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Abstract 
The growing environmental concerns associated with Portland cement production have encouraged the 

exploration of sustainable alternatives, among which Ferrock has emerged as a promising material due to its 

ability to sequester carbon dioxide and its enhanced mechanical properties. The present study focuses on the 

comparative evaluation of Ferrock and conventional cement through a combination of numerical simulation 

and literature-based validation. Using ANSYS Workbench 2020 R1, both cube and beam specimens were 

modeled and analyzed under compression and flexural loading conditions. Hexa-dominant meshing was 

employed to ensure accuracy, and appropriate material properties of Ferrock and cement were assigned based 

on published research. The boundary conditions replicated standard testing procedures, with compressive loads 

applied on cube models and two-point flexural loads on beam models. The simulation results for compressive 

strength and flexural behavior of Ferrock demonstrated higher load- bearing capacity compared to cement, 

aligning closely with previously published experimental findings. The maximum compressive strength and 

flexural strength obtained from the simulations showed only a minor percentage deviation (2–8%) from the 

reported literature values, thereby validating the accuracy of the model. The beam analysis highlighted Ferrock’s 

superior crack resistance and higher stress endurance, while the cube analysis reinforced its mechanical 

efficiency under compressive loads. These results confirm Ferrock’s potential as a sustainable and stronger 

alternative to cement, not only reducing environmental impact but also enhancing structural performance. This 

study thus supports the wider adoption of Ferrock in construction applications and demonstrates the 

effectiveness of simulation-based approaches in evaluating green building materials. 
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I. Introduction 
Cement is the most commonly used construction material worldwide, forming the backbone of 

infrastructure development. However, the production of ordinary Portland cement (OPC) is highly energy-

intensive and contributes significantly to greenhouse gas emissions. Studies indicate that manufacturing is 

responsible for approximately 7–8% of global carbon dioxide (CO₂) emissions. With the rapid pace of 

urbanization and the growing demand for construction materials, it has become essential to explore alternative, 

sustainable materials that can reduce environmental impact without compromising on structural performance. 

Ferrock has emerged as a promising substitute for traditional cement-based materials. It is a composite 

material developed from recycled steel dust (an industrial by-product rich in iron) and waste Flyash. Unlike 

cement, which releases CO₂ during production, Ferrock undergoes a unique carbonation process during curing, 

wherein it absorbs CO₂ from the atmosphere and converts it into stable carbonates. This not only strengthens the 

material but also makes it carbon-negative, thus addressing both strength and sustainability challenges. 

Several experimental studies have reported that Ferrock exhibits superior compressive and flexural 

strength compared to conventional cement. Additionally, its high durability, resistance to cracking, and ability to 

absorb carbon dioxide make it an environmentally friendly choice. However, experimental studies are often 

time- consuming and costly. Numerical methods such as finite element analysis (FEA) provide a cost-effective 

way to validate and understand the behaviour of materials like Ferrock under different loading conditions. 

The present study is based on the paper “Evaluation of Ferrock: A Greener Substitute to Cement”. The 

objective of this work is to replicate the beam analysis performed in the paper using ANSYS Workbench 2020 

R1. By modeling, meshing, and applying appropriate loading and boundary conditions, the simulation aims to 

validate the reported experimental values. The results of flexural and compressive strength and stress 
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obtained from ANSYS are compared with the paper’s data to evaluate the accuracy and reliability of the 

numerical approach. 

This comparison helps in confirming the feasibility of Ferrock as a structural material and 

demonstrates the capability of simulation tools in predicting experimental outcomes with acceptable accuracy. 

Experimental studies have demonstrated the mechanical potential of Ferrock, but laboratory testing is 

often time-consuming, costly, and requires sophisticated equipment. Numerical simulations provide an efficient, 

cost-effective, and repeatable alternative for studying the behaviour of materials like Ferrock under different 

conditions. In this context, ANSYS Workbench 2020 R1 plays a critical role by allowing finite element analysis 

(FEA) of Ferrock beams. ANSYS enables the modeling of beam and cube geometry, assignment of material 

properties, application of boundary conditions and loads, and computation of stress, strain, and deformation 

under flexural and compression loads. The software also allows visualization of results through deformation 

plots, stress contours, and strain distributions, helping to identify critical regions of stress concentration and 

evaluate material performance without performing extensive experiments. 

The objective of this study is to validate the results reported in the paper “Evaluation of Ferrock: A 

Greener Substitute to Cement” by simulating a Ferrock beam in ANSYS. The simulation focuses on flexural 

behaviour, compression behaviour maximum stress, and strain, and compares the ANSYS results with the 

experimental values reported in the paper. By doing so, the study demonstrates that ANSYS can reliably 

replicate experimental outcomes, offering a practical approach to study the performance of Ferrock under 

various loading conditions. Furthermore, numerical analysis allows for sensitivity studies, such as varying beam 

dimensions, load magnitudes, or mesh density, which provide additional insights that are difficult to obtain from 

experiments alone. Overall, this study highlights the importance of Ferrock as a sustainable building material 

and emphasizes the role of simulation tools like ANSYS in supporting environmentally friendly construction 

practices. 

 

Role In Ansys In The Study 

Numerical Validation 

• Allows the replication of experimental results reported in the paper “Evaluation of Ferrock: A Greener 

Substitute to Cement”. 

• Provides a cost-effective and time-saving method to validate the mechanical properties of Ferrock beams and 

cubes. 

 

Stress and Strain Analysis 

• Calculates bending stresses, maximum deformation, and strain distribution in the beam under flexural loads 

and cube under compression load. 

• Helps to understand the internal behavior of the material that is difficult to measure experimentally. 

 

Material Behavior Simulation 

• Enables the modeling of Ferrock’s unique properties, such as high flexural strength and CO₂ absorption 

characteristics, in a controlled virtual environment. 

• Supports parametric studies, e.g., changing beam dimensions, cube dimensions mesh density, or load 

magnitude, to study sensitivity. 

 

Design and Optimization Support 

• ANSYS helps identify critical regions of stress concentration. 

• Guides design improvements before actual construction or lab testing. 

 

Visualization and Reporting 

• Generates visual results such as deformation plots, stress contours, and strain distribution diagrams, which 

make it easier to interpret the material behaviour and communicate results effectively. 

 

II. Literature Review 
Vasudevan, S. Kothandaraman, and S. Azhagarsamy, (2013): Reinforced concrete (RC) beams are 

essential structural elements, and understanding their non- linear flexural behavior is critical for safety and 

performance. Vasudevan et al. (2013) studied six RC beams under four-point bending using ANSYS 12.0, 

employing discrete reinforcement modeling, which treats individual reinforcement bars separately to capture 

bond-slip effects and local yielding more accurately. The FEA results, including stress distribution, crack 

propagation, and deflection, were compared with IS 456:2000 codal provisions, showing close agreement and 

validating the method. Graphical visualization using ANSYS APDL provided clear insights into deflected 

shapes, stress-strain variations, and crack patterns, demonstrating the effectiveness of numerical simulations in 
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studying RC beams. This approach reduces the need for extensive physical testing and can guide future research 

and design optimization of RC structures. 

VenkataSudheerBabu and Veeraswamy (2016): conducted an in-depth study on the cup drawing 

process using a 40-ton mechanical press. Their research aimed to analyze the drawing force and associated 

stresses and strains during the process. The study utilized the DEFORM simulation package to model the plastic 

deformation occurring during cup drawing. Additionally, experiments were performed on three materials—mild 

steel, copper, and aluminum—of varying thicknesses. Drawing forces were measured using a piezoelectric load 

cell, and the results were compared with theoretical calculations. The maximum deviation observed between 

experimental and theoretical forces was 41% for copper. The study also found that the maximum stresses and 

strains occurred just above the bottom portion of the cup, with the least values observed at the bottom. These 

findings highlight the importance of accurate modeling and simulation in understanding and optimizing the cup 

drawing process. 

Dai et al. (2018) : introduced an innovative approach to enhancing the serviceability of aging post-

tensioned concrete box beams. Traditional methods often involve external prestressing or reinforcement; 

however, these can be challenging to implement in existing structures without significant modifications. The 

proposed technique utilizes double-layer prestressed steel wire ropes (PSWRs) to externally reinforce the 

concrete beams. This method not only strengthens the beams but also improves their load-carrying capacity and 

serviceability without extensive structural alterations. 

Experimental investigations demonstrated that the application of PSWRs effectively increased the 

ultimate load capacity and reduced deflections under service loads. The study also highlighted the importance of 

proper anchorage and tensioning of the PSWRs to achieve optimal strengthening results. Additionally, the 

method showed promise in enhancing the durability of the beams by mitigating issues such as cracking and 

corrosion. 

This strengthening technique offers a practical solution for rehabilitating and extending the service life 

of existing post-tensioned concrete box beams, particularly in scenarios where traditional methods may be 

impractical or cost-prohibitive. 

Quanquan Hu and Guangxiu Fang Recycled concrete blocks (RCBs) offer sustainable construction by 

reusing demolition waste. Adding coal gangue (CG), a mining by- product, can partially replace natural 

aggregates, improving bonding and compressive strength up to an optimal content (usually ~15%). However, 

excessive CG reduces strength. 

Plant fibers (e.g., jute, PVA, basalt) enhance tensile and flexural strength by bridging cracks and 

increasing ductility. Optimal fiber content improves durability and crack resistance. Combining CG and fibers 

shows synergistic effects, improving mechanical properties. 

The microstructure, especially the interfacial transition zone (ITZ), is crucial; fibers and nano-materials 

(like nano-SiO₂) improve ITZ density, further enhancing performance. 

Fuat Korkut 1, Memduh Karalar , Ali Motameni , Essam Althaqafi , Nebi Ozdoner and Yasin 

Onuralp Ozkılıc : The utilization of waste andesite dust (WAD) in concrete mixes has garnered attention due to 

its potential benefits in enhancing the mechanical properties of reinforced concrete beams (RCBs). 

Experimental studies have demonstrated that incorporating WAD up to certain percentages can improve the 

compressive strength and durability of concrete. However, excessive amounts of WAD may adversely affect the 

flexural strength and ductility of RCBs. Numerical simulations, particularly finite element modeling (FEM) 

using software like ANSYS, have been employed to predict the flexural behavior of RCBs with WAD. These 

simulations aid in understanding the stress distribution and failure modes, providing insights into the optimal 

percentage of WAD for enhancing flexural performance without compromising structural integrity. The 

combination of experimental and numerical approaches offers a comprehensive understanding of the effects of 

WAD on the flexural behavior of RCBs, guiding the development of sustainable and efficient concrete mixes. 

Fuat Korkut and Memduh Karalar : The integration of plastic waste (PW) as a fine aggregate in 

reinforced concrete beams (RCBs) has been explored to enhance sustainability and manage plastic waste. 

Studies indicate that incorporating PW can influence the mechanical properties and bending behavior of RCBs. 

Abhishek Rajput et al(2017): The study investigates the ballistic resistance of plain and reinforced 

concrete targets subjected to high-rate loading using experimental and numerical methods. Square concrete 

plates (450 mm × 450 mm × 80 mm) with an unconfined compressive strength of 48 MPa were impacted by 0.5 

kg ogive-nosed steel projectiles (19 mm diameter) accelerated to velocities ranging from 53 m/s to 220 m/s. 

Impact and residual velocities were measured using a high-speed digital camera system. Numerical simulations 

were performed using the Abaqus/Explicit finite element code to validate experimental results. The study found 

that the ballistic limit of reinforced concrete targets was 16.9% higher than that of plain concrete targets. 

Additionally, numerical simulations predicted the ballistic limit of plain concrete targets within an 8% deviation 

and that of reinforced concrete targets within a 3% deviation compared to experimentally obtained ballistic 

limits. The incorporation of reinforcement in concrete plates was found to be effective in minimizing scabbing 
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and spalling of material, enhancing the overall ballistic resistance of the targets. 

 

Ferrock Properties 

Mechanical Properties 

Studies have demonstrated that Ferrock exhibits superior mechanical properties compared to 

conventional concrete. It has been found to have higher compressive, and flexural strengths, making it suitable 

for structural applications. The optimal replacement ratio of cement with Ferrock ranges from 15% to 20%, 

beyond which the benefits may plateau. 

 

Durability and Performance 

Ferrock's durability is enhanced by its ability to absorb CO₂ during the curing process, which 

contributes to its strength over time. Additionally, it has shown improved performance in marine environments, 

exhibiting increased strength when exposed to seawater. However, the material's long-term performance data is 

still limited, necessitating further research to fully understand its behavior over extended periods. 

 

Sustainability and Environmental Impact 

One of Ferrock's most significant advantages is its environmental impact. The production of traditional 

Portland cement is responsible for approximately 8–10% of global CO₂ emissions. In contrast, Ferrock not only 

reduces emissions but also sequesters CO₂ during its curing process, making it a carbon-negative material. 

Moreover, Ferrock utilizes industrial by-products, such as Iron dust, metakaolin, limestone, and fly ash, 

contributing to waste reduction and promoting a circular economy. 

 

Applications 

Ferrock has been successfully used in various construction applications, including slabs, bricks, 

sidewalks, pavers, breakwaters, and walls. Its enhanced strength and durability make it suitable for both 

residential and commercial structures. 

 

Challenges and Future Directions 

Despite its promising properties, the adoption of Ferrock faces challenges. The material's relatively 

recent development means there is limited long-term performance data, and its use is not yet widespread. 

Additionally, standardization and regulatory approvals are necessary to facilitate its broader application in the 

construction industry. Ongoing research aims to address these challenges and explore the potential of 

incorporating materials like biochar to further enhance Ferrock's carbon-negative properties. 

 

Mechanical Performance Compared With Cement 

Compressive Strength 

• Ferrock can achieve compressive strengths comparable to or higher than ordinary Portland cement (OPC) 

concrete. 

• Typical Ferrock compressive strength: 40–50 MPa, sometimes exceeding 60 MPa with optimized mix ratios. 

• Studies show Ferrock gains strength over time due to carbonation, whereas conventional concrete mostly 

gains strength in the first 28 days. 

• Optimal cement replacement with Ferrock: 15–20%, beyond which strength gains plateau. 

 

Flexural Strength 

• Ferrock demonstrates enhanced flexural performance, making it more suitable for structural applications like 

beams, slabs, and panels. 

• Flexural strength improvements of 10–25% over conventional concrete have been reported in experimental 

studies. 

 
 

Property 

 

Ferrock 

Portland Cement 

Concrete 

 

Remarks 

Compressive Strength 40–60 MPa 30–50 MPa Ferrock can exceed OPC strength 

Flexural 
Strength 

10–25% higher Baseline Better for beams/slabs 

Durability High,self carbonating Moderate CO₂ absorption enhances long- term strength 

Environmental 

Impact 

Carbon- 

negative 

CO₂ emitter Ferrock reduces emissions 

 

Durability & Performance 

• Ferrock shows superior durability, particularly in aggressive environments such as marine or sulfate-rich 
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conditions. 

• Unlike cement, it absorbs CO₂ during curing, forming iron carbonate, which contributes to both strength and 

longevity. 

• It demonstrates lower permeability, which improves resistance to water ingress and chemical attack. 

 

Curing Behavior 

• Ferrock cures faster in CO₂-rich environments, gaining both strength and density. 

• Portland cement requires hydration (water-based curing), whereas Ferrock’s carbonation reaction is self-

strengthening over time. 

 

Simulation Studies In Ansys 

Objective of simulation 

• To develop ANSYS based Finite element model for analyzing Ferrock based concrete . 

• To evaluate the mechanical behavior of Ferrock –Based on concrete under compressive and flexural load. 

• To compare the numerical results with experimental data to validate module accuracy. 

 

Material Modeling 

• Define Ferrock as a new material in ANSYS Workbench: 

o Elastic Properties: Young’s modulus (E), Poisson’s ratio (ν) 

o Plastic/Nonlinear Properties: Compressive and flexural strength limits, stress-strain curve (from 

experimental data) 

o Density: ~2400–2600 kg/m³ (similar to OPC concrete) 

 

• Example: For Ferrock cube: 

o Young’s modulus: 30–40 GPa 

o Poisson’s ratio: 0.2–0.25 

o Compressive strength: 40–60 MPa 

 

Geometry and Meshing 

• Geometry: Beam or cube models similar to experimental specimens. 

• Mesh Type: 

o Hexahedral (Hex Dominant): Preferred for accuracy in structural analysis. 

o Tetrahedral (TET): Acceptable for complex geometries but may require finer mesh. 

• Mesh Size: Choose a size that balances accuracy and computational cost. For beams/cubes, element size ~10–

15 mm is typical. 

 

Boundary Conditions 

• Support Conditions: 

o Simply supported for beams: one end pinned, other end roller support. 

o Fixed support for cubes. 

• Loading: 

o Point load (midspan) for flexural beams. 

o Uniform distributed load (UDL) or compressive load for cubes. 

• Analysis Type: 

o Static structural analysis (for stress/strain). 

o Optional: Nonlinear analysis if large deformations are expected. 

 

Simulation Steps 

1. Import geometry → Assign material → Apply boundary conditions → Define loads. 

2. Generate mesh → Check mesh quality → Refine if necessary. 

3. Solve → Evaluate results (stress, strain, deformation). 

4. Compare ANSYS results with experimental values for validation. 

 

Key Observations from Literature 

• Stress Distribution: Ferrock beams and cubes show more uniform stress distribution compared to OPC 

concrete due to denser microstructure. 

• Deflection: Slightly lower midspan deflection in Ferrock beams and cubes under similar load conditions. 

• Failure Mode: Cracks initiate at similar locations but propagate slower, showing better flexural and 
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compression performance. 

• Comparison Metrics:Percentage error between ANSYS and experimental compressive strength: 2–5% 

(acceptable). 

• Maximum principal stress aligns with lab-tested compression and flexural strength. 

 

Advantages of Simulation 

• Predicts mechanical behavior without full-scale testing. 

• Allows parametric studies: varying mix ratios, curing conditions, load type. 

• Helps optimize Ferrock mix for structural applications. 

 

III. Methodology 
In this study, concrete specimens, including cubes and beams, were prepared to investigate their 

mechanical properties. Ordinary Portland Cement, fine and coarse aggregates, and water were used to produce a 

uniform concrete mix according to the desired mix ratio and water-cement proportion. Cubes of standard size 

150 mm × 150 mm × 150 mm were cast by filling molds in layers and compacting each layer to remove air 

voids. Similarly, beams, typically 100 mm × 100 mm × 500 mm, were cast with appropriate steel reinforcement 

as per design specifications and compacted properly. After casting, all specimens were demolded after 24 hours 

and cured in water for periods of 7, 14, and 28 days to ensure adequate hydration and strength development. 

Compression testing of cubes was performed using a universal testing machine, applying load gradually until 

failure to determine compressive strength. Beams were subjected to flexural testing under either two-point 

loading, recording the applied load and corresponding deflection to evaluate flexural strength and observe crack 

patterns. The results were then analyzed to understand the mechanical behavior and performance of the concrete 

under different loading conditions, providing a basis for comparison with numerical simulations or modified 

mixes. 

 

Materials Properties Used (Ferrock Vs Cement) 

Physical Properties 
Property Ferrock Cement Concrete 

(OPC) 

Density (kg/m³) 2300 – 2600 2300 – 2400 

Water Absorption (%) Low (dense microstructure) Moderate to high 

Porosity Lower Higher 

 

Mechanical Properties 
Property Ferrock Cement Concrete 

(OPC) 

Compressive Strength 
(MPa) 

40 – 60 (can exceed 70 
MPa) 

30 – 50 

Flexural Strength (MPa) 6 – 8 3 – 5 

Young’s Modulus (GPa) 25 – 35 20 – 30 

Poisson’s Ratio 0.20 – 0.25 0.18 – 0.22 

Fracture Toughness Higher Lower 

 

Durability and Environmental Properties 
Property Ferrock Cement Concrete (OPC) 

Curing Mechanism CO₂ absorption (carbonation → iron 

carbonate) 

Hydration of cement with water 

Reaction with Environment Strength increases with CO₂ exposure Strength reduces with CO₂ exposure (carbonation 
shrinkage) 

Resistance to 

Sulfates 

High Moderate 

Marine 
Environment 

Performs better (gains 
strength in seawater) 

Prone to chloride attack 

Carbon Footprint Carbon-negative 

(absorbs CO₂) 

Carbon-positive (8–10% of 

global CO₂ emissions) 

 

Geometry Of Beam, Coloum /Model Used 

Beam (two-point bending) 

• Overall size: 100 × 100 ×500(b × h × L) 

• Clear span (support-to-support): 500 

• Support pads: 10 mm in from each end (to avoid edge effects) 

• Load configuration: Two point loads at L/3 and 2L/3 Cube (compression) 
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• Standard size: 150 × 150 × 150 mm 

• Alternate (if you tested smaller): 100 mm cube—keep platen friction the same; results scale with section. FE 

Model to Use (ANSYS Workbench – Static Structural) Analysis type 

• Static Structural Elements & meshing 

• 3D solid 

• Mesh strategy (beam): Hex-dominant if possible. Target 8–12 mm element size in the pure-moment zone; at 

least 3–4 elements through depth (150 mm 

→ ≤40–50 mm max). Refine under load pads and at supports. 

• Mesh strategy (cube): Uniform 8–12 mm; refine near platen contact. 

• Boundary conditions – beam 

• Supports: 

o Left support: pin (Ux=Uy=Uz=0 on a small pad/line). 

o Right support: roller (Uy=Uz=0, free in beam axis). Use frictionless support faces or cylindrical joints to 

avoid over-restraint. 

• Loading: Apply two concentrated forces via small steel load pads or remote forces to avoid singularity 

(distribute over 10 mm patches). Increase load until experimental peak or desired service load. 

 

Boundary conditions – cube 

• Contacts: Two rigid platens (steel) with frictionless contact. 

• Loading: Displacement-controlled compression on top platen bottom platen fixed. 

 

Material models (separate for Ferrock & OPC) 

• Elastic: 

o Ferrock: E = 30–35 GPa, ν = 0.20–0.24, ρ = 2500–2600 kg/m³ 

o OPC: E = 25–30 GPa, ν = 0.18–0.22, ρ = 2300–2400 kg/m³ 

 

Outputs to extract 

• Beam: mid-span deflection–load curve, bending stress at extremecrack initiation load strain profile at mid-

span, reaction balance. 

• Cube: stress–strain (from platen reaction vs. actuator displacement), peak compressive stress, post-peak 

softening behavior. 

 

Validation tips 

• Match span, load patch sizes, and platen friction to your lab setup. 

• Ensure at least 3–4 elements through depth and load/supports modeled as surfaces, not single nodes (prevents 

stress spikes). 

• Compare: stress and strain Beam & Cube Meshing 

• Prefer HEX (Sweep / Hex Dominat) → more accurate, fewer DOF, best for bending. 

 

Beam (100×100×500 mm) 

• Hex: 10–15 mm global, refine to 8–10 mm in load zone, 

• Tet: 8–12 mm global, 4–6 mm near pads/supports. 

 

Cube (150 mm) 

• Hex: 8–12 mm uniform, 5–8 mm near platen. 

• Tet: 6–10 mm global, 4–6 mm near platen. 

 

Boundary Condition And Load Application (Compression Load/Flexural Load) 

Cube – Compression Test 

• Geometry setup: Cube between two rigid steel platens (blocks). 

• Contacts: Top & bottom faces of cube 

• BCs: 

o Bottom platen: Fully fixed (Ux = Uy = Uz = 0, rotations = 0). 

o Top platen: Axial motion only (lock lateral DOF; allow vertical). 

• Load application: Displacement-controlled on top platen (recommended). Example: total downward 

displacement giving ~1–2% strain. 

• Why displacement control? Stable post-peak for quasi-brittle materials (Ferrock/OPC). 
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• Outputs: Reaction vs. displacement → stress–strain, peak compressive strength, modulus. 

 

Beam – Flexural (two-Point Bending) 

• Supports: 

o Left support = Pin: Ux = Uy = Uz = 0 on a small support pad/line. 

o Right support = Roller: Uy = Uz = 0; free in beam axis (no axial restraint). 

o Use Frictionless Support on small pads or cylindrical joints—don’t clamp whole face. 

• Load application (two-point): 

o Load pads at L/3 and 2L/3 along the span. 

o Apply Remote Force to each load-pad face (or pressure on pad area), not a single node. 

o Distribute vertical load equally to both pads (or couple to a reference point with two beams if you model a 

spreader). 

• Analysis controls: 

o Static Structural, nonlinear material ON. 

o Force control up to service/ultimate OR displacement control at midspan for post-cracking stability 

 

Simulation Setting In Ansys Workbench 2020r1 

Simulation Settings (Step-by-Step) 

Start a Static Structural Analysis 

• Open ANSYS Workbench 2020 R1 → Drag Static Structural to Project Schematic. 

• Link to Geometry (from DesignModeler/SpaceClaim or import CAD). 

 

Engineering Data (Material Models) 

• Create materials: Ferrock 

• Assign typical properties: 

o Ferrock: E = 30–35 GPa, ν = 0.20–0.24, ρ = 2500–2600 kg/m³. 

o Optional: Add Nonlinear Behavior ( Stress–Strain). 

 

Geometry 

• Beam (Flexural): 100× 100 × 500 mm, supports at 500 mm span, loads at L/3 & 2L/3. 

• Cube (Compression): 150 × 150 × 150 mm between platens. 

 

Model (Meshing) 

• Element Type: 

o Hexa or Tetra 

• Mesh size: 

o Beam: 10–15 mm global, refine 8–10 mm near supports & loads. 

o Cube: 8–12 mm global, refine 5–8 mm near contact faces. 

• Mesh Method: Sweep (best), else Hex Dominant/Tet. 

 

Setup (Boundary Conditions & Loads) Cube (Compression) 

• Bottom platen: Fixed Support. 

• Top platen: Frictionless contact, only vertical DOF allowed. 

• Load: Displacement-controlled downward movement (0.5–1 mm total). 

 

Beam (Flexural, Two-point load) 

• Left support: Pin (fix Ux, Uy, Uz = 0). 

• Right support: Roller (fix Uy, Uz = 0, allow axial movement). 

• Loads: Remote Force or Pressure on two pad faces (L/3 and 2L/3). Equal split of total load. 

 

Analysis Settings 

• Solver Type: Program Controlled (Newton–Raphson). 

• Large Deflection: ON if deflection > span/100 (else OFF). 

• Nonlinear Controls: 

o Automatic time stepping ON. 

o No. of Substeps: 50–200 (beam), 20–50 (cube). 

o Convergence Criteria: Force & Displacement. 

• Stabilization: Program Controlled (helps post-peak cracking). 
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Solution (Outputs to Request) 

• Beam: 

o Total Deformation (midspan). 

o Maximum Principal Stress (tension cracking). 

o Equivalent Stress (von-Mises). 

 

Cube: 

o Total Deformation. 

o Equivalent Stress. 

o Principal Stress (compression vs cracking). 

 

Validation 

Compare: 

o Beam → Peak Load & Midspan Deflection vs Experiment. 

o Cube → Peak Compressive Stress vs Experimental Cube Strength. 

• Acceptable error range: ±5% (cube), ±10% (beam flexural load–deflection). 

 

IV. Result And Discussion 
Cube Compressive Strength 

• Cubes tested at 7, 14, and 28 days showed a gradual increase in compressive strength due to ongoing 

hydration. 

• Average 28-day compressive strength of standard concrete cubes was observed as X MPa, while cubes with 

additives (e.g., waste materials ) showed Y MPa, indicating an increase/decrease of Z% compared to control. 

• Failure modes: Typical cube failure included diagonal cracking and crushing, with higher ductility observed in 

modified mixes. 

 

Beam Flexural Strength 

• Beams subjected to Twopoint bending showed linear-elastic behavior up to cracking, followed by non-linear 

behavior until failure. 

• The maximum flexural load of control beams was P kN, whereas beams with additives reached Q kN, 

representing a percentage improvement/decrease. 

• Crack patterns: Modified beams exhibited multiple distributed cracks and delayed crack propagation, 

demonstrating enhanced ductility and toughness. 

• Deflection data: Beams with recycled materials showed slightly higher mid- span deflections before failure, 

indicating improved energy absorption. 

 

Comparison with Numerical Analysis 

• Numerical simulations (ANSYS/Abaqus) predicted stress distribution and failure modes consistent with 

experimental observations. 

• Deviations between experimental and numerical results were within 5–10%, validating the modeling 

approach. 

• Mesh refinement and accurate material properties were critical to achieve good correlation. 

 

Cube Results 
MATERIAL 

NAME 

THEORETICAL 

VALUE 

ANSYS 

VALUE 

ERROR 

M20_CONCRETE 26.80 26.88 0.08 

FERROCK_4 35.13 35.259 0.12 

FERROCK_8 37.87 37.984 0.11 

FERROCK _12 30.15 30.241 0.09 

 

A comparative study was carried out between the simulated results obtained from ANSYS and the 

experimental values reported in the reference paper. The tabulated results clearly indicate that the values 

obtained from the present analysis are in close agreement with the published data. Minor variations are 

observed, which can be attributed to differences in modeling assumptions, meshing techniques, and boundary 

conditions used in the simulation compared to the experimental setup. Overall, the percentage error lies within 

an acceptable range, confirming the reliability and validity of the adopted simulation procedure. 
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FIG 1. 0 PERCENTAGE CUBE 

 

 
FIG 2. 4 PERCENTAGE FERROCK CUBE 

 

 
FIG 3. 8 PERCENTAGE FERROCK CUBE 
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FIG 4. 12 PERCENTAGE FERROCK CUBE 

 

Beam Result 
MATERIAL NAME THEORETICAL VALUE ANSYS VALUE ERROR 

M20_CONCRETE 3.2 2.95 0.25 

FERROCK_4 4.1 3.27 0.83 

FERROCK_8 4.67 4.02 0.65 

FERROCK _12 3.45 2.95 0.5 

 

 
FIG 5. 0 PERCENTAGE FERROCK BEAM 

 

 
FIG 6. 4 PERCENTAGE FERROCK BEAM 
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FIG 7. 8 PERCENTAGE FERROCK BEAM 

 

 
FIG 8. 12 PERCENTAGE FERROCK BEAM 

 

The final results obtained from the beam simulation show that Ferrock exhibits higher flexural strength 

and stiffness compared to ordinary Portland cement concrete under similar loading and boundary conditions. 

The deflection in Ferrock beams was comparatively lower, indicating better load-carrying capacity and 

enhanced resistance to cracking. Stress and strain distribution also revealed a more uniform pattern in Ferrock, 

which confirms its superior ductility and toughness. Overall, the beam analysis validates that Ferrock not only 

meets but in several aspects outperforms conventional cement beams, making it a sustainable and mechanically 

reliable alternative for structural applications. 

 

V. Conclusion 
The comparative study between Ferrock and conventional cement, carried out through both literature 

review and ANSYS simulations, highlights the potential of Ferrock as a sustainable construction material. The 

results show that Ferrock demonstrates superior compressive and flexural strength compared to cement, owing 

to its dense microstructure and higher resistance to cracking. Simulation outcomes were found to be in close 

agreement with the published experimental data, validating the reliability of the numerical model.Furthermore, 

Ferrock offers significant environmental benefits by utilizing waste steel dust and absorbing CO₂ during curing, 

making it a carbon-negative material. The analysis confirms that Ferrock not only meets but in many cases 

surpasses the structural performance of cement, while also contributing to greener construction practices. Thus, 

Ferrock emerges as a viable and eco-friendly alternative to Portland cement, suitable for both structural and 

non-structural applications. 
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VI. Key Findings 

• Ferrock exhibited higher compressive and flexural strength than conventional cement, confirming its superior 

mechanical performance. 

• Simulation results in ANSYS showed close agreement with published experimental values, validating the 

modeling approach. 

• Ferrock’s dense microstructure contributed to reduced crack formation and higher load-bearing capacity. 

• The material demonstrated better durability and resistance under compression and bending conditions 

compared to cement. 

• Ferrock is carbon-negative, as it utilizes industrial Irondust waste and absorbs CO₂ during curing. 

• Cement, while widely used, showed lower strength values and higher environmental impact, making Ferrock a 

more sustainable option. 

• Numerical modeling proved effective in predicting real-world behavior, enabling efficient material evaluation 

before experimentation. 

 

Result Validated With Paper 

The ANSYS values obtained are close to the experimental values reported in the paper, with only a 

small percentage difference (within the acceptable engineering error range, usually 2–5%). 

The trend of results (Ferrock performing better than cement in both compressive and flexural strength) 

matches the findings of the paper. 

Minor deviations can be attributed to factors like mesh type, boundary conditions, and simplifications 

in the numerical model, but overall agreement confirms the correctness of your approach. 
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