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Technical feasibility and 
limitation of using extruded 
concrete pipes for lining oil wells
Abstract

The continuous advancement in new materials and manufacturing processes 
enables innovative applications to emerge daily in the oil and gas sector. Among these, 
concrete extrusion technology, enhanced by plasticizer addition and reduced porosity, 
offers improved mechanical properties compared to conventional cementitious 
components. This article evaluates the technical feasibility of replacing high-alloy steel 
pipes with extruded concrete pipes for oil well casing. Using finite element analysis de-
veloped in Ansys®, four critical scenarios were evaluated: (i) radial tensile stresses asso-
ciated with gas bubbles, ii) radial compressive stresses linked to pore pressure and for-
mation fracturing, iii) axial tensile stresses due to string movement, and iv) axial tensile 
stresses related to casing string unlocking. Results indicate that extruded concrete 
pipes can safely withstand differential radial pressures of up to 1,000 psi, provided 
a minimum wall thickness of 100 mm is adopted. However, axial load simulations 
revealed critical limitations: maximum tensile stresses reached 96.6 MPa during lifting 
operations and 193.1 MPa during unlocking, both far exceeding the material’s tensile 
strength of 30 MPa. These findings demonstrate that, despite the material’s adequate 
performance under radial loading, extruded concrete pipes are unsuitable for axial 
loading conditions inherent to casing operations. Further research is recommended 
on hybrid or fiber-reinforced alternatives to enhance tensile resistance and extend the 
potential of concrete extrusion to downhole applications.
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Since ancient times, humans have 
drilled wells into the Earth's crust. These 
wells were typically unstable, and the need 
for casing was quickly recognized. This lin-
ing has evolved from rudimentary masonry 
used in ancient times, through wooden 
protections and cast-iron pipes, to today's 
special steel pipe coating (Thomas, 2001).

When drilling begins, there is al-
ready a specified casing position based on 
predicted variations in pore formation and 
fracture pressures, indicating risks of differ-
ential sticking, kicks, or wellbore collapse.

According to Iramina (2016), casing 
strings consist of approximately 10-meter 
pipe sections that are individually con-
nected through threaded joints during 
the downhole installation process, using 
specialized handling equipment. Each of 
these pipes exhibits specific properties 
(tensile strength, internal pressure resis-
tance, collapse resistance) determined by 
their diameter, steel composition, and wall 
thickness. Casing represents one of the 
most significant costs in oil well drilling 

operations (15-20%).
 The structure must be watertight, 

have adequate strength and dimensions 
for future loads and activities, feature easy 
connections, and maintain minimal thick-
ness. Currently, the American Petroleum 
Institute (API) and the International Or-
ganization for Standardization (ISO) have 
published numerous guidelines outlining 
calculation methods for determining key 
characteristics and parameters of well 
casing pipes. The works of Roque (1992) 
and Costa (2015):

•	 API 5CT: This standard estab-
lishes specifications for casing pipes and 
fittings, encompassing outer diameters, 
wall thickness, and mechanical properties.

•	 API 5B: Focuses on the threads 
of connections, defining standards to 
ensure the integrity and safety of joints 
between pipes.

•	 API 5C2: It deals with the per-
formance of the casing tubes, addressing 
aspects, such as resistance to collapse and 
internal pressure (burst), which are fun-

damental to guarantee structural safety 
during operation.

•	 API ISO 10400: This standard is 
used to calculate the mechanical strength 
of casing strings, considering axial loads 
and internal pressures. It is essential to 
ensure that the columns withstand the 
expected operating conditions.

According to the Brazilian Oil and 
Gas Institute (IBP) (2022), well casings 
must be designed based on representative 
scenarios that account for service condi-
tions and expected well loads. These 
scenarios result in hydrostatic, axial, and 
thermal loads, requiring the evaluation of 
pipe and connection resistance to collapse, 
internal pressure, axial forces, and triaxial 
stresses. These calculation methods gener-
ally aim to ensure the structural integrity 
of the casing, and consequently, wellbore 
stability during operations. Iramina 
(2016) goes further; the article cites that 
the main critical situations are related to:

•	 Radial tensile stresses associated 
with a gas bubble from a possible kick;

2. Casing string and critical sizing

The continuous advancement in new 
materials and manufacturing processes 
enables innovative applications to emerge 
daily. This is the case with advances in 
concrete extrusion technology. According 
to Perrot (2019), extrusion is a manu-
facturing process in which a moldable 
material is forced through a die shaped 
according to the desired cross-section. 
This technique is applied to both conven-
tional and fiber-reinforced cement-based 
materials for producing various construc-
tion components, including panels, pipes, 
and roadside curbs. As noted by Perrot 
(2019, apud Benbow, 1993), the extru-
sion of cement-based materials remains 
uncommon and therefore underexplored. 
Furthermore, the available theoretical 
background stems from studies on ceramic 
extrusion, highlighting the need for more 
research focused on cementitious systems. 

One of those initiatives is found in 
Rosseto (2007). In this study, the research 
involved the incorporation of plasticizers 
and innovative processing methods, such as 
concrete extrusion technology that enables 
the reduction of material voids. Since these 
voids act as stress concentration points and 
promote crack formation, their reduction 
leads to enhanced mechanical properties.

Although there are indications of the 

use of concrete as an internal coating for 
corrosion protection in oil casing pipes, 
a challenging application for this type of 
material is its use as a primary element 
for structural purposes. Such an applica-
tion requires materials with high tensile 
and compressive strength, as well as the 
ability to withstand elevated temperatures 
and significant corrosion rates, which 
may limit the applicability of traditional 
extruded concrete. There is no evidence of 
commercial use or field testing of extruded 
concrete pipes in oil wells.

This phase of well construction is 
one of the most expensive, with casing 
costs accounting for over 15% of total 
well expenditure. The replacement of 
high-alloy steels with alternative materi-
als has been highlighted as a potential 
cost-reduction strategy. Non-metallic 
casings and cementitious composites show 
lower raw material and manufacturing 
costs, while also decreasing expenses 
associated with corrosion inhibitors and 
maintenance (Kennedy, 2024). Therefore, 
the economic incentive for research into 
concrete and composite-based solutions 
is not only linked to initial material costs 
but also to the life-cycle savings associated 
with reduced degradation in aggressive 
environments. Additionally, sustainability 

concerns have strengthened the motivation 
for research on non-metallic alternatives, 
considering that concrete-based solutions 
may reduce the environmental footprint 
of well construction compared to steel 
(Cao, 2024; Sayedabadi, 2024). However, 
a thorough technical assessment must be 
conducted in accordance with current 
requirements and regulations.

In this context, the object of this 
research is defined as the evaluation of a 
technical feasibility and limitation analysis 
of the usage of extruded concrete pipes 
as an alternative to traditional high-alloy 
steel pipes in oil well casing applications. 
The focus is placed on determining 
whether the mechanical performance 
of extruded concrete can withstand the 
complex stress conditions typically en-
countered during drilling and completion.

This study employs a quantitative 
approach with applied research methods 
and experimental procedures to exam-
ine the technical feasibility of extruded 
concrete pipes - as described by Rossetto 
(2007) - for oil well casing applications. 
The study evaluates stresses and strains 
generated under four critical scenarios for 
a casing string. The finite element analy-
sis was performed considering typical 
mechanical properties of extruded parts. 

1. Introduction
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The research developed and im-
proved highly productive forming tech-
niques — roll pressing and extrusion — ap-
plied to cementitious materials, achieving 
high mechanical performance and indus-
trial reproducibility. Cementitious plates 
with compressive strength exceeding 200 
MPa and extruded profiles with flexural 
strength from 40 to 150 MPa were ob-
tained, comparable to technical ceramics 
and suitable for structural applications. In 
the field of durability, the study presented 
an innovative impregnation method using 
TEOS (tetraethyl orthosilicate), capable 
of reducing porosity to less than 1% and 
decreasing the chloride ion diffusion coef-

ficient by one order of magnitude, thereby 
significantly enhancing resistance to deg-
radation and corrosion. From a theoretical 
standpoint, the thesis proposed a new 
adhesion model between the hydrated 
phases of Portland cement, based on the 
action of water molecules confined within 
nanometric films, which behave as a glassy 
phase, promoting cohesion. This original 
approach introduces the concept of “adhe-
sion by confined water,” contributing to the 
nanoscopic understanding of the mechani-
cal strength of cementitious materials.

In recent years, further developments 
in cementitious composites for aggres-
sive environments, including oil and gas 

wells, have been reported. Engineered 
Cementitious Composites (ECC) and fiber-
reinforced cements have demonstrated 
enhanced ductility and crack resistance 
under high-pressure, high-temperature 
(HPHT) conditions (Yu et al., 2018; Han 
et al., 2024). Additionally, nano-modified 
cements incorporating silica nanoparticles 
or carbon nanotubes have shown improve-
ments in tensile strength and permeability 
reduction, crucial for resisting chemical 
attack by brines, CO2, and hydrocarbons 
(Li et al., 2020). These advances highlight 
the potential for tailoring extruded cementi-
tious materials to withstand the unique du-
rability demands of downhole applications.

The guidelines established for the 
development of this research led to the 
adoption of an applied study of explana-
tory nature and using experimental pro-

cedures. The control variables, maximum 
stress, and safety factors were analyzed for 
multiple scenarios. According to Prodanov 
(2013), experimental research is primar-

ily employed in technological sciences to 
demonstrate the occurrence of specific 
phenomena and their underlying causes. 
This research design involves the direct 

Figure 1 - Extruded test specimen (Source: Rossetto (2007)).

4. Materials and methods

3. Extruded concretes

Although concrete is one of the 
most widely used materials worldwide 
and its consumption is an indicator of 
a country's development level, research 
and development of new technologies 
and applications continues unabated. A 
substantial portion of this work focuses 
on enhancing the material's mechanical 
properties through improvements in mi-
crostructure and processing techniques.

Two studies stand out in this 
regard. Roy and Gouda (1973) dem-
onstrated that Portland cement pastes 
with water-cement ratios below 0.10 
can achieve compressive strengths up 
to 330 MPa when pressed at 345 MPa 
for 1 hour. 

The second was Birchall, How-
ard and Kendall's (1981) study, which 
demonstrated that maintaining low 

water-to-cement ratios combined with 
water-soluble polymer addition, enabled 
shaping through conventional plastic 
forming techniques, such as pressing 
and extrusion. Finally, Rossetto (2007) 
developed industrial processes enabling 
the production of high-strength concrete 
elements with low water-cement ratios. 
Figure 1 shows one of the profiles de-
scribed in the article of Rossetto (2007).

•	 Compressive radial stress 
associated with pore pressure and 
formation fracturing;

•	 Axial tensile stress associated 
with casing string movement; and

•	 Axial tensile stress associated 
with the unlocking of the casing string.

According to Iramina (2016), it is 
sufficient to design the pipes considering 

scenarios of internal pressure exceeding 
external pressure (uncontrolled gas influx 
through the casing), external pressure 
exceeding internal pressure (pore pressure 
and formation pressure exerting radial 
force on the pipe), and axial loads (occur-
ring during movement, positioning, and 
unlocking situations).

Although several equations ana-

lyze each of these scenarios across dif-
ferent casing sections, they consider the 
elastic-plastic behavior characteristic 
of steel. Since this study examines the 
behavior of an extruded concrete casing 
column (with brittle behavior), the ap-
proach employs finite element analysis 
and material data to determine the 
safety factor.
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It is important to emphasize that 
certain simplifications and assumptions were 
necessary during the modeling process. The 
mechanical behavior of the material was 
considered perfect plastic, and although in 
practice the connections between the casing 

elements behave in a rigid manner, in this 
study the joints were modeled with some 
degree of flexibility. Furthermore, given that 
the casing is geometrically axisymmetric and 
considerably long, the models were simpli-
fied to a 90° sector with a reduced length, as 

illustrated in Figure 2. This methodological 
approach leads to substantial computational 
savings. By optimizing resource allocation, 
the system enhances data processing 
efficiency while reducing execution time 
and computational overhead.

Regarding the developed models, 
convergence tests were conducted for all 

analyzed cases to ensure numerical ac-
curacy and consistency. Mesh refinements 

were evaluated until variations in key results 
fell below an acceptable threshold.

One of the critical scenarios for the 
casing string occurs when the wellbore 
internal pressure exceeds the external 

pressure. Due to the mechanical prop-
erties of cementitious materials, this 
scenario becomes even more critical. It 

can occur when the well becomes un-
stable, causing a gas influx and increase 
internal pressure. Estimates indicate 

Figure 2 - Section of the analyzed casing tube (Source: prepared by the author).

Table 1 - Mechanical properties of the material considered (Source: Rossetto (2007)).

# Properties Value Unit

1 Density 2.500 kg/m3

2 Coefficient of thermal expansion 1,4.10-5 C-1

3 Reference temperature 22 °C

4 Young's modulus 30.000 MPa

5 Poison’s ratio 0,18 []

6 Bulk Modulus 1,56.1010 Pa

7 Shear modulus 1,27.1010 Pa

8 Tensile yield stress 30 MPa

9 Compressive yield stress 100 MPa

10 Compressive rupture stress 100 MPa

11 Tensile rupture stress 30 MPa

5. Models and results

5.1 Analysis of stresses, deformations, and safety factors associated with internal pressure greater than external pressure

manipulation of variables related to the 
object of study. Through this manipula-
tion, researchers can examine cause-and-
effect relationships in specific phenomena.

The four critical scenarios were 
analyzed using numerical models. The 
tool used was the Ansys® analysis soft-
ware, widely used for commercial and 
academic purposes. While tetrahedral 
mesh elements were used, boundary 
conditions varied according to the criti-
cal scenario under analysis. The mesh 

generation was performed in sequential 
stages. A reduced discretization without 
compromising computational perfor-
mance was the goal.

Due to innovative and remark-
able characteristics, the mechanical 
properties considered in the study were 
determined from the results described 
in Rossetto (2007) and are compiled 
in Table 1. The tests carried out for the 
mechanical characterization aimed to 
evaluate the structural performance 

and reproducibility of the composites 
obtained through different forming 
techniques, such as pressing and extru-
sion. The main tests performed were 
compressive strength and three-point 
flexural strength, following technical 
standards (ASTM C-1161), using speci-
mens extracted from the cementitious 
plates and profiles. In addition to the 
strength measurements themselves, the 
Weibull modulus (m) was determined 
for controlling statistical variability.
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Figure 3 - Models developed with thicknesses ranging from 10 to 150 mm and 
their respective boundary conditions. The elements are tetrahedral and the material is characterized 

by perfectly plastic behavior. Internal pressure of 1,500 psi and external pressure of 500 psi. (Source: prepared by the author)

The analysis focused on stress, 
strain, and safety factors for pipes 

with wall thickness ranging from 10 to 
150 mm (10-mm increments). Figure 3 

shows the analyzed sections together 
with the boundary conditions used.

Figures 4 and 5, in turn, sum-
marize the maximum stress values and 
safety factors calculated for each model.  
Figure 4 shows that increasing the wall 

thickness of the concrete pipe significantly 
reduces wall stress. Between 10 and 40 mm, 
the stress decreases from approximately  
150 kPa to around 40 kPa, representing 

a reduction of about 73%. Beyond this 
point, the decrease becomes more gradual, 
stabilizing at approximately 10 kPa for 
thicker walls. This behavior is illustrated 

# Parameters Value

1 Model of material behavior, [] Perfectly plastic

2 Shape of mesh elements, [] Tetrahedral

3 Internal pressure, [psi] 1.500

4 External pressure, [psi] 500

Table 2 - Parameters of the numerical models created (Source: prepared by the author).

that the internal pressure may exceed 
the external pressure by up to 1,000 psi.

The model considers a pipe with 
an internal diameter of 663 mm and 

pressure differentials of 1,000 psi. The 
internal and external pressures were 
1.500 and 500 psi, respectively. Table 2 
summarizes this data. The convergence 

test for the developed models showed 
satisfactory results, with differences 
below 5% between the finest and coars-
est meshes.
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Another critical scenario occurs when 
the external pressure on the casing reaches 
excessive levels. This can occur when wells 
are drilled in highly confined formations. 
Such wells are called high-pressure wells.

Similar to the previous critical case, 

the analyses focused on the stress, strain, 
and safety factors for tubes with thick-
nesses ranging from 10 to 150 mm. This 
similarity allowed the reuse of models 
already developed. Only the values of 
the boundary conditions were modi-

fied. Table 3 describes the parameters 
used to analyze this critical case. As 
the first case, the convergence test for 
the developed models showed satisfac-
tory results, with differences below 5% 
between the finest and coarsest meshes.

Similarly to the previous critical 
condition, the maximum stress values 
and safety factors are shown in Figures 6 
and 7. Similar considerations to the previ-

ous case can be made here. Most of the 
reduction in stress levels occurs at smaller 
thicknesses. The safety factor, however, is 
achieved only at higher thickness values. 

In this case, a minimum thickness of 60 
mm is required for the safety factor of 1.0 
to be reached and more are necessary for 
typical industrial requirements.

5.2 Analysis of stresses and strains under external pressure exceeding internal pressure

Figure 4 - Maximum stress in each model analyzed for internal pressure greater than external pressure. 
(Source: prepared by the author)

Figure 5 - Safety factors in each model analyzed for internal pressure higher than external pressure.
 (Source: prepared by the author)

Table 3 - Parameters of the numerical models created. (Source: prepared by the author).

in Figure 5, which shows the variation of 
the safety factor. It can be observed that a 
safety factor equal to 1.0 is achieved at a 
wall thickness of around 40 mm. Greater 

thickness will be required for industrial 
applications. Therefore, the greatest struc-
tural gains occur at smaller thicknesses, 
while for values above roughly 50 mm, 

additional reductions in stress are mini-
mal, indicating an optimal thickness 
in terms of structural efficiency and 
material economy.

# Parameters Value

1 Model of material behavior, [] Perfectly plastic

2 Shape of mesh elements, [] Tetrahedral

3 Internal pressure, [psi] 5.000

4 External pressure, [psi] 1.000
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5.3 Analysis of stress and deformations associated with the weight of the casing string
The third critical scenario involves 

axial tensile loads during casing string 
lifting operations for well positioning. 
During this process, the pipes are threaded 
together and lowered to the target depth.

In the case of extruded concrete 
casing, the proposed casing string would 
consist of eleven 9-meter-long pipes with 

an internal diameter of 663.7 millimeters 
and a thickness of 100 millimeters, weigh-
ing 5.181 kilograms each. 

To minimize computational effort, 
the analysis focused on the connection 
between the first and second tubes. This 
connection used Buttress thread (as shown 
in Figure 8.a) and due to the geometric 

details of the model, special attention was 
paid to the preparation of the mesh. A finer 
mesh was used near the thread regions, 
as shown in Figure 8.b. The convergence 
test was carried out with special attention 
to this region. The results show satisfac-
tory values, with differences below 5% 
between the finest and coarsest meshes.

The model was analyzed using An-
sys® software, assuming the perfect plas-

ticity behavior of the material. As shown 
in Table 4, which summarizes the main 

analyzed parameters, the mesh consisted of 
3.916.187 elements and 6.122.571 nodes.

Figure 6 - Maximum stress in each model analyzed for external pressure greater than internal pressure. 
(Source: prepared by the author)

Figure 7 - Safety factor in each model analyzed for external pressure greater than internal pressure. 
(Source: prepared by the author)

Figure 8 - Threaded connection region between pipes. (Source: prepared by the author)

(a) (b)
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Figure 10 - Maximum stress acting on the analyzed body. 
(Source: prepared by the author)

Figure 11 - Maximum deformations acting on the analyzed body. 
(Source: prepared by the author)

The stress-strain diagrams de-
tailed the model's response to the ap-

plied loads. Such diagrams are shown in 
Figures 10 and 11. The maximum stress 

value was 96.57 MPa and the deforma-
tion value was 0.42 mm.

Concrete extrusion is a highly inno-
vative manufacturing process that yields 
products with mechanical properties 
significantly superior to those produced 
through conventional methods. However, 
its application as a manufacturing process 
for oil well casing pipes requires further 
developments and studies. 

The identification of critical sce-
narios affecting casing strings supported 

this conclusion. While the computational 
model analysis for external and internal 
pressure conditions enabled determining 
the wall thickness (100 mm) with an 
adequate safety factor, the evaluation of 
the column during lifting and releasing 
operations revealed stresses beyond the 
material's structural capacity.

While the lifting process analysis 
revealed a stress of 96.57 MPa, the un-

locking process analysis indicated peak 
a stress of 193.14 MPa. Both values are 
significantly higher than the material's 
maximum tensile strength of 30 MPa. 
This catastrophic collapse calls for further 
analysis and significant improvements to 
the material. The inclusion of techniques 
involving nanoparticles represents a prom-
ising alternative.

It is worth noting that the weight 

6. Final considerations

As shown in Figure 9, while the 
faces that radially connect the analyzed 
region to the rest of the body were con-

sidered frictionless fixed supports, the 
load was evenly distributed over the 
thread teeth and the face that axially 

connects the analyzed region and the 
rest of the tube.

Figure 9 - Boundary conditions. (Source: prepared by the author)

Table 4 - Parameters of the developed model. (Source: developed by the author)

# Parameters Value

1 Model of material behavior, [] Perfectly plastic

2 Shape of mesh elements, [] Tetrahedral

3 Casing string weight, [kN] 5.100
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analysis of the column considered only 11 
pipes, totaling a column length of 99.0 me-
ters. A value that is only compatible with 
the conductive casing but negligible com-
pared to the hundreds of meters required 
for the intermediate casing of oil wells.

Furthermore, the 100 mm thick-

ness significantly increases the exca-
vated volume and places greater demand 
on the other drilling systems. This fact 
increases the value and raises the risk 
of the well collapsing.

The roughness and permeability 
of the concrete are factors that should 

also be mentioned. Although the values 
are considerably lower than those found 
in other concrete components, these 
characteristics hinder the upward flow 
of well fluids (requiring higher pump-
ing power) and do not ensure perfect 
casing sealing.
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