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1.0 PROGRAM DESCRIPTION

PIPEMILL has been written to aid the piping design engineer and the piping stress engineer.
Its purpose is to improve accuracy and speed in both complex and simple but repetitive
calculations.

Extensive and wide ranging routines area available to assist in both commonly used and
rarely used calculations.

Where possible, common functions are employed throughout all elements of the program.

Context sensitive help is provided where needed. It is expected that an experienced engineer
would have little recourse to any literature whilst running the software.

The software is written in Microsoft Visual Basic and takes full advantage of the Windows
environment to deliver clear, user friendly input and output screens, with helpful and
informative graphics.

Pipemill is provided, loaded on a (USB) Stick memory. The software will run from this location
only, on any compatible PC type computer.

Do not attempt to move execution software elsewhere as this will cause permanent
corruption.

Refer to the section on Installation Instructions for further information.

Pipemill has been compiled under the Microsoft Windows 8 platform.
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11 LICENCE AGREEMENT

IF YOU DO NOT AGREE TO THE TERMS AND CONDITIONS OF THIS AGREEMENT, DO
NOT USE THE SOFTWARE. USING ANY PART OF THE SOFTWARE INDICATES THAT
YOU ACCEPT THESE TERMS.

LICENCE: Ivysoft Ltd. grants the purchaser a personal, limited, non-exclusive licence to use
the accompanying software program (the "Software"), subject to the terms and restrictions set
forth in this Licence Agreement. You are not permitted to lease or rent, distribute or sub-
licence the Software or to use the Software in a time-sharing arrangement or in any other
unauthorized manner. Further, no licence is granted to you in the human readable code of the
Software (source code). Except as provided below, this Licence Agreement does not grant
you any rights to patents, copyrights, trade secrets, trademarks, or any other rights in respect
to the Software.

Modification, reverse engineering, reverse compiling, or disassembly of the Software is
expressly prohibited. You may not otherwise modify, alter, adapt, port, or merge the Software.

TRADE SECRETS; TITLE: You acknowledge and agree that the structure, sequence and
organization of the Software are the valuable trade secrets of Ivysoft Ltd. You acknowledge
and agree that ownership of, and title to, the Software is held by lvysoft Ltd.

TERM AND TERMINATION: This Licence Agreement is effective until terminated. You may
terminate it at any time by destroying the Software and documentation. It will terminate
immediately if you fail to comply with any term or condition of this Licence Agreement. Upon
such termination you agree to destroy the Software and documentation.

GOVERNING LAW: This Licence Agreement shall be governed by the laws of the United
Kingdom. The United Nations Convention on Contracts for the International Sale of Goods
(1980) is hereby excluded in its entirety from application to this Licence Agreement.

LIMITED WARRANTY:

LIMITATION OF LIABILITY: EXCEPT AS EXPRESSLY PROVIDED OTHERWISE IN A
WRITTEN AGREEMENT BETWEEN IVYSOFT Ltd. AND YOU, THE SOFTWARE IS
PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR
IMPLIED. YOU AGREE THAT IVYSOFT Ltd. WILL NOT UNDER ANY CIRCUMSTANCES
BE HELD LIABLE FOR DAMAGES OR CONSEQUENTIAL LOSS THAT MAY FOR ANY
REASON BE ASSOCIATED WITH USE OF THE SOFTWARE. SHOULD AN ERROR BE
DISCOVERED AND NOTIFIED TO IVYSOFT Ltd, THE SOFTWARE WILL BE
CORRECTED.

1.2 DISCLAIMER

Whilst each program within the PIPEMILL package has been carefully checked and tested, no
guarantee is offered or implied with regard to accuracy or validity of results. The software
must be used only by qualified personnel, familiar with the Codes of Practice and design rules
implemented by the programs therein.
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1.3 IMPORTANT NOTE CONCERNING NUMBER FORMAT:

Ensure that the number format on your computer is true decimal ONLY
USE THIS FORMAT: 123456.789
Decimal point with no spaces.

Any other format using commas or spaces such as below will cause
fatal errors and will corrupt data read from the data bases:

Do not use these formats !

123 456,789 space and comma
123456,789 comma
123 456.789 space and decimal point

To change to the correct format select ‘Regional and Language Options’ from
Microsoft Windows.
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14 Technical Support

Technical support is available via e-mail. A description of the problem or query and any
associated input files should be e-mailed to:

pipemill@Ivysoftlimited.com

1.5 SYSTEM REQUIREMENTS
- A PC running at least the Windows XP operating system.

- Available USB port

1.6 COMMON FEATURES

1.6.1 File Manager

Where needed, file read and write facilities appear to be the same for all parts of the program.
Files are stored in the directory named in the ‘Data Files’ window of the Set-Up file available
from the main menu.

When saving a file, only the file name itself should be entered. Files from each individual
program are identified by a unique trailer which is assigned by the program when the file is
saved.

When reading files from a particular program, only those relevant will appear in the file list.
Simply clicking on the required file name will load it and return to the populated input form.

Once saved with a particular units set, the retrieved file units cannot be changed.
1.6.2 Data Bases

Several data bases are coded into the software and accessed by the various programs.
These include:

Pipe sizes to ANSI B36.10, B36.19 and API 5L dimensions
Flange dimensions to ANSI B16.5, ANSI B17.47A & B and API 6A
Valve dimensions to ASME B36.10

Material data curves relating to external pressure design
Expansion characteristics of various materials to ASME B31.3

1.6.3 Help Files

Help files are available from most programs and are accessed usually by clicking on the
yellow ‘?° button.

1.6.4 Calculator

A scientific type calculator is available from all elements of the program. It may be dragged
and dropped to any location on the screen.

1.6.5 Design Codes

Calculations are generally in accordance with ASME and API UK codes of practice.
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1.7 Future Developments

We encourage users to recommend future developments to Pipemill via the website.
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2.0 INSTALLATION INSTRUCTIONS

Pipemill may be used on any compatible PC.

Plug the Memory Stick into an available USB port.

Either: Using Windows Explorer, click on the PM-START .exe file.

Using Windows Explorer, drag and drop the PM-START .exe file logo to your desktop
and define a short-cut. Then use the short-cut.

Do not click on the Pipemill3.exe file, since this action will cause a file loading failure.

Allocated Drive Definition

If the Memory Stick has been used on a different computer, the USB port may not have the
same name (E, F, G etc.) as the current installation. Whilst Pipemill will function normally
under these circumstances, use of the file manager will cause a system abort.

Pipemill will check the drive name and warn the user if necessary, giving the option of going
directly to the set-up file, where the correct current drive location may be defined.

& Pipemill Main Menu

Design and Analysis Programs | Design and Analysis Programs
Flan
Inclgs

- WARNING !

ge Design and Analysis.

Jacketed Pipe Design and Analysis

The current drive is notthe same as stored in the
set-up file. This probahly results from using the
software on a different cormputer.

Reinforced and Stub-in Type Tee Design

Design of Various Large Components

Wall thickness calculation and optimisation to ASME
B31.1and B31.3. Includes high pressure pipework to
B31.3 Chapter X, Wall calculation to B31.4 and B31.8

Equivalent Stiffness of Internal Refractory
Lining and Pipe

Larger Bore Conical Reducer to
ASME VIl Div 2.

De

G to the setup file and define a legal drive.
)
Goto Setup File

Various Quick Calculations

Ro

Pipe Support Stress Analysis 4| Data Base and Dimensional Faciliies
Trunnion (1) evaluation using 'Kellogg' Equations | ) ) ) )
Pipe Size, Properties and ¥eights,
Trunnion Stress Analysis (2) fittings stress intensification
Fipe and Elbow Trunnion Attachments to ASME Il
Article Y-5000, Case N-392-3 and EPRI TR-107453 L Standard Component Dimensions to
i Heat transfer through Pipe Shoes ASME B16.9, B16.5, B16.47 and APl 6A/B.
Is.l Calculation for 3 types of welded pipe support
shaoe, with orwithaut insulation. by
Valve Dimensions to ASME B16.10
;J@" Wind loads on piping
=
= To EN-1931-1-4 with variable and default input values
n A A q
Thermal expansion of piping materials r
— \ - -
Werzion 4.00 i B "
" Set-up File @

2141172014 08:11:02

Input data files may be stored on any drive including the Pipemill stick memory itself.
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2.1

Initial Start-up of Software

To operate normally the PIPEMILL system needs a set-up file to determine such as the
system of units to be used and file structure. If the set-up file is accidentally deleted or moved,
and at first start-up following installation, the following will appear:

Pipemill Help

Q

Mo zetup file found. a DEFALILT file will be generated in the curent directary, Uze 'Set-up'
from, the main menu ta alter the sethings If required.

A system file will be created and the main menu will then appear.

All programs are accessed from the main menu screen as shown below.

The PIPEMILL system is designed to run one program element in memory. The running
program and the main menu may be minimised to the tool bar and maximised without loss of
data or any interference with other software in memory.

2.1.1 Main Menu Screen

B oo v

e - —— —

@EZ@@EJ

7

£
|

Design and Analysis Programs

Flange Design and Analysis.
Includes design of & matching blind flange -
ASME Il Div. 1 and Div.2, also PD 5500 method,

Clamp Connector Design and Analysis

Pipe Loop Stress Analysis
Stresses, displacements and forces in pipe loop
configurations. including thermal, weight and friction.

Pipe Spans and Sloping line calcs

PSV and Rupture Disc Force Calculation
Acoustic fatigue Prediction

Design of Pipe for External Pressure

Rotating Equipment Nozzle Loads

Pipe Support Stress Analysis

Trunnion (1) evaluation using 'Kellogy' Equations

Trunnion Stress Analysis (2)
Pipe and Elbow Trunnion Attachments to ASME Il
Article v-5000, Case N-392-3 and EPRI TR-107453

Heat transfer through Pipe Shoes
Calculation for 3 types of welded pipe support
shoe, with orwithout insulation.

Wind loads on piping
T EMN-1991-1-4 with variable and defaultinputvalues

alrlo @ akrln

Design and Analysis Programs
Jacketed Pipe Design and Analysis
Reinforced and Stub-in Type Tee Dresign
Design of Various Large Components

‘Wall thickness calculation and optimisation to ASME
B31.1and B31 3. Includes high pressure pipewark to

B31.3 Chapter X, WWall calculation to B31.4 and B31.8.

Equivalent Stiffness of Internal Refractory
Lining and Pipe

Larger Bore Conical Reducer to
ASME VIl Div 2.

Various Quick Calculations

a2 g @

£
=

4' Data Base and Dimensional Facilities

Pipe Size, Properties and Weights,
fittings stress intensification

Standard Component Dimensions to

ASME B16.9, B16.5, B16.47 and API 6A/B.

Valve Dimensions to ASME B16.10

Thermal expansion of piping materials

-

Wersion 4.00

2141172014 09:11:02

,\ -
Kl Set-up File
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2.2 The Set-Up File
Accessed from the main menu, the set-up file may be used to select the system of units to be

used in calculations, the required paper size and file structure. Once defined, these settings
are stored and used in all future work.

-

| Pipemill Setup File

— All programs will start up using
the systerm of units defined here.
SPipemill-incr
: o
e mill-incr »
Apply

MNote that if & data file is read in
differing units, the units in the data
file will be applied and cannot be

changed thereafter.

All printed output will be setto this
paper size,

Source files MUST rernain in the root directory of the Memary Stick
e:hv-4 Examples

Faper size

Current units:

Current wersion “ersion 4.00

To accommodate [arge and multi-screen systems. when initially started Fipemill will locate

atthe top left of wour screen area. The main menu may then be 'dragged and dropped' to
any location. which the system will remember and use for subseguent startups. OK - Use This Setup
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3.0 FLANGE DESIGN AND ANALYSIS (INCLUDING BLIND FLANGES)
to ASME VlIl and PD 5500

3.1 INPUT DATA

Input data is common to ASME VIl Div. 1, ASME VIl Div. 2 and PD5500.

Typical Input Screen

Select Units Project / Description
¢ English
@ Wetric (S

Calculation Details: 24in 1500# W RTJ

-4 Examples\v-4 FLG-ASME-01 flg
Design Basis

Standard |
User Design |

.2
25.5328
177 6675

203.2
Flange Type
@ Weld Meck
" Slip-on
C Lap Jaint
" FlatPlate

20.6248

=1

i ] “
T o=

ey e : @

= = ol = n (

=
| ae05
| o096
| 1012
255325
1778675
| w52
205240
| 19895
| 2000 |

Facing type
" RF-Flat

R F Spiral
@ RTJ

" FlatFace
" Full Face

137.885
137.845
4270248
]

3.1.1 Starting a New Input

To initiate a new flange design, either a standard or user defined design must be selected. If a
standard flange is required, data bases of ANSI B16.5, ANSI B16.47A & B and API 6Aor 6B
dimensions may be accessed.

In common with user defined data, the flange type and facing type must be defined before the
main input data panel can be accessed.

A comprehensive help file may be accessed and is strongly recommended to new users. In
addition to definitions and descriptions, dimensional data such as bolt and gasket parameters
are available. Details of the help file are displayed below.

A local set-up file controls whether dimensional data is independent or related. If geometry
cells are locked, when the g0 (hub small end) dimension is entered for a standard flange, all
related dimensions will be updated. Related cells will not then be accessible.

Default data will be entered for allowable stresses, and dependent upon type, relevant gasket
parameters. All these values may be revised if required.
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3.1.2 Defining Load Cases

Loads applied to the flange must be defined. The selection controls assignment of allowable
stresses in the calculation.

For ASME VIII Div. 1 and PD5500 calculations, load cases may be selected from:
Pressure only. Allowable stresses as per the design code.

Pressure + weight. Allowable stresses as per the design code. Primary stress
case, assuming weight causes externally applied loads which
are additional to pressure.

Combined. Operating case, including primary and secondary stresses.
External loads due to a combination of weight, thermal and
other loads. In this case, allowable radial and tangential
stresses and combinations including these are increased in
the spirit of the ASME B31.3 piping code for secondary
stresses including a safety de-rating factor of 0.8. Thus the
allowable stress will be 0.8(1.25Sfa + 0.25 Sfo).

It is normal to run a pressure + weight case, whenever a combined case is run, to ensure that
primary stress criteria are satisfied.

External loads are converted to an equivalent pressure and added to operating load sets in
the calculation by default. A check box is accessible in the local set-up file,which allows the
user to apply external loads to all pressure equations, including the gasket seating case.

External loads are converted using the familiar ‘Kellogg’ equation, also found in ASME IlI:

Peq = 16.M/n.G* + 4.F/ n.G”

Where Peq = Pressure equivalent of a longitudinal moment and axial force (MPa)
M = Longitudinal moment (Nmm)
F = Axial force (N)
G = Gasket reaction diameter (mm)

Peq is added to flange design pressure P in equations as defined in the local set-up file.

For ASME VIII Div. 2 calculations, external loads are taken into account directly by the Code
method. Thus the ‘equivalent pressure’ is not required.
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3.1.3 Help file contents

Q Flange Design Help File : E ! E -. @‘ng

' General YW Dimensions External Loads YWarmings Bolt Areas
' APIFlanges | Full Face ASMEVIIDVZ |  CENPules |  NotUsed
Data-hases T S0 Dimensions T Lap Joint T Gasket Data | T G :

Gasket data from ASME Il (check PD 5500 since values differ in some cases).

lsterial 'm' | Seat stress 'y laterial ‘m' | Seat stress 'y

psi | MPa psi | MPa
Groowed metal: Ring joint:
zoft aluminium 23000 | 37e2 iron ar soft steel 150000 [124.11
soft copper or brass 65000 | 4452 monel or 4% to 6% Cr. 218000 (15031

iron or soft steel TEOODO | 5240 stainless steel 260000 179.26

monel oF 4% to 5% Cr. 90000 | 62.05 Mickel alloys 260000 |179.26
stainless steel 101000 ES.64
Mickel alloys 10100.0| 6964

3.2 EXECUTION

Prior to running the calculation, error checking will be carried out to ensure that the data set is
both complete and feasible. An error message and the input will be returned if a fatal error is
detected.

3.2.1 Non-Mandatory Checks

Several non-mandatory checks are carried out and reported. These are not directly code
conflicts, but if shown they should be considered in the overall design process.

Rigidity Limit

If the calculation is to a code containing rigidity limits that have been exceeded, it will be
reported. This is of particular relevance to high yield material such as duplex stainless. In
some circumstances a design might meet the stress limitation criteria, but due to a thin flange
ring section, sealing may be difficult to achieve in practice, due to local flexibility. If this may
be a potential problem a lower allowable might be assigned, more appropriate to low carbon
steel. It should be considered that the design approach is more appropriate to low carbon
steel than newer high yield components.

Equivalent Pressure Check
The sum of an equivalent pressure due to external loads plus internal pressure should not

normally exceed the hydrotest pressure, otherwise the condition will not be tested for prior to
operation. Since hydrotest of pipework is normally a minimum of 1.5 x the design pressure,
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should the equivalent pressure due to external loads exceed 0.5 design pressure the
condition will be flagged.

Graphical Limits warning

To solve geometrical shape factors, equations as presented in ASME VIII are used. The
same functions are shown graphically in that and many other codes, including all those
currently offered by PIPEMILL. The limits of application of these equations are clear in the
codes, and to venture beyond the limits shown invites gross errors in results. To deal with this
potential problem, PIPEMILL presents a warning that graphical limits have been exceeded,
and allows the user to view the graphs in question by clicking on the view graph button.
Graphs are plotted in linear fashion as opposed to log in the code.

Graphs of all geometrical factors may be viewed, and a judgement then be made regarding
the validity of results, from the direction and slope of the respective curves and the location of
calculated data.

Graphical results will be presented as shown below.

Factor F Plot Points:
LINEAR PLOT SHOWING YARIATION g1/g0 factar gl/g0 factor
S088e-1 7 OF FACTOR WITH g1/g0 FOR 001 000 30 E12812
87d4de1 CALCULATED VALUE OF h/h0 0.05 000 35 589113
faried o 01 000 40 571729
| 02 000 45  F58293
8055 Velid Riange ! 04 0.00 50 547095
EACES i | 06 000 E5 536732
737301 b 08 000 60 525807
| b 10 508622 65 512505
TO3e-1 | 1| Calculated walue
—  of gl/g0 15 773019 7.0 4936490
| — '
B.685 =1 ! 20 695339 75 4AB2176
63451 | 25 46395 80 394670
BO03e-1 !
i Choose Plot Type:
5.66e-1 T -\_H"""-..:
samer :  EHWHNHMHA
1
4975 -1 4 i o
& | h/hdfixed: | 1.593 ﬂ ﬂ
4632 e-1 i
4.289e-1 | gl /gl fixed:| 4 454 ﬂ ﬂ ﬂ
3947 e-1 T T T T T T T T T T T T T T 1
100 137 1393 24 287 333 38 427 473 52 567 B13 EBE 707 753 &
gl/gl 0K
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3.3 RESULTS
Typical Flange Output Screen

Flange Design Resul

Load Data - Bolting Calculated R Its:
b= 43656 Aml= 7247041 mm?2
= 43656 Am2= 98723 mm2
G = B8215 mm Am = 7247041 mm2
P = 2500 BarG. | Ab= 0320, rmm2 Hub Stress 136487 206843 67, 135.732 206843
Pe=10.0 BarG. | Boltarea adaguate, Radial Stress 76.273 137.895 553 74.755 137.895
Pd = 250.0 BarG. | Ak>=Am Tangent Stress | 131153 137895 | 951 128.55 137.895
Bolt spacing adaguate. Huk + Radial 107.38 137 895 77.9 105.244  137.895
3.08503 e+B Applied Moments: Hub + Tangent 134.823 137.895 97.8 132141 137.885
94061 e+6 Mop=  205189e+9  MNmm Buolts 16.641 172,37 109 136,305 17237
1.24911 g+7 M.atn = 2.093548+9  Nmm
1.70161 e+B Rigidity Index oper..  0.337
1.40294 g+7 seat. 0344

Stress Bol-up:  Allw. Design Al
Categary MPa MPa MPa MPa

Axial Stress  (Pressure at gl end: Mot Code reg't) 160.682 53.948

Mutto nut 28.79
Mutto OD (&) 6.67 lic
Mutto hub (g1) 3207

Scale Section Plot Scale Quarter End Plot  Approx. Clearance (mm.)

Alt. External loads
| |
I ; : Matching Blind
) Return to Input
L1 Blmm. to scale Blmm. to scale

Analytical results will be presented with further options available. Calculated and allowable
stresses are shown together with primary system loads and associated data. Other
intermediate data may be viewed. Flange and bolt weight will be presented, based on actual
metal mass.

A matching blind flange may be designed, based on geometrical and other data extracted
from the main flange body. Values such as allowable stresses for the blind may be revised.

Alternative methods of evaluating external loads may be accessed to compare with the
equivalent method applied.

A scale section through the flange and a scale quarter end plot are presented to aid design
and evaluation, particularly of custom designed items. These plots may be hard copied if
required.
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4.0 CLAMP CONNECTOR DESIGN AND ANALYSIS

Hub and clamp or ‘Grayloc’ type connectors may be designed and analysed in accordance
with ASME VIII Div. 1 Appendix 24.

4.1 Clamp Connector Input

Input is similar to the flange design program, with input data panels specific to the hub,
clamps and bolting & gasket.

To initiate design the user needs to define whether hub dimensions will be to match a
standard pipe size, or dimensioned from the hub inside diameter.

Typical Clamp Connector Input
(&R Clamp ¢ e

Clamp connector design and analysis ’
-?3.05 . -5

Gt Dimensings Frums

124108
Project / Description:

Calculation details:
File -4 Exampleshv-4 CLAMP-ASME-01.clm
. . 34925
_ _ 156132
133.069

Dependent upon the selection of dimensions source, some input data fields will be derived,
and consequently not accessible.

A help file is available which describes some geometrical limitations imposed and accesses
the flange program help file to obtain data such as bolt areas for use in this program.

Similar to the calculation method employed for flanges, the user may choose whether or not
external loads, converted to an equivalent pressure, are included or excluded from assembly
stresses. The default is that these loads are excluded from assembly stresses and
incorporated only in functional stress calculations.
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Prior to running the calculation, error checking will be carried out to ensure that the data set is
both complete and feasible. An error message and the input will be returned if a fatal error is
detected.

4.2 Clamp Connector Output

Typical Clamp Connector Output Screen

Load Data Bolting Stress R It
b= 6.350 Aml= 4478 . Assembly
307975 Amz= 4124 Stress Category Stress
247 650 Am3=  BEBE MPa MPa MPa. MPa
96.526 b Arn= GB5.5
Peg= 000 Ab= 709.7
Pd= 96.526
H= 464933 e+h
Hp= 5.24539 e+h
Hm= B.13101 e+h
Wiml= 171138 a+h
Wme= 142147 e+h
Wm3=  2.29408 e+h Shear
Wop=  1.11138 e+h Qasm= 3.84678 e+b
Wasm= 1.10512 e+h Qop= -239745 e+4

Operating

Allowable Stress

Allowable

S1: Hub Longitudinal 14935149 206.843 i.648 186.158
52 Hub Hoop Stress i 137.895 51.074 124.108
Moments 53 Hub Axial Shear 33.798 110.316 £5.424 99.284
Masm= 154278 e+7 .8 24: Hub Radial Shear 28.526 110.316 -1.778 99.264
Mop=  -9616864 e+5 55 Clamp Longitudinal 87.794 232 698 164946 194.604
MHasm:1.61385 e+7 S6: Clamp Tangential 130.81 232698 122671 194.604
MHop= -1.00547 e+6 S7: Clamp Lip Shear 40.339 124106 78.087 106.455
S8 Clamp Lug Bending 35.785 155132 33.558 133.069
59: Contact Bearing B5502 220.632 107.437 198.568

Scale Section Plot Scale Quarter End Yiew
Dimn. C: Stresses Acceptable

Dimn. G: -

More results

Print

Feturn to Input
50mm. to scale 50mm. to scale

In addition to the views above, a scale section plot and additional calculated data may be
viewed. Bolt spacing may be varied within allowable limits. The scale plots enable the design
to be visualised and a better finished product obtained.

All loads and moment arms used in stress calculations are displayed in the output and ‘more
results’ screen.
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5.0 EXPANSION LOOP STRESSES, LOADS AND DISPLACEMENTS
Four different geometries are available, three requiring similar input data, and representing
typical pipe loop arrangements found in pipe racks. The fourth is a simple three leg offset

which may be loaded with thermal and end displacement conditions.

This program utilises a stiffness matrix solution and results will normally compare very closely
to those from commercial pipe stress software.

Standard pipe sizes may be accessed from Pipemill’'s data base, and thermal expansion
characteristics may similarly be quickly obtained.

Allowable stresses will be computed in accordance with ASME B31.3.
The solution assumes that pipe between loop region and anchors is properly guided, and in

the close guide, rotation is negligible.

5.1 Typical Rack Type Expansion Loop Input

Units “W'-4 Examplesiv-4 LOOP type 1 plp Froject / Description
@ Metric
" English

Input Data Calculation Details

Outside Dia. 4572  mm Std. Fipe
Wall thk. 9525  mm See

roung's maod. 200000 mPa

Poisson's ratio

%]

LR

Is 45 set-over

loop Allow. Stress, Cold 138 MPa

" FlatLoop Allow. Stress, Hot 137 MPa f= |1.D Close guide
10

" Z-Offset

i

Base termp. 10 deg.C Symmetrical Loop

Get
Expansion
Oper. Tem deg. C @
i i 20 g Assumed regularly guided

between points 1 and 2

haterial Carbon Steel

Expansion 29353 mm/mm

|

Coeft

Suppt Friction a(lo?)

b(Zto3)

Mass kg/m3 Thk.
ass kgfm mrn cG3104d)

[ 7850 | ases dds)

Fluid I 1000 & (510 )

Insulation

Bend radius

Cladding
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5.2 Typical Rack Type Expansion Loop Output

Calculated stresses through the system will be shown, and highlighted if excessive.

End loads due to thermal expansion, weight induced friction and combined effects will be
presented.

Thermal expansion at the close guide and first elbow will be provided, to allow a check of pipe
support suitability and clearance.

Allowahle Stress Range A= 206.75

Owerstressed Ihighlighted_

Start  MPa Midpoint MPa

104.9597
338.493 266851 118.472
100.358 192,377 262.505
381.857 428272 445619
119.088
448619 428272 381.857 S

262.505 192,377 100.358

118.472 266851 3358493 Assumed |'eg|_||a|1y gui(_‘e{j

104.997 between points 1 and 2 Anchor B

Close guide
10

End Loads: Displac
Weight and Friction -99388.3 Atguide, Node 2:
Thermal -397496.6 Atelbow, Node 3:
MNet Axial load at End A -139184.9
End B loads are equal and opposite.

Wgt / unit length (ref.) 2791

The user can thus find the optimum dimensions for pipe expansion loops, without recourse to
expensive commercial stress analysis software, and with much greater accuracy than chart
form solutions and the like.
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5.3 Thermal Offset Design

Material properties and end displacements (which may be zero) must be defined.
£ =)

Units -4 Examplesi-4 LOOP type 4 pln Project { Description
@ Metic ‘J\
Input Data i z X
€ Englsh P Calculation Details
Qutside Dia. 1143 mm Std. Pips
Geometry 'l thk, 7. mm Size
MPa

GEIl
C Laap “Young's mod 203390

1
Poisson's ratio 03

c 45 set-aver
l—

loop Allow. Stress, Cold [ 137892 MPa

" FlatLoop Allow. Stress, Hot 137.892 MPa f= 0

© Z-Oftset Base temp. 21 deg. C et
Oper. Tamp 95 deg. C Expansion

Material I Austenitic St Stl
Expansion A17885°3 | M/

Coeff

Suppt Friction

End Displac

Anchor A

Anchor B I

Bend radius

5.4 Typical Thermal Offset Design Output
End forces and moments will be calculated. Stresses in accordance with ASM B31.3 will be
provided, and highlighted if excessive.

o

Element Stresses

Allowable Stress Range SA = 206.838

Owerstressed nane.

Start  hPa Midpoint MPa

25.289
fz2.210 80.745
79.878 84,259

Imposed Displac

End A

End B

End Forces and Moments

Fx

1479.0

-1479.0

Return to
Input
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6.0 PIPE SPANS AND SLOPING LINE CALCULATIONS

6.1

Span Chart

Relevant data cells must be completed, and ‘Create Span Chart’ selected.

End conditions must be defined, using data in the ‘Help’ file.

The range of pipe sizes for which spans are needed must be defined. The option of selecting
Standard pipe sizes and wall thickness is available. This will automatically load all pipe sizes
from 0.5” nb to 30” using STD wall. All entries may be changed if required.

Since this is not a facility normally required on-screen, the printed output will be sent directly
to your printer, which must of course be on-line.

Typical Span Chart input file

Select units
® hetric (SI)
" English

Create Span
Chart

FocketFree

End Conditions
See Help
Simphy

supported

Kellogg

® Section 8

" Fixed ends

"X, Pipe Span Calculatio

Common Properties

Pipe Spec. Name

o o

|Pr0je:t ¢ Description

|Ca\cu|at\0n Details

Sloping Line

Fipe descrigtion

h\\/—4 Exarnplesiy-4 SPAN CALC 01.spn

Fipe Density 7850 kg/m3 Span Chart Pipe Sizes
Corsion All 15 mm Eif;rg' Pips 0D Pipa WT Ei?;g' Fips 0D Fipe WT
Tolerance: 125 % in i rnem in ulul aly}
Allowable Stress Sh: MPa
13789 [05 21 336 4775 [12 32365 9525
Young's Modulus Eh: MPa
? 203390 0.75 26.57 5EG3 14 IBE 6 9525
S By 1000 kg/m3 10 33,401 4547 16 A06.4 9525
15 4826 5080 18 4572 9525
Insulation Type Fiockwoal 2 60.325 1912 20 508 9525
Insulation Density: 140 ka/m3 3 889 5485 22 BRR A 9525
Insulation Thickness: [ ulyl 4 1143 E.020 24 G096 9525
[ 6 168.275 7112 [ 26 FE0.4 5525
Cladding Type St S,
[ & 219.075 8179 [28 mae 5525
iy Dy B00 | e (10 273.05 9.271 [30 762 9525
Cladding Thickness: 0.8 g}
Load MOMINAL pipe sizes and COMMON walls: p
Suppt. Contact Length 300 rm (See Help) Mominal
Suppt. Contact Width 10 mm
Max Mid-span Dedl. 125 ali} ‘ ‘
Execute @ @
= T _ _
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6.2 Span for a Pocket Free Sloping Line

The intent of this program is to derive the maximum span for a pipe, whilst allowing free
draining when sloping at some defined fall rate. This is important in two phase flow and
similar systems, to avoid build-up of liquid slugs and consequent impact loads.

Similar input data to above is required.

Maximum allowable span for one pipe size will be calculated based on two criteria.

The calculations are based on two end conditions, either fully fixed or pinned with no moment

restraint. Significant differences will be seen in results. The user must decide which condition
is the more appropriate.

6.2.1. The slope required to allow the maximum allowed span will be calculated

"\, Pipe Span Calculatiol
Select units Common Properties - —
@ Metic(s) ] ‘Pro]ed { Description
Fipe Spec. Name 1CEA,
" English ‘Calculation Details
Pipe description GG B h:\\/—él Examplestyv-4 SLOFPE CALC 01.spn
Create Span Pipe Density 7R50 kegfm3 Pocket Free Sloping Line
Chart
= Corrosion Allw. 15 mrn Fipe Outside Diameter: | 219075 mm
Pocket Free Tolerance: 125 % Wwall Thickness: 9.179 mm
Sloping Li
| SEEmEE | Allowahle Stress Sh: 137.89 WPa
“Young's Modulus Eh: 203390 IPa Required Slope for Max Allowed Spans:
See Hel
ee nelp binimurm wall thi. 5 RR7 mm
Simply Fluid Densi kg/m3
- supported k4 1000 4 Fipe Only WWeight 42539 | kgfm
Kellogg Insulation YWeight 12.349 | kgfm
T Sedlion & Insulation Type Rockwool
& P ek Insulation Density: 140 kg/m3 Fequired Slope | Simply Supported \ Fixed Ends
Dada:
Insulation Thickness: 50 mm Max Span | Slope e Span Slope
Sloping Line
[FR m m per 100m m
Find required Cladding Type St Sl
@ slopefor .
elbtiapars Cladding Density oo ka/m3 [Fipe Only: | 10027 | 0398 | 139384 || D209
[Fipe + Insulation: ||| 9408 | 0.425 | 12311 | 0184

Find maxdrnurm Cladding Thickness: mm
(" span for user e 08
defined slope
¢ Suppt. Contact Length 300 mrn =]
Suppt. Contact Width 10 mm
M Mid-span Dl mm
; Execute Clear

— — — = — d
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6.2.2. The maximum allowable span may be found for a defined slope

—Select units —Common Properties

W Metric (3
" English

Fipe Spec. Name

IPrDject / Description

ICaIcuIatiDn Details

—Select action —

Create Span
Chart

Pocket Free
Sloping Line

—End Conditions —
See Help

Sirnply
supported
Kellogg
Section 8

" Fixed ends

—Sloping Line ——

Find required
" slopefor
calc'd spans

Find raxirnurn
@ span for user
defined slope

Fipe description
Fipe Density
Corrosion Allw.
Tolerance:

Allowahle Stress She

Young's Modulus Eh:

203390

Fluid Density

1o00

Insulation Type

Insulation Density:

Insulation Thickness:

Rockwool

140 kg/m3

Cladding Type
Cladding Density:

Cladding Thickness:

2000 kgg/m3

mm

If:\\f’—él Examplesi-4 SLOPE CALC 01.sgn

Pocket Free Sloping Line

Fipe Outside Diameter: I 218.075  mm
mm

Wy'all Thickness:

User Specified Slope: I 0.379  rmper100m

Maximurm Span
Data

Fipe Only
Fipe + Insulation:

I 8.174

12.349

Simply Supported

Fixed Ends
17.050
15.661

SLOPE SFANS MAY EXCEED MAX NORMAL SFAN |

FIXED ENDS

SIMPLY SUPPORTED
(no moment restraint)
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7.0 PSV and RUPTURE DISC FORCE CALCULATION

Force calculations for the initial or ‘pop’ condition and under sustained flow may be carried out
for gas and vapour PSV’s (pressure safety valves), discharging into a closed header or
directly to atmosphere. Forces present in a liquid relief valve and a rupture disc may be
calculated, similarly for the initial and sustained conditions.

A data base of standard relief valve orifice sizes may be accessed in addition to the standard
pipe data base which may be used to select outlet pipe size in an open discharge gas or
closed discharge liquid PSV.

7.1 Gas / Vapour PSV
Gas and vapour PSV reactions are calculated in accordance with APl RP 520 pt. Il methods.

All equations used are presented, either on the input / output screen as shown below, or in
the help file which follows.

7.1.1 Typical Input Screen and Output Results, Open Gas / Vapour PSV.

Calculation Basis Based on APl RP 520 Project / Description
® Gas orvapour, with open pipe
B [FEREE Py Tag Mo
" Gas orvapour, closed system
Units PEY Data Sht. MNa.
" Liguid, to closed system :
4 ¥ @ Metric (1) Stress lsometic Mo

" Rupture disc,
upture disc, gas orwvapaour CIEnieh
Orifice Standard Orifice Size

® Standard Size Label  (in2) (mm2)
 User Defined I LI

Qutlet Pipe

Outlet Pipe Outside diameter  Do: I BO09.6 mm.  Std Pipe |
Outlet Fipe Wall Thickness t: I 36.53 mr. Cancel |

Calculated R

Input Data
Aa

Relief Temperature : . F1 = 0.0359- 4 — [

Ar

ke (T + 273.15) I
Fl = 766.27

(ko + 1M
SetPressure

Downstream FPressure F1+F3= 23376.93

W Ag
L3600 Ar
Reguired Mass Flow Rate  W: I 20000 kg fhr. = g(P +1)A F2= §3.42

Molecular Weight b 19

2
) 98-R(T + 273.15)

Ratio of Specific Heats ke=Cp/Cv I 13 F3 = Pd-Ad F3= 22609.66

Required Orifice Area Al 950 mrna.
Actual orifice Area Ad I 745 mme. Orfice G
2

Dymamic Amplification Factor daf'l
Execut
VWA Examplesty-d PSY GAS OPEN-02 psv HecUs

F4 := daf-F1 F4= 153254

F5 := daf-F2 F5= 12684
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7.1.2 PSV Help File

In the case of gas flow close to sonic speed, the AFI 520 equations da not give reliable results.
This situation is checked by Fipemill and if flow in the orifice area exceeds sonic awarning is
issued. The forces calculated based on maximum possible gas flow should then be used.
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7.2 High Gas Velocity PSV’s

As gas flow approaches and exceeds sonic (Mach) velocity, the APl equations will tend to
predict higher forces than would exist if flow were limited to Mach speed.

The software will calculate the gas velocity in the valve orifice and compare it with the sonic
velocity. If the flow exceeds sonic according to the API equations, and consequently forces
may be over-estimated, the user has the option of accepting API results or re-calculating

forces based on critical flow regime in the orifice.

7.2.1
glé PSV and Rupture Disc Force Calculatio

Based on APl RP 520

Units
@ Metic ()

Calculation Basis

® Gas orvapour, with open pipe
(~ Gas orvapour, closed system
" Liquid, to closed system

" Rupture disc, gas orvapour € English
Orifice Standard Orifice Size
@ Standerd Size Label  (in2) (mm2)
" User Defined |K 1.838 11860

=

Outlet Pipe
Qutlet Pipe Outside diameter Do: |45?.2

Outlet Fipe Wall Thickness

Std. Pipe |
Cancel |

mrm.
mm

Input Data

t |6.35
Relief Temperature T I 2 deg.C
SetPressure F: I [ harG

30
5
1

Downstream Pressure Fd:

l— bar G

Reguired Mass Flow Rate W IW ko fhr.

Molecular Weight hd: 13

Ratio of Specific Heats ke=Cp/Cw, IT

Al IW mme.

Actual orifice Area A IW mmz.  Crifice K
2

Dynamic Amplification Factar da1:|

-4 Examplesiy-4 FSY GAS OPEN-0Z. psv

Reguired Orifice Area

Typical Output Showing Additional Calculation at Mach Speed

Froject / Description

FEY Tag No.:
FSY Data Sht Mo,

Stress Isometric Mo

Calculated R It

. 0.5
F1 = 0-0359-W-E- M
(ko + 1) M

A F1= 735378

2

- F1+F3= 228717
WAa N oo R (T + 273.15) *

Fy L AB600Ar

g (P +1)-Aa

F2= 716319

W'arning |l

Click here to re-calculate

kach
force due to limitvelocity
of Mach speed in orifice. Hide

These APl loads resultfrom a
theoretical velocity which exceeds
tach speed.

| Execute

If the user chooses to accept the directly calculated API forces rather than forces based on
Mach speed, a note will be added to the printed output to this effect.

The principles above apply equally to open and closed outlet PSV’s
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7.3 Liquid Relief Valve

Forces generated by Liquid relief valves are not addressed in API 520, and tend to be smaller
than gas discharge forces. Equations used in the program are based on change of
momentum.

As the screen copy below shows, only the change of state as the valve initially operates

causes an external reaction. Equilibrium is rapidly reached and no further external loads exist.

7.3.1 Typical Input Screen and Output Results, Liquid PSV.

@ -
B PSV and Rupture Disc Force Calcu | ———y S—

Calculation Basis Calc. based on Mass Project § Description
( Gas orvapour, with open pipe Momentum theory
FEY Tag No.:

(~ Gas orvapour, closed system
PSY Data Sht Ma.

@ Liguid, to closed syst Units
- IquId, 1o Closed system .
4 4 @ Metic () Stress lsometric Mo

" Rupture disc, gas orvapaur € English

Orifice Standard Orifice Size
@ Standerd Size Label  (in2) (mm2)
 User Defined |K 1.838 11860 LI

Inlet Pipe

Inlet Fipe Outside diameter  Da: I 16828 mm. = Pipel
Inlet Pipe Wall Thickness t: I 711 rnem Cancel |

Input Data
Liquid Density: Fho: 850 kigfm3

SetPressure F: I 45 harG
Downstream Pressure Fd: I ? har G

Reguired Yolume Flow Rate:  Qr: In 07 mifsec

Calculated R It

5 0.5
(P-Pall” o4 Fl= 776659

Rho

F1:= E-Qa-Rho-[

E-Ap“2

F4 :=daf-F4 F4= 15533.19

Api:(ﬁ)-(bo—z-t)g-lﬂ-ﬁ

Reguired Orifice Area Al I 5500 mme. 4

Actual orifice Area A I 7129 mimz.  Orifice Q
2

Dynamic Amplification Factar da1:|
| Execut
-4 Examples\v-4 PSY LIQ CLOSED-03.psv P oestE
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7.4 Rupture Disc

Rupture discs are normally used for gas and vapour. The calculation method used is simple,
and originates in a paper from ‘Hydrocarbon Processing’.

Once again a force will only be developed whist there is a change of state existing. A
sustained flow though failed disc will not cause any external force.

7.4.1 Typical Input Screen and Output Results, Rupture Disc

iz PSV and Rupture Disc Force Calculatior e ——E———— — b el

Calculation Basis RUPTURE DISC CALC DOES NOT REQUIRE INDEPEMNDENT YALIDATION.
(" Gas orvapour, with apen pipe
i IPEn e FEY Tag No.: Rew.

(~ Gas orvapour, closed system
Units FSY Data Sht Mo, Rew.
" Liguid, to closed system )
4 ¥ @ Metic () Stress Isometric Mo Fien.

® Rupture disc, gas orvapaur € English

Input Data
Carrier Inside Diameter

SetPressure F:

Rafio of Specific Heats ke=Cp/Cv I 1.36

Dymamic Amplification Factor daf:l 2

-4 Examplesiy-4 PSY RUPDISC-04.psyv
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8.0

8.1 General Features

PREDICTION OF ACOUSTIC FATIGUE

The method proposed by Carruci and Meuller in ASME paper 82-WA/PVP-8 is applied to
predict the risk of acoustic fatigue in pipework downstream of a pressure reducing valve.

Up to five sections of pipe, generally of increasing diameter may be entered in the analysis.

Results will be displayed graphically and in table form for easy reference.

The results screen records calculated sound power level and predicted Mach speed. This is
compared with acceptability criteria and modifications are recommended if required.

Recommendations regarding further action will be presented, depending upon the

acceptability of results.

Noise Source Input Data

Fressure (bar G)

Upstream P [

Downstream P2 10

1

File name

Typical input with output data overlaid on the graph

-4 Examplesiy-4 ACOLUSTIC FAT 01.afo

T

Temperature () Upstream 230

Downstream T2 -100

Flawrate (kg /s) W £3.444

19

190

tal. weight m

185

Ratio Cp / Cv ko 13

ARER

0

Mam . pipe dia. at source (mm) 01 200 180 —

Service! (@ Cantinuous {>12 hours, e.g. BDY)

175

" Non-Continuous (<12 hours, PSY)
(dB)

Source Sound Power 170

Mach Speed at Source m:

165

160 —

1585 —

150 —

Sound Power Lewvel (dB)

T~

~_
S

DESIGN LIMITS FORACOUSTICALLY INDUCED WIBRATION

\HSdE{
\HD o8
kﬁ dB

+30B

145

Design Limit
SF Limit Exceeded
. One or more result(s) below graph |
T T o T T T T T 1
50 100 200 ioo ] 600 700 aoo0 300
- Diameter {rmm)




Pipemill Engineering Software
User Guide, Version 4.00

8.3 Typical acoustic fatigue output data

] L Sound Power Dhb's over | Fecommended Daownstream Yelocity Mach Mo, | Velocity
Pipe Section: Level (dB) | DesignLimit| Action Code Length Applied {m/s) Lirnit
rnj {h/5)
Source 176.87 437 Action B 14.60 1549.2 0298 2675
Source to Point1 158.87 0.0 None 0.0 169.2 0.298 267.5
Foint1 to Point 2 149.27 oo MNone 0.0 10149 0191 2675
Point 2 to Point 3 145.27 0o MNane 0.0 70.8 0132 267.5
Foint 3 to Foint 4 143.02 0o Mane 0.0 39.8 0.074 £67.5
Faint4to Painth 139.42 0o Mane n.o 2hh 0048 2675
RECOMMENDED ACTION - RECOMMENDED ACTION -
SOUND POWER LEVEL FLUID WELOCITY

Modify, Action Code A to D:

Femowve or brace all vents, drains etc.

Action Codes A, B and C: Minimurm wall thickness recommended
| is 12.7mm (0.5")

Action Code D: Minimurn wall thickness recommended is

197 mm (0.75")

Apply atleastto recommended downstream length.

Fluid velocities acceptable

Summary:

Sound power level EXCEEDED

Fluid velocity limits are complied
wiith.

Feturn

8.4 Help screen

st T T _

This procedure is based on the work of Carruci and Mueller and relates to sound power
generated by pressure reducing wakwes in piping service.

The procedure is relevant to continuous service such as blow-down vahwes and
compressor recycle systemns, and intermittent service such as PSY's.

The method was originally presented in an ASME paper no. 82-WAPYP-8, and has
been further refined by warious oil producing companies based on experience.

The method is intended to be a guide anly and not a definitive staterment. It limits both
sound power level and fluid velocity for gas service.

The basic equation for sound power lewvel (metric units) is:

| 36 12
PWLO = 1010 [%j \ﬁﬁ[ﬂ] + 1261

hud
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9.0 DESIGN FOR EXTERNAL PRESSURE AND VACUUM

9.1 Description

Pipes and cylinders may be evaluated for their resistance to collapse under external pressure,
and reinforcement may be designed to prevent collapse. Evaluation is in accordance with
ASME VIII Div. 1.

Certain paragraphs of the design code allow use of nominal wall where clearly the actual
minimum should be considered. PIPEMILL always uses the minimum wall thickness.
9.2 Materials Data
In most cases there will be no need to read or interpret material data curves in ASME I,
referenced in ASME VIIl. The three most commonly used curves are pre-programmed and
available via a mouse click:

CS-2 Carbon steel with a minimum vyield strength of 30 ksi

HA-1  Austenitic stainless steel, low chrome

HA-2 Austenitic stainless steel, high chrome

Alternatively, user defined material data may be entered.

If shell parameters entered result in (length / diameter) L / Do > 50 a limit of 50 will be
imposed in the calculation.

The shell may be un-stiffened, stiffened with standard section material or with a user defined
section. Heavy wall shells with D /t < 10 may also be evaluated.

In analysis of a stiffened section, the pipe wall may be included or excluded from the
calculation by selecting the desired option from the Stiffener Type panel.

There are many help files associated with this program, accessed from the relevant data input
panel.
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9.3 Typical External Pressure / Vacuum Input and Output

Lsilis—
Project / Description: »

Calculation Details: ®
“W'-4 Exarnplesiv-4 EXT-PRES-03.exp

S
8l g
ao

=
w

b
w

e

1716791

50mm. to scale

[fa]
EEE
o o
EEE

oment of Inertia in Wall

Faciors A and B from charts. ; _and Stiffener.......

9.4 Non-stiffened Shell

If a non-stiffened shell is analysed, a maximum allowable external pressure will be calculated.
If the resulting value is close to or below atmospheric pressure, a warning will be issued.

9.5 Heavy Wall Shell

If the (diameter / wall thickness) D / t ratio is less than 10, special heavy wall rules are
invoked. Reinforcement is excluded and the yield stress is required.

9.6 Standard Section Stiffener

To carry out a calculation for a shell stiffened with a standard section, in addition to the shell
data, only the stiffener properties, moment of inertia, area, neutral axis distance and section
width at the shell wall are required. The moment of inertia available in the combined defined
section will be calculated and compared to that required to resist collapse. Unacceptable
results will be clearly identified.
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9.7 User Defined Section

A user defined section may be defined, consisting of three component parts in addition to the
shell itself. The relevant help file clearly defines the areas used to build up a section, as
shown below.

If for example, a section comprises only two components, only areas 2 and 3 would be
defined and area 4 dimensions set to zero.

Operation of the program with user defined stiffeners is practically the same as with a
standard section stiffener. A scale plot of the stiffener section will be presented, to aid in
selection of a realistic shape.

The program does not currently consider radial buckling of a stiffener, or external loads
caused for instance, by integration of a stiffener with a pipe support.
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10.0 ROTATING EQUIPMENT NOZZLE LOADS ANALYSIS

Acceptability of nozzle loads applied by piping to various types of pump and compressor may
be analysed with this program. The following codes are covered:

API 610 Centrifugal Pumps

API 611 Refinery Steam Turbines

API 617 Centrifugal Gas Compressors
NEMA SM-23 Steam Turbines

10.1  API 610 PUMP ANALYSIS

Typical API 610 Input Screen

Relative to Global Axis:
Shatt duis is: ® In'¥ plane
 In'Z' plane

Yector FROM suction nozzle
TO pump centre:  (© +x%
& -x

Shaft axis and nozzle direction
must be defined before wvector

and load entries are allowed.

Stress Calc. Data MNB Vectar®  VYectory  Wectord Force ¥ Forcey Force 2 Moment® Maomenty  MomentZ
Paint  {in) . . . M. M. M. M. M. MNm

Suction Nozzle
[reso " [ewez [0 [ s [ e [ dene

REETT | e85z || -1386 | -4879 | -745@

| Suction |1nn |1n

Discharge Nozzle

| Discharge [ 200 [ @

.

10.1.1 API 610 Input Data

Two axis systems are available, one using the API local axis system (Z upward) and one
utilising the more common global axis system used in piping stress analysis (Y upward).

If the API (local) axis system is used, only the pump type needs to be defined, prior to load
and nozzle dimensional data entry, and subsequent analysis. If the global axis system is
applied, the shaft axis orientation and the cardinal vector from suction nozzle to pump centre
must also be selected, as shown above. If the global axis system is used, all nozzle data is
entered with respect to the global axis. The program will re-orientate each data item to the
local axis system on the line below, as it is entered.

If the analysis concerns a vertical in-line pump, the axis system must be carefully applied to
avoid confusion, since the ‘Y’ axis points into the suction nozzle and out of the discharge.
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The help file clearly defines action of the pump multiplier factor, Fn.

10.1.2 API 610 Output Data

Output is presented with respect to the various clauses in the code. Each calculated load
combination is presented with its respective allowable value, and acceptability or failure will
be highlighted.

10.2 API 611, API 617 and NEMA SM-23 Code Analysis

API 611 and API 617 are similar and both refer to NEMA SM-23. The analysis methods are
identical with the exception of differing factors employed as dictated by the respective code.

For purposes of the User Guide, operation in accordance with the NEMA SM-23 code will be
described.

10.2.1 Typical NEMA SM-23 Input Screen

Feference node no. for
Balance Faint:

BF node: 100

Stress Calc. [ nozzle ID Data B. Force® Forcey Force 2 tMomentx bMomenty Moment 2
Faint : : : M. M. M. Nrm. Nrm. Nrm.

Euctian 1 | 500 - | 000 | sooo | -1000 [ 16000 [ 000 [ 4000

| discharge 1 | 600 | 10 [ oo | 400 | 400 | 1800 | -toop | -6oD [ soo0 | oo | 1000

suction 2 IR RE | zon0 | 1000 | 1500 [ 1500 | -1500

discharge 2 a0o i - -1000 750 -1250 1000
! | | | | |
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10.2.2 NEMA SM-23 Input description

Up to four nozzles may be analysed. The location of the point around which all forces and
moments are resolved should be agreed with the equipment supplier. Commonly when NEMA
SM-23 is applied to a two nozzle compressor, the suction (larger) nozzle face and centre-line
intercept is used, and the shaft centroid of a two stage, four nozzle machine. This is not
mandatory however.

The shaft axis will default to the global X direction, but may be changed.

The dimension Dc (equivalent circular opening equal to all nozzles) is normally interpreted as
being based on the nominal diameter, and this is applied by PIPEMILL. The user has the
option prior to analysis, of entering a different Dc value if desired, as shown below.

NEMA SM-23 Input Screen — Definition of Dc

he program calculates the equivalent circular opening Do, based
on nominal nozzle diameters, in commaon with normal interpretation
of NERA. If you wish to input & user figure representing a different
eguivalent area, do so atthe cell below, otherwise leave blank.

-

Leaving the ‘User entered ..." cell blank and pressing ‘Continue’ applies the value of Dc as
calculated by PIPEMILL.
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10.2.3 NEMA SM-23 Output

Output data is organised with respect to the code paragraphs and sections. Acceptability or
failure of each element will be clearly identified.

A summary of results will be provided, and if code limits have been exceeded a diagnostic
chart may be accessed. The diagnostic chart allows the user to identify which load and
direction vector(s) is responsible for the over-load condition, in order to solve the problem
most effectively.

Screens plots of output data and diagnostic screens follow.

10.2.4 Typical NEMA SM-23 Output Screen

Each Individual Nozzle:

Combined Resultants at Balance Point:

Resultant

Force
N

Resultant
Marment
M

FR + (MR 3)
English Units)

Allowahle Load
(English Units)
De Allowable

Allowahle
(English Units)

Resultant
Moment

Resultant
Forze

Fe+ iMci2)
(English Units)

9568.8 M. 1849923 Mm.

Mozzle 1

Mozzle 2

Mozzle 3

Maozzle 4

172337

37417

32787

21937

9154.3 50562

5000.

21813 Ibf. | 14006.1 Iait.

43333

Combined Resultants:
(Sh-23 para 8.4.6.2)

£=
4BE6 7 Fo+(Mc/2) <= 125 . Dc.fn

4000

Individual nozzles: (SW-23 para 8.4.6.1)

Directional Resultants at Balance Point:

Limit = (500 / 3) . De . fn

Over-load Diagnostics

Use this chart to determine the source of a moment over-load. . .
Each force-distance setand a mament summation is available. Diagnostic

fn="3.000

Fesultant
Force

N

Allowahle
Force

M

Allowahle
Moment

Mm

Fesultant
Moment

MNm

SUMMARY - LOADS ARE NOT ACCEPTAEBLE.
Individual nozzle(s) overloaded.

Fdir.
" dir.

Z dir.

- 7500.
5750,

-1500.

B996.1
224490.2
179921

17875, 137125

Directional resultants at balance point are excessive
Combined resultant at balance point is excessive.

- 4450, 63563

4625, 68563

Directional Resultants:
(SM-23 para 8.46.2)

Dc= 13480

Fx ¢=50Dcfnfc
Fy ¢=126.Dcinfc
Fz <=100.Dcinfc

fc=4.448

hx <= 250.0cfh.mc
hty <= 126 Dednome
tz <= 125.0cfh.mc Modify { Print

Return o Inputto modify or print results. Note that title lines
are added immediately prior to printing

mc=1.356
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10.2.5 Typical NEMA SM-23 Output Screen with diagnostic chart

Moment Over-load Diagnostics
One ar more nozzles is over-loaded by moments. This breakdown of direct
rmorments and force - wector couples is provided to aid problem solving.
Allvalues are Nim.

Fesultant Fesultant Resultant
bl : : b : : b2

»dir. - 7500. B996.1 17875, 137125

v dir 750, 224902 4450, G356, Directional resultants at halance point are excessive.
Z dir. -1500. 179521 4R25. BBRE.3 Cambined resultant &t balance point is excessive.

Directional Resultants: Fx <=50.Dcfnfc M <= 250.0cfh.me
(BM-23 paraBA62) Ry ¢= 125 Deinfe by <= 125 Dodn.me
Fz <= 100.0Dcinfc Mz <= 125.Dcfrmc Modify { Print

Return to Inputto modify or print results. Note that title lines .
De= 13480 fo=4.448 me =1.358 are added immediately prior to printing. Cantinue

Individual nozzle(s) overloaded.
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10.3  Pump Nozzle Loads to ISO EN 5199
Nozzle loads for all configurations of pumps found in EN 5199 may be analysed.

The user will be warned if any data is outside the allowed range or exceeds and allowable
load value.

10.3.1 Typical ISO EN 5199 Input and Results Screen

Units Material - -
katric only. ™ Caststesl ‘alidation calculation
@ M) || @ Coctien . -

Select Pump Type -4 Examplesiy-4 EN 5199 Option 1A.enp

Shaft Axis Horizontal
® Frant Suction, Top Discharge

Nozzle Limits

Fum e (ref. Table B1 and BZ 14
(" Side Suction, Top Discharge ppe )

" Side Suction, Side Discharge } Size range: Min: 75

Shaft Axis Yertical

(" Discharge Nozzle Only

(Submerged suction) Nozzle Data
Data  MNozzle
Point  dig (D)

(” Suction and Discharge Mozzle

In-Line Pump

" Supported by Pipe Suction I 1 I 100

" Supported by Base Plate Local axis loads:

Allowahble loads:
Select Global or Local Axis

@ Global Axis System Discharge IT IT

" Local (EM 5199) Axis System

Local axis loads:

Global Axis Orientation Allowsble loads:

Shaft Axi
Y & s Pump Body Data

® X-direction Cold E Mod. I 201000 MPa
X
" Z -direction Hot E kaod. |1QDDDD P

_ Load Factor I 1
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11.0 PIPE SUPPORT STRESS ANALYSIS

Trunnion type and vertical riser (stack) type support structures may be analysed with the
program. Section 11 deals with Trunnion design in accordance with the well-known ‘Kellogg’
method found in Kellogg, ‘Design of Piping ‘Systems.

Note that a more comprehensive method of analysis for Trunnion type attachments to pipe
and elbows may be found in section 12.

Trunnions in accordance with ‘Kellogg’ may be with or without a stiffener ring and on straight
pipe or attached to an elbow.

Riser supports may include or exclude horizontal stiffener rings. Both calculation routines
include the effects of external loads and internal pressure. Riser support analysis is based on
Blodgett ‘Design of Welded Structures’.

11.1  Trunnion Type Pipe Support Analysis

A standard pipe size for both the parent pipe and the trunnion may be selected from a data-
base. Alternatively, user defined diameter and wall thickness may be entered. If specified,
corrosion will always be deducted from the pipe wall thickness prior to calculation.

Mill tolerance may be included or excluded from the calculation by use of a check box.

As shown in the screen print below, the analysis assumes that reinforcement will be in the
form of a ring, full welded on the inner and outer edges.

Since global axes are not used, the trunnion may be in any orientation. Direct load is axial in
the trunnion and longitudinal in the plane of the parent pipe.

Two output panels are available, one providing local stresses at the pipe / trunnion juncture in
accordance with the ‘Kellogg’ method and another giving global bending and shear stress in
the trunnion. Local deflections are not calculated, however a significant global bending stress
might suggest that trunnion and local pipe wall flexibility be considered, particularly if the
trunnion is intended as a restraint local to equipment.
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11.1.1 Typical Trunnion Stress Analysis Input and Output Screen.

|7 Pipe support ESEREx

Units

Calculation TRUMMNION DESIGM - GLOBAL AND LOCAL STRESSES

& Sl Units ® Trunnion strasses o2 Include il

" Stack Support Taolerance
C English Units

Fipe Properties:
Farent Fipe Outside dia. Dp:

Standard
wall thk. Tp: Fipe size
Corrosion Allowance:

Mill Tolerance:

Design Pressure P

I

Hot allowakble stress She

Trunnion Data Local St
> Local stress: (MPa)

Dirmensions: (rmm.
imensions: (mm. fac= (R°0.5)/ (Tc"1.5)

Standard Fipe radius SL=117FFl fac SL= 9083

Trun. size Trunnion radius r= - 2'.34 FFC; -

Cor. pipe + pad k. Te= SA=1.75FFa fac SA= 2.21

Trunnion: Qutside dia. Dt

Wallthk. Tt

Mill Tolerance:

Line loads:  (MNf/mm.) Combined local stresses:

FFI = FLLt/(pir™2) FFl = 402.81 SL+SA+SLP = 10512 MPa.
FFoc=FCLtf(pi . r72) FFo= 9714
FFa=FA/(2.pi FFa= G5B
Fressure stress: (MPa) Allowahle local stress: (1.5 3h)
SCP=PRfTc SCP= 2455

SAL= 1755 MPa
SLP=PRj2Tc SLP= 1227 G'Dba'l

Length Lt

[=2]
=
=

Applied Loads: Longitudinal FL:

Circurnferential FC: SC+SA+SCP= 7047 kAP,

Axial (direct) FA:

Reinforcing pad thk Tr.

LEEERSEE

Aftachmentweld length Lw:

Execute

-] Examplesiy-4 SUPPORT TRUM 01 spt
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11.2  Riser (stack) Type Pipe Support Analysis

Input of data for the parent pipe is the same as used in trunnion analysis. The number of, and
plate dimensions for the vertical plates must be defined, and parameters of any stiffening ring
supplied. The calculation assumes that if any stiffening is defined, it will be in the form of two
identical rings.

Local moments and consequently stresses will be evaluated and combined into a maximum
shear stress. This will be compared to a notional limiting shear stress of 1/3 hot yield stress
by the program. The user is cautioned that some design codes specify differing limits
for shear stress.

11.2.2 Typical Riser (stack type) Support Stress Analysis Input and Output Screen.

Calculation WERTICAL RISER { STACK SUPPORT -LOCAL STRESSES
(" Trunnion stresses - Include bl
® Stack Suppont Jcleiane:

¢ Sl Units

@& English Units

Fipe Properties:

Farent Fipe Outside dia. Dp: I

wall thk. Tp:

3] i
05 !
Corrosion Allowance: IW i
Design Pressure P IT
Haot YIELD stress Sy IW

Riser / Stack Support Data

Standard
Fipe size

Mill Tolerance:

Fesults
Stiff. ring [ wall z & in2 zM in3 zlx  ind zlg ind
Fipe wall:  1.7247 e+0 1.1577 e+l 7771 e+l 2.596 e-2
Pipe ring: 326 e+0 1.0563 e+l 34328 e+1 11443 e+1
Murnber of support points: Sumvwalues: 49747 e+0 22139 e+ 1.2351 e+2

C2z (3 @4 6 (38

n.
n.
n.
e
psi. G.
psi

Component stresses  (psi)

Dimn. pi It tpaoint A
e olp oCt aCh Allowakle

Height of wertical plate BE: in. Athangerloc.  6.0747 e+2 2029 e+3 1.4572 e+4 19333 e+4

At ic-paint: 6.0747 e+2 2.869 a+3 -76074e+3 19333 e+4
Radial Width of ring I mic-poin e+ a+ o+ o+

Thickness of Vertical Plate T i Max shear stress 15 (cCp + oCt+ gCh) = 86042 e+3  psi
Allowable shear stress = (1/3) Sy = 96667 e+3  psi
| All calculated stresses are acceptable

Metwvertical load on all points P 3000 : Code Check ! Some Design Codes require differing allowakle values.

Thickness of each stiffener ring T2: 05

| DESIGN INCLUDES RING STIFFEMER PLATES

Siv-d Examples\v-4 SUPPT-STACK 02 spt

Execute
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12.0 PIPE AND ELBOW TRUNNION STRESS ANALYSIS TO ASME Il Section Y-5000

The method employed originated in ASME 1ll Code Case N-392 (1994) and is embodied in
ASME Il Div. 1(2007) Appendices, Article Y-5000. The work is the conclusion of extensive
finite element analysis of many straight pipe models employing a perpendicular trunnion type
attachment.

The method was extended to cover a Trunnion attached to an elbow by EPRI under report
TR-107453. This method applies to a maximum bend radius of 1.5D.

Pipemill deals with both straight pipe and elbow attachments. Two sets of input are available.
The user may define all forces and moments that apply at the intersection, of only define
forces at the end of the trunnion. In the latter case Pipemill will determine respective moments
from imposed forces. This is considered the most relevant loading case to a typical piping
application, since whilst trunnion supports often resist lateral forces, they rarely also fully
restrain moments at the base.

There is no direct input for a reinforcing ring since it is not addressed in the base documents.

It is considered appropriate to include a reinforcing ring as an equivalent total wall thickness,
provided the ring is of the accepted proportion of a net diameter close to the2x the trunnion
diameter.

12.1 Fully defined moment input

Units Location Weld Data Service Level Project

(" English § @ Pipe @ FullPen. @ " Calc'd ® MNormal

@ SlUnits 8  Elbow " Flllet ® Define ™ Upset
(" Emergency =4 Exampleshy-4 N392 TRUMN 07 ytr

Pipe / Elbow Properties = Faulted

Outside Diarmeter PDo: Iﬁ T

MNarinal Wall tF: I 9525  mm Imposed Forces T Mo
Q1M Qz N W N MM N ML MNm

Calculation Details

Internal Corrosion  ca

Sustsined [ 433 7a04 | 1512 262 4713

Mill Talerance  MTP:

Occasional I 7598 563 I 2p2 388

|

Design Pressure PR |31.0264 I
Max. Op. Pres. PRmax. [3.1975 Expansion | 2625 ETERN |
|

|

Settl it
Cold Allw. Stress ScP: [137 a5 StEmEn I 1000 2000 I 3000

HotAlwStess  ShP [137.505 MexLoading [ qos71 | 3789 [ 1237

Yield Str.at Temp SyP:

Stress Red. Factor  f:

241.316

I 1
Trunnion Data
Outside Diameter TDo: |21 9.075 of page
Maorminal ‘all tT. I 81788
Mill Tolerance  MTH I il
Cold Allw Stress  ScT: |1 37.895

I‘I 37.695

HotAllw Stress ShT:

Yield Str. at Temp SyT. |24‘| 316
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12.2 Forces defined, moment derived input

Units Location Weld Data Moments Service Level Project:
" English |} @ Pipe @ Full Pen @ Calc'd @ Mormal
@ SiUnits |§  Elbow  Flilet " Define  Upset

" Emergency -4 Exarnplesiv-4 N392 TRUMN 03.r
Pipe { Elbow Properties " Faulted

Outside Diameter PDo: | 3555

MNarninal YWall tF: | 9525 Imposed Forces
Q1K

Calculation Details

Internal Corrosion  ca:

Mill Tolerance  MTF: Sustained I 499

o] ional
Design Fressure PR SeEsena I 7598

E.
e Op. Pres. PRmax: Xpansion | 2825

Seftlement I 1000

Cold Allw. Stress  Sch:

HotAllw Stress  ShP: Max Loading | 10571

Yield St at Temp SyF:

Siress Red. Factor  f

Trunnion Data

Cutside Diameter TDo Standard
Naminal Wall 1T Trun 5IZE|

Lengthto CL. Tlen

13

Mill Talerance MTt:

Cold Allw Stress ScT:

w
]
o
©

Hot Allw Stress ShT:

w
]
o
@
]

Yield Str. at Termp SyT:

]
iy
w

12.3 Typical Trunnion calculation output

PIPE TRUNNION TO ASME Ill App. ¥-5000(2008a) and Case N-392-3

—ref input —Full Penetration Weld - Local Stresses:
i Fipe Wall Thi: 9.525 b
PiISe .fr:a;;:l. 10355 834 ::,\2 5300 Camponent Moments: Nmm  v-5410(a) Component Stresses: MPa
Pipe Modulus Zp 872635.067 mm™3 Marment WA 4625040.207 Stress SMT:  45.6064
Pipe Inertia Ip: 15615 e+8 K
TS lnE= B mm MomentMB: 4776281 817 Stress SNT: 88,688
MomentMC: 3178635.714 Stress SPT: 159.539
= 5 Moment MD:  2958039.892
— Trunnion Properties
Trunnion Area Af: 5416.864 mm”2 .
Trunnion Madulus 7t 0TEATH 7A0 rrm® Y5410 () Ref  Stress Dir. Value Allowed MPa
Trunnion Inertia It: 30172e+7 mm™4 MNC-3652 eq.8 S50 80.371 206.543 oK
Factor Beta 0.616
NIC-3653.1 9 S0L: 80.671 248.211 Ok
Factor Gamma 16.667 =
Factar Tor 0.859 MNC-3653.2e0. 10 SE(MC):  83.442 206.843 Ok
MNC-3693.2 eq. 10a SE(MD):  83.159 413.685 0K
NC-3853.2eq.11  STE 162.430 344738 Ok
—Limit St
fmit Slrassas Y5410 (9 SNTS. 302029 48263 OK
Service Level: Normal (A) Shear 12,660 41FE 0K
Min. Cold Allw. Stress 137.895 MPa
in. Hot Alkw. Stress 137.895 Pa
Min. Yield Stress 241.316 MPa DESIGM IS ACCEFTABLE.
Factor Applied to Sh: 1.800
Factor Applied to Sy 1.500 NOTES:
St Litnit Sh: 137895 kP
51:222 L:::t By 241 316 MF’: The method assumes that elbows are short radius 1.00 or long radius 1.50 :
In contrast to the Code, all calculations are based on the MIMNIMUM wall thickness, Input and

including corrosion and tolerance. This is a conservative approach Print
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13.0 Heat Transfer Through Welded Pipe Support Shoes

Heat transfer through a welded attachment is calculated using methods from ASTM C680-04
and Escoe’s ‘Piping and Pipeline Assessment Guide’.

Typical values for thermal conductivity and convection coefficients are presented in the help
file.

Three configurations may be considered as shown below.

The screen print of a stiffened shoe shown below demonstrates typical results for a cryogenic
support.

The intent of the program is to allow assessment of support contact temperature to aid

material selection.

13.1  Simple Inverted Tee Shoe

Select Units Insul thk.

© Metic (30) [TEMPERATURE GRADIENT v SHOE HEIGHT
® English

SelectType ' G594

@ Single plate
orTee
B5E A

2 aial plates
620

2 axial plates
+weh plate

597 A

567 A

536

506

475

445

.00 720 640 560 480 400 320 240 160 80 .00

Height abowve baseplate (in)

Conductive height  8.00 in. Temp. atend ofinsulation 6352 degF.

Conductive area 450 inz. Temp. atshoe base plate 4452  degF.

 I—
b
2D
E
I
| 037 |
|
l
| osas
=N

.
=
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13.2  Two Plate Shoe

Select Units

" Metric (30 [TEMPERATURE GRADIENT v SHOE HEIGHT
@ English

SelectType
- Single plate
or Tee

® 2 axial plates

600

2 axial plates
+weh plate

i

563

52b

458

450

413

376 . . . . . T : : : \
1167 1041 925 810 644 578 4B3 347 231 136 00
Height abowve baseplate (in.)

Conductive height  11.57 i Temp. atend of insulation 6692 degF.

Conductive area 10,50 i Temp. at shoe base plate 3760 degF

ra
&

ra
& =
]

13.3  Stiffened Shoe

® Metric (3] i [TEMPERATURE GRADIENT v SHOE HEIGHT
" English i

SelectType
- Single plate
or Tee

(2 aial plates

2 axial plates
+weh plate

2h2B 2244 1864 1683 1403 1122 842 BET 281 .0

Height above baseplate (mm.)

Conductive height 28055 rrm. Temp. atend ofinsulation 3886 degC

Conductive area 935482 mm2. Temp. atshoe base plate 1506 degC.
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14.0 Wind loads on Piping to EN-1991-1-4
14.1  General Notes on Wind Loads

This program element is specifically written to evaluate wind loads on piping and should not
be applied, for example to buildings or other structures.

The EN-1991 method is complex, covering a large array of wind load situations. The intent of
this element of Pipemill is to simplify the work as far as possible and to identify only that data
needed for piping.

Predicted wind velocity and consequently force may vary significantly with height above
ground. The user might consider carrying out a number of calculations representative of
elevation change if piping is for example attached to a tall tower.

The EN-1991 Code which is copyright protected and some data cannot be reproduced in the
program. Thus the User will need to obtain an official copy of this document.

Help file data contains guidance for certain factors, based on British criteria.

14.2 Typical EN-1991-1-4 Wind Load Calculation Input and Output

Copyright Note: Froject / Description:

Since copyright law preseents reproduction of diagrams from the : :
EM1991 Code, vou will need a copy of the Code to read essential Calculation Details:
fi fion f d th .
iniermation fom clagrams herein -4 Examplasiv-4 WIND LOAD 01wnd

ra
w

ra
=

OQutput Data

Peak welocity at height ze WZE IW
Feakwvelocity pressure gpz IW
Feynold's Murmber Re IW
Force coefficient Cfl (factor) lw

Calculated Wind Pressure I 433.03

01

.

Execute

m/s

M{m2

Nfm2
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14.3 Typical EN-1991-1-4 Wind Load Calculation Output with help File

Copyright Note: Froject / Description:

Since copyright law preseents reproduction of diagrams from the : :
EMN1891 Code, vou will need a copy of the Code to read essential Calculation Details:

infarmation from diagrams therein. EN 1991 Help

0.05

| 32.852 m/fs

z0 (m) zmin (m) I 6616 MNfmz

0.003 1.0

I 4686911
I 065453

I 433.03 Nfm2
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15.0 Jacketed Pipe Design and Analysis
15.1 General Features

Jacketed pipe is tedious and complex to model correctly in piping stress analysis software.
The program is intended to aid and supplement such work.

Frequently problems with jacketed pipe concerns force and moment reactions on connected
equipment. The first section of the program will generate for a given diameter, equivalent wall
thickness and equivalent mass representative of core pipe, jacket, contents and insulation.
This allows accurate evaluation of loads on supports and connected equipment using a
normal single string of pipe elements in a stress analysis program. Calculated stresses will be
approximate.

The second section evaluates internal forces in the jacket and core due to relative expansion,
calculates all internal stresses and loads and the critical buckling length. Expansion rates can
be extracted from the PIPEMILL internal data base.

The third section of the program assumes the worst case end closure, a flat plate, is in use
and calculates stresses in the plate due to imposed expansion or contraction forces.

Comprehensive help files are available for all three sections.

15.2  Typical Input Screen

" English . .
et

100
150

202930 202990

5

=

25
300

2E0
1.29093e-5 1.74757e-5
Care
Execute 1
and 2

=

rl | &
- o]
[=5
o
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15.3 Typical Output Screen

Jacketed Pipe Outj

Compound Stiffness and Weight
Moment of Inertia:  (mm4)

8.100633e+08
45176835e+08
1.2616847e+09

Jacket |j
Core Ic
Combined |

Area: (mm2)

17968 .4
14525.8
2230531
15381.2

Jacket area
Core area
Insulation area
Cladding area

For stress analysis input:
610.000 mm

Equivalent wall 15265 mim
26920033 kg/m3

Equiv. Diameter

Egquiv density

For supports design:

Totalwgt. 767.74 kg/m
Mveight per unit length)

Axial force, Stress and Buckling

Axial Thermal Stresses:  (MN/mm2)
Jacket Axial Stress (New)  52177E+01
Jacket Axial Stress (Corr)  4.4832E+01
Core Axial Stress (New)  -6.4542E+01
Core Axial Stress (Corr)  -7.1887E+01

Axial Pressure Stresses:  (MN/mmzZ)

6.0239E+01
3.4654E+00

Core Axial Pres. Stress
Jacket Axial Pres. Stress
Combined Axial Stresses:  (N/mmz2)

Jacket Longitudinal Stress 54297E+01
Care Longitudinal Stress  -7.1887E+01

Thermal Axial Forces: (M)
Max Wall Thic. (New)  -9.3753E+05
tin wall { corroded) -5.8059E+05

Critical Buckling Lengths:  (m)
Jacket (New)

Jacket (Corroded)
Core  (Mew) 31071
Core (Corroded) 29.603

intension
intension

in Flat Closure Plate
Annular Bending Pressure
Mew Fipe and Flate:  (M{/mmz) (MNfmmz)
194.940 -16.668
-220.597 10.334

Jacket f Quter edge
Core / Inner edge:
Corroded Pipe and Plate:

Jacket f Quter edge:  163.861 -25.442
Core / Inner edge: -184. 956 13895

Combined
(M{mmz)
213.829
230932

1549.303
198.851

Auxiliary Data
Jacket Expansion Rate  0.00360  mm/mm
Core Expansion Rate 0.00418  rmmfmm
Jacket Min. Thickness £.634
Core Min. Thickness 5112
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16.0 REINFORCED AND STUB-IN TYPE TEE DESIGN

This program caters for the design of tees manufactured from plate or straight pipe. Lateral
branch connections are allowed to an angle from the perpendicular of 45 degrees.

The tee connection may include inherent reinforcement within the wall of the header or
branch pipe, or reinforcement may be in the form of a fully welded ring.

For both header and branch, a standard pipe size may be selected from a data-base, or user
entered dimensions may be used.

Stress intensification factors will be calculated, based on the design code. If a lateral
connection with an included angle less than 90 degrees has been defined, the stress
intensification factor will be modified in accordance with the Codeti (French) code, which
increases the sif as the branch angle reduces from 90 degrees. This is documented in the
program help file.

Commonly a tee analysis would be run initially without a ring, to establish the minimum
requirements for reinforcement. The program will define the minimum thickness and diameter
bounds for an acceptable ring. Results will be presented on a full screen, and will be
summarised on the input screen when it is returned.

A series of screen images follows from the same problem. These show a non-reinforced input
data screen, a related comprehensive output screen and an input screen with reinforcement,
where results are acceptable.
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16.1  Non-reinforced Tee Input and Summary Output (results not acceptable)

Design Code Tolerances Reinforcing Ring
® 5l Units ® ASME B313 Select (dimension) 8 Specified

or (%
€ English € B EN13480 ) C“ﬁngel ® Not Specified

Input Data

HEADER: BRANCH
Outside Dia. : E19.075 E 1143
Marn. Wall Thk : | 61768 || B.018E

Standard Standard

Factar yh: I 04 i
|1—

0.4
Factor E Eh Eh: 1
Alllowahble Stress Sh: 110 Sh: 110

1258

Tolerance tolth) 125 % tol(k):

Internal Pressure P ISU.ES bar G, Branch'Weld Leg  Lwh: I 6 mm
Results Summary (from previous calculation)

Corrosion Allowance ca | 25 mm Design Temperature Tk I 200 deqC hin. ring dia. for thk. Tr: 2754
Max allowed ring dia. (2.d2) 2175

Branch Angle heta: 90 Deg Weld Factor A I 1 Wir.ting thk for die. Dr 938

Errors and warnings:

Insufficient Reinforcement area. Increase wall or add / increase ring

16.2 Comprehensive Output Data Screen (results not acceptable)

Di ional limits: Area requir
RatioTnh / Dh 26.8 Feplacement.Area Regd. A1: 3286 Areas. 1778
Fiatio Db/ Dh: 05 AreaAd 165

in. Areareg'dinring +weld: 983 Ad(weld) 360
DO/ Trh and Db ¢ Dh within limits & g (weld)

Area awvailable in ring + weld:  0.00 AreainWalls andWeld: 2303
(Ring to header pipe weld only) (eld around branch pipe only)
Branch Weld details

Reinforci ing data:
tinimum weld leg: CIIRIELT) (T e

Fuun weld length Min. ring dia. for thk. Tr. 27549 . Weld leg length 0.0

Eremeh el area Max allowed ring dia. (2.d2) 2175 Ring edge weld ares. 0.0

Min. ring thk for dia. Dr: 9.38

Wall thickness for pressure containment: Stress Intensification Factors:

Header - min.wall 302
EElaP= i, SElin m Note that B31.3 ASME B31.3 App. D: Cadetifor <80 deg.

takes no account
of branch angla. sifi sifo sifi sifo

Header - Min. actual wall: l mm

Bl i R roeame: Unreinforced 3961 1349 3961 1349

Branch - Min. actual wall:

Ring reinforced 3.961 4.949 3961 4.949

i

Intermediate di ions:

Dirmn D1 1088 it DirmnL41 1768 rmm n

Dimn D21 61.8 mm Dimn L42 6.9 mm

Dirmn D2 1088 it Dirmn L4 649 mm - 5 -
Insufficient Reinforcement area. Increase wall or add / increase ring

Modify { Print
MNote that title lines are added immediately prior to printing
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16.3 Input Screen with Reinforcement and Acceptable Results Summary

Reinforcing Ring

€ SlUnits @ ASMEB31.3 Select{dimension) ¥ @ Spacified
or (%
® English ¢ BSEN 13450 ) change " Not Specified

HEADER:

Outside Dia. : in. b
Maom. Wall Thi. : in. § . in. . . .._.|.

16

05
Standard | Standard
Factor v yh: 0.4 i
1.0

FactorE Eh Ek:

Allowable Stress Sh 14400 i Sh

Tolerance talth): 125 tal(k): 125

Internal Pressure P | 500 psi. Branch'Weld Leg  Lwh: ID.S?E in.
Results Summary (from previous calculation)

Corrogion Allowance  ca: I 01 in Design Temperature  Td I 371 degC tin_ring dia forthk. Tr 10861

Max allowed ring dia. (2.d2) 14.630
Branch Angle beta: 60 Deg. ‘Weld Factor Wy I 1 Wi, ring thi for dia. Dr. 0369

Errors and warnings:

Reinforcing Ring

Ring Diameter  Dr. I 12 in. Ring YWeld Leg Lwr:l 0375 in
Min. Ring Thk.  Tr: I 05 in. Allowahle Stress Sr:l 14400  psi

Feinforcement is acceptable.
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17.0 DESIGN OF VARIOUS LARGE COMPONENTS

This program is intended for the design of large bore refinery type fittings where standard
components may not be available. Mitre elbows with any number of cuts, reducers with or
without end reinforcement, end caps and line blinds may be designed.

17.1 Mitre Elbow

The mitre elbow calculation checks whether the construction is by code definition wide or
closely spaced and evaluates acceptability accordingly. The maximum allowable pressure is
calculated and compared with the required pressure. Stress intensification factors are
presented in accordance with the design code.

A comprehensive output screen will be presented, and results summarised on the input
screen when it is returned.

17.1.1 Mitre Elbow Input Screen with Summary Output.

Units Design Code Tolerance
® Sl Units @ ASME VIl / B31.3 Zelact (dimension)

%
" English Units C BS EN 13480 or(%]  Changs |

LineBlind | EndCep |

Mitre Bend |

titre Elbow to ASME B31.3 (2012) Section 304.2.3 (Internal Fres.)

|Se|ect the component to design:

ka36.4 alpha,

19.05 ' {theta

KE

Standard

Results Summary - Mitre
Minimurm wall 17.45 mm. Stress Intens. Factars:
Minimum rad. R1 139465  mm. App. D-close spaced
Midwall rad. r2  1209.68 mm. sifiand sifo;  7.492

Max Allowable Pressure 375 bar G.

Acceptable - Allowable pressure exceeds specified
design pressure

o7
[Tz
[
[
e
i

Project / Description:
Execute
Calculation Details: 5
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17.1.2 Mitre Elbow, Comprehensive Output Screen

. — — —
B313 Mitre Elbow - Results I .

Geometry Stress Intensification Factors
Minimurn wall thik,  17.45 . App. D -close spaced

flexibility factar h: n.042
Elementlength s:  1272.24
tficl weall rad. r2 1209.68 . r2( 1 +tan theta) 1450.29

binirmurm rad. R1 139465

bin. end length k4 39550 . sifi and sifo: 7492

Pressure Calculation:
Allow, pressure, eq. da 375 bhar G

Allow, pressure, eq. db 594 bhar G
Allow, pressure, eq. 4o 252 bhar G

hax Allowahle Pressure 375 har G.

Acceptable - Allowable pressure exceeds specified design
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17.2  Line Blind
The calculation of a line blind thickness to ASME B31.3 is straightforward. The program adds

corrosion allowance to both sides of the blind if specified.

17.2.1 Line Blind Calculation and Results Panel

Units Design Code Tolerance
Sl Units ® ASME VIl B31.3 Select (dimension)

%
® English Units C BS EN 13480 or%]  Change |
LineBlind | EndCep |

|Se|ectlhe component to design:
Mitre Bend |

Line Blind {trapped between flanges) to ASME B31.3 (2012) Section 304.5.3.

Standard

Carrasion allw. 15 added to BOTH sides ofthe blind.

Project / Description:

- - Execute
Calculation Details:
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17.3 End Cap
End caps are currently calculated in accordance with ASME VIII Div. 1. Currently only
pressure on the concave side is addressed. The minimum required thickness will be

calculated, also the related spherical and knuckle radii will be reported.

17.3.1 End cap Input Screen with Summary Output.

Fan P}

Units Design Code Tolerance - Examplesyv-4 CAR ASME-01wrs
51 Urits ® ASMEWVII/ B33 Select (dimension)
® English Units  BS EN 13480 or(*%)  Change |
LineBlind | EndCep |

|Se|ectlhe component to design:
Mitre Bend |

Elliptical Cap to ASME VIl Div. 1 (2013) Section UG-32(d) (Fres. on concave side)

I 30
I 0.406

Standard |

ASKME VIl approximation of 2:1 elliptical head

Project / Description:

- p Execute
Calculation Details:
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18.0 Large Bore Reducer to ASME VIl Div. 2
18.1  General Notes

The program carries out a rigorous analysis of any viable conical reducer in accordance with
ASME VIII Div. 2 rules.

Checks are carried out to ensure that data is complete and representative of an acceptable
geometry set.

Global and local stresses are calculated and presented in full and in concise form.

18.2 Large Bore Reducer - Typical Input Data

& Large Conical Reducer - In| ﬂ

Select Units - - LC
. ) CONICAL REDUCER TO ASME VIl Div. 2 (2010) Section 4.3 .
® English Units

| (" 8l Units /

|Pr0je|:t / Description: Large Reducer

Tolerance
m 3% |Calcu|atiDnDetails: COMICAL REDUCER DESIGN e || =0 Hes o= 0= 0= 0 c—e—od .
L= |f:\V—4 Examplesy-4 ASME WIll RED-01 ler
TS \r\%
TC

Input Data

Large End Qutside Diameter D ,T in. Allowable Stress, Ambient  Sa ,W psi.

Large End ‘Wall Thickness TL ,W in. Allowable Stress at Temp.  Sh ,W psi.

Small End Outside Diameter Dz ,T in. “ield Stress, Ambient '5a ,W psi.

Small End Wall Thickness TS ,W in Yield Stress, at Ternp st ,W psi

Cone Wall Thickness TC ,W in. UTS, Ambient UTSa ,W psi.

Cone Length Along Axis ~ LC ,W in. ‘Weld Joint Factor E W

Corrosion Allowance ca ,70 in. Poisson's Ratio nu ,T

Taletance tol W % External Axial Force FL ,W I

Internal Pressure intP ,T psi. MNet Longitudinal Moment L ,W b it

External Pressure extP ,T psi. Taorsional Moment T ,m It

Hat Young's Madulus Eh ,m psi. |

J

Execute ﬁ ‘
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18.3

Large

Large Bore Reducer - Typical Summary Output Data

Conical Red

Geometry Checks:

in wall thk., large cylinder (in.)
i weall thi., small cylinder (i)

tlin wall thi.. cone (in))

Reguired
0.294
0116

0.304

Actual
0.437
0.322

0.452

Half Apex Angle (deg)
i Cone Length {in.)
BL /tlratio 20 <= RLAI <= 500
toftlratic 1<=tcftl<=2

RS /tsratio 20 <= RLAl <=500

max Bl
10.712
E7.650
1.034

36.267

15.000

67.177

43114

Global Stresses:
Hot Allowahle Stress zh

Primary+Sec. Stress Limit sPs

25300.000
7E000.000

Combined Stresses:
sigma theta m (psi)
sigma sm (psi)
tor (psi)

Cornbined stress sigma (psi)

Actual
17633.784
10812.765

428.464

15534.427

Allowed

25300.000

18.4

Stress Results Summary

JGEOMETRY AMD STRESS LIMITS COMPLIED WITH

Moment and Shear Force Resultants:

4.3.3 LEnd Moment Resultant, Pressure (Ib.ff)
4.3.3 LEnd Shear Fesultant, Pressure (lbf)
4.3.4 LEnd Morment Resultant Line load (k)
4.3.4 LEnd Shear Resultant, Line load  {lbf)

4.35 3.End Moment Resultant Pressure (kb f)
41.35 S End Shear RBesultant, Pressure  (Ibf)
4.3.6 5 End Moment Resultant, Line (oad (lb.ff)

4.36 3.End Shear Resultant Line load  (Ibf)

Compressive Stress Checks:

Meridional Stress sigma sm (psi)

Allowable Compressive Stress Fxa  (psi)

Fieview local stresses at

P Local
cylinder and cone 3t
intersections 1859

10812 765

22306416

oK

Return to Input
and Print

Large Bore Reducer — Local Stress Output Data

Internal Pressure + external loads, Local Stresses (psi):

sigma sm pos
sigma sm neg
sigmatheta m pos
sigmatheta m neg

sigma sh pos + sigma sm pos
sigma sh pos - sigma sm pos
sigma sh neg + sigma sm neg
sigma sh neg - sigma sm neg

sigmatheta b pos + sigma theta m pos
sigmatheta b pos - sigma theta m pos
sigmatheta b neg + sigma theta m neg
sigma theta b neg - sigma theta m neg

Cyl. Large End

10621.672
£390.559
2208.025
7418.085

-15840.407
-36B63.632
-9477 468
-22258.166

-5700.580
-10116.631
3157.687
-12676.563

0K
OK
0K
OK

Ok
oK
Ok
oK

OK
0K
OK
0K

External Pressure + external loads, Local Stresses (psi):
Large End Cyl.

sigma sm pos
sigma sm neg
sigmatheta m pos
sigmatheta m neg

sigrma sh pos + sigma sm pos
sigma sh pos - sigma sm pos
sigrma sh neg + sigma sm neg
sigma sh neg - sigma sm neg

sigmatheta b pos + sigmatheta m pos
sigmatheta b pos - sigma theta m pos
sigmatheta b neg + sigmatheta m neg
sigma theta b neq - sigma theta m neg

1668.002
-2572.751
-3168 6813
2551.248

-2421.933
-6537.938
3941.008
9086.508

-4352.794
1964.832
4505.373
-687.114

0K
Ok
oK
Ok

0K
oK
0K
oK

Ok
oK
Ok
oK

Cone Large En

10171660 QK
B178.102 Ok
2106.767

7836.018 Ok

-14469.700
-34813.020
-8654.493

-21010.647

-5285.622
-9498.195
3386.238

-12285.785

Cyl. Small End Cone Small End

16074626 Ok 11367.806 QK
-6947.756  OK -J960.277 0K
21788.472 Ok 20308.716 QK
1758451 OK 2494288 OK

45964.430 OK 26567340 OK
138365377 OK 3831.730 oK
-21032.261 OK -12108.143  OK
-7136.748 Ok -2187 550

30774443 OK 24368.578
-12804.501 Ok -16748.058
-2466.907 Ok 349.928

5883602 Ok -4638 648

Allowable

25300.000

76000.000

Cone Large End

1506 266
-2487 272
-3162 698
2566.331

-2213.878
-5226.450
3601 329
8576873

-4278.948
2046 850
4392911
-739.750

Small End Cwl. Cone Small End

11208136 Ok 74971 815 0K
-11763.144 OK -8356.266  OK
9309073 Ok B223125 oK
-10721.948 Ok 49591306 OK

32750380 QK 189039686 QK
10332104 Ok 2960 336 oK
-34246.310 0K 19771617 QK
-10740.022 Ok -3088985  OK

15771.446 OK 11802770 OK
-2646.700 Ok -4943480 OK
-17469.898 OK -13015.860  OK
38734998 b166.730

Allowable

25300.000

76000.000

Return to Global and

d St
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19.0 Wall Thickness Calculation and Optimisation to ASME B31 Codes
19.1 General Features

This routine calculates pipe wall thickness in accordance with ASME B31.1, B31.3, B31.4 and
B31.8 codes and includes high pressure pipe wall thickness to ASME B31.3 Chapter IX.

The ASME B31.3 calculation may be run for a single pipe size or, more commonly, a range of
pipe sizes may be run in one calculation. In this case the user may define a range of up to 18
pipe sizes. This would for example allow the normal range from 0.5” to 24” to be calculated in
one run.

The bare minimum and minimum wall including allowances is evaluated. From the PIPEMILL
internal data base, the nearest standard pipe size will be selected, if one exists.

Output is hard copied in a concise manner to enable, for example, construction of a Pipe
Material Specification Table.

The ASME B31.4 and B31.8 methods are similar in that a single pipe diameter is considered
and a bare minimum and minimum wall including allowances is calculated.

19.2 Typical ASME B31.1 Screen (Single Pipe Size)

Select Units Project/Description: L ASME B31.1 (2012) para 1041

& betric(Sl
= Calculation details

Filename:  f:\%-4 Examplesiy-4 WALL THK B311-01 wik

" English

Design Code Straight Pipe

@ ASME B31.1 haterial (reference anly): I to:= .
( ) Feference only oK Z(FE+ BT

" ASMEB313 Temperature b38 Deg.C

" B31.3 Chapter X Intemal Pressure P 47 barG Basic thickness equation

" ASME B31.4 Nominal Diameter D a0 {in)

" ASME B31 8 Allowahle Stress 17.237 WP Pipe R
Bare minimum calculated thk. | 11.405 mm

Joint Efficiency 04a

B31.1 and B31.3: Minwall including corrosion 14748

® Straight Pipe and tolerance mm

Yield fact
C Elbow (Bend) e asar : Nearest standard well 15875 mm

Talerance

Req'd Output ; MNearest standard wall Sch 30
Corrosion Allowance | schedule or thk (in.)

® One pipe size

 Several sizes

EXCLUDES any thread cutting allowance
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19.3 Typical ASME B31.3 Screen (Single Pipe Size)

Select Units Project/Description::
" Metric(S)

Calculation details

® English -4 Examplesiv-4WALL THK 31307 wik

Design Code Straight Pipe
" ASME B31.1 Material (reference only): I— F Do

{ ] Reference only IEEW P
@ ASME B31.3 Temperature 1000 DegF
" B31.3 Chapter % Internal Fressure ga16s /2 Biasic thickness equation
 ASME B31.4 Mominal Diameter a0 (in)

" ASMEB31.8 Allowahle Strese 2500 Ib/in2 Fipe Results
Bare minimum calculated thk,

Joint Efficiency

B31.1 and B31.3: bdin wall including corrasion

ield fach
" Elbow (Bend) eitacar Mearest standard wall

Tolerance

]

® Staight Pipe ‘Weld Jaoint factor 954 and talerance
4
125

MNearest standard wall

%
in schedule or thk (in)

Req'd Output
Corrosion Allowance
® One pipe size 0591

" Several sizes

EXCLUDES any thread cutting allowance

19.4 Typical ASME B31.3 Input Screen (Several Pipe Sizes)

Select Units Froject/Description:
® Metric(S)

(" English

Calculation details

W4 Examplesiy-4 WALl THK B313-02.wik

Design Code Straight Pipe
" ASME B31.1 Material (reference only): Reference onl FDo
Y EEW+FT)
@ ASME B31.3 Temparature 538 Deg C
" B31.3 Chapter % Internal Fressure 47 bar G Biasic thickness equation

" ASME B31.4
 ASME B31.8 Allowable Stress 5 17.237 MPa

Joint Efficiency E 04
B31.1 and B31.3:

® Sraight Pipe ‘Weld Jaoint factor W

Yield factor A

(" Elbow (Bend)

Tolerance
Req'd Output

Corrosion Allowance
" One pipe size

® Several sizes
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19.5 Typical ASME B31.3 Output Screen (Several Pipe Sizes)

Select Units Project/Description::

™ hetric(S|
= Calculation details

Filename: | fi%-4 Examplesiy-4WALL THEK B313-02.

" English

Design Code Straight Pipe
" ASME B31.1 Material (reference only:
@ ASME B31.3 Temperature

B33 Chapter IX Intetnal Pressure

" ASMEB31.4

 ASME B G Allawable Stress

Joint Efficiency
B31.1 and B31.3: )
® Staight Pipe Weld Joint factar

“rield factor
( Elbow (Bend)

Talerance
Req'd Output
( One pipe size

Corrasion Allowance

™ Several sizes
Min. size Max. size

0.5in nks [24in nh.

_ W l EXCLUDES any thread cutting allowance
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19.6 Typical ASME B31.4 Screen

Select Units Froject/Description::
® Metic(Sl)

Calculation details

¢ English V-4 Exarnplesiy-4 WALL THK B31 401wtk

Design Code Straight Pipe

 ASME B31.1 Material (reference only) Referance only 3 (1; E; ;
(FESY
" ASME B31.3

(" B31.3 Chapter Ix Intermal Pressure I bar G Basic thickness equation

® ASME B31.4 Outside Diameter D fin)

i ASMEB31.8 Specified Yield Stress Sy WPa Pipe Results

el E ey £ Bare minimum calculated thk. [ 12.662 mm

B31.1 and B31.3: Min wall including corrosion
@ Shaight Pips Factor Fref 402.3.1 (Default 0.72) T e

16.413 mm

" Elbow (Bend)
Taolerance

Corrogion Allowance

EXCLUDES any thread cutting allowance

19.7 Typical ASME B31.8 Screen

Select Units Project/Description: ASME B31.8 (201 0) para 841.11
® Metic(S))

Calculation details

 English

Design Code
 ASME B31.1 Material (reference onky):
 ASMEB31.3

(" B31.3 Chapter Ix Internal Pressure P

(" ASME B31.4 Nominal Diameter D

o ASME B31.8 Specified Yield Stress S Pipe Results

Bare mini lculated thk.
Long. jointfactor (8411154)  E S8 MM Safe e

B31.1 and B31.3: Min wall including corrosion
Location factor (541.1748) F and folerance

® Straight Pipe

Temp derating factor(@41.1164) T
(" Elbow (Bend) . g ¢ !

Taolerance

Corrasion Allowance

EXCLUDES any thread cutting allowance

- Clear
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19.8 Typical ASME B31.3Chapter IX Input and Results Screen

Select Units Froject/Description: S AGIWE B31.3 (2012) Ch. X, para K304.1.2

® Metric(S|
=0 Calculation details

" English Filename: [ f:4\=-4 Examplesiv-d WALL THK B31 3-401 wtk

Design Code Straight Pipe (Do + Z-CD)} (1 (—staP)j
=1 - ap| ——
a3

" ASME B31.1 haterial (reference only): IReference anly

i ASMEB31.3 Outside diameter 141.3 alil

alil Basicthickness equation

mm

® B33 Chapter X External Wall Tolerance 0

 ASME B31.4 Internal Wall Tolerance &1

 ASME B31.8 Corrasion allowance  ca Pipe Result

Bare minimurm calculated thk.

Manufacturing W.T. Tolerance

B31.1 and B31.3: Minwall including corrosion

Sustained Internal Pressure and tolerance

® Straight Pipe

Fluctuating Internal Pressure

o

RIERRE

(" Elbow (Bend) Min. Thk. for Fatigue

Allowahle Sustained Stress

lic Fati S f.
Allowahle Stress Intensity %DCJ_CSG?L@UE ress (e

Confirm Code Equation
The Code specifies a term for diarmeter in the eguation of D -2.c0 on ® D+2ch
which wall thickness is hased. This is not conservative. Select preferred

hasis for calculation here:  D-2ch

Confirm Austenitic f Nickel § Steel Factor

" sta=10
Solution treated austenitic and similar nickel alloys requires a factorin the EXCLUDES any thread cutting allowance

code equation of sta = 1.155, otherwise sta = 1.0 (ref. equation showe) ® sta=1155

Execute
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20.0 Equivalent Stiffness of Internal Refractory Lining and Pipe

20.1  General Notes

This calculation is intended to provide only modification of elemental stiffness in piping due to
refractory lining, and provides data for input to typical stress analysis software.

It is expected that the user’s stress analysis software will accommodate added weight due to
lining. This program provides a modified Young’s modulus value representing both pipe wall

and refractory lining. This may be entered directly to stress analysis software.

It may be necessary to carry out calculations for both ambient and operating conditions.

20.2  Typical Input and Output Data

Select Units - — V-4 E lestyv-4 REFR-01
. -4 Examplesiv- -1

 English Units Froject f Description: i RIESI

@ 3| Units Calculation Details: “alidation calculation

Input Data

Fipe Qutside Diameter I 254905

Fipe Yall Thickness 2.

Pipe Young's Modulus 20684234

Refractony Lining:
Thickness Pt

YWeight (density) Rt

Average Rupture Modulus  Rarm

=1 It
k

Fipe Inertia 8.5462E+10
Refractory Inertia 7.8561E+11

Refractory Modulus 1.83155E+03

Equivalent Modulus Eqg 2.23679E+05
(Fipe + Refractony)

Ratio of Moduli: Equivalent ¢ Pipe Only:
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21.0 VARIOUS QUICK CALCULATIONS

This part of the program is intended to deal with those simpler calculations, which might be
unreliable if written down from memory.

Itis intended that the input screen is largely self explanatory.
Calculations include:

- Slug forces acting at a pipe elbow

- Linear interpolation of values

- Thermal expansion rates for common pipe materials
- Elongation of straight pipe due to internal pressure

- Methods of assessing external loads on flanged joints
- Vertical pressure vessel skirt expansion

21.1  Vertical Pressure Vessel Skirt Expansion

—
D‘k Vessel Skirt Expansion —-
i 1
Amt:uent a0 deg C. o .
Temp at skirttop FEE deg C. . ':‘h _______ A
\
Height h M. i
q 2120 i
= i
Wiall thle 35 M. . i ]
T E
. 1 .
hi ] it
mseton |9 N_Dne. : i i
& Firehrick : i :

Calculate average skirttemp

Execute | averagetemp [ 1820 degC

Get resulting skirt expansion

1.7017e-3 rrien .

Met Skit Expansion: 161 [l

S |

When the initial calculation of average temperature has been made, the user will be prompted
to select a material. From this data the net skirt expansion will be provided.
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21.2  Slug Forces Acting at a Pipe Elbow

@:,_ Slug Flow Forces u

Line Mo | 12345 Fx:=dp- A (1 - cos(d))

Fy = —d-p-A-Vz-sin(a)

Pipe Out Dia. | 323.9

Actual wallthk. | 12.7

Yelocity W 45

Density p| 125 Fesulis

Aigle et | : Fx= 1038 kN
DAF ' | 20

-26.05 k.

Slug is assumed to fill the bend and
to be of constant density.
Calculation is based on mamentum.
Fris the resultant force

271z k.

This would normally be used to calculate a transient impact force due to the temporary
passing of a liquid slug in a gas line. The dynamic factor of 2.0 is conservative and cannot be
exceeded.

21.3 Linear Interpolation of Values

@:,_ Interpolation of Values- u

This small program is intended to be used to interpolate values from
tables such as ASME B31.3 allowahble stresses, to obtain awvalue far
stress at a paricular temperature falling between given values.

Example:

Interpolate from table A-1:
| 700 | 165
deg F SE. ksi

| 750 | 130 I

Interpolate
Input: Interpolate between:

|1euuu | 700
| 154E0

| 15000

_— |

The upper set of input cells is an example to guide the user.
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21.4 Elongation of Straight Pipe Due To Internal Pressure

@-:,u Pressure Elongation 5,

his program calculates the axial pressure extension of & straight,
uniform pipe subjected to internal pressure. ltis assumed that
longitudinal pressure stress may be simplified to (Pd/4t)

Base calc. on; Outside Diameter DDW mm
€ Outside die. Wall Thickness  t ’T M |
@® Insice die. Young's Modulus E ’M tFa
Poisson's Ratio v ’T
Internal Pressure F ’T bar G |

"7 (HE]'[E B U] Strain  g- 303e3  mm/mm

Elongation of & 100m length of pipe = 30256 mm

The expansion of pipe due to pressure can be considerable and is not considered by some
older stress analysis software.

This program allows a quick evaluation of the effect.
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215 Methods of Assessing External Loads on Flanged Joints

| I |

These calculation methods are included for completeness and far
comparison with the equivalent pressure method

Bolt Circle Dia. C= 3906 mm. NPT T—————
Areaof one bolt Ab(1)= | 5645 mm2. do not address gasket
MNumber of Bolts  nb= 16 type ar seating stress, or
|| GasketOD Oif = 7271 mm. loss of material due to
Design Pressure  P= o5 MPa carrasion or countarkoring
i e ) to match pipe
Flg. vield Stress Sh, Sy=| 245 MPa.

f| [5SME B31.8 Table E1 (14):

cC
ME= [Zj'(Sb'Ab PAR 28896 46 Nm.

|ASME IINME { NC-3658:

- ab-| & | petem o 2F
Mfd.—|:11250Ab (lé]Df Pfd:|0[36] 428375 o+6 .

1.88988 e+b M.m.

NIfs = 3123 ﬁ C-Ah
36

I———— 1

This program is provided for comparison purposes. It can be used as a stand-alone program
here, or it can be called up from the flange analysis package when data will be loaded from
the flange package.
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22.0 PIPE DATA

22.1  Program Description

This program allows the user to click on a standard size pipe, or enter user defined data, and
then calculates weight and technical data such a moment of inertia, pipe wall area and flow
area for the given size.

Clicking on the SIF button provides stress intensification factors for the pipe defined, for
elbows and various tees. A comparison is made between the ASME B31.3 values and CEN
code values.

22.2  Typical Input and Data Screen

@ rveo L R W= =

Units ANSI B36.10, B36.19 and API 5L Data

(® Metric (3]) 1in. Sch5s
1in. Sch10s (=
1in.  Sch 4D{s}|1|
1in.

1in.
1
1
1
1.

Selected pipe size:
(" English

Data Source

@ Standard dimensions

in.
in.

(" User Input Dimensions

Stress Intensification

Factors
Calculate Code sif's SIF's
forwvarious fittings

Pipe Properties Pipe Weights
Dens.

Fipe Area . fkg/m3)
Fliow A - .
o Area Pine:

’_
Ineria | - Fluid:

|

|

Modulus 2 . Insulation:

Cladding:

Intended for use in stress programs

hat allow data entry for insulation but
not cladding, an equivalent Execute Met'Weight =
INSULATION OMLY density will be

calculated equal to insulation and

cladding weight if all relevant fields

are filled under 'Fipe Weights'. = Calculated weights
are quoted in kg/m

Add Titles and Frint (I /) run of pipe.
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22.3  Stress Intensification Factor Comparison

Bend to ASME B31.3 App. D Bend to CEN F1 and F3
App. D

calc. SIF's Table F-1 Tahkle F-3
Flex characteristic h 03549
Flex factor k 4593 4598 k 4593 k 45938
In-plane SIFi 1.782 1.782 SIF | 1.782 | SIFi 1.782
Out of plane SIFo 1.485 1.485 SIFo | 1.485%

Bend Variables

(10D

I 5334 mm

(" 30D

|User defined bend radius;

(™ User I 0o mmo e |
o

® Moflanged ends The CEM Code does not currently
" Oneflanged end - In,:lud_e pressure ac_idre_ss the effects of pressure
stiftening stiffening or flanged ends.

(" Both ends flanged

D

Tees to 31.3 App

|

To Stub-in | Reinf. Contour | Integral (Extruded
ASME stub-in insert reinf.
Flex char. h 0.498 0113 03113 0.498 0.374 0.000
In-plane  SIFi 1.324 3134 3134 1.324 1.735 1.000
Out plane SIFo | 1.432 3.846 3.846 1.432 1.735 1.000

Tee variables

Crotch radius rx I on mrm

rx is required to compute SIF's far an
extruded tee to ASKME B31.3

Crotch thk, Tc I on mrm

Feinffab'd padthk. Tp | oo mm

Branch dia. Db I on mrm

e 0.050k = 0.
r: 0.1250h = 0

TolET - 2858 Ok |

Bl6.9tee note mx»= | Contourinsert note: Extruded tee note: rx
Code notes 0125xDb Tc | m>=0125*Db Tc | >=0.06xDb Tc<
»=15T >=15T 165xT

Mot checked Mot checked Mot checked

Status

Tees to CEN Code Table F1 and F3

Tahble F1 stress intensifications factors (one only for each type) are equal to ASME B31.3
App. D wvalues for out of plane SIF's.

Table F-3walues are equal to ASME B31.3 App. Dwalues in all cases.

Pipe parameters

Diameter 3556 mm YWallthk, 1905 mm
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23.0 STANDARD COMPONENT DIMENSIONS

If the user clicks onto an equal size fitting alone, individual and compound dimensions for that
pipe size to ASME B16.9 will be provided as shown below

If a flange size alone is called up, dimensional data to ANSI B16.5, B16.47 or APl 6A/B will be
provided for that item alone.

Similarly, dimensions of reducing fittings may be obtained.

If a flange of the same nominal size as an equal fitting is called up, both the fitting and flange
data will be provided on the same screen. In addition, fit-up dimensions for flanges and fittings
will be available and shown below.

Also, if a reducing fitting small end matches the flange, compound dimensions will be

available. This type of dimension string might well be expected at a control valve. Thus the
ability to call up a trunnion support has been added to the dimension string

23.1  Equal Fittings Only

(= Component Dimensions to ASME B16.9

Select Units [53 [427 [427 [2286  [Dimns mm.
" English . 1 '

® 15D
3D
8D

& hdetric (S0)

e,

427
EQUAL SIZE t-m Choose the same equal pipe
FITTINGS G in.nh o

and flange size to view
compound dimensions for
flange and fittings

Click on an equal or reducing
fitting size to view component
dimensions. To view flange
dimensions, click 'Select’ and
choose aflange group, rating
and size.

REDUCING L mall
FITTINGS arge =ma
End End
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23.2  Equal Fitting and Flange Dimensions

Select Units [53 [427 [427 [2286  [Dimns mm.
" English 1 '

® 15D
3D
8D

e,

1427
B in.nb -

ASME BIES
B00 #

E in. nominal

Raized face
Dirnns mim. [Equal Size Compound dimensions (mm)

£.350
}
I
47.803

REDUCING L mall
FITTINGS arge =ma
End End
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23.3  Reducing Fitting and Flange Dimensions

= Component Dimensions to ASME B16.9

Select Units
(" English

EQUAL SIZE
FITTINGS

ASME BIES
50 #

12 in. norminal

Dirnnz rom.

Elbow dim's are

hasedan 1.5D 24 x% 12 reducing
150 #

0.0T,

REDUCING L mall
FITTINGS arge =ma
End End

24 %12 red. tee
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24.0 VALVE DIMENSIONS TO ASME B16.10

A complete data base of all ASME B16.10 valve dimensions is included. The user needs only
to click on a pipe size and valve type, to obtain in-line dimensional data for raised face and
ring type joint constructions.

If a particular type or size is not available this will be flagged.

24.1  Typical Input and Data Screen

Select Units 20 in.nb. 600 Ib. Raised Face.
" English

w hetric (S
stic )

Select size and rating: ——— Gate Valves

I}

OOAT [ HOh OEAd

*

I1193.8 I1193.8 INEEE

+

Solid Wedge Conduit

Select valve e:
o Double Disc

Swing Check
Flug wahwe Wafer Check
Ball Valwe Angle Check
Butterfly wvahe Lift Check
Angle Globe Y- Type Globe

Std. Globe Y- Type Check
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25.0 THERMAL EXPANSION OF PIPING MATERIALS

The data base contains thermal expansion data fro common piping materials, extracted from
ASME B31.3.

The base temperature and design temperature need to be entered and the relevant material
must be clicked onto.

Expansion results are then produced in three forms.
This program is accessed by several other Pipemill routines.

25.1 Typical Input and Data Screen

Units Enter the Base Temperature, from which expansion (or contraction)
" English will ariginate. Enter the Design Temperature for which the expansian

rate is required. Select the required material from the list below.
® S| Units Yalues are taken from ASME B31.3.

DesignTemperatura m
Beg C

Carbon Steel

toly Steel

Low Chrome to 3Cr-Mo
ECr-ha thru 8Cr -bMo Steel

Im G o

Lin. Thermal Expansion 819.5800 mm. per 100m.
Lin. Thermal Expansion 8.1958e-3
IUnit Thermal Expansion | perdeg. C.




