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1. INTRODUCTION 

Storage tanks rank among the essential assets of any Major 

Hazards Installation (MHI). Oil companies, refineries, and 

petrochemical complexes all depend on them. Terminals that 

export or import oil rely on large-capacity tanks to hold crude 

and its derivatives. And historically, the ability to store these 

products safely and economically has been a precondition for 

the growth of entire downstream industries; The petrochemical 

sector, for instance, could not have scaled up without it. Similar 

storage needs arise outside the oil sector too, in chemical plants 

and food-processing facilities, and even once a production run 

ends, the output usually cannot be shipped out immediately, so 

it has to sit in bulk storage for a period. Most of these tanks 

operate at atmospheric pressure. 

A floating-roof tank, as the name suggests, has a roof that rests 

on the surface of the stored liquid and rises or falls with it as the 

tank fills, empties or the liquid expands and contracts. This 

design is favoured for two main reasons: It removes the vapour 

space above the liquid, which sharply cuts evaporative product 

loss, and it correspondingly reduces the volume of flammable 

vapour inside the tank, lowering fire risk. 

Several long-running tank farms illustrate how durable this 

technology is in practice. The ADNOC Jebel Dhanna terminal 

in the UAE operates 16 floating roof tanks, six small and seven 

medium units dating to the early 1960s, plus three large tanks 

added in the early 1970s, all kept in service under API 653 

inspection and maintenance practice, and reportedly still in  

 

sound condition decades later [1][2]. In Libya, the Zueitina 

Terminal's tank farm holds seventeen medium floating roof 

tanks for crude oil and naphtha, built in 1968, and the Az-

Zawiya refinery operates eight medium crude oil tanks dating 

from 1974 [3]. The Reminder of this paper works through shell-

thickness calculations of small, medium and large floating-roof 

tanks. 

 

2. Types and selection of storage tanks 

At its simplest, a storage tank is just a container built to hold 

liquids or gases safely; in practice, though, tanks come in a 

wide range of shapes, sizes, and construction metals suited to 

different products, and they may sit above or below grade. For 

above-ground atmospheric tanks, the roof type, together with 

the properties of the liquid stored inside, is usually what 

distinguishes one design from another. Three configurations 

cover most combustible and flammable liquid services: the 

fixed (cone) Roof tank, the external floating-roof tank (open 

top), and the internal floating-roof tank (covered top). As a rule, 

flammable liquids go into floating-roof tanks and combustible 

liquids into fixed or cone-roof tanks [4]. Fixed roofs split into 

cone and dome types, with cone roofs further divided by their 

support structure: simply supported rafters, internal trusses, 

rafters, or rafters carried on a central column, while floating 

roofs split into open top and closed top variants, each available 

as a single-deck or double-deck design. Figure 1 lays out this 

classification. 

 

 
 

Figure 1: Storage tank types [5]. 

 

Which type gets chosen for a given project depends on the 

service conditions: The product to be stored, its vapour 

pressure, how corrosive it is, and the weather and loading the 

tank will see. Cone roof tanks suit products with lower vapour 

pressure or looser emission-control requirements; They can still 

be used for higher vapour pressure products if the stored 

volume is modest and adequate venting and blanketing are 

provided. They are also the cheaper and simpler option to build 

and maintain. Floating roof tanks, by contrast, are the better 

choice for more volatile products. The steel deck sitting directly 

on the liquid surface provides insulation across the entire 

surface area. 

3. Floating roof tanks 

In a floating roof tank, the roof rests directly on the product 

surface, and two main variants exist: The external and internal 

floating roof. The external type is the workhorse for large-

volume storage of crude oil or condensate: An open-topped 

cylindrical shell topped by a roof that tracks the liquid level as 

it rises and falls, because there is essentially no vapour space 

above the liquid (except when the level runs very low), Tank 

breathing, losses and evaporation are largely eliminated. A rim 

seal system bridges the gap between the tank shell and the 

moving roof to further limit evaporation at the edge, and the 

roof is carried on support legs that hang down into the liquid. 
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Int. Jr. of Contemp. Res. in Multi. PEER-REVIEWED JOURNAL         Volume 5 Issue 5 [Sep-Oct] Year 2026 
 

3 
© 2026 Ibrahim M. Shaluf. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 

NC ND).https://creativ Ibrahim M. Shalufecommons.org/licenses/by/4.0/ 

 

The legs are usually retractable, so the tank's working volume 

isn't wasted. Only at very low liquid levels does the roof come  

 

 

to rest on these legs, at which point a vapour space opens up, 

much like in a fixed roof tank [6]. Figure 2 shows an external 

floating roof tank. 

 
 

Figure 2: External floating roof tank [7]. 

 

4. Types of floating roof storage tanks 

4.1. Pan Floating Roof 

The pan roof was the earliest floating roof design adopted by 

the industry, and it is exactly what its name implies: a large flat 

pan sized just slightly smaller than the tank's internal diameter, 

with a system of flexible seal “shoes” closing the annular gap 

between the roof edge and the shell. The single deck slopes 

toward the centre, so any accumulated liquid drains away. Its 

main weakness is that heavy rain, snow loading, or a leaking 

deck drain can sink it. And because the deck sits in direct 

contact with the product, sun-driven heating can cause the more 

volatile fractions to boil off [8][9]. 

 

4.2.  Pontoon Floating Roof 

The pontoon design improves on the pan by ringing the outer.  

 

edge of a single deck with a series of closed buoyant 

compartments. The pontoons, which give the roof better 

floating stability without complicating the structure much. API 

650 refers to this as the single-deck roof, since buoyancy comes 

entirely from the pontoon ring rather than from the deck itself, 

and the deck is expected to stay in contact with the stored liquid 

during normal operation regardless of the service.  

The pontoon ring typically makes up over half of the total roof 

area, and the pontoon's top plate shades the lower plate that 

touches the liquid. The centre deck section is designed to bulge 

upward slightly to accommodate vapor generated by boiling, 

which in turn limits the heat reaching the liquid and curbs 

further boil-off. Figure 3 shows the single (pontoon) floating 

roof storage tank. 

 

Figure 3: Single deck floating roof [7].  
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4.3.  Double Deck Floating Roof 

The double deck design goes a step further by covering the 

entire tank cross section with two separate steel decks rather 

than one, with the space between them partitioned into 

individual compartments. This means the plate whose upper 

surface bakes in the sun never has the oil in direct contact with 

its underside. The construction is inherently more rigid than a  

 

single deck, and the air gap trapped between the two plates acts 

as an insulating layer that keeps solar heat from reaching the 

product during hot weather, cutting boil-off losses to a 

minimum. The deck is sloped towards one or more low points 

for drainage, and open emergency overflow drains are provided 

to protect the roof from being overloaded by rainwater [8][9]. 

Figure 4 shows the double-deck floating roof storage tank. 

 

 
 

Figure 4: Double deck floating roof [8]. 

 

5. Design Consideration 

In the design of the tank, the capacity of the storage tank, the 

design of tank shell, design of tank bottom plates are taken into 

consideration. 

 

5.1. Capacity of Storage Tank  

Sizing a tank begins with establishing how much product it 

must hold. Since every other dimension follows from that 

figure, the total, or maximum capacity, is made up of three 

components: the inactive (dead stock) volume, the working.  

 

(net) volume, and the overfill protection allowance [10][11] 

expresses the storage capacity as: 

\𝐶 = 0.785𝐷2𝐻     (1) 

𝐻 = 𝐻𝑡 − [(𝑛 − 1)𝑊𝑆] m    (2) 

 

5.2. Design of Tank Shell  

The required shell thickness shall be determined by selecting 

the larger value between the calculated design thickness, 

including the applicable corrosion allowance, and the thickness 

required to withstand hydrostatic testing. However, in all cases, 

the shell thickness shall not be less than the following: 

 
Table 1: Tank shell thickness [12]. 

 
Nominal tank diameter (m) Nominal plate thickness (mm) 

< 15 5 

15 to 36 6 

36 o 60 8 

> 60 10 

 

According to API 650, Section 5.6, three principal methods 

may be used for determining tank shell thickness: The One Foot 

Method (1-FM), the Variable Point Design Method (VPDM), 

and the Elastic Analysis Method (EAM). 

 

5.2.1 - Calculation of thickness by 1-FM 

The 1-FM sizes each shell course using the hydrostatic pressure 

at 0.3 meters (1 foot) above the course's bottom edge rather 

than the bottom edge itself. API 650 restricts its use to tanks no 

longer than 60 meters in diameter. 

 

 

 

 

 

 

 

 
 

Figure 5: 1-Foot Method location at shell courses. 
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The API 650 [12] equation for this method can be traced back 

to basic membrane theory. A thin cylindrical shell under 

internal pressure experiences two principal stresses: a 

longitudinal (axial) stress and circumferential (hoop) stress, and 

both can be derived from a simple force balance. 

 

i. Longitudinal Stress 

Figure 6 illustrates a thin-walled cylindrical vessel subjected to 

internal pressure. 𝑃𝑖 . The resulting pressure produces a 

longitudinal force. 𝐹𝐿 acting on a cylinder with wall thickness 

(t), length (L), and diameter (D). 

 
Figure 6: Longitudinal forces acting on a thin cylinder under internal pressure [13]. 

 

Longitudinal force,   𝐹𝐿 = 𝑃𝑖 ×
𝜋

4
× 𝐷2 (3) 

Area resisting (shaded area)  𝐹𝐿 ;  𝑎 = 𝜋 × 𝐷 × 𝑡 (4) 

Longitudinal stress, 𝑆𝐿  

 

𝑆𝐿 =
𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑛𝑎𝑙 𝐹𝑜𝑟𝑐𝑒,𝐹𝐿

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝐴𝑟𝑒𝑎,𝑎
=
𝑃𝑖𝐷

4𝑡
                 (5) 

 

In terms of thickness,  𝑡𝐿 =
𝑃𝑖𝐷

4𝑆𝐿
   (6) 

  

 

 

 

This equation is called the longitudinal stress thickness 

equation. 

 

ii. Circumferential Stress  

Similarly, Figure 7 illustrates the circumferential, also known as 

hoop, stresses generated in a thin-walled cylinder subjected to 

internal pressure. The cylinder is assumed to have a wall 

thickness (t), length (L), and diameter (D), while the internal 

pressure Pi acts uniformly on the internal surface of the 

cylinder. 

 

 
Figure 7: Circumferential force acting on thin cylinder under internal pressure [13] 

 

Circumferential force,  𝐹𝐶 = 𝑃𝑖 × 𝐷 × 𝐿          (7) 

Area resisting (shaded area)  𝐹𝐶, 𝑎 = 2𝐿 × 𝑡      (8)  

Circumferential stress,   

 

𝑆𝑐 =
𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝐹𝑜𝑟𝑐𝑒,𝐹𝐶

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑎𝑟𝑒𝑎,𝑎
= 

𝑃𝑖𝐷

2𝑡
  (9) 

 

In terms of thickness,   𝑡𝐶 =
𝑃𝐼𝐷

2𝑆𝐶
  (10) 

 

This relationship is referred to as the circumferential stress 

thickness equation. 

A comparison of the thickness requirements derived from 

longitudinal and circumferential stresses shows that, for a given 

allowable stress, internal pressure, Pi and fixed cylinder 

diameter, the wall thickness required to resist circumferential 

stress is twice that required to resist longitudinal stress. 

Consequently, circumferential or hoop stress represents the 

governing stress condition for a thin-walled cylinder. Therefore, 
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the circumferential Stress Thickness Equation (𝑡𝐶) is adopted 

for determining the required shell thickness. 

Using the circumferential stress thickness equation, the internal 

pressure, Pi, can be replaced with the hydrostatic pressure 

produced by the liquid head by considering the effective liquid 

head (ρgh), at a height of 0.3m, (H - 0.3), and incorporating the 

corrosion allowance (CA), into the equation, the minimum 

required shell thickness according to the one-foot method (1-

FM) can be derived. 

 

𝑡 =
𝑃𝑖×𝐷

2𝑆𝑑
+ 𝐶𝐴     (11) 

 

𝑃𝑖 = 𝜌𝑔ℎ     (12) 

𝑡 =
𝜌×𝑔×ℎ×𝐷

2×𝑆
      (13) 

 

Rearranging it; 𝑡 =
𝑔

2
×
𝜌×ℎ×𝐷

𝑆
       (14) 

   ℎ = (𝐻 − 0.3)       (15) 

 

𝜌 = 𝜌𝑊 × 𝐺 = 1000 × 𝐺               (16) 

 

𝑡(𝑚) =
9.81

2
×

1000×𝐷×(𝐻−0.3)×𝐺

𝑆
              (17) 

 

Rearranging it,  
𝑡(𝑚)

1000
=

4.9×𝐷×(𝐻−0.3)×𝐺

𝑆
         (18) 

 

The equation is for design, i.e.  

   𝑡𝑑 =
4.9×𝐷×(𝐻−0.3)

𝑆𝑑
+ 𝐶𝐴  (19) 

 

5.2.2 - Calculation of thickness by VPDM 

Rather than fixing the design point at a constant 0.3 m above 

each course's base, the VPDM lets the design point vary, so the 

calculated stress tracks the actual circumferential stress in the 

shell more closely. The practical payoff is twofold: Shell 

courses generally come out thinner, cutting the total steel 

weight and, more importantly, large diameter tanks can be built 

without exceeding the maximum allowable plate thickness. 

 

 
Figure 8: VPDM location at shell courses. 

 

5.2.3 - Calculation of thickness by EAM 

For tanks with an (L/H) ratio exceeding (1000/6), the shell 

thickness shall be determined through an elastic analysis. This 

analysis must demonstrate that the calculated circumferential 

stress in the tank shell remains below the applicable allowable 

stress limit. The main steps involved in calculating storage tank 

shell thickness are summarised in Figure 9. 
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Figure 9: Storage tank shell thickness calculation steps 

 

BS EN 14015:2004 is a European standard that provides 

requirements for the design and analysis of above-ground 

vertical cylindrical steel storage tanks. This standard has several 

similarities with API 650 in its approach to tank design and 

shell thickness determination (Scott, M. et al., 2016). Similar to 

API 650, EN 14015 determines the required thickness of each 

shell course using the following equation: 

 

𝑒 =
𝐷

20𝑆
[98𝑊(𝐻𝐶 − 0.3) + 𝑃] + 𝐶𝐴   (42) 

 

5.3.  Design of tank bottom plates 

The tank bottom plates are supported directly on the asphalted 

foundation surface. The design is carried out in accordance with 

the requirements specified in API 650, Section 5.4, and in all 

cases, the nominal thickness of the bottom plates shall not be  

 

 

 

 

less than 6 mm, excluding any additional thickness provided as 

a corrosion allowance. 

 

5.4. Design of annular plates 

Annular plates are installed around the outer perimeter of the 

tank foundation, forming the supporting connection between the 

tank bottom and the shell. The tank shell and adjacent bottom 

plates are supported by these annular plates in accordance with 

the recommendations of API 650. The required thickness of the 

annular plates is determined by considering the characteristics 

and thickness requirements of the first shell course. The design 

of the annular plates is carried out in accordance with the 

provisions of API 650, Section 5.5. 

 

6. Storage tank shell thickness calculations 

The principal design parameters for the small, medium and 

large storage tanks are summarised in Table 2. 
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Table 2: Design data of small, medium, and large storage tanks 
 

Type of tank 
Double deck floating roof storage 

tank 

Double deck floating roof storage 

tank 

Double deck floating roof storage 

tank 

Diameter (m) 50 71 100 

Height (m) 20 20 20 

Capacity (bbl.) 250000 500000 1000000 

Product stored Crude oil Crude oil Crude oil 

Design specific gravity 0.85 0.85 0.85 

Corrosion allowance 3 3 3 

Shell plate width (m) 2.5 2.5 2.5 

Shell length (m) 10 10 10 

Design stress (MPa) 220 220 220 

Hydro stress (MPa) 236 236 236 

Plate material Spec. A 537M A 537M A 537M 

 

6.1. Tank capacity 

The selected design capacities were 0.25 million barrels, 

equivalent to 36,750 𝑚30.5 million barrels, equivalent to 

79,500 𝑚3, and 1 million barrels, equivalent to 159,000 𝑚3. A 

uniform tank height of 20 m was adopted for all three tank 

sizes. The corresponding tank diameters were estimated using 

the applicable capacity equation. 𝐶 = 0.985𝐷2𝐻, resulting in 

approximate diameters of 50 m, 71 m, and 100 m for the small, 

medium, and large tanks. 

 

6.2.  Quantity of plates for shell 

Each shell course is built up from standard 10m × 2.5m jumbo 

plates. For the small tank, the shell circumference is 𝑃 = 𝜋𝐷 =

157𝑚, which divides out to 157 10 = 15.7⁄ , rounded up to 16 

plates per course. The same logic gives 23 plates per course for 

the medium tank and 32 for the large tank. Since each plate is 

2.5 m wide against a 20 m total shell height, every tank ends up 

with eight courses. 

 

6.3. Small storage tank shell plate thickness 

The required thicknesses of the shell plates for the small storage 

tank were determined using the equations specified in the one-

fit method (1-FM). 

 

 

First shell course thickness calculation 

1 - Design calculation 

𝑡𝑑 =
4.9𝐷(𝐻 − 0.3)𝐺

𝑆𝑑
+ 𝐶𝐴 

𝑡𝑑 =
4.9 × 50 × (20 − 0.3) × 0.85

220
+ 3 = 21.648 𝑚𝑚 

2 - Hydrostatic calculation 

𝑡𝑡 =
4.9𝐷(𝐻 − 0.3)𝐺

𝑆𝑡
 

𝑡𝑡 =
4.9 × 50 × (20 − 0.3) × 0.85

236
=  17.384 mm 

 

Since 𝑡𝑑 > 𝑡𝑡And with the design thickness taken as the 

governing basis, a shell plate with a thickness of 21.648 mm 

was selected. 

 

Second shell course 

The same calculation Procedure was subsequently applied to 

the second shell course and repeated for each remaining course. 

to determine the corresponding required shell thicknesses. The 

calculated thicknesses for all subsequent shell courses are 

summarised in Table 3. 

Table 3: Small storage tank shell plates thickness 
 

Course number 
Course width 

(m) 

Design thickness 

(mm) 

Hydrostatic thickness 

(mm) 

Provided thickness 

(mm) 

Number of 

plates 

1 2.5 21.648 17.384 22 16 

2 2.5 19.281 15.178 19 16 

3 2.5 16.915 12.972 17 16 

4 2.5 14.548 10.765 15 16 

5 2.5 12.182 8.559 12 16 

6 2.5 9.815 6.353 10 16 

7 2.5 7.449 4.147 7 16 

8 2.5 5.083 1.941 5 16 

 

6.4.  Medium storage tank shell plate thickness  

Since the diameter of the medium-sized tank exceeds 61m, the 

required shell plate thickness was determined using the VPDM.  

 

equations. The calculated thickness values for the individual 

shell courses are presented in Table 4. 
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Table 4: Medium storage tank shell plate thickness 
 

Course number 
Course width 

(m) 

Design thickness 

(mm) 
Hydrostatic thickness (mm) 

Provided thickness 

(mm) 
Number of plates 

1 2.5 29.479 24.685 30 23 

2 2.5 26.942 21.916 27 23 

3 2.5 22.919 19.337 23 23 

4 2.5 20.089 16.734 20 23 

5 2.5 17.408 16.726 17 23 

6 2.5 14.331 14.173 14 23 

7 2.5 14.339 14.173 14 23 

8 2.5 11.658 11.335 12 23 

 

6.5. Large storage tank shell plate thickness 

The large tank's shell thicknesses were likewise sized by the 

VPDM. 

 

 

 

 

 

First shell course thickness calculation 

 

1 - Design calculation 

(a) 1 - FM 

𝑡𝑃𝑑 =
4.9𝐷(𝐻 − 0.3)𝐺

𝑆𝑑
+ 𝐶𝐴 

𝑡𝑃𝑑 =
4.9 × 100(20 − 0.3) × 0.85

220
+ 3 = 40.296 𝑚𝑚 

 

(b) VDPM 

𝑡1𝑑 = [(1.06−
0.0696𝐷

𝐻
√
𝐻𝐺

𝑆𝑑
)(

4.9𝐻𝐷𝐺

𝑆𝑑
)] + 𝐶𝐴 

𝑡1𝑑 = [(1.06 −
0.0696 × 100

100
√

100 × 0.85

220
)(

4.9 × 20 × 100 × 0.85

220
)] + 3 = 39.473 𝑚𝑚 

𝑡1 = 𝑀𝑖𝑛{𝑡1𝑑 , 𝑡𝑃𝑑} 

 

𝑡1 = 39.473 𝑚𝑚 

2 - Hydrostatic calculation 

 

𝑡1𝑡 =
4.9𝐷(𝐻 − 0.3)𝐺

𝑆𝑡
 

𝑡1𝑡 =
4.9 × 100 × (20 − 0.3) × 0.85

236
= 34.767 mm 

𝑡1 = 𝑀𝑎𝑥 (𝑑𝑒𝑠𝑖𝑔𝑛, ℎ𝑦𝑑𝑟𝑜𝑡𝑒𝑠𝑡) 

𝑡1 = 39.473 𝑚𝑚 

Check for limitations - Check the ratio. 

𝐿

𝐻
 ≤  

1000

6
 

Where; 

 

 

𝐿 = √500𝐷𝑇 = √500 × 100 × 39.473 = 1405 
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𝐿

𝐻
=

1405

20
= 70.25 

70.25 < 166.67 

 

The calculated ratio satisfies the specified criterion; therefore, the VPDM is applicable for determining the required shell thickness. 

The total tank height of 20 m is divided into eight equal sections, with each section representing one shell course. Accordingly, each 

shell course has a height of 2.5 m. 

 

Second course thickness calculation 

(c) Design condition 

𝐻 = 17.5𝑚𝑚  

ℎ1 = 2.5𝑚  

𝑟 = 50000𝑚𝑚  

𝑡1 = 39.473𝑚𝑚  

𝐺 = 0.85  

Check the ratio: 

𝑅𝑎𝑡𝑖𝑜 =  
ℎ1

√(𝑟 𝑡1)

 

 

The applicable calculation procedure depends on the value of the ratio as follows: 

When the ratio is less than 1.375, the corresponding relationship is given by 𝑡2 = 𝑡1. 

 

When the ratio is greater than or equal to 2.625, the corresponding relationship is given by 𝑡2 = 𝑡2𝑎. 

When the ratio is greater than 1.375 but less than 2.625, the corresponding relationship is given as: 

 

 

𝑡2 = 𝑡2𝑎 + (𝑡1 − 𝑡2𝑎)

(

 2.1 − 
ℎ1

1.25 √(𝑟 𝑡1))

  

 

where, 𝑡2 = minimum design thickness of the second shell course 

𝑅𝑎𝑡𝑖𝑜 =
2500

√50000 × 39.473

= 1.8 

1.375 < 1.8 < 2.625 

 

So, the following equation should be used.  

𝑡2 = 𝑡2𝑎 + (𝑡1 − 𝑡2𝑎)

(

 2.1 − 
ℎ1

1.25 √(𝑟 𝑡1))

  

 

To find 𝑡2𝑎 

𝑡𝑢 =
4.9𝐷(𝐻 − 0.3)𝐺

𝑆𝑑
 

𝑡𝑢 =
4.9 × 100 × (17.5 − 0.3) × 0.85

220
= 32.563 𝑚𝑚 

 

𝐶 =  [√𝐾(𝐾 − 1)] (1 + 𝐾1.5)⁄  

𝐶 =  [√1.1201 × (1.1201 − 1)] (1 + 1.12011.5) = 0.058148⁄  
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𝑋1 = 0.61 √(𝑟 𝑡𝑢) + 320 𝐶𝐻 

𝑋1 = 0.61 √(50000 × 32.563) + 320 × 0.058148 × 17.5 = 1103.98 

 

 

𝑋2 = 1000 𝐶𝐻 

𝑋2 = 1000 × 0.058148 × 17.5 = 1017.593 

𝑋3 = 1.22 √(𝑟 𝑡𝑢) 

𝑋3 = 1.22 √(50000 × 32.56273) = 1556.701 

𝑋 = mi n(𝑋1; 𝑋2; 𝑋3) = 1017.593 

𝑡2𝑎 = 4.9𝐷 (𝐻 − 𝑋 1000⁄ )𝐺 𝑆𝑑⁄ + 𝐶𝐴 

𝑡2𝑎 = 4.9 × 100 (17.5− 1017.593 1000⁄ ) × 0.85 220⁄ + 3 = 34.20419 

Trails to find 𝑡2𝑎 

 
tu tL K C X1 X2 X3 X t2a t2a-tu 

32.56 36.47 1.120 0.058 1103.9 1017.5 1556.7 1017.5 34.20 1.641 

34.20 36.47 1.066 0.032 980.2 570.4 1595.5 570.4 35.05 0.847 

35.05 36.47 1.040 0.020 919.9 351.2 1615.1 351.3 35.47 0.414 

35.46 36.47 1.028 0.014 891.2 246.6 1624.6 246.6 35.66 0.198 

35.66 36.47 1.022 0.011 877.7 197.3 1629.1 197.3 35.76 0.093 

 

Thickness of second shell course, 

𝑡2 = 𝑡2𝑎 + (𝑡1 − 𝑡2𝑎) (2.1− ℎ1 1.25√𝑟𝑡1⁄ ) 

𝑡2 =  34.20419 + (39.473 − 34.20419 ) (2.1− 2500 1.25√50000 × 39.473⁄ ) = 38.2701849 mm 

Hydrostatic calculation: 

𝑡𝑢 =
4.9 × 100 × (17.5− 0.3) × 0.85

236
= 35.9096 𝑚𝑚 

𝐾 =
𝑡𝐿
𝑡𝑢
= 1.202  

𝐶 =  [√𝐾(𝐾 − 1)] (1 + 𝐾1.5) = 0.095⁄  

𝑋1 = 0.61 √(𝑟 𝑡𝑢) + 320 𝐶𝐻 = 1187.15 

𝑋2 = 1000 𝐶𝐻 = 857.670 

𝑋3 = 1.22 √(𝑟 𝑡𝑢) = 1825.39 

𝑋 = mi n(𝑋1; 𝑋2; 𝑋3) = 857.670 

𝑡2𝑎 = 4.9𝐷 (𝐻 − 𝑋 1000⁄ )𝐺 𝑆𝑡 = 29.371⁄  

 

tu tL K C X1 X2 X3 X t2a 

30.35 36.47 1.201 0.095 1187.15 857.67 1825.4 857.67 29.371 

 

𝑡2𝑑 > 𝑡2𝑡
So 𝑡2𝑑 is taken as the second shell course thickness. 

∴Thickness of second shell course = 38.270 𝑚𝑚  

 

Third shell course 

The calculation procedure used for the second shell course is then repeated for each of the remaining shell courses to determine their 

respective required thicknesses. The calculated shell thicknesses for the remaining courses are presented in Table 5. 
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Table 5: Large storage tank shell plate thickness 

 

Course number 
Course width 

(m) 

Design thickness 

(mm) 
Hydrostatic thickness (mm) Provided thickness Number of plates 

1 2.5 39.473 34.767 40 32 

2 2.5 38.270 35.910 38 32 

3 2.5 36.003 34.376 36 32 

4 2.5 34.389 33.115 34 32 

5 2.5 33.080 32.736 33 32 

6 2.5 31.611 31.397 32 32 

7 2.5 31.532 31.397 32 32 

8 2.5 30.118 29.951 30 32 

 

7. DISCUSSION 

Floating roof storage tanks represent an important component 

of the oil industry, particularly in countries involved in the 

export and import of petroleum products. A number of storage 

tanks constructed during the 1960s and 1970s continue to 

operate in satisfactory condition. Examples include the crude 

oil storage facilities in the UAE, ADNOC, Jebel Dhanna 

terminal, the Zueitina crude oil terminal in Libya, and the Az-

Zawiya Oil Refinery in Libya. 

Engineers involved in the design of liquid storage tanks 

encounter various technical and practical challenges. These 

challenges are commonly associated with the proper application 

of current design codes and standards and with the selection of 

an appropriate design methodology. In addition, storage tank 

design is affected by several factors, including economic 

considerations, regulatory requirements, the characteristics of 

the stored liquid, internal pressure, external environmental 

loading, corrosion protection, material selection, and welding 

requirements. 

Addressing these challenges effectively requires the appropriate 

application of relevant design codes and standards, the selection 

of a suitable design method, careful consideration of 

construction materials, and the performance of adequate stress 

analysis to verify the structural integrity of the tank. 

This study focuses on deriving the stress relationships generated 

by Internal pressure and reviewing the methods specified by 

API 650 for calculating storage tank shell thickness. The shell 

thickness calculation for small, medium, and large storage tanks 

was subsequently carried out in accordance with the applicable 

API 650 guidelines. The resulting shell thicknesses for the  

 

different tank sizes and design methods are summarised in 

Tables 3, 4, and 5. 

 

8. CONCLUSION 

Libya is among the major crude oil producing countries in 

Africa, with its economy relying significantly on petroleum 

resources. Throughout various stages of oil production, 

processing, transportation, and distribution, there is a 

continuous requirement for large-capacity storage facilities to 

safely contain crude oil and petroleum products. In this study, 

API 650, twelfth edition, was adopted as the principal reference 

for the design and analysis of small, medium, and large-

capacity storage tanks. The required design calculations were 

carried out using Microsoft Excel. 

The findings of this work provide petroleum engineers and end 

users with a practical reference for understanding and applying 

the shell thickness calculation methods recommended by API 

650. The study therefore contributes to improving familiarity 

with the relevant design procedures used in the engineering of 

large-capacity storage tanks. 

It is further recommended that storage tanks be inspected and 

maintained in accordance with the requirements of API 653. 

Proper tank maintenance should include periodic cleaning, 

inspection, and assessment of the tank's condition to ensure 

continued structural integrity and safe operation. In accordance 

with the maintenance recommendations adopted in this study, 

these activities should be carried out at intervals of 

approximately ten years, or as otherwise required based on the 

tank's operating conditions and inspection findings. 

 

Table 11: Table of Abbreviations 
 

Symbol Name 

𝑎 Resisting area, 𝑚2 

𝐶 Capacity of storage tank in 𝑚3 

𝐶𝐴 Corrosion allowance, mm 

𝐷 Nominal tank diameter, 𝑚 

𝐹𝐶 Circumferential force, N 

𝐹𝐿 Longitudinal force, N 

𝑔 Gravitational acceleration, 𝑚 𝑠𝑒𝑐2⁄  

𝐺 Design specific gravity of the liquid to be stored. 

ℎ1 Height of first course, in mm 

𝐻 Maximum Design liquid level, m 

𝐻𝑡 Height of a shell Course, m 

𝐿 Length of cylinder, m 

𝑛 The number of shell courses required 

𝑟 Nominal tank radius, in mm 

𝑃 The design pressure at the top of the tank in mbar. 

𝑃𝑖 Internal pressure, psi 
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𝑆 The allowable stress for the appropriate condition in N/mm2. 

𝑆𝐶  Circumferential stress, MPa 

𝑆𝑑 Allowable stress for the design condition, MPa 

𝑆𝐿 Longitudinal stress, MPa 

𝑆𝑡 Allowable stress for the hydrostatic test condition, MPa 

𝑡 Bottom course corroded shell thickness, mm 

𝑡1 Calculated corroded thickness of the first course, in mm 

𝑡1𝑑 The bottom-course thicknesses for the design conditions, mm 

𝑡1𝑡 The bottom-course thicknesses for the hydrostatic test conditions 

𝑡2 Minimum design thickness of the second shell course, in mm 

𝑡𝑑 Design shell thickness, mm 

𝑡2𝑎 Corroded thickness of the second shell course, mm 

𝑡𝐶  Circumferential stress thickness, mm 

𝑡𝐿 Longitudinal stress thickness, mm 

𝑡𝑡 Hydrostatic test shell thickness, mm 

𝑡𝑢 Corroded thickness of the upper course, mm 

𝑊 The density of the liquid under consideration in kg/l. 

𝑊𝑆 The width of the shell plate, m 

𝑋 
The distance of the variable design point from the bottom of the course shall be calculated using the lowest value 

obtained from 𝑋1, 𝑋2, 𝑋3 
𝑒 Tank shell thickness, mm 

𝜌 Density, 𝑘𝑔 𝑚3⁄ . 
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