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Abstract. The article considers the influence of temperature fields on the stress state of 

offshore facilities using the example of fixed offshore platforms for oil and gas production.  It 

is noted that there is no theory for offshore oil and gas facilities that would allow a numerical 

description of the nature and mechanism of action of both conventionally stationary and 

variable temperature fields. An analysis of various literature sources showed that currently 

there are solutions for the dynamics of propagation and stress state for an axisymmetric 

temperature field, for a non-axisymmetric case, characteristic of the operating conditions of the 

support blocks of offshore platforms, there is no such solution. The author notes that a change 

in the thermal state of the elements of offshore facilities as a result of various factors leads to a 

change in their stress state. In some cases, in the presence of significant defects, these defects 

act as stress concentrators, thereby increasing the nominal strain. A numerical-analytical 

modeling of the effects of both variable and conditionally stationary fields was carried out, 

which made it possible to identify a number of patterns. 

1.  Introduction  

Throughout the entire life the FOPs are exposed to various sources of heat, causing changes in 

their stress state. Variable temperatures cause alternating strains. Currently, this phenomenon 

with respect to FOPs has not been practically studied, therefore, the study of the influence of 

temperature fields on the development of fatigue cracks is an important and urgent task [1-

20]. Offshore structures are exposed to two different types of temperature fields:  

1) A conditionally stationary temperature field is applicable to offshore oil and gas 

pipelines and is characterized by the thermal field of the product pumped through them, varies 

slightly over time, causing long-term constant stresses due to the difference between the 

temperature fields of the inner and outer walls of the pipe . A feature of this field is that most 

often it is axisymmetric;  

2) The variable temperature field is applicable to those structural elements of the FOPS, for 

which oil and gas are not pumped, for example, the support block of an offshore stationary 

platform, and whose temperature field is determined only on the basis of environmental 

conditions. The variable temperature field is characterized by its frequent changes, and by the 

alternating strains caused by it. 

This field can also be axisymmetric, but most often it does not appear, because to a large 

mailto:starokon79@mail.ru


CAEST 2019

IOP Conf. Series: Materials Science and Engineering 775 (2020) 012126

IOP Publishing

doi:10.1088/1757-899X/775/1/012126

2

 

 

 

 

 

 

extent depends on the solar radiance, wave action, the influence of sea currents, wind speed 

and direction, ambient temperature, convection conditions into the environment, etc. In the 

case of complete calm, weak wave action and low flow velocities, heat transfer occurs under 

conditions of free convection and depends on the Grashof and Prandtl criteria [10-13]. 

Otherwise, heat change occurs by forced convection and is determined by the Reynolds 

criterion. As it is shown in the work, the thermal regime at wind speeds of about 2 m / s 

significantly affects the temperature field of the pumped product. In addition, a change in the 

lighting conditions of the structural elements of the FOPs associated with both meteorological 

and their design features, lead to the alternation of lowering and increasing temperature. For 

example, the difference in the required capacity for pumping oil through pipelines exposed to 

solar radiation in daytime and nighttime is 10%. It is necessary to note that the temperature 

regime of pipelines is affected by the geometric shape and pressure change of the transported 

product. 

The author investigated a section of a gas pipeline under a pressure of 55 atm., 1.17 m long 

and consisting of four adapters successively welded to each other with a diameter of 

108x159mm, 159x219mm, 219x273mm, 273x325mm. As a result, it was found that the 

temperature of the outer surface of the gas pipeline at the beginning in the section of the 

adapter with a diameter of 108 mm is 1.6 ° C different from the surface temperature in the 

section of the adapter with a diameter of 325 mm. This can be explained by the throttling 

effect, which is also confirmed by the numerous cases of gas pipeline icing occurring even at 

an ambient temperature above + 35 ° C in the areas where pressure regulators exit when the 

pressure is 55 atm. decreased to 1.7 atm.  

The first step that needs to be done to determine the magnitude of temperature stresses is to 

determine the temperature field of the structural element of the FOPs (both the element of the 

support block of the FOP and the sea pipeline). The analysis of a large number of specialized 

literature sources showed that at the moment there is no solution to the problem that would 

take into account the uneven heating of the FOPs structural elements, the influence on the 

distribution of the temperature field of the paint coat and the corrosion layer. Solutions to the 

problems are reduced to determining the thermal fields that occur when the temperature 

difference between the outer and outer walls of the pipe when exposed to an axisymmetric 

temperature field (ATF). A detailed description of these solutions is given in [10-13]. That is 

why, the author has developed a technique that allows establishing the law of the dynamics of 

the temperature field spreading over the entire surface of a structural element of an FOP in the 

presence of corrosion layers and a layer of paint and varnish coating, and also take into 

account the influence of environmental influences. 

In this article, the author focuses on the stresses arising from exposure to heat fluxes on 

offshore stationary platforms. 

2.  Materials and methods 

2.1. Temperature distribution over wall sections of elements of marine facilities 

The author proposes to adopt the logarithmic law of temperature distribution over the wall thickness of 

the FOPs structural element for a conditionally stationary axisymmetric temperature field, and use the 

linear law for a variable axisymmetric temperature field. In mathematical terms, it looks like this:  



CAEST 2019

IOP Conf. Series: Materials Science and Engineering 775 (2020) 012126

IOP Publishing

doi:10.1088/1757-899X/775/1/012126

3

 

 

 

 

 

 

𝑓[𝑇(𝑟)] =

{
 
 

 
 
𝑇1 − (𝑇1 − 𝑇2)

ln (
𝑟
𝑟1
)

ln⁡(𝑟2/𝑟1)⁡

𝑇1 − (𝑇1 − 𝑇2)
𝑟 − 𝑟1
𝑟2 − 𝑟1

,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(1) 

where: 𝑓[𝑇(𝑟)]- temperature distribution function over the cross section of structural elements og 

FOPs; 𝑇1 and 𝑇2 -  the temperature on the inner and outer surfaces of the FOPs structural element, 

respectively, 𝑟 − the considered coordinate located inside the section of the studied structural element 

of the FOPs, 𝑟1 and 𝑟2 - inner and outer diameters. 

2.2. Assessment of the influence of thermal fields in various areas of the platforms 

The author considers the support block of the offshore platform, dividing it into the following 

conditional zones: uncovered, variable wetting and underwater. Let us analyze the surface zone. At 

first glance, it would seem that the temperature field in this zone is determined by the temperature of 

the atmosphere. However, as it is shown by measurements taken at the FOP, the temperature of the 

structural elements of the FOPs is highly dependent on solar radiation, and their actual temperature at 

the top of the cycle (i.e., the maximum temperature) in the hottest period of the year is about + 70.5° 

C. In addition, the wind effect has a significant effect. In addition, the wind action has a significant 

effect. It should be noted that the actual state of the FOP has numerous through damages, which makes 

it possible to take measurements from both the external and internal surfaces of the structural elements 

of the FOP. The measurements were carried out using an infrared pyrometer AR 330, with a 

measurement accuracy of 0.1 C. The data obtained from the measurements indicate that the difference 

in the temperature field between the inner and outer surfaces of the structural elements of the FOP at a 

certain point in time reaches 0.4 С.  

In the absence of exposure to solar radiance and significant wind exposure, the temperature field of 

the FOP is determined by the state of the atmosphere of so-called heat exchange occurs under the 

conditions of free convection. The analysis of archival data showed that the maximum temperature in 

the area of the Subbotinsky deposit reached + 31.5 С, and the minimum recorded -13.5 С.  

For the underwater part of FOPs, the most powerful fluctuations are observed at depths of up to 50 

meters; practically no temperature changes occur below this mark. According to the project, starting 

from a zone with a depth of 50 meters, the temperature practically does not change and is within + 8С. 

And to a depth of 1500 meters, the temperature is approximately within + 9 ° C. This suggests that the 

influence of variable temperature fields takes place only in areas above sea level. The results of their 

calculation will be given below. This suggests that the influence of variable temperature fields takes 

place only in areas above sea level. The results of their calculation will be given below. 

2.3. Methods for assessing stresses from temperature effects in the initiation of a temperature 

difference between the inner and outer surface of the walls of elements of marine facilities 

Let us proceed to the solution of the problem of determining the stresses caused by the temperature 

difference between the inner and outer surfaces of the structural element of the FOPS, which has a 

tube shape, with the outer and inner radii. In such a structural element of the FOP under the 

temperature conditions of operation described above, a temperature field T (r, t) arises, accompanied 

by a strain in the event of a temperature difference between the inner and outer walls. The temperature 

field is determined based on the equations described above. The stresses caused by the variable 

axisymmetric temperature field are determined by the formulas:  
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where:𝜎𝑟, 𝜎𝜃, 𝜎𝑧- radial, ring and longitudinal stresses; α - is the linear expansion coefficient of the 

pipe metal; Е - modulus of elasticity of the pipe material; 𝛥𝑇 - calculating temperature difference; 𝑟2 

and 𝑟1- inner and outer radius of the tube; μ – Poisson’s ratio. In the case of a conditionally stationary 

axisymmetric temperature field, the emerging stresses are determined by the formulas: 

𝜎𝑟 = −
𝛼Δ𝑇𝐸
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where the measurements are the same, as in formulas 2 - 4. 

Since a flat stress state is realized when a temperature gradient arises between the walls of the SE 

FOPs, the value of the principal stresses can be calculated by the formula: 

𝜎𝑚𝑎𝑥,𝑚𝑖𝑛 =
𝜎𝑟 + 𝜎𝑧

2
± √(

𝜎𝑧 − 𝜎𝑟
2

)

2

+ 𝜏2⁡⁡,⁡⁡⁡⁡⁡⁡(8)⁡⁡⁡⁡⁡ 

Having obtained the values of the principal stresses, we can proceed to the calculation of equivalent 

stresses by the formula: 

𝜎экв = √0,5(𝜎𝑚𝑎𝑥
2 + 𝜎𝑚𝑖𝑛

2 + (𝜎𝑚𝑖𝑛 − 𝜎𝑚𝑎𝑥)
2)

2
⁡,    (9) 

Depending on what temperature will be higher on the inner or outer wall of the pipeline, the 

stresses that arise will change their sign and direction. With a positive temperature difference ΔТ, 

points on the inner surface of the pipe are dangerous, with a negative ΔТ on the outside. 

2.4. Methods for calculating variable stresses in a daily alternation of temperatures 

The daily change in temperature and the resulting alternating strains are determined by the formula: 

∆𝜎 = ±𝐸𝛼∆𝑇,   (10) 

Where: ∆𝜎 - is the measure of variable strains, Е – modulus of elasticity; ∆Т- daily temperature 

difference. 

3.  Discussion 

Let us move on to practical calculations. Here are some characteristics of the steels used in the 

structural elements of FOPS (table 1). 

Having performed the corresponding calculations using formulas (2) - (9), we find that for an 

element with a diameter of 325 mm and a wall thickness of 10 mm, the equivalent strain at a 

temperature gradient between the external and internal surfaces of 0.3 ° C will be 23.9 MPa, and with 

a temperature gradient of 0 4 C equivalent stress will be 31.81 MPa. Similar calculations for an 

element with a diameter of 426 mm and a wall thickness of 12 mm showed that with a temperature 

gradient between the inner and outer walls of the SE FOP at 0.3 ° C, the equivalent strain will be 26.3 
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MPa, and with a temperature gradient of 0.4 ° C the equivalent strain will be 35.1 MPa, which is 

slightly higher than the endurance limit, which means that there is some damaging effect. However, 

the situation may be aggravated by the presence of cracks, corrosion caverns, or other stress 

concentrators in the elements of FOPs, as a result of which stresses caused by temperature changes can 

multiply. 

 

Table 1. Properties of some steel grades depending on temperature 

Steel 
Operational temperatures of FOP 

α,10−6 

1/0С 
μ -40 -30 -20 -10 0 10 20 30 40 50 

Module of elasticity E, GPa(104 Н/mm2) 

Вst3sp5, St10, 

St20 
20.6 20.l 20.4 20.3 20.2 201 20 19.9 19.8 19.7 11.5 0.28 

09G2S, 17G1S 21.6 21.5 21.4 21.3 21.2 21.1 21 20.9 20.8 20.7 11.5 0.30 

 

The daily change in temperature and the resulting alternating strains directly depend on 

environmental conditions. Strong heating relative to thin-walled elements in the daytime in sunny 

weather will necessarily be replaced by cooling at night, in rain, wind or other weather events. 

However, the frequency of such changes itself relates this phenomenon to the section of low-cycle 

fatigue. Assessing the daily temperature effect, it can be noted that despite the fact that the temperature 

effect has a low frequency of cycles, nevertheless it creates significant variable strains. The damaging 

effect of variable stress amplitudes should be at least 22.5 MPa. It is quite obvious that the temperature 

stress range for damaging effects should be equal to 55 MPa, which for known values of Young's 

modulus (approximately 200,000 MPa for steel 09G2S depending on the ambient temperature) and the 

coefficient of linear thermal expansion (11.5 * 10-6) is achieved with a daily temperature difference of 

the structural element of approximately 19.6С. This condition is fulfilled, for example, with the 

corresponding daily temperature fluctuation. So, for example, for a horizontal element with a diameter 

of 325 mm with a wall thickness of 8 mm and a mass of 312.5 kg, this condition can be fulfilled at a 

heat flux density of 384 W / m2. It is well known that under the conditions of the Black Sea with a 

degree of transparency of the atmosphere of 0.38, the values of the heat flux density of less than 384 

W / m2 are reached in the period of December 3 (337 days counted from January 1) to January 6. 

Those. when calculating the fatigue life in the example we are considering, we should not take 365 

cycles per year, but 331. Further research by the author showed that, taking into account the influence 

of variable stresses caused by thermal stresses, all other things being equal, the resource decreases 

from 21.3 years to 20.96 years, i.e. decreases by approximately 4 months. 

4.  Conclusion 

The magnitude of the emerging temperature stresses of the FOPs depends on the characteristics of the 

elements of offshore structures (material, mass, diameter, etc.) and the conditions of interaction with 

the environment. 

1. With a decrease in the operating temperature of the FOP, the value of temperature stresses 

increases, which is explained by an increase in the elastic modulus, which also depends on the 

operating temperature. 

2. The most significant alternating strains are formed during a daily change in temperature. 

3. When a temperature difference occurs between the inner and outer walls of the structural 

elements of the FOP, ring, longitudinal and radial stresses arise, the largest values of which take 

ring stresses. The picture of the stress state with this effect has the following features: 

4. The magnitude of the occurring temperature stresses of the FOPs depends on the characteristics 

of the elements of offshore facilities (material, mass, diameter, etc.) and the conditions of 

interaction with the environment, which allows them not being taken into account in the future. 

 Ring stresses in the case of a conditionally stationary temperature field uniformly propagate 
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over the cross section of the structural element of the FOP, changing only depending on the value 

ΔТ. In the case of a variable temperature field, ring stresses linearly vary along the cross section 

of the FOP structural element, increasing or decreasing from the inner surface to the outer, 

depending on the value of ΔТ. With an increase in diameter, but with an equal wall thickness and 

the same environmental conditions, the magnitude of the ring stresses decreases for both a 

conditionally stationary and variable temperature field. With a decrease in wall thickness, but 

with the same diameter and the same environmental conditions, the magnitude of the ring stresses 

increases for both conventionally stationary and variable temperature fields. Longitudinal 

stresses, both in the case of a conditionally stationary and variable temperature field, linearly 

propagate along the cross section of the structural element of the FOP, tend to zero values in the 

middle of the wall of the structural element of the FOP, and reach their maximum values in 

sections close to the outer and inner surfaces. Moreover, they have opposite directions. 

5. Longitudinal stresses, both in the case of a conditionally stationary and variable temperature field, 

linearly propagate along the cross section of the structural element of the FOPS, tend to zero 

values in the middle of the wall of the structural element of the FOPS, and reach their maximum 

values in sections close to the outer and inner surfaces. Moreover, they have opposite directions. 

The magnitude of the longitudinal stresses depends on the value of ΔT. With an increase / 

decrease in diameter, but with an equal wall thickness, just as with a decrease / increase in wall 

thickness, but with an equal diameter, and under the same environmental conditions, the 

magnitude of the longitudinal stresses does not change much for both a conditionally stationary 

and an alternating temperature field. The magnitude of the longitudinal stresses depends on the 

ΔТ value. 
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