Design and t:alculatlon of welded vertu:al
cylindrical metal tanks, for storage of Fluids.
APl Standard 658 - 13 th Edition, March 2820

[
iINRNRNNN

https'// www.rllotank.com
rllotank3d@gmall.com




P28 RiloTank 3D V.2025 - Design and calculation of welded vertical cylindrical metal tanks - API Standard 650 — 13th

INDEX

1. INTRODUCTION. STORAGE EQUIPMENT DESIGN
STANDARDS

2. TYPOLOGY OF TANKS CALCULATED BY THE
SOFTWARE. DATABASES (MODIFICATION, DELETION
AND RECORDING OF NEW RECORDS)

3. DESIGN DATA. MATERIALS. CORROSION ALLOWANCE

4. SHELL DESIGN. SHEETS

5. REQUIREMENTS OF ANNEX' M - API 650 FOR HIGH
TEMPERATURES = 260°C

6. BOTTOM AND ANNULAR BOTTOM DESIGN

7. ROOF DESIGN. ACTIONS AND LOAD COMBINATIONS
8. WIND ACTION AND OVERTURNING STABILITY

9. EXTERNAL PRESSURE DESIGN (ANNEX'V - API 650)

10.  INTERNAL PRESSURE DESIGN (ANNEX F - AP
650)

11. SEISMIC DESIGN (ANNEX E - API 650)

https://www.rilotank.com/




BN RiloTank 3D V.2025 - Design and calculation of welded vertical cylindrical metal tanks - API Standard 650 — 13th

12. ANCHOR BOLT DESIGN

13. ANCHOR CHAIRS DESIGN

14.  GENERATION OF CALCULATION REPORTS AND
ANNEX L - AP1 650

15. HELP AND SUPPORT

16.  NEXT VERSION 2026 PROFESSIONAL

https://www.rilotank.com/




2N RiloTank 3D V.2025 - Design and calculation of welded vertical cylindrical metal tanks - API Standard 650 — 13th

1. PRESENTATION. STORAGE EQUIPMENT DESIGN STANDARDS

Rilotank 3D is a technical software for the design and calculation of metal tanks (carbon steel or stainless
steel), welded (not bolted), vertically oriented (it does not cover horizontal orientation, nor spherical
shape), for the storage of fluids (in liquid and/or gaseous state - it does not cover the storage of solids and
therefore, neither fluidised solids). The storage of such fluid must meet the following conditions in terms of
pressure and temperature:

Pressure: < 18 KPa
Temperature: < 260 °C

Although a series of considerations must be taken into account with respect to the pressure that will be
studied in point 10.- Design at internal pressure according to Annex F of API 650 and to the temperature
that will be studied in point 5.- Requirements of Annex M of API 650 due to high temperatures < 260 °C.

STORAGE EQUIPMENT REGULATIONS, CODES, GUIDELINES AND SUPPORTING DOCUMENTS

The selection of a standard for the calculation of metallic equipment for fluid storage depends on several
factors, which will mainly be:

o The volume of fluid to be stored,
o Pressure range at which it must be stored.
e Temperature at which the fluid must be stored

Generally, the standard par excellence for the calculation of fluid storage tanks, especially in the
hydrocarbon sector, is APl 650, drawn up by the American Petroleum Institute. It is undoubtedly the most
widely used standard at international level, even beyond refineries and the gas & oil sector, as it has also
been widely used in other sectors such as the agri-food sector, due to the fact that it not only covers
carbon steel materials, but also other tank manufacturing materials widely used in the agri-food sector,
such as stainless steel.

Alternatively, in the EU, the EN 14015 standard is also widely used, which also covers the design and
manufacture of site-built, vertical, cylindrical, flat-bottomed, non-buried, welded, steel tanks for the storage
of liquids at ambient temperatures and above. This standard is also beginning to gain acceptance in North
African and other Latin American countries.

Likewise, in the case of tanks, if the fluid storage is water, and the tank is made of welded carbon steel, it
is possible to use the AWWA D100 standard drawn up by the American Water Works Association.

It should also be noted that there is another standard that has been widely used in recent years, due to the
mandatory installation of fire water supply systems, and due to the speed and ease of assembly of bolted
tanks, AWWA D103 is also widely used for bolted carbon steel tanks for water storage, supported in turn
by the NFPA-22 guide for PCI water tanks. The following figure shows the most commonly used base
standards for tank calculations, as well as the other complementary standards on which API 650 is based:
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4 API| 650 - Welded vertical cylindrical tanks, ground supported, fabricated A

in workshop or on-site.
Pressure range: P < 18 Kpa
Temperature range: -40°C < T < 93 °C. With Annex F: T <260 °C

API 620 - Welded vertical cylindrical tanks, ground supported, fabricated
‘ in workshop or on-site.
Pressure range: 18 Kpa < P < 103 Kpa
. Temperature range: -198 °C < T <120 °C

API| 12F - Welded vertical cylindrical tanks, ground supported, workshop
fabricated.

API 653 - Inspection, repair, alteration and reconstruction of above-ground
steel storage tanks, ensuring their integrity throughout their service life

%, o7

!

2 Vv
/ Documents \ (\-‘
Complementary: %SCE GC|
=
AMERICAN SOCIETY OF CIVIL ENGINEERS American Concrete Institute
ASCE 7-22 ACI 318-19 - Foundations and
, Wind Loads and combinations of actions in tanks
International Earthquakes
L “
Materials v
steel
Aws\ (mm:f;/mmmlnsm
\ ANSI/AISC 360-16 Metal structures
American Welding Society construction (structural roofs)
AWS Structural welding ANSI/AISC 341-16 Earthquake action on metal
\ J structures (structural roofs)

Figure 1.- APl 650 standard and other similar reference standards with other pressure and temperature ranges such as API 620,

as well as other useful standards such as API 12f for tanks manufactured in the workshop (of small dimensions compared to API

650) and API 653 for the inspection of tanks throughout their useful life. Other standards are also presented in which API 650 is
supported for the choice of materials and welds, loads, foundation calculations, efc.

2. TYPOLOGY OF TANKS CALCULATED BY THE SOFTWARE.
DATABASES (MODIFICATION, DELETION AND RECORDING OF
NEW RECORDS)

The software RiloTank 3D V. 2025 is a software application that performs 3D tank design and calculation
according to API 650 13th. It also performs the calculation of wind and seismic loads according to ASCE
7-22, the standard on which API 650 13th is based. The software provides several reports in PDF and
WORD with all the calculations performed, list of materials and Annex L filled in according to API 650,
which can be used as supporting reports of the calculations performed. It also exports the 3D design of the
tank with all the details such as shell plate, roof, bottom (annular bottom if necessary), wind rings, and
anchor chairs, see figures 2, 3 and 4.
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Figure 2.- Detail of the 3d design of a tank with self-supporting conical roof, shell plates in cylinder, top angle, 2 wind rings,
bottom, annular bottom, anchor bolts and anchor chairs
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Figure 3.- Detail of the 3d design of a tank with dome roof, cylinder shell plates, top angle, 2 wind rings, bottom, annular bottom,
anchor bolts and anchor chairs
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Figure 4.- Detail of the 3d design of anchor chairs with anchor bolt in tank

DATABASES (MODIFICATION, DELETION AND RECORDING OF NEW RECORDS)

The software has several databases where you can select fluids to be stored, tank construction materials,
shell plate formats, wind rings in the form of angles, as well as anchor bolts for anchor chairs. All these
databases can be accessed by clicking on the corresponding button from the ‘Data Base’ menu tab
located at the top of the main software window, see figure 5:

File Data Base Actions Design and Repaorts Help

S = 2 | %

Liquids Materials Sheets Angles Anchor Bolts

Figure 5.- “Data Base” tab to access the different databases of the software.

From each database it is possible to select, delete, modify or add any record, and the operation is identical
in all of them.

The different windows of the databases are shown in the following figures:
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Data Base Products

D & Product Density G ~ Sawve, modify or delete product in data base

h Wiater 10 1 D [36 | Product [Hotoi |

2 Beer 10 1 Density kMN/m?

3 Milke 10 1 Liquid specific gravity

4 Wine 10 1

5 Castaor oil 93 093

6 Glycerol (glycerine) [12.3 123

7 Linseed oil 52 0.2 é Save ' Modify ‘ Delete

8 Olive oil 88 0.88

] Alcohol 78 0.78

10 Ether 74 0.74

1 Hydrochloric acid... | 11.8 1.18

12 Bumt alcohal 78 0.78

13 Mitric acid (31% b... | 14.7 147

14 Suffuric acid (30... [13.7 137 v / x

Figure 6.- Liquid database, i.e. products that can be stored in API 650 tanks, with their identification number (ID column), Product,
Density or specific gravity in kN/m® and G = Specific gravity

Table 5.2a- Permissible Plate Materials and Allowable Stresses (SI)

D . Specfication Fy Fu 54 5 Groups ~ Save, modffy or delete sheet in data base
3 1 ASTM-A-36M 1 D Plate Speciication
2 ASTMAZESC | 205 380 137 154 ] Min. Yield Fy
3 ASTM-A-131 AB... | 235 400 157 171 | Min_ Tensie: Fu
4 ASTMAZEIC | 205 180 137 154 ] 54
5 ASTH-A-131 80 430 19 210 ] P
3 ASTM-A-131 EH .| 360 430 19 210 Vi -
7 ASTM-ASITM 4. | 220 400 147 165 VA
3 ASTMAS3758 | 220 400 147 165 "
9 ASTM-AS73M 4... 240 450 160 180 v % Save ' Mocify ‘ Delete
10 ASTMAS7I65 | 240 450 160 180 v
11 ASTM-A573M 435 | 290 45 193 28 v
12 ASTMASIE M 3. 180 137 154 A
13 ASTM-AS1E 415 415 147 165 A
14 ASTM-AZ16 60 415 147 165 "
15 ASTM-ASIE M 4., | 240 450 160 180 v
16 ASTM-ASIE M 4., | 260 45 173 195 v
17 ASTMAEEZME |275 450 180 193 v
18 ASTM-AB62MC |25 435 194 208 v / x
19 ASTIM ARITM ] LY 48R 1494 208 LYl 9

Figure 7.- Database of materials, with the identification data (ID column), specification of the standard according to territories
(ASTM -America-, CSA -Canada-, EN -European Union- and ISO -International-), Fy (yield stress in MPa), Fu (yield stress or
plastic limit in MPa), allowable stresses Sd and St, in MPa and Group to which the material belongs

Data Base Sheets Format

D ~ Height Width
3 1 2500 1800 Save, modify or delete sheet in data base
2 1000 1800 D Height mm
3 1500 1800 Width mm
4 2000 1800 Minimum sheet plates width 1800 mm = (72in = &)
5 3000 1800
5 5000 1800 é S ' Modiy ‘ Delete
7 2500 1500

v X

Figure 8a.- Database of plates with the identification data (ID column) and their height and width dimensions. In this case a sheet
with width dimensions = 1800 mm, as required by API 650, is selected, which is indicated by a blue label “Minimum sheet plates
width 1800 mm = 72 inches = 6 feet”
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Data Base Sheets Format

ID + Height Width

1 2500 1800 Save, modify or delete sheet in data base

2 1000 1800 ID Height n1n1

3 1500 1800 Width n1n1

4 2000 1300 Minimum sheet plates width 1800 mm = (72in = )
5 3000 1800

6 5000 1800 é Sz ' Moy ‘ Delete

2500 1500

-
‘

v X

Figure 8b.- Plate database with the identification data (ID column) and its height and width dimensions, but note that on this
occasion the selected plate has a width dimension of 1500 mm, less than 1800 mm which is a requirement of the API 650
standard in point 5.4.1 for bottom plates, and in point 5.6.1.2 for plates forming part of the cylindrical body. Therefore the software
automatically warns with a red label

Database stiffeners structrual shape
N Shape A fmm) d {mm) a (mm) Iy (m) G (Ka/m) __ ~ Top structural shape | | Intermediate structural shape
S 110000 77 )
2 |L50G 569 145 50 128000 447 e _]
3 |LEDG 582 164 60 134000 457 " ‘?gg‘f»\:’\ d
4 |LE0G 591 163 60 228000 542 - " |
5 |L706 213 193 7 369000 638 { L \ L 2tma E ]
6 |L707 940 197 70 423000 7.38 " B peualaxis d
7 [Leoa 1230 25 ) 722000 963 et of angle n
3 |Lam0 1510 234 a 875000 18 N P~
9 |Lsos 1550 254 e 1160000 122 d
10 |L 910 1710 258 90 1270000 134 .
"Shape" - Sffener structura shape selected [ 5p,5 | | [ | / x
110000

Figura 9.- Database of structural reinforcements with angular profiles used as head angles and wind bracing rings, with all their
inertia data, weights, dimensions, areas, etc. On this occasion, this database is not customizable, nor can it be edited, deleted,
modified or new elements added, as these are standardised profiles

Database anchor bolts
Ne Memc()  peth ot Diom | Horm. Dem Anchor bolts
3
2 1 3547 pal 254
3 (114 554,21 27 375
4 112 798,06 32 8.1
5 134 1086,25 i 44 45
6 |2 141878 43 50.8
7 |21/4 179564 43 5715
8 |21/72 221685 53 63.5
"Metric" - Anchor bolt metric selected " Net area mm? / x
Nominal diameter mm

Figure 10.- Database of anchor bolts, with their metric data (in inches and mm), net area, and nominal and net diameters. This
D.B. is not customisable either, as these are standardised bolts
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All databases (except for angle shapes and anchor bolts which are standardised products), are open and
modifiable (fluids, materials, bolts and sheet metal databases) and the way to add, delete or modify
existing records is identical in all of them.

e Toadd a new record to the database, first modify the data in the corresponding boxes:

o ID: Indicates the record number and should not be equal to an existing number in the
database, otherwise it will modify the record with the same number or ID, so, let's suppose
that the last number in the database is ID: 35, the ideal would be to enter as the new ID of
the new record = 36.

o Rest of data: Each and every one of the rest of the necessary data must be entered (we
must not omit any data, since all of them are necessary to be able to subsequently carry out
the corresponding calculations, in case of forgetting to enter any data, the software will start
to launch calculation errors, because it does not find the corresponding data to calculate),
see figure 11:

Save, modify or delete sheet in data base

D Plate Specification |ASTM-I—'-.-EEI"-'1 |
Min. Yield Fy MPa
Miri. Tensile Fu MPa
5d I:I MPa

St 171 MPa

Group

% Save & Modify ‘ Delete

Figure 11.- Let's suppose that we do not enter the ‘St’ data in MPa, and we press the ‘Save’ button, the program will launch an
error and close, because the ‘Sd’ box has been left blank and there is no numerical data to save, so it will not be possible to
perform the sheet thickness calculations correctly. It is very important not to leave any data blank, or incorrectly entered with

values that are not real, as then all the calculations made by the software will be erroneous. Also remember to enter an ID that

does not exist as this will rewrite an existing record. On this occasion, as can be seen in the figure, the ID = 36 was entered, since
by default there are 35 records in the materials database, so the next new record must have the ID = 36

|

o Once all the data have been entered, to add the new record to the DB and save it forever,
click on the ‘Save’ button, see figure:

% Save

o A message will appear on the screen indicating that the record has been successfully added

to the DB:
Rilotank 30 *
o Data added to the database correctly
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o To delete an existing record in the database, select it by left-clicking on the row of the record
table (see figure 12):

Table 3.2a- Permissible Plate Materials and Allowable Stresses (SI)

D Speciication Fy Fu 5d o Groups ~|  Save modfy or delete sheet in data base

1 ASTM-A36M 250 400 160 7 I D Plate Speciication
1 ASTM-A36M 250 400 160 7 I Min. Yield Fy MPa

2 ASTM-AZ8SC  |205 80 137 154 I Min_ Tensile Fu MPa

3 ASTM-A131 AB... 235 400 157 7 I 5 WPa

5 ASTM-A131 80 430 196 20 I —_— ]

5 ASTM-A131EH . 360 430 196 20 vi

7 ASTM-ASI7M 4... 220 400 147 165 VA

8 ASTM-A5I758 | 220 400 147 165 n % Save .’ Moty ‘ Delete

] ASTM-AS73M 4... 240 450 160 180 W

0 ASTM-AS7365  |240 450 160 180 W

7 ASTM-A573M 485 | 250 485 193 208 W

12 ASTM-ASIE M 3... 205 380 137 154 na

13 ASTM-AS16 415 |220 415 147 165 na

14 ASTM-AZIG60 |20 415 147 165 n

15 ASTM-AS1E M 4... 240 450 160 180 v

15 ASTM-AS1E M 4... 260 485 173 195 W

17 ASTM-AGEZMB |275 450 180 193 W / x
18 TM-A-RR7 W 95 485 194 Na | e

Figure 12.- Record ID = 4 selected with the mouse (that is why it appears in blue), pressing the ‘Delete’ button will delete this
record from the database.

o By pressing the ‘Delete’ button, the selected record will be deleted from the DB table (in

blue), see figure:
|‘ Delete

o A message will appear on the screen indicating that the record has been successfully
deleted from the DB:

Rilotank 30 *

o Data successfully removed from the database

e To modify an existing record in the database, select it by left-clicking on the row of the table of
records to be modified, this record will be selected and can be modified by entering new data in
the corresponding boxes (see figure 13):

Save, modify or delete sheet in data base

D Plate Specification [ASTM-8-283C
Min. Yield Fy MPa
Min. Tensile Fu MPa

Sd MPa
St MPa

é Save &Modﬁy ‘Delete

Figure 13.- Record ID = 36 selected, and proceeding to modify the ‘Min. Yield Fy’ data (this is why it is highlighted in blue, as new
numerical data is being entered with the keyboard).
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o Onde the desired data has been modified (except for the ID data, since this data
indicates the record to be modified), click on the ‘Modify’ button, see the figure:

' Modify

o A message will appear on the screen indicating that the record has been successfully
modified from the database:

Rilotank 30 X

o Data successfully updating from the database

3. DESIGN DATA. MATERIALS. CORROSION ALLOWANCE

When the software is started, the first tab ‘Design I' selected for entering the design data ‘Design
Parameters’ will appear in the first instance, see figure 14.

&b RiloTank 3D - V.2025 - Built 291024 - a X

Fle = DataBase  Acfions  Design and Reports  Help

=) P S

New  Open Save As Units System

‘o

Project Data

Design| Designll Shell Bottom Roof Wind Seismic Anchorbot 3D

Design Parameters

Tank diameter mm

Number of rings in shel ~lud Seloct shedts
Number of plates for fing ud Height of rings
Nominaltark hegth [~ mm ® Equalheight
Design liauid level [ |m[s © 1t course diferent heicht
Hydrotest fil height :' mm
5 o Peauiremens of Amex M

sintemperare eyl
Infemal design pressure  [75 | KPa Requirements of Annex F

e e

Test Pressure KPa
WVacuum design pressure KP:
Max. operating pressure KPa

Vinite Suctam: G - Matric Suctam - mm - MPa - N - o

Figure 14.- Initial screen of the software

File Data Basze Actions Design and Reports Help

T mm@m@m‘

Calculate all Calc Report Annex L

Figure 15.- “Calculate all”” button, from the menu tab “Design and Reports”
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If we proceed directly to the calculation by clicking the "Calculate all" button on the "Design and Reports"
menu tab (see figure 15) without entering any data, the software will perform an initial calculation for a
tank using the default values that appear when the program is started, i.e., a tank with a diameter of 8000
mm. The missing data, such as the "Number of rings in Shell" to determine the total height of the tank and
other data required to perform the calculations, if not entered, the software will use default values, as
mentioned above, which it will automatically enter (with 3 rings of plates) (since if any data is missing, the
application will obviously be unable to "Calculate all"). The screen will therefore appear with the initial
calculation using all the data entered by the software by default, as can be seen in figure 16:

{& RiloTank 3D - V.2025 - Built 261024 - a X
File Data Base Actions Design and Reports Help

B & 0 m

Calculate all Calc Report Annex L

Y
o S o JCCT

Design| Designll Shel Bottom Roof Wind Seismic Anchorbolt kul

Design Parameters

Tank diameter mm

d

MNumberof ringsinshel  [3 o |Ud Select sheets
Number of plates for fing _le Height of rings
Nemraltank hegth  [7500 | ® Equalheignt
Design liquid level W”m 5 O st course different height
Hydrodest fill height mmm
Requirements of Amex M [ w1

Design temperature -ﬁ'c are applicable

m

Nominal apacty ‘e

Intemal design pressure |2, KPa Requirement of Annex F
are applicable

Test Pressure KPa

2
Vacuum design pressure KPa
Max. operating pressure KPa

1 Roof Thickness =9 mm
-fH Plates material: A516M 380
2[5 Shel
g0 Plates matenal: A516M 380
Top Angle: L 50x5 Material: 5275 0,02 t<16
-4 Bottom Thickness = $mm
-3 Plates material: A516M 380
5 Anchoring
Anchor chairs. N2 Units = 12
¥ Boks @ = 3/dinches = 19 mm Materal: 150 898 6.8

Units System: S| - Metric System - mm ; MPa; N; °C

Figure 16.- Initial screen of the software, with calculation made with default data

Obviously, we can change the data at any time and enter our own project data when we wish, such as
diameter, number of rings, number of plates per ring, tank design temperature (in case it is necessary to
apply Annex M), tank design internal pressure (in case it is necessary to apply Annex F), vacuum pressure
and maximum operating pressure of the tank.

It is also interesting to note that the software offers the possibility that all the rings have the same height or
that the first of them (the plate ring N° 1 that will be welded to the bottom) has a different height (lower
than the rest of the plate rings) in order to achieve an exact volume (in the Nominal capacity section in
m?3). This is achieved by simply selecting the option “Ist course different height’ and entering a certain
height in mm in the cell ‘height’, see figure 17a and 17b:

Height of rings

(O Equal height
(® 1st course different height

Height mm

Figure 17a.- Screen where you can select that all the rings have the same height ‘Equal height’ or that the first one has a lower
height than the rest with the option “1st course different height’
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Select sheets...
Height of rings
O Equal height
® 1st course different height

Height mm

of Annex M A M

pplic

15 |'[soe30 %
sir Annex F

Annex F

10.J2t<16

uial: 1SO 898 6.8

Figure 17b.- Selecting the option “1st course different height’ will cause the 3D drawing of the tank to change according to the
height of the first ring of plates, which will be of a lower height depending on the measurement entered in the ‘Height’ cell -in this
particular case 500 mm-

It is important to note that there are numerical data that can be changed by the user in those cells with
a white background. For example in the Tank diameter cell:

Tank diameter 2000 [mm

However, in the cells with a yellow background, data cannot be entered by the user, as these are the
cells that provide the results calculated by the software, for example the Nominal capacity cells, see
figure 18:

MNominal capacity |3?ﬁ,5r& |""'3 |3?'EEFEI'1 |||35'|]'1E4 ||{EI

Figure 18.- The cells with yellow background are cells showing results calculated by the software. In the ‘Nominal capacity’ cell, as
is obvious, the software already automatically calculates the tank capacity in m?, litres and weight in kg of the stored fluid (from the
data of diameter, tank height, density of the stored fluid, etc.) and no user intervention is necessary

Likewise, the following tab ‘Design II' offers data that can be modified by the user by pressing the
corresponding ‘Select Liquid’ buttons to access directly to the BD of liquids and change the existing
default, and of materials, with their corresponding ‘Select material...” buttons in plates, structural members
and bolts, see figure 19:
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& RiloTank 30 - V.2025 - Built 201024 - O x
File  DataBase  Actions  Desiznand Reports | Help
= AP on

Caleulateall Calc Report Annex L
Design | Desion !l Shell  Bottom Roof Wind  Seismic Anchor bot o

Other Design Parameters

Frodct Solctiqud

Liquid specfic gravity  [7.015

Materials

Plates A516M 330 Select material

Structurels | 5375 J0 421516 Select material

fs WPe s e

Fus MPa

Ste WP

el Selct mteel

e @] we

Fub WPa

Comosion Allowance

Plates (CAp)
Structure {CAs)

Years service Ife

Follow the recommendations of
Recomendation API 353 ~

Himite Ssuctarms S1 - Mokbric Sicbam - mmm - MDa « M. 97

Figure 19.- “Design II” tab, where it can be seen that all the data are entered from the databases, except for the “Corrosion
Allowance” section referring to the admissible corrosion to be used in the calculations

As can be seen in figure 20, the section ‘Corrosion Allowance’ referring to the allowable corrosion,
although the background of the cells is white and can be modified directly by the user, in order to change
the allowable corrosion with the keyboard in each of the tank components ‘Plates, Structure, Anchor
bolts...’, it is necessary to select in the section ‘Follow the recommendations of the option ‘Proposed by
the user’, so that it is effectively the user himself who enters the thicknesses directly with the keyboard in
the section ‘Follow the recommendations of. ‘In the ‘Follow the recommendations of section, it is
necessary to select the ‘Proposed by the user’ option, so that the user of the application can enter the
desired corrosion thicknesses directly with the keyboard in the calculation for each of the tank components

(see figure 20):

Corrosion Allowance
Plates {CAp) mm
Structure (CAs) mm Cormosion Allowance
Anchor bols (CAb) mm Plates (CAp) mm
Manholes/nozzles {CAn) mm Structure (Chs) mm
Years service lfe Anchor bolts (CAB) I

char DoMs - mm
Follow the recommendations of 12
Recomendation AP 353 ] Manholes/nozzles (CAn) mm

MNone

Years service Ife

Follow the recommendations of
Proposed by the user ~

Atmospheric Comosion Rates — Uhlig's - Industrial
Mtmospheric Comosion Rates — Uhlig's - Rural
Atmospheric Comosion Rates - Uhlig's - Marine
Proposed by the user

Figure 20.- On the left side, the ‘APl 353 Recommendation’ option is shown by default for the ‘Corrosion Allowance’ section,
where the allowable corrosion according to this standard will be directly selected. The same will occur if the other options
‘Atmospheric Corrosion Rates’ are selected, which base the choice of corrosion thickness on the paper ‘Paper Shell corrosion
allowance for aboveground steel tanks’ published by ‘Debra Tetteh-Wayoe, P.Eng.’ in September 2008. If, on the other hand, the
user wishes to enter the corrosion thickness directly on the PC keyboard, he must select the option ‘Proposed by the user’ as
shown in the figure on the right, and can also freely select the number of years of service life of the tank
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4. SHELL DESIGN. SHEETS

The next tab after ‘Design II' is the ‘Shell’ tab, where the calculation of the thickness of the tank sheets by
rings is carried out, depending on the height of each ring of plates, see figure 21:

B RiloTank 30 - V.2025 - Built 291024 - [m] X

File  DataBase  Actions | Designand Reports | Help

B
f

e . Y
o ovic PDF]
Calculste all Cale Report Annex L

Design | Designll Shel  Botiom Roof Wind = Seismic Anchrbok 30
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Total Weights
Tatal Weight withaut CA} s

Total Weight comoed {with C.A )} 21207 Kg

Min_ shell thickness +CA acc. project espec. frest of course) mm

Min. nominal shel thickness acc. 5.6.1.1 (lst courss) 6 _Jmm
Min. nomina shellthickness ace. 56,11 fest of coursel [ |mm
Mirimum plate thickness requied “Ts" (1st course) E_Im
Mirimum plate thickness required “Ts" frest of course) mm
Hydro-Test level madified (ace. F.2) 7755 |m

Praduct design stress "Sd - Rf" (Annex M 3 2included) MPa

Units System: S| - Metric System - mm ; MPa; N °C

Figure 21.- “Shell” tab where cylinder thicknesses, weights and other factors are automatically calculated

This ‘Shell’ section is divided into 3 distinct parts, the first part is a table where the calculations by heights
and all the results by plate ring are presented, see figure 22:

NS Hm He T o e K Him B (0 o) o e (K ) e
7 |250 2751 (2755 |189 (062 |7 7 3453 2751 (2755 (249 (062 (7 |7 3451 |54 | 2663
& |250 5251 5255 |28 (126 |7 7 3453 5251 |5285 |34 (126 |7 |7 3453 |54 | 2663
5 |250 7751 7755 (371 |19 |7 7 3453 7751 |77 |43 (18 |7 |7 3453 |54 | 2663
4 |250 10,251 (10,255 461 |253 |7 7 3453 0251 |10.285 (521 |253 |7 |7 3453 |54 2663
3 |250 12751 (12755 (552 (317 |7 7 3453 2751 (12755 (6,12 |317 |7 7 3453 |54 | 2663
2 |250 15,251 |15.255 |6.43 |381 |7 7 3453 5251 (15285 (703 (381 (703 |8 3546 |64 | 3157
» 2,5.1} 17,751 |17.755 |7.34 |444 |8 8 3946 b i 17,755 (794 (444 |8 8 3946 |64 | 3157
< > < >

Figure 22.- In the ‘Shell’ tab, the first thing that appears is the table of results by plate rings, with the data of ring number (where 1
is always the ring welded to the bottom and the last number -in the figure N° 7- the closest to the roof), ‘Height’ represents the
height of each ring in mm, ‘H’ the depth in m., ‘Ht’, the depth in metres of the hydrostatic test that can be modified according to

Annex F.2 according to the internal design pressure of the tank, ‘Td’ the design thickness in mm, Tt’ the hydrostatic test
calculation thickness in mm, “T” the thickness required in the design as entered by the user in the “Minimum shell required
thickness” section in mm, “Tp” the final thickness of the ring of plates in mm, “Weight” the weight in kg of each ring of plates
calculated with T(mm), “Tc” the thickness of the corroded plates = T - CA in mm, and “Weight c” the thickness in kg of each ring of
plates found with the corroded thickness Tc(mm). It is likely that not all the data will be displayed directly, for this you can use the
horizontal and vertical scroll bars that will appear in the table in such a case
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The second part of the ‘Shell’ tab is the ‘Total Weights’ section which simply presents the total weights in
kg of all the tank ring plates without corrosion (with thickness T(mm)) and which will be the weight used in
the bill of materials as it represents the final weight in the manufacture of the tank, and the total weight of
all the tank ring plates with corrosion included (calculated with thickness Tc(mm)), see figure 23:

Total Weights

Total Weight (without C.A) 25157 Kag

Total Weight comoed (with C.A) 19679 Kag

Figure 23.- Obviously, the weight of the cylinder plates without corrosion (without C.A.) is greater than the weight of the corroded
plates (with C.A.) because the thickness of the admissible corrosion C.A. has been subtracted.

The third part of the ‘Shell’ tab is the section ‘Minimum shell required thickness’, which will give value to
the column ‘T’ of the table seen above and which represents the thickness required in the project as
entered in this section. It also shows the height of water level to be reached in the hydrostatic test (which
may be modified according to Annex F.2 of API 650 due to the value of the internal design pressure), and
the factor ‘Rf which may modify the value of the allowable stress ‘Sd’ in MPa (if the requirements of Annex
M.3.2 of API 650 are applicable due to high design temperatures of the tank), see figure 24:

Minimum shell required thickness
Min. shell thickness + CA acc. project especific. (1st course) mm

Min. shell thickness + CA acc. project espec. (rest of course) mm

Min. nominal shell thickness acc. 5.6.1.1 (1st course) EI mm
Min. nominal shell thickness acc. 5.6.1.7 (rest of course) mm
Minimum plate thickness required "Tz" (15t course) mim
Minimum plate thickness required "Ts" {rest of course) mm

Hydro-Test level modified {acc. F.2) 15,755 |m

Product design stress "Sd - Rf" (Annex M.3.2included)  [11p MPa

Figure 24.- ‘Minimum shell required thickness’, whose first 2 rows can be modified at will by the user (that is why the colour of the
cells is white according to the project specifications in the first ring (welded to the bottom of the tank) and the rest of the rings.
Likewise, the following sections appear in yellow cells, since they cannot be modified because they represent the minimum
nominal thicknesses of the first and the rest of the tank rings according to API 650 standard and which are a function of the tank
diameter, as explained in point 5. 6.1.1 of API 650. The higher thickness of the 2 options will be the final required thickness in the
sections “Minimum plate thickness required ‘Ts’ (1s course)’ in the first plate ring -welded to the bottom- and “Minimum plate
thickness required "Ts (rest of course)’ in the rest of the rings

https://www.rilotank.com/




8N RiloTank 3D V.2025 - Design and calculation of welded vertical cylindrical metal tanks - API Standard 650 — 13th

5. REQUERIMIENTS OF ANNEX M - API 650 FOR HIGH
TEMPERATURES < 2602C

o Temperature: The maximum design fluid storage temperature shall be in the range of -40°C < T
< 93°C. In case the temperature exceeds 93°C, Annex M of API 650 shall be considered, which
applies for ranges of 93°C < T < 260 °C*

Requirements of Annex M

Design temperature T not are applicable Design tempersture T aear

Figure 25.- Notice from the RiloTank 3D software showing the Annex M applicability notice for tanks with temperatures above
93°C right image. When the range is less than or equal to 93°C, Annex M does not need to be applied

_ 1

) Requirements of Annex M
Design temperature < are app. only with T < 260

Figure 26.- In case the design temperature of the tank exceeds 260°C, a notice shall be displayed stating that the requirements of
Annex M are only applicable for T < 260°C

Although the calculation of the requirements according to Annex M is performed automatically by the
software when the design temperature exceeds 93°C, all the checks can be accessed by clicking on the

button ™| located in the ‘Design I' tab, which will only appear when the temperature exceeds 93°C.
Pressing it will bring up a new screen called ‘Annex M.

Annex M

M.3 Modffications in strees and thickness

Design temperature m‘{ Sdp MPa Sdp T MPa
Fyp MPa Stp MPa StpT MPa
i

M.4 - Tank Bottom - Evaluating the need of Shell to Bottom junction improvement
K[z « | — 2forbutt-welded annular plates with bottom to shell fillet welds MT exminated
— 4 for shel4o-bottom filet welds and lap-welded bottom plates

't - Nominal thickness bottom shell (1st course) mm

"tb" - Nominal thickness annular bottom mm
"H" - Difference between max. level and min. level (15759 | mm

RE

Storage tank

=

Minimun ambient temperature

C|pgs ~| — 085 notspecfied by Purchaser
- — 1Hor Cmax
—0.25 for Cmin

B g w | — 2fortanks with fundation in earth without concrete
— 4fortanks on earth foundations with a concrete ingwall

5 —OK, §is posiive

— 0K tb =t

"N" - Number of design liquid level and temperature cycles estimated
OK. N = 1300 - Then cycling is not a controlling factor

M.5 - Self-supporting roofs and M.6 - Wind girder

"E" - Modulus of elasticity at the max. design temperature 188000 MPa

Figure 27.- Screen where Annex M checks are carried out

*T < 260 °C.- It is very common that even if the design temperature exceeds 260°C, the API 650 standard and its Annex M
continue to be applied for the calculation of the tank. This has been seen in numerous molten salt thermal storage tank projects
that have proliferated in recent years, such as high-temperature thermal energy storage (TES) systems in Concentrated Solar
Power (CSP) plants. In these plants, ‘cold’ molten salt tanks are designed with temperatures of around 290°C and ‘hot’ tanks with
temperatures ranging from 395°C to 565°C depending on the technology used, and in all of them the calculation standard was API
650.
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Annex M does not apply to tanks with the following typology:

= Tanks without roof (open)
= Tanks with floating roof

= Tanks with aluminium dome roofs.
Annex M is only applicable at temperatures above 93°C and is divided into 3 distinct parts:

e M.J3. Modifications in stress and thickness. At this point, modifications are made to the
permissible stresses of the cylinder plate material (but not of the bottom or roof plates), so that
their thicknesses will be increased. Basically, it consists of multiplying the permissible stresses
‘Sd’ and ‘St’ by reduction factors ‘Rf, which are obtained from table M.1a and are a function of
the design temperature of the tank and ‘Fy’ of the material, see table M.1a:

Table M.1a—Yield Strength Reduction Factors (Sl)

Minimum Specified Yield Strength (MPa)
Temperature .
rc) < 310 MPa From = 310 to < 380 MPa =380 MPa
94 0.91 0.88 0.92
150 0.88 0.81 0.87
200 0.85 075 0.83
260 0.80 070 0.79
MOTE Linear interpolation shall be applied for intermediate values.

The equations for calculating cylinder thicknesses will be as follows:

4,9D(H — 0,3)
e
t—corregido

49D(H — 0,3)G i

ty CA

Sd—-corregido

Where:

St—corregido =St Rf y Sd—corregido =8d - Rf

The factor ‘Rf = Yield Stress Reduction Factor , fluctuates between 0.7 and 0.92, so it will always cause a
reduction of the original allowable stresses ‘Sd’” and ‘St', which will increase the thickness of the cylinder
plates. Furthermore, as linear interpolations are allowed in the table depending on the exact temperature
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of the tank design, the software automatically performs a double linear interpolation to find the ‘Rf factor
accurately, see figure 27.

M.4.- Tank bottom. At this point, the need to improve the bottom-cylinder joint is evaluated. This
is an optional evaluation, not mandatory, but the software performs it as it is recommended
especially when large temperature differentials are expected between the bottom and the first
ring of plates of the cylinder.

It is known that in tanks with @ > 30 metres, the use of a butt-welded bottom ring plate is mandatory
(according to point 5.1.5.6 APl 650). The weld between the first plate ring of the cylinder and the bottom
ring plate has to be checked according to the following equations:

o 0.028D°4™ |S8HG 262CTH" 4.8BS,1,
&N= — i T

f (Df)“j L-)I_S (Dr)l.ﬁ

Once the ‘S’ parameter has been found, the following conditions must be met:

58HG 26201 4.8BS.0
e + 5 -G1> 5
(D™ n' (DN

tf ‘plate thickness of first cylinder annulus’ 2 tbf ‘thickness of bottom annular plate’.

Once these 2 conditions are met, the estimated number of liquid level cycles and design temperature ‘N’
shall be checked, using the following equation:

| (9.?>< Tt
N = -
K

o Incase N = 1300, the cycles are a control factor.
o In case N < 1300, the cycles are not a control factor, which means that no control is
necessary at the Shell-Bottom junction.

All the calculation of the parameters involved in the equations, the checks and the results are performed
automatically by the software and are presented on the screen of Annex M (see figure 27).

M.5.- Self-Supporting Roofs. At this point, the longitudinal modulus of elasticity (Young's
modulus) - please do not confuse with the transverse modulus of elasticity - of the material of the
plates for the manufacture of self-supporting (non-structural) roofs, whether conical or dome-
shaped, will be modified. Table M.2a presents the values of the new modulus of elasticity to be
used as a function of the design temperature of the tank (the higher the temperature, the lower
the modulus of elasticity, which causes a decrease in the strength of the material due to higher
temperatures). The software also performs a double linear interpolation to accurately find the
modulus as a function of the exact temperature.
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Table M.2a—Modulus of Elasticity at the Maximum Design Temperature (SI)

M"fr’gmgg’m?ﬁ?" Modulus of Elasticity
°C MPa
93 199,000
150 195,000
200 191,000
260 188,000
NOTE  Linear interpolation shall be applied for intermediate values.

o M.6.- Wind girder. At this point, the same test is carried out as in the previous one, with the
longitudinal modulus of elasticity being affected by the increase in the design temperature of the
tank (Table M.2a), but on this occasion affecting the counter-wind rings that will intervene in
Annex V for the internal pressure test. This will also cause the rings to decrease in strength due
to the higher temperatures.

6. BOTTOM AND ANNULAR BOTTOM DESIGN

The calculation of the bottom shall be carried out in the ‘Bottom’ tab (see figure 28), and whenever it is
necessary for the tank to incorporate a ring plate it shall also be designed in this tab.

A tank shall be fitted with a ring plate if and when:

o |ts diameter > 30 metres (see figure 29)
o [f the material of manufacture of the tank plates belongs to groups VI, IVA, V or VI.

e |t may also be necessary to use an annular plate due to high temperature requirements
according to Annex M.4 or even in exceptional cases of earthquakes, etc

Desgn| Desnll Shel Botom Roof  Wind  Sewmc Anchorbol

Figure 28.- Calculation of the tank bottom, it is noted that the calculation of the bottom ring plate is not performed as the option
‘Only if necessary’ is selected.
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File Data Base Actions Design and Reports Help
[ N

B . 2t B @
[ o } E | ovic S POF —
Calculate all Calc Report Annex L
Design| Designll Shell Bottom Roof Wind Seismic Anchorbok 3D

Bottom
Mirimun betom tickness fece. 5.41) g |mm

“Tb" - Provided Nominal Thickness [3|mm
Bottom weight un-comaded (wth C.A) Kg

Bottom weight comoded without C.A) 212 |Ka

@ Only f necessary (acc. 5.5.1)and/or (ace. M.A.1)
(O Yes. even ff t is not necessary
Annular bettom plate

Product stress 1st shell course

Hydrostatic stress Tst shell course

Annular bottom thickness for product design mm
Annular bottom thickness for hydrotest design D mm
Minimum thickness acc. to table 5.1a (5.5.3) mm

Min. thickness acc. project especific. {annular bottom plate) D mm
“Thr" - Provided nom. thickness (ann._ battom plate) mm
Bottom projection outside the shell x 50 mm (scc. 5.4.2) mm
Min. proyection annular plate inside shel face. 5.5.2) mm

Min wickh annular plate (acc. 5.11.2.3 cond. 2) mn

Mirimum lap designed by user mn
"Lbreq" - Required radial wicth annular plate: mn
"Lb" - Provided radial wich annular b = Lbreg mn

Annular bottom weight Kg  Annular bottom weight cor. Kg

Annular battom plates butt-welded

Verfication for extemal pressure loading (Arnex V.9.1).

Units System: 51 - Metric System - mm ; MPa; N; °C

Figure 29.- Calculation of the tank bottom and the annular bottom plate, which is necessary in this case because the tank has a @
> 30 metres.

However, the software offers the option to incorporate the annular plate calculation (even if it is not
necessary) by selecting the option ‘Yes even if it is not necessary’ by the user, see figure 30:

fih RiloTank 3D - .2025 - Built 291024 - o x

File Data Base Actions Design and Reports Help

» e SN
AP G @ 9
Calculate all Calc Report Annex L
Design| Designll Shel Bottem Roof Wind Seismic Anchorbolt 30

Bottom
Minimum bottom thickness (ace. 5.4.1) Elmm

“Tb" - Provided Nominal Thickness mm

Botiom weight uncomroded (with C.A) Kg
Bottom weight comoded fwithout CA)  [2377  |Ka

O Only ff necessary (ae. 5.5.1) andor (ace. M.4.1)
(@ Yes.even f tis not necessary

Annuiar bottom plate

Product stress 1st shell course

Hydrostatic stress 1st shel course

Annular bottom thickness for product design

Annular bottom thickness for hydrotest design El mm
Minimum thickness acc. to table 5.1a (5.5.3) mm

Min. thickness ace. project especiic. (annular batiom plate) D mm
“Tbr" - Provided nom. thickness (ann. bottom plate) mm

Bottom projection utside the shel = 50 mm (acc. 5.4.2)

Min. proyection annular plate nside shell face. 5.5.2)

Min width annular plate (acc. 5.11.2.3 cond. 2)

Minimum lap designed by user

"Lbreq" - Required radial width annular piate

"Lb" - Provided radial widh annular  Lb = Lbreq

Annular bottom weight Kg  Annular bottom weight cor. Kg

Type of Weided in annular botiom plates
@ Buit-welded O Lapwelded

Verfication for extemal pressure loading (Annex V.9.1).

Vinite Sucterm: & - Metric Suctam - mm - MBa« N+ o

Figure 30.- Calculation of the tank bottom and the annular bottom plate, even if not necessary, but still carried out when the option
‘Yes even if is not necessary’ is selected

Pressing the ‘Verification of external pressure loading’ button performs this verification on the screen that
appears, which is necessary following the indications in Annex V 9.1. See figure 31:
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Werification for external pressure loading in bottom (Annex V.9.1)

Verfication for extemnal pressure loading (Annex V.9.1)

Vacuum design pressure KPa
Weigth of bottom plates comoed KFa
Minimum product level 1750 mm

Weight of the product at min. level 17.41 KFa

- 7

Figure 31.- Test for external bottom pressure loads in accordance with Annex V.9.1.

7. ROOF DESIGN. LOADS AND LOAD COMBINATIONS

The calculation of roofs takes place in the ‘Roof tab. Currently the software can calculate 2 types of self-
supporting roofs: conical or dome (see figure 32). In the next version 2026, the calculation of structural
roofs will be incorporated.

l RiloTank 3D - V.2025 - Built 291024 - [m) x
Flle  DataBase  Actions  Design and Reports  Help
=] [nm Y Iy W
PSR 2
& ‘! <| AP o 8 =
Caleulate all Cale Report Annex L
Design | Designll Shel Bottom Roof  Wind  Seismic Anchorboft 30

Roof design (ace. 5.10)
Roof type

Roof slope
Frangble roof?

Win. nominal roof plate thickness

3
El

“Fp" - Pressure combination factor

"Ah" - Honzontal projected area

E]
™
3

]

“Tmin' - Min. roof plate thickness  ace. to 51022 APIG50 |5 mm
Min. nominal roof plate thickness mn
Loads and Loads combinations facc. 52.2)

Open loads and loads combinations in roof (ace. 5.2.2).
Roof plates design
“T" - Greater of Loads Comb. acc. 52.2 &)1) ej2)wth Sb [500 | KPa
"U" - Greater of Loads Comb. ace. 5.22 e)1) e}2iwih Su [507 | KPa
*Tr" Nominal thickness roof plates
“Trmod" - Modfied nominal thickness (acc. Annex M.5)
"Pr" - Raof design extemal pressure (ace. Annex V)
"T" Required thickness rocf plate
“Tr" - Provided thickness roof plates
"Tre" -Comoded roof ~ OK
"p" - Greater of 522¢)1) €)2)
"Fa""- Least allow. tensile stress t joint

"Areq” - Min. participating area roofs

HBIRE ol [w][2][=][=
& SIS SISHEN
N

"W - Weigth of roof plates (un-comoed)
"Wir cormod"” - Weigth of raof plates (comoded)

i

Units System: S| - Metric System - mm ; MPa; N ; °C

Figure 32.- In the Roof Type section you can select 2 types of self-supported roofs: Self-sup ‘cone or Self-sup dome roof

If the conical roof is selected, the data requested on this screen (figure 32) will be:
e Roof slope (conical roof pitch angle in degrees) shall be between 9.5° and 37° according to API

650, section 5.10.5.1.

If, on the other hand, the dome roof is selected, the data requested on this screen (figure 32) will be:

https://www.rilotank.com/




25N RiloTank 3D V.2025 - Design and calculation of welded vertical cylindrical metal tanks - API Standard 650 — 13th

e Roof radius (dome roof pumping radius in millimetres), shall be between 0.8 - Tank Diameter and
1.2 - Tank Diameter as per API 650, section 5.10.6.1.

There are other options to be entered by the user, such as whether or not the ceiling should be frangible,
or if a minimum ceiling tile thickness in mm is desired.

The rest of the data on this screen are the results of all the checks carried out automatically by the
software (that is why the background colour of the cells is yellow, as they are result cells), where the
calculated thickness of the ceiling tiles ‘Tr, ceiling weights, projected ceiling area and other checks
according to point 5.10 of API 650 are presented, see figure 32.

Also, by clicking on the button ‘Open loads and loads combinations in roof, the loads and loads
combinations screen will appear according to point 5.2.2 of API 650, see figure 33, where the additional
loads on the roof, such as access platforms, efc., can be modified. Likewise, the weights of the roof
insulation ‘Insulation on roof can also be added in the case of tanks that incorporate it due to high
temperatures of the stored fluid, as well as snow loads, or overloads of use to be considered (all these
modifiable cells as shown in figure 33 appear with a white background). The rest of the cells with a yellow
background show the results of the combinations and actions found automatically by the software.

Loads and Loads combinations (acc. 5.2.2)

Loads Loads combinations (acc. 5.2 2)
1) Dead loads €) 1) DL+ (Lror Su or Sb) + 0.4°Pe KPa
Hodpls onicd] m3n | N 2) DL+ 0.4°(Lr or Su or Sb) + Pe KPa
Attachments on roof (Platforms on roof) | 17640 N . o
fIDL+F+E+0.1°5b + Fp*Pi 0.69 KPa
Insulation on roof D N
“DL" - Dead load 0498 | KPa

Open total weigths

2) Live load and 3) Snow

=
o
o

"LL" - Live load

=
o
o

5" - Snow

=
o
o

"8b" - Snow balanced

=
o
o

"Su" - Snow Uinbalanced

Max (Lr. Sb. Su)

4) Extemal pressure
“Pe” - Extemnal pressure

=
£
o

5) Intemal pressure
“Fi" - Intermal pressure

=
o
o

6) Wind load
"W*" - Wind load

~ o = —[=][=]=][=
[ o & P[P |= || M|
o e
o ra | o

=

o

o

KPa

7) Seismic load
“E" - Seismic load

=

~1

s
=
el
o

=

Figure 33.- Screen actions and combinations in ceilings

Also on this screen, by clicking on the ‘Open total weights’ button, you can access the calculation screen
of all the tank weights, data that will be used for the preparation of the calculation report in its section
B.O.M. ‘Bill of materials’ -Summary of tank material weights-. See figure 34.
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Total weights

Shell {uncorroded) [oers | N [es; | ko Shell (comoded) [soeos02 | N [51605 | ks
Roof plates {un-comoed) 197039.1 N [20092 Kg Roof plates (comoed) [1745203 | N [17795 | Ka
Attachments on shell 12628 N (3337 Kg
Attachments on roof W‘ N 'T‘ Ka
Insulation on shell I:I N I:I Ka
Insulation on roof 0 N g Ka
Bottom plates (un-comoded) | 109240.2 | N | 11139 | Ka Bottom plates (comoded) |87’3BD.2 | N ‘3911 | Kg
Annular bottom plates [un-corroed}|u | N |D | Ka Annular bottom plates (comoed) |D | N ‘D | Ka
Toial weight (uncorroed) 9642184 | N [g6023 | Ko Total weight (corroed) (8182687 | N [g57a4 | Ko

& |V

Figure 34.- Screen showing the calculation of all the tank weights in Newtons and Kilograms. Remember that the cells with a
white background can be modified by the user and new weights can be added related to structures attached to the cylinder
(helical ladders, platforms, nozzles...) or to the roof (platforms, railing...) and insulation in the cylinder and roof, in case they are
necessary due to high temperatures of the stored fluid. As we can see in all these screens there is a button with a calculator, in
case any data is modified, when pressing this button all the checks will be calculated and carried out again so that the changes
made are reflected

8. WIND ACTION AND OVERTURNING STABILITY

In this ‘Wind’ tab, the entire calculation of the wind action takes place, so that in the first section ‘Wind
design acc. 5.2 API 650’ the calculation of the wind action according to point 5.2 of API 650 as well as the
overturning stability check according to point 5.11 API 650 take place.

File  DataBase  Actions | Designand Reports | Help

B & 8 m

Calculatz all Calc Report Annex L

o
owc S POF |

Design | Designll Shel  Bottom Roof Wind  Seismic Anchorbok k)

Wind desian acc. 5.2 API 650
"qdyn” - Dynamic pressure at zmax

"Ce" - Exposure Coeficent
"Pws" - Design wind pressure on shell

"' - Center of gravity of wind pressure

Open parameters wind loads and overuming stabilty

Wind load ontark: Overtuming stabifty ace. 5.11 API 650
Condtions (51122
106+ Mw+Mpi <MAd/1.5+Mdr [0 o

2) Mw + Fr - Mpi < (Mdl+MF)/2 + Ml

ZI[z
ElE]
2|2
EYIES

3) Mws + Fo - Mpi < Mdl#1.5 + Mdir
ANCHORED TANK

Tank Siding (5.11.4)

Weights: RocfShell+BottAttach. +Insul. N

WMax. alowable siding friction

Resistance force ta tank siding 27305 N

Top angle desian

Deesign for extemal pressure - Amnex
Open parameters extemal pressure Annex V.

Intemal presaure - Annex F

Open parameters inemal pressure Annex F

Units System: S1 - Metric System - mm ; MPa: N: °C

Figure 35.- “Wind” tab where all wind action tests according to 5.2 API 650, overturning stability according to 5.11 API 650,
external pressure design according to Annex V and internal pressure design according to Annex F including calculation of the top
angle are carried out.

The main screen simply shows the results of the wind load calculation (figure 35). If we want to modify the
wind speed data (reference speed in m/s depending on the location of the tank), risk category, air density,
topographic coefficient, soil classification and other parameters that influence the wind load calculation,
which is performed according to ASCE 7-22 standards, which is integrated in the calculation philosophy of
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API 650, the ‘Open parameters wind loads and overturning stability’ button must be pressed and the ‘Wind
load’ window will appear, see figure 36:

Wind load, Overturning Stability, Top angle design and Annex V

Wind load

"Vref" - Ref wind speed m/a "Fw" - Extemal press. comb. factor "Zmax" m
FEREE > Site classification (4.1) v == m
ol Ko/m® i Factorof temain table 24)  [007 | "
T R s (0.2 ¥ "z0" - Roughness param. ftabl. 2.4) m
"Ct" - Topografic coeff. {able 2.5) ——

Open wind load
Wind load on tank: Overtuming stabilty acc. 5.11 AP1 650
"Pws" - Design wind pressure on shell KPa 0.6 Mw + Mpi N-m
"Pwr" - Design wind pressure on roof KPa  Mw +Fp - Mpi N-m
"Tb" - Comoed thickness bottom plate under shell mm Mws + Fp - Mpi N-m
"Fby" - Minimum yield stress bottom plate KPa  Mdl/1,5+Mdr N-m
"As" - Vertical projected area m? (Mdl+Mf)/2 + Mdir N-m

"#" - Horizontal projected area 50,27 m?
"Fws" - Wind horizontal load N
"Fr" - Wind uplift load N
"wil" - Liquid weight N/m
"g" - C.0.G. of wind pressure on shell m
"Mw" - Overtuming wind moment N-m
"Mpi" - Moment from intemal design pressure N-m
Open total weigths

"Mdl" - Moment from nominal weight of shell m
"Mdir" - Moment nominal weight roof plate + attached struct. m

"Mws" - Moment from horizontal wind pressure 7

= = = =

. =i

Figure 36.- Wind load, Overturning stability, top angle design and Annex V screen, where you can modify the calculation
parameters that appear in white cells. Remember that the yellow cells cannot be modified as they are only for displaying the
results calculated by the software

"MF" - Moment from liquid weight 2174046

This screen (figure 36) shows all the results of the checks of the stability against overturning due to the
action of wind, and from here we can also access the exhaustive calculation of the wind load by heights,
by pressing the ‘Open wind load" button, which will show us the screen in figure 37 with all the
calculations. And by pressing the ‘Open total weight’ button, the screen shown in figure 34 above can be
accessed again to view the total weights of the materials that make up the tank or to modify them if
desired.
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‘Wind load

im)  Ce ﬂﬂm 5 @leal2  Bhehiel-h) ﬁ(u ) ff,j;';“} oy M (KNm/im) [ﬂ?fr:;':n} 2im)

S BB 13004 o 0 0 0 0 0 0 0
05 276 13004 13004 05 05502 06502 13004 |0,1625 01626 0.25
1 276 13004 13004 05 06502 13004 13004 |0.4877 06503 05
15 276 13004 13004 05 05502 19506 13004 |08128 14631 07501
2 276 13004 13004 05 06502  |26008 13004 [11379  |2601 1,0001
25 234 13835 13419 05 0571 32718 1.3087  |15097  |41107 12564
3 309 14531 14183 05 07091 319809 1.327 1.9501 60608 15225
15 32 15131 14831 05 07415 |47204 13483 241 84708 17937
4 RS 15659 15395 05 07698 54522 1373 2.8866 113574 20679
45 343 15133 15896 05 07348 6287 13971 |33 147353 23438
5 352 16561 16347 05 08174 71044 14209  [38824 186177 26206
55 350 15953 16757 05 08379 79423 1.444 43983 230165 2898
§ 358 17315 17134 05 08567 8799 14665  |4326 279425 3,175
£5 175 17851 17483 05 02741 96731 14882  |5463 334059 | 34535
7 382 17964 17808 05 0.8904 105635 | 1.5091 |6.0101 39416 37313
75 308 18259 18111 05 09056 114691  |1.5292  |65653 (459813 40092
8 334 18536 18397 05 09199 12.389 15486 | 7.129 531103 42869
85 400 18798 18667 05 03333 133223 15673 |7.7000 B0BI4 45645
9 405 19046 18622 05 09461 142684 | 1.5854  |3.2784 69,0838 | 48421
95 410 19283 19164 05 09582 152265 | 1.6028  |8.863 779524 51195
10 415 13509 19396 05 09698 161964 | 1.6196  |3455 BTAD78  [53967 /

< >

Figure 37.- “Wind load” screen with all wind calculations by heights

Continuing with the data provided on the main screen of the software and its ‘Wind’ tab (figure 35), we can
view the results of the ‘Overturning stability’ check, according to conditions 5.11.2.2 API 650 with the 3
results of the 3 load checks, in such a way that if any of them is not fulfilled, the red warning ‘ANCHORED
TANK’ will appear, making it necessary to anchor the tank in the wind, as it will not be stable (see figure
28). Likewise, the ‘Tank Sliding’ tank sliding check is also displayed according to point 5.11.4 API 650,
where the user is asked to enter the maximum admissible friction coefficient (0.4 by default friction
coefficient). If the tank slides, it will also be necessary to anchor it, and the message ‘TANK SLIDES’ will
appear in red.

Wind load on tank: Owertuming stabilty acc. 5.11 APl 650
Conditions (5.11.2.2)
106 - Mw = Mpi < MdlA1.5 = Mdlr |NC' oK |

2) Mw + Fp - Mpi < (Mdl+Mf)<2 + Mdlr |NC- oK |
3) Mws + Fp - Mpi < Mdl/1.5+ Mdir [y o |
ANCHORED TANK

Tank Sliding (5.11.4)
Weights: Roof+Shell+Bott+Attach.+Insul. [ 333067 M

Max. allowable sliding friction
Resistance force to tank sliding 133277 M

TANK SLIDES

Figure 38.- Results of the Overturning stability and Tank Sliding tests. The detailed data and calculations of these 2 tests (in case
you wish to follow the calculation procedure exhaustively), can also be viewed on the ‘Wind load’ screen seen previously (figure
36), as only the final results and conclusions are shown here. In this case, as can be seen, it does not fullfil any condition, so all

the texts are shown in red
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Wind load on tank: Owvertuming stability acc. 5.11 API 650
Conditions (5.11.2.2)
1) 0.6 - Mw =+ Mpi < Mdl/1.5 + Mdir |DK |

2) Mw + Fp - Mpi < (Mdl+Mf)/2 + Mdir |OK |
3) Mws + Fp - Mpi < Mdl/1.5 = Mdir |GK |
UNANCHORED TANK

Tank Sliding (5.11.4)

Weights: Roof+Shell+Bott+Attach +nsul. | 1no514 N
Max. allowable sliding friction
Resistance force to tank sliding 41006 M

TANK DOESNT SLIDE

Figure 39.- Results of the Overturning stability and Tank Sliding tests. On this occasion, the tank does meet all the conditions, so
the results are shown in green. It is not necessary to anchor the tank due to wind (perhaps due to other subsequent
considerations, such as earthquakes, but not due to wind), and the tank will not slide either

9. EXTERNAL PRESSURE DESIGN (ANNEX V - API 650)

In the same tab ‘Wind' (figure 35) the external pressure test due to wind load is also carried out according
to Annex V API 650, see figure 40 where only the results are shown:

Top angle design

Mot applicable for this type of tank because the mof is not
support cone or without roof . but top angle is applicable only for
‘compression ring design (acc. Annex F)' conditions. "Bdemal
press Annex V' is not applicable. Top angle provided is L 50x5

Design for extemnal pressure - Annex Y

Open parameters extemal pressure Annex

Figure 40.- “Top angle design” check result and button to access all Annex V checks, click on “Open parameters external pressure
Annex V”

Pressing the button ‘Open parameters external pressure Annex V' will take you to the screen ‘Annex V -
Design of storage tanks for external pressure’ (see figure 41), where the following checks are carried out,
by sections:

e Tsmin’ Nominal thickness of thinnest Shell course

¢ You can select whether you want to analyse the buckling of the tank in corroded condition or not (by
default the option Yes is checked, so it is recommended to perform this check for the safety of the
tank).

e The transformed tank height according to VV.8.1.4 API 650 is automatically calculated.

e The V.8.1.1 condition check is performed.

e The maximum external pressure test according to V.8.1.2 is performed and the results of the 2
conditions are automatically provided.
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Finally, if stiffener rings are necessary, they are designed according to section V.8.2, finding the number of
stiffeners or stiffener rings, their position in the cylinder, and whether or not the selected ring complies (if it
does not comply, the selected ring, which by default is an L 50x5 -see figure 41-, will be shown in red ‘Not
OK’).

Annex V - Design of storage tanks for external pressure

Sef supporting rocfs (sce. V.7.2and V.7.3)
“Tsmin" - Nominal thickness of thinnest shell course

3
El

=
3
o

“Pr" - Roof design extemal pressure
" - Smallest of the allowable tensile stress at joint

"Areq" - Total required cross - sectional area in roof 55 m?

Shell verfiication: condition V.8.1.1

For an unstifened tank, buckling will occur elasticaly f the following criterion is satisfied: [ 9731504 | 2 0.00675

Max. extemal pressure (acc. V.8.1.2)
For an nstifened tank, the design extemal pressure and the
specied vacuum pressure shall not excesd to "Ps” or "Pe”

"Pe" - Specfied extemal pressure (vacuum) KPa

‘Stabiity factors - Condition 1 (W + 0.4 - Pe)
Y (Pe<025KPa) =

Ok - Buckling will be elastic

Stability factors - Condition 2 (Pe):

I

o
W (0.25KPa < Pe < 0.7 KPa) = Resuks
7 "Ps" . - .
Buckling analysis in comoed condition? Ps" - Design extemal pressure (W +0.4-Pe) Kea | Condtion 1 Not satisfaied
® Yes O Mo Candtion 2 Satisfaied
"Xrocf" - Length of roof within the top fing region 20286 m
- Stiffener rings design (acc. V.8.2) - APPLICABLE
"Xshell" - Length of shell within the top ring region mm e = s
"S- Requred area of top sffenerstucrual ape [p | m "W . Stabilty factor in condition 1 “Heafe (c.2)" - Max. height of unstffened shell  [32.g9 m
"A" - Selected area top siffener stnuctural shape o ] “Hsafe (¢.1)" - Max. height of unsiffened shell (1795 | m  “Ns” - Number of intemedicte siffencrs required ud
"Shape" - Selected top structural shape Intermediate siffeners shape
151" - Transfomed shell thickness [54 |mm  "Asifirea’- Requred crosssectionsl area o sffshape mm?
Transfomed shel height calcuial V814 o S
ransformed shell height calculation (acc. ) Ls" - Actual spacing of stiffeners m ‘Shape” - Stiffener structural shape selected [| 5,5 No OK
. Height tactual  tunif . —
N ) fm) mm) Hs (mm) i ek ] “Asif selec” - Cross-sectional area of siffner selected 180 o
» Pl o o — Ps" - Total design extemal pressurs on shel 24 kP 72 [ “ifrgont Momentirteiaci. 1. e
Q" - Radisl load imposed on stff_ by shell a2 |Wm
6 |2500 54 54 2500 7 . pe ” y—
Corti = P " o
s T=m ” ” 2500 ‘24" - Conlributing width of shellon siff. region m o o —
+ =0 I 54 =0 "Ireq" - Required moment of inertia of siiffened region e v AN | 110000 5720 F17545
. Paticipating | 5270 | 951 231 50128 | 160242
3 2500 54 54 2500 " - Vin. slowable compressive siess n . region 13| MPa
I w3t | nzn | sew | 4mwr
2 |20 64 54 164,34 “Pread" - Required coms sectional area of of. egion [745__|
1 |2500 64 54 1634,84 e
"W shell” - Contribut. wickh of shel on top stffened region mm *F"-Min. allowabel stress intop stffencd region [ 1035 | MPa
"V1" - Radial oad imposed on top stifener by the shel  [1pg23 Nim "Areqd”- Requ. cs area of op req. [355.4 | mm? ‘/
"His" - Transfommed height of tank shell m "Ireqd" - Requited moment of inertia of top stff. region [0 4 omt “Astif"-Fequ.cs aeatopst.  [1agg | mm? E

Figure 41.- Screen “Annex V — Design of storage tanks for external pressure”

« To change this wind ring to a larger one in order to comply with the conditions of Annex V, simply

L
click on the button and the wind ring database will appear (figure 42) where a larger
reinforcement has to be selected. In figure 42 the new angle ‘L 70x7’ has been selected.

Database stiffeners structrual shape

N2 Shape A fmm) d (mm} 2 (mm) ly {mm) G (Kg/m) ~ TOp structural sha pe Intermediate structural shape

1 |L505 480 14 50 110000 377 " - y
2 |L5Mx6 569 145 50 128000 447 c il T
3 |L60x5 582 164 60 134000 457 1 ' d
4 |L606 651 169 60 223000 542 ok _t_ AL
5 |L70x6 313 183 70 363000 638 ‘ L \ 2t max LIS I

» IECEEETE A . | | N Nouralaxs g d
7 [La3m8 1230 28 a0 722000 963 L, of angle 7 i
g |Lemx10 1510 234 80 875000 ns Mg I
9 |L9lx9 1550 254 S0 1160000 122 Lae
10 |L90x10 1710 258 S0 1270000 134 o

"Shape" - Stiffener structural shape selected | L 707 ‘ | 940 ‘ | 70 ‘

v X

Figure 42.- Database display of angle braces to be used as tank wind rings, and also as a head ring if required (Top structural
shape)

Once the new counter wind ring has been selected and the database in figure 42 has been closed by

clicking on the button , checks will be automatically performed again to determine whether the
newly selected windbreak ring meets the requirements of Annex V.8.2. If so, a green "OK" label will
appear next to the newly selected ring (see Figure 43).
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Stiffener rings design (acc. V.8.2) - APPLICABLE
Mumber of infermediate stffeners

"W - Stability factor in condition 1 "Hsafe (c.2)" - Max. height of unstiffened shell 2469 m

"Hsafe (c.1)" - Max. height of unstffened shell [ 12 g5 m "Ns" - Number of intermediate stiffeners required Ud
Infermediate siffeners shape
"ts1" - Transfomed shell thickness mm ‘Astiff req” - Required cross-sectional area of stiff. shape............... 172 mm?
"Ls" - Actual spacing of stiffeners m Shape" - Stiffener structural shape selected OK
Neof waves into which shell th. buckde l:l Astiff selec” - Cross-sectional area of stiffner selected ... mm*
"Ps" - Total design extemal pressure on shell 2433 |KPa o _— - fn
- ¥g"=[4g49 |mm 'lstiff region” Moment of intertia stif. reg. cm*
"3" - Radial load imposed on stiff. by shell 191az |Ndm
"2d" - Contributing width of shell an stiff. region 176 mm 0 A - A -xgh A pegxgi)?
"Ireq" - Required moment of inertia of stiffened region 1629 cm?* 4 187 i 423000 18518 G2
P - _— ) Participating ... | 73,00 950 2309 69350 667550
'fe™ - Min. allowable compressive stress in stiff. reglon MPa
) ) . ) z 1830 425309 87868 1342282
"Areqd" - Required coms sectional area of stiff. region mm?

Top end siffener shape
"W shell" - Contribut. width of shell on top stiffened region mm "f" - Min. allowabel stress in top stiffened region [1pg 6 MPa

"W1" - Radial load impozsed on top stiffener by the shell 10643 N/m  "Areqd” - Requ. c= area of top reg. 135 4 mm? % /

"Ineqd" - Requited moment of inertia of top stif. region cm* "Astiff" - Requ. cs areatop st. mm?

Figure 43.- In this case, the check according to V.8.2 complies with the selection of the new selected wind ring as it is an angle L
70x7, which is why the label ‘OK’ appears next to it in green

10. INTERNAL PRESSURE DESIGN (ANNEX F - API 650)

To access the Annex F internal pressure check, simply click on the ‘Open parameters internal pressure
Annex F’ button in the ‘Wind’ tab, see figure 44.

Imtemal pressure - Annex F

Open parameters intemal pressure Annex F

Figure 44.- Button for accessing APl 650 Annex F checks

e Pressure: The internal pressure shall be < 18 KPa and the following considerations shall be
made for this internal pressure as described in Annex F - Design of tanks subjected to low

internal pressures:

o Ifthe internal pressure Pi = 0 KPa a basic tank design is carried out without any considerations

o Ifthe internal pressure Pi < 2 KPa a basic tank design is carried out without any consideration.

o If the internal pressure Pi > 2 KPa and in addition Pi < 18 kPa, the considerations of Annex F
have to be started. First the liquid level height of the tank ‘H’ must be modified by increasing it by
an amount = Pi (kPa) / (9,8 - G). Being G = Specific gravity of the stored liquid, according to
Annex F 2.4 of API 650. Apart from this, as the internal pressure Pi > 2 KPa, the following cases
to be considered must also be taken into account, which are summarised below:

= Ifthe following 2 conditions apply:

e Pi(kPa) < Weight of ceiling tiles (kPa = kN/m2) and
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e Pi(kPa) < Weight of ceiling tiles (kPa = kN/m?) + Roof structure (kPa
= kN/m2) + Weight of cylinder plates (kPa = kN/m?) + Weight of all the
structures gravitating on the cylinder (ladder, helicolidal stair...),
Nozzles and Accessories gravitating on the cylinder:

= A design shall be carried out under the considerations described in Annex F
from F.1 to F.6 of API 650, which basically consist of:

o Limit compression area Cylinder/Ceiling according to F.5.
o Not to exceed the maximum pressure Pmax
o No anchorages will be required in the tank due to internal pressure

o In the event that Pi (kPa) > Weight of ceiling tiles (kPa = kN/m2) +
Roof structure (kPa = kN/m2) + Weight of cylinder plates (kPa =
kN/m2) + Weight of all the structures gravitating on the cylinder
(ladder, helical stair...), Nozzles and Accessories gravitating on the
cylinder:

= Anchorages will be required in the tank by internal pressure according to point
F.7.

o If finally Pi > 18 kPa, the considerations in Annex F should be used and in addition
another calculation standard for this tank, which is API 620 for Design and Construction
of Large, Welded, Low-Pressure Storage Tanks Not Greater Than 15 Ibf/in?= 103 kPa

Intemal desin pressure KPa Requirement of Arnex F Intemal design pressure KPa Requirements of Annex F

_are applicable _ - _ not are applicable

Figure 45.- Screen of the Rilotank 3D software where it automatically warns when it is not necessary to
calculate with Annex F (if Pi >2 kPa) in the left image and when it is necessary to consider Annex F (if Pi >2
kPa) in the right image

If it is necessary to consider the calculation with APl 650 Annex F, it will be done automatically with all
checks in the corresponding screen, this Annex F screen can also be accessed by pressing the menu

@

Annex F

button: from the ‘Actions’ tab, and the screen shown in Figure 46 will be displayed:
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Internal pressure according Annex F

Maximum pressure limited by uplift (acc. F.4.2) - NOT APPLICABELE

DLeFeliin e e b i CE e 53670 L "Pmax"" - Max pressure for unanchored tanks l:l KPa
"DL5" - Mom weight shell + attachaments 139054 N
"R2" - Length of nomal to the roof 15,45 m
"Fy" - Min. yield strength in roofto-shell junction MPa Maximum design pressure {acc. F.4.1)
Figure F.1 - Annex F decision tree "~ Max design pressure (F.4.1) Ka
Does intemal pressure excesd weight of roof plates? YES The design pressure is valid
Uplt load due to intemal pressure 125664 u Calculated failure pressure (acc. F.6)
Weight of roof plates 36030 N "Pf" - Calculated minium failure presure 10,45 KPa

Does intemal pressure excesd weight of the shell, roof and attached framing? N T
Conp!esslon nng rallure: pressure 1s mu::eed

NOTE: The requirement Fmax < 0.8 is suggested fora weak rooffo shell
Basic design + App. F1 through F6. Anchor for pressure not required attachment franable joirt)

Required compression area at roof4o shell junction (acc. F.5.1)

Weight of shell, roof and attached framing 192724 N

A iz based on the nominal maternal thickness less any comosion

"A" - Required compression area acc. F.5.1 418 mm? albwance.
"Af" - Max. permited area for “frangible” roofs I:I mm?
"Areq” - Req. compression area acc. 5.10.50r 5106 | 453 mm?
"tc" - Thickness shell plate (comoed) mm
"th" - Thickness roof plate (comoed) mm
"we" - Max. width participatin shell mm
"wh" - Max. width participatin roof mm
"Shape" - Top angle provided L
A" - Area provided mm? "A" - Area of top angle provided 430 mm?
"Aprovided" - Compression area provided mm?
The selected top angle is valid E /

Figure 46.- Automated calculation screen of Annex F according to API 650 in the Rilotank 3D software, where all the checks
carried out on Annex F can be seen

In the event that Pi > 18 kPa the message of the need to apply API 620 will be displayed (see figure 47):

Intemal design pressure KPa Requirement of Annex F

are apolicable with 4P| 620

Figure 47.- Notice of the RiloTank 3D where the necessity of the applicability of API 620 is noted

On the screen in figure 46, where all the checks in Annex F are carried out, in point F.5.1 the required
compression area in the Cylinder/Ceiling joint is checked, as mentioned above, and a top angle can be
selected for this check to be carried out. By default the selected angle is always ‘L 50x5’ (in figure 46, it is
valid as the text ‘The selected top angle is valid’ appears in green colour, but in case it is not valid and a

L
red label appears, you can increase this angle by pressing the button , which will give access to
the angle database to select another angle, see figure 47:

Database stiffeners structrusl shape

N2 Shape A fmm) d {om) a fmm) ly fnmd) G (Kg/m) ~ Top structural shape Intermediate structural shape
1 L5 480 14 50 110000 377 ) p
2 [Lswe 569 145 50 128000 447 et T T
3 L6 582 164 80 194000 457 . N d
+ [Lens 691 169 80 228000 542 <z _L
5 |L7KG 813 193 0 369000 638 { = \ o 2tmax 7777727 I
7 |Len® 1230 28 80 722000 963 L— of angle / n
8 |Lan0 1510 234 80 875000 119 N o P~
9 L9k 1550 254 %0 1160000 122 b
10 |L9B0 1710 258 %0 1270000 134 .
“Shape" - Siffener ductursl shape selected [ 707 s ] [m | / x

Figure 47 .- Database screen of Top structural shape
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Likewise, the angle selected as Top angle in the Cylinder/Ceiling joint will be reflected in the main screen
of the software in the ‘Wind’ tab in the ‘Top angle design’ section, see figure 48:

Top angle design

Mot applicable for this type of tank because the rmoof is not
support cone or without roof. but top angle is applicable only for
‘compression ring design (acc. Annex F)" conditions. "Bdemal
press Annex V' is not applicable. Top angle provided is L 50x5

Figure 48.- Main screen of the software, in the ‘Wind’ tab you will find the ‘Top angle design’ section where you can see the
indications of the calculation made and the angle selected

11. SEISMIC ACTION (ANNEXE - API 650)

The seismic action check according to Annex E APl 650 takes place in the ‘Seismic’ tab of the main
screen of the software, see figure 48. These checks according to Annex E API 650 are in accordance with
ASCE 7-22

& RiloTank 30 - V.2025 - Built 291024 - o x

File Data Base Actions Desien and Reports Help

P N s
B H e (DR @S
Calculate all Calc Report Annex L
Desgn| Design |l Shel Bottom Roof Wind Seismic Anchor bo: ol
Seismic design acc. Annex E
Open seismic parameters
t ~
e e oreded Yo Nt | P
» 250 |54 |22 8753 3324
8 250 [54 |47 187 529
7 250 [54 [72 286.47 55,29
6 |[250 |54 |97 38594 55.29
5 250 |54 122 48541 55,29
4 250 |64 147 584,88 55,29
3 (250 (64 17.2 68435 55.29
2 250 |74 15.7 783.82 55,29 .
< >
Foundation loads summary
“qf" - Maximum load aeting on the bottom (non comoded) KPa
"gf" - Maximum load acting on the bottom (comoded) KPa
"gf™ - Mazimum load acting on the bottom in test KPa
"Q1" - Pemanent load on perimeter non comodsd) KN/m
Q1" - Permanent load on perimeter (comoded) KN/m
"Q2" - Live load on perimeter KN/m
"Q3" - Uplit load due to wind pressure on roof KN/m
"Q4" - Snow load on permeter KN/m
Ry KN My Khm
“Fs" KN “Ms" KNm
“Mrw” Khm "Mse KNm
“Fse” [11g1 KN “Mwe” (13509 KNm

Units System: I - Metric System - mm ; MPa; N; °C

Figure 48.- “Seismic” tab where all APl 650 Annex E checks take place

In addition to presenting the results of the seismic design in the table in the section ‘Seismic design acc.
Annex E’, another section called ‘Foundation loads summary’ is also presented, which, as its name
indicates, is the summary of the foundation loads, with which the foundation of the tank in question can be
designed. In future versions of the software, the foundation design will be incorporated according to:

e Calculation of foundation ring according to ACI 318-19
e Anchor bolt-concrete cone test acc. to ACI 318-19
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Thus, the design of the tank foundation will also be covered within the same software.

Returning to the seismic calculation, although this screen shows a table with all the seismic results, see
figure 49, all the detailed calculations can be accessed by clicking on the ‘Open seismic parameters’

button.
Ne ' o allow ”
) iN/m) at (MPa) (MPa) Result
» ] 868 2258 182.21 oK
275 4563 182.21 oK
;] 0.87 65.81 182.21 oK
;] 0.28 35.97 182.21 oK
] 0.09 106,37 182.21 OK
] 0.03 107.1 182.21 OK
] 0.m 124,55 182.21 OK
] 0 122,87 182.21 OK v
£ >

Figure 49.- Summary table of seismic calculation results on the main screen of the software ("Seismic’ tab). Because not all results
fit in the table, you may have to scroll through the table to view the rest of the checks with the horizontal and vertical scrollbars.

By clicking on the ‘Open seismic parameters’ button, the ‘Seismic design according Annex E - API 650’
screen will appear (see figure 50

~

Seismic design accoding Annex E - AP| 650

1.1 Seismic parameters 1.2 Seismic design loads 1.3 Resistance to overtuming  Annex E6 & E 7

1.1.1 Design and seismic data 1.1.2 Structural period of vibration 1.1.3 Seismic factors
"Xs" - Height fomm bottom shell to COG of shel m 1), Impulsive Natural Period 1. Response Modiication Factors Table E 4 1" impertance Factor Table £5
“¥" - Height form bottom shell to COG of roof m B 200000 1Pa Anchorags system | sef-snchored <7 .
"Xn" - Height form bottom shellto COG of insulation [ 17,25 m WD 2812 " Fu
"Ws'" - Weigth of tank shell + appurtenances 74321 N " - Figure E1 Fwe
"Wir" Weight of tank roof + attach. + 10% snow  [5a518 N T s
"Wp" - Weight of tank corterts 2 N 2). Canvective (Sloshing) Period (4" Sealing factor 'sﬂ';ééﬁ ASCE Tmethods or earthquakes of T=250 years. atheniee. 1
"WF" - Weight of tarik bottom 319% N 1.1.4 Design spectral response accelerations
"W -Weight of shellinsulaion D T [2sa : A" Impulsive spectal aceelersion g
"K" - Coefficient to adust the spectral acoeleration from 5%t0 05% [15 »
"Ac" - Convective speciral acceleration 0188 a
Seismic design according ASCE 7-22
Seismic calc "Sp" - Seismic peak ground acceleration = "So”  [0227 g - o
@ Yes O No e . ME Height (m) "_;r'r“"}"' = IlKlg) S0Gi {m) Wi - COGi
Method calc gy . = -
@ ASCE 7-22 method outside of USA » Ellzx 7 ok S A 7337625
"Fa" - Acceleration based site coefficient (0.2 sec) 135 8 |250 7 3453 1875 6474375

(O ASCE 7-22 method in USA

"Fv" - Velocity based site coefficient (1 sec.) 7 |250 7 3453 16.25 56111.25
"SUGT - Semic s goup [ “TL" - Regional dependent transiion period . 5 250 7 usz 137 4747875
Site class D~ "tu" - Equivalent uniform thickness tark shel mm 5 |250 7 3453 11.25 38846.25
“5Dg" 07639 N 4 (250 8 3946 875 345275
" “ 3 |250 8 3946 625 24662,5
so1 s hd
Ts" 06307 s Total Wi [33508 | Ko Total WiCOGI [3g25575 | K@

8]

Figure 50.- Screen where all the seismic calculations are carried out in great detail

Several tabs appear on this screen, mainly due to the number of checks to be carried out in the seismic
calculation according to Annex E. All the checks are detailed and grouped by tabs.

In essence, this screen is divided into the following tabs which incorporate the following checks:

e 1.1. Seismic parameters: It is divided into the following sections:

o “Seismic design according ASCE 7-22".- In this section, the user enters the data in the
white cells, indicates whether or not to carry out the seismic calculation and which
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method will be used, and automatically finds the geometric data of the tank (centres of
gravity, weights, heights) necessary to carry out the checks.

Seismic design acconding ASCE 7 - 22

Seismic cale "5 - Seismic pesk ground acosleration =S [0.227 g ol 5
® Yes O Mo ngg . N Height im) ‘"5;?)"' ke 50Gi im) Wi~ COGi
57
Method calc gy
® ASCE 7-22 method outside of USA g v w0 7 Eack B LA [376.2
O ASCE 7-22 method in USA "Fa" - Acceleration based ste coefficient (0.2sec) |4 15 g |z50 7 153 1875 5474375
"Fu" - Velocity based site coefficient (1sec.) 7 [250 7 3453 16.25 56111,25
SUG"- Selsmic use groue [ “TL" - Regional-dependert transttion period __ s 6 |250 7 3453 13.75 4147875
Site class D "tu" - Equivalent unifom thickness tank shel mm 5 |23 7 3453 .23 3884625
"5pg" 07639 s 4 |250 8 3946 875 5275
5o R 3 |250 8 3946 6.25 248625
"Ts" 06307 s Total Wi [33555 | Ka Totdl WiCOGi [3505575 | Ko

o ".1.1 Design and seismic data”.- It presents the results of heights at centres of gravity
and weights, taking into account other loads gravitating in the tank, the user does not
have to enter any data as all the results are provided automatically by the software, that
is why the cells are all yellow in this section.

1.1.1 Design and seismic data

"¥g" - Height form bottom shell to COG of shell m
"¥r" - Height form bottom shell to COG of roof m
"¥n" - Height form battom shell to COG of insulation m
"Ws" - Weigth of tank shell + appurenances N
"Wr" -Weight of tank roof + attach. + 107 snow N
"Wp" - Weight of tank contents M
"WE" - Weight of tank bottom N
"Wn" - Weight of shell insulation ICI N

o 1.1.2 Structural period of vibration®

1.1.2 Structural perod of vibration
1). Impulsive Matural Period

"B 200000 MFa
"HD" 12812 m

"Ci" - Figure E1 {61
i

Ll

2). Convective (Sloshing) Period
"Kg" 7

Te” 543

ii
w

o “1.1.3 Seismic factors”
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1.1.3 Seismic factors
1. Response Modffication Factors Table E.4

Anchorage system [ > |" - Importance Factor Table E.5

"Q" - Scaling factor [ﬁr’fﬁfor tllma}I ASCE 7 methods or eathquakes of T=2500 years; otherwise, 1
shall apply

o *“1.1.4 Design spectral response accelerations”

1.1.4 Design spectral response accelerations

"A" - Impulsive spectral acceleration q

"K" - Coefficient to adjust the spectral acceleration from 5% to 0.5% 15

St

"Ac" - Convective spectral acceleration 0.155 g

o 1.2. Seismic design loads: It is divided into several sections, where the calculation of the effective
mass of the tank, the effective centres of action of lateral forces, and the calculation of moments
with full and empty tank and shear forces with full and empty tank are performed automatically:

1.2.1 Effective mass of tank contens 1.2.2 Center of action for effective lateral forces

"Wi" - Effective impulsive portion of the liquid weight N "¥j" - Center of action for Ringwall Overtuming Moment m
"We" - Hfective convective portion of the liguid weight | gppg22 N "¥c" - Center of action for Ringwall Overtuming Moment m
"¥is" - Center of action Slab for Overtuming Moment m m
"¥cs" - Center of action Slab for Overtuming Moment m

i

1.2.3 Overtuming moment

Full tank Empty tank

"Mrw" - Ringwall Moment 37238887 M-m "Mrw" - Ringwall Moment 1350837 N-m

"Ms" - Slab Momert 41409846 N-m "Ms" - 5lab Moment 1350887 N-m
1.2.4 Shear force

Full tank Empty tank

"Wi" - Impulsive component of lateral force base shear 1518937 "Wi" - Impulsive component of lateral force base shear 118124

N N
"Ve" - Convective component of lateral force base shear [1g3pg7 N "Ve" - Convective component of lateral force base shear l:l N
"W" - Seismic base shear 1523695 N "W" - Seismic base shear 118124 N

o 1.3. Resistance to overturning: This tab is used to check the overturning resistance of the tank
against the action of earthquakes, indicating whether seismic anchorages are necessary and
whether it is necessary to use a ring plate in the tank:
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1.3.1 Thickness of bottom plate under shell and its radial width 1.3.2 Annular plate requinments
"ta" - Bottom/annular plate thickness mm "L" - Min. projection of annular inside the shell 450 mm

mm "Ls" - Selected width of bottom./annular plate mm

The bottom/annular plate width is satisfactory

"Ls" - Bottom./Annular plate radial width
"i" - Anchorage ratio 43
"Aw" - Vedical earthquake accelerat coefficient
"Ge" -Effective specific gravity 865 N

% Roof acting on shell

"L" - Max. width for determ. resisting force mm
"wrz" - Roof load acting on shell + 10% snow 169.06 M/m
"Wit" - Tank and roof weigth acting on shell 1308395 Msm

"wa" - Resisting force of bottom annular 0119.21 N/m
"Wa max." - Resisting max. force of bottom annular | 31454 79 N/m

"Wa provid." 146479 M/m

w = el 2]=]=]z o
2= [ L

"Wint" - Uplift load due to product pressure 5000 M/m

Tank cannot be Self-anchoded. modify annular ring if L<0.035D
or add Mechanical anchorage

o “Annex E.6 y E.7".- In this last tab there are the checks of the compression of the cylinder due to
seismic action, the resistance to tank sliding, possible surge problems in the upper part of the
tank due to seismic action for the free edge design and the verification of the circumferential
stress ‘Hoop stress’ which gives rise to instability phenomena in the lower part of the tank
cylinder known as ‘elephant foot deformation’ caused by vertical seismic acceleration.

1.4 Shell compression (Annex E.6.2.2) 1.5 Slidindg resistance (Annex. E.7.6)
"oc" - Max. longitudinal shell compression stress MPa ~ "u" - Max. allowable sliding friction
[mos | ne it e e Tegm) Res
GHD#? Ex m mm mm “Wieigths": Ws + Wr + Wf = Wp N
» Bl [s+ s s [wo
"Fc" - Seismic allowable compression stress "V5" - Resistance force to tank sliding 39812455 N
a 8 |250 54 838 998 NO s b o - M
atio "W" - Seismic base shear force _
7 250 |54 |83 9% |NO S2h &
The Tank is Structurally Unstable § |2%0 54 638 5.5 ho Ne m‘mmdmldﬁ:'ﬂmgemd :;r:c:jmd for
5 |250 54 838 9.98 NO -
1.6 Freeboard for sloshing wave height 1.7 Check for hoop stress (Annex E.6.1.1 E6.24)
"Sds" - Design 5% damp. spectral accel. Parameter at 0.2s g "D/H" - Ratio D/H
"8s" - Sloshing wave height above product design height  [g90.55 mmE"Joint eficency Jont Eficency Recamendations
"A" - Acceleration coeff for sloshing wave calculation g "5d" - Basic allowable design stress MPa
"Sds" - Case "Fy shell” - Minimum yield strength of shell material MPa
"SUG" @ "Fy weld" - Minimum yield strength of weld mateial 260 MPa 14,92
“8" - Min required freeboard mm
B we Hecht Lo i) Nn Ni Ne ot (MPa) o alow Resutt =
m) (om) (M/m) (N/m) (M/m) (MPa)
13 E 250 54 22 87.53 3324 868 2298 18221 0K
8 |250 54 47 187 529 275 4583 18221 0K
7 (250 54 72 28647 5529 087 6581 18221 0K
6 |250 54 87 38554 5529 028 8597 18221 0K
5 |250 54 122 43541 5529 0.09 106,37 18221 0K
4 1250 64 147 584,88 5529 0.03 1071 18221 0K
2 0 es  avo lcosae E5ng ooy PEV 10091 " hd

12. ANCHOR BOLT DESIGN

In the ‘Anchor bolt’ tab of the main screen, the calculation of the anchor bolt is carried out and a new
screen is also accessed by clicking on the ‘Open Anchor chairs design’ button on the anchor chair, see
figure 51:
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fib RiloTank 30 - V.2025 - Built 231024 - 0 X
File  DataBase  Acfions | Designand Reports  Help
D [y [
A R
Calculate all Calc Report Annex L
Design| Designll Shel Bottom Roof Wind Seismic Anchorbot D)
Anchor bak design
“RF" - Yield strength reduction factor (Table M.1.a}
Ratio of reduction allowable bott stress

"Pt" - Test presaure KPa Pf" - Failure pressure KPa

“the" - Comoded roof thic. mm "th" - Un-corroded raof thic. D mm

Niwh = Pws x Dx H¥/2 oz N,

Wilaazzeas [N W2[2723043 N W3[29g9a27 N
Ancher bot parameters

" Anchor bok eccentrity [100_|mm

N [g |Ud "Nround” [13 ] UdN'-Anchprov. [12 ] Ud
“@min" - Min, neminal bolt diameter mm

*©" - Bok nominal diameter provided ' mm

"An" - Net (roct) area of ancher bolt mmz “Seloct bot

Increase the diameter to fullfill minimum

Alow Bolt
N Ui dress  th (N) stress  Resul Ratio
(MPa) MPa)
3 -146912 | 200 12243 52 oK |031

2 148912 | 267 -12243 £2 0K |023
3 |0 480 0 0 N/A - |N/A
4 954364 334 79572 400 NO 104
5
6
7

10721819 | 384 893485 4480 NO 1169
1055227 | 267 87936 442 NO  |1.66
10817928 (384 901434 |4530 |NO |18
8 |0 480 0 o NA - |N/A

Hooked anchor baits (L or J-shaped) shall not be used when seismic desian is
required (ace. E7.1.2)

Open Anchor chairs design

Units System: SI - Metric System - mm.; MPa; N; °C

Figure 51.- Screen where all the calculation of anchor bolts and anchor chairs is carried out.

The first section of this screen, called ‘Anchor bolt design’ presents the automated calculation of the bolt
design, in which no user intervention is necessary (hence all cells are yellow), as only results are
presented, taking into account the reduction of the permissible bolt stress as a ratio according to Annex
M.3.7, the test pressure according to Annex F.4.4 or F.7.5, etc., see figure 51:

Anchor bolt design

"Rf" - Yield strength reduction factor (Table M.1.a)

Ratio of reduction allowable bolt stress

"Pt" - Test pressurs KPa Pf" - Failure pressure KPa
"the" - Comoded roof thic. mm "th" - Un-comoded roof thic. El mm
Mwh = Pwsx Dx H¥2 N-m
T R e L

Figure 52.- Anchor Bolt Test Results Section

In the second section, all the parameters used for the calculation of said bolt appear, and the user must
indicate the value of the bolt eccentricity “e” (distance from the cylinder to the bolt axis (see figure 53),
taking into account that the designed saddle will be the typical one presented by the API 650 standard in
its figure 5.28).
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O_ Slot The Bolt Hole If
Necessary Per 5.12.1
Requirements

£

= —=— Clearance

- BOlt
Eccentricity

Figure 5.28—Typical Anchor Chair

Figure 53.- Typical figure 5.28 of the API 650 standard, which shows the saddle typology designed by the software and where the
distance in mm from the bolt eccentricity "e" must be entered. Other saddle typologies are presented in API 650, in figures 5.29
and 5.30.

The table in this section shows the 8 checks that cause traction and lifting loads on the anchor bolts,
carried out and required according to table 5.20.a of API 650.

Table 5.20a—Uplift Loads (SI)

Allowable Achor | allowable Shell
Uplift Load Case Net Uplift Formula, " (N) Stram Strese Stress at Anchor
P Attachment (MPa)
(MPa)
Design Pressure [P; > D2 x 785] - 1} Shax Fy %3 Fy,
Test Pressure [P, % D2 % 785] - 173 3i9 % F, Si6 Fy,
Wind Load Pyyg * D2 x 785 + [4 x Miyg/D] - 08 xF, 56
Seismic Load [4 5 M,,/D] - T (1 - 0.447) 0.8 < F, 316 Fy,
Design Pressure? + Wind [(Fp Ps+ Pyr) = D* = 785] + [4 Miys/D] - 1 3l % Fy, 316 Fy
Design Pressure? + Seismic |[Fp Pi D2 » 785] + [4 Mp/D] — 77 (1 - 04459 08=F, 36 Fyy
Frangibility Pressure® [3 % Ppx D 785]— T3 £y Fy
where

A, is the vertical earthquake acceleration coefficient, in % g;

D is the tank diameter, in meters;

Fp is the pressure combination factor;

Fr is the minimum yield strength of the bottom shell course, in MPa;

P is the minimum yield sirength of the anchor bolt or strap; bolis are limited to specified material minimum yield
strength or 380 MPa, whichever is less, in MPa; anchor strap material minimum yield strength shall not
exceed the minimum yield sfrength of the shell;

H is the tank height, in meters;

Mys equals Pys = D = A2, in N-m;

My is the seismic moment, in N-m (see Annex E);

P; is the design intemnal pressure, in kPa (see Annex F);

Py is the fallure pressure, in kPa (see Annex F);

P, is the test pressure, in kPa (see Annex F);

Pyr is the wind uplift pressure on roof, in kPa; for supported cone roofs meeting the requirements of 5.10.4, Pyg.
shall be taken as zero;

Pys is the wind pressure on shell, in N/m?2;

L is the comoded weight of the roof plates plus the comoded weight of the shell and any other comoded
permanent attachments acting on the shell, in N;

LI} is the corroded weight of the shell and any corroded permanent attachments acting on the shell including the
portion of the roof plates and framing acting on the shell, in N;

w3 is the nominal weight of the roof plates plus the nominal weight of the shell and any other permanent
attachments acting on the shell, in N.

3 Referto 5.2.2 concemning the pressure combination factor applied to the design pressure.
b Frangibility pressure applies only to tanks designed to 5.10.2.6d
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All of these results can be seen in the table presented in the "Anchor Bolt" tab of the software's main
screen, see figure 54. For the selected bolt to comply, a green text should appear above the table: "OK,
fullfill the minimum." If the selected bolt does not comply, the red text “Increase the diameter to fullfill
minimum" will appear, see figure 54:

Anchor bolt parameters Anchor bolt parameters
"e" - Anchor bolt eccentricity mm "e" - Anchor bolt eccentricity mm
"Nt ElUd "Mt round” E Ud  "N"-Anch. prov. Ud "Nt Dua "Nt round"™ Em "N" - Anch. prov. Ud
"@min" - Min. nominal bolt diameter mm "@min" - Min. nominal bokt diameter mm
"@" - Bolt nominal diameter provided " mm "@" - Bok nominal diameter provided " mm
"An" - Net (root) area of anchorbott  [gg4 31 |mm® | Select bokt.. | "An" - Net froot) area of anchor bokt mm? Select bott...
OK. fullfill the minimun Increase the diameter to fullfill minimum
Alow Boft Allow Boft
N2 LN stress th (N} stress Resul Ratio N2 L (M) stress th (N) stress Resul Ratio
(MPa) {MPa) (MPa) (MPa)
3 268803 |200  |-22400 |40 |OK |2 ’ 268303 |200  |-22400 |13 |OK |05
2 |-268303 |267 -22400 -40 oK |05 2 |-268803 |267 -22400 -113 OK |-D42
3 |0 480 1] 1] NAA | NAA 3 (0 430 0 o N/A [ NAA
4 2179302 | 384 181608 328 OK |0.85% 4 |2179302 (384 181608 913 NO 238
5 |22877321 |384 1506443 | 3440 NO 896 5 | 22877321 |384 1906443 | 9580 NO 2455
6 | 2279665 | 267 183972 M3 NO (128 & |2279665 | 267 189572 955 NO (358
7 |22973430 | 384 1914452 | 3454 NO 8599 T | 22973430 |384 1914452 | 9620 NO | 25,05
8 |0 480 1] 1] NAA | NAA 3 (D 480 1] o NAA | NAA
Hooked anchor bokts (L or J-shaped) shall not be used when seismic design is Hooked anchor bolts (L or Jshaped) shall not be used when seismic design is
required facc. E7.1.2) required {acc. E7.1.2)

Figure 54.- Anchor bolt calculation results, with the 8 checks performed. On the left, when the selected bolt meets the
requirements, and on the right, when it does not meet the requirements, requiring an increase in the bolt diameter.

To select a new bolt with a larger diameter when it does not meet the requirements, simply press the

| Selectbot.. |

button. , @ new window will open with the bolt database so you can select a larger

one, see figure 55:

Database anchor bolts

Ne  Metric () {“r‘:fng {“r‘n?n )D*am {’;‘n‘;;")- Diam Anchor bolts
1 |34 199,52 16 15
.3
3 |114 hhd 21 L n7n
4 |1172 798,06 iz 381
5 134 108625 v 44 45
& |2 141878 43 508
7214 1759564 48 5715
8 |21/2 221685 53 635

"Metric" - Anchor bolt metric selected " Met area mm?= / x
Nominal diameter mm

Figure 55.- Anchor bolt database

v

Once the new anchor bolt has been selected, close the database by pressing the button and

immediately recalculate everything by pressing the button “Calculate all” === from the “Design and
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Reports” tab, as the changes will then not take effect. It is very important to remember that when
making any data changes in the software, you must always immediately press the "Calculate all"
button so that these changes are reflected in the new calculation, otherwise the results will not be
updated and will be incorrect.

Please note that the software indicates a minimum bolt diameter in millimeters required to meet all the
conditions in the "@min Min. Nominal bolt diameter" section (see figure 54). Once a bolt with a larger
diameter is selected from the bolt database, as shown in the "@ Bolt nominal diameter provided" section
(see figure 54), all the checks in the table will be met.

13. ANCHOR CHAIRS DESIGN

In the “Anchor bolt” tab and pressing the “Open Anchor chairs design” button you will access the anchor
chairs calculation screen where the bolts calculated in the previous section will be screwed in, see figure

Anchor chairs design
Deesign A) Top Plate Design
"P" - Max. load per bolt factored) 266021 mm An Ch 0 r bo | ts "§" - Maximum stress on the Top Plate N/mm#
"a" - Top plate width mm "Sf" - Mlowable Design Stress 109 N /mm?
'
"h" - Top plate length mm ™ o - l-f-[ NO
"c" - Top plate thickness mm ! B) Shell Stress Local to Chair
'd" - Anchor bok diameter mm f_ . R Maximum local stress transferto Shell just above the top of the chair
"g" - Anchor bolt eccentricity 100 mm [ (D a Z 1.0003 oe
"& min" - Anchor bolt eccentricty min mm 0K L L L = oe
" _ Distance from cutside of top o IJ_ ol Ir = Smax" - See Table 5.21a A:CE:}D 137
"Fmin” - Digtance from outside of topmin [ |mm oK X
S S e , C) Vertical Side Plates
g - Yistance between vericalpiates 150 mm i “jmin" - Mirimum Vertical plate thickness 12,7 mm
"h" - Chair height 20 mm "—b—"[, oK
"j" - Vertical plate thickness mm k" 13125
"l - Vertical plate width (Average) mm | PATD 15648
“m" - Annular plate projection l:l mm R | NOT OK: Increase
"tbr" - Bottom plate thickness {com.) mm | D) Check on chair welds
& W - Veri
"t" - Bottom shell thickness {corr.) mm 1 W™ - Vettical shear on weld 316,63 N/mm
| "Wh" - Horizontal shear on weld 20107 N/mm
"R" - Radius of shell 4000 mm | obb
eenr o ) "W - Resukart shear TeiE N/mm
PCD" - Pitch circle diameter 4100 mm | /3.
- | "Smax" - Welding allowable stress 100 MPa
W' - Weld Size l:lmm \
| AMlowable shear stress in fillet weld = 0.55max MPa
PCD —
[ Allowable resultant stress = 0.707-0.55max -35 MPa
'
w'" - Weld size l:l mm
"Wa" - Alowable resuttant shear M2

] N/mm /
o .

Figure 56.- Screen where the calculation of the anchor chairs is carried out

As we have mentioned, the type of saddle designed is based on Figure 5.28. There are white cells that
can be modified by the user and correspond to the measurements and dimensions of the different
elements displayed in the figure on the screen. The remaining yellow cells represent the results provided
by the calculation software. This calculation and verification of the anchor chair are based on the
publication "Steel Plate Engineering Data Vol. Il Part VII" in addition to the guidelines indicated by API
650. The verifications performed are as follows:

e Top Plate design: Design of the top plate of the saddle
o  Shell Stress Local to Chair

e \Vertical Side Plates

https://www.rilotank.com/




48N RiloTank 3D V.2025 - Design and calculation of welded vertical cylindrical metal tanks - API Standard 650 — 13th

e Check on chair welds

As usual, when any of these checks are not met, texts will appear in red “NO”, and when they are met,
they will appear in green “OK”. It is most likely that some check is not met and the measurements of the
anchor chair must be modified and the “Calculate” button that appears on the same screen must be

pressed.

Ancheor chairs design
Design
"P" - Max. load per bolt factored)
" - Top plate width
" - Top plate length
" - Top plate thickness
" - Anchor bolt diameter

o &£ o oo

" - Anchor bolt eccertricity
“emin" - Anchor bolt eccentricity min
“f* - Distance from outside of top

“fmin" - Distance from outside of top min
"g" - Digtance between vertical plates
"h" - Chair height

"J" - Vertical plate thickness

k" - Vertical plate width (Average)

"m" - Annular plate projection

"tbr" - Bottom plate thickness (com.)

"t" - Bottom shell thickness (com.)

"R" - Radius of shell

"PCD" - Pitch circle diameter

"w" - Weld Size

266021 ol

NII
&[5
S| S
g 3
3 3

=1
3 3
i 3

F
3

Se &[] o Sz ==]=1=]=]=
o 21 g =@ &
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000
100
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OK
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Anchor bolts
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S e
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E , until all checks appear with a green label “OK”, see figure 57:

A} Top Plate Design
"5" - Maximum stress on the Top Plate [1gg N/mm?

N/mm?

"Sf" - Allowable Design Stress
OK

r\:
&
=]

B} Shell Stress Local to Chair
Maximum local stress transferto Shell just above the top of the chair

g w0 Mpa
g

B y
B
=
g
i

"5 max" - See Table 5.21a API 650 a2

OK

C) Vertical Side Plates

“jmin"" - Minimum Vertical plate thickness mm
OK

k" 3125

"PA1T70" 15648
OK

D) Check on chair welds

"Wh" - Vertical shear on weld 55,79 N/mm

"Wh" - Horizontal shear on weld N/mm

"W" - Resultant shear N/mm

ra | [ ][ra
&l o
Hil=
o | [
Z|&

"Smax" - Welding allowable stress

=

=1
=
=
o

Allowable shear stress in fillet weld = 0.55max

Allowable resultant stress = 0.707-0.55max 3

o =
D||&
=]
()
iﬁ
3
EREI
o o

"w" - Weld size

"Wa" - Mlowable resuttant shear

. N/mm /
OK

Figure 57.- Screen where the calculation of the anchor chair is carried out, with all checks “OK”
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14. GENERATION OF CALCULATION REPORTS AND ANNEX L -
API 650

In the "Design and Reports" menu tab (see figure 58), there is a "Calc Report" button. Clicking it will issue
the full calculation report with all the checks and results performed by the software. Obviously, it is best to
first perform the calculation for the entire tank by clicking the "Calculate All" button before launching the
calculation report. If some data has been modified and the "Calculate All" button is not clicked again, the
results will not be updated with the new data entered, resulting in an erroneous report. Therefore, it is
essential to always click the "Calculate All" button before clicking the "Calc Report" button to ensure that
all calculations have been updated.

File Data Base Actions Design and Reports Help

— (5 (1 M [
L B A [R C
ﬁ o o= AP wel or IR0t
Calculate all Calc Report Annex L

Figure 58.- “Design and Reports” menu tab where you can calculate the tank and present the calculation reports, and the
completed report of Annex L API 650. The rest of the buttons are deactivated, but in future versions they will be active to print the
detailed report of the bill of materials ‘B.O.M.’, as well as the export of the 3D drawing in PDF-3D and other formats such as Web-

GL, among other possibilities.

The “Calc Report” button allows you to view a report with approximately 50 pages on screen (see figure
59) and print it directly, or export it to PDF or WORD formats for later editing (see figure 60).
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Figure 59.- Report presented on screen, for printing or exporting in PDF or WORD
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Figure 60.- Report presented on screen, for printing or exporting in PDF or WORD

By clicking the "Annex L" menu button, a new screen will appear with all the project data according to
Annex L in its various sections. Some of the sections from the calculations will be filled in (thicknesses
found, tank construction materials, etc.). See figure 61:

Project data (acc. Annex L) For L-20to L-23

General (1to 5) Design | (6 to 9) Design 1 (10to 11} Design IIl & Testing (12to 22) Table 1 Materials of construction & Table 2 Bolts an anchors

i0

i Plate Stacking Crt
Shel Design: @ 1Rt Mithd () Variable-Des-Pt Mihd (O Eastic Anal. Mihd |~ oo

() Centerfine-Stacked (8 Flush-Stacked Inside () Flush-Stacked Outside

Plate Widths (Shell course heights) and Thicknesses * Numbers below Indicate Course Number. Number 1is Bottom shell course

N Plate Height (nm) Plate Wickh fmm) Thickness fmm) A doint Eficiency %
- ED 1900 7 ShelitoBaom Weld Type [ |
6 |2500 1900 7 Shel<o-Bottom Weld Exam Wihd
5 |2500 1500 7 Exceptions to Seal+welded Attachments (see Section
1 | 2500 1500 7 5139
3 |2s00 1900 7 vl |
1

Open-Top and Fixed Roofs: (See Sheet 6 of Annex L, for Floating Roofs) Open Top? (O) Yes @ No

Roof Support Columns N
Fixed Roof Type O Fpe () Sructural Shape l:l Cone Slope - Dome or Umbrella Radius l:|mm

Seal Weld Underside of: Lap-Joints? Seal Weld Underside of Wind Ginder Joints? Gastight?

' Lap. Butt, Other. O Yes @ No O Yes @ No O Yes @ Mo Joint Efficency |:| =
Thicknsss [ Jmm Snow Load KFa A0, Suppl. Load Spec [ |KPa Colun Lateral Load [ | KPs

Nomal Vertng Devices [ | Emergency Vertng Devices [ | Fiee Varts i Arass Whers Snow and s May Bock Vent [ |

For Non-Frangible Roofs: Seal Weld Roof Plates to Top Angle on the Inside? Weld rafters to Roof Plates Roof to-Shel Detall|:|
O Yes @ Mo O ves @ Mo Radial Projection of Horizortal Component Top Angle
O Inward @ Outward

Figure 61.- Annex L screen, with the sections from the calculation automatically filled in
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Other sections, however, must be filled out on this screen (such as Manufacturer, Purchaser, Address,
etc.), see figure 62:

Project data (acc. Annex L) For L-20to L-23

General (1to 5) Design | (6 toS) Design 11 (10to 11) Design |1l & Testing (12to 22) Table 1 Materials of construction & Table 2 Bolts an anchors
C: ion report data
Caloulation report ssued by | Apsrovas | | Revisions | ‘

Tile | Date ‘ | [ Today |Data Sheet Status:

1
Special Documentation Package Req ‘ ‘ Measurement Units to be used in AP] Std 650: | vl

Manufacturer | | Contract Na. | |
Address | | Mfg. Serial No | | ‘Year Built l:l
Ediion Addendum to API 850 [Thitteenth ed., March 2020. Add. September 1, 2020 |

2
Purchaser ‘ | Contract No. | |

Address ‘ |Tank Designation | |

3
OwnerlOpevaiur‘ | Location |

4

Size Limitations ‘ | Tank Diameter {.0) mrn Shell Height mm
Capacity: Maximuml:l m Net Warking m’ Criteria

5. Products stored

Liquid Design Specific Gravity 1015 Blanketing Gas l:l Vapor Pressure I:l

% Aromatic Suppl. Spec H-5 Service? Yes No
| | | | Ore ®

Figure 62.- Calculation report exported in PDF

A
By pressing the button from this screen a new window will appear to print, or export to PDF or
WORD Annex L as it appears in the API 650 standard, see figure 63.
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Page 1.1 &

e it ArvaxL Foral
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M essurement Units to be us=d in AFI 5t3 850 |st

1. [Wanutacurer ||

[padress
Mig. Sarial Mo~ ~ [reerBair ]
[Edition & Addendum wAFIB50"__[Thirteenth ed., March 2020. Add. September 1, 2020

[F [Pwchaser [Eontraotho._|
[Padress
[Tank Desgnaton

[Camenperar Tomton___|

[Eize Limimsons [Tank Dismet=r 8000
[Shell Feight
[Capasity Masimum™ [Net Working™ _[873.85
[Crtena

Froducts Stored: Liquid [Design Specific
|Gravie

Blanketing Gas [Vaper Pressure
[ Aromatic [Eursi. Spec.

F2§ Service? Ne
DESIGN AND TESTING Furchaser to Review Design Priot  Dra=nng Matenar? o
/6 Appiicable API Standard 820 Appendioes= [ J TF1 1 11 TLIMI 1 1 IV]

[7. [Max Design Temp 260°C ‘Da'un Metal Temp™ \'c
Design igud Level- [17500 mm [Gesign Inemal Fressure |25 KPa
[Design Bxemal Fressure L

Intemal Fressure Combination
Facor

External Frassurs Combinsson Fa. [Mastimum Fill Rae [
[Masimum Emptying Rate [Flottion Consigerations? |No
[Suppl Spec

[Feslisd Suppiementsl Losd Spec

[Approvals: rgmw

Figure 63.- API 650 Annex L ready for printing or exporting to PDF or WORD
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15. HELP AND SUPPORT

To access help, in the “Help” menu tab, you can directly open the PDF manual by clicking on the “Manual”
button, see figure 64:

File Data Base Actions Design and Reports Help
- e
L =9
Manual Licensing and upgrades

Figure 64.- Access to program manual

Additionally, our YouTube channel features numerous videos specifically designed for easy learning,
explaining step-by-step each and every one of the procedures for using the different parts of the software.
In addition to quickly learning how to use the application (which is very simple), the videos are also rich in
information, presenting the equations, articles, and calculations of the API 650 standard. These videos
also provide a wealth of information for learning how to use this standard. These videos include
recommendations and links to other sources of information such as articles, presentations, efc.

Therefore, we encourage you to visit our YouTube channel regularly:

https://www.youtube.com/@Rilotank

2 YouTube

16. NEXT VERSION 2026 PROFESSIONAL

The next version of Rilotank 3D, which will be version 2026 and is already being worked on, will
incorporate the following improvements:

e  Structural conical roof calculations

e Saving and opening internal calculation files with an *.api extension will be allowed in the
application

o Detailed generation of BOM reports
e« Generation of 3D drawings exportable to 3D PDF, Web-GL, etc

o Design and verification of cylinder and tank roof openings (nozzles) and direct addition to the 3D
drawing

https://www.rilotank.com/
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Vent calculations for atmospheric and low-pressure storage tanks according to the 7th edition of
AP1 2000

Design of retaining wall foundation design according to ACI 318-19 and API 650 Annex B, E, F,
and |

Saving and opening internal software calculation files
Generation of detailed BOM reports and new manufacturing materials: stainless steel, duplex...
Generation of 3D drawings and export in PDF, DWG... formats

And many more calculations

Visit https://www.rilotank.com regularly to stay up to date with new updates to our software.
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