Delete) Delete model components
23 | copy (Ctri+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.

4 | Cut (Ctrl+X)

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

[T | 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.

is | Change color

Adjust display color of model components

"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

Settings. .. Displays software settings
E Change interface and output language (Russian
. Language... or English).
=
Provides setting of calculation temperatures
Components .
I simultaneously for several components of the
temperatures. .. model
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Menu item name (icon) Function
Provides setting of thermal insulation
Components .
o . . parameters  simultaneously ~ for  several
insulations...
components of the model

"Calculation" submenu

= Vessel Run calculation and produce output file

calculation (F3)

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

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

Torispherical head

Half-pipe battery jacket

Flat conical head (0>70°)

Jacket with longitudinal
channels

Steep conical head (a<70°)

Chasaa®

Ellipsoidal bulk

Spherical head without knuckle

1_
1

Spherical bulk

foveeoe0

Flat head (cover)

C

Torispherical bulk
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Flat head with ribs

Virtual bulk

Integral flat heads with opening

Ellipsoidal transition

=

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

head

Saddle support ¥

Air—cooled heat exchanger

TRV T

Bracket supports

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

o,

Stiffening ring

High pressure cylinder

A

o

Stiffening rings _group

Ellipsoidal high pressure head

Flange joint

High pressure flat head

Reversal flange

Spherical unbeaded high
pressure head

=z

-
-
a®

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

Bracket supports

High pressure bend

Supporting legs

High pressure nozzle

Supporting lugs ®

Packing ©

Supporting legs on the shell®

Service platform

mas-v=ee

Supporting ring

M) e e e@@dl &

Tray block ©
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g

Lifting lug Skirt ©
Joining pad Viewing window in the boss
Trunnion Viewing window in the nozzle

Lumped mass

Flanged boss

¥
F
2

External loads

Vessel assembly

External distributed loads

20008

Link

1 Vessel fixing * Custom equipment
"',» Structure . Non-circular component

Connection node

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

3.8. "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
0| Front view Full-screen model display in Z-Y plane (X-axis
pointed away from screen)
B | Back view Full-screen model display in Z-Y plane (X-axis
pointed toward screen)
D | Left-side view Full-screen model display in X-Y plane (Z-axis
pointed away from screen)
o Full-screen model display in X-Y plane (Z-axis
(| Right-side view pointed toward screen)
. Full-screen model display in Z-X plane (Y-axis
& Top view pointed toward screen)
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Icon (name) Function

&0 | Bottom view Fu_ll—screen model display in Z-X plane (Y-axis
pointed away from screen)

&2 | Isometric view Full-screen isometric model display

(=1

Fit to the screen size

Full-screen model display in current view

Zoom in

Zoom in using the left mouse button

Fit to the component
size

Full-screen model display in selected component

[ [l

L
F

Zoom in/zoom out

Zoom in/out by moving the cursor up or down

using the left mouse button
. Rotate model around axis by holding down the

4 | 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 Repe_at cancelled view change (rotation, zoom,
moving)

' | 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

plaforms

Display or hide sites existing in the model

Colors by materials

Highlighting of components by color according
to the “Materials using” panel

Perspective view

Display model in perspective view

]

Dimensions

Display dimensions of model components
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Icon (name) Function
B
mq Elevation labels Display elevation labels of shells, nozzles and
-51 platforms, stiffening rings
I
T;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
retard the work in case your computer is too
slow.

Some components of solid model are created

§ Fine generation of
model

B | Accelerated  model

generation

more simply.

B | No model rebuild Model rebuilding is blocked.
Forced rebuilding of the model with the
+4 | Regenerate model elimination of artifacts left over from previous

incomplete rebuilds

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+71)

For quick move b zoom (4, and rotation <2 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 %) you can use the right mouse
buttonwhile pressing the "Ctrl" and "Shift" keys together.

When rotating the model around a selected point 4%}, 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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3.9. Model tree

El--ﬁ Column vessel
E|‘ Bottorn head

-k Nozzle £2

..... I__ -‘ Suppﬂrt
£-@@ Cylindrical shell

’l Packing
—-fg Mozzle #1

..... @) Reinforcing ring 29
..... @' Reinforcing ring 28
..... @' Reinforcing ring 7
..... @) Reinforcing ring 26
..... @) Reinforcing ring #5
..... @) Reinforcing ring 24
..... @' Reinforcing ring #3
..... @' Reinforcing ring 2
..... @) Reinforcing ring #1
l' Service platform £2
II Service platform #1

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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3.10. Materials using

Materials using
Material
DexXH22MAOT
O715AM20 (MC-46)
DEX18M8H2T (KO-3)
oarz2
12MX
12€18H10T
12818H12T
Knpnmnu

Mun. eata
CT3

Colar Quantity
37,74 kg
25,71 kg
7224 kg
87,22 kg
1336 kg

Fig. 3.12 “Materials using* panel

This panel is designed for the rapid material consumption assessment. It

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).
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3.11. 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 EE

oD ﬁ ﬂ m @ Lﬂ.‘.“': [f‘m' Lﬂ.‘.‘-: I_:.:J%
B veen:Be

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 | Commands |Ke_l,l|:u:uaru:| Optiong

T add a command to a toalbar: select a category and
drag the command out of thiz dialog box to a toolbar,

Categories: Commands:
New ~
Yiew A =
Options [ﬁ Jpen...
Help T
Al commands Close
P et b ey H Sepe

Save as... b

Drezcription:

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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3.12. 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 X
General [ &5 \Image quity|Updat

Mumber of items "Recently opened files™ g
Number of significant digits when rounding off: 4 i‘
Scientific notation digit: 3 i‘
Drop-down toolbars
[] Recent command is displayed in the toolbar

[ show the finite element model

[ save the component name when copying/pasting
Solid model export

Exportinsulation and lining

Program settings X
General [ Imagequitﬂundate
System colors

L low gl
Dimension marks color
Component marks color
Selected component color
Filling calor

Component colors by default

Cylindrical shell A
Conical transition
Ellipsoidal head

Export fasteners (bolts, nuts) Spherical head -
Torispherical head
Geometric kernel mode Flat conical head Edit
Elat hemd fernar) hd
Standard multithreading -
Tolerance factor [0.01...0.35]: 0,1
Calaulation of filing volume tolerance: 1 o
Default settings
OK | Cancel | Apply ‘ 0K | Cancel ‘ Apply ‘
Program settings x Program settings *
General ‘CO.()I’S Image guality Update\ Generd|Colors|Irnge L|IE 88 Update
® Manualy Automaticalb shedk for lndates!
O setup Notify me when updates are availzble but need to update the dongl
Update server URL:
http: ww. truboprovod.rufupdate/
Faster Fine

[] Use Proxy-server

mogth transition in_the view o Server type: -
Dynamic view Wireframe T Server address: Port: g
User name: Password:
50 Mumber of steps on partitioning of drcumferences
Smoothing
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 107, 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 vessel (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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Tl
mEE
maE

colors” or use the appropriate icon |,

"Image quality" tab

Manual setup

Set image options manually.

Default

Use default values.

Smooth transition in
operations

view

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 wupdates at the
application run

Notify of updates,
require dongle updating

which

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)

3.13. 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.

User’s Manual

61




VESSEL STRENGTH ANALYSIS SOFTWARE

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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3.14. 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 hs

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 N-m v
Diameter, thickness mm - Temperature =C @
Area m?2 - Angle v -
Moment of inertia ma - Density kg/m? A
Stress, pressure MPa - Mass a -
Farce M - Velodty kmfh ©
Program default system of units International system of units {SI)
English system of units (U.5.) Gravitational metric system (MKS)

Gravity acceleration, g
(O Normal value

(O Tech value 9.807 m/s?

(®) User value 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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3.15. 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.

.
(B PASSAT 2.08 - [Passat - horizontal2] O | B |G|

-

Fle Edit | Components Wiew Options Calculation  Help

] &C\'Iinder FHIP e aaqoa+d AFE FI=E-188

Model tree
& Conical transition

Saddle support
h[ pp
HNozzle 4

"
@| Reinforcing ring

Lumped weight

‘\;\M External loads on apparatus
Dished heads

Flat heads

Flanges

Detachable covers

y v v v ¥

Heat Exchangers

% Air-cooling heat exchanger
51 Bend

Jackets 3
"\.—; Elipsoidal bulk

Ei Passat - h . Elipsoidal transition s

Prass F1 for he

High pressure components L3

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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Where to add a component?

Cylindrical shell N1 - end
Culindrical shell M1 - start

Elliptic head M1 - start
Elliptic head M2 - 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.
3.15.1.1 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.

3.15.1.2 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.

3.15.1.3 Temperature
Temperature, at which material properties in operation state are calculated.
3.15.1.4 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):

User's Manual 65



VESSEL STRENGTH ANALYSIS SOFTWARE

p'=4p+p-g-h, if pisinternal, or if p is external but |p| <[ p+p-g-hl;
p'==p, if pis external and [+ p| >+ p+p-g-h|.
3.15.1.5 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.

3.15.1.6 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

Mame:
Type of material:
Material (steel) grade:

Type of workpiece:

Design life:

Thickness range:

Estimate [o]

GOST 34233,1—2017 (Vessels and apparatus

Ccr3

Steel
Carbonic

Pipe

Material properties at design temperature

Design life < 100 000 h
<= 20MM
Actual thickness of the wall: | 10 mm
Allowable stresses, [0]: | 154 MPa
Yield point, Re: | 250 MPa
Strength limit, Rm: | 450 MPa

Modulus of longitudinal elasticity, E: 159000 MPa

Linear expansion factor, a: 1.16e-005 1f°C

Long strength limit, Rm105: g MPa

Show properties table

Creep limit, Rp10~5: | MPa

Selection of material
Per the fragment of name:

Per Type/Grade:

Per the material type: | All

Per the material (steel) grade: | All

Per the workpiece type:

Design temperature: | 2

All

Cx

Material properties at a temperature T=20°C

Allowable stresses, [0][20]:| 154
Yield point, Re[20]: | 250
Strength limit, Rm[20]: | 450

Modulus of longitudinal elasticity, E[20]: 19ap00

Edit user materials >

OK. Copy to dipboard

Cancel

MPa
MPa
MPa
MPa

Find

Reset

T,°C [a], MPa Re (Rp1.0, Rpl.2), MPa R, MPa
Factor A: | sppon MPa Factor Ct: | 3300
FactorB: g4 Min, cydes number: = jpgg

EMPa | g1/°C  Rm/10%5,

Density: | 7g5p
Poisson ratio: | .3

MPa | Rp1.0/10"5, MPa

kgjm>

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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r
User's material — ]
0972C KI1245 Material name: 09I2C KM245 Type of material: ~ Steel -
09r2C(265)
0arac-2 Material (steel) grade: | oy alloy =
1.0566 P355NL1 <150HM )

10565 P355NLT <40mm Rupture elongation: | jnngwn -
1.4404
e Workpiece | Type/Grade|T,...| Re (Ro1.0, Ro0.2), MPa | Rm, MPa | E, MPa |Alpha, 1...|Rmy10-~5, MPa
SA-240 304 Forging |- | 350 161 258 164000 0,0000136 0
e Forging || 375 152 244 164000 0,0000136 0
TTSE35M Forging  |=| 400 138 220 155000 0,0000136 o
Forging [ ~] 20 245 378 190000 0,0000116 0
Forging [ ~] 100 210 336 191000 0,0000116 0
Forging [~ 150 202 323 186000 0,0000126 0
Forging [ +] 200 104 311 181000 0,0000126 0
Forging [ ~] 250 190 304 176000 0,0000126 0
Forging |- | 300 176 281 171000 0,0000131 1}
t i, b
Delete selected lines
Low-cycle strength (%) Physical properties (%)
Coeffident A: Density:
p— 0 MPa ty: 7800 kg/m3
CoeffidentB: Paisson's ratio: g3
Add capy Delete Coeffident Ct: (¥) If "0, substituted values for steel
Minimum number of g
(*) If "0%, 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:

Adding new “empty” material (“Create”);

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");

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

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™);

Deletion of the group of lines with material properties (“Delete
selected lines™);

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

Setting of material properties, depending on temperature, thickness,
workpiece type, parameters Type/Grade and Class/Condition/Temper
(by analogy with ASME I 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 O, 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).

3.15.1.7 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)

3.15.1.8 Negative tolerance

By |L| 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 - -
Negative tolerance —_— - [&J

Marminal thickness: |l i

[5]

Code: | FTOCT 19303-74 MpokaT AMCTOB0M FOPAYEK AT aHBIA, COpTateHT
WupkHa pynoHa: | 50g . 750 IZ|

TaUHOCTE MPOK TR HoptansHan ToYHOCTE NPOKATKM IZ|

Negative tolerance, mm: | g mm

OTrmeHa

Fig. 3.20 Negative tolerance
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3.15.1.9 Weld strength ratio

This value is set based on weld type and materials used via > button.
Weld joint caefﬂ:iant“ i @

Weld type as per GOST A 52857 1-2007

e

7

&)

Aluinum lloy: Butt blateral. unileteral with
technolosic lining. cartied out by welding in shisking
gas o plasma weiding; Angular T-but weld ith
Biateral solid peneation. caried out by welding in
shislding gas

H

Bt weld or T-bult weld:
fwith bilateral solid
ipenstration, automatic

Copper alloy; Butt weld with biateral solid
penetration, Butt weld with bilateral solid
penetiationcaried of by hand arc welding

I

i

S
3
Q

u
Butt weld vith back un
of roat, T-bult weld with
bilateral solid

penetiation, hand weld

Copper alloy: Butt weld uriletaral with
techolagical ning, Butt weld with bilteral
solid penetrationcaried or by hand arc
welding

Abminu lloy; Butt wels uriletaral, T-bult weld with
uniateral salid penetration, carried ovt by welding in
shieling gas

i

Butt weld available for
one-side welding, with
back weld an the 1oot's
side

Abminum alloy; Butt weld with bilateral solid
penelration, Bitt weld with biateral solid penetiation
carried ou by hand arc welding

Bk 11.

Copper alloy; Dverlapped soldeiing

e
| §

Titanium alloy: Bult weld with bilateral sclid
penetration carried ou by automaic e
welding or hand welding in argen or helium
mecum

T-beam, with
constuction gap of the
detalles welded

B
ﬁj
ES

Aluminum slloy; Butt weld unietaral, T-but weld,
carred out by all cther weld procedures

G
&

Copper allay: Bult weld with bilateral sclid penetration,

Butt weld, with fius or
ceramic subshate,
automatic:

AL
=

Tbutt weld vt back run of root, T bult weld
unilateral with technologic ining, carried out b
automalic arc welding by nonconsumabls electiode in

Titanium aloy; T-butt weld with biateral solid
penetiation by automatic welding or by hand
welding in argon or helium medium

shielding gas

B i

2
n

b

Copper alloy: Bult weld with biaterdl solid penetration,
T-butt weld with back un of root, T-butt weld
urilateral vith technologic ning. carried ut by
manuial or semi-automalic open arc welding by
nonconsumable electiode or by automatic flux
welding

Butt weld, operated

manually from the one Titanium lloy: T-butt weld, without solid

penetialion

F

Fe
(2
f——

E
&

Titarium aloy: Butt weld, available orly from
one side in argon o helium medium, vith
provision of pratection fom the back side

i

1 100% length control 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 _ ﬁ

Longitudinal joint radiography Circumferential joint radiography
@ Full radiography per UW-11(a) Type 1 @ Full radiography per UW-11(a) Type 1
(7) Full radiography per UW-11(a) Type 2 (=) Full radiography per UW-11(a) Type 2
(7) Spot radiegraphy per UW-11(b) Type 1 (”) Spot radiography per UW-11(a,5,b) Type 1
(7) Spotradicgraphy per UW-11{(b) Type 2 (7) Spot radiography per UW-11(a,5,b) Type 2
(7 Mo radiography per UW-11(c) Type 1 (7) Spot radiography per UW-11(b) Type 1
) Mo radiography per UW-11{c) Type 2 7 spotradiography per UW-11{(b) Type 2 I
) Mo radiography per UW-12 Type 4 (7 Mo radiography per UW-11(c) Type 1
) Seamless ) Mo radiography per UW-11{c) Type 2
) User defined () Mo radiography per UW-12 Type 3

Lonaitudind effc ) Mo radiography per UW-12 Type 4
engiudinal smaency: - 1 ) Mo radiography per UW-12 Type 5
) Mo radiography per UW-12 Type &

) User defined

Circumferential effidency: 1

OTMeHa

Fig. 3.22 Weld strength as per ASME

Strength reduction factor of welded joint x

Eutt/Cormer|Tee; Radiographic or ultrasonic inspection 100%. ok
Butt/Corner)Tee; Radiographic or ultrasonic inspection 50%

Butt/Carner/Tee; Radiagraphic or ultrasonic inspection 25%

Butt/Corner/Tee; Radiographic or ultrasanic inspection not less than 10%

r-Mo-W steel; Loaded with bending loads; Ralled pipe

Zr-Mo-W steel; Loaded with bending loads; Centrifugally cast pipe, machined

Zircular seam of & cylindrical or conical shell, loaded with pressure

Seamless component

User defined

[ cr, Cr-Mo-V steel Factor, g Cancel

Fig. 3.23 Weld strength as per PNAE G-7-002-86
3.15.1.10 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, the average density of the thermal insulation kit is specified). 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).
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Insulation parameters selection b
Standart: CN 41-103-2000, MpoeKTHPOBAHWE TENNOEN M30NALMK oBopydoEaHHA U TpyDonpoEoaoE =
Region:  Egnonejicanii paiioH PO - Location: -
Material: - s s s ———— -
Diameter: 13 -
Temperature, *C: g -
Thickness, mm: 23 -

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

Standart: cn 41-103-2000. MpoekTypoBaHHE TENNOBOI H30NALIW 0BODYA0BaHNA 1 TpYBONNOE0A0E ©

Material:

e et gl et i

Applicability: _7pec  L7pec - Density, kg/m3: -

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.3.6)
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Insulation and lining 4
/| Insulation
Insulation name: | <Enter name > #
Insulation thickness, s(i): |0 mm *
o
Insulation density, rof): |0 ka/m3 . Gon W
| Presents under test conditions 5
#| Presents under assembling conditions - T
T - 1
/| Fadng of the inner surface & R
#| Lining Plating (two-avyer steel)
Lining name: <Enter name:>
Lining thickness, s): [ g mm
Lining density, ro{): | 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, rof): 0 kg/m3
Presents under test conditions

Facing of the inner surface

O Lining @
Plating material:
Crt3 i
Plating thickness, s g mm
Corrosion allowance, c1: g mm
Negative tolerance, c2: g8 mm =
Technolegical allowance, c3: g mm
0K 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
Inzide plating
Plating material: | 08X 18r8HZT (KO-3) E
Plating thickness, s': | 3 mm
Corrosion allowance, c1': [ g mm
Negative tolerance, c2':[ g 5 mm ==
Technological allowance, ¢35 mm

Qutside plating

Plating material: | 07X 13AM20 (4C-46) B>
Plating thickness, ;| 3 mm
Corrosion allowance, c1't [ g mm

Negative tolerance, ¢ 5 mm .
Technological allowance, 3 [ g mm

Cancel

Fig. 3.28 Two-sided cladding
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3.15.1.11 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 E|
Assembly or element of vessel Basic clement material Adjacent slement data
. — Malerial. Cr3 -
r r Temperature, T2 20 C
\ \ Thickness, s2. .
|>, DOperating pressure ampliude, Deltapi g MPa
Force ampltuds, DeltaFj. g N
© Bmonth shell Bending moment ampitude, Delahdi o W o
Amplitude of temperature difference of wa neighbouring points on ©
= vassel wal. DehaT 1)
e Amplitude of caleulalion temperatures in junction points .
between two materials, with different linear expansion 0 C
© Junction of shells with diferent thickness coeficients, Deltal

) Butt welding of flange with smooth bransition

weld type or element connection

() Junction with raised part of torispherical head of conical head @%

G Seamless slement

© Plane flanges wekded to the shel () Butt welds with ful penatration and smonth transition
(O Wessel welds with reinforcing plate thioughout the length

© Butt welds and T-welds with full penetration without smoath transition

O Reirforeed butt weld

) Cornection with shel of raised or grooved flat head ) Single-sided welds without reinforcing plate, with lack of penetration in the rocts
©) Connection with shell of welded flat heads of ather types
©) Total raundress as per GOST A 52857.11-2007 ) welds of skid boards

©) Dent s per GOST R 52857.11-2007
© Longitudinal weld deflection &5 per GOST Rt 52857.11-2007

) User defined Local stresses factor. eta 15

© User defined ‘wielding type factor, kst

0K Cancel

Fig. 3.29 Local stress factors
3.15.1.12 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 ﬂ button.
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() Longitudinal weld offzet
) Girth weld offzet
() Total roundness [ovality]

() Girth weld deflection

) Dent, stretched along the axis
) Round dent

Offset, deflection or depth of dent, delta:

Half the roundness zone central angle. psi:

oK

4
0

.

radian

Weld misaliznment, angular misalignment, shell nonroundness as per GOST R 52857.11-2007 g|

Cancel

Fig. 3.30 Defects as per GOST 34233.11

3.15.1.13 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 pararneters

Ellipsnidal bulk

Loading

case

Operating

Operating fluid
fluid narne

density p, kgim?
Operating conditions

1000
£ >
Liquid Filling
O Gas
(®) Liquid
Filling ratio -
Filling ratio, £: 100 o,
Operating fluid group as per CU TR 032/2013: 1 - wn
kind of kest;  Hydrokesting -
Test pressure: 1,47 MPa
Vessel group as per GOST 34233.10:0 [ - | ==

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

oK

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.

3.15.1.14 Component section

Some model components require specifying the cross-section of structural

elements (posts, rods, braces). In this case, it is necessary to set the parameters of
the cross section (Fig. 3.32).
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Section parameters

Section type
(O Round bar

(O Rectangle bar
() Tube

() square tube
(O Rectangle tube

O U-beam

(O Unequal fleg) U-beam
O angle

(O Unequal (leg) angle
() square bal

O T-bar

O Rope

seometrical parameters assignment
(®) as per standart () User defined
Farnily: | all ~
Standart: | GosT 8239-89. Hot-rolled steel flangs beams ~
Section marking: Ttio o~

Geometrical parameters

bes mm 545 mm
hoon mm
bz m

Caleulated values
Cross-section area, i g o117 me

Moment of inertia, [x!| 2 no3e- ma

Moment of inertia, Iv:| 1 9438e ma

Ok Cancel

Fig. 3.32 Section parameters

The following section options are available:

Round bar (circle)

o
X X
Y
Rectangle
tube
A
¥
XA A
5o [2a]
¥
Unequal leg U-
beam

Rectangle bar

(strip) Tube (ring) Square tube
d a
4 b4
X X X X
o]
5
r ¥
I-beam H-beam U-beam
b
= £ L4
[ |
b
Angle Unequal leg Square bar
angle
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Rope

T-bar
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3.15.2. Cylindrical shell

Cylinder 4

Campanent name:  Cylindrical shell Mo, 1 w2

Code:  GOST 34233.2-2017 -

Material: C73 Welded pipe =3

Standatd dimensions
Inside diameter, 0t 1000 mm
Qutside diameter, 00! 1020 mm

Mominal thickness, s: 1g mm
Corrosion allowance, cl: fr
Megative tolerance, c2t g5 rirn | = ’
Technological allowance, €3 g mm Insulation and lining =
Lenath, Lt 2000 mm Loads
Longitudinal welded joint efficiency, qp: = (® Calculate automatically () Define manually
Circular welded joint efficiency, mk: . Calculation axial force, F:
Loading Fressure | Temperature
case p. MPa T.°C Design model bo determine Inp:
Operating 1 20 ®1 Os

Steaming 0,1 20 [/ Oz Os
E g F O3 O7
= - .
4
77 O

|:| Defects as per GOST 34233.11-2017 P2

K, Cancel Design values calculation

Fig. 3.33 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.

80 User's Manual



PASS/EQUIP 3.07

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 diame ters: | T e e L L ©

Workpiece tYPE: progucts in cols

Code: GOST 19304-74 Cold-rolled fiat steel. Grade
Diameter (outer - for pipes), mm:  2gg - Thickness, mm 4 - Width of sheet, mm:  gpp

Precision/Tolerance/IGent: Enhanced accuracy
Applicabiiity: e vessels of non-ferrous metals

0K Cancel

Fig. 3.34 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. 3.35. Lengths of external pressure and axial force are calculated automatically
based on the structure of the model as a whole.

@1 ® z @® 3
{ { {
= 1. =l
77 77
® 4 @5 ® 5
¢ ¢

_g : L‘z‘ F f --E—F -:—F
—_— ——

7

®7

77 77
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Fig. 3.35 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. 3.36). Uniformly distributed lengthwise load is applied to each chain element.

Fig. 3.36 Modeling a cylindrical shell with beam elements
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3.15.3. 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 T

Inside diameter in the end. Dk: 2000 mm

Mominal thickness, sk: 1p mm
Carrosion allowance, c1: 2 mm
Hlecaticlobnzetead 0.5 00 Inzulation and lining >3 Low-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. 3.37 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 disilacement 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. 3.38). 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. 3.38 Modeling a conical transition with beam elements

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

Ellipsoidal head X
Companent name: [ jipsaidal head No.1 |
Code:  GOST R 52857.22007 - &
[ Dimensions a3 per GOST »»
Cra - | Properties.. Add.. !E
Head inzide diameter. I 1000 s ! =
Head wall thickness, s1: 1 mm D
Corrosion allowance, cl: 2 mm
Negative tolerance, c2: g mm
Technological allowance, c3: mm
Head height, H: 257 o
Shiaight Flangs length, b [g o Inzulation and lining »» Lowe-cycle fatigue »»
w/elded joint efficiency, Fi: 1 5% [] Defects as per GOST R 52857.11-2007
Calculation temperature, T: 20 T
[resign pressure [without hpdrostatics), po
) Intemal () Extemal 0 MPa
ak Cahcel Design values calculation

Effective thickness including allowances: s1p + ¢ = 2.8 mm
Allowable pressure: [p] = 2.21 MPa

Fig. 3.39 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. 3.40).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. 3.40 Modeling a dished head with beam elements

Companent name: |Spherical head Mo.1 |

Code:  GOST R 52857.2-2007 -

Head material:

Head inside diameter, D: 1000 T

Head wall thickness, s1: 1 T
Corrosion allowance, cl: 2 M =
Negative tolerance, c2: g mm D
Technological allowance, ¢3: mm
Staight flange length, hi: . - .
o mm | Insulation and lining »> | | Low-cycle fatigue »» |

-
B

‘welded joint efficiency, Fi. 1

[ Defects as per GOST R 52857.11-2007

Calculation temperature, T: 20 T
[resign pressure [without hpdrostatics), p

@ Intemnal O Extenal 0 MPa

Effective thickness including allowances: s1p + c= 2.8 mm
Allowable pressure: [p] = 4.4 MPa

| Design values calculation

Fig. 3.41 Hemispherical head
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Torispherical head

Companent name: |Torisphencal head Mo.1
Code:  GOST R 52857.2-2007 -
Head material: Bl
Cr2 + | Pioperties Add 7 »
Ingide head diameter, D: 1000 mm - * _ﬂ 5
Head thickness, s1: 1 i | =
Carrosion dlowance, cl: 2 frn } n
MNegative tolerance, c2: g mm R
Technological allowance, c3: mm D
Straight flange length, h1: g (i

‘whelded head type

Crown radivs. B 1000 mm

Kruckle radivs, r: 2pp mm ® Seamless

() welded from flat bars

Calculation temperature, T: - 20 T
[resign prezzure [without hydrostatics), p: () Welded from segments
@ Intemal O Extemnal 1 MPa

[] Defects as per GOST B 52857.11-2007

Insulation and lining »>

Low-cycle Fatigue »»

QK Cancel Deszign values calculation

Effective thickness including allowances: s1p + ¢ = 2.8 mm
Allowable prezsure: [p] = 1.4 MPa

Fig. 3.42 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.
3.43). Weld strength factors must be set welded heads.

Seamless Welded from flat bars ~ Welded from segments

Fig. 3.43 Torispherical head types
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3.15.5. Flat conical head

Flat conical head X

Component name:

Code:  GOST 34233.2-2017 =

Head tYDB Nozzle at kop
® With simple reinforcement
§ Connection type
O with knuckle () Without reinfarcement
(2 with reinforcing ring (®) Simple reinforcement
(O Withaut reinforcement

Head material: €73 Sheet S

Head inside diameter, Dt oo mm

Head wall thickness, s1:

! 10 (0D ‘wall thickness of adjacent component, s: 1g mm
Corrosion allowance, cl:

! z i Insertion material{s2): €13 Sheet =3
Megative tolerance, c2! g5 M|

Technological allowance, €3 g mm Tnsertion wal thickness, 521 s Lo
, 52t
Head wall deflection angle, al: 75 o

Head height, Hd: g7 mm

Circular welded joint efficiency, gt: 1 F33

Longitudinal welded joint efficiency, pp: 1

Reinforcement thickness, s1: g mm 52
Reinforcement length, al: o mm
Leling) Phizssy TEranﬂraturE Reinforcement thickness, s2: 0 mm o
case p, Pz T °C s 3
Reinforcement length, a2: 0 mm a
Paboune yonoens 0 20 Conical section material {s1):
C73 Sheet B
ajy
Cylindrical section material (s2):
Insulation and lining == 13 Shest .
QK Cancel Design values calculation

Fig. 3.44 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
GOST 34233.2-2017.

“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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3.15.6. Steep conical head

Steep conical head X
Companent name:
Code: GOST 34233.2-2017 -
Standard dimensions
Head kype
(®) Junckion with cylindrical shel
() Junction with cylindrical shell, with knuckle
() Junction with cylindrical shell, with ring
() Junction with cylindrical shell, without reinforcement o1
Shell makerial: 13 Sheet = +
Head inside diameter, 0t 1000 mm st (st}
Section material s1 (st
wall deflection angle, al: gg [ s ezt ==
Section material s2:
Mominal thickness, ski 1p mm Crd Hise =
Corrosion allowance, cl: 2 mm
Megative tolerance, c2! g, mm | e
Technological allowance, €3 g mm Insertion wall thickness, s1: 15 mrn
Head height, Hb: 150,11 mm Insertion wall thickness, s2: 15 mm
Longitudinal welded jaint efficiency, pp: 1 e Insertion section length, al! g mm
Circular welded joint efficiency, ot 4 . Insertion section length, aZ: g mrm
Loading Pressure | Temperature
case p. MPa T, °C
; - Mozzle at top 52
Operating conditio Q 20 Connection bype
Wacuum o} 20 () withaut reinforcement h
Simple reinforcement o
D Defects as per GOST 34233.11-2017 = @ 2 55 =
Reinforcement thickness, s1: g mm
Insulation and lining ==
9 Reinforcement length, al: o mm |
Reinforcement thickness, s2: 0 mm a4
Reinforcement length, a2: O i
Conical section material {s1):  CT3 Sheet =
Cylindrical section material {s2):  CT13 Sheet =
ok Cancel Design ¥alues calculation

Fig. 3.45 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).

3.15.7. Flat head

Flat head/cover, E
Component hame: | FEITEET TND. Construction of heads and covers
Code: [GOSTR5ME72200 | @1 08
Head material: Oz O3
Cr3 v Add., o) (ol
Inzide diameter of adjacent component, D: | 1000 o o
4 1
‘wall thickness of adjacent component, s |10
o5 Q12
Head wall thickness, s1: |1
Qs Q12
Carrosion allowance, cl: |2
Megative allowance, c2: g5 07 Ou
Technological allowance, c3: | O15
‘welded joint efficiency, Fi. |1 [ Insulation and lining >3
Calculation temperature, T: |20
Calculation pressure, p: el eliets, & |
@ Intemal () Extemal 0
Design values calculation

| llowable pressure: [p] = 0.02842 MPa

Fig. 3.46 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. 3.47).

® 2 ® 3 ® 4 ® 5
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Fig. 3.47 Flat head types as per GOST

Head calculation is now available, as per ASME VIII-1 (versions of structure
are indicated in Fig. 3.48).
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Fig. 3.48 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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3.15.8. Flat head with ribs

Flat head/cover with ribs

Companent name: st head (cover) with ribs Mo, 1

Code:  GOST 34233.2-2017 i
Head material:  CT3 Welded pipe

Inside diameter of adjacent companent, D:

000 mm
‘wall thickness of adiacent component, s: 1 fr.
Head wall thickness, s1: 1 fr.
Corrosion allowance, cl: 2 fr.
Megative tolerance, c2! 5 mm
Technological allowance, c3: g mm
‘Welded joint effidency, q: e
Loading Pressure | Temperature
case p. MPa T, °C
Operating 1 20
Stearming 0 1o
Hub/boss options
Material: C13 Welded pipe
Height, H3:  10p mm
Distance from the head surface, h0: 2g mm
‘wall thickness, s0: 1p mm

Diameter, dd: mim

Allowance to the wall thickness, ¢! g

=

=

i

mm
Rib profile bype
@1 Oz O3 O+ H
Os Oe O7
() Custom QJ_ = B
t

le

Assortment >3

Adjacent component:  Cylindrical shell Ma. 1

Construction of heads and covers
() without hub and bass (®) with hub

() With boss

5y Hp

Hy

@ Yersion 1 O Vetsion 2

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

Rib options {including corrosion)
Rib material: 73 Welded pipe
MNumber of ribs, it g

Welded section width, £ g
Section height, b 2g

Distance to the centroid, et 3
Sectional area, APt 2an
BEET

Rib height, Hp: 2

Second mament of area, Ip:

Welded joint efficiencyaf ribs, pp: 1

i

e

e

B mm
mm?
mirns
mm

=2

Design values calculation

OK

Cancel

Fig. 3.49 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.
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It is possible to attach nozzles to the flat part of the head. If the design code
takes into account the weakening of the head, the nozzles will be considered as
holes.

The available options are shown on Fig. 3.50.

Fig. 3.51 Ribbed head types as per EN 13445-3
3.15.9. 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.
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Flat head with opening X
Componentname:  Mpockas KPEILKA C UEHTPaNbHE peadies o
Hub [ swap
Code:  ASME VIII div.1 i
58
Material: gor2 Sheet EoS ) R By i b b
Head thickness, t: gp mm
Corrosion allowance, cl: 2 mm T & 50
Negative tolerance, c2: g g mm = *
Technolegical allowance, c3: g mm '_*
Shell of
shellinside diameter, Bs: 1500 mm
Conical hub thickness, gis: 50 mm
Cylindrical hub thickness, g0s: 20 mm ] q§_
Cylindrical part length, his: 21 mm
Conical part length, hs: 51 mm Insulation and lining >>
Opening
Opening inside diameter, Bn: 2gg mm
Rim holes
Conical hub thickness, gin: 4g mm Radius, Rs, | Angle, 8,° | Diameter,
Cylindrical hub thickness, gin: 30 mm mm dh, mm
Cylindrical part length, hon: 20 mm 1 526 0 100
Conical part length, hn: 50 mm 2 400 %0 100
Leading Pressure | Termnperature
case p. MPa 1LE add Delete
Pabouue ycnoeua 1 20
Ok Cancel

Fig. 3.52 Integral flat head with opening
The “Hub” option sets the hub on a smaller diameter (Fig. 3.53)

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

=

%

T A T

=

En
Eu
=
&
e
Eis

Ein

e

4 = s

a) without hub b) with hub

Fig. 3.53 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).
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3.15.10. Oval head

This component can be attached to oval nozzle.

Oval cover h - ﬁ
Element name: | 0yal head Ha.1| Cover type ) ) )
Design: @ Typel ) Type 2
Attached to: | Qval nozele Mo.1
Code: |RD 10-243.38 [<]
Cover material
Cra
Larger inside diameter of nozzle, n: | 30 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, c2: | mm
Technological allowance, c3: | fr
Outside bolt diameter, d: |1 IZ| fr
Murnber of bolts, re |12
Wwall thickness, s1: |2 fr
Flange thickness, s3: |13 .
Minor average diameter of the gasket, Du | 220 fr
Calculation temperature, T: | 2p o
Dresign pressure [without hypdrostatics], p:
@ Internal ) Extemnal |1 MPa
[ Cancel ] [ Design values calculation ]
b

Fig. 3.54 Oval head
Possible designs of the head according to RD 10-249-98 shown in Fig. 3.55.

m m

Fig. 3.55 Oval head types

User's Manual 97



VESSEL STRENGTH ANALYSIS SOFTWARE

3.15.11. Spherical head without knuckle

X

Spherical unbeaded head/cover

. - Conztruction of head: and covers
Companent name: |Sphencal unbeaded head [cover| @1
Code:  GOST R 52857.22007 -
Head material: Q2
Cr3 + | Properties... Add..
Inside diameter of adjacent 3
component, 0: 1000 mm
“wall thickness of adjacent component, 52 4 mm O 4
Head radivs. B 1000 mm
Head wall thickness, 1 1p s Os
Corrasion alowance, c1: 2 fey O
Negative talerance, c2: g mm
Technological alowance, 3 g mm Inzulation and linitg »> Head law-cycle fatigus »>
‘Welded joint efficiencyal spherical 1
segments, Fi: i
Circular welded joint efficiencyof of the head 1 5
edge, Fik:
Calculation temperature, T; 20 T
Dezign preszure [without hpdrostatics), p:
) Imtermal () Extemnal ] MPa
[] Defects as per GOST R 52857.11-2007
ak. Cancel Dezign values calculation

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

Fig. 3.56 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. 3.57).
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® 3

Fig. 3.57 Spherical head types
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3.15.12. Nozzle

d).

Mozzle

Component name:

Code:  GOST 34233

32017

Standard dimensions
Nozzle material: €T3 Sheet =
Nozzle inside diameter, di 100 mm
Nozzle outside diameter, do: j2g i
Mozzle wall thickness, s1: 1 i
Total sllowance to thickness, cs: 2 mm |
Exterior patt length, 111 pp froes
Mozzle inner part length, 13: g mm
Mozzle inner part thickness, s3: 1p froes
Corrosion allowance, cs1: g mm
Loading Pressure | Termperature
case p, MPa T °C
Pafiouune yonosna Q 20
PAD
Ring material €13 Sheet x>
Pad width, I2; 1op mm
Pad thickness, s2: 1 mm
Inside part material: 13 Sheet E
WELDED SEAMS:
Longitudinal welded joint efficiency, ol 1 ms
Joint efficiency in the nozzle tie-in zone, @ 1 =
Minimurn sizes of seams:
A 100 mm Al 100 mm AZ: 10 mm
HMext == Cancel

Drawing mark:

Design models of nozzles

()1 -5et-on

() 2 -5et-n

() 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

() & - with weld-in ring

POSITION:
(@) Radial

() In the cross-sectional plane
() Offset
O Tiked
Offsef, Lt
66,9870 mm
Axis offset angle, B:
0 radian

Insulation and lining ==

Nozzle attached to: | Ofieualica unnnHapreccan M21

Design values calculation

Fig. 3.58 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. 3.59, a), positioned in the cross-
sectional plane (Fig. 3.59, b), offset (Fig. 3.59, ¢), or placed arbitrarily (Fig. 3.59,
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(b) In the cross-section

(a) Radial plane

(c) Offset (c) Tilted
Fig. 3.59 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. 3.59). 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 15=0.

For an inward forming nozzle (Fig. 3.60) set a
negative value of “x”.

Fig. 3.60 Inward forming

nozzle
Mozzle X
COmponent name: Drawing mark: Haozzle attached ! grmue cheprueckos HeoTBopToBaHHDE (k
Design models of nozzles
Code:  GOST 34233.3-2017 - g
1-Set-on
Standard dimensions o
Mozzle material: €73 Sheet =3 O 2 - setn
Mozele inside diameter, di | 107 mm (D) 3 - Set-on with reinforcing pad
Mozzle outside diameter, do: i
! e () 4 - Set-in with reinforcing pad
Nozzle wall thickness, 51 1q i
Total alowance to thickness, cs: o mm | s ® & - With pad and internal part )
Exterior part length, 113 10p i () & - With crokch
Nozzle inner part length, 13!
B i 100 o (D) 7 - With weld-in toroidal insertion
Nozzle inner part thickness, 3t g mm |
Corrosion allowance, cs1: g iy O &-with weld-in ring
Loading Pressure | Temperature POSITION:
case p, MPa T,"C ® Radial Coordinates: @ Folar O Cartesian
Along th
Pahoyue yonoeua Q 20 ® togliisas
—
PAD O Tiked
Ring material C73 Sheet =2 Offset, Ru:
- 0 mm
Pad width, 12 1pp mm
Aixis offset angle, 8; 2 4-—-—
Pad thickness, s2: 1 mm 0 R
Inside part material! C13 Sheet fs
WELDED SEAMS:
Longitudinal welded joint efficiency, ql: 1 >
Joink: efficiency in the nozzle tie-in zone, g 1 =
Minirnum sizes of seams: Insulation and lining =3
A 10 mm 4110 mm Az 10 mm
Mexk == Cancel Design values calculation

[Pafioure venoswa]

Diameter of the hole, which does not require any reinforcement: do =0 mm
Allowable pressure: [p] = 2,2006 MPa

Calculation nozzle wall thickness including allowances: s1p+c =2 mm

Fig. 3.61 Nozzle on the head
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Radial Along the axis Tilted

Fig. 3.62 Nozzle positioning on the head

Nozzle model is determined according to GOST 34233.4-2017. See Fig. 3.63
for possible models.

Without additional With projecting With projecting

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

Fig. 3.63 Nozzle types

An analysis of insertion point strength from external forces and moments

(assigned using the TS button) is available for radially placed nozzles in

cylindrical and conical shells and dished heads.
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Loads on nozzle

Code: GOST 34233.3-2017 (oads) =
Loadings for tilted nozzles are spedified only for the
transfer to other elements of the vessel
Loads
O calailate sutomatically Bpnlaads 38 Exismnal
(®) Define manually [[] same loads in all modes
[ Pressure effect is induded in the loads

Loads location Accounting of thermal strains tightness
(®) At the cut of nozzle (®) Without accounting
() In the tie paint () with accounting

Loads coordinate system

(@) Local () Global

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

case tension "-") Fc,N Fl.N Mc,N-m MI,N-m Mt N-m
Operating 0 0 ] 0 0 0
Steaming 0 0 0 0 0 0
Test conditions ] 0 ] 0 0 0

OK Cancel

Fig. 3.64 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 ;.

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. 3.64 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 6 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. 3.65):

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. 3.65 Modeling a nozzle with beam elements
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3.15.13. Oval nozzle

Nozzle X

Component name:

1 Draving mark: Oyl nozzle | Mozzle attached to: | Cyindical shell No.1

o P ——— Diesign models of nozzles

Nozzle material @1 Withaut addiicnel d
Cr3 v | Propetties. Add.
Larget inside diameter of nozzle, 41: (100 (2 - with projecting iward &

Minar inside diameter of nozzle, d2:[10p

i
g

Q3- Witk pad

Nozzle wall thickness, s1: 10

Total allowance ko thickness, cs: 2 (o) :,W"a‘f'dmaﬁ'd”':;é'”g i 1

Nozzle's esterier part length, 112 10p 8-t pad and nernal \>>/< H
part A | Y
o

8 - With insart ring

Caleulation temperature. T: 20

- POSITIONING
slculation pressure, p
Radial
@ Intemal a O
O Extemal
Dffset, Lst:
1000
s offset angle, Teta
Axis derivation angle, omeg:
WELDED M

SEAMS: 0

Longitudinal welded joint efficiency. Fit 1

Welded joint efficiencyintegraln the
nazzle te-in zone. Fis:
Minimum sizes of seams:

Lowwcycle faligue 5>

Delial1p

Design values calculation

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

Fig. 3.66 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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3.15.14. Bend

Bend

Bend design az per 54 03-003-07
(#) a-Seamleszebow (O b - Miter bend

O ¢ -welded elbow (O d-'welded elbow

Element name:

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

Bend intermal diameter. d: | gp

Wall thickness, st [1p —_
Corosion allowance, cl: 2 /"\
Negative allowance, 20 | e
Technological allewance, c2 | \

Bend radius. B: 180

Angle. gamma: |

Bend pasitian

Calzulated temperature, T: |2

Calculated overpreszsure, po
(%) Intemnal () External i
[ Inzulation and lining >3 ]

Estimation of calculation values

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

Fig. 3.67 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. 3.68,a), sectorial (Fig. 3.68,b), welded longitudinally (Fig. 3.68,c)
and welded transversely (Fig. 3.68,d).
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(D

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

Fig. 3.68 Bend types
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3.15.15. Flange joint

Flange joint options.
Component name: | Flange jaint Code: | ASME ViIIA & (g‘:ngli l\zlgnr:y;:m ook

FLANGE #1 (: [Dimensions as pet GOST »» FLANGE #2 ('} O 2-Slip on flangs

e T e et e
Adjacent component: [Ghey £ Adjacent component [Head #2 © 3-Lep oint lange
Irside diameter, D 2000 Flange design

Inside diameter, D: 2000
(2 Raised face O Male-Female

wiallthickness. 5 1 wialltickress, 52 10
O TongueGrove ) Ring Type Joint
Materiak | ggr2c v Material: | par ac v |[Properties | [ Add
Flange/iing aptions Flange/ting options
Materit | garar 3 Wateriat | garac 3 e

Inside diameter, - 2000 Irside diameter, 0 2000

Total allowance. &2 Tatal allowance. 2

Outside diameter, D 23g5 Dutside diameter, D 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 af hub at small end, s0: 14
Thickness of hub at large end, +1: 32 Thickness of hub at large end. s1: 32
Tranaition radiss, | 7

Transition radis, 1|7

Cylindrical hub length, Ic: g Cylindrical hub length, Ie: g

LOADING CONDITIONS
Calculation pressure [without hydiostatics], p:

@lntemal  OFstemal |04

Calculation temperature, T: [ 200

s O [armerid 9] o e
Material [ 5tud groove Maporer no FOCT 481 npyTomnee He Bonse 3 3
o 2 i

Outside diameter, {24+ Outside diameter, Dpn: 2044

Mumber, ri| gg Inside diameter. Dpv: 2013

Dismeter of boled circle, Db: 7150

Fig. 3.69 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 N
ASME VIII div.1 v - —

ASME VIII div.2 N, V -

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. 3.70).
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&1 - Integral weld neck. (%) 2 - 5lip on flange (%) 3 - Lap joint flange

—

[

Fig. 3.70 Flange joint types

Fig. 3.71 - Fig. 3.75 show various flange joint models as per GOST 34233.4-
2017.

- 0 - e
:

i 51

!

Dy

B b B
A" By R
]

(a) Raised face (b) Male-Female

5
d

T

>

Bl

I

3
Dy

i
nt fiy n
L

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

Fig. 3.71 Butt-welded flanges according to GOST 28759.3-90 (a,b,c) and
GOST 28759.4-90 (d)
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(b) Raised face (b) Male-Female (c) Tongue-Grove
Fig. 3.72 Flat welded flanges according to GOST 28759.2-90
d 5 A4 5 L4 &

Ry #'hy o A
Ry A By R Ay

o ¥ da 5
D 0

o] 'R ey 'R
0 I ] i
=1 A =] W
<] Dy & 1
N )
= \ E on
@ @

) Dy Dy

(a) Flat face (b) Tongue-Grove

Fig. 3.74. Flanges for fasteners according to OST 26-01-396-78
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3 3
I P it Y Deni T Depi
D
= bnz
{E — Dcnz
= =
by Ps
[ D,
= —
(@) (b)

Fig. 3.75 Contact flanges

Surface design of the flange joint at calculation as per ASME VIII-1(2) is
shown in Fig. 3.76.

Fig. 3.76 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 | AnnapaTHele NnpHBapHele BCTEIE Na MOCT 25759.3

B " MEADHBIE BCTRIE N0 COCT 25759.5
vt et O 400 ¥ | ApmaTypHbie cTansHsE NpHEapHsie no FOCT 12521-80

Mominal pressure, Py 1,00 !

Fig. 3.77 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 standard gasket r$__<|
Material | oo 0CTEH) N0 Lopy & 40 65 &, |
Flange type Flange version
o

Standark ||'OCT 28759.6-20 MpoKN3AKH H3 HEMET ANMMHECKH:X MATEPHANOE, KOHCTRYKUMA H pasMEpEl

Mominal diameter, Dy
Mominal pressure, Py

Version |l-'1CI'IDJ1HEHHE 1 ~

Fig. 3.78 Standard gasket selection

Dialog window (Fig. 3.78) 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. 3.79):
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Additional fasteners parameters X
Fasteners Cutside diameter, d: 10 > (mm
O Ealts © studs Sectional diameter, db*: mm
(*) Spedify 0 to assign automatically as for a coarse thread
Groove Groove diameter, dn:  1g =% mm
I
Material: 35 Bolting == |
Tightening control: Ng tightening control - & o dn il
Tightening calculation: [[HaEBer bR BB E] H [
dy
Washer 1 Material: CT3 Pipe 3 | hwi 4 mm :
The second is the same !
Washer 2 Material: 13 Pipe >> | w2 4 mm g e

[ The same tightening in all design conditions and testing

K Cancel

Fig. 3.79 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 moment» 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 VI1II-1(2).
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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 X
Insertion makerial:  CT3 Welded pipe =z Sam
Insertion thickness, spn: 7 mm 5a
Elind Swivel cap
[ closed under operating conditions
[ closed under test conditions
Outside diameter, Dt 145 mm ¢
Total allowance, c: g fr
Center distance, & g5 mm |
Inside diameter, di: g mm
Certral part thickness, sp: 2 mm [}
Central part diameter, d2: g4 mm
Distance between webs, B: 7 mm Standard dmensions
Webs diameter, d: 5 mm
OFK Cancel

Fig. 3.80 Insertion

Item “More” allows more detailed sealing surfaces parameters (Fig. 3.81).

Sealing surface parameters X

Boss outside diameter, D2 | 144 mm
Boss height, delta™: |7 mm

Tongue inside diameter, D3: | 117 mim

Tongue (boss) outside diameter, D4 | 137 mm

'
t
(%]

Tongue (boss) height, deltal: [4 5 mm

[ D-

Groove inside diameter, D5: | 115 mm

Groove outside diameter, D6: | 133 mm
Groove depth, delta2: |3 5 mm

[1] swap sealing surfaces [ Boss without indine

OK Cancel

Fig. 3.81 Sealing surfaces
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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
() calculate automatically .
(®) Define manually Fr
[ Pressure effectis incuded in Fr
Loads under operating conditions Mc M
Axial force, Fr: (under o N B
tension the sign is «-=)
Shear force, Fo: g N
Shear force, Fl: N
Circular moment, Mc: g Nm
Longitudinal moment, Ml 5 Nm
Torgue moment, Mt: Mm
Loads under test conditions
Radial force, Fr: (under o N
tension the sign is «-=)
Shear force, Fo: 0 M
Shear force, Fl: N
Circular moment, Mc: g Mm
Longitudinal moment, M g Mm
Torque moment, Mt: g Mm
oK Cancel

Fig. 3.82 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.

3.15.16. Reversal flange
A reversal flanges set similarly to the flange connection.
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Reversal flange joint 'S
Component name: | Reverse fiange No. 1] Code: A VI div. 1 - || Flange joint type
: i I (O Integral weld neck.
Adjacent companent o Gl Adjacent component data Fonge 22" (Matia): 8 ifm:?n::"ge neverse
Adjacent component: Adjacent component: _—
Inside diameter, Bn: gop | mm Inside diameter, Bn: gog  mm Fange facng
wiall thickness, tn: 1 o Wall thickness, tn: 19 mm (®) Raised O MaleFemale [ More
Materiali 55350 Gr.LFg >> Material: 5a-350 Gr.LFg »> O Tongae
Flange/ring options Flange fing options 4
Material: 5a-350 GrLF3 > Material: 5A-350 Gr.LF3 >
Inside diameter, B: 7 = Inside diameter, B: ggq =
Inside diameter, Bt 700 mm
Total allowance, c: o - Total allowance, ¢: g a0
Outside diameter, A: 1200 mm
Fiange thickness, t: 53 mm Flange thickness, t: 30 mm
Hublength, b 100 mm
Thickness of hub at smallend, a0 19 mm
Thickness of hub at back of fiange, gt 20 mm
Transition radius, r: 5 mm Transition radius, 2 5 mm
Cyindrical sleeve length, ho: 20 mm
Fasteners Gasket
Material: 35 > Material: _Properties () LOADING CONDITIONS:
Outside diameter, db: | 10 Sl Spiral wound with carbon steel tape - Design pressure (without hydrostatics), p:
— Dimensions as per ND > @ Internal (O External 1 MPa
Qutside diameter, OG: 500 mm Design temperatures: () Manually (8) Automatically
Number, n: ¢ Inside diameter, IG: 780 mm Design temperature, T: 250 oc
Diameter of bolted crde, € 1979 Thidkmess, hn: 3 o — v——
Next >> Cancel

Fig. 3.83 Reversal flange

Calculation of reversal flanges can be done according to ASME VIII div.1.
Available calculation schemes are shown in Fig. 3.86.
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3.15.17. Bolted heads

Fig. 3.84 Reversal flange types

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

Detachable cover

B

Component name: | Kpsuuka nnockan N1

Code: | GOST R 52857.4,22007

Cover options
Head material
]

Wallthickness, s1: [22 | mm

Comosion allowance. c1: |2 o

Negative tolerance, c2: (08 |mm

Technological allowance, c3: [g o

Thickness in gasket place, s2: |22 ]

Thickness out of seal, 3 [13 | mm

Mirimum diameler of exteror thinned [ ;2=
part, D2

Qutside diameter, Dn: (535 |mm

Welded joirt efficiency. Fi: |1

[C] Slot for separating wall

FLANGE: [FangescoverssperND 2> | [ FangeasperhD | ongere
@ Integral weld neck

Adiacert component data

Adjacent component @ Slip on flange

Inside diameter, D: 400

©) Male-Female
©) Ring Type Joint

m Flange design
Wall thickness, s: 10 o @ Fat
Matetal: |73 ) TongueGoove
Flange options
Material: [Cr3

Inside dizmeter, D:400 | mm
Total sllowance, ¢: o &
Outside dameter. Dn: 535 | mm
Flange thickness. h: 35 o
Hub length, 1: 3 &
Thickness of hub 2t small end. 0: 5 o
Thickness of hub at large end, s1: 16 &
Transtton raduus. r: 7 o
Cyfincrical hub length, le: o &

Clamps Gasket
® Hols ® Suds Notighteringcortrol | =]  Malerial 5 L?Anglrf h:gm;;lm:qs
o s = 5 - esign pressure (without hydrostatics), p
Material: |35 i [5>][] Groove Pesuria no MOCT 7338 ¢ Te&panceio no Wopy A po 65 emaHaL B i -
Outice dameter. d: 20 [ |mm
Outside diameter, Dnp: (457 |mm Calculation temperatures: @ Manually () Automatically
Number. n: [20 Width, bp: (125 | mm Cover, Tkp: |29 <
Diameter of boked cicle, Db: (435 | mm Height. hp: 3 mm Flange. TF: [0 B
Clamps, Tb: [2p T

] Include allowance in rigidity aloulation

Fig. 3.85 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. 3.86 Flat bolted heads as per RD 26-15-88, GOST 34233.4-2017
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Fig. 3.87 Flat bolted heads as per ASME VIlII-1
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4 5
T
o,
< |
b )
& — R
L
sA]
= Dy
= D
s
I
|| D,
' 5

Fig. 3.88 Spherical bolted heads as per RD 26-15-88, GOST 34233.4-2017
123
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1-6 (d)
Fig. 3.89 Spherical bolted heads as per ASME VIII-1
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&
d
=
&

ey
'§ DC.’S
= D

I D6

|| D,
' 5

1-6 (a) with full penetration
Fig. 3.91 Elliptic bolted heads as per ASME VIII-1
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3.15.18. 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|
Companent name: | R einforcing ring #1 Ring is attached to: | Dfeyaiika uMnuHapuyeckan Nl
Inside diameter of the shell, D: [1po0 ; ]
Shelll thickness, 51 |1p J - }[
Distance from component edge, lo: 400 g
Calculation temperature, T: |2p ~
Ring positioning o
() Inside the shel | ¢
() Outside the shell -
Ring type T T L]
®1 Li,.] =
i
Q2 : L .
Ring geametry (including carrasion)
()] L - Ring material
Ot S o v
o5 T wielded section width. & [
o8 I Ring height, h: |
Qv
O it
Distance to the centroid, e: |3 5
Sectional area, &k: g
Ring section mament of inertia, [k: |
wwelded joirt efficiency of ring, Fik: |1
l Dresign values calculation ]

Fig. 3.92 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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O (%) Cushom
Digtance to the centroid, & 53 5 m
Sectional area, Ak 10000 g, mm
Ring section moment of inertia, 1k g330000 romd
"welded joint efficiency of ring, Fik: 1 Fr

Fig. 3.93 Standard sections
Standard cross-section of selected pipe can be selected from the database

Agzortment >

using the button.

3.15.19. 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

Compaonent name:  Reinfordng rings group No. 1

Inside diameter of the shell, Dt 1ppp
Mominal thidkness, 51 1p
Distance from component edge, lo: g 1
Rings number, n: 2
Distance between rings, delta: g2
Calculation temperature, Tt 2p

Ring positioning
(®) Inside the shell

() Outside the shell
Ring type

O1
@2
O3
O a4
s
e
07

() Custom Assortment >

QK

]

]

m

Ring is attached  Cylindrical shell No. 1

iy J

L
Ring geometry {incuding corrosion)
Ring material:
Cr3 =
Welded section width, t: g [,
Ring height, h: 17 mm
Thickness of ring’s upper pan, s5: 3 mm
Ring width, b4:  4g mm
Distance to the centroid, e: mm
Sectional area, Ak: £g. mm
Ring section moment of inertia, g mm4
Welded joint effidency of ring, Fik: 1 =
Cancel i Design values calculation

Fig. 3.94 Stiffening rings group
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3.15.20. Saddle support

Saddle support *

Component name:  Saddle suppart Na.1 Support attached bor Cylindrical shell Na. 1

Code:  G0OST 34233.5-2017 i
Inside shell diameter, Dt 1pon mm
Mominal thickness, s: 1 mm q

Shell reinforcement o —
() without reinforcement ”‘O

() ReinForcing ring

Fixing
® sliding b: o
) Fixed

Suppart width, B 250 mm Standard dimensions

Si t i le, G1:
upport spanning angle, 120 @ Pad thickness, s2: 1 i

Distance from component edge, 100 1375 mm .
: Pad width, b2: 375 T

Saddle design temperature, T 2 i Pad spanning angle, 62: 14 °
p W

5 t height, H: ength, 757

uppart heldnt, 500 ) Sheet extension length, f: ap.757: mm

Pad material:

13 Welded pipe E

[ metailed [ Full girth [ Flip vertical

OF Cancel Design values calculation

Fig. 3.95 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.

[
ID_ T
bZ
b
Tz ]
& "
Fig. 3.96 Saddle support with Fig. 3.97 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 3.15.18). 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. 3.98).

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

Ring position Spacer ribs

@ Inside the shel () Absent

() Dutzide the shell @ Th

) Dutside the shel ° Dnr:e

Fig. 3.98 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. 3.99 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. 3.100):

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. 3.100 Modeling a saddle support with beam elements

If analysis of the support is required (L] Suppart calculation required § - g000rt
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 *
Code: GOST 34233.5-2017 - Standard dimensions
Saddle type e ——— |
O Type 1 O Type 2 ®) Type 3 O Type 4
O Type s O Type s O Type7

Support material: Cr3 Pipe == | [] Flip horizontal QQ
Fnd. concrete: B10 (M150) = h ‘

B

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 %, 45
Distance between support ties, ap: 471 mm I < Q-* R .
Tie width, bp: g mm = -2
I 5 CJ;_ b
Baseplate length, an: 1900 mm Ay
Baseplate width, bn: 250  mm tn
Baseplate thickness, sm: 14 mm Support welding
Mumber of vertical ribs: 3 Welding around the contour
Anchor bolts Weldind cathetus, Aw:  1g mm
Material: €13 Bolting S Welding contour area, Aw: 23995 mm2
Diameter outsidefsectional: 74 0 > |mm Welding contour section
Bolt corrosion, cb: 0 mm ods iy 0,005 m?
Tightening calculation: | N calaulation . Fastening in the longitudinal plane

@ Hinge
(O Rigid fastening
() spedified pliability

Number, n: 4 -
Distance between balts, ab: g5p mm
Support on the base friction constant: g 3

OK. Cancel Design values calculati

Fig. 3.101 Saddle support options
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2y .
£

& |1 &
s
tin

Type 7
Fig. 3.102 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. 3.103)

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.

T

. ENEEENIENRNEENENENIN AR AN A A ERENEE
Az L e e — e | —_—
Yol I )
) P M P
SR R S S
F ||= Ir- |r— |E
1 i LLE: [0 e

Fig. 3.103 Calculation scheme of a horizontal vessel
according to GOST 34233.5

3.15.21. 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.

User’s Manual
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Bracket supports X
Component Name:  Bracket supparts Mo. 1 Attached to:
Code: |WRC 537(107)/297 . Obeyakika LnMHapKH-eckan N21
Design
Material: [ 22 Pugsitiun Reinforcement
Caleulation shell dimeter, Dp: | 1ppp | mm O Gireular (O Without reinforceme
Nominal thickness, s: 1p mm (® Longitudinal (® Reinfordng pad
Distance from component edge, lo: 137.5 mm
Spanning angle, 81 17g o
Support width, b: | 750 mm 7715
Baseplate length, B: | 725 mm
Supportrib tapering, K: | p mm
Maximum rib length, b1 3pp mm =
Reinforcing pad width, b2: | 375 mm fSxi
Rib thickness, s3:  1p mm
Support height, h: | 5og mm
Reinfordng pad lenght, b3:  39p mm
Reinfordng pad thickness, s2: 10 mm r.'::bd;%;bolm
Pad material: Ct3 >3 35 (MOCT 1050-2013) - |Properties.. Add...
Welded joint effidency, @: 1 S Mominal diameter, d: | 12 = mm
Design temperature, T: 2p o Distance from axis to edge, C1: 1125 |mm
Design pressure (without hydrostatics), p: Friction constant: | g3
Internal External | g MPa
oK Cancel

Fig. 3.104 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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3.15.22. Bracket supports of vertical vessel

Bracket supports @

Companent name: Lugs attached to: ‘Ey\induca\ shell B ‘
Tvpe of suppart
Code: |GOST A 52657.5:2007 v
@ Typed O Tyne B i

Caleulation shell diameter, Dp:

g,
OTweeC OType D
Shell thickress. s Shell einforcement
X
b

Distance from component edge, lo: 2 wikthout reinforcement

Suppats pasiion angle, Tetai [0 | @ Reinforcing pad O
Calculation temperature, T Humber of supports
O Two

welced ot efficency, FE [T | S
ree
Dimensions as per GOST »> | O Four

Length of boltom plate, b

Lug height, hl
Distance between mean ines
gussets,

Gussets thickness, s1

Rad. wicth of bottor plate, 1

Distance between reaction point F
and shell or reinforcing pad, &1

Reirforcing pad widh, b

Reinforcing pad length, b3:
Reinforcing pad thickness, s2

Anchor bolts
Materiat:

o3 | [Properties.| [ Add. |

5

Mominal diameter, d
Distance between bolt axis and shel
ot tinforcing pad.

Calcudation pressure [without hydrostatios]. p

Fig. 3.105 Bracket supports of vertical vessel

Bracket support type is determined according to GOST 34233.5-2017 (see
Fig. 3.106).

M
lF

Type C

Fig. 3.106 Bracket supports types
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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.

3.15.23. Supporting legs

Supporting legs

Campanent name: | S upporting legs Legs attached to: |Head 1

Code: | GOST A 52857.65:2007 |  Type of support
Calculation shell dismeter, Dp: | 2000 St Ele
Head wall thickness, 1: [2g H]
Calculation temperature, T: | 1pg
Shell ieinforcement Humber of supports
O without reinforcement (2 Thiee

() Reinforcing pad O Faur

Dimenszions as per GOST »>

Supparting circle diameter, d4: | 4400

Leg outside diameter, d2: | 2np
Leg height, b: [500

Reinforcing pad diameter, d3: [30p

Reinforcing pad thickness. s2; |22
Angle of arival, Alpha2: |2 1

Supparts position angle, Teta: g

EBaseplate width. & [ 4pp

Baseplate lenath. b: | 500

Anchor bolts
Material.

[2E] ~ Add

Nominal diameter, d: {10

Diameter of bolted circle, Db: 2100

Calculation pressure [without hydrostatics), p:

2 0K Cancel
[ o |

Fig. 3.107 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. 3.108).

Supporting leg type is determined according to GOST 26202-84 (see Fig.
3.108).

Type A Type B
Fig. 3.108 Supporting legs types
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3.15.24. Supporting lugs

Supporting lugs.
Component name: |Gupporting lugs
Code: | GOST A 5265752007 |+
Calculation shell diameter, Dp: (1000
Head wal thickness. 1: [1p
Caleulation temperature, T: |20
Shell reinforcement
G Wwithout reinforcement
) Reirforcing pad

Humber of supports
) Thiee
O Faur

Dimensions as per GOST »>

Suppotting circle diameter, d4: [g3g
144
220
s
120

Contact line length. |

Leg height. h

Angle of arival. Alpha2
Masimum ib length, b1

Support b tapering. K

Distance hom di to the edge, C1
Support foundation length, B

@

22
a5

Rib thickness. s3:

Distance between ribs, a;

FED
B

Supports position angle, Teta:
Anchor bolts
taterial

[

o

Add,

5
Nominal dismeter, d: |16+

Diamete of bolted circle, d1: [gon

Caleulation pressure [withaut hydrostatics), p:
01

=

Supporing legs attached to: Eljpsoidal head

Suppart type

Fig. 3.109 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

Arccurate mounting
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3.15.25. Supporting legs on the shell

Supperting legs on the shell *
Compaonent name:  OnopHwie cTolikk Ha oBievaiike Joined to: | Ofeualika NMHApIIECKaR N2 1
Code: WRC 537(107)/297 S| el
) ] Shell reinforcement ¥ &
Calculating shell diameter, Dpt 1000 mm O Mo reinforcement
Wall thickness, s: 1p mm @ Reinforcing pad
Distance from component edge, lo:  5qp mm Pad material: B
Axis offset angle, Teta: 3 3 >> |

Calculation temperature, T:  2g oC Number of supports: g = X
Welded joint effidency, Fi: 1 =
Dimensions as per ND =

Leg height, h: 1000 mm
Welding height, h1: 15p mm

Welding width, ;100 mm

Legs drcumference diameter, d1: 1180 mm
Baseplate width, a: 157 mm

Baseplate length, bt 2gg mm

Reinforcing pad width, b2:  2qp mm

Reinforcing pad length, b3:  30p mm

Reinforcing pad thickness, s2: g mm
Leg cross-section:

OeyTasp 10 Range >
Rotation angle, omega: o
Anchar bolts
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 0 MPa oK Cancel

Fig. 3.110 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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3.15.26. Supporting ring

Supparting ring X

Component name:  supparting fing Lugs attached to:  Cylindrical shell Ma, 1

[ols's Bl (H=nry H.Eednar, "Press.

Calculation shell diameter, DRt 1000 mm
Mominal thickness, st 1 A
Distance from component edge, lor 0p A

Number of lugs, n: ¢

Suppotts pasition angls, B g 2
Suppotts materialt  Cr3 welded pipe B3
Design temparature, T: 2 e W A
welded joink efficiency, @i 4 = 2 ==
Lower ring width, b:  2ng T
Lower ring thickness, th: 1 mm w d&
Upper ring width, c: 2 T Anchar balts I
Uppet ting thickness, tat g fre anchor bolks
Gusset height, h: g mm MaTepHam:  Cr3 Balting >
Gusset thickness, tg: 1g mm Diiarneter
Distance between gussets, 3 200 mm outsidefsectional; 10 0 kel
EFfective bearing width, wh: o Distance between bolt axis

and shell, d; 100 mm
Effective bearing area, Abt g mm?

oK Cancel

Fig. 3.111 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" [73].

A calculation according to EN 13335-3 [58], is also available, in which case
the support configuration corresponds to Fig. 3.112.
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Supporting ring X

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

Code:

Calculation shell diameter, Dp: 1000 mm

rominal thickness, st g mm A thop o
Distance from component edge, ot 100 mm
Murber of lugs, n: ¢
Supports position angle, B: g o H
Supporks material: O3 Welded pipe ] h
Design temperature, T: 2 o 5
‘Welded joint effidency, @ . L
@® RI Bearing:  pagnomepHo:
[@):2 welded section width, £ gp mm
Ou1 Ring height, h:
O NN, 1 40 mm Anchar balts
Oen Uppet pan thickness, s5: 1 fre anchor bolks
O I Wertical pan thickness, s 1q mm Marepnan: €13 Bolting o
O R-11I Lower pan thickness, s6: 1 fn By
O gm outsidefsectional: 10 d 22 |l
LI Distance between balk axis
O and shell, d; 100 mm
O L Welding size, &: 1 T

Distance between reaction
point F1 and shell, 1;

Fig. 3.112 Supporting ring as per EN 13445-3

a i K Canecel
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3.15.27. Lifting lugs

Lifting lug
Element narne: Hecywee ywro N5 Camying element  Qgeyatica UMMHHapHYEckand N2
Code: [OCTPE28S7.22007 - e olifinalo
‘osition oy
Shell calculation diameter, Dp: 1000 T O Circular "EO
Shell wall thickness, & 1 T (®) Meridional Fj
Distance from element edge, lo: {220 o Reinforcemnent of shell

L)

() Wwithaut reinforcement
(%) Reinforcing plate
() Reinfarcing ring

Fositioning angle, Teta: 45

‘wield strength ratio, Fi: 1 33

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

Operating [ Azsembly [ Test
Calculation axial force. F1:

5555 N

[ &

Lug length, B1: 307 mm

Lug thickness. s1: 20 mm

Distance from load to shell or
reinforcing plate, el:

Eccentricity of load, e2:  3p mm

80 mm

Reinforcing plate width, b2 2np T
Reinforcing plate length. b3; 400 mm

Reinforcing plate thickness, s22 10 mm

Calculation overpressure, p:

Ok Cancel

Fig. 3.113 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. 3.114 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.3.15.18).The ring is
considered when analyzing pressure influence on the cylindrical shell.
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3.15.28. Joining pad

Joining pad

Component name: | MppcoeauHenie NE1

Code: WRC 537(107)/297

Calculating shell diameter, Dp:
Wall thickness, s:

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

Welding height, h1:

Welding width, g:

Shell reinforcement

1000
10
500
20
200
100

mm

mm

mm

o

mm

mm

() Mo reinforcement  (®) Reinforcing pad

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

Pad material: C73

Welded joint effidency, Fi:

Calculation temperature, T:

150
300
10

1
20

Design pressure (without hydrostatics), p:

Internal External i

MNext ==

of vessel and its supports.

Fig. 3.115 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 «Nozzle», and can be transferred to neighboring components

rnm
mm
mm
=3
P
o

MPa

Joined to:

ObedaiiKa wanMHApUYecKaa No1

Joining type
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3.15.29. Trunnion
rTn.lnnion ﬂ

Type

Elementname:  Trunnion (assembly nozzle) No. 1

Joined to:  Cylindrical shell Mo, 1

Code: RD 26-02-76-38 M

Dimensions as per ND =3 |

Boss diameter, d: 325 mm

Trunnion wall thickness, s1
("0, if solid trunnion): 10 s

Distance to flange, L: 433 mm

Distance to force appliaction

line, I:

Distance between flanges, e
(707, if one flange): S0 s

Weld strength factor, Fi: 1

Shell reinforcement
() without reinforcement @ Reinforcement pad Positioning:
Displacement, Luw:

438 mm

Pad diameter, Do: 525 mm

. 1000 mm
Pad thickness, sn:
v 10 mm Teta:
0 ®

Design loads on trunnion

P14 12000 M P2+ 12000 N I
[#] More  P1n: 1p000 M P2+ 14000 N
[#]More  PIH: gooo M P2+ 15000 N
Ll
Pj"'
L P
e
[l
- |
I

h —

Fig. 3.116 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 20-02-76-83 - 4 = 5
Vessel weight at lifting, G: 13000 N Ir FP;
Distance to the centroid atlifing, IT: 5000 mm
Distance to the assembly nozzles, IC: ! ]
m |k %G P;
Ic
0K Cancel
— = =

Fig. 3.117 Slinging scheme
For this component, export to Nozzle-FEM program is provided.
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3.15.30. 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. 3.119 includes an example of setting additional
weight and external loads for horizontal vessels.

EE

[ T ——
Compamerd reme. (umped mass o 1 dy, dx
Distance from componert sdge lo: () e ¥,
Coordrate sysem: ) Polar @ Catesin
Cffse. dx 0 L
Cffse, & 0 .
Wertt. G o N
7] Praserts undetest condiions

oK Cancel

Fig. 3.118 Weight loads for horizontal vessels

B oo )
Jopkedto: Ofeeins wmaspmeccan 1| 5
Componant Nams!. | Eqera lbacs orto sosratua Mo |
L R P
- Pt it
Laadngs under cperatng cond
Felo N
Fro N
Fep N
L0} Nm
g Nm
Mg N
[ ok | Concel

Fig. 3.119 External loads for vertical vessels

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

Lump

Compenent name |Limpad mass et |

Distance fom compoewrtadom b (g |
Coodwnale system () Polar (@ Camesian

Fig. 3.120 Weight loads for vertical vessels
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Fx[p
Frlo
F2/p
M
My

gl 15| Cyrckica el 161
Compnent name: | Eatesnal oads ont apparats L

Distance hom compenent edge, o: |0

[ Proserss under et
‘candhons

e undes opesaling cond

[

o

|
Cancel

Fig. 3.121 External loads for vertical vessels

External distributed loads

Applied to:  Ofieuaiika LHAPMECKEn NO1

Component name:  External distributed loads onto apparz

Distance from component edge, lo: g, 1
Distributed along the length, I: 1

m

m

Presents under test
conditions

Loads under oper. cond.

ax: 59 Njm axi g
ay: 100 Nfm qy: | gg|
0K

Fig. 3.122 External loads distributed along the component

3.15.31. 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).

Loads under test cond.

MNjm
MNjm

Cancel
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Wessel fixing x
Fastened companent: | cyfindrical shell No. 1 Y .
Fixdng name:  yiessel fixing Mo, 1 Iy i X
Distance From component edge, lo: Tim J
Linear along the ¥ Pliank: g M . ZzZ
Linear along the ¥ Pliark: 0 e
Linear along the 2 Pliart: 0 i Coordinate system x¥2
Angular around the ¥ Pliant: 0 =fM'm (®) Global () Local
Angular around the ¥ Pliant: 0 2ftm
&ngular around the 2 Fliant: 0 “fhm Presents under mounting condition
114 Cancel

Fig. 3.123 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.

3.15.32. 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 El

Companent name: Attached to; ‘Cplmdmca\ shell M1 ‘
Diistance fram component edge. lo: El
Start angle of platform, TEIaU.D
Platform’s sector angle, Tetal .

Flatform width,
Flatform height, hi

0oo

Bracket lenath.
Bracket height, h:

Clearance between platform and shell, del

Specific weight of platform. Ga:| g po2

Ladder availability
Ladder

Angle of positioning, Teta:

b ¥ Slope. | | 3000 Aerodynamics of platforms(as per As per GOST R 51273-99)
@ Approsimately O Pracisely

n
[[] Presents under test conditions

Aerodynami flicient. K: |0.65
[[] Presents under operating conditions GRS BREIEER
Surface area of stucture, & | 4640000

Fig. 3.124 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

Component name:  Mnowaaks obcnykMBaHHa Ne1 Attached to:  OBevaiika MnMHAPMYeckan Nel
Distance from componentedge, lo: 200  mm

Platform width, 11: 4500  mm

Platform height, h: gop mm

Bracket length, 12: 1000 mm

Bracket height, h2:| mm

Clearance between platform and shell, &: 5p mm

Spedific weight of platform, Ga: g gp2

MPa
Structure material: €13 -
Loading due to material of the platform
®) Related () Absolute
Spedfic weight of material, Gs:| g MPa
Ladder availabil Rais: (] 1 []2[] 3 ] 4
.Ladder B M1002M5H4 Aerodynamics of platforms(as per As per GOST 34283-2017)
Positioning angle, 8: | 13g (® Approximately O Predisely
Slope, I: 2000 mm 1
Weight per unit
a length: 6.3 [N N L//"
width: | 600 mm
i3 mE
Suppart rows number: | 4 Aerodynamic factor, K: | 0.85

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

III Cancel | Design values calculation \

Fig. 3.125 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. 3.126 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.

3.15.33. 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 X

Component name:  Packing Mo, 1 Attached to:  Cylindrical shell Ma.1
Distance From component edge, Io:| g o

|
Diameter, 01: g mm |
Height, hl: o - |
‘Weight of the grid assembled, Gr: g N

Conkents description!  <Enter name s

Packing density, p: 2700 kg/m*
Removable parts material:  C13 Sheet >
‘Welded parts material: | C13 Sheet B
weight of welded grid parts, Gw: O N
Liquid in packing

Liquid filing, £t 100 e

)

Liquid density, pL: 1000 kgjm?
Presents under mounting condition

Presents under best conditions

DK Cancel

Fig. 3.127 Packing
When calculating the weight load, the packing is considered as a complex
component containing:
o 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
p1-m-D;%/4-h;-E; (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)..

154 User's Manual



PASS/EQUIP 3.07

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 to: | Cylindrical shell Mo, 1
Distance from component edge, o 0 mm 0
Diameter, D1: 0O mrm !
Tray height, hi 0 mm
| —— ]
Number of trays, it 2 &
Distance between trays, & 200 mm | — |  }
Weight of each tray as aset, Gt 0 M “
Removable bray parts material: C3 Shest = i - b
‘Welded tray parts material: 13 Shest b T &
Weight of welded tray parts, Gw: 0 " I | “y
figid in ray! [
liqud filing, & 100 oy =
Liquid density, pl: g kgim?
Presents under mounting condition
Presents under test conditions
oK Cancel

Fig. 3.128 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

Mass attached to: | Cylindrical shell ho.1 %
Companent name: | mped mass Mo.1 o
Distance from component edge, lo: o ) e
o ] T
Coordinate system: (0 Polar (@) Cartesian —~ G "\
Offsat, dy: O mm -
Weight, G: g N
|
I

!

Material:  CT3 Shest >

\ |/

Presents under test conditions

Presents under mounting conditions

o
—

1.4 Cancel

Fig. 3.129 Lumped mass
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Applied to: | Cylindical shell K1
Component name: | Eyerrial lnads onta apparatus N1

Distance from companent edge., o El it

Presents under test Presents under operating
conditions i condition

Loads under operating conditior - Loads under test conditions

Fi[p N Fieg N

Feln M Fu:lg N

Fz|p N Fz|g M

Ms:| Nm M| o M m

Mg N My Nm

Fig. 3.130 External loads
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3.15.34. Skirt support

Column vessel support X
Column vessel support‘ 4 b
Component name: Standard dimensions Attached to: Ellipsaidal head Mo, 1
Design
Code:  GOST 34233.9-2017 -
() cylindrical () Conical (@) Composite
Parent inside diameter, D joo0 mm
| —r—
Upper base diameter, O0: 1000 rom 4} - = I ]
N
Dist, From the bottom edge to the skitt, bb: 5123 mm \-—.______.-—-— 5
Base diameter, D11 1800 mm Dy =fi=—
Total support height, b8 1500 mm B
Weld cathetus, A 1 mm - i
o] =
=
DE
Cylindrical section of support
Section material: €T3 Welded pipe >>
Section wall thickness, s0: 15 mm [),
Corrosion allowance, cl: 2 mm
Dﬁ
Megative tolerance, €2: g mm | =
Technological allowance, c3: o mm
Circular welded joint efficiency, @: | o5
Insulation and lining > Lenagth calculation model ==
D Transition section Transition section data ==
Conical section of suppork
Section material: €73 Welded pipe »n [ caleulation in iting conditions | ==
Seckion height, bk 1ggg  mm
Section wall thickness, sk: g m
Carrasion allowance, cik: o mm
Neqgative tolerance, czk: mmo| o
Technological allowance, c3k: g mm
Circular welded joint efficiency, @k: | Fee
Loading Cylindrical section Conical section Suppaorting assembly
case temnperature T, °C temperature Tk, °C temperature, "C
Operating 20 20 20
oK Cancel Apply

Fig. 3.131 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 determ
51274-99 (see Fig. 3.132).

ined according to GOST

R 5 D Gl D 5
A I — & — W jLi
— 1~ (__[ - S ~——-
. = N )
T il B & = = 5 5
‘1(——1 DE D§
Cylindrical Conical Composite
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Fig. 3.132 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.
3.133).

Calculation ternperature estimation >
atels CHY Gorbache 2ak and mass tran: L

Heated end temperature, T1: 2 o

Heat transfer coefficient from the side surface, a:  op Wim2K)
Heat transfer cosfficient from the end surface, al: joo0 wWim2+K) 3
The coefficient of thermal conductivity of the section material, ki 2g WimeK)
Ambient temperature, TD: 2 o
QK Cancel

Fig. 3.133 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 §|

Maternial of support’s transitional:
03X18H11 v | [ Properties.. | [ add. |

Section height, hn: | 500
Section wall thickness, sh: |1
Corrosion allewance, cl: |2
Megative allowance, c2: g

Technological allewance, c3: | g

Circular welded joint efficiency, Fi [

Calculation temperature, Tr: | 300

Fig. 3.134 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. 3.135).

Design scheme as per OST 36-116—% n @

— Column weight at lifting, G: ggooon N
Distance to the centroid at lifting, IT: 10000 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, Hot 15000 mm

Distance to the backstay anchor, lo: 40000| | mm

OK Cancel

Fig. 3.135 Lifting scheme

Supporting assembly type and dimensions can be input by pressing
Mest »»
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Colurmn vessel support X
Supporting assembly | 4 b
Code: GOST 34233.9-2017 -
OTypel OTwpela OTypez O Type3 @ Typed
Assembly elements material:  CT3 Welded pipe 3>
Thickness of the lower supporting ring, 51 35 mm
Corrosion allowance, cl: 2 mm

Negative tolerance, €2 g3 | 5=

Technological allowance, c3: g -

widkh of the lower supporting ring, bl 1ag mm
Emerging width of the lower ring, b2: 140 mm e

S

[ awvailsbility of reinforcing pad

;
width of the upper supporting ring, b4 350 rum by = *

Minimum distance between bwo adiacent ribs, bS: 150 mm bj

Thickness of the upper supporting ring, s2: 3 -
Thickness of the rib, s 15 mm
Height of supporting unit, b 356 mm

Base plate Anchor bolts

Cancrete: B10 (M150) - | Properties... | Add Material; C73 Bolting =2

¥

Consider Foundation plabilty Diameter outside/sectional: 45 o v [mm

Minirnurn inertia moment of 13000000000 mm# .

Foundation hase, IF: Number, i g5

Concrete foundation area, AR 4000000 mm? Diameter of balted circle, Db: 1760 mm

Irregularity ratio of soi Bolt corrosian, cb: D

compression, CF: 0.08 Mijeub.rom | >

0K Cancel apply

Fig. 3.136 Supporting assembly

Supporting assembly type is determined according to GOST R 51274-99 and
GOST 24757-81 (see Fig. 3.137).
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Type 3 Type 4
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Type 5
Fig. 3.137 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.

i . . . B -
Automatic calculation of the foundation geometric parameErs & I @
Foundation type
(") Square b
@ Rectangular
() Circular Side,a: 5000 mm -
() Orbicular Side,b: 3000 mm 5
| Minimum inertia moment: 11250000000 mm4
Area: 15 sg.m I
|
oK Cancel Design values calculation
|

Fig. 3.138 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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Calumn vessel support

MHame Inside

mm

Add fitting
Fittings makerial;
€13 Welded pipe B>

and welding examination)

diameter, d,

Skirt fittings
Wall | Distance fram | Height, | Angular | Lengthof | Length of

thickness, | the base plate, | hu, mm | position, 8, ° |external part, | inside part,
sd, mm hd, mm 11, mm 13, mm

Delete fitting

O Fitkings reinforce the cross section (full penetration

oK

Cancel

Apply

Fig. 3.139 Supporting shell fittings

Any number of fittings (including stretched), as well as their dimensions and
placement, can be input using [_#dd J[_Cow. | 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
( Aeailability of supporting structure ).
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-
Column vessel's support

Availability of supperting structure
Geometry of supporting structure

) Cylindrical shel ) Vertical rods

_) Conical shell @ Indined rods
_) Rigid weightless structure
Supporting structure material:
B25 ~ | Properties... Add.
Number of rods, N: g
Supporting structure height, H: 20000 mm
Upper croumsaribed crde diameter, D 2300 mm

Lower drcumscribed drde diameter, D1: 26p0 mm

Number of belts:

Couplings on each facet

[] Medial junction of diagonal rads
Height borders of bonds placement
Lower level, h1: 100

Upper level, h2:  gon

Orientation of elements

Lugs <t

@ MNormal N / v\\(

_) Tangental ~ -
J i [

Braces “ a

@ Along the row
") Across the row

@ Along the row
) Across the row

Supporting structure

Flate
[ Upper plate

Filling with bonds
7 Absent

*) Beam
“) Brace type 1
_) Brace type 2
_) Brace type 3
*) Brace type 4
*) Cross
_) Cross with upper beam
_) Cross with lower beam
@ Cross with two beams
) Lower knee-brace
") Upper knee-brace
Cross sections
Lugs:
Beams:

Braces:

") Brace with lower beam type 1
~) Brace with lower beam type 2
") Brace with lower beam type 3
_) Brace with lower beam type 4
_) Brace with upper beam type 1
") Brace with upper beam type 2
") Brace with upper beam type 3
() Brace with upper beam type 4
_) Brace with two beams type 1
_) Brace with two beams type 2
_) Brace with two beams type 3

") Brace with two beams type 4

Range >>
Range >>

Range ==

0K

iy

Ay

Cancel Apply

Fig. 3.140 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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{(®) Cywlindrical shel (%) Conical shel

%) vertical rods () Inclined rods

ha

D Dy

Fig. 3.141 Support structure types
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3.15.35. Heat Exchanger with stationary tube plates

General data X
Component name:  Heat exchanger No.1 Presence of baffles in tubular space
Masimum tube span between 400 . ",
Code:  GOST 34233.7.2:2017 - tubeshest and bafle, 1R T
i) Masimum tube span between baflles, 1R
Material: Cr3 Welded pipe > 2R, 400 mm - - —
el e e Baffle thickness: 10 mm I N | IO I | E—
Irwide diameter, D: 1000 mm Bafle material: Cr3Welded pipe » —
Outside diameter, Dot 1020 mm Ancher pins material: 35 Bolling 5> — A
\wal thickness. s 1g m [ Baffles rest on the casing L e
ErdrEEnah o Calculation pressure on the tube sheet
Negative tolerance, €2 0g g | 5y | (@ Auto pR=mas(pTHEMLRT-oM ) I
Technological alowance. o3 g m OMenualyrphe0  MPa pRlsst0 WP
Fist tubesheet clamp Second tubeshest damp
Length, L
[ N 2000 ) O By welding into the casing O By welding inta the casing
ongitudinal weld stength ratio, -
D[ e gt ' L= 55 @ Though flange joint @ {Though flange joint
ircular weld strength ratio, mt: 5
h > @ Flange hbesheet welded 0 the ) Flange tubesheet welded 10
Assembly temperature, (0: 20 °C shel the shel
(0 Sheudered flnge tubesheet ) Showldered flange tubesheet
e e welded to the shell welded to the shell
() Flange hbeshest nelded othe ) Flange hbeshest nelded 1o
end shel the end shel
O Tubeshes! weldedinflange (O Tubeshest welded in flange
Tubesheet welded between Tubesheet welded between
Loading Shell-side, shell Tube-side, tubes Hange and shel i el
ge and shel lange and shel
case Pressure Temperature, °C Pressure Temnperature, 'C
ph, MPa Desin, Ts Mean,t pT, MPa Design, Tt Mean, T
Operating 1 60 20 1 60 40
Stearning 0 120 100 0 120 100
Shellside space filing >> Tube-side space fllng »>
s e | [ Copaa

Fig. 3.142 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. 3.143.

Heat exchanger design according to ASME VIII-1(2) is possible. In this case,
design options are shown in Fig. 3.144. For a heat exchanger according to ASME,
the “Kettle Shell Exchanger” option is available; in this case, the boiler parameters
are set on the “Expander 1” tab.
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(%) By welding into the casing @® Fll_lar;lge tubeshest welded to the
she

K.=17

£.=17

ii : K. =17

® Shouldered flange tubeshest @® Flange tubesheet welded to
welded to the shell the end shel

K,=12 K,=17

f = T =
(%) Tubesheet welded in flange ® Tubesheet welded between

fFlange and shell

K =35

Fig. 3.143 Tube plate joints
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UHX-13.1 (a) UHX-13.1 (b)

UHX-13.1 (c) UHX-13.1 (d)
Fig. 3.144 Tube plate fixing as per ASME VIl1I-1

Properties of the tube plate joint can be input by pressing (see
i.3.15.36).
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3.15.36. Tube plate joint

First tubesheet connection X

Flange of chamber

Flange of shell

Flange bype

Vikor: EET v fropetes..)_&cd.. ]

Waterisl: 73

v |[properties. . |[_add.. |

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

Internal diameter, Dt

Total alowance, c:

External diameter, Or
Flange height,
Corical sleeve length,
Thickness of sleeve’s eulindrical part,
Thickness of sleeve’s conical part, s1:
Transition radius, ri
Length of sleeve’s cylindrical part, Ic: D
Adiacent element of chamber
Adjacent element: l:l
Internal diameter, D: D
wiall thickness, s: D

Matarial [y v |[Properties. . |[__add...
Fasteners
@oks O studs [ Tightening contral
Material: Dstud groove
|=s + |[Properties. ][ add.._ |
Outside diameter, d:
Nurmber, n:

Diameter of bolted circle, Db: D
Gasket
Material: Properties. .. Add...

[Pesita mo MOCT 7338 £ TepaccTo0 o Wapy A 40 65 SaHHHL

Dimensions as per GOST »>|
Mean diameter, Den: D

width, bn:

Thickness, b [ |

External diameter, Dn:
Flange height, hi:

Tubesheet

Tubeshest thickness, sp:

Total alowance, cp
Calculated temperature, Tp:

Flanges version
(&) Flat O Lug-socket
) Dowel-slat () Ockahedron

Calculated temperature of flanges, T:

Material: ‘03

Adjacent element of the shell [Jinsulated flanges
Adiacent slemert: | Heat exchanger shel
Internal diameter, D: [ 1gng
wiall thickness, st
o [properties. J[_add.. ][ Flange dmensions as per GOST »> |
[ Take a shellflange as a chamber fange |

[ <hmaa | paree> | [ Cwena | [ Crpaexa

Fig. 3.145 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 s

Inside diameter, D: | 1000 | mm

Thickness, s1: | 2n mm

Corrosion allowance, cl:| 2 mm
Negative tolerance, c2:[ g mm | >>
Technological allowance, 3: [ g mm

Length, 11: 2nn mm

Design temperature, T1:| 5 oC

OK

Insulation and lining ==

Cancel

Fig. 3.146 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.3.15.37).
3.15.37. Tube bundle properties

T T — 5]
PacnonowenHe oTaepeTH ToySel
(V0 e m R ol ool St e Marepnan
O+srpaayos O Omp, nomesosarenzh cr3 v Hapyuei ananetp, dT: | 25
Pacuéras Temnepatypa, T: | 20 Tonwra crercn, sT: | g
Cpearn Temnepatypa, E: | 20 Cymmapran npubaska, T | 7
Kpemmene Ty B nepeoft pewLeTk Kpennesre Ty £0 BTOPO PEwETRE
@ MnaarosasanbuoBatHbie TRy (@ naAkD3aBaNEU0BHHSIE TRYES!
[ e— (@ TR D R
©) 3aBansuosaHEE ¢ OTEOPTCEKOH (O 33eansuoeanmse ¢ oThiopTosKoR
O MeToaom nprsapn O MeToaom nprsapry
v oyskafal: (145 Ynenen. aonyck marpyska, (4l 14.5
FryBuna passaneuceis, bi | 1n Frybra passanscski, b:| 1
[ oeaprari € aBapKoA
karer wea, Dektat [ 7
=
g e
=) i = Y _ i
e Ny
PaccToRHHe OT oo Kodya 40
ack canoit yasnenHo Tpyte, al: | 1574 Is g
. ORDYXHOCTR, BEAFHOR B ==l ~5
vare, BecTpyBryo nnowaa, DE: | 3223 3 e Py
o oteeperi, it [ 733
& WA TR [P e a—————
Ynena Ty, it | 733 Meperopoaka nepeoi Kanepe!
Marc. pasyc Tpy6HoR s0msl, R: | 500 MaTephan:
Wlar pacnonossH#A aTBERCTHTY thi | 32 3 v
AaneTp arsepcTiit, do: | o5.5 Ton, peweti & ecTe naza, n: [ 5
PaCccT. Mexy PRAGMH OTBEPCTHIY, ti | 55,425 LWkapra nasa, bn: [ 11
BLIcOTa BepKHerc cenmenTa, hlt | son Tonwsaneperopoarn, snep: | 19
BLICOTa WiCHerD CerveTa, hz: | 500 CymmapHan npnGaek, o | 2
PacuEThas Tenneparyps, T: | 20
Mepenaa AzBneHi, Deka p: | g
[ <Hazaa ][ roroeo | [ omera | [ crpooxa

Fig. 3.147 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. 3.148)

(®) 50 degrees (®) 50 degrees
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2

< AR KK

‘/ ::!:2:%&?:2{0
i NS S k‘ AW
N Ry

(®) 45 degrees

Pl “

R0
’ %’j
LR c‘

Ay

g

Fig. 3.148 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. 3.149

Sy &
sHEE— 4} S —T s
Iz s
5p p
Smoothly rolled Smoothly rolled, with seal welding
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E-
ty

1
=

Rolled in one groove

Rolled in two and more Rolled in two and more grooves, with seal
grooves welding,

Welded without rolling

Fig. 3.149 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. 3.150.

1 eind NI
Sy e e

L

- | @R

- - =t df
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ﬂﬁzﬂf’:

:—r+‘*_u+

Fig. 3.150 Tube holders in the sheet as per ASME VI1lI-1

Optionally it is possible to add bellows (i.3.15.38) and (or) expander(s)
(i.3.15.39) 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.

3.15.37.1 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. 3.15.37. To
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activate it, select the "Custom" option in the toolbar "Position of holes” A window
specified in Fig. 3.151 will open.

Tube sheet designer X
Holes layout
(®) By squares () By triangles
Tube zone radius, Rt | 500 mm
i Horizontalinterval, tp: g7 =
arrd . Verticalinterval, ty: g2 mm
% oS5 Upper segment height, h1: 500 mm
400 c 6 & ® & 8 Lower segmentheicht, h2: 500 mm
ool . 8 86 6 88 e Left segment width, h3: 500 mm
I . Right segment width, h4: 500 mm
=001 9P OO0 ®0® @ Streams
Streams number: | -
1004 CICECR K]
@ % @ ® ® ®® @ *  x0, mm y0, mm
E 0@ -@-@-©-9-8-@- 8 & & & — 1o = o=
= @6 @O0 ®@E S
-100 @ e 8 @@ )
& 29 @ P00 06
®®®® 686 @
-300+ P @ PO ® @@
0 >0 o ®
500 [] Transpose
|
. ! . . Stream #1: number of pipes 193, relative to the total number 100%
00 00 200 o 260 100 00 Total number of holes: 193
Total number of tubes: 193

X, mm
ChartDirector (unregistared ) from ww advsofteng. cam

By pressing the left mouse button
@® Generate a tube with a hole O Remove tube, leaving a hole
() Remove the tube and the hole: () Generate the anchor pin

Recalculate

=1 oK Cancel

Fig. 3.151 Tube sheet designer

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
move it;

Commands and parameters:

Name Description Sketch

By squares Rows of holes are not displaced
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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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Number of
flows,
configuration

Xo, Yo

UL

Do

Transpose

Create a tube
with hole

Enables creation of pipeless zones . 69
for separating walls, for typical
configurations of multiflow heat P
--
exchangers Q é;j

Q\thint\.\'\-

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

Distance between axis for pipes in
the area of the 1% separating wall

Distance from axis of tube sheet
to axial line of 1% separating wall

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"
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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
3.15.38. 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. 3.152).
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Expansion bellows 3]

Expansion pipe makerial: Type of junction to the shell as per GOST 30730-2002

v OTpea Ompes Oipec
Maximum internal diameter, Ok: [ 1100 = 4
Minimum internl diameter, dk: [ oon % ——=]

ezl thickness, sk:

0

Corrosion allowance, ci: [ 3

Hegative allowance, c2: [g

Technological alawance, c3: | g |

Length of ane section, ok: [ gg

Number of sections, n:

Distance from the shell beginning, Lk:

Ly

Radius of curvature, tki | 20

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

Calculated temperature of wall, T: [ 20
“Weld processing
@ weld's ground face

(O weld's rough surface:
weld positioning

(®To external diameter

CiTo intermal diamstsr

[Ccrean [ rores | [ omewa | [ croeers

Fig. 3.152 Expansion bellows

At calculation of heat exchanger as per GOST 34233-2017, bellows type with
casing is determined according to GOST 30780-2002 (Fig. 3.153).

T % Ik

—_—1

Type A Type B Type C

Fig. 3.153 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. 3.154).
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Without reinforcement With reinforcement Toroidal

Fig. 3.154 Design variants of expansion bellows as per ASME VIII-1
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3.15.39. 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. 3.155). In the presence of expansion
box on the expander, its parameters are set similarly i. 3.15.38.

[ Heat exchanger lﬂ_hJ‘
Expansion box | 4
Expansion box material: o
cT3 B T r o L z-%“
Maximum internal diameter, Dp: 1100 mm M
wall thickness, spac: 10 mm
Corrosion allowance, ci: 2 mm =,
Negative tolerance, c2: 0,8 mm Q
Technological allowance, €3: 0 mm =]
Transitional section’s length, Ip: 50 mm S
Cylindrical section's length, Lp: 200 mm ﬁgx\ ||
Wall deviation angle, betad: &0 o )
Length to the beginning of shell, Lpd:  s5pp mm L.ic ﬁk r
Calculated temperature of wall, T:  2p o LPO fp Q’k Lp

ength ratio, Fit: 1 P

E;(panslun bellows options

Expansion bellows material: Type of junction to the shell as per GOST 30730-2002

o3 . @ Typea Typeb Typec
Maximum internal diameter, Dki 1100 mm gic
—_— B
Minimum internal diameter, dk: 1000 mm
wall thickness, sk:  1p mm
Corrosion allowance, cl: 7 mm
Negative tolerance, c2: g g mm
Technological allowance, c3: g mm
Length of one section, gk: g mm
Mumber of sections, n: 1
Distance from the shell beginning, Lk: mm
Radius of curvature, rk: 29 mm
Weld processing Weld positioning
@ Weld's ground face @ To external diameter
Weld's rough surface To internal diameter

OK Cancel

Fig. 3.155 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. 3.156).
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3
i =
T\
I RN

Lro l» | Ly -‘/

Fig. 3.156 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.

3.15.40. 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. 3.15.35.

Besides, as per GOST 34233.7-2017, a variant of tube sheet clamped between
the flanges is additionally available (Fig. 3.157)

b1

S PnSomttn 12

1y FnSpnfln Rz

Fig. 3.157 Tube sheet between flanges
In accordance with ASME VIII-1, additional configurations are available (see
Fig. 3.158).
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Fig. 3.158 Tubesheet types according to ASME VI11-1

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

3.15.41. 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. 3.159).

Floating-head heat exchanger 3]
iGeneral data | Tubesheet Flange  Floating head | Tubes with bubesheets
Cover parameters Parameters of semi-rings Head type
Hesdmatarial Matsrish 19 < |[roperties...| [ Add. | @eliptic O spherical unbeaded

Head's ring material:
[erz v |[Properties...) [_Add... ]
Flange ernal dameter, D External diameter, Drk | 1045

well tickness, 1: Height in the unsafe cross-section, hk: [ 3p

B Shoulder of forces effect for semi-ring, r1: [ 15

Internal diameter, Dk:[gog

Tatal allowance, ck: [

Hegatve slowance, 2 [0 | Contact’s surface deviation angle, Teta: [ |5
Technlogical allowance, c3: D Tubeshest
Thickness in gasket place, hkp: Material: [cr3 + |[Propertes...| ([ Add.. ]
Head height, H: | 2 Tubesheek thickness, =p: [ 15

External diameter, Dn: | 045 Thickness in gasket place, spn: [ 12

Total allowance, ep: | 2
Diameter of thickened part, DB: | ggg
2

Diameter of corkact with ring, D2: | g5g

EBeading length, hi:

Diameter of holes For bols, do:

‘ield strength ratio of spheric

ments, Fi External diameter, Dp: | 950
Gy e e Eh; hi.i ] O, —
Fasteners Gasket LOADING CONDITIONS:
@oks O studs [rightering control Material: Celculated temperature, T:
Material: [stud groove
[= 3 Froperves ) [ ) [Pesa mo rOCT 7338 ¢ TeepaccToin Mo Wopy A a0 S ey | [ e e

Humber, n:

Diameter of bolted circle, Db:

Qutside diameter, d: Dimensions as per GOST | Mean diameter, Den:
i,
Thickness, hn:

Fig. 3.159 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. 3.160
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Fig. 3.160 Types of floating heads
Version of head corresponds to section “Bolted heads”.
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3.15.42. Air cooled exchanger

Air cooler x
Chamber | Tubes with tubesheets 4
Comgenentnanes Charber dsion
Chamber perameters Detachable with welded cover
e i Detachable with cast cover
Transverse insde dimension, 80: [ 194 | mn piapeial: cilom) 2egal) c3lecin): Fatng || | el
Grid thickness in the perforation area, $1A4: (20 | mm | 10XI7H13MZT >> (1,5 |mm [0 | >= mm [0 |mm | 5> Sl IR R e

Detachable with semicylindrical welded cover
Non-detachable with semicyindrical welded wall
Welded without separating walks

Back wallfcover bottom thickness, s44: | 5 on [ 12GEH0T | 2> | 15 | mm [0 = =
side wal thickness, 578 (15 | mm

Cover thidmess in the flange zone, s5A: | 5 mm Stamped and welded (built-up) without separating walls
Caver flange thickness, s6A: | 13 | mm Welded with separating wals
Outside cross dimension of gasket, B2 | 245 | mm - Gasket Stamped and welded (built-up) with separating walls
Distance betneen axis of bols, B3: 295 | pyy | Matenli | Properbes Add Detachable with cast cover, type 3 as per RTM 26-13-79
Outside cross dimension, B4: 345 | | Paronite eccording to GOST 431 ata thidkness of less than 3mm -
Qutside longitudinal dimension of gasket, L2t | 1232 | mm Width, br: (12 | mm
Grid thickness in the seal place, 524 | mm Thickness, hn: [ 3 &=
Grid thickness out of seal place, s34: | g mm Fasteners
Grid area width with thidnesss1,B1: (222 | mm | (#) Bolts Studs Mo tightening control -
Chamber cover depth, H: [ 109 | mm Material: | 35% >»  [[] Groove
Spherical radius of chamber cover, R 19 | mm Cutside diameter, d: | 15 - mm
Chamber weld strength ratio, >
Transverse inside dimension, L0: | 1223 | mm Number, n: | 45

Design pressure, pT:
Design temperature, T: [ 144 | o¢

! Internal External 0,12 MPa
Chamber holes
Plate Hole | Plate height, | Nozzle | Nozzle length, In, | Offset by X, | Offset by Y, Matg
diameter, Dh, | diameter, d0, | sy, mm | thickness, sn, mm mm mm
mm mm mm
4 m »
Add hole. Delete hole

oK Cancel Appl

Fig. 3.161. 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. 3.162) and tube bundle (Fig. 3.164). 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. 3.162. 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

f\_f} Vs

Wan e |
NP A NP AN/
W W an Nan e
S W4

J

I

Fig. 3.163. Types of tube bundles
Upon pressing button, tube bundle parameters can be defined,
similar to i. 3.15.35.
rt'-\ir cooler " l&r

— 1 4 . - i -
Tubes with tuhesheet5| 4 I
Pipes
Material:
Cr3 >3
Calculation temperature, T: 2 oC
KN fN KN Outside diameter, dT: 75 mm
&/‘ '\J : \xj Wall thickness , sT: g mm
, Total allowance, cT: 2 mm

2

Pipe anchering in the grid

AR
NP RN
ARV A
\LJ
MR
\LJ

Smoothly beaded pipes

=
-

Beaded in one groove

@ Beaded in two or more grooves

Location parameters By welding method

Distance between arids, L: 1ggg  mm Alowable spedficload,[d]: 33,2  Mpa
Longitudinal pitch of holes arrangement, t1: 4p mm Expander depth, IB: 49 m
Transverse pitch of holes arrangement, t2: 45 = | with welding

Weld cathetus, Delta:
Number of holes, n: 195 10 mm

Number of pipes, it §

Diameter of holes, d0: 25 5 mm

Estimation of calculation values

0K Cancel Apply

Fig. 3.164. Tube bundle

If there are screw plugs in the chambers (Fig. 3.165) they can be calculated
according to [34].
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Plugs presence

Plugs
Material: 35 Bolting =
CQutside diameter, dnp: 4 - | mm
Groove diameter, 1t o mm
Plug gasket groove depth, cpt g mm
Waorking thread length, hnp: o M
Gasket

Material:

Rubber according to GOST 7338 with a Shore & less tH| ==

Outside working diameter, Dpn: | 1 mm

Inside working diameter, Dpyv: g mm

Thickness, hn: T

Fig. 3.165. Screw plugs in the chamber

The outer frame can be set according to Fig. 3.166 (it is taken into account
only in the visualization of the model and in the calculation of the metal
consumption table).

Outer frame Mumber of belts: | 5
Bottorm beam (1) ] 10% ==
Side beam (2} | 50x50x6 S
Top beam (3): | | 50x50x6 S
Frame material: | 13 sheet =
Side sheet thickness, sn:| 1 T

Fig. 3.166. External air cooler frame

3.15.43. 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. 3.167
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POSITION:

(@ Radial
Offset, X0:
V] mm
Offset, Y0:
250 mm

Fig. 3.167 Nozzle of the air cooler chamber

3.15.44. Cylindrical jacket

A cylindrical jacket can be joined to any cylindrical shell of the existing
model (Fig. 3.168). 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‘
;s Jacket design
Element name: —drimal tacket Mo
Cylindrical jacket Mo = e (U [ Espansion bellows
Canying element: | Cylindrical shell No.1 (O b -ing junction Junction design
Code: [GOST R 52857.82007 | s 7 @Typea OTypee
Jacket material: OTwpeb O Typed
e v Add...
Distance from element edge, lo: [10p ] @=45°
Jacket internal diameter. D2 {200
by
Wwallthickness. 522 |1 —~| 2 D2
. 4
Carrosion allowance, cl: |2
Megative allowance. 2 g
Technological allowance, c3 | 2 3
Jacket length, I 1000 2 D, 5y
= e

Longitudinal weld strength ratio, Fip: | {
Circular weld strength ratio, Fit: |4 [

Inzulation and lining »> ]

Calculation temperature, T: |20 Space i jacket
Mean vessel wall temperature. Top: |20 Space with fluid
. g filling ratio [und ti
Mean jacket wall temperature, Tep2: | 2 Eaceliipalatclly ::Lr?giﬁ[oang!]]g: 100
Calculation pressure in jacket [without hydrostatics], p2: Name of operating fluid: | <E nter values
@ Internal (O External 01 Deensity of operating fluid: | 1000
Kind of test: | Hyerotesting v

Test pressure: [ 5

[ Sulfurated hydrogen ervironment

[ ok ] [ Cancel ] [ E stimation of caloulation values

| Digtance from the jacket's mid-wall o the vessel's external side; el = 95 mm
Fig. 3.168 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. 3.169).

Volume and weight calculation of the jackets content is possible only using
the fill factor.
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M, «=30° M a=«°

Fig. 3.169 Jacket types as per GOST

Cylinder jackets can have bellows (] Exparsion bellows ) o 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. 3.170 are taken.

1,258, min. ¥
.25t min.

L £
) & mar=00°
]

# i
=2t

Fig. 3.170 Jacket types as per ASME VIII-1

3.15.45. 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 3]

Vessel shell | Jacket shell | Vessel head | Head of jacket
Element name: | IFEEREIIEE

|| Jacket desion

Code: | GOST A 52857.6-2007 &
4 S D
Vessel's shell properties
Vessel shell material
Cr | [Propeties.. ] [ Add. ]

Shellintemnal diameter, D

Shell wall thickness, =
Negative allowance, c2

Technological sllowance, c3: D I

Shel length, L:

Longitudinal weld strenath ratio. Fir

Carosion lowance, c1

Ly
L
3
I

Dy

Circular weld strenath ratio, Fi

Caloulation temperature, T: 20 7
i

Calculation pressure [without hudiostatics), p

@lntemal O Estemal
Guide spiral Irsulation and liing »>

Spiral parameters
Spiral materisl
[1erC | [Propetties ] [_Add__]
Sipial shif,lo: [100

Cross section height, h
Cross section widih, ¢
Weld cathetus, a: [1p
Nuraber of ooils. n: [7

Spiial pich, ts: |20

Calculation weld shength ratio, Fi: |1

Fig. 3.171 U-shaped jacket: vessel shell
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Vessel shell| Jacket shell | essel haad | Head o jacket

Jacket parameters
Shell material

Shellinternal diameter, D2 [1200

Shell wall thickness., s2 [1p

Carmosion dlowance. 1: [
Negalive dlowance. ¢ |08
Techhological sllowance. o3 |

Shelllength, L2 [2100

Ceniral zone diameter, d1: [0 |

Longitudinal weld strength ratio, Fip:
it

Circular weld strength ratio, Fi

Calculation temperature, T: [25 |

Mean vessel wal temperature, Tep: |20

Mean jacket wal lemperature, Tep2: |20

Caleulation pressure in jacket (withoLt hydrostatics], p2:

@ Intemal O Extemal

Distance fiom the jacke! s miduwall to
the vessel’s exteinal side, e0

Jacket design

Junction design

a- cone junction ® Typea O Typec
O b-ting junction O Typeb O Typed
5 D [ «=4°
3|
N i @
-
I (1 D, D 3
o
D 5
= | =t =
Insulation and lining 55
]

Space injacket
Jacket with fluid

Jackek ling ratio (under opersling 75
conditions!

Name of operaiing fluid: (B aegure sraverste
Diensity of aperaling flick [ 1000
Kind o test: | Hydotesting v

Test pressurs: 05

[ Sulfuated hydrogen envionment

Estimation of calculation values

Fig. 3.172 U-shaped jacket: jacket shell

User’s Manual

193



VESSEL STRENGTH ANALYSIS SOFTWARE

Wessel head | Head of jacket

Vessel shell | Jacket shel

Canosion allowance, cl:
Megative alowancs, c2
Technological allowance, ¢3: [g
Head height, H: | 250

Bead length, hi: | 2q

Ring weld strength ratio, Fi

Calculation temperature, T:
Insulation and lining >3

Head type
(&) Elliptic 1
O Hemispherical ! 7
O Torispherical
T

Head material: =
‘ Cr3 v | [ Properties... ] [ Add... ] D

Head intemal diameter, D:

Head wall thickness, s1:

Fig. 3.173 U-shaped jacket: vessel head

ket

‘Vegsel shell | Jacket shell| Wessel head |Haad of jacket

X

Head type

@ Eliptic [ -

Head intemal diameter, D:

Head wall thickness, s1:

Corasion slowance, c1:

Megative allowance, c2

Technological alowance, ¢3: g
Head height. H: | 250
Bead length, h1: [1gp

Ring weld ztrength ratio.

Calculation temperature, T:

Insulation and lining >3

() Hemizpherical
O Torispherical —
T
Head material: =
‘CT3 v| [Plonerlias...] [ Add... ] D

OTreHs

194
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Fig. 3.174 U-shaped jacket: jacket head
3.15.46. Partial jacketing

Partial jacketing data are input similarly to those for cylindrical jackets.

Jacket partly covering a vessel E|

Element name: Supporting element:  Ofievalika uuanHapHyeckan N

Jacket construction as per GOST 25867-83

} Code: GOST R 52857.8-2007 - ) a- junction by bead (%) b - junction by anchar tubes
Jacket material:
Cr3 - | Properties.. Add.. A-A
Anchot tubes material: |r/__\_/‘—|
Cra ~ | Properties.. Add.. A
Dictance from the element edge. lo: 1a20 mm _’l
Jacket internal diameter. D2 1200 mm
Wall thickness, 52 1 mm & 8
Carrosion allowance, ol: 2 mm r‘—““—-—-
Megative tolerance, c2: g g mm \-—El_hFl_‘._L" -~
Technological alowance, c3: mm i!. pr A jT)l
Distance along the axis to the centroid i

ta the first row of junctions, tL: 120 0D

Longitudinal pitch of junctions, tF: 197012 mm

L . Junction type
Nurmber of junctions along the asiz, nL: 5

Nurnber of junctions along the circle, nC: 5 tp
Angular pitch of junctions, detaT: 2q o o
Distance from the edge to the first 10 - 259
row of junctions, delkak:
Junction external diameter, d0: g mm ' '
Wweld cathetus. a: 1 mm L]
Pipe wall thickness, s0: 10 mm
Longitudinal weld strenath ratio, Fip: q 5 d ] i~ \Q
. o o 0 a
Circular weld strength ratio, Fit: q o
Junction weld strength ratio, Fi: q 3y m——
Calculation temperature, T: 20 C Operating fluid in the jacket
Mean vessel wal temperature, Top: 20 T Companent fil factor [!;r?;:?r:g]g 100 %
Mean jacket wall temperature, Tep2: g T Mame of operating fuid: <Beegure sHaverues
Calculated pressure in jacket [without hpdrostatics], p2: L=pettliosatinalibily 1000 ka/m3
&) Intemal ) Extemal 0.1 MPa Testbpe: Hydiotesting i
Test pressure: 5 MPa
Insulation and lining > [ Sulfurated hydrogen environment
Ok Cancel Estimation of deszign values

Jacket length: L = 1000 mm

The circular distance to the first series of connections: tK = 95.9 mm
The circular connections step: tT =191 mm

Half-angle coverage of jacket: psi=50"

Fig. 3.175 Partial jacketing

Jacket and shell joint type is determined according to GOST 34233.8-2017
(GOST 25867-83) (see Fig. 3.176).
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[——————— [ —
! e} M)
_..l W P
Qo= £ 8y
ljFl‘l—l--t A tr
I = A
A L*l
Fig. 3.176 Jacket and vessel body joint types
3.15.47. Half-pipe coil jacket
Half-pipe coil jacket @

Coi channel | Fist nozzle of cail channel | Second nozzle of coil channel
Channel parameters

Carmying element: | Cylindrical shell Mo.1
Element name: | acket with coilad channels No.1

Charrnel design
Code: | GOST R 62857.8-2007 » @ a- semicireular cross-section with V-weld
Channel material: Ob-

Cr3 + | | Properties.. Add...

Shellintemal diameter, D: 1000

ricircular cross-section with comer weld

O ¢ - segmental cross section

Spiral shift, o: 500 o 5
Spiral pitch, ts: | 300 ,ﬁ’
Charingl extermal radius, r2: | g 7
Channel wal thickness, 52 [1g 5 ‘ 2
Consion allowance, c1- |3 L T L
Negative allowance, c2 [g g b, ‘
Techhological allowance, £3: | g
Charnel positioning
Humber of charnel coils, n2: |3

Channel closing number, 13

Calculation weld strength ratio, FiZ: [4

Caloulation temperature, T [ 2g
Mean vessel wall lemperature, Tep: 20

Mean jacket wall temperature, Tep2: |2

Calculation pressure in the channellwithout hudrostatics) p2:
@ Intemal O Extemnal 01

Space in channel
Channel vith fluid
Thannel fling rato: {under operatingl g
canditions)
Mane of operating flic | (E pier values

Derisity of operating fuid gng
Kind of test Hydrotesting w
Test pressures| 2

O Sulfurated hydrogen
snvironment

Fig. 3.177 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. 3.178). Nozzles are automatically placed at coil ends.

52 5 &

2 65: Fa
b, Zal| b b

Fig. 3.178 Coil types

Coiled channel | First nozzle of caoiled channel | Second nozzle of coiled charinel

MNozzle material:

v Adi.. d
Mozzle internal diameter, & (100 !
Mozzle wall thicknesz, s1: |1p 81 1
Total allowance ta thickness, cs |2 | | @
MNozzle's exterior part length, 11: {200
Minimum weld size. Delta: |19 II ’ | I
Longitudinal weld strength ratio, Fil. |4 % ‘ QQ'
“weld strength ratio of shell in nozzle ti'e:-_ir? 1
zone, Fis:

Fig. 3.179 Coil nozzle

3.15.48. 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 g|

Battery channel | First nozzle of battery jacket | Second nozzle of battery jacket
Channel parameters

) - - Carrying element: | Dfevaiika uMnuHapuyeckan N1
Element name: Half-pipe battery jacket Mo.1

Channel design

Code: |GOST R 52857.8-2007 (¥ a - semicircular crozs-section with Y-weld
Channel material

cra v Add..

Shell internal diameter, O: 1000

() b - semicircular cross-zection with comer weld

(O ¢ - segmental cross section

Channel shift, lo: |g 2 55
Channel pitch, ts: | 300

Channel extemal radius, 12: |gp

Chaninel wall thickness, s2: |1

Corrosion allowance, c1: |2 1 ]

Megative allowance, c2: g bg

Technological allowance, c3: |

Channel pozitioning

Mumber of channel coils, n2: |5

el
Calculation weld strength ratio, Fi: |4
Calculation temperature, T: |20
Mean vessel wall termperature, Tep: |20 &

Mear jacket wall temperature, Top: | 20

Calculation pressure in the channel [withaut hydrostatics), p2:
® Intemnal O Extemal 0.3

Space in channel
Space with fluid

Space filing ratio [under operating 100 i %__II
conditioris! | 0

Mame of operating fluid:| < E nter values
Density of operating fluid: 1o

Kind of test:| py g testing 3

Sulfurated hydrogen
erviranment

[ ak. ] [ OtraeHa ]
Fig. 3.180 Half-pipe battery jacket

3.15.49. Jacket with longitudinal channels

Jacket with longitudinal channels can be connected to cylindrical shell or
conical transition.
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PyBalwka ¢ NpogonkHEIMY KaHANaMI

Hecywwii snemeHT:  Ofeualika nuHapuqeckan NE
HopraTueHslil AokymeHT: Pl 26-01-149-84 ©
MaTepuan npoaonbHbIx Tpyh:
Cr3 e
MaTepuan KonbUESoro KonneKTopa:
Cr3 >x
PaccTosHue oT Kpas snemenTa, o g 1 W

Lnana pybawen, L: 13 M

HapysHbiid paguyc TpyBisl, Rn: | 5p MM
TonwmHa crenky Tpybel, sn: 5 e Z
Mpubaeka Ha Kopposuio, cln: 3 MM
MiHYCoBoid fomyck, c2n: g g MM
Mpubaska TexHonormieckan, c3n: g MM
Yucno TpyB, n: 8
HapyskHbili panuyc KonnekTopa, Rk gg MM
TonuwHa CTEeHKM KOANEKTOPE, Ski 5 ™ =
MpubiaBKa Ha KopposMio, Clk: 2 MM
MiHycosoi gonyck, e g5 MM
Mpubaeka TexHonorimeckas, c3k: g MM
K-T NPOYHOCTI CBEPHEIX WBOB, Fi: 1 B
MpOCTPEHCTEN B KaHane >3 oK

KoHcTpykwis pybawm

[ N 5

a
2-2
S
I
I I
TonuwHa CBapHoro WEa KONNeKTOopa, aki 1) " g”DMEHg .
Tuna Tun

TonuwHa ceapHoro wea Tpyhel, an: 1 M
PacuéTHan Temnepatypa crerim pydaww, tp*i 2p °C
TemMnepaTypa aNnapaTa B Hauane pasorpesa, tl: oC
TemnepaTypa TennoHockTens & pyfiauke, t2: og oC

Pac4éTHoe aaBneHue B pyBaluke (Bes ruapoctatu), p2:

@ BHyTpeHHee O Hapy»Hoe 1] kIcfi.om

*ECn1 HeW3BECTHO, 38A8Tk 0, U ykasaTb t1, t2
HeponycTuMel MNacTMHeckine AehopHaLyn

OTmeHa OnpeneneHne pacyETHBIX BENHYHH

Fig. 3.181 Jacket with longitudinal channels

Parameters of channel cavity are specified by pressing “Space in channel”

button, similar to 3.15.1.13.

Types of conjunction are set as per [51] and indicated in Fig. 3.182.

Fig. 3.182 Types of conjunctions
Parameters of pipes and collector (radius, thickness, negative allowance) can

be selected from the grade using button =~ |.

If the wall calculation temperature tp, is unknown, it is necessary to
specify“0” instead of it and set temperatures t;, t,.

Option “Inadmissible plastic deformations” is used in the presence of brittle
coatings, possibility of corrosion cracking, etc.
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3.15.50. 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 @

Compenent name Hlipsoidal bulk No.1
:

Code: [OCTP 5285722007 ~
Bulk material Dimensions as per ND 5>
cr3

Head inside diameter. D: 1000 mm

Head wal thickness. s1: 10 mm
Corosion allowance, c1: 3 o

Negative tokerance. 2. g mm

Technelogical allowancs, ¢3: o

Location refative to the shells
@ Between ) Inside [T invert the side

Head height. H: 250 mm
Straighi flange length, h1: g D
Welded joint efficiency. Fi: 1 > The space behind the wal
Design pressure {without hydrostatics), p2.
Calculation temperature, T: 20 T
Design pressure fwithout hydrostatics). p:

@® intemal Bdemadl 0 MPa Vessel with fluid
By vessel fling ratio

Insuiztion and iring >> Head low-cycle fatigue >> Fling rato: 100

© Intemal Extemal 0 MPa

[7] Defects as per GOST R 52857.11-2007 Name of operating fuid: <Baenre nasearue pasoses ¢
Densty of operating fluid: g0g ka3

Kind of test” g resting S

[ Sulfurated hydragen environment.

OK Cancel

Fig. 3.183 Ellipsoidal bulk
The head of the bulk can be elliptical, spherical or torispherical.

3.15.51. 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

Component name: | virtual bulk Mo, 1
Design pressure (without hydrostatics), p:

(®) Internal () External i} MPa

Calculated pressure behind the wall {without hydrostatics), p2:
(®) Internal () External 1} MPa

| Environment behind the wall {(p2)=>>

X

D ”T

! i =
4,

Cancel

Fig. 3.184 Virtual bulk

3.15.52. Ellipsoidal transition

This component can be used in places of different diameters.

(90 B 0 Bl < il transition Mo, 1

Code: | RD 24.200.08-90 IZ|
Transition material:
cr3
Inside diameter in the beginning. Dn:| 1000
Inside diameter in the end, Dk:|5pp
MNominal thickness, se:|1p
Comosion allowance, c1:
Negative tolerance, c2:
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:| 100
The thickness of the thickened transition part, s10: |2
Welded joint efficiency, Fi:
Calculation temperature, T:| 20
Diesign pressure (without hydrostatics), p:

@ Intemal ) Bxtemal 0

X

Insulation and lining >

[T Defects as per GOST R 52857.11-2007

Fig. 3.185 Ellipsoidal transition
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3.15.53. 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

Forming Belows type

Reinforcing member longitudinal weld efficency, Cur:| 1
Length to the center of the first convolution, Ld: | 0
Effective length of one reinforcing fastener, Lf: 0

Component name: @® Expanding mandrel or roll forming O Unreinforced @) Reinforced O Toroidal
- = () Hydr., elastomeric, or pneum. tube forming = =
Code: ASME VIII div. 1, Mandatory Appendix 26~ (@) Formed from cylinders with an inside diameter of Db i "T‘lﬂ’
O Formed from cylinders with an inside diameter of Dm T A
Material: 5A-240 -321 (PTB-4) Shes| >> Annealing 2 iﬁr
Convolution height, w: 3 & ® As-formed ¥
Minimum inside diameter, Db: 43 n O Annesled
Collar
Wall thickness, tb: 0,048 in 4] Present Material: ¢13 Welded pipe = &
Corrosion allowance, c1: g n Collar thidkness, &z |0 -
= [u Bellows collar length, Lc: | © n
Tangent collar longitudinal weld efficiency, Cwe: 1 e [}
Cross-sectonal area, Atc: | g in +Cl
Convolution pitch, g: 1 n M
[ cold spring L |™
Number of convolutions, N: 13 = L
x0: 0 nyo:|o n 0o radiar
Mumber of plies, n: Displacements Loading Pressure, | Temperature, | x.in | yin | @, | Mt
O caladated o psi g radian | Ibfin
Segmentlength, me: g1 i b fr—
Segmentlength, mis 0,1 in Operating conditio 50 650 45 0 0 0
Radius, fir: 0,25 in
Reddus, i [0.25 T Axial stffness, Kb: | 0 bfjn
stiffening ring material: Cr3 Welded pipe >> | Cross-section of one reinforcing fastener, Af: 0 in?
Reinfordng fastener material: €73 welded pipe >3 Cross-section of one reinforcing member, Ar: o in?
Length AL: g &

B
in

in

Fatigue strength reduction factor, kg (1..4): 1

oK Cancel Design values calculation

Fig. 3.186 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.

3.15.54. 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 X
Component name:  sirycture No. 1
Structure material: Attached o Ofieualika LMMHAPHUETKaR N21
c235 ~ | Properties Add Filing with bonds
Absent Brace with lower b 1
Distance from compenent edge, lo:| 100 e = © Brace with lower beam type
Number of rods, N: O Beam () Brace with lower beam type 2 3 D
Structure height, H: | 1300 o (O Brace type 1 () Brace with lower beam type 3
Start crcumscribed cirde diameter, D 1200 | mm O Brace type 2 O Brace with lower beam type 4 \
End dreumscribed drde diameter, D1: | 1200 o () Brace type 3 () Brace with upper beam type 1
Number of belts:| 3 (®) Brace type 4 () Brace with upper beam type 2

Couplings on each facet (O Cross (O Brace with upper beam type 3
() Cross with upper beam () Brace with upper beam type 4
() Cross with lower beam () Brace with two beams type 1

]

Height borders of bends placement

Lower level, h1: | 100 o= £
Upper level, h2: | 900 o () Cross with two beams () Brace with two beams type 2
Orientation of elements (O Lower knee-brace (O Brace with two beams type 3
Legs =i D
S . (O Upper knee-brace (O Brace with two beams type 4 !
(® Normal o ¥ -
() Tangental ~ " Cross sections
O Along % axis x| Legs: 0D 102 5 Buicokas TOHHOCTE Range »>
(O Along Y axis | |
Braces -~ ~
@® Along the row -\ /"~ Braces: (10 Range =>
(O Across the row h

Ll

oK Cancel

Fig. 3.187 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.

e
g S

&-fg Merannokancrpykunn.pst_horiz
@9 Oeuaiixa unnuapuueckas N1
24| CBopea cocyaa Ne2

T Kecrkan cesz N1
A 3acpennerive annapata Ne2
B Npucoegunerme Ne1

B8 Npucoegunenme Ne2

- Xecrkan conss N4

A Brewwrme Harpyscn na annapar N1
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Fig. 3.188. Modeling a stand by structure
3.15.55. Vertical 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 |

(1 with floating roof
|:| Awailability of pontaon

Inside diameter, ;0700 mm
Operating conditions
Predicted filing level. H: 17000 mm
Nommative internal pressure, p 0002 MPa
Normative internal vacuum, pv: 00005 pMPa

Mawimum storage temperature of product: 20 C

Hydro- and pneumatic test conditions

Allowance for hydro- and pneumatic tests
Test overpressure, p: 0,0025 MPa
Filing levvel. Ha: 17000 mm

119 Cancel

Fig. 3.189 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 [76]

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.
3.15.55.1 Tank wall

Tank E|
wall|
EBelt height, Morminal Megative | Allowance for Material Calor
by, thickness, £, | tolerance, | corrosion,
mm Deltatm, | Deltatc, mm
1 2250 27 09 [ 1 ceas(Craem) (v
EONEEEN 19 0a [ 1 czasicrawm (v a
3 2250 16 05 [+ 1 czas(craemy (v
4 2250 16 0 [ 1 czas(cram) (v
5 2250 14 0 [ 1 czasicrawm (v
6 2250 14 05 [ 1 czas(cranmy (v
7 2250 12 08 [ 1 cos(cram (v
3 2250 12 0 [ 1 czasicram (v
Add belt... Delete bel..
‘wiall anchorage
Anchor bolts
Matenial: Cr3 - Properties.. Add..

Mominal diameter, & 42 = mm

Quantity, na: 24

Diameter of bolted circle, Db 61000 mm

Heat insulation of wall »>

0K Cancel

Fig. 3.190 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 3.15.1.10.

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 3.15.18).

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.
3.15.55.2 Tank roof

Tank g|
Roof |
FSDt;anﬂ:onery roof Lr
() Conical (®) Spherical —
Dresign: - ¥ @ tr
() Casing 10-20
Roof material: ~
£235 [Cr3kn] » ~ L i
Connection with wall 1 @
O Typel @ Type2 O Type3 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. 3.191 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. 3.192):
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Fig. 3.192. Roof-to-wall joining types as per APl 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:

o 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. 3.193).

by supported roof designer tool.

Fig. 3.193 Imported roof frame model
Tank bottom parameters can be set by selecting button.

3.15.55.3 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

208
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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).

Supported roof designer

Cross-sections

Girders: () L 20x12,5x11 Assortment >3

12000

¥y, mm
o
|

-100004

-12000

Braces: O 153 Assortment >>

central ring: O N | #ssortment >
Edge ring: O (IO sssortment >
core: ) | ARNOSGUOERGHRE ~csortmert >>
section 1: O | TR /cortment >>

Section 2: () | 2% L 20x12,5x12 FOCT 8510-86

secton 3: O | Y =ortr=nt >>

Carcass material:  C13 Sheet >3

Assortment >

Central hole diameter, DI: 1420 mm

Edit mode

(O Nodal points creating
(® Nodal points editing RN,
(O Elements creating

(O Elements editing

Keypoint attibutes
XY @ No attibute
O Roof-wall connection
) Roof-column connection

Elements attributes
I dxt g |mm

dxz: 0 mm rot: 0

-10000

dyi: g mm dy2: 0 mm Apply

7 Leftbutton - select node/element

Ctri+Heft button - group selection
Esc, repeated dick - desclect

Ctrl+A - select all nodes/elements

Ctrl+mouse - move

Wheel - zoom

Del - delete

Double ick - edit node coordinates OK

Cancel

Fig. 3.194. 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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Fig. 3.195. 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 3.17.1 for details).
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3.15.55.4 Tank bottom

X

Tank
Head|
Head
taterial of edges:
Cr3kn) 3

Thickness of ring edges. th: 2q mm
Allowance for comosion of edges, Deltatch: 4 mm
Negative allowance for edges, Deltatmb: g g mm
“width of edae inner part, Lb: gon mm

[ Plastic deformations in the edge sheet are allowed

Material of center:
C235 [Cr3kn) ¥

Thickness of center, the: 1 mm

118 Cancel

Fig. 3.196 Tank bottom
Information on the nozzles in the wall and stationary roof is entered by

selecting button.
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3.15.55.5 Tank nozzles

Tank X
MNozzles ‘ 4 F
Wall nozzles
1 2 3
Marme frok-nas MNatpyBok ang zaumcTer MatpyBok npreno-pas; Matpybe
Drawing rnark na k] nz
Inside diameter, mm 303 147 257
Wall thickness, mim 12 4 ]
Type Set-in with reinforcir| «w | Set-in with reinforcir| s | Set-in with reinforcir) s | Set-inw
Pasitioning angle, ® 2] 30 180
Displacernent fram edge, mm 750 300 300
Outside part length, mm 350 200 250
Inside part length, mm 200 125 130
Reinforcement thickness, mm 6 6 ]
Reinfarcement width, mm 315 79,5 136,5
Add.. Edit... Delete selected...

Roof nozzles
1

Marne Aok ceeToBOA
Drawing mark ne
Inside diarmeter, mm 506
Wall thickness, mm 12
Type Set-in wiith reinforcir| s
Positioning angle, ® 0
Displacerment fram edge, mm 350
Outside part length, mm 350
Inside part length, rmm 200
Reinfarcement thickness, mm 10
Reinforcement width, mm 263

Add... Edit... Delete selecked...

OK Cancel Apply

Fig. 3.197 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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3.15.56. High pressure cylinder

High pressure cylinder

Componert name: || lynuppuieckan 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
@ Mutilzyer () 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 shell and casing, sc: 20 mm Design pressure {without hydrostatics), p:
Cormosion allowance, c1: 2 T @ Intemal ) EBxdemal 5 MPa
Negative tolerance. c2: g g mm
Technological allowance, c3: g mm

Shelllength. L: 2000  mm

QK Cancel Design values calculation

Fig. 3.198 High pressure cylinder

Component name, code, material, geometry and weld strength ratios are
assigned equally to cylindrical shell (i. 3.15.2). 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).

214 User's Manual



PASS/EQUIP 3.07

3.15.57. Ellipsoidal high pressure head

Ellipsoidal high pressure head I@
Component name:  [3naunmiueckos aHMLE BoICOKO!
Code: TOCT P 54522-2011 '
Head material:
Cr3 =3 51 E
Head inside diameter, D: 1000 mm T i
Head wall thickness. s1:  4p mm :1:‘
Comosion allowance. c1: 2 mm -
Negative tolerance, c2: g mm
Technological allowance, c3: mm
Head height. H: 25 mm
Straight flangs length, h1: 300 o Insulation and lining >>
Weld strength factor, Fi: 1 >
Calculation temperature, T: 200 = |
Design pressure (without hydrostatics), p
@ Intemal () Extemal 5 MPa
QK Cancel Design values calculation
W

Fig. 3.199 Ellipsoidal high pressure head
3.15.58. High pressure flat head

Flat high pressure head @
Component name:  guue seicorore aasnern Nel CPHS‘MCT‘DH oz dlcoyes
() With conical transition
Code: TOCT P 54522-2011 - ) With radius transition
Head material
Cr3 =
Inside diameter of 500
adiacent componert, D o
Cylindrical part thickness, s° 47 o
Head wall thickness, s1: 11p mm
Comosion allowance. c1: 2 mm
Negative tolerance, c2: g o
Technological allowance, ¢3: mm
Cylindrical beading length, h2: 59 o
Filet radius. r: 28 mm
Insulation and lining >>
Min. thickness in a groove area, s2: gp mm
Groove inside diameter. D1: app mm

Calculation temperature, T: 29 ¢
Design pressure (without hydrostatics), p
@ Intemal ) Extemal 5 MPa

0K Cancel Design values calculation

Fig. 3.200 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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3.15.59. Spherical unbeaded high pressure head

Spherical unbeaded high pressure head ﬂ
Component name ‘Cmepmuacme [AHMWILLE BBICOKOMD
Code: OCT P 54522-2011 @
Head material:
Cr3 =>
Inside diameter of adjacent
component, D: 1000 mm
Wall thickness of adjacent component. s: 49 mm
Head height. H:  5gp mm
Head wall thickness, s1: 40 mm
Comosion allowancs, c1: 2 mm
Negative tolerance. c2: g8 mm Insulztion and lining >>
Technological allowance. c3: mm
Welded joint efficiency, Fi: 1 >

Calculation temperature, T: 29 L
Design pressure {(without hydrostatics). p:
@ Intemal ) Bdemal 5 MPa

oK Cancel Design values calculation

Fig. 3.201 Spherical unbeaded high pressure head
3.15.60. Bolted high pressure flat head

Detachable high pressure flat cover ===
Seal
Component name:  nocias KpbILKa BHICOKOMD ABBACHAR e —
Code: GOST R 545222011 GOST 260 - -
Flange parameters () Biconical ring
Material: 2 PSS (@ Trigonal ing
Inside diameter, D: 600 |mm © Octagonal fing
Cyindical pan ticknese. & 40 ) Pt gasket
Corrosion allowance. ¢1: 3 =
Negative tolerance. c2: g -
Technological allowance, ¢3: g -
Flange outside dameter, D2: 809 mm Heght.hl: 20 mm
Cylincrical bushing length, h6: 100 mm Heght. bl 12 mm
Cyindrical part height, h3: 100 mm Friction angle, ro: 1 .
Sope angls, dgha: (30 Seal thickness, b 4 -
e Slope angle, gamma: 15
Matenal: Cr3 >> ’s‘t;‘gzﬁ' s >> | Dimensions as per ND »> Mean daneter, Dea' 655 mm
Outside diameter. D4: 300 mm Outside diameter, ds: 20 mm
Minimum groove diameter. D5: 550 mm Number of studs. z: g Ring material as per OST 26-01-86-88;
Maximum groove diameter. DE: ggg mm Certtre circle diameter, D3: 7pp mm 12X13 - [Sgm]T20= 380 MPa
Stud hole diameter, d6: 20 mm Stud hole depth, 1B: 5g o
Thickness of center, H1: 44 mm Stud stem diameter, d1s: 19 =
Thickness in the groove point, H2: 32 mm Center hole diameter, d0s: 3 mm
Peripheral part thickness. H3: 40 mm Inside thread diameter, d3s: 195 mm
Calculation temperature, T- 29 T Tead pA. a1 mm
Design pressure {without hydrostatics), p: Tightening: Without control -

@ Irtemal ) Btemal 5 MPa

Consider load from temperature defornations
Load from temperature deformations, - 1111 N

OK Cancel

Fig. 3.202 Bolted high pressure flat head
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3.15.61. Bolted high pressure spherical head

Detachable high pressu
Component name: - Capeputieckan KpLILIKa BBICOKOR 35K

Code: GOST R 54522-2011GOST 262 ~
=3
Inside diameter, D:

600
Cylindrical part thickness. s: 49
Cormosion allowance. c1: 7 mm

0
0
800

Flange parameters
Material: 39
mm
mm
Negative tolerance. c2: m
Technelogical allowance, €3: -
Flange outside diameter, D2. -
Cylindical bushinglength, h: 100 mum
Cylindiical part height, h3: 100 mm
Slope angle. alpha: 37
Head parameters
Head material: ¢r3
Flange material: Cr3

Inside diameter, DT: 600 mm
Thickness,sT: 40 mm
Height. H: 200  mm
Outside diameter, D4: 780 mm
Minimum groove diameter, DS: 610 Unit
Mepimum groove diameter, D: 650 mm
Stud hole diameter, d6: 20
Peripheral part thickness, H4: gg
Weld strength factor, Fi: 1
Caloulation temperaiure. T 29 ¢

Design pressure fwithout hydrostatics). p:

© intemal ) Exemal 5 MPa

[] Consider load from temperature deformations

OK

Seal

Dimensiors as per ND 53 |

Biconical ring
Trigonal ing

Octagonal ing
Flat gasket

Slope angle. gamma: {5

Height.h1: 12 mm
Height.h2: 10 mm

Seal thickness. b: 4 .
Studs
Hastal {35 | Dimersins ages 10 |
Outside diameter, dB: 29 mm
Numberof studs. 2. g
Centre circle diameter. D3 750 mm
Stud hole depth. 1B 50 mm
Stud stem diameter, d1s: 19 mm
Center hole diameter, d0s: 2 mm
Inside thread diameter. d3s: 195  mm
Thread pitch. ts: | mm
Tightening:  Without control _

Cancel

Fig. 3.203 Bolted high pressure spherical head
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3.15.62. High pressure nozzle
High pressure nozzle =)

Component name: [TEEEA Draving mark:  |liryep N2 Nozzle attached |jinmapnseckan obevait
Design models of nozzles

Code: OCT 20-1046-87

@ Leadin inthe cyindiical
Nozzle material % body with reirforcing belt
2 > Lead+n wih discortinuus
Nozzk ] = connection
lozzle inside diameter, d: 100 mm
X Leadin with continuous
Nozzle wall thickness. sw: 49 mm D Comection
Total allowance to thickness, cw: 2 mm Leadin without welded
~ nozze, variant 1

Nozzle's exterior pat length. Iw: 100 mum
Leadin wihout weided
Filet radius, m: 15 mm - nozzle. variant 2

Filetrodus. ©: 10 mm

Caleulation temperature. T: 120 <

Design pressure {without hydrstatics), p PO: SJEN‘
© Radial
i e ) Inthe cross-sectional plane
Reinforcing bandage: O Offeet
Bandage maleral ) Tied
2 > iz
200 mm
Bandage lengih, b
20 fods offset angle, Teta
Bandage thickness, sb: 20 mm . :
Transiton lengih. k- 150 mm
Insuation and Iring >>
0K Cancel Design values calculation

Fig. 3.204 High pressure nozzle
3.15.63. High pressure flange joint

High pressure flange jaint

CompOnEnt M dnarusene CO8AHHSHHE BEICIK Code: RDRATMZ6-01-44-78 - Dy
D,
FLANGE #1 (% FLANGE #2 ("): d‘“
Adjacent component data Adjacent component data £
Adjacent Wiryuep o2 Adjacent “1‘—‘
Inside dismeter, Dt 73 mm Inside diameter, D 73 mm . | .
Wall thickness, s: & mm Wall thickness, s: & mm [ 3
Waterial: 1211 Shezt e Material: 12y Sheet > ] | r i
First Flangs {ring) Second flange (ring) \ [L a
Material: | 12M Shest . Material: 124 Shest > ! poy| N &
Flangs thickness, hav: 32 |mm Flange thickness, hg™ 32 mm | EA
!
Inside diameter, di': | 53 mm Inside diameter, db': 89 mm =
g
Total sllowance, ¢: | 0 m Tokal allowance, ¢ 0 mm
Design temperatures: (O Manually @ Auto
Fasteners Gasket
Assembly temperature, Tn: g oc
Material: 20%H3A Bar > Materiali 125M Sheet >
Outside diameter, d: | 24 < Gasket thickness, hn: | 22 | mm Insulation »>
P— Spherical surface radios, R: | 130 | mm Lgs;i;p:
Nomber, n: | 5 Calculation seal diameter, Dn: | 88.5 | mm .

Balt circle diameter, Duw: 187 mm Qutside flanges dismeter, Db: 730 mm

Holes disrieter, do | ze  mm Distance between flanges, hd: | 122 mm
Loading Pressure | Terperature
case b, MPa TC
Paboume yonosms 7.5 240
Next »> Cancel

Fig. 3.205 High pressure flange joint
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This component can be attached to a high pressure shell or high pressure
nozzle.

3.15.64. High pressure bend

High pressure bend *
Component name: |
Code: RDRTM 26-01-44-78 - A
Material:  12xM Sheet =
Bend inside diameter, d: gg T
Wall thickness, st g A
wall thickness, 51t 1p mm
wall thickness, s2: 1 T =3 5
Corrosion allowance, c1: g mm
Meaative tolerance, c2: g T
Bend radius, Rr: 175 A
Tail length, It yon mm E=plE
Screw length, Ip: sn mm ¥
Rotation angle, y: g o
Bend angle: ap @
Loading Pressure | Temperature
case p, MPa T, "
Pafiouue wonoena A 440
Insulation and lining ==
QK Cancel Design walues calculation

Fig. 3.206 High pressure bend
This component is used to simulate the piping of the high pressure vessels.
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3.15.65. Viewing window in the boss

Viewing window in the boss
Blement name: | Cugrposoe okHo Ha Bofiike Ne1 Dimensions as per ND >> Joined to: Ofewaiika WimHIDHHEC<aR No1
Code:  ATK 24.201.10-90 -
Design
@ Type 1 (oss-slesve-fiange) *) Type 2 (boss-fiange)
Window inside diameter, D: 175 mm
Glass thidness, her: 20 mm
Flange parameters
Material: cr3 -
Outside diameter, D2 245 mm
Thickness, h: 24 o
Groove depth, hl: 5 —
Gasket
Mezn dameter, Dol 185 mm
Width, bnl: 15 mm
Thickness, hnt: 2 —
Material: Properties Add.
Rubber according to GOST 7338 with a Shore Aless tha ~
Fasteners
Material: 35 b
Outside dismeter, d1: 14 - mm Parameters of sleeve Postioning:
Number of studs, n1: g Material: Cr3 > Displacement, Lur:
Diameter of bolted cirde, D3: 220 mm Thickness, het | 35 |mm 1000 mm
Outside diameter, D1 319 mm T;ta‘ ;
Hce petmme e X Groove diameter, Dnl: 202 mm
Material: CT3 >>
P Groovedepth,h2 19 mm
Gmn:_e epth, h3: 15 mm Sleeve diameter, D&: 355 mm
Goove diameter, Dr: | 251 |mm Flange thickness, hf: 20 om
Inside diameter, Din: 230 mm
Thickness, H: 50 m Fasteners
Material: 35 o>
Gasket Outside diameter, d2:
Mean diameter, DiNZ: 185 mm JEINTLEE, ] L
As previous Width, bn2: 15 mm Number of studs, n2: | g
Thickness, hnz: . Diameter of bolted circle, D4 250 mm
Material: Properties.. Add... Gasket
Mean dameter, Don3: 235 mm
Rubber according to GOST 7338 with & Shore A less tha v e Calculation pressure {without hydrostatics), p:
S d de 1 MP
Temperatures s ® Inside *) Outside a
@ Manually ) Automatically Height, nz:[ 7 mm
Boss, Tb: 150 c Flange, Tf: 129 o Material: Properties... || Add.
Studs, Ts: Sleeves, Tc: Wi -
110 C 140 C Rubber according to GOST 7338 with a Shore A less tha oK Cancel

variants of structure:

Fig. 3.207 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. 3.208 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

(%2l 150 219222021 [+]

*Bending tensile strength, am:  1pg MPa
* Guide values:
Annealed glass: 40-60 MPa
Tempered glass: 100-150 MPa

0K Cancel

Fig. 3.209 Additional glass parameters

Using the button L= | it is possible to set additional glass parameters for
strength calculation (Fig. 3.209).

User's Manual 221



VESSEL STRENGTH ANALYSIS SOFTWARE

3.15.66. Viewing window in the nozzle

Viewing window in the nozzle ==

Element name: | Cnorposoe okno Ha wryuepe NO1 Dimensions as per ND >3 Joined to: \iTyuep N1 (Wiryuep N@1 Dot 253ci0mm

Code: ATK 24.201.10-30 -
Bore dameter, D! 170 mm

Boss parameters

Material: C13 =
Thickness, he! 35 mm

Outside diameter, DH: 310 mm

Groove diameter, Dnl: 202 mm

Groove depth, h2: 1 mm

Groove width for nozze, st 10 um
Gasket
Mean diameter, DEN2 185 mm
Width, bnZ 15 mm
Thidness,bn2: 2 um
Material: Properties Add.

Rubber according to GOST 7333 with a Shore A less tha ~

Glass thidness, hers 20 um

Flange parameters

Material: | cr3 >> | Fasteners Temperatures
Cutside diameter, D2: 345  mm Material: 35 £ @ Manually Automatically
Thickness, h: 24 mm Outside dameter, d1: 14 - mm Boss, Thi 2 c
Groove depth, h1: 5 mm Number of studs, n: g Fasteners, Ts: 2p =
Gasket. Diameter of bolted crde, D3: 220 mm Flange, Tf: 2 o
Mean diameter, Donl: | 135 mm
e Width, bl 15 Calculation pressure (without hydrostatics), p:
Thidkness, nz: | 2 - @ Inside Outside 1 MPa
Material: Properties Add
Rubber according to GOST 7338 with a Shore A less tha ~
oK Cancel

Fig. 3.210 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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3.15.67. Flange boss

rFIangeb-oss [ . c- - . . 0 @1

Type
@ Type A (welded)

Element name: dinaHuesan bobeiwxka N21

Joined to:  pReyaiika wanuHapuueckas N21

Code: OCT 26-01-748-73 -

Dimensions as per MD >3

Boss parameters
Material: 3 .

Inside diameter, d1: 73 mm

Outside diameter, D: 195 mm
Thickness, H: 35 mm

Corrosion allowance, cl: g mm

Megative allowance, c2: g mm ©) Use 1 (male) @ Use 3 {groove)
Technological allowance, c3: g mm ©) Use 2 (female) () Use 4 {oval)

Male diameter, D2: 135 mm
) Positioning:
Male height, f: 3 mm Displacement, Lw:
Female diameter, D3: 1721 mm 1000 mm

Female (groove) depth, f1: 3 mm Teta:
Groove inside diameter, D4: g5 mm 0 :

Fasteners
Outside diameter, d: 15 + mm

MNumber of studs, n: 4

Diameter of bolted drde, D1: 150 mm
Criling depth, L: 25 mm
Thread depth, |1 2 mm

Calculation temperature, Tt 2pp oC

Calculation pressure (withuot hydrostatics), p:
@ Inside () Qutside 1,6 MPa

OK Cancel

Fig. 3.211 Flange boss

This component can be joined to cylindrical shell or elliptic head. Possible
variants of structure:
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d
d Dy
Dj’ —
S~ — = g
~ ~
s d; s d;
! D,
D

Groove Oval gasket
Fig. 3.212 Flange boss types

3.15.68. Vessel assembly

This component provides creating of a model that has two or more vessels.
(Fig. 3.213).

Fig. 3.213 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 assermbly X

Component Name:  vegsel assembly Mo, 1
Joined to:  Cylindrical shell No.1

Assembly origin
(®) Relatively to model C5

—ane
() Relatively ko CS at the parent start q(PY_ g
() Relatively to C5 at the parent end
53]
=0 Y0 g Z0: g mm
Turns around own axes:
Fixi o Fit: o FiZ: o @ Zg
b 1
Ok Cancel

Fig. 3.214 Vessel assembly

New coordinate system is shifted relative to the old one at X,, 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.
3.15.69. 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.
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Rigid link
Component Name: | Rigid link N21
Attached to
¥zen conpaxeHna Ne1
(® End point () Start paint:
Connected companent
OBEHafKS WHAHHAPHHECKas M2 1

(® End point () start point

Construction matetial: | CT3 Pipe =
Construction section: | 5
Section rokation angle, w: | g
Diesign temperature, T: | 2q

stiffness calculation stiffriess values

Assortment = >

a

“C

=¥

() absolute Kxil g KR M| g ke
O By cross section Ky: 1000000000] kfmm My g Ko
Kz: Mz .
() Flesible link (rope) o LSt o [0 oK Canicel

Fig. 3.215 Link
The component is attached to the end of the shell or nozzle, to the joining pad,
saddle support, connecting node.

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:

e Absolute - an absolutely rigid link is formed,;

e By cross section - stiffness parameters are calculated for a beam
element of a given section and length;

e Manually - the stiffness components must be entered,;

e Flexible connection (rope) — it is necessary to set the rigidity
parameters and pre-tension of the rope. This link is excluded when a
compressive load is received during the solution process.

3.15.70. 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
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in the calculation of loads as a lumped mass rigidly connected to the selected
parent component.

Custam equipment *

Model file: CiiUsers\Model_4.igs Cpen file...

Attachedbo: | oBeuafica LUHAHHAPHYECK A M2 1

Companent name: | User equipment Na1|

Asserbly origin

(®) Relatively bo world C5

() Relatively to 5 at the parent start
() Relatively to CS at the parent end

®0 0 Yo Z0: 0 mm

Turns around own axes
@ 0 @y 90 pz: 0 @

Scale factor: 0,001
Loading due to equipment weight
(®) By material attributes in the model file
(O By volume of bodies and specified density
() By volume of bodies and specified material

() By specified mass of equipment

Equipment mass: ka Presents under mounting condition
Component bype: | Structure -
0K Cancel Design values calculation

Fig. 3.216 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:
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“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;

“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;

“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;

“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:

Loads from the weight of equipment and metal structures are
calculated in different ways;

Structures attached to the carcass roof are identified as carcass
element.

3.15.71. Non-circular component

This component is intended for modeling and analysis of rectangular

and oval structures.
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Non-circular companent
wessel shell Firsthead Second head  Perfaration

Coriponent name:

EBox material: | C73 Shest

Thickness of short-side plates of vessel, t1:[ 1
Corrasion allowance, €1 2
Negative tolerance, c2:
Thickness of long-side plates of vessel, 21| 3p
Half length of reinforcement on short side, L1:
Distance From midlength of plake ko weld joink, dit| 20
HalFength of reinforcement on long side, L2:
Distance From midlength o plake ko weld joink, dit| 1o
Inside radius, R:
Dimension of rectanqular vessel, L3:
Dimension of rectangular vessel, L4:
Dimension of rectangular vessel, L21:| 30
Dimension of rectangular vessel, L11:] 39
Length of vessel, Lv:| zo0n
100
Longitudinal weld strength ratio, E:| |

Pitch distance, p:

Laading pledlore | tembatature
case
DESIGN + FLUIDO  0.10000 110

Hexpyr it anement o1

Code: ASME VIII div,1-2023

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

=z

Component type

O 13.2(a)1)
O 13.2a)2)
O 13.22)3)
O 13.2(a)4)

O 13.2(2)(5)
® 13.2(a)(8)
O 13.2()7)
O 13.2(2)t8)

Section L1 >

O 13.2(a)(9)
O 13.2(a)(10)
O 13.200(1)
O 13.2(0)(2)

O 13.26%3)
O 13.2()

Section L2>>

G ~RINote (3]
!

Uy £ —— S
| [ [ {
Loy a - — |
y D iFG |
el n = \
5 - |f /
[
1 N\ / ! | IL
‘ |
|
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- f—ts ty—f |t |
|
L |

|’ |

LLﬁ.

Canicel

Fig. 3.217 Non-circular component
Available configurations of the component are determined by the code (Fig.

3.218).

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. 3.218 Non-circular component as per ASME VIl1I-1

The “First head” and “Second head” tabs allow you to create flat heads at the
ends of the component (Fig. 3.219). These heads can be parent components for
nozzles.
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MNon-circular companent

Wessel shell First head  Second head Perforation

Construction of heads and covers

Flat end
Material: | ‘B B =3 s @f 0
Mominal thickness, | 22 mm b1t Og o L
Corrosion allowance, cl:| g i bz Oh Op &]
Negative tolerance, 2t | mm | >
Technological allowance, c3: | g i d1) O g
P w2y Qi Or q
Longitudinal joint efficiency, E: | | %
Circumferential joint efficiency, E: | | o Ok Osiy T
Oe m Os(z

Fig. 3.219 End head of a non-circular component

The “Perforation” tab allow you to create an array of holes that weaken one of
the walls (for example, to model the tube sheet of an air cooling chamber).

Mon-circular component

Wessel shell Firsthead Second head Perforation

Holes in plate ® . P
Perforated wall: (O () | b1t do T
o i

wall thickness, & | 10 ]

Mumber of rows horizontally: | 3

Mumber of rows vertically: | 4

Horizontal pitch, b | 50 mm Hale pattern
Yertical pitch, by: | 50 mm @® squares
Horizontal offset, ¥0:| 0 mm O Triangles
Vertical offset, ¥0: | g mm
Hale diameter, dt | 40 mm
Hole length, T0:| o mm
Diameter d1 - Hole diameter, d1: | 0 T
Hole length, T1:| 0 mm
Diameter d2 Hole diameter, d2: | 0 T

Fig. 3.220 Perforation of the wall of a non-circular component

3.15.72. Connection node

The component, similar to an assembly, allows you to form a point in model
space, which other components (link, fixing, load) will use as a parent node.
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Connection node X
Parent coMPONEnt: | Cfeyaiica LMIMHARHHECKaA N2 1 Y
Companent name! | Cpnnection node| M1 Iy X
Mode origin )
- Z

(®) Relatively to world C5
() Relatively ko C5 at the parent stark
() Relatively ko C5 at the parent end

A0 e Y0H 2000 | mm

Fig. 3.221 Connecting node

User's Manual

232



PASS/EQUIP 3.07

3.16. 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

Ctr+C

3 Copy
Cut

Chrl+x

Paste Chri+y

23| Edit color

Fig. 3.222 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: &l

All components w

Cylindrical zhell M1
Ellipzoidal head H:1
Elipzoidal head M2

Fig. 3.223 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.

3.16.1. 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 ‘& “Group data editing”.

B Group data editing X

Datatype: Temperature M

Component Parameter Walue Replace [l

200

i8]

200

&S]

200
200
200

RER

200
20
3 20

oo

200

&S]

v
< >

Select all Reset selection Loading case:  Pafiadie yenosna - Select Mews value: [ z50] e Replace

oK Cancel

Fig. 3.224 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. 3.224, all temperatures in the model, except for saddles supports

ones, will be replaced to 250°C.
3.16.2. Insulation setting by list

“Insulation list” tool g provides setting and changing of thermal insulation
parameters of several model components.

B Components insulation s
Component Presence MName Thickness| Density |Test conditions| Assembly co... Replace
Cylindrical shell No.2 Insufation 15 150 [N
Flange joint No.1 O Insufation ] ] O
Cylindrical shell Ho.1 Insulation 10 150 O
Elipsoidal head No.1 Insulation 10 150 O
select all Reset selection Insulation Replace
Insulation name:  Rackwool-1
Insulation thickness, s(): | 12 mm
Insulation density, rof): 154 kafm3
Presents under test conditions
Presents under mounting conditions
0K Cancel

Fig. 3.225 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. 3.225. after clicking the "Replace"
button, thermal insulation on all components will be changed from mineral wool

boards to fiberglass mats.
3.16.3. Material setting by list

“Materials list” tool Eﬂé allows you to set and change material parameters for
several model components.
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B Group data editing x
Data type: | Shell material I
- Shell material
Component Material Type/Grade | Workpiece | Replace Bolting material
1 [dnuige snnunmuyeckoe N2 Cr3 Sheet [ Gasket material
Tank wall material
2 TennocobmerHwk NE1 Anchor bolt material
3 Heat exchanger shell Cr3 Sheet O
4 Baffle cr3 Pipe [
3 First tubesheet
6 Shell band cn Sheet [
7 First tubesheet Cr3 Sheet O
8 Second tubesheet
9 Shell band cn Sheet [
10 Second tubesheet Cr3 Sheet O
1 Tubes (@] Sheet [
12 Whryuep Ne3 (Wmyuep N23) Cr3 Sheet O
13 Onopa ceanosan N2 Cr3 Sheet O
14 Onopa ceanosan N21 (@] Sheet [
15 Wryuep N2 (Wmyuep N22) Cr3 Sheet O
16 AHnwe sanuntuueckoe No1 Cr3 Sheet O w
Select all Reset selection New value: | C13 Pipe > Replace
Cancel

Fig. 3.226 Materials setting by list

In the window that appears, you can edit the available materials, and also
check a group of cells at once (the “Select all” and “Reset selection” buttons
mark/reset all the checkboxes in the list at once). Then you can specify a material
sample and click the “Replace” button. When replacing a material, collisions are
not checked (applicability of the material at a specified thickness, temperature,
design code, etc.).

3.17. 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

= I e XML all model properties required for vessel strength
mport from analyses. For more details, see Attachment
“Passat XML”

ﬁ_| Import from
%/ MechaniCS XML

i Export to Nozzle- | When exporting to the “Nozzle FEM” program, the
FEM model is saved completely in XML format, while the
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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.).

g 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 3.17.1

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.

3.17.1. 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.

3.227, Fig. 3.228).
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Fig. 3.227 Elements of the exported model
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Fig. 3.228 Ansys exported model solution example (hydrostatic pressure
loading, deformed view, stress intensity)

3.17.1.1 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. 3.229.
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Model loading as per STO-52-03-002-2009 x

Loading condition
O Operating

Snow loading
() Uniform

‘wind loading

(®) fpply O Mo

0K

(® Mon-uniform

Cancel

Fig. 3.229 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-pw-Ce as per [35])
and to the wall (variable
pressure diagram in
height and in plan
0.9-k-py-Cey as per [35])

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

o ps-cosa
I
NP o s

L ey
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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 Pscoso

Operating

Loading with weight
loads, internal vapor
pressure and static head
of the product: p=p-g-(H-
X)+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.

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-Go+1.3-Gp)/(n

240

User's Manual




PASS/EQUIP 3.07

-r%), where Gy — roof
insulation weight, G,y —
roof equipment weight.

Snow and wind loads are
applied optionally.

3.17.1.2 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. 3.230.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 Sy=0.84-S, non-uniform snow load depends on roof slope:
Su={Sy, 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,=P\s-Aj-cosa, where A, is the area of the considered wall element.

The design wind uplift pressure on the roof is Pyg=1.48-(V/190)? applied as

internal pressure to the roof elements (normal to the surface at the considered
point).
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Model loading as per API-650 X

Loading condition
(®) St bead and infermal pressire hengt il £ E R

() wind and internal pressure (strength): DL 4 W + 0.4=Pi
() Wind and exrnal pressure fstrenath and buckling): DL + W + 0.4+ Pe
Gravity load (strength and buckling)
(O DL + maxilr; by +0.4-Pe
(O DL+5u+0.4Pe
(D) DL + Pe + 0.4-max4Lr; Sh}
(D DL +Pe +0.4+50

DL -deadload

F - static head

Fi - internal pressure

Pe - external pressure {vacuum)

W - wind load

Lt - minimurn roof live load 1 kPa

Sh - balanced design snow load (0 if absend)

Su - unbalanced design snow load {applied over a 135° sector, 0if absend)

0K Cancel

Fig. 3.230 Model loading as per API1-650
3.18. Vessel components analysis and output of results

When model creation and input of load and material properties is complete,
press ""Vessel analysis F3" (or 2| button) to run the analysis.

If wvessel 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
Ellipsoidal head Me2

Cylindrical shell Ml

Ellipsoidal head Mel

Unit name:

Object name:

Vessel with carrying fluid: No

Test type: Hydrotesting
Test pressure: 1 MPa

Fig. 3.231 Report window
3.19. 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. 3.232).
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Creation of report...a g]

Components | General | Title Block Filing

Check components, which course of calculation is to be incuded in the report...:
Elipsoidal head M2z

Cylindrical shell NO1
Ellipsoidal head Me1

Select all

| [ oeselect

Kind of the repart:| Full report, based on ESKD v

Save Report as:| @

Templats:

Select file...

Open report in M5 Word

Icreate Report... I [ Cancel ]

Output options:

Fig. 3.232 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

244

User's Manual




PASS/EQUIP 3.07

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
3.233) output.

Allows input of vessel and plant names, analysis
number and other values that can be included in the
output. See 3.19.1.

“General" tab (Fig.
3.233)

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... El

Ohject name ||
Title Block filling ‘

Uit name  ednernarop nos.902/1

Calculation number  <Enter calculation number > Signature | Date

Order number  Frter order number > Desigrer <Enker name> Liter | Sheet |Sheets

Supervisor <Enter name I I

Order name  <Enter order name:

Organization
<Enker arganization na

Estimatir <Enter name

Organization  <Fnter organization name: Inspector <Enter name> Strength
calculation

Gty <Enter city > Confirm, <Enker name:

Fig. 3.233 Title block
3.19.1. 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]...#
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3.19.2. 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
#ORGANIZATION# organization name General" tab, "Title
Block” tab,
#CITY# city of organization "General" tab

#TITLE1# — #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# range of the cycle
progress #<ELEMENT#
#IMG# figure containing vessel view set.automatllcally based
on input options
set automatically,
#CALCDATE# Analysis date and time according to current
analysis time
Determines whether the current . .
parameter is a complex one faeaggan:ﬁgcglllcﬁne’;ﬁt
(otann ot pronete). | s<pARAMETERS#. S
R as «TRUE» or «FALSE»
material is a 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#
. . . set automatically in the
#DIM# para_meter dimensions (if 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#"
HCITY#

where variable values are "NTP Truboprovod™ and "Maoscow" 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).

3.19.3. 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# i .
#>_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#... Tr ntil I
#>ELEMENT# cotrfpon:nzs (lel #REPORT# equal to the

or brief) from the number of
#<ELEMENT_BRIEF# | ..~ " -0 = e components
#REPORT_BRIEF# included in the
#>ELEMENT_BRIEF# | Clements"  tab report

are printed

True until all

components from

the list under the

"Elements"  tab

. equal to the

are printed,
#<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
#<ATTACHED# adjoined to  the #ELEMENT# components
#>ATTACHED# current and | 4 pARAMETERS# adjoined to  the

adjoining current and

components are adjoining

printed components

True until all | #<LEVEL#¥ equal to  the
#<PARAMETERS# parameters of zgg:llcl:;.Ex# number of
#>PARAMETERS # the current | yprcs component

component are | #NAME# parameters
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printed. #DIM#
#SYMB#
#VAL#
Specifies equal to nesting
z:t:z:tz para_meter 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
NzL - 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
FLANGEAPP_ARM - valve
T Component type flange No
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.
3.19.4. 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 #
3.19.5. 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

%cC Date and time format appropriate for current locale

%d Day of month as two digit number (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 nhumber (00 — 59)

%U \SI\Sek 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\g—;ek 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 I
vessel type and

New apparatus 0K general data, model

Yertical wezselz and apparatuzes creation can begm'

Colurmn veszels and apparatuzes

General data El

Ohject name: ||

Unit harme: |tets

Weszel with fluid

Yeszel filling ratio:
[under operating conditiong!]

Operating environment |oi|

Density of operating Fuid:

Test review: | Hydrotesting

= o0 =t

B oo =

ra = =
d L

Test prezsure:

Calculation of nozzles and pipe flanges
O
[module "PASSAT -Mozzle']

Fig.4.1 Example: general data

L]
w
=]
7]
L
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Dimensions, material properties and load properties for cylindrical shell

, ellipsoidal heads

and saddle supports

. are input.
X

ylinder
Component name: | Cylindical shell N:1
Shell material;
o3 | [Propeties | [_Add__]

Dimensions as per GOST:

Inside diameter, D:
Shell thickness,

Corrosion allowance, c1:

Negative allowance, c2: D
Technological slowance, c3: D
Shell length, L:

Longitudinal welded joint efficiency, Fip
Circular welded joint efficiency, Fit

Calculation temperature, T:

Calculation pressure, p
® Intemal (O External

Calulation bending moment, M D
Calculation transverse force, O D
Insulation and ining >

Cancel

Calculation aial force, F:
O Tensile
(%) Compressing

Design model lg[dhaw. 7 GOST 14249-89)

@1 O4
Q2 O5
O3 Os

Design values calculation

Allowable pressure: [p] = 1.15 MPa

Minimum distance between “single” nozzles: b0 = 309.6 mm

Effective thickness including allowances: sp + ¢ = 28681 mm
Diameter of the hole, which does not require any reinforcement: d0 = 3329 mm

Fig.4.2 Example: shell

Campanent name:

Head material
‘ Cr3 vl [ Properties... ] [ Add..

Head inside diameter, D:

Head wiall thickness, £1

Conosion allowance, ¢l

Negalive allowance, ¢ g |

Technological alowance, % [y |

Head height, H

Straight flange lenath, hi D
\wielded joint efficiency, Fi

Calculation temperature, T

Calculation pregsure, p:
) Internal ) Extemnal

Insulation and lining >3

hu

Design walues calculation

Effective thickness including allowances: s1p + ¢ = 2,866 mm
Allowable pressure: [p] = 0.9225 MPa

Fig.4.3 Example:head
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Saddle support

Component name: |Saddle support M1

Support attached to: [Cylindiical shell N21 |

Inside shell diameter, D

Shel thickness. 5. |1

Support width, b

Support spaning angls, deltal: |7

Distance fiom component sdae, o
Calculation temperature, T
Suppart height, H

Shell reinforcement

(O Without reinforcemer
(=) Reinforcing pad

O By rsinforcing ring

Cancel

Flate thickness, s2:

Plate width, b2
Plate spanring angle, delta2:
Distance betveen plate edges. 2115

Design values 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).

= [IACCAT - [Calculation results]

File Edt Components Yiew Options Calculation Help EnglishiRussian

D& @

Passat report | Strength calculation of vessel

General data

Strength from supporting loads:
Drawings of forces and mom
Saddle support el
Saddle support Ne2

Ellipsoidal head Me2

Cylindrical shell Mel

Ellipsoidal head Mel

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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