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BASIC INFORMATION



SCOPE

• BOTTOM IS UNIFORMLY SUPPORTED 

• TANKS IN NON-REFRIGERATED SERVICE 

• MAXIMUM DESIGN TEMPERATURE OF 93 °C

• MAXIMUM DESIGN INTERNAL PRESSURES OF 18 KPA

• MAXIMUM DESIGN EXTERNAL PRESSURE OF 6.9 KPA

NOTE:

A bullet (•) at the beginning of a paragraph indicates that there is an expressed decision or 
action required of the Purchaser. The Purchaser’s responsibility is not limited to these decisions 
or actions alone. When such decisions and actions are taken, they are to be specified in 
documents such as requisitions, change orders, data sheets, and drawings.
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STORAGE TANK SCOPE OF WORK
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STANDARD INTRODUCTION

0 bar absolute

0 bar Gauge = 1 Bar a

= 14.7 Psi =~101 Kpa

1 barg

-6Kpa

Pressure Vessels (ASME CODE)-
Internal pressure

Pressure Vessels (ASME CODE)-
Vacuum Condition
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STANDARD INTRODUCTION

0 bar Gauge = 1 Bar a

= 14.7 Psi =~101 Kpa

1 barg

-6Kpa

18 Kpa

API 650

API 620



Type of Tanks

Type of tanks
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Single wall

Double wall

Elevated tank

Buried tank

Rectangular 
tank

Spherical tank



Type of Tanks

Single wall
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Fixed Roof

Floating Roof

Self Supported

Structural 
Supported

Cone Roof

Dome Roof

Umbrella Roof

Internal 
Floating

External 
Floating

Single deck

Double deck



STANDARD INTRODUCTION
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STORAGE TANK PARTS INTRODUCTION
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STORAGE TANKS DETAIL
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MATERIAL AND IMPACT TEST
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MATERIALS

 Materials used in the construction of tanks shall conform to the specifications 

listed in section 4, subject to the modifications and limitations indicated in API 

650 standard. Material produced to specifications other than those listed in this 

section may be employed, provided that the material is certified to meet all of 

the requirements of an applicable material specification listed in API650

standard and the material’s use is approved by the Purchaser. The 

Manufacturer’s proposal shall identify the material specifications to be used. 

Some listed materials in section 4 are as stated following:
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MATERIALS

ASTM PLATES (MOST USEFUL ITEMS):

 ASTM A36M/A36 for plates to a maximum thickness of 40 mm

 ASTM A283M/A283, Grade C, for plates to a maximum thickness of 25 mm

 ASTM A285M/A285, Grade C, for plates to a maximum thickness of 25 mm

 ASTM A516M Grades 380, 415, 450, 485/A516, Grades 55, 60, 65, and 70, for 

plates to a maximum thickness of 40 mm (insert plates and flanges to a maximum 

thickness of 100 mm

 ASTM A537M/A537, Class 1 and Class 2, for plates to a maximum thickness of 

45 mm (insert plates to a maximum thickness of 100 mm)

 ASTM A573M Grades 400, 450, 485/A573, Grades 58, 65, and 70, for plates to 

a maximum thickness of 40 mm.

20H.Sadeghi WELDED TANKS FOR OIL STORAGE (Rev. 0)Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



MATERIALS

ASTM SHEETS:

 ASTM A1011M, Grade 33

STRUCTURAL SHAPES 

 ASTM A36M/A36

 ASTM A131M/A131

 Structural Steels listed in AISC, Manual of Steel Construction 

 EN 10025, Grade S275, Qualities JR, J0, and J2
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 Piping

API Spec 5L, Grades A, B, and X42

ASTM A53M/A53, Grades A and B

ASTM A106 M/A106, Grades A and B

ASTM A333M/A333, Grades 1 and 6

ASTM A334M/A334, Grades 1 and 6

ASTM A420M/A420, Grade WPL6

 Forgings :

ASTM A105M/A105

ASTM A181M/A181

ASTM A350M/A350, Grades LF1 and LF2
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MATERIALS
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IMPACT TEST
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 Toughness: Toughness is, broadly, a measure of the amount of energy required 

to cause an item - a test piece or a bridge or a pressure vessel - to fracture and 

fail. The more energy that is required then the tougher the material.  So, The 

ability of a material to withstand an impact blow is referred to as notch 

toughness. 

 context of an impact test: a measure of the metal's resistance to brittle or fast 

fracture in the presence of a flaw or notch and fast loading conditions

 There are two main forms of impact test, the Izod and the Charpy test. Both 

involve striking a standard specimen with a controlled weight pendulum travelling 

at a set speed. The amount of energy absorbed in fracturing the test piece is 

measured and this gives an indication of the notch toughness of the test material.
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IMPACT TEST
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 These tests show that metals can be classified as being either 'brittle' or 

'ductile'. A brittle metal will absorb a small amount of energy when impact tested, 

a tough ductile metal a large amount of energy.

 The energy absorbed is the difference in height between initial and final position 

of the hammer.  The material fractures at the notch and the structure of the 

cracked surface will help indicate whether it was a brittle or ductile fracture.
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IMPACT TEST
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IMPACT TEST
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IMPACT TEST
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Brittle Fracture
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Failure of Liberty ships in WW II - Low-carbon steels were ductile at RT tensile tests, 
they became brittle when exposed to lower-temperature ocean environmets.The 
ships were built and used in the Pacific Ocean but when they were employed in the 
Atlantic Ocean, which is colder, the ship’s material underwent a ductile to brittle 
transition. 

• Failure of Liberty ships in WW II - Low-carbon steels were ductile at RT tensile 

tests, they became brittle when exposed to lower-temperature ocean 

environmets.The ships were built and used in the Pacific Ocean but when they 

were employed in the Atlantic Ocean, which is colder, the ship’s material 

underwent a ductile to brittle transition. 
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IMPACT TEST
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IMPACT TEST
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IMPACT TEST
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Design Metal Temperature
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• DESIGN METAL TEMPERATURE:

• The lowest temperature considered in the design, which, unless experience or 

special local conditions justify another assumption, shall be assumed to be 8 °C 

(15 °F) above the lowest one-day mean ambient temperature of the locality 

where the tank is to be installed. Isothermal lines of lowest one-day mean 

temperature are shown in Figure 4.2. The temperatures are not related to 

refrigerated-tank temperatures (see 1.1.1).
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Example
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• Min. Amb. Temperature : -15 °C

Course # Material Thickness 
(mm)

Impact Test

1 A 516 70 N 26 ?

2 A 516 70 26 ?

3 A 516 70 20 ?

4 A 283 C 20 ?

5 A 283 C 14 ?

6 A 283 C 10 ?

7 A 283 C 6 ?

H.Sadeghi WELDED TANKS FOR OIL STORAGE (Rev. 0)Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



Example
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• Min. Amb. Temperature : -15 °C

Course # Material Thickness (mm) Impact Test

1 A 516 70 N 26 No

2 A 516 70 26 Yes 

3 A 516 70 20 Yes 

4 A 516 60 20 No

5 A 283 C 20 Yes

6 A 283 C 10 No

7 A 283 C 6 No

H.Sadeghi WELDED TANKS FOR OIL STORAGE (Rev. 0)Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



H.Sadeghi                                      WELDED TANKS FOR OIL STORAGE (Rev. 0) 35

IMPACT TEST
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Research case

36

• As Rolled

• Semi-Killed

• Killed

• Fine-Grain Practice

• Normalized

• Quenched and Tempered
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WELDING
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WELDING

38

TYPE OF JOINTS: 

1. Butt joint (لب به لب)

2. Corner joint (گوشه ای)

3. T-joint (سپری)

4. Lap joint (لبه روی هم)

5. Edge  joint (لبه ای)
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WELDING
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WELDING
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WELDING
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TYPE OF GROOVE: 

Butt joint
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WELDING
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TYPE OF GROOVE: 

Butt joint
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WELDING
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Corner joint (گوشه ای)
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WELDING
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T-joint (سپری)
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WELDING

45H.Sadeghi WELDED TANKS FOR OIL STORAGE (Rev. 0)Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



WELDING
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Lap joint (لبه روی هم)
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HAZ AREA
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HAZ
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Heat)حرارتازمتأثرناحیه• Affected Zone: HAZ))ذوبپایهفلزچهاگرآندرکهاستجوشفلزازقسمتی

بهوشکاری جفرآیندهایپایاندر.استیافتهتغییرجوشکاری ازناش یحرارتاثردرآنبندیدانهوساختارامااستنشده

شدهوشکاری جقطعهدرترکایجادمستعدنواحیاین.میگرددتشکیلمارتنزیتیساختارهایشدن،سردبالایسرعتدلیل

ریزوند،میشدادهجوشآلومینیوم،نیکل،مس،مانندندارندشکلیچنداستحالهکههاییآلیاژوفلزاتوقتی.هستند

حالیستدراین.بیفتداتفاقآندردانهرشدیامجددتبلور استممکنکهوجوداینبانمیکندتغییرHAZدرساختار

ناحیهدریاملاحظهقابلساختاری ریزتغییرات)فولادهامانند(دارندشکلیچنداستحالهکههاییآلیاژوفلزاتدرکه

.میدهدقرارتأثیرتحتراجوشاتصالعملیرفتارومکانیکیخواصتغییراتاینکهمیدهدرخحرارتازمتاثر
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HAZ
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وسعت و گستردگی ناحیه متاثر از حرارت به عوامل زیر بستگی دارد

جوشکاری روش•

سرعت جوشکاری •

درجه حرارت پیشگرم•

تعداد پاس های جوشکاری •

ابعاد قطعه•

اتصالطرحشکل•

جوشحوضچهشکل•
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HAZ
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در . میلیمتر میرسد2.۸تا 2دارای کمترین مقدار است و به  HAZدر جوشکاری قوس الکتریکی دستی، وسعت ناحیه جوشکاری روش•

علت این . میلیمتر میرسد2۸تا 2۹میلیمتر است در حالی که در جوشکاری گازی به ۱۹تا ۳جوشکاری با الکترودهای پوششدار وسعت این ناحیه 

سطح است که در روشهای جوشکاری با قوس الکتریکی، امکان تمرکز حرارت در یک نقطه وجود داشته در حالی که در روشهای گازی، حرارت در

بالاتری ) ارتیهدایت حر (در فلزاتی که ضریب انتقال حرارت : جنس فلز پایه . توزیع شده و در نواحی اطراف ناحیه متاثر از حرارت گسترش مییابد 

در فلزات و آلیاژهای آلومینیوم و مس نسبت به فولادها از وسعت بیشتری  HAZبنابراین منطقه دارند، ایجاد تمرکز حرارت غیرممکن است

.نیز وسعت ناحیه متاثر از حرارت در فولادهای کربنی بیشتر از سایر فولادها میباشددر بین فولادها. برخوردارند

احیه هر چقدر میزان سرعت جوشکاری بالاتر باشد، وسعت ناحیه متاثر از حرارت کوچکتر میگردد؛ زیرا حرارت تولیدی در ن: سرعت جوشکاری •

جوش فرصت انتقال به نواحی اطراف و پراکنده شدن را ندارد

کمتر خواهد شد؛ زیرا چنانچه فلز تا حد  HAZهر چه میزان دمای پیشگرم قطعه جوشکاری کمتر باشد، وسعت منطقه : درجه حرارت پیشگرم •

قابل ملاحظه ای پیشگرم شود، در واقع هنگام جوشکاری به گرمتر شدن نواحی اطراف جوش کمک شده است

دن در جوش تک پاس ی، به دلیل اعمال حرارت ورودی بیش از حد و طولانی شدن زمان جوشکاری و همچنین طولانی ش: تعداد پاس های جوشکاری •

زمان انجماد، وسعت ناحیه متاثر از حرارت افزایش می یابد
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HAZ
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:شکاری جو متغیرهای.یابدمیافزایشنیزجوششدنسردسرعتوداشتهبیشتری حرارتجذبقدرتتر،ضخیمقطعات:قطعهابعاد•

قطروولتاژجریان،شدتافزایشبازیرا.میگذاردتاثیرHAZناحیهوسعتبرنیزالکترودقطروولتاژجریان،شدتمانندمتغیرهایی

.یابدمیافزایشHAZناحیهوسعتالکترود

برابرهماباتصالنوعدوهرمحلدرورقضخامتکهصورتیدرایلبهجوشونبش یجوشبینمقایسهبامثالبطور :اتصالطرحشکل•

.میگرددایلبهجوشازکوچکترآندرحرارتازمتاثرناحیهوسعتنبش ی،جوشدربالاترشدنسردسرعتدلیلبهباشد،

تماسسطحباشد،محدبشکلبهاتصالاتازیکیدرجوشگردهچنانچهنبش یجوشیکساننوعدودرهمچنین:جوشحوضچهشکل•

HAZناحیهوسعتکهشودمیسببامراین.میکندمنتقلاطرافمحیطبهسریعترراحرارتنتیجهدروشدهبیشترپایهفلزباجوش

.گرددبیشترجوش،مقعرگردهبهنسبت

مرکز پژوهش و مهندسی جوش ایران ، ساختار متالورژیکی مقاطع جوشکاری شده: منبع

93سال PRESSURE VESSELکلاس -مهندس ودود عزیزی: محقق 
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DESIGN (Design Considerations)
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 5.2. Design Considerations

a) Dead Load (DL): The weight of the tank or tank component, including any corrosion 

allowance.

b) Design External Pressure (Pe): Shall not be less than 0.25 kPa, except that Pe shall be 

considered as 0 kPa

c) Design Internal Pressure (Pi): Shall not exceed 18 kPa.

d) Hydrostatic Test: The load due to filling the tank with water to the design liquid level.

f) Minimum Roof Live Load: 1.0 kPa on the horizontal projected area of the roof.

h) Snow (S)

k) Wind (W)

l) External Loads
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DESIGN (Design Considerations)
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 5.6.2. Allowable Stress

Maximum Allowable Product Design Stress (Sd): 

• The design stress basis, Sd, shall be either two-thirds the yield strength or two-fifths 
the tensile strength, whichever is less

Maximum Allowable hydrostatic test Stress (St): 

• The hydrostatic test basis shall be either three-fourths the yield strength or three-
sevenths the tensile strength, whichever is less.

Allowable 
stress

Maximum 
Allowable Product 

Design Stress 
(Sd):

Maximum 
Allowable Product 

Design Stress 
(Sd):

Min. (2/3 yield; 2/5 tensile)

Min. (3/4 yield; 3/7 tensile)
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 Thicknesses

 Attachments 

 Wind and stability

 Seismic 

 Internal pressure

 External pressure
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 Bottom and annular plate thickness calculation

 Shell plate thickness calculation

 Roof plate thickness calculation 
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 Liquid levels
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 5.6. SHELL DESIGN

• 5.6.1.1 The required shell thickness shall be the greater of the design shell 

thickness, including any corrosion allowance, or the hydrostatic test shell 

thickness, but the shell thickness shall not be less than the following:
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• 5.6.1.2 Unless otherwise agreed to by the Purchaser, the shell plates shall have a 

minimum nominal width of 1800 mm (72 in.)

• 5.6.1.3 When the allowable stress for an upper shell course is lower than the 

allowable stress of the next lower shell course, The lower shell course thickness 

shall be no less than the thickness required of the upper shell course for 

product and hydrostatic test loads by 5.6.3 or 5.6.4.
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Shell Design

1-Foot 
Method

Variable-
Design-Point 

Method 

Elastic 
Analysis

Annex A
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 1-Foot Method : he 1-foot method calculates the thicknesses required at design 

points 0.3 m (1 ft) above the bottom of each shell course.

 Variable-Design-Point Method :Design by the variable-design-point method gives 

shell thicknesses at design points that result in the calculated stresses being 

relatively close to the actual circumferential shell stresses.

 Elastic Analysis: For tanks where L/H is greater than 1000/6, the selection of 

shell thicknesses shall be based on an elastic analysis

 Annex A :  Annex A permits an alternative shell design with a fixed allowable 
stress of 145 MPa (21,000 lbf/in.2) and a joint efficiency factor of 0.85 or 0.70. 
This design may only be used for tanks with shell thicknesses less than or equal 
to 13 mm
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• Hoop (circumferential) stress :

• This is the stress trying to split the vessel open along its length. Confusingly, 

this acts on the longitudinal weld seam (if there is one). 
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• circumferential stress :

• Longitudinal stress :
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• Liquid static head stress:

I) 

II) P= ρgh

Substituting II in I

III) Sc = Rρgh / t    Or    t= D x G x 9.8 x H / S 
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t= 4.9 D G H / S
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• 5.6.3. Calculation of Thickness by the 1-Foot Method 

This method shall not be used for tanks larger than 61 m (200 ft) in diameter. 

The required minimum thickness of shell plates shall be the greater of the 

values computed by the following formulas:
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- Inside diameter: 34000 mm

- Tank Height : 8000 mm

- Corrosion allowance : 1.5 mm for all plates

- Material : A 283 C

- Service :  Water, Density : 1000 Kg/m3

- Design pressure: Atm.

- Design liquid level: 6600 mm

- Plate width : 1500 mm + 500 mm for last course
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- Course # 1 :

t1 = Max. (td , tt)

Td = 4.9x 34m x (6.6 – 0.3 ) x 1 / 137 = 7.66 mm + 1.5 mm = 9.16 mm

Tt = 4.9 x 34 m x (6.6 – 0.3) /154 = 6.82 mm 

So,  The minimum required thickness of first shell course is Max (9.16 , 

6.82)=9.16 and the selected thickness for first course is 10 mm
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- Course # 2 :

t2 = Max. (td , tt)

Td = 4.9x 34m x (6.6 –1.5- 0.3 ) x 1 / 137 = 5.83 mm + 1.5 mm = 7.33 mm

Tt = 4.9 x 34 m x (6.6 – 1.5- 0.3) /154 = 5.19 mm 

So,  The minimum required thickness of 2th shell course is Max (7.33 , 

5.19)=7.33 and the selected thickness for 2th course is 8 mm
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- Inside diameter: 30000 mm

- Tank Height : 16000 mm

- Corrosion allowance : 3 mm for all plates

- Material :

 Course 1,2 : A 516 70

Other courses: A 283 C

- Service :  Gasoil, Density : 900 Kg/m3

- Design pressure: Atm.

- Design liquid level: 14200 mm

- Plate width : 2000 mm 

- Minimum Amb. Temerature : -15 °C

Shell and Bottom Plate thickness ?

Impact test?
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- Inside diameter: 8000 mm

- Tank Height : 6000 mm

- Corrosion allowance : 3 mm for all plates

- Material :A 283 C

- Service :  Oil, Density : 850 Kg/m3

- Design pressure: Atm.

- Design liquid level: 5100 mm

- Plate width : 1800 mm 

- Minimum Amb. Temerature : -12 °C

Shell and Bottom Plate thickness ?

Impact test?
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BOTTOM AND ANNULAR PLATE

Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



Bottom Plates

77

 5.4. Bottom Plates

5.4.1 All bottom plates shall have a corroded thickness of not less than 6 mm . 

All rectangular and sketch plates shall have a nominal width of not less than 

1800 mm.

5.4.2 Bottom plates of sufficient size shall be ordered so that, when trimmed, 

at least a 50 mm (2 in.) width will project outside the shell or meet 

requirements given in 5.1.5.7 d whichever is greater.

5.4.4 Unless otherwise specified on the Data Sheet, Line 12, tank bottoms 

requiring sloping shall have a minimum slope of 1:120 upwards toward 

center of the tank.
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 5.5. ANNULAR BOTTOM PLATES

• 5.5.1.  When the bottom shell course is designed using the allowable stress for 

materials in Group IV, IVA, V, or VI, butt-welded annular bottom plates shall be 

used (see 5.1.5.6). When the bottom shell course is of a material in Group IV, 

IVA, V, or VI and the maximum product stress (see 5.6.2.1) for the first shell 

course is less than or equal to 160 MPa (23,200 lbf/in.2) or the maximum 

hydrostatic test stress (see 5.6.2.2) for the first shell course is less than or 

equal to 171 MPa (24,900 lbf/in.2), lap-welded bottom plates (see 5.1.5.4) may be 

used in lieu of butt-welded annular bottom plates.

• 5.1.5.6 Bottom annular-plate radial joints shall be butt-welded in accordance with 5.1.5.5 and 
shall have complete penetration and complete fusion. The backing strip, if used, shall be 
compatible for welding the annular plates together
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• 5.5.4 The ring of annular plates shall have a circular outside circumference, but 

may have a regular polygonal shape inside the tank shell, with the number of 

sides equal to the number of annular plates. These pieces shall be welded in 

accordance with 5.1.5.6 and 5.1.5.7, Item b.

• 5.5.5 In lieu of annular plates, the entire bottom may be butt-welded provided 

that the requirements for annular plate thickness, welding, materials, and 

inspection are met for the annular distance specified in 5.5.2.

• 5.5.3. The thickness of the annular bottom plates shall not be less than the 

greater thickness determined using Table 5.1a and Table 5.1b for product design 

(plus any specified corrosion allowance) or for hydrostatic test design. Table 

5.1a and Table 5.1b are applicable for effective product height of H × G ≤ 23 m 

(75 ft). Beyond this height an elastic analysis must be made to determine the 

annular plate thickness.
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• 5.5.2. Annular bottom plates shall have a radial width that provides at least 600

mm (24 in.) between the inside of the shell and any lap-welded joint in the 

remainder of the bottom. Annular bottom plate projection outside the shell shall 

meet the requirements of 5.4.2. A greater radial width of annular plate is 

required when calculated as follows:

• Minimum Width of Annular plate :
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overlap length(min. 5xtb)+tshell+50 mm + max. (L ; 600)
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WIND GIRDER
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 5.9.6 TOP WIND GIRDER

• 5.9.6.1. The required minimum section modulus of the stiffening ring shall be 
determined by the following equation 

• Z is the required minimum section modulus, in cm3;

• D is the nominal tank diameter (for tanks in excess of 61 m diameter, the diameter shall 

be considered to be 61 m when determining the section modulus), in meters (m);

• H2 is the height of the tank shell, in meters, including any freeboard provided above the 

maximum filling height as a guide for a floating roof;

• V is the design wind speed (3-sec gust), in km/h (see 5.2.1[k]).

Top Wind Girder
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• 5.9.6.2 For tanks larger than 61 m (200 ft) in diameter, an additional check for 

the minimum required moment of inertia for the top-stiffening ring shall be 

performed. The required minimum moment of inertia of the stiffening ring shall 

be determined by the following equations:

• I is the required minimum moment of inertia (cm4);

• D is the nominal diameter of the tank, in meters (m);

• H2 is the height of the tank shell (m), including any freeboard provided above the maximum 

filling height as a guide for a floating roof;

• E is the modulus of elasticity (MPa) at maximum design temperature;

• V is the design wind speed (3-sec gust) (km/h) (see 5.2.1[k]).
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 Sturm–Liouville Equations (Singular Sturm–Liouville problems)

b

a

L

T (uniform)

Ref. : Advanced engineering mathematics by Alan Jeffrey (University of 
Newcastle-upon-Tyne)
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 Cylinder of pressure vessel

OR

 See TABLE 8.1 Shear, moment, slope, andd eflection formulas for elastic straight beams

b

a

L

T (uniform)

Slen

Slen

Slen

L
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 If  ∑Wtr > H1, wind girder is required
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t1 =a

t2 =b

t3 =c

t4 =c

t5 =c

a > b > c

t 1=c

t2=c

t 3=c

t4=c

t 5=c

w1

w2

w3

w4

w5

wtr1

wtr5
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• The maximum height of the unstiffened shell shall be calculated as follows: 

• H1 is the maximum height of the unstiffened shell, in meters;

• t is the nominal thickness, unless otherwise specified, of the thinnest shell 

course, in millimeters (see Note 1);

• D is the nominal tank diameter, in meters;
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• Transposed width of each shell course having the top shell thickness: 

• Wtr is the transposed width of each shell course, in millimeters (inches);

• W is the actual width of each shell course, in millimeters (inches); tuniform is 

the nominal thickness, unless otherwise specified, of the thinnest shell course, in 

millimeters (inches);

• tactual is the nominal thickness, unless otherwise specified, of the shell course 

for which the transposed width is being calculated, in millimeters (inches).
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Intermediate Wind Girder
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- Inside diameter: 34000 mm

- Tank Height : 8000 mm

- Corrosion allowance : 1.5 mm for all plates

- Material : A 283 C

- Service :  Water, Density : 1000 Kg/m3

- Design pressure: Atm.

- Design liquid level: 6600 mm

- Plate width : 1500 mm + 500 mm for last course 

- Minimum Amb. Temerature : -15 °C

Anuular plate width and thickness?

Wind girder calculation?
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- Inside diameter: 30000 mm

- Tank Height : 16000 mm

- Corrosion allowance : 3 mm for all plates

- Material :

 Course 1,2 : A 516 70

Other courses: A 283 C

- Service :  Gasoil, Density : 900 Kg/m3

- Design pressure: Atm.

- Design liquid level: 14200 mm

- Plate width : 2000 mm 

- Minimum Amb. Temerature : -15 °C

Anuular plate width and thickness?

Wind girder calculation?
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- Inside diameter: 8000 mm

- Tank Height : 6000 mm

- Corrosion allowance : 3 mm for all plates

- Material :A 283 C

- Service :  Oil, Density : 850 Kg/m3

- Design pressure: Atm.

- Design liquid level: 5100 mm

- Plate width : 1800 mm 

- Minimum Amb. Temerature : -12 °C

Anuular plate width and thickness?

Wind girder calculation?
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• Transposed width of each shell course having the top shell thickness: 

• Wtr is the transposed width of each shell course, in millimeters (inches);

• W is the actual width of each shell course, in millimeters (inches); tuniform is 

the nominal thickness, unless otherwise specified, of the thinnest shell course, in 

millimeters (inches);

• tactual is the nominal thickness, unless otherwise specified, of the shell course 

for which the transposed width is being calculated, in millimeters (inches).

H.Sadeghi WELDED TANKS FOR OIL STORAGE (Rev. 0)

Intermediate Wind Girder

Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



5.9.7.3 If the height of the transformed shell is greater than the maximum height H1, 

an intermediate wind girder is required. 

5.9.7.3.1 For equal stability above and below the intermediate wind girder, the girder 

should be located at the midheight of the transformed shell. The location of the 

girder on the actual shell should be at the same course and same relative position 

as the location of the girder on the transformed shell, using the thickness 

relationship in 5.9.7.2.
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INTERMEDIATE WIND GIRDER

Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



• 5.9.7.3.2 Other locations for the girder may be used, provided the height of 

unstiffened shell on the transformed shell does not exceed H1 (see 5.9.7.5).

• 5.9.7.4 If half the height of the transformed shell exceeds the maximum height H1, 

a second intermediate girder shall be used to reduce the height of unstiffened shell 

to a height less than the maximum.

• 5.9.7.5 Intermediate wind girders shall not be attached to the shell within 150 mm 

(6 in.) of a horizontal joint of the shell. When the preliminary location of a girder is 

within 150 mm (6 in.) of a horizontal joint, the girder shall preferably be located 150 

mm (6 in.) below the joint; however, the maximum unstiffened shell height shall not 

be exceeded.
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INTERMEDIATE WIND GIRDER
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Note: The section moduli given in Tables 5.20a and 5.20b for Details c and d are based
on the longer leg being located horizontally (perpendicular to the shell) when angles with uneven legs are used.
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• 5.9.7.6.2 The section modulus of the intermediate wind girder shall be based on the 

properties of the attached members and may include a portion of the tank shell for a 

distance above and below the attachment to the shell, in mm (in.)
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INTERMEDIATE WIND GIRDER
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INTERMEDIATE WIND GIRDER
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INTERMEDIATE WIND GIRDER
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ROOF
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 5.10 ROOFS

• Internal Floating roof 

• External Floating roof

• A supported cone roof

• A Supported Dome roof 

• A self-supporting cone roof

• A self-supporting dome roof

• A self-supporting umbrella roof

• Frangible roof
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• 5.10.2.2. Roof plates shall have a nominal thickness of not less than 5 mm (3/16 

in.) or 7- gauge sheet. Increased thickness may be required for supported cone 

roofs (see 5.10.4.4). Any required corrosion allowance for the plates of self-

supporting roofs shall be added to the calculated thickness unless otherwise 

specified by the Purchaser. Any corrosion allowance for the plates of supported 

roofs shall be added to the greater of the calculated thickness or the minimum 

thickness or [5 mm (3/16 in.) or 7-gauge sheet].
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• 5.10.4 Supported Cone Roofs

The slope of the roof shall be 1:16 (3.6°) or greater if specified by the Purchaser

• 5.10.5 Self-Supporting Cone Roofs

Self-supporting cone roofs shall conform to the following requirements:

θ ≤ 37 degrees (slope = 9:12)

θ ≥ 9.5 degrees (slope = 2:12)
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• 5.10.5 Self-Supporting Cone Roofs

Nominal thickness shall not be less than the greatest of: 

Note : Corroded thickness shall not be more than 13 mm.
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• 5.2.2 Load Combinations

• The external pressure combination factor (Fpe) is defined as the ratio of normal 

operating external pressure to design external pressure, with a minimum value of 

0.4.
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• 5.10.6 Self-Supporting dome and umbrella Roofs

Nominal thickness shall not be less than the greatest of: 

Note : Corroded thickness shall not be more than 13 mm.
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• 5.1.5.9 Roof and Top-Angle Joints

• a) Roof plates shall, as a minimum, be welded on the top side with a continuous 

full-fillet weld on all seams. Buttwelds are also permitted.

• b) For frangible roofs, roof plates shall be attached to the top angle of a tank 

with a continuous fillet weld on the top side only, as specified in 5.10.2.6. For 

non-frangible roofs, alternate details are permitted.

• c) The top-angle sections, tension rings, and compression rings shall be joined by 

butt-welds having complete penetration and fusion. Joint efficiency factors need 

not be applied when conforming to the requirements of 5.10.5 and 5.10.6.

• d) At the option of the Manufacturer, for self-supporting roofs of the cone, 

dome, or umbrella type, the edges of the roof plates may be flanged horizontally 

to rest flat against the top angle to improve welding conditions.
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• e) Except as specified for open-top tanks in 5.9, for tanks with frangible joints 

per 5.10.2.6, for self-supporting roofs in 5.10.5, and 5.10.6, and for tanks with 

the flanged roof-to-shell detail described in Item f below, tank shells shall be 

supplied with top angles of not less than the following sizes: 

• Roof-to-shell connection details per Figure F.2 are permissible provided that the 

design effective area (crosshatched section) is greater than or equal to the 

design effective area provided by the minimum top angle size listed above.
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• 5.10.2.2. The participating area at the roof-to-shell joint shall be determined 

using Figure F.2 and the nominal material thickness less any corrosion allowance 

shall equal or exceed the following: 
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• A shell = Wc x ts

• Wc = maximum width of participating shell = 0.6 (Rc t)^0.5

• A shell = Wh x th

• Wh = maximum width of participating roof =  Min. (0.3 (R2 th)^0.5 ; 300)

• Where: 

• Rc = inside radius of tank shell 

• R2 = length of the normal to the roof, measured from the vertical centerline of 
the tank = Rc / (sin θ)
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• Shell Manholes:

 Cover Plate and Bolting Flange of shell manhole : Table 5-3 

 Dimension of shell manhole neck thickness  : Table 5.4

 Dimension of Bolt circle diameter and cover plate diameter of shell manhole: Table 5.5 

 Standard figure of shell manhole : Figure 5.7

• Shell Nozzles:

 Dimensions for Shell Nozzles : Table 5.6 

 Dimensions for Shell Nozzles: Pipe, Plate, and Welding Schedules (SI) : Table 5.7

 Dimensions for Shell Nozzle Flanges  : Table 5.8     

• Roof Manholes:

 Dimensions for Roof Manholes: Table 5-13 

 Standard figure of roof manhole : Figure 5.16

H.Sadeghi WELDED TANKS FOR OIL STORAGE (Rev. 0)Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



Tables and Figures

124

• Drawoff Sump:

 Standard figure of Sump : Figure 5.21

 Dimensions for Drawoff Sumps :  Table 5.16 

• Platforms,Stairways and Walkways: 

 Requirements for Platforms and Walkways : Table 5.17 

 Requirements for Stairways : Table 5.18 

 Rise, Run, and Angle Relationships for Stairways : Table 5.19

• Grounding Lug : Figure 5.23 

• Some Acceptable Column Base Details: Figure 5.26
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• 5.7.1.7

 Shell openings may be reinforced by the use of an insert plate/reinforcing plate

combination or thickened insert plate per Figure 5.7b.

 A rectangular insert plate or thickened insert plate shall have rounded corners

(except for edges terminating at the tank bottom or at joints between shell courses)

with a radius which is greater than or equal to the larger of 150 mm (6 in.) or 6t

where t is the thickness of the shell course containing the insert plate or thickened

insert plate.

 The insert plate or thickened insert plate may contain multiple shell openings.

 The thickness and dimensions of insert plate or thickened insert plate shall provide

the reinforcing required per 5.7.2.

 The periphery of thickened insert plates shall have a 1:4 tapered transition to the

thickness of the adjoining shell material when the insert plate thickness exceeds the

adjacent shell thickness by more than 3 mm (1/8 in.).
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• 5.7.2.1

• Openings in tank shells larger than required to accommodate a NPS 2 flanged or 

threaded nozzle shall be reinforced.

• 5.7.2.3

• Reinforcing plates for manholes, nozzles, and other attachments shall be of the 

same nominal composition (i.e. same ASME P-number and Group Number) as the 

tank part to which they are attached, unless approved otherwise by the 

Purchaser
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• 5.7.2.8 

• The allowable stresses for the attachment elements are:

 a) For outer reinforcing plate-to-shell and inner reinforcing plate-to-nozzle neck 

fillet welds: Sd × 0.60.

 b) For tension across groove welds: Sd × 0.875 × 0.70

 c) For shear in the nozzle neck: Sd × 0.80 × 0.875

 Sd is the maximum allowable design stress (the lesser value of the base 

materials joined) permitted by 5.6.2.1 for carbon steel, or by Tables S.2a and 

S.2b for stainless steel. 

 The throat of the fillet shall be assumed to be 0.707 times the length of the 
shorter leg.

H.Sadeghi WELDED TANKS FOR OIL STORAGE (Rev. 0)Hossein Sadeghi                             WELDED TANKS FOR OIL STORAGE (Rev. 0)



Shell Openings

128

• 5.7.2.9

• When two or more openings are located so that the outer edges (toes) of their

normal reinforcing-plate fillet welds are closer than eight times the size of the

larger of the fillet welds, with a minimum of 150 mm (6 in.), they shall be treated

and reinforced as follows noted in 5.7.2.9 a,b and c.

• 5.7.2.10

• Each reinforcing plate for shell openings shall be provided with a 6 mm (1/4 in.)

diameter telltale hole. The hole shall be located on the horizontal centerline and

shall be open to the atmosphere.
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• 5.7.3  Spacing of Welds around Connections

• 5.7.3 .1

• a) The toe of the fillet weld around a non-reinforced penetration or around the

periphery of a reinforcing plate, and the centerline of a butt-weld around the

periphery of a thickened insert plate or insert plate, shall be spaced at least the

greater of eight times the weld size or 250 mm (10 in.) from the centerline of

any butt-welded shell joints, as illustrated in Figure 5.6, dimensions A or B.

• b) The toe of the fillet weld around a non-reinforced penetration or around the

periphery of a reinforcing plate, and the centerline of a butt-weld around the

periphery of a thickened insert plate or insert plate, shall be spaced at least the

greater of eight times the larger weld size or 150 mm (6 in.) from each other, as

illustrated in Figure 5.6, dimension E.
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• 5.7.3 .4

• Nozzles and manholes should not be placed in shell weld seams and reinforcing

pads for nozzles and manholes should not overlap plate seams (i.e. Figure 5.9,

Details a, c, and e should be avoided). If there is no other feasible option and

the Purchaser accepts the design, circular shell openings and reinforcing plates

(if used) may be located in a horizontal or vertical butt-welded shell joint

provided that the minimum spacing dimensions are met and a radiographic

examination of the welded shell joint is conducted. The welded shell joint shall

be fully radiographed for a length equal to three times the diameter of the

opening, but the weld seam being removed need not be radiographed.

Radiographic examination shall be in accordance with 8.1.3 through 8.1.8.
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• 5.7.5.1

• Each manhole reinforcing plate shall be provided with a 6 mm (1/4 in.) diameter

telltale hole (for detection of leakage through the interior welds). The hole shall

be located on the horizontal centerline and shall be open to the atmosphere.

• 5.7.5.4

• The gasket materials shall meet service requirements based on the product

stored, maximum design temperature, and fire resistance. Gasket dimensions,

when used in conjunction with thin-plate flanges described in Figure 5.7a, have

proven effective when used with soft gaskets, such as non-asbestos fiber with

suitable binder. When using hard gaskets, such as solid metal, corrugated metal,

metal-jacketed, and spiral-wound metal, the gasket dimensions, manhole flange,

and manhole cover shall be designed per API Standard 620, Section 3.20 and

Section 3.21. See 4.9 for additional requirements.
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5.7.5.6 

The required minimum thickness of manhole cover plate and bolting flange shall be 
the greater of the values computed by the following formulas:
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EXAMPLE

using a 23 m tall tank with 500 mm manway. 
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• 5.11.1 Overturning stability shall be calculated using the wind pressures given in 

5.2.1(k). 

• 5.2.1 (K):  The design wind speed (V) shall be either:
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• 1) Design wind pressure (PWS and PWR) using design wind speed (V): The design 

wind pressure on shell (PWS) shall be 0.86 kPa (V/190)2, on vertical projected 

areas of cylindrical surfaces. The design wind uplift pressure on roof (PWR) shall 

be 1.44 kPa (V/190)2 (see item 2) on horizontal projected areas of conical or 

doubly curved surfaces. These design wind pressures are in accordance with 

ASCE 7-05 for wind exposure Category C. As alternatives, pressures may be 

determined in accordance with:

• a) ASCE 7-05 (exposure category and importance factor provided by Purchaser); 

or

• b) ASCE 7-10 (exposure category and risk category provided by Purchaser) with 

either velocity multiplied by 0.78 or the ASCE 7-10 pressure multiplied by 0.6; 

or

• c) a national standard for the specific conditions for the tank being designed.
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• 2) The design uplift pressure on the roof (wind plus internal pressure) need not 

exceed 1.6 times the design pressure P determined in F.4.1. 

• 3) Windward and leeward horizontal wind loads on the roof are conservatively 

equal and opposite and therefore they are not included in the above pressures.

• 4) Fastest mile wind speed times 1.2 is approximately equal to 3-sec gust wind 

speed (V). 

Note: 

ASCE 7-10 wind velocities now have LRFD load factors and risk category (importance factors) built in, whereas 
API 650 uses the working stress. The 0.78 factor applied to the ASCE 7-10 wind speed provides a 
conversion to working stress levels.
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 Unanchored tanks shall meet the requirements of 5.11.2.1 or 5.11.2.2.  

 When the requirements of 5.11.2 cannot be satisfied, anchor the tank per the 

requirements of 5.12.

• 5.11.2.1 Unanchored tanks, except supported cone roof tanks meeting the 

requirements of 5.10.4, shall satisfy all of the following uplift criteria:
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• 5.11.2.2 Unanchored tanks with supported cone roofs meeting the requirements 

of 5.10.4 shall satisfy the following criteria:
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• 5.11.2.3 wL is the resisting weight of the tank contents per unit length of shell 

circumference based on a specific gravity (G) of 0.7 or the actual product 

specific gravity, whichever is less, and a height of one-half the design liquid 

height H. wL shall be the lesser of 70.4 HD for SI Units (0.45 HD for USC 

units) or the following:
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• 1) The corroded thickness, tb, used to calculate wL shall not exceed the first 

shell course corroded thickness less any shell corrosion allowance.

• 2) When the bottom plate under the shell is thicker due to wind overturning than 

the remainder of the tank bottom, the minimum projection of the supplied 

thicker annular ring inside the tank wall, L, shall be the greater of 450 mm (18 

in.) or Lb, however, need not be more than 0.035D.
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• F.1.1 The maximum internal pressure for closed-top API Standard 650 tanks may 

be increased to the maximum internal pressure permitted (18 kPa [2.5 lbf/in.2]) 

gauge when the additional requirements of this Annex are met. This Annex 

applies to the storage of nonrefrigerated liquids (see also API 620, Annex Q and 

Annex R). For maximum design temperatures above 93 °C (200 °F), see Annex M.
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• F.2 Design Considerations

• F.2.1 In calculating shell thickness for Annex F tanks and when selecting shell 

manhole thicknesses in Table 5.3a and Table 5 3b and flush-type cleanout fitting 

thicknesses in Table 5.10a and Table 5.10b, H shall be increased by the quantity 

P/(9.8G) for SI units, or P/(12G) for USC units—where H is the design liquid 

height, in m (ft), P is the design pressure kPa (in. of water), and G is the design 

specific gravity. Design pressures less than 1 kPa (4 in. of water) do not need to 

be included. 
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• F.3 Roof Details

The details of the roof-to-shell junction shall be in accordance with Figure F.2, in 

which the participating area 

resisting the compressive force is 

shaded with diagonal lines. 
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• F.4 Maximum Design Pressure and Test Procedure

• F.4.1 The maximum design pressure, P, for a tank that has been constructed or 

that has had its design details established may be calculated from the following 

equation (subject to the limitations of Pmax in F.4.2):
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• F.4.2 For unanchored tanks, the maximum design pressure, limited by uplift at 

the base of the shell, shall not exceed the value calculated from the following 

equations as applicable unless further limited by F.4.3: 

• For unanchored fixed roof tanks except supported cone roof tanks, the 

maximum design pressure (Pmax) shall be the minimum of (3) cases:
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Limit by F.4.2=Pmax

Pmax < Pf
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• F.4 Maximum Design Pressure and Test Procedure

• F.4.1 The maximum design pressure, P, for a tank that has been constructed or 

that has had its design details established may be calculated from the following 

equation (subject to the limitations of Pmax in F.4.2):
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• F.4.2 For unanchored tanks, the maximum design pressure, limited by uplift at 

the base of the shell, shall not exceed the value calculated from the following 

equations as applicable unless further limited by F.4.3: 

• For unanchored fixed roof tanks except supported cone roof tanks, the 

maximum design pressure (Pmax) shall be the minimum of (3) cases:
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• F.4.3 As top angle size and roof slope decrease and tank diameter increases, the 

design pressure permitted by F.4.1 and F.4.2 approaches the failure pressure of 

F.7 for the roof-to-shell junction. In order to provide a safe margin between the 

maximum operating pressure and the calculated failure pressure, a suggested 

further limitation on the maximum design pressure for tanks with a weak roof-

to-shell attachment (frangible joint) is: 
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• F.7 Calculated Failure Pressure

Failure of the roof-to-shell junction can be expected to occur when the stress in 

the compression ring area reaches the yield point. On this basis, an approximate 

formula for the pressure at which failure of the top compression ring is expected 

(using conservative effective areas) to occur can be expressed in terms of the 

design pressure permitted by F.4.1, as follows:
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• F.4.4 When the entire tank is completed, it shall be filled with water to the top 

angle or the design liquid level, and the design internal air pressure shall be 

applied to the enclosed space above the water level and held for 15 minutes. The

air pressure shall then be reduced to one-half the design pressure, and all 

welded joints above the liquid level shall be checked for leaks by means of a soap 

film, linseed oil, or another suitable material. Tank vents shall be tested during

or after this test.
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• F.8.3 After the tank is filled with water, the shell and the anchorage shall be

visually inspected for tightness. Air pressure of 1.25 times the design pressure

shall be applied to the tank filled with water to the design liquid height. The air

pressure shall be reduced to the design pressure, and the tank shall be checked

for tightness. In addition, all seams above the water level shall be tested using a

soap film or another material suitable for the detection of leaks.

• After the test water has been emptied from the tank (and the tank is at

atmospheric pressure), the anchorage shall be checked for tightness. The design

air pressure shall then be applied to the tank for a final check of the anchorage.
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• F.5 Required Compression Area at the Roof-to-Shell Junction

• F.5.1 Where the maximum design pressure has already been established (not 

higher than that permitted by F.4.2 or F.4.3, whenever applicable), the total 

required compression area at the roof-to-shell junction shall be calculated from

the following equation:
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F.6 Design of Roof Plates

• F.6.1 Minimum thickness of supported and self-supporting cone roofs under

internal pressure shall be calculated as follows:

 NOTE 1 Thickness (t) of lap welded plates when controlled by internal pressure

design shall not exceed 13 mm (1/2 in.) excluding corrosion allowance.

 NOTE 2 Calculated thickness (t) of roof plates shall not be less than that

required under 5.10.4 for supported cone or less than that required under 5.10.5

for self-supporting cone roofs.
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• F.6.2 Minimum thickness of self-supporting dome and umbrella roofs under 
internal pressure shall be calculated as follows: 
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• F.6.3 The rules in F.6.1 and F.6.2 cannot cover all details of tank roof design and 
construction. With the approval of the Purchaser, the roof need not comply with 
F.6. The manufacturer shall provide a roof designed and constructed to be as 
safe as otherwise provided for in this standard.
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• F.8 Anchored Tanks with Design Pressures up to 18 kPa (2.5 psi) Gauge

• F.8.1 The design of the anchorage and its attachment to the tank shall be a 
matter of agreement between the Manufacturer and the Purchaser and shall 
meet the requirements of 5.12.

• F.8.2 The counterbalancing weight, in addition to the requirements in 5.12, shall 
be designed so that the resistance to uplift at the bottom of the shell will be 
the greatest of the following.

• a) The uplift produced by 1.5 times the design pressure of the corroded empty 
tank plus the uplift from the design wind velocity on the tank.

• b) The uplift produced by 1.25 times the test pressure applied to the empty tank 
(with the nominal thicknesses).

• c) The uplift produced by 1.5 times the calculated failure pressure (Pf in F.6) 
applied to the tank filled with the design liquid. The effective weight of the 
liquid shall be limited to the inside projection of the ringwall (Annex B type) 
from the tank shell. Friction between the soil and the ringwall may be included as 
resistance. When a footing is included in the ringwall design, the effective 
weight of the soil may be included.
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App. E (SEISMIC DESIGN OF STORAGE TANKS)
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AIMS

 DETERMINING SPECTRAL ACCELERATION PARAMETERS USING ASCE 7 METHOD

 DETERMINING SPECTRAL ACCELERATION PARAMETERS USING PEAK GROUND 

ACCELERATION

 DETERMINING SPECTRAL ACCELERATION PARAMETERS USING SITE-SPECIFIC 

RESPONSE SPECTRUM

 CALCULATING IMPULSIVE, CONVECTIVE AND COMBINED OVERTURNING MOMENT 

AND BASE SHEAR

 CALCULATING ANCHORAGE RATIO “J ” AND SELF-ANCHORED ANNULAR PLATE

 CALCULATING HYDRODYNAMIC HOOP STRESSES

 CALCULATING THE OVERTURNING STABILITY RATIO
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Seismic Use 
Group

Seismic Use Group III

Seismic Use Group II

Seismic Use Group I
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Site Ground 
Motion

Mapped ASCE 7 
Methods

Site-specific Spectral 
Response Accelerations

Sites Not Defined By 
ASCE 7 Methods
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Structural 
Period of 
Vibration

Impulsive Natural 
Period

Convective (Sloshing) 
Period
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 SDs

 I

 Rwi

 Rwc

 Q

 Fa

 Fv

 S0

 SD1

 Ts

 Tc

 K

 TL
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 SDs

 I

 Rwi

 Rwc

 Q

 Fa

 Fv

 S0

 SD1

 Ts

 Tc

 K (1.5 unless otherwise specified)

 Ks

 TL
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T0 : 0.2 FvS1 / FaSS

TS : FvS1 / FaSS
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 Ws : Total weight of tank shell and appurtenances, N (lbf)

 Wr : Total weight of fixed tank roof including framing, knuckles, any 

permanent attachments and 10 % of the roof balanced design snow load, 

Sb, N (lbf)

 Wf : Weight of the tank bottom, N

 Wi : Effective impulsive portion of the liquid weight, N

 Wc : Effective convective (sloshing) portion of the liquid weight, N
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Slab Moment 

Ringwall Moment 

Type of foundation
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a) foundation from compacted soil (earth type foundation). This is most often 

applied scheme of foundation construction because it is cheapest and easiest 

for execution. It is made according to the scheme shown in standard API 650. 

It is used when the soil can bear the pressure of the upper steel construction 

and when the anchorage is not necessary. Even when there is small leak moving 

outof the soil is possible. It can leads to destruction of the tank. In this reason 

the diameter of the tank must be bigger than the diameter of the tank with 

not less then 1,8 m. Earth type foundation does not allow good leveling of the 

bottom i.e. of the shell of the tank. When they are used it is possible the 

uneven settlement which cause additional efforts in the tank's elements.

ref.:  http://www.astanks.com
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b) reinforced concrete ring which is not placed under the shell.

The tanks which are subject of this research are the above ground facilities. They are 

placed on 0,3 ÷1,2 m above the soil. This level difference is remarkable in the fuel oil tanks 

where pump always must be under the liquids (Δh ≥ 0,7m). If the classical earth type 

foundation reaches this height the facility must occupy remarkable surface on the site. 

The reinforcing of such different leveled surfaces bears a risk for landslide (when the 

earth is covered by grass or asphalt) or it is slow, expensive and work consuming process 

(when the earth is paved).

In order to avoid this inconvenience appears the idea of small foundation ring between the 

ground and the bottom level which ring is a combination free sand pillow and reinforced 

concrete ring in the periphery. The proposed construction is similar to the API Std. 650, 

but the foundation ring is moved in the outside direction where it can not be influenced of 

the load of the shell and the tank roof upon it. When there is soil settlement under the 

tank, the reinforced concrete ring does not allow full drain of the water so that this 

solution is unfortunate. It should not be applied to the new build tanks. 

ref.:  http://www.astanks.com
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c) reinforced concrete ring wall foundation.

The trend in the tanks building shows that the volumes of the facility increase. Spatial steel 

construction of the tanks stands more flexible. In this reason bigger attention must be paid to 

the shell settlement and to the prevention measures. The use of the rigid reinforced concrete 

ring increase around the world. When the tanks are bigger the dimensions of the rings are: 

largeness not less then 0,6 m and height 1,5 – 2,0 m.This type foundation construction allows 

very good leveling of the periphery of the bottom and the shell which is positioned on it. The 

uneven settlement of the tank is limited. It is possible anchors to be put there.

ref.:  http://www.astanks.com
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d) reinforced concrete slab

They could be applied when the tanks are relatively small because this type of foundations is 

very expensive.

Thick concrete slabs are more favorable for upper steel structure. They do not allow the uneven 

settlement of the tank. The reinforced concrete slabs are very recommendable when the level 

of the underground water is high. 

ref.:  http://www.astanks.com
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Basic 
parameters

Ai & Ac

Vi & Vc

Ms & Mr
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Av = Vertical earthquake acceleration parameter = (2/3) x 0.7 x SDS = 0.47 SDS, %g.

The vertical seismic acceleration parameter shall be taken as 0.47SDS, unless otherwise

specified by the Purchaser. Alternatively, the Purchaser may specify the vertical ground motion

acceleration. That acceleration shall be multiplied by 0.7 to obtain the vertical acceleration

parameter, Av.

Wt=Tank and roof weight acting at base of shell, N/m

Wint= Calculated design uplift load due to product pressure per unit circumferential length, N/m

Wrs= Roof load acting on the shell, including 10 % of the roof balanced design snow load, Sb, 

N/m

Ws=Total weight of tank shell and appurtenances, N
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Wa = Force resisting uplift in annular region, N/m
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E.6.2.2.1 Shell Compression in Self-Anchored Tanks
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E.6.2.2.2 Shell Compression in Mechanically-Anchored Tanks

• The maximum longitudinal shell compression stress at the bottom of the shell for 

mechanically-anchored tanks shall be determined by the formula:
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E.6.2.2.3 Allowable Longitudinal Shell-Membrane Compression Stress in Tank Shell
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Dynamic hoop tensile stresses due to the seismic motion of the liquid shall be 

determined by the following formulas: 
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Dynamic hoop tensile stresses due to the seismic motion of the liquid shall be 

determined by the following formulas: 

For D/H ≥ 1.333: 

For D/H < 1.33 and Y < 0.75D: 

For D/H < 1.333 and Y < 0.75D:
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The maximum allowable hoop tension membrane stress for the combination of 

hydrostatic product and dynamic membrane hoop effects shall be the lesser of:

• The basic allowable membrane in this standard for the shell plate material 

increased by 33 %; or

• 0.9Fy times the joint efficiency where Fy is the lesser of the published minimum 

yield strength of the shell material or weld material.
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• Freeboard is required for SUG II and SUG III tanks. The height of the sloshing 

wave above the product design height can be estimated by:
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ANCHOR BOLT DESIGN
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• tb = U/N

• tb is the load per anchor; 

• S (actual)= tb / bolt area
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• 5.12.5 When anchor bolts are used, they shall have a corroded shank diameter 

of no less than 25 mm (1 in.).

• Carbon steel anchor straps shall have a nominal thickness of not less than 6 mm 

(1/4 in.) and shall have a minimum corrosion allowance of 1.5 mm (1/16 in.) on each 

surface for a distance at least 75 mm (3 in.), but not more than 300 mm (12 in.) 

above the surface of the concrete.

• N is the number of equally spaced anchors. If not equally spaced, then tb shall 
be increased to account for unequal spacing (a minimum of 4 anchors are 
required). 

• The anchor center-to-center spacing measured along the tank circumference at 
shell outer diameter shall not exceed 3 m
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FREE VENT DESIGN
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Liquid level

Pump In/Fill inPump out/Fill out

Breath in
Breath out
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VENTING 
REQUIREMENTS=Max

INBREATHING

OUTBREATHING
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INBREATHING

THERMAL 

MECHANICAL 
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OUTBREATHING

THERMAL 

MECHANICAL 
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Q = VA

V = Air velocity (5 ~ 15 m/s)

A = Cross section area of Nozzle
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