
1 

 

 

1 INTRODUCTION 

In 1860 “Colonel” Edwin Drake started using iron pipes to 

transport oil and gas between his wells and refineries [1] in 

Pennsylvania, USA. In the 1920s, the electric welding pro-

cess was invented and applied to pipes making them leak-

proof and allowing higher pressures. The evolution from 

iron to steel made pipes much more reliable and stronger, 

stretching their service life. With time, pipes became larger 

and more specified due to specific materials. They are used 

in various industries for several types of fluids. Nowadays, 

pipelines are a fundamental element in the import/export 

energy market. They are used for every kind of fluid and 

modern fabrication techniques broadened the limits of tem-

perature, pressure, flow rate, etc. Some contents are ex-

treme dangerous and so the fabrication tolerances and fac-

tors are carefully chosen. Some pipelines have thousands 

of kilometers and even little characteristics on the soil pro-

file can cause a major failure if not addressed. Concrete 

mattress is one of the cheapest ways to protect a pipe sec-

tion. There is no standardization or rule regarding mattress, 

so any kind of material with anti-buoyancy properties is 

used to increase stability. Most of concrete mattresses con-

sists of linked blocks of concrete and they started and are 

still used as coastal defense against erosion and similar port 

and canal protection but are also used to cover pipelines 

when needed. 

Stability is one of the main problems of pipelines. Gao 

et al. [2] tested over thirty specimens in a setup to observe 

how the pipelines would behave in increased current ve-

locity. Use of concrete mattress can be unworkable so us-

ing similarity laws with Froude number and the non-di-

mensional submerged weight of pipes was possible to 

determine when instability starts. For two types of sands 

they could equate the stable region. The start of lateral dis-

placement and when it breaks free can easily be seen in the 

tests. Comparing to other study of stability in waves with 

the same soil properties, they showed that pipes are more 

stable in currents. Further studies with full scale models 

still need to be done to better confirmation. 

Kawsar et al. [3] using numerical modelling and prob-

abilistic analysis studied the probability and effect of 

dropped objects from offshore platform on equipment and 

pipelines on the seabed. A sphere, a box and a prism are 

simulated interacting with an intact and corroded pipe. The 

author proposes better platform design for risers, pipelines 

and cranes for further reduction in the probability of acci-

dents. 

To simulate a trenched pipeline a 2800 meters model 

was made interacting with bottom and side soil modelled 

as springs. It was demonstrated that the necessary force for 

buckling increases as the lateral friction coefficient in-

creases. The variation of axial friction coefficient has little 

effect on the critical buckling force [4]. An experimental 

study on the displacement of pipe induced by soil was also 

made. It involved important parameters like sand density, 

pipe depth, diameter, angle and roughness. The results 

were compared with several other studies related and 

showed great correspondence. The study cited that loaded 

pipes behave in plane strain conditions, so it generated ex-

aggerate results regarding soil forces. Tests with model an-

chors showed that the displacement at failure can be scale 

dependent. Angle of soil shearing resistance generates 

great variation across studies. Density has small effect on 

dimensionless maximum force and reach a constant when 

H/D is eight [5]. 

Karampour et al. [6] studied the lateral and upheaval 

buckling. For the upheaval buckling three imperfection 
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scenarios are simulated and a tabulated analytical solution 

is created. However, after being compared to other kinds 

of initial imperfections, the results did not correspond. For 

the lateral buckling an analytical and numerical study was 

done. Both methods were compared, and the upheaval in-

duces higher compressive forces and temperatures. Larger 

bending stress is also created with upheaval and this in-

duces global buckling, so must be avoided. 

The failures mechanisms applied are burst strength and 

fatigue by cyclic load. The paper also reviews the tough-

ness limits for the full-scale test data and describes in detail 

the background to the recommendations for the assessment 

of dents. Definition of the several types of dents are given 

and they concluded that: in long dents the fatigue cracking 

is longitudinally oriented whereas in short one the cracking 

occurs in the flanks; spring back and reground occurs eas-

ily in long dents; dents in pressurized pipes spring backs 

easily than unpressurized pipes; plain dents don't reduce 

the burst strength, etc. The study shows results regarding 

other types of dents and their effects, influence of dents in 

fatigue life, effects of welds, etc. The document is ready 

and used since 2012. PDAM was launched in 1999 [7]. 

The limit by the net-section collapse failure criteria 

with local wall thinning is compared with finite element 

models with the same defect under pure bending is studied 

in [8]. In the first, the limit bending moment is independent 

of the relative longitudinal length of the defect, while the 

model shows relative high dependency. But as the length 

increases, the effect vanishes, so a correction in the criteria 

could be done. 

In [9] the ultimate bending load of a pipe in a clayey 

soil is studied numerically and analytically using FEM 

model and the slip-line field theory. The dimensionless ul-

timate bending load increases with the embedment of the 

pipe in the soil. For the same embedment, the ultimate 

bending load increases with pipe-soil interfacial cohesion. 

The shear failure type and collapse load were matched in 

two models.  

Mohd et al. [10] studied the effect of bending in pres-

surized pipes with different levels of corrosion. An API 5L 

X42 steel pipe is simulated and its resistance properties 

matches the real ones. Several degrees of defects (different 

geometries) are combined with various values of internal 

pressure and the ultimate bending moments are registered. 

It is concluded that the internal pressure can highly affect 

the bending limit of corroded pipes. 

Barbosa et al. [11] have also studied corroded pipes 

with combined loads. The results of Mohd et al. are con-

firmed with regard to internal and bending limit loads and 

it is also concluded that the length and depth of corrosion 

have more influence in the ultimate load than the width of 

the defect.  

An extensive experimental study made by Netto [12], 

has analyzed several pipes with 73 mm of diameter and 

3.04 mm of thickness made of several materials and with 

different rectangular defects. The pipes were put in a pres-

sure chamber and the bursting pressures were assessed. 

This and finite element model’s replication allowed the au-

thor to develop an equation to assess the limit load based 

on the geometry of the defect. The equation had good cor-

relation with the specimens and with other samples of dif-

ferent works. In a continuation of the previous study, the 

author extends his equation to a new set of samples with 

defects. The equation shows again a good correlation with 

the limit load [13]. 

The hydrodynamic effect of a mattress on a pipeline un-

der two scenarios is investigated in [14]. First, they looked 

in two scenarios, oscillatory and solitary wave and how the 

water flow behaves around a pipe section. Drag, added 

mass and lift coefficients were estimated so that the numer-

ical and Morrison’s equation are equivalent. The scenarios 

were run again, now with two models of concrete mattress 

and the results show that the all three coefficients were re-

duced, in other words, the concrete increased the inertia 

and reduced the instability of the pipe mainly in wave 

trains in deep waters. 

Upheaval buckling and how to avoid it was specifically 

explored in [15]. Some protection measures were pre-

sented like trenching, backfilling and mattresses. Equa-

tions for the development of buckling were presented and 

developed for each model. The buckling by thermal load is 

presented and a case study joining it and prevention 

measures is simulated. Use of mattress can reduce heat 

transfer and so reducing the probability of upheaval buck-

ling. 

The main objective of this dissertation is to study 

through finite elements analysis, the interaction between a 

pipeline and a concrete mattress, which is used to protect 

and enhance the pipeline stability. A pipe section is de-

signed according to DNV rules and real input data. A finite 

element structural model of the pipe subjected to mat-

tresses loading is developed. From the numerical finite el-

ement analysis, the buckling mode and the critical load of 

the steel pipe are analyzed. Also, the mechanical defor-

mation and the pipe-soil interaction are studied to deter-

mine the pipe ovalization due to the mattress loads. 

 
2 METHODOLOGY 

2.1 Analytical Methods 

The standard DNV-OS-F101 determines the creation pro-

cedure of oil/gas pipeline. It is based on the limit states of 

the pipe which are failure modes that can occur with a pipe. 

Depending on the design objective some failure modes are 

more relevant than others. For the wall thickness design the 

criteria considered are bursting, collapse and propagating 

buckling. However, it will be expanded to the combined 

load criteria and global buckling creating a more reliable 

design process. Recommended practice as on-bottom sta-

bility and structural design accounting for global buckling 

were also considered [16]. 

2.1.1 On-Bottom Stability 

On-bottom stability is a criterion to confirm that the pipe 

will not float under any scenario. This way trenching will 

not be needed as well as mattresses, neither will it cause 

stress in equipment, etc. Waves and currents are also fac-

tors in the stability criteria. 
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The DNV-RP-F109 [17] presents design methods to lat-

eral and vertical stability of pipes. There are two methods 

for vertical stability and three for lateral. The vertical 

method is presented in equation 1 and defines that the con-

tents has to be greater than the buoyancy. 

 

 𝛾𝑊

𝑏

𝑤𝑠 + 𝑏
=

𝛾𝑊

𝑠𝑔

≤ 1 (1) 

Dynamic lateral stability analysis 

This method requires the transformation of the wave spec-

trum into a time series for time domain simulation. The 

pipe can be modelled as finite beam and at least seven sim-

ulation with different seeds are needed. The process is 

highly non-linear since the interaction present the stick-slip 

phenomenon. Depending on the objective of the simula-

tion, the stability can be set with three approaches: Ensur-

ing absolute stability, ensuring no break-out and allowing 

accumulated displacement. 

Generalized lateral stability method 

It is a less onerous process since was created based on a set 

of previous examples/simulations of dynamic analysis. It 

also requires less inputs, so more suitable for initial phase 

of design. 

Absolute lateral static stability method. 

It is based on ensuring the pipe will be stable following a 

one extreme event that induce oscillation. It is well suited 

for critical components like spool, supports, etc. 

It is recommended that the pipe will not move 10 diam-

eters to the side in order to avoid accumulate damage. 

The absolute lateral static stability is suitable for deep-

water depth and it will be used in this project. It is im-

portant to remember that if the results of the criteria are 

inconclusive or if the water depth is shallow, the most suit-

able action is to use a finite element model in the specified 

sea state and do a further and most conclusive analysis. 

 

 𝛾𝑆𝐶

𝐹𝑌
∗ + 𝜇 ∙ 𝐹𝑍

∗

𝜇 ∙ 𝑤𝑠 + 𝐹𝑅

≤ 1 (2) 

 𝛾𝑆𝐶

𝐹𝑍
∗

𝑤𝑠

≤ 1 (3) 

2.1.2 Bursting 

Bursting is a failure mode described by the excessive pres-

sure inside the tube, leading to an elastic then plastic failure 

in a section along the pipeline, as shown in equation 4. 

 

 𝑝𝑙𝑖 − 𝑝𝑒 ≤ 𝑀𝑖𝑛 (
𝑝𝑏(𝑡1)

𝛾𝑚𝛾𝑆𝐶

;
𝑝𝑙𝑡

𝛼𝑠𝑝𝑡

− 𝑝𝑒;
𝑝ℎ𝛼𝑈

𝛼𝑚𝑝𝑡

) (4) 

2.1.3 Collapse 

Collapse can be seen as the inverse of the bursting. The 

thickness of the pipe and its internal pressure cannot sus-

tain the pressure associated with the water column and re-

lated stress. The pipe collapse in a way, which comprises 

the flow and/or breaches the material. Equation 5 is used 

to predict the collapse pressure pc of the pipe. 

 

 𝑝𝑒 − 𝑝𝑚𝑖𝑛 ≤
𝑝𝑐(𝑡1)

𝛾𝑚𝛾𝑆𝐶

 (5) 

 (𝑝𝑐(t) − 𝑝𝑒𝑙(t)) ∙ (𝑝𝑐(t)2 − 𝑝𝑝(t)2)

= 𝑝𝑐(t) ∙ 𝑝𝑒𝑙(t) ∙ 𝑝𝑝(t) ∙ 𝑓0

∙
D

𝑡
 

(6) 

2.1.4 Propagating Buckling 

The propagating buckling criteria is a development of the 

collapse criteria. After the local buckling occurs, it can 

propagate if the pipe section has the same characteristics 

as the point where it collapses. The addition of collapse ar-

restors may be necessary throughout the line. A propagat-

ing buckling will stop when the pressure is below than the 

propagation pressure. Equations 7 and 8 summarizes the 

condition. 

 

 𝑝𝑝𝑟 = 35. 𝑓𝑦𝛼𝑓𝑎𝑏 (
𝑡2

𝐷
)

2.5

 (7) 

 𝑝𝑒 − 𝑝𝑚𝑖𝑛 ≤
𝑝𝑝𝑟

𝛾𝑚𝛾𝑆𝐶

 (8) 

2.1.5 Combined Load Criteria 

It is another limiting state in which the pipe structural re-

sponse is governed by load or displacement. In this project 

a displacement criterion for the combination of the bending 

moment and axial force is set as a design premise. The cri-

teria encompass section D 600 of [16] and is described by 

the equation 9 below. 

 

 (
𝜀𝑆𝑑

𝜀𝑐(𝑡2, 0)
𝛾𝜀

)

0.8

+
𝑝𝑒 − 𝑝𝑚𝑖𝑛

𝑝𝑐(𝑡2)
𝛾𝑚𝛾𝑆𝐶

≤ 1 (9) 

2.1.6 Exposed Pipeline on Uneven Seabed 

The governing imperfections are in the vertical plane. In 

the assessment of the global buckling, the pipe can be in 

the following situations: free spans touching the seabed; 

uplift at crests and pipe expansion increasing the bending 

of the buckled pipe, so it is important to identify to apply 

the correct mitigation measures. 

The assessment is made with elements of the Euler col-

umn theory as seen in equations 10 and 11 below. 

 

 

𝑆𝑅(𝑝𝑙𝑖 , 𝑇1,𝑚𝑎𝑥)

≥
4𝜋2𝐸𝐼

(𝐿𝑢𝑝𝑙𝑖𝑓𝑡𝑆𝑅)
2 𝐿𝑎𝑡𝑒𝑟𝑎𝑙 𝐵𝑢𝑐𝑘𝑙𝑖𝑛𝑔 

(10) 

 

𝑆𝑅(𝑝𝑙𝑖 , 𝑇1,𝑚𝑎𝑥)

≤
𝜋2𝐸𝐼

(𝐿𝑢𝑝𝑙𝑖𝑓𝑡𝑆𝑅)
2 𝑁𝑜 𝐿𝑎𝑡𝑒𝑟𝑎𝑙 𝐵𝑢𝑐𝑘𝑙𝑖𝑛𝑔 

(11) 

Further assessment can be made with finite element 

models for more precise results. 
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A pipeline that has been designed for even seabed will 

be acceptable for uneven seabed since the moment caused 

by the unevenness is negligible. 

2.2  Input Data 

For this project, the conditions that the pipe will be sub-

jected will be the closest as possible to real ones. Some real 

data from ENI [18] is retrieved and based on this and de-

sign rules previously presented the pipe will be created. 

With real data, also some assumptions were made to fill 

the necessary inputs for the design rules. The data is the 

closest to real scenarios as possible. The data used are 

shown in Table 1. 

 
Parameter Value Unit 

Material API 5L X 42 seamless 

Pipeline Contents Oil   

Pipeline Diameter 36 inch 

Pipeline Diameter 914.4 mm 

Design pressure 5.4 MPa  

Maximum water depth 1300 m 

Density seawater 1025 kg/m3 

Minimum yield strength 290 MPa  

Minimum tensile strength 415 MPa  

Elasticity @ 20℃ 210 GPa  

Steel density 7850 kg/m3 

Poisson ratio 0.3   

Elevation of the reference point 20 m 

Corrosion allowance 1.58 mm 

Contents density 0.779 kg/m3 

Minimum internal pressure 0 MPa  

Max. installation bending strain 0.004 
 

Max. in-place bending strain 0.004 
 

Thermal expansion coefficient 1.24512E-05 1/K 

Length 100 m 

Thermal conductivity 51 W/mK 

Specific therm. Capacity @ 20℃ 461 J/kgK 

Table 1 - Pipeline design inputs 

The soil data are used in section 3.3 and is relevant to 

better represent the interaction between pipe and the me-

dium. Data from soil is retrieved from ENI’s study [18] and 

[19]. A combination of clay and sand is used to encompass 

all the properties needed for a proper simulation, check Ta-

ble 2. 

The standard concrete mattress properties is compiled 

from several sources [20]–[23] and are shown in the Table 

3 below. 

In this project, the buckle initiator is laid at every hun-

dred meters, so it will be the maximum length modelled of 

the pipe when necessary. 

Property Value Unit 

Density 1800 kg/m3 

Isotropic Elasticity 
 

Derive from Young's Modulus 
 

Young's Modulus 4.00E+07 Pa 

Poisson's Ratio 0.4 
 

Bulk Modulus 6.66E+07 Pa 

Shear Modulus 1.43E+07 Pa 

Compressive Yield Strength 1.50E+08 Pa 

Table 2 - Sand properties used in ANSYS 

Maker Linear Density (t/m) Length (m) 

PipeShield 6.55 6.00 

Maccaferri 1.31 4.73 

J2 0.16 6.00 

Apache 1.79 4.47 

Table 3 - Mattress properties comparison between makers 

2.3 Numerical Analysis 

With all the inputs and outputs, the data is organized in 

Microsoft Excel and the dependencies between equations 

are carefully set up. Values can be checked in section 3.1. 

From this the pipe can be designed in ANSYS’ design 

modeler [24]. To change the inputs easily the data as thick-

ness, length, outside diameter is defined as variable in pa-

rameter set section. Only half of the pipe and the founda-

tion (soil) is made since the reaction will be symmetrical. 

The pipe is created in the origin so the length is equal from 

the center line (CL). The superior edge of the pipe is di-

vided in sections for the load input afterwards. The length 

of the divisions varies since a parametric study is con-

ducted to test the buckling and ovalization variation. The 

cross section is extruded, and the solids are exported to the 

mechanical interface of the software. 

In the Mechanical interface the symmetrical condition 

is created and the contact between soil and pipe is checked. 

The type of contact is bonded, and it is of fundamental im-

portance for the simulation since non-linearities are created 

and the computational time can be highly increased. The 

soil properties are attributed to the base solid and the steel 

properties to the pipe. The soil is fixed (no movement) by 

the bottom face. Figure 1 shows a section of the pipe and 

soil, besides the symmetry faces. 

 

 

 

 
  

Figure 1 - ANSYS Mechanical interface with showing soil 

and pipe symmetry 
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For the buckling analysis the Eigenvalue Buckling anal-

ysis mode of ANSYS is used and for the ovalization the 

Static Structural is used. In Table 4 the properties of the 

materials used in the simulations are shown. 

 
Object Property Type/Value 

Pipe Element type SOLID 186, Hex 20 

Pipe Element size 0.30 m 

Pipe Stiffness Behavior Flexible 

Pipe Nonlinear Effects Yes 

Pipe - Soil Contact type Bonded 

Soil Element type SOLID 186, Hex 20 

Soil Element size 0.90 m 

Soil Stiffness Behavior Flexible 

Soil Nonlinear Effects Yes 

Mattress Load Line Pressure 

Table 4 - Properties of solids used in ANSYS 

3 RESULTS  

3.1 Pipeline and Mattress Design 

All the inputs and equations from sections 2.1 and 2.2 are 

organized in a Microsoft Excel worksheet. The constant 

and some factors are select as high safety/priority from 

[16], [17], [25]. Initial value for thickness is chosen for 

mathematical purposes. Then, boundary conditions from 

the limit states are created (e.g. if pressure 1 is greater than 

pressure 2, an “ok” message is given). To simplify, a panel 

showing if there is fulfillment or not of the criteria is cre-

ated. 

Data as outside diameter and design pressure are con-

stant while the variable is the pipe thickness, so the equa-

tions shown in section 2.1 must be solved. 

The software Microsoft Excel has an add-in called 

Solver, which uses the GRG algorithm to find the correct 

input for an equation. Rules referring to all those limit 

states are added in the Solver interface and also a criteria 

that the output be the minimum possible. The variable is 

the thickness of the pipe. Solver is run and the results are 

sorted out. 

The algorithm gives 47.94 mm as the thickness to make 

all the conditions true, adding to this the corrosion allow-

ance and size standardization, the size selected will be 50 

mm. 

The concrete mattress size is the mean of the ones pro-

vided in Table 3. 

After that, the values can be input in ANSYS for simu-

lation. The values are shown in Table 5. 

 
Object Property Value 

Pipe External Diameter 914.4 mm 

Pipe Thickness 50 mm 

Pipe Length 100 m 

Soil Width 1.2 m 

Soil Height 0.4 m 

Concrete Mattress Weight 2.45 t/m 

Table 5 - Simulation objects property values 

3.2 Mattress Effects with Buckling 

In this section the interaction between concrete mattress 

and global buckling will be studied. In principle the buck-

ling is a radial deformation caused by axial perturbation, 

so the mattress as a radial load can curb its development. 

As only a fraction of a pipeline will be assessed, the 

pipe will be idealized as having both ends fixed. The criti-

cal load can be found with the Euler’s Theory of Column 

and pipe properties and corresponds to 10.5 MN; however, 

the value is very conservative. 

A line pressure load is created and applied on the lines 

created in modeler. The unit is N/m and can be axis-ori-

ented downwards. The design pressure is applied in the in-

ner part of the pipe and linear displacements conditions are 

applied on the edges of the pipe. The pipe is represented in 

Figure 2. 

The model is run with the scenarios in Table 6 to obtain 

differences in the buckling load multiplier. A representa-

tion of the buckling mode is shown in Figure 3. 

The model is run again, now with the standard mattress 

weight but different lengths. The difference in the load 

multipliers values are shown in Table 7. 

 

 

Mode 
Number 

No 
mattress 

1x 
Weight 

2x 
Weight 

3x 
Weight 

5x 
Weight 

1 0.1847 0.1847 0.1847 0.1845 0.1848 

2 0.3771 0.3770 0.3770 0.3767 0.3765 

3 0.7358 0.7356 0.7355 0.7348 0.7337 

4 1.1088 1.1086 1.1079 1.1073 1.1040 

5 1.6446 1.6438 1.6419 1.6391 1.6303 

6 2.1919 2.1903 2.1864 2.1799 2.1602 

Table 6 - Buckling load multiplier for scenarios with differ-

ent mattress weights 

 

Figure 3 - Buckled pipe section (3rd mode) 

Figure 2 - Pipe section with buckling loads and mattress load 
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Mode 
Number 

No 
mattress 

6 m 10 m 12 m 

1 0.185 0.185 0.185 0.185 

2 0.377 0.377 0.377 0.377 

3 0.736 0.736 0.736 0.735 

4 1.109 1.109 1.108 1.108 

5 1.645 1.644 1.643 1.643 

6 2.192 2.190 2.189 2.188 

Mode 
Number 

14 m 16 m 18 m 20 m 

1 0.185 0.185 0.185 0.185 

2 0.377 0.377 0.377 0.377 

3 0.735 0.736 0.736 0.736 

4 1.108 1.109 1.109 1.108 

5 1.643 1.645 1.644 1.643 

6 2.187 2.192 2.190 2.189 

Table 7 - Buckling load multiplier for scenarios with differ-

ent mattress sizes 

3.3 Ovalization due to Concrete Mattress  

Besides the little effect on the buckling load, the mattress 

interacts with the pipe and due to its weight, it will deform 

the pipe. The effect can be imperceptible if the mattress 

weight is low or if the pipe material has a high Young’s 

Modulus. 

In ANSYS, the soil will be active this time and its func-

tion is to interact with the pipe to represent the stress and 

reaction between them caused by the mattress. The soil is 

fixed by its inferior part, so the central part can “flow” side-

ways when interacting. The design pressure is applied in 

the inner part of the pipe and the edges are made fixed, 

since there is pipe “before and after”. Some line pressures 

loads are applied on the superior edge of the pipe and they 

are chosen avoiding the edges. The loads can be seen in 

Figure 4. 

The ovalization is an inherent characteristic of the fab-

rication process that can be somewhat controlled by the 

process. Tight tolerances and cutting edge machinery with 

low dimensions pipe are the perfect scenario to create a 

circular pipe. But a high dimension pipe made with normal 

equipment will have some ovalization. It is a job for the 

engineer to control the received pipe and evaluate if the 

out-of-roundness is acceptable and suitable for the appli-

cation. 

As shown in section 2.1.3 the ovalization is taken as in-

put for the design and it affects the collapse pressure of the 

pipe. Therefore, the effect of a concrete mattress on the 

steel pipe is investigated to define the amount of ovaliza-

tion and where in the pipe the critical point is. 

According to DNV the ovalization is calculated as 

 

 𝑓0 =
𝐷𝑚𝑎𝑥 − 𝐷𝑚𝑖𝑛

𝐷
 (12) 

Different sets and different weights of mattress will be 

simulated to identify how and how much ovalization there 

is. 

The scenarios and the changes in the radial dimensions 

are shown in Table 8. 

Pipe length (m) 40 40 40 80 

Mattress Length (m) 5 5 5 5 

Mattress Quantity 6 4 2 2 

Max Vert. Diameter (m) 0.9125 0.9125 0.9127 0.9127 

Max Hor. Diameter (m) 0.9146 0.9146 0.9146 0.9146 

Ovality 0.0023 0.0023 0.0021 0.0021 

Ovality (%) 0.23% 0.23% 0.21% 0.21% 

Pipe length (m) 80 80 80 80 

Mattress Length (m) 5 5 5 5 

Mattress Quantity 14 12 10 8 

Max Vert. Diameter (m) 0.9126 0.9126 0.9126 0.9126 

Max Hor. Diameter (m) 0.9146 0.9146 0.9146 0.9146 

Ovality 0.0023 0.0022 0.0022 0.0022 

Ovality (%) 0.23% 0.22% 0.22% 0.22% 

Table 8 - Scenarios and ovalization of pipe 

The output selected are the directional deformation in 

X- and Y-axis only for the pipe. The results are exported 

as text file for treatment. Table 9 summarizes the results 

for the deformation location. 

 

Pipe length 40 40 40 80 80 80 

Mattress Length  5 5 5 5 5 5 

Mattress Quantity 6 4 2 2 14 12 

Site of Mattress 
Edge from CL  

15 10 5 5 35 30 

Site of max 
Deform. from CL  

6.3 0.0 0.2 0.1 26.2 21.4 

Pipe length 80 80 80 80 80 - 

Mattress Length  5 5 17 3.7 1.9 - 

Mattress Quantity 10 8 2 14 10 - 

Site of Mattress 
Edge from CL 

25 20 23 25.2 11.5 - 

Site of max 
Deform. from CL  

16.1 11.3 14.4 16.4 2.0 - 

Table 9 - Scenarios and deformation of pipe section (lengths 

and positions in meters) 

4 DISCUSSION 

4.1 Buckling Response 

As shown in Table 6 and Table 7, the load multiplier of 15 

different scenarios were compared. The standard cement 

mattresses show almost no effect on the buckling load of a 

pipeline. Table 10 compares the extreme values of load 

multiplier between different size mattress compared with 

no mattress and even the greatest difference does not reach 

1%. 

Figure 4 - Pipe section with vertical mattress load 



7 

 

 

Mode number Maximum Minimum Difference (%) 

1 0.185 0.18459 -0.22 

2 0.37714 0.37693 -0.06 

3 0.73576 0.73503 -0.10 

4 1.1088 1.1077 -0.10 

5 1.6446 1.642 -0.16 

6 2.1919 2.1868 -0.23 

Table 10 - Buckling load multiplier differences 

Pipelines are huge and complex systems made of steel. 

Its inertia is so large that cement will not prevent a failure 

that can jeopardize the environment and multi-million-dol-

lar investment. There are others useful ways to avoid buck-

ling that should be deeply investigated by the designers. 

4.2 Ovalization Response 

After all scenarios have been run and their outputs saved, 

they were put together and the following observations can 

be made: 
 The greatest vertical deformation is aligned with 

the greatest horizontal deformation, 

 This greatest deformation occurs about nine me-

ters behind mattress’ edges, 

 When the mattress is too short, it will affect the 

other edge, so the deformation will not follow the 

previous point, 

 The deformation is linear. 

The ovalization assessed corresponds to 0.23% on av-

erage, which is about two millimeters for a 914.4 mm 

pipes. 

If combined with the standard value of 0.5% of DNV, 

the ovalization can reach 0.75% and can reduce the col-

lapse pressure in 3%. In ENI’s study [18] the acceptable 

ovalization can be 1.5%, so the ovalization can reach 

1.75%, meaning a 15 millimeters difference in the diame-

ters and 13% variation of the collapse pressure! 

Figure 6 shows the results of Table 9 without the short-

est mattress sizes and present a good correlation for mat-

tress position and mattress maximum deformation. 

As said before, the point of highest deformation (xmax) 

is around nine meters from the end of the mattress (xmatt). 

Odd mattress lengths such as 17, 3.7 and 1.9 meters were 

also tested. Finally, the location can be determined by re-

gression analysis. The location of highest deformation is 

calculated and can be determined by the following equa-

tion: 

 

 x𝑚𝑎𝑥 = 1.03x𝑚𝑎𝑡𝑡 − 9.74 (13) 

 

Figure 5 shows the convention to find the maximum 

ovalization of the pipe from the position of the mattress. 

 

5 CONCLUSIONS 

In this thesis, the effect of concrete mattresses interacting 

with a pipe section was studied. It was focused in rigid 

pipelines, which are common to gas and oil transport in 

low pressure across seas or between an oil field and a re-

finery. This kind of piping is fundamental since it generally 

contains already processed products and the flow can be 

continuous for months. The pipe dimensions were used to 

develop a finite element model for numerical analysis us-

ing ANSYS. 

Data regarding mattress characteristics were gathered 

and an average mattress was created and then applied on 

the pipe. Several types of responses between mattress, steel 

pipe and the soil underneath were studied. 

It was found that the pipe buckling load does not change 

in a significant way in relation to the mattress. Different 

lengths and loads of mattress were tested and the buckling 

load kept unchanged. 

The pipe ovalization due to the mattress is 0.23%, in the 

worst scenario. This deformation occurs around nine me-

ters behind the mattress’ edge. Visual inspections by ROV 

or divers should be focused on these areas since the 

ovalization reduces the collapse resistance of the pipe.  

 

y = 1.0362x - 9.7451
R² = 0.9985
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Figure 5 – Convention for pipeline deformation from cen-

ter line 
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6 SUGGESTIONS FOR FURTHER STUDIES 

In future works this project can be enhanced with better 

models for pipe and mattress and other kinds of interac-

tions between them such as temperature gradients, waves, 

spans, different mattress materials, etc. The effect of the 

ovalization is pipes with different D/t can also be studied. 

Environment conditions can be better applied using spe-

cific software like Orcaflex and Deeplines that account for 

waves, currents, seabed characteristics, etc. In Pipesim the 

flow of a well can be simulated with all related equipment 

and fluid properties. 
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