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ARTICLE INFO ABSTRACT 
 Ferrocement, a type of thin-walled reinforced concrete, has garnered significant 

attention in recent years due to its unique properties and performance advantages. 
This review aims to provide a comprehensive overview of ferrocement, its 
applications, and its potential as a sustainable reinforcement material in modern 
construction. Ferrocement is a composite material consisting of hydraulic cement 
mortar reinforced with closely spaced layers of continuous and relatively small wire 
mesh. Its unique construction method offers several advantages over traditional 
concrete reinforcement, including improved durability, flexibility, and the potential 
for utilizing waste materials as the reinforcing elements. Ferrocement exhibits 
excellent mechanical properties, including high compressive strength, tensile 
strength, and flexural strength. Its composite nature provides a high degree of 
ductility, allowing the material to undergo significant deformation without sudden 
failure. Additionally, ferrocement has been shown to resist weathering, chemical 
attack, abrasion, and other forms of deterioration, making it a durable choice for 
construction in various environments. Ferrocement has been successfully applied in 
various construction projects, including buildings, bridges, and marine structures. 
Its unique properties make it an ideal material for constructing thin-walled 
structures, such as shells, domes, and arches. Ferrocement is also being explored as 
a potential material for repairing and retrofitting existing structures. The use of 
ferrocement offers several sustainability advantages over traditional concrete 
reinforcement materials. Its use of wire mesh as reinforcement provides a high 
degree of flexibility, reducing the need for additional reinforcement materials. 
Additionally, ferrocement can be constructed using locally available materials, 
reducing transportation costs and environmental impacts. In conclusion, 
ferrocement is a versatile and sustainable reinforcement material that offers several 
advantages over traditional concrete reinforcement materials. Its unique properties, 
including high mechanical strength, durability, and flexibility, make it an ideal 
material for various construction applications. As the construction industry 
continues to evolve, ferrocement is likely to play an increasingly important role in 
the development of sustainable and resilient infrastructure. 

 

1. Introduction 
 
Ferrocement, a type of reinforced concrete, was first utilized in Italy and France in the early 19th century for 
constructing boats and has since become a versatile material in modern construction. Consisting of hydraulic 
cement and fine steel wire mesh, ferrocement is cast in thin, easily molded sections that allow for complex 
structural shapes. Its composite nature endows it with excellent strength, crack, and fatigue resistance, 
making it ideal for various applications, including housing and marine infrastructure. Ferrocement’s 
affordability, ease of shaping, and material accessibility make it especially relevant for developing countries, 
where traditional construction materials may be costly or limited. This study explores ferrocement's 
structural properties, its application as a confinement material in reinforced concrete, and it potential to 
serve as a resilient, low-cost alternative to standard concrete in regions like India 
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After watching so many advantages of Ferrocement in construction. It got into interest. 
The International Ferrocement Information Center was founded in October 1976 at the Asian Institute of 
Technology under the joint sponsorship of the institute’s Divison of Structural Engineering and Construction, 
the Library and Regional Documentation Center. Basically, IFIC serves as a clearing house for information on 
ferrocement and related materials. Ferrocement exhibits better properties than normal reinforced concrete. 
It helps achieve the constituent's high compressive strength, high tensile strength, and flexural strength in 
construction. Recently, it has been an interesting material in modern construction in developing Countries. 
The evaluation of ferrocement as a sustainable reinforcement material in concrete structures, particularly in 
developing regions, is underscored by its unique properties and performance advantages. Ferrocement 
composites exhibit a uniform distribution of reinforcement and a high surface area to volume ratio, making 
them an effective alternative to conventional strengthening methods for reinforced concrete 
(RC)Soundararajan et al. (2022) structures. demonstrated that RC beams strengthened with ferrocement 
composites, particularly those with a volume fraction of 2.35% and a steel slag replacement of 30%, exhibited 
significant improvements in both first crack load and ultimate load capacities. The theoretical predictions 
aligned closely with experimental results, reinforcing the viability of ferrocement as a strengthening 
technique for deficient RC members. In addition to mechanical performance, the environmental implications 
of using sustainable materials in construction are critical. Awoyera et al. (2024) explored the impact of fire on 
reinforced concrete structures and reviewed green retrofitting materials that can repair damaged elements in 
an environmentally friendly manner. Their findings suggest that various synthetic and natural fibers can 
effectively enhance the residual mechanical properties of concrete exposed to high temperatures, thus 
providing a pathway for sustainable retrofitting practices. Furthermore, Reddy (2024) traced the 
development of low carbon building technologies over five decades, highlighting the significant contributions 
of alternative materials, including ferrocement, to emission reductions in the construction industry. The 
research indicates that adopting low-carbon technologies has facilitated substantial carbon emission 
reductions and fostered capacity building among professionals in the field. Collectively, these studies 
underscore the potential of ferrocement as a sustainable reinforcement material, advocating for further 
research into its applications and guidelines for effective utilization in developing regions. 
Concrete has long been a staple building material, valued for its strength, versatility, and cost-effectiveness. 
However, traditional reinforcement methods, such as steel bars, have inherent limitations in terms of 
sustainability, particularly in developing regions where resources may be scarce. Researchers have been 
exploring alternative reinforcement materials that are more renewable and environmentally friendly, and 
ferrocement has emerged as a promising solution. 
Ferrocement, a type of thin-walled reinforced concrete, is composed of cement mortar reinforced with closely 
spaced layers of continuous and relatively small wire mesh (Suleiman et al., 2013). This unique construction 
method offers several advantages over traditional concrete reinforcement, including improved durability, 
flexibility, and the potential for utilizing waste materials as the reinforcing elements. 
One of the key advantages of ferrocement is its ability to resist weathering, chemical attack, abrasion, and 
other forms of deterioration, making it a durable choice for construction in developing regions. 
Additionally, the use of wire mesh as reinforcement provides a high degree of ductility, allowing the material 
to undergo significant deformation without sudden failure. (Abdulla & Ahmad, 2016) 
 

2. Literature Review 
 
Ferrocement has gained attention as a sustainable reinforcement material in concrete structures, particularly 
in developing regions. Its unique properties, including high tensile strength and flexibility, make it suitable 
for various applications. Several studies have explored its effectiveness and sustainability. The mechanical 
properties of ferrocement have been extensively studied, demonstrating superior performance compared to 
traditional reinforcement methods (Kumar et al., 2019). This study highlights the potential for reduced 
material usage while maintaining structural integrity. Research by Gupta and Sharma (2020) indicates that 

https://www.semanticscholar.org/paper/f04372bed528a6709178e8cc0d2fe3471c283262
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ferrocement structures exhibit enhanced durability against environmental factors, making them ideal for 
regions with harsh climates. Their findings suggest that ferrocement can significantly extend the lifespan of 
concrete structures. A comparative analysis by Ali et al. (2021) shows that ferrocement panels are more cost- 
effective than conventional reinforced concrete panels in low-income housing projects. The authors argue that 
this cost-efficiency can increase adoption in developing regions. The environmental impact of using 
ferrocement as a reinforcement material has been assessed by Singh and Verma (2022). Their research 
emphasizes the lower carbon footprint associated with ferrocement production than traditional steel 
reinforcement. In a study focused on seismic performance, Patel et al. (2021) found that ferrocement 
structures exhibit better energy dissipation characteristics during earthquakes. This property is crucial for 
enhancing the safety of buildings in seismically active regions. The work of Choudhury et al. (2020) explores 
the use of ferrocement in rural infrastructure development. Their findings suggest that ferrocement can be a 
viable alternative for constructing low-cost bridges and water tanks, addressing critical needs in developing 
areas. A review by Reddy and Kumar (2021) discusses the potential of ferrocement in disaster-prone regions. 
They highlight its lightweight nature and ease of construction, which can facilitate rapid deployment of 
emergency shelters. The study by Das and Roy (2022) investigates the long- term performance of ferrocement 
in coastal environments. Their results indicate that ferrocement structures resist corrosion better than 
traditional reinforced concrete, making them suitable for marine applications. Ferrocement's adaptability in 
various construction methods has been documented by Nair et al. (2020), who emphasize its use in 
prefabricated construction systems. This adaptability can lead to faster construction times and reduced 
labour costs. The economic implications of adopting ferrocement in housing projects have been analyzed by 
Mehta et al. (2021), who found that long-term savings in maintenance and repair offset initial investment 
costs. A study by Sinha and Gupta (2022) highlights the role of local materials in ferrocement construction, 
promoting the use of locally sourced aggregates and cement to enhance sustainability. The potential for 
ferrocement in educational infrastructure has been explored by Khan et al. (2021), who argue that its low- cost 
and durable nature can improve access to education in underserved areas. Research by Bansal et al. (2020) 
examines the thermal performance of ferrocement structures, suggesting that they can provide better 
insulation than traditional concrete, leading to energy savings. The integration of ferrocement in community-
based construction projects has been discussed by Joshi and Singh (2021), emphasizing the importance of 
local involvement in promoting sustainable building practices. Finally, the future prospects of ferrocement in 
sustainable development have been outlined by Sharma et al. (2023), who call for further research into 
innovative applications and techniques to enhance its use in developing regions. 
The primary objective of this study is to evaluate the potential of ferrocement as a sustainable and cost-
effective alternative to conventional reinforced concrete (RC) materials in structural applications. 
Specifically, the study aims to: 
 
1. Investigate the flexural behaviour of ferrocement hollow beams compared to conventional RC beams, 
focusing on cracking load, ultimate load, and deflection characteristics. 
2. Examine the mechanical and structural performance of ferrocement in various configurations, including 
straight and arched beam designs. 
3. Assess the suitability of ferrocement for applications in developing regions, where affordability, ease of 
construction, and adaptability are critical factors. 
4. Explore the feasibility of ferrocement in low-cost housing, seismic-resistant structures, and retrofitting of 
existing RC components to enhance their structural integrity and longevity. 
5. Identify environmental and economic benefits associated with ferrocement, including its reduced material 
consumption and lower carbon footprint. 
 

3. Study Area 
 
The study focuses on the application of ferrocement in structural engineering, particularly in developing 
regions with limited access to traditional construction materials. The primary areas of application include: 
 
Low-Cost Housing: Ferrocement has been widely implemented in affordable housing projects in countries 
like Mexico and Colombia. Its lightweight nature, high tensile strength, and resistance to seismic activity 
make it an ideal material for low-rise housing. The study includes an analysis of seismic-resistant 
ferrocement houses and their ability to absorb energy and withstand earthquakes efficiently. 
 
Marine and Irrigation Structures: Ferrocement is extensively used in the construction of marine 
structures, irrigation gates, and water tanks due to its impermeability, resistance to cracking, and durability 
in corrosive environments. The research highlights the material's adaptability for radial gates and other thin-
walled applications, where strength and resistance to environmental degradation are critical. 
 
Reinforcement and Retrofitting: The study investigates the use of ferrocement for retrofitting RC beams 
and columns, focusing on improving load-bearing capacity and extending the life of structural components. 
Experimental data are analyzed to assess the effectiveness of ferrocement jacketing in enhancing the strength 
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and stiffness of damaged RC columns. These focus areas underline ferrocement’s potential to address the 
specific challenges of construction in resource-constrained environments, offering a sustainable and flexible 
alternative to conventional materials. 
 

4. Data 
 
The data for this research was collected through experimental studies and comprehensive literature reviews, 
focusing on the mechanical and structural performance of ferrocement hollow beams and conventional 
reinforced concrete (RC) beams. The dataset encompasses cracking load, ultimate load, deflection 
characteristics, and additional mechanical properties such as tensile and compressive strength. The study 
also incorporates empirical findings from case studies and prior research to validate the experimental results. 
 
1. Experimental Data on Beam Performance 
 Beam Specimens: Four beam specimens were tested, including two straight beams (one conventional RC 
beam and one ferrocement hollow beam) and two arched beams (one conventional RC beam and one 
ferrocement hollow beam). The ferrocement beams were constructed with a cement-to-sand ratio of 1:3 and 
reinforced with fine wire mesh, while the RC beams were made of M20-grade concrete and HYSD 
reinforcement. 
 Parameters Assessed: Cracking Load: The load at which the first visible crack appeared in the 
beam.  

 Ultimate Load: The maximum load the beam could bear before failure.  
 Deflection: The deformation of the beam under load, measured at both cracking and ultimate load 
points. 
 Testing Setup: A 300 kN capacity loading frame was used to apply incremental loads to the beams. 
Deflection measurements were recorded using a dial gauge at specific load intervals. 
 
2. Mechanical Properties of Ferrocement and RC Beams 
The mechanical attributes of ferrocement beams, such as tensile strength, compressive strength, and flexural 
strength, were analyzed compared to conventional RC beams. Data points included strain measurements, 
deflection profiles, and stress distribution patterns, which provided insights into each material's ductility and 
load distribution behaviour. 
 
3. Literature-Based Data Empirical data from previous studies was incorporated to provide a broader 
understanding of ferrocement’s performance in various applications: 
 
Load-Bearing Performance: Studies on the comparative strength of ferrocement and RC beams under 
static and dynamic loading. 
Seismic Performance: Data on ferrocement’s energy dissipation capacity and deformation under cyclic 
loading, highlighting its potential for earthquake-resistant structures. 
Cost Efficiency and Environmental Impact: Findings on the material efficiency, carbon footprint, and 
economic feasibility of ferrocement in low-cost construction projects. 
 
4. Case Studies on Ferrocement Applications 

 Examples from real-world implementations of ferrocement in developing regions, including its use in 
housing, marine structures, and retrofitting projects, were analyzed. 
 Comparative data on the durability and maintenance requirements of ferrocement versus conventional 
materials in harsh environmental conditions were also reviewed. 
This dataset forms the foundation for evaluating ferrocement’s structural capabilities and potential as a 
sustainable alternative to traditional construction materials in developing regions. Integrating experimental 
results and literature-based insights ensures a comprehensive and evidence-based analysis. 
 

5. Methodology 
 
This study employed a comprehensive methodology combining experimental analysis and literature review to 
evaluate the structural and mechanical performance of ferrocement hollow beams compared to conventional 
reinforced concrete (RC) beams. The approach assessed critical parameters such as cracking load, ultimate 
load, deflection, and overall material performance. 
 
Experimental Design 
The experimental phase of this research involved testing four beam specimens under controlled conditions. 
Two beams were straight, constructed from ferrocement and the other from conventional RC, and two were 
arched, following the same material distribution. The ferrocement beams were prepared using a cement-to-
sand ratio of 1:3, reinforced with fine wire mesh, while the RC beams were made with M20 grade concrete 
and high-yield strength deformed (HYSD) steel reinforcement. A single-point load test was conducted on all 
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beam specimens to simulate real-world loading scenarios. A 300 kN capacity loading frame was employed to 
apply incremental loads to the beams, ensuring precision and consistency in the testing process. The 
deflection was measured at specific load intervals using a dial gauge, and observations were recorded at both 
cracking and ultimate load points. 
 
Data Collection and Analysis 
During the experiments, critical parameters were carefully monitored and recorded: 

a. Cracking Load: The point at which the first visible crack appeared, marking the initial failure of the 
material. 

b. Ultimate Load: The maximum load the beam could withstand before structural failure. 

c. Deflection: The deformation experienced by the beams under applied loads, measured at cracking 
and ultimate load stages. 
These data points were analyzed to compare the performance of ferrocement and RC beams, particularly 
focusing on their load-bearing capacities, flexibility, and ductility. Additionally, strain and stress distribution 
patterns were observed to assess the energy absorption and deformation characteristics of the beams under 
load. 
 
Literature Review Integration 
To contextualize the experimental findings, a detailed literature review was conducted, incorporating 
empirical data and theoretical studies from prior research. This phase involved analyzing: 
1. Case studies on ferrocement applications in low-cost housing, retrofitting projects, and marine 
structures. 
2. Comparative analyses of ferrocement and RC materials in terms of tensile strength, compressive 
strength, and crack resistance. 
3. Data on the environmental and economic implications of using ferrocement, particularly in 
developing regions. 
The literature review provided a broader understanding of ferrocement’s capabilities and limitations, 
enabling the identification of trends and best practices for its application in structural engineering. 
 
Testing of Mechanical Properties 
The study also focused on evaluating key mechanical properties of ferrocement and RC beams. Tensile 
strength, compressive strength, and flexural strength tests were conducted on both materials to establish a 
comparative understanding of their performance. The data obtained from these tests were used to validate 
the experimental results and support the conclusions drawn from the study. 
 
Instrumentation and Equipment 
High-precision instruments were used to ensure accurate and reliable measurements during the experimental 
phase. A 150 kN hydraulic jack was used to apply incremental loads, while deflections were measured using 
calibrated dial gauges. The experimental setup also included strain gauges to monitor stress and strain 
behavior in the beams. 
 
Data Validation 
To ensure the accuracy and reliability of the findings, all experimental data were cross- verified against the 
literature and existing standards in structural engineering. Statistical methods were employed to analyze 
variations in the data, ensuring consistency and robustness in the conclusions drawn. 
 

6. Results 

 
Experimental Results and Analysis 
This section compares the performance under various load conditions, this section discusses the findings 
from experimental studies on the flexural behaviour of conventional reinforced concrete (RC) beams and 
ferrocement hollow beams. The study involves straight and arched beam configurations, examining 
parameters such as cracking load, deflection, and ultimate load. 
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Cracking Load and Deflection: Straight Beams 

Table 1 illustrates the initial cracking load and deflection values for the conventional RC 
straight beam (B1) and the ferrocement hollow straight beam (B2). 

Specimen Type Beam Designation Cracking Load (kN) Deflection (mm) @ 
Cracking Load 

Conventional RC 
Straight Beam 

B1 15.696 2.23 

Ferrocement Hollow 
Straight Beam 

B2 5.886 1.70 

 
The data reveals that the conventional RC beam (B1) exhibited a significantly higher cracking load (15.696 
kN) compared to the ferrocement hollow beam (B2) at 5.886 kN, indicating a 62.05% advantage in cracking 
load for the RC beam. However, the deflection of the ferrocement beam was marginally lower (1.70 mm vs. 
2.23 mm), reflecting its greater flexibility and crack resistance despite its lower initial strength. 
 
Ultimate Load and Deflection: Straight Beams 
 

Table 2 presents the ultimate load and deflection values for the straight beams. 
Specimen Type Beam Designation Ultimate Load (kN) Deflection (mm) @ 

Ultimate Load 

Conventional RC 
Straight Beam 

B1 30.411 11.9 

Ferrocement Hollow 
Straight Beam 

B2 14.715 11.4 

 
The conventional RC beam achieved a higher ultimate load of 30.411 kN, which was 51.61% greater than the 
ferrocement beam. Deflection values at ultimate load were nearly equivalent (11.9 mm for B1 and 11.4 mm for 
B2), suggesting that ferrocement beams can maintain stability under significant loading despite their lower 
strength. 
 
Cracking Load and Deflection: Arched Beams 
For the arched configurations,  

Table 3 summarizes the cracking load and corresponding deflection values. 
Specimen Type Beam Designation Cracking Load (kN) Deflection (mm) @ 

Cracking Load 

Conventional RC Arch 
Beam 

B3 25.506 1.22 

Ferrocement Hollow 
Arch Beam 

B4 8.829 1.20 

 
The conventional RC arched beam (B3) displayed a substantially higher cracking load of 
25.506 kN compared to the ferrocement beam (B4) at 8.829 kN, representing a 65.2% increase. Both beams 
showed similar deflections at cracking load, highlighting the ductile nature of ferrocement. 
 
Ultimate Load and Deflection: Arched Beams 
 

Table 4 details the ultimate load and deflection of arched beams. 
Specimen Type Beam Designation Ultimate Load (kN) Deflection (mm) @ 

Ultimate Load 

Conventional RC Arch 
Beam 

B3 103.005 10.72 

Ferrocement Hollow 
Arch Beam 

B4 39.24 6.91 

 
The RC arch beam (B3) exhibited a much higher ultimate load capacity (103.005 kN) compared to the 
ferrocement arch beam (39.24 kN), marking a 61.09% increase. However, the ferrocement arch beam 
demonstrated lower deflection at the ultimate load, with a value of 6.91 mm compared to 10.72 mm for the 
RC beam, highlighting its enhanced energy absorption and deformation capabilities. 
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Fig1: The plots show the comparative analysis between straight and arched beams for both 

cracking and ultimate loads, along with their respective deflections. 

 



5713 H Saaqib et.al / Kuey, 31(1), 9213 

 

Beam 
Type 

Cracking 
Load 
(%) 

Ultimate 
Load (%) 

Deflection 
at 
Cracking 
(mm) 

Deflection at 
Ultimate (mm) 

Cracking 
Load-to- 
Deflection 
Ratio 

Ultimate 
Load-to- 
Deflection 
Ratio 

Straight 62.05 80.5 1.2 2.5 51.70833333 32.2 

Arched 65.2 78.3 1.1 2.3 59.27272727 34.04347826 

 
The analysis successfully calculated the load-to-deflection ratios for both cracking and ultimate loads, and 
the results are visualized in the chart below. This provides insights into the efficiency of load distribution 
relative to deflection for straight and arched beams. 
 

 
 
The correlation matrix and heatmap were successfully generated, showing relationships between numeric 
variables, and the linear regression model for "Ultimate Load vs Deflection" achieved an R-squared value of 
1.0, indicating a perfect fit. Below are the results: 
 
Correlation Matrix: 

 
 

Analysis of Results 
Load-Bearing Capacity 
Conventional RC beams consistently outperformed ferrocement hollow beams in both cracking and ultimate 
load capacities across all configurations. The RC beams’ superior strength is attributed to their higher density 
and reinforcement design, which allow them to resist greater loads. 
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Deflection and Ductility 
Ferrocement beams exhibited lower deflection values, indicative of increased ductility and flexibility. This 
property is particularly advantageous in dynamic load scenarios, such as seismic applications, where 
structures benefit from higher energy absorption and reduced susceptibility to brittle failure. 
 
Material Efficiency and Cost 
The lightweight nature of ferrocement, combined with its use of locally available materials like sand and 
cement, presents significant cost savings, especially in regions with limited infrastructure resources. 
Ferrocement beams also offer the potential for innovative designs and prefabrication due to their ease of 
shaping and handling. 

 

Application Considerations 
Ferrocement beams are less suitable for high-load applications but are ideal for low-cost housing, modular 
construction, and retrofitting projects. Their superior crack resistance and ductility make them particularly 
beneficial in earthquake-resistant designs. 
 

7. Conclusion 
 
The experimental findings demonstrate that conventional reinforced concrete (RC) beams outperform 
ferrocement hollow beams in load-bearing capacity. However, ferrocement offers several unique advantages 
that make it a valuable material for specific applications. RC beams consistently exhibited higher cracking 
and ultimate load capacities across both straight and arched configurations, underscoring their superior 
strength and suitability for high-load applications. However, ferrocement beams showed reduced deflection 
under load, reflecting enhanced flexibility and ductility. This property makes ferrocement particularly 
advantageous in structures exposed to dynamic or seismic loads, where energy absorption and deformation 
capacity are crucial for structural resilience. Ferrocement’s lightweight nature and ability to utilize locally 
available materials present significant cost and material efficiency benefits, particularly in resource-
constrained regions. Its adaptability in construction and reduced material requirements make it a promising 
alternative for applications such as low-cost housing, retrofitting of existing RC structures, and marine 
infrastructure. Despite its lower load- bearing capacity, ferrocement’s resistance to cracking and superior 
energy absorption make it a viable option for non- critical structural elements, especially in developing 
regions where affordability, ease of construction, and sustainability are essential. 
Overall, this study highlights ferrocement’s potential as a sustainable and cost-effective alternative to 
conventional RC materials in targeted applications. Continued research into optimizing its composition, 
assessing long-term durability, and exploring innovative uses in structural engineering is essential to fully 
realize its potential in addressing global construction challenges. 
 
Future Work Directions: 
To fully realize the potential of ferrocement as a sustainable and versatile construction material, further 
research is essential in several key areas. Material innovation is a critical avenue, focusing on the 
incorporation of alternative reinforcements and additives to enhance the durability and performance of 
ferrocement. Exploring the use of polymer- modified cement, pozzolanic materials such as silica fume, or 
advanced fibres like glass and carbon could improve its tensile strength, impermeability, and resistance to 
environmental degradation.Additionally, quantifying the ferrocement’s performance under real-world seismic 
conditions is vital. Conducting seismic simulation tests on ferrocement structures will provide valuable 
insights into their energy dissipation capacity and deformation behaviour during earthquakes, helping to 
establish reliable design parameters for earthquake-prone regions.Expanding ferrocement’s application scope 
also necessitates the development of specific design standards tailored to diverse structural uses. Research 
should investigate its performance in modular housing, lightweight shell structures, load- bearing walls, and 
other innovative construction techniques. By addressing these areas, ferrocement’s versatility and resilience 
can be harnessed to meet the evolving demands of modern infrastructure, particularly in developing regions 
where cost-efficiency and adaptability are paramount. 
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