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FINITE ELEMENT ANALYSIS OF REBAR CUTTING USING HYDRAULIC 

SYSTEM 

SUMMARY 

The present thesis investigates the cutting process of reinforcing steel bars (rebars) 

using hydraulic systems, with a focus on developing a reliable and validated finite 

element analysis (FEA) framework. Rebars, as essential elements in reinforced 

concrete structures, provide tensile strength and significantly contribute to the overall 

stability of buildings and infrastructure. The efficiency and precision of rebar cutting 

operations are therefore critical not only to ensure dimensional accuracy but also to 

guarantee safety, structural performance, and economic sustainability in construction 

projects. Although hydraulic rebar cutters are widely adopted in practice due to their 

ability to generate large forces with high reliability, the detailed mechanical behavior 

of rebar cutting—including stress distribution, deformation, and fracture 

mechanisms—remains insufficiently understood. This research addresses these 

limitations by combining computational simulation and experimental validation in a 

comprehensive study. 

A three-dimensional geometric model of the hydraulic cutting system was first 

developed using SolidWorks. The model consists of a 10 mm diameter AISI 1045 

rebar and two blades manufactured from SPK 1.2080 tool steel: a fixed cylindrical 

blade and a moving blade with a U-shaped notch attached to the piston rod of a 

hydraulic cylinder. The numerical analysis was carried out using ANSYS Explicit 

Dynamics (2025 R1), selected for its robustness in handling large plastic deformations, 

severe nonlinear contact, fracture initiation, and transient dynamics. The Johnson–

Cook constitutive and fracture models were applied to represent the elastoplastic and 

failure behavior of the rebar under high localized stresses, incorporating strain-rate 

effects and damage evolution. Nonlinear contact conditions were defined at the blade–

rebar interfaces, with frictional interactions explicitly modeled to reflect realistic 

cutting conditions. Mesh refinement was applied selectively in the contact regions to 

capture local stress gradients, while convergence tests were performed to ensure the 

reliability of the results. 

The findings showed strong agreement between simulation and experiment, with 

differences below 6%. Force–time diagrams indicated three distinct stages: an initial 

elastic–plastic increase, a nonlinear strain-hardening region, and a final peak force 

followed by a rapid drop during fracture. Maximum cutting force was obtained for the 

90° blade, while significantly lower values were recorded for the 88° and 86° blades. 

Stress distribution analysis revealed critical zones near blade–rebar contact, 

particularly at sharp blade edges where localized stresses were concentrated. 

The combined experimental and numerical analyses highlight the dual role of blade 

geometry: while smaller edge angles enhance cutting efficiency by reducing the 

required force, they also compromise tool durability by increasing localized stress 

levels. These insights underscore the importance of selecting an optimal blade 
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geometry that balances cutting performance with tool life. Furthermore, the validated 

FEA framework developed in this thesis provides a reliable predictive tool for 

evaluating cutting performance under various material and process conditions. 

The contributions of this research are threefold. First, it establishes a validated 

numerical model of hydraulic rebar cutting, integrating advanced constitutive 

modeling, nonlinear contact mechanics, and mesh optimization techniques. Second, it 

provides quantitative insights into the relationship between blade geometry, cutting 

force, and stress distribution, contributing directly to the optimization of hydraulic 

cutter design. Third, it demonstrates a practical methodology for linking simulation 

results with experimental validation, offering a pathway for future studies on fatigue, 

wear, and thermal effects in industrial cutting systems. 

In conclusion, this study enhances the understanding of material behavior and tool 

performance in hydraulic rebar cutting and delivers practical guidelines for the design 

and operation of cutting tools. The developed methodology can be extended to 

different rebar diameters, alternative tool materials, and more complex blade 

geometries. 
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HİDROLİK SİSTEM KULLANARAK İNŞAAT DEMİRİ KESİMİ İÇİN 

SONLU ELEMAN ANALİZİ 

ÖZET 

Bu tez, betonarme yapılarda kullanılan çelik çubukların (rebar) hidrolik sistemler 

kullanılarak kesilme sürecini incelemekte ve güvenilir, deneysel olarak doğrulanmış 

bir sonlu elemanlar analizi (FEA) çerçevesi geliştirmeyi amaçlamaktadır. Çelik 

çubuklar, betonarme yapıların temel bileşenleri olup, yapıya çekme dayanımı 

kazandırmakta ve binaların, köprülerin ve diğer altyapı unsurlarının genel stabilitesine 

doğrudan katkı sağlamaktadır. Dolayısıyla, çubukların kesimindeki verimlilik ve 

hassasiyet yalnızca boyutsal doğruluğun sağlanması açısından değil, aynı zamanda 

güvenlik, yapısal performans ve ekonomik sürdürülebilirlik açısından da kritik öneme 

sahiptir. Günümüzde hidrolik çelik çubuk kesiciler, yüksek kuvvet üretme kapasiteleri 

ve güvenilirlikleri sayesinde inşaat sektöründe yaygın olarak kullanılmaktadır. Ancak, 

çelik çubuk kesimi sırasında ortaya çıkan gerilme dağılımı, deformasyon biçimleri ve 

kırılma mekanizmaları gibi ayrıntılı mekanik davranışların literatürde yeterince 

açıklığa kavuşturulmamış olması, önemli bir bilgi boşluğunu işaret etmektedir. Bu 

çalışma, hesaplamalı simülasyon ile deneysel doğrulamayı bir araya getirerek bu 

eksikliği gidermeyi hedeflemektedir. 

Araştırmanın ilk aşamasında, hidrolik kesme sisteminin üç boyutlu geometrik modeli 

SolidWorks yazılımında geliştirilmiş ve ANSYS Explicit Dynamics (2025 R1) 

ortamında analiz edilmiştir. Model, 10 mm çapında AISI 1045 çeliğinden çubuklar ve 

SPK 1.2080 takım çeliğinden üretilmiş iki bıçaktan oluşmaktadır: sabit silindirik bıçak 

ve hidrolik piston koluna bağlı U-oluklu hareketli bıçak. Bu sayısal modelleme 

sürecinde, büyük plastik şekil değiştirmelerin, karmaşık doğrusal olmayan temasların, 

çatlak başlangıcının ve geçici dinamik etkilerin doğru şekilde temsil edilmesi için 

ANSYS Explicit Dynamics tercih edilmiştir. Çelik çubuğunun elastoplastik davranışı 

ve kırılma karakteristiği Johnson–Cook (JC) malzeme modeli ve kırılma kriteri 

kullanılarak tanımlanmıştır. JC modeli, gerinim oranı etkilerini ve hasar evrimini de 

içermekte, böylece kesme sırasında malzemenin yüksek lokalize gerilmeler altındaki 

davranışı doğru şekilde temsil edilmektedir. Bıçak–çubuk temas yüzeylerinde 

doğrusal olmayan sürtünme koşulları tanımlanmış, gerçekçi kesme koşullarını 

yansıtmak için sürtünme katsayısı 0,42 olarak dikkate alınmıştır. Ayrıca, temas 

bölgelerinde ağ yoğunlaştırması yapılmış, kritik gerilme bölgelerinin doğru 

yakalanması sağlanmış ve yakınsama testleriyle sonuçların güvenilirliği 

doğrulanmıştır. 

Deneysel doğrulama, CNC etriye bükme makinesine entegre hidrolik kesme sistemi 

üzerinde gerçekleştirilmiştir. Bu makine, 6 mm ile 12 mm çap aralığındaki çelik 

çubukların doğrultma, bükme ve kesme işlemlerini operatör tarafından tanımlanan 

koşullar altında gerçekleştirebilmektedir. Kesme kuvveti ölçümleri doğrudan değil, 

hidrolik basınç değerlerinin basınç göstergesi aracılığıyla kaydedilmesi ve piston alanı 

üzerinden kuvvete dönüştürülmesiyle elde edilmiştir. Her bir bıçak geometrisi için 
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deneyler üçer kez tekrarlanarak sonuçların tutarlılığı sağlanmıştır. Çalışmada üç farklı 

sabit bıçak açısı (86°, 88° ve 90°) incelenmiş, diğer tüm parametreler (malzeme, çubuk 

çapı ve kesme hızı) sabit tutulmuştur. Ek olarak, yüksek hızlı kamera kullanılarak 

çubuğun kesim sırasında deformasyon ve kırılma davranışı niteliksel olarak 

değerlendirilmiştir. 

Sayısal analizlerden elde edilen sonuçlar, deneysel bulgularla yüksek uyum 

göstermiştir. Tahmin edilen kesme kuvvetleri ile deneysel değerler arasındaki fark 

%6’nın altında kalmıştır. Kuvvet–zaman diyagramları, kesme sürecinin üç temel 

aşamadan oluştuğunu göstermiştir: (1) elastik ve erken plastik deformasyona karşılık 

gelen doğrusal kuvvet artışı, (2) gerinim pekleşmesi ile karakterize edilen doğrusal 

olmayan ikinci aşama, (3) maksimum kuvvete ulaşıldıktan sonra kırılmanın 

başlamasıyla birlikte kuvvetin keskin şekilde azaldığı nihai aşama. 90° bıçak için 

maksimum kesme kuvveti yaklaşık 39,9 kN olarak bulunmuş, buna karşılık 88° bıçak 

için 35,8 kN ve 86° bıçak için 34,5 kN değerleri elde edilmiştir. Bu sonuçlar, daha 

keskin bıçak açılarının kesme direncini azalttığını, ancak aynı zamanda bıçak 

kenarında gerilme yoğunlaşmalarını artırarak takım ömrünü olumsuz etkilediğini 

ortaya koymaktadır. 

Gerilme dağılımı analizleri, çelik çubuğun üzerindeki maksimum gerilmelerin bıçak–

çubuk temas yüzeyine yakın bölgelerde yoğunlaştığını ve 900 MPa’a kadar ulaştığını 

göstermiştir. Bıçaklarda ise von Mises gerilmelerinin özellikle keskin kenarlarda 

toplandığı ve maksimum 1710–1800 MPa aralığına ulaştığı belirlenmiştir. Bu 

değerler, SPK 1.2080 takım çeliğinin dayanım sınırlarına oldukça yakındır ve daha 

küçük açılı bıçakların tekrar eden yüklemeler altında aşınma veya kenar kırılması 

riskini artırabileceğini göstermektedir. Deformasyon analizleri ise farklı bıçak açıları 

arasında benzer yer değiştirme desenleri ortaya koymuş, çubuk üzerinde maksimum 

yönlü yer değiştirmeler 1,8–1,9 mm arasında bulunmuştur. Plastik şekil değiştirmenin 

kesme bölgesinde yoğunlaştığı ve nihai olarak malzeme ayrılmasına yol açtığı 

gözlemlenmiştir. 

Bu bulgular, bıçak geometrisinin çift yönlü rolünü vurgulamaktadır: daha küçük kenar 

açıları kesme verimliliğini artırırken (daha düşük kuvvet gereksinimi), aynı zamanda 

takım dayanıklılığını azaltmaktadır. Dolayısıyla, kesme performansı ile takım ömrü 

arasında optimum bir denge kurulması gerektiği anlaşılmaktadır. Ayrıca, bu tez 

kapsamında geliştirilen ve deneysel olarak doğrulanan FEA çerçevesi, farklı malzeme 

ve işlem koşulları altında kesme performansını değerlendirmek için güvenilir bir 

öngörü aracıdır. 

Bu çalışmanın katkıları üç temel başlık altında toplanabilir. İlk olarak, hidrolik çelik 

çubuk kesimi için gelişmiş malzeme modelleri, doğrusal olmayan temas mekaniği ve 

optimize edilmiş ağ stratejilerini bir araya getiren doğrulanmış bir sayısal model 

oluşturulmuştur. İkinci olarak, bıçak geometrisi, kesme kuvveti ve gerilme dağılımı 

arasındaki nicel ilişkiler ortaya konmuş ve bu sayede hidrolik kesici tasarımının 

optimizasyonuna doğrudan katkı sağlanmıştır. Üçüncü olarak, sayısal analiz ile 

deneysel verilerin entegrasyonu için uygulanabilir bir metodoloji sunulmuş, bunun 

endüstriyel kesme sistemlerinde yorulma, aşınma ve termomekanik etkilerin 

gelecekteki araştırmalarına zemin hazırlayacağı gösterilmiştir. 

Sonuç olarak, bu tez, hidrolik çelik çubuk kesme sürecine ilişkin mevcut bilgi 

birikimini genişletmekte, malzeme davranışı ve takım performansına dair 

derinlemesine içgörüler sunmakta ve endüstride doğrudan uygulanabilecek pratik 

kılavuzlar sağlamaktadır. Geliştirilen yöntem, farklı çubuk çapları, alternatif takım 
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malzemeleri ve daha karmaşık bıçak geometrileri için genişletilebilir. Ayrıca, nervürlü 

çubukların kesilmesi, ısıl–mekanik etkileşimlerin modele dahil edilmesi ve uzun 

dönemli yorulma ile aşınma analizlerinin yapılması, gelecekteki araştırmalar için 

önerilmektedir. Bu yönleriyle tez, daha güvenli, verimli ve ekonomik inşaat 

uygulamalarına katkı sağlamayı hedeflemektedir. 
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 INTRODUCTION  

 Background 

Rebar is usually placed inside the concrete and is not visible after construction. It is 

typically made of steel because steel and concrete have similar thermal expansion 

properties, which helps prevent cracks caused by temperature changes. Rebar is often 

produced with ribs on its surface to improve bonding with the concrete and prevent 

slipping during use. 

In reinforced concrete structures, steel bars act as the main reinforcement to resist 

tensile forces. The accuracy and quality of rebar preparation, especially cutting, has a 

direct impact on structural integrity and construction productivity. Traditionally, 

mechanical and manual bending and cutting methods were used, but the introduction 

of CNC rebar forming machines with hydraulic cutting systems has dramatically 

improved the safety, efficiency and accuracy of rebar processing. 

Hydraulic rebar cutters work by delivering high-force output through hydraulic 

actuation to sever steel bars in a controlled manner. Despite their operational 

effectiveness, the cutting process is mechanically complex, involving high contact 

pressures, plastic deformation, and localized failure. This complexity requires careful 

analysis to achieve an effective design and proper operation. 

Engineers rely on the finite element method (FEM), a prevalent numerical approach 

to the analysis of intricate structures during the design process. By facilitating this 

software, it becomes possible to simulate structural reactions to external loads, 

allowing for a comprehensive understanding of their mechanical behavior. FEM has 

found extensive applications in diverse fields, including structural analysis, fluid 

mechanics, and heat transfer. 

Finite Element Analysis (FEA) offers a powerful approach to study mechanical 

behaviors of rebar and blades in cutting system. By numerically simulating the blade-

rebar interaction, engineers can predict stress distributions, identify failure zones, and 



2 

 

refine design parameters—such as blade angle, clearance, and hydraulic pressure—for 

enhanced tool life and cutting efficiency. 

 Objective of the Thesis 

This research aims to develop a detailed understanding of the mechanical behavior 

involved in the hydraulic cutting of reinforcing steel bars (rebars). The cutting process 

plays a crucial role in reinforced concrete construction, where tool durability, cutting 

precision, and material performance directly affect structural reliability. By simulating 

the interaction between cutting blades and rebar, this study seeks to provide insights 

that can improve the safety, efficiency, and lifespan of hydraulic cutting systems. 

To achieve this, a 3D finite element model of a rebar cutting system—comprising a 10 

mm diameter rebar and alloyed steel blades—is developed using ANSYS. The 

simulation incorporates nonlinear contact behavior, elastoplastic material properties, 

and the Johnson-Cook material and fracture model to replicate realistic cutting 

conditions. The model is validated through comparisons with experimental data and 

literature-based benchmarks to ensure accuracy and credibility. 

In addition to simulating the cutting process, a parametric study is conducted to 

examine the effects of blade geometry and hydraulic pressure on cutting performance. 

By analyzing variations in blade angle and loading conditions, the study identifies key 

factors influencing cutting force, stress distribution, tool deformation, and energy 

absorption. These findings offer valuable guidance for optimizing design parameters 

and operational settings in hydraulic cutting tools. 

The simulations are performed under quasi-static loading conditions to reflect real-

world operations. Thermal effects and fatigue behavior are excluded to focus on 

immediate mechanical responses. This approach allows for a high-resolution analysis 

of the cutting process, contributing to the development of more efficient and durable 

hydraulic cutting systems for industrial and construction applications. 

 Contribution of the Thesis 

This thesis makes several contributions to the study of rebar cutting using hydraulic 

systems, both in terms of theoretical modeling and practical validation. Each chapter 
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builds systematically toward a deeper understanding of the cutting process and the 

optimization of blade and system performance. 

The literature review establishes the state of knowledge on hydraulic cutting systems, 

finite element modeling of cutting processes, and the application of the Johnson–Cook 

constitutive and fracture models. It identifies gaps in previous research—particularly 

the limited understanding of blade geometry effects and rebar–blade interactions—

which form the basis for the present study. 

The methodology and numerical modeling sections contribute by developing a 

comprehensive finite element framework in ANSYS Explicit Dynamics. The 3D 

model incorporates realistic rebar and blade geometries, elastoplastic material 

behavior, nonlinear contact conditions, and fracture criteria using Johnson–Cook 

parameters. A careful meshing strategy and well-defined boundary conditions ensure 

accurate representation of stress, strain, and deformation in the cutting process. 

The experimental setup and validation provide an essential practical contribution. By 

testing rebar cutting under varying blade edge angles and pressures, experimental data 

were generated for cutting force and performance evaluation. These results were then 

used to validate numerical predictions, ensuring that the simulations reflected real-

world behavior with an error margin below 6%. 

The results and discussion section offers valuable insights into the cutting force 

evolution, stress distribution, and rebar deformation under different blade angles. It 

highlights the trade-off between cutting efficiency and blade stress concentration, 

emphasizing the practical importance of balanced blade geometry in tool design. 

Finally, the conclusion and future perspectives summarize the main findings and 

propose directions for future research, such as extending the study to ribbed rebars, 

exploring moving blade geometries, and conducting fatigue and wear analyses of 

cutting tools. These recommendations underline the thesis’s contribution not only to 

academic knowledge but also to practical improvements in hydraulic cutter design and 

construction practices. 
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 LITERATURE REVIEW 

 Overview of Hydraulic Cutting systems 

Hydraulic cutting systems have gained widespread use in construction and 

manufacturing due to their ability to generate high force output with precision and 

control. These systems are particularly effective in cutting dense materials such as 

reinforcing steel bars (rebars), where conventional mechanical methods often fall short 

in terms of speed, energy efficiency, and tool life. Despite their industrial relevance, 

the detailed mechanical behavior of hydraulic cutters—especially under variable tool 

geometries, pressures, and material properties—remains insufficiently explored in 

literature. Recent studies have attempted to bridge this gap through experimental 

testing, computational modeling, and design optimization techniques. 

Liu & Chen (2013) conducted a foundational study using a 3D finite element model to 

analyze stress distribution during the hydraulic shearing of rebars. Their work focused 

on a 60-ton rebar cutting setup and identified critical stress regions within both the 

blades and the reinforcement bars. The study contributed practical insights into 

improving the reliability and durability of cutting tools by addressing high-stress 

concentrations near blade edges. Similarly, a metallurgical case study published in the 

Das et al. (2023) evaluated wear and damage in high-carbon AISI D2 shear blades 

under real-world cutting conditions. Their findings confirmed that cutting parameters 

significantly influence fracture initiation, edge chipping, and long-term tool failure. 

Several researchers have also focused on the mechanical design of hydraulic cutters. 

Krupanandan & others (2023) designed and fabricated a hydraulic sheet metal cutting 

machine to examine the relationship between hydraulic force generation and system 

geometry. While their work involved thin sheet materials, the hydraulic actuation and 

control strategies outlined are applicable to the rebar cutting process. Another 

mechanical design study, titled Jin et al. (2012), highlighted the importance of motion 

control in blade actuation and its effect on cutting force uniformity and tool wear. 
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These mechanical principles are essential in configuring accurate boundary conditions 

and actuator motion in simulation environments such as ANSYS. 

Advancements in numerical modeling have further enriched the study of hydraulic 

cutting systems. A recent Sun et al. (2024) employed the Johnson–Cook material and 

fracture model to simulate pipe cutting under hydraulic load. Although applied to 

casing and tubular structures, their approach effectively captures strain, temperature, 

and deformation patterns—techniques highly relevant to modeling rebar cutting under 

quasi-static conditions. Similarly, fracture behavior during high-speed shearing of 

metal bars has been explored using finite element analysis (FEA) in Dong et al. (2020). 

This work integrates ductile failure models and stress triaxiality to predict crack 

propagation and material separation during rapid deformation, aligning with the 

objectives of the current thesis. 

Moreover, related FEA studies—such as those examining hydraulic excavation tools 

during soil cutting (Yang et al., 2012)—offer insight into nonlinear contact behavior, 

elastoplastic deformation, and dynamic force transmission in fluid-driven systems. 

Although not directly focused on metal cutting, the methodology, including element 

selection and convergence validation, supports the modeling strategies used in this 

research. In addition, Fu et al. (2025) proposed an intelligent optimization method for 

rebar cutting using a genetic algorithm integrated with BIM. Their work, while focused 

on construction scheduling and layout, shows how computational tools can enhance 

planning and execution in rebar cutting operations, a future direction for automated 

hydraulic systems. 

Despite these contributions, most existing studies either focus on simplified 2D 

geometries or lack detailed contact modeling, accurate material behavior under large 

plastic deformation, or fracture prediction—particularly under realistic hydraulic 

loading. This thesis addresses these gaps by developing a fully 3D, nonlinear FEA 

model incorporating realistic and unique blade geometry, the Johnson–Cook 

constitutive model, and parametric analysis of pressure, cutting speed, and tool design. 

By doing so, it contributes to a deeper understanding of tool-material interaction, 

energy absorption, and wear behavior during rebar cutting, with the ultimate goal of 

optimizing hydraulic cutting systems for construction applications. 
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 Review of Relevant Research on Johnson-Cook Failure parameters 

The Johnson–Cook (JC) constitutive and failure models are widely adopted in finite 

element simulations of metal cutting, shearing, and forming, especially where large 

plastic deformation and strain rate effects are significant. Their practical advantage lies 

in the relatively simple mathematical formulation, yet they require accurate calibration 

for the specific material and application. Many recent studies have focused on 

determining JC parameters for AISI 1045 steel, a commonly used material in structural 

and manufacturing applications—making these studies highly relevant to the 

simulation of rebar cutting processes. 

Duan et al. (2021) performed both simulation and high-speed machining experiments 

on hardened AISI 1045 steel to investigate chip formation. They used the Johnson–

Cook plasticity and damage model to replicate material behavior under extreme strain 

and thermal conditions. Their work validated JC parameters by comparing predicted 

chip morphology and cutting force with experimental results, confirming the model’s 

effectiveness for confined deformation as seen in cutting and shearing. Similarly, 

Murugesan & Jung (2022) estimated JC material and failure parameters for AISI 1045 

using compression and tensile tests, enabling reliable simulation of metal forming 

operations. Their findings are directly applicable to processes like rebar cutting, where 

material undergoes plastic flow and fracture under compressive and shear stresses. 

Storchak et al. (2021) proposed a model-driven approach to determine JC parameters 

specifically for cutting simulations. Their calibration method combined force and 

temperature measurements to ensure realistic representation of strain rate and thermal 

softening effects. Ning & Liang (2020) advanced this approach by integrating inverse 

modeling with in-process temperature and force data, improving the robustness of JC 

parameter extraction. These methods highlight the importance of experimental 

validation when implementing JC-based models in nonlinear finite element 

simulations. 

Other studies emphasize how geometry and process conditions affect the validity of 

JC parameters in cutting applications. Khleif & Jasim (2022), for instance, explored 

how punch angle affects shearing forces in carbon steel blanking, suggesting that JC 

failure behavior is sensitive to tool geometry and contact conditions—factors 

considered in the present study. Likewise, Gürün et al. (2022) examined the influence 
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of punch angle and clearance on cutting force, reinforcing the need to adapt JC failure 

parameters to the specific loading and boundary conditions used in simulation. 

Additional research by Karimbaev et al. (2022) and Marimuthu et al. (2017) further 

validates the use of JC models in steel machining simulations, showing consistent 

trends in stress, force, and thermal response predictions. The integration of JC models 

with temperature-dependent friction and contact models has been shown to increase 

the reliability of simulations in high-pressure and quasi-static loading environments, 

such as hydraulic cutting of rebar. 

Collectively, these studies demonstrate that accurate JC parameter determination is 

essential for simulating the cutting behavior of AISI 1045 steel. They support the 

approach adopted in this thesis, where JC material and failure models are used to 

analyze blade–rebar interactions, stress distributions, and fracture initiation under 

hydraulic loading. The consistency of these findings across different applications 

(cutting, shearing, forming) strengthens the credibility of using JC-based modeling for 

simulating rebar cutting processes in construction environments. 

 Overview of Finite Element Modeling of cutting process 

 Finite Element Analysis (FEA) has become an indispensable tool in simulating metal 

cutting processes, enabling detailed insights into stress, temperature, chip formation, 

and tool–material interactions. Early reviews, such as Shinozuka (2007) in FEM 

Simulation Technique on Metal Cutting Processes, emphasize the importance of 

capturing key physical phenomena—like high strain-rate flow stress, nonlinear friction 

at the tool–chip interface, and thermal effects—to achieve realistic simulation 

performance (Shinozuka, 2007). 

Orthogonal cutting simulations are widely used in FEA due to their ability to simplify 

chip formation analysis. A detailed paper from the Martin Necpal (2024) journal, 

"FEM Model Development for Cutting Process Simulation", demonstrates how 

software like Mentat/Marc can accurately model stress, strain, and temperature at the 

tool–material interface, enabling precise prediction of cutting forces and tool 

performance. Similarly, a Wu et al. (2020) study on 3D FEM chip breakage in turning 

AISI 1045 shows how finite element modeling can effectively simulate heat 

partitioning, chip curl, and cutting loads under realistic machining conditions. 
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More specialized FEM approaches are also emerging. For example, Ojeda et al. (2016) 

applied the Particle Finite Element Method (PFEM) to simulate orthogonal cutting of 

AISI 316L, effectively avoiding mesh distortion problems common in Lagrangian 

FEM. This method offered higher accuracy in predicting cutting forces and chip 

formation under large plastic deformation. In another study, researchers using 

ABAQUS/Explicit to model graphite cutting found that simulated chip shapes, cracks, 

and fracture locations closely matched experimental results, further validating the 

predictive capabilities of FEM (D. Yang et al., 2023). 

In the context of materials similar to those used in this thesis, Duan et al. (2021) 

conducted a high-speed machining simulation on AISI 1045 steel using a Johnson–

Cook material model. Their work accurately predicted chip formation and cutting 

forces, providing practical guidelines for parameter selection and failure behavior. 

Murugesan & Jung (2022) focused on estimating JC material and failure parameters 

for AISI 1045 under metal forming conditions, ensuring accurate elastoplastic 

modeling in FEM. Additionally, Storchak et al. (2021) used force and temperature 

measurements to calibrate JC parameters for cutting simulation, a method that 

improves the realism of FEM models in industrial cutting processes. 

Together, these studies highlight the importance of selecting appropriate material 

models, boundary conditions, and failure criteria when using FEM to simulate cutting 

processes. They form the theoretical and methodological foundation for the hydraulic 

rebar cutting simulations performed in this thesis, ensuring accurate predictions of 

cutting forces, stress zones, and blade performance. 

 Literature Review Summary 

This literature review explores the current state of research in hydraulic cutting 

systems, finite element modeling of cutting processes, and the application of the 

Johnson–Cook (JC) material and failure model. Hydraulic cutters have been widely 

adopted in construction and manufacturing due to their high force output and precision. 

While several studies have examined the mechanical and metallurgical behavior of 

cutting blades under operational stress, there remains a limited understanding of how 

tool geometry, loading conditions, and material interaction affect cutting performance, 

especially in rebar applications. 
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Foundational work by Liu & Chen (2013) and case studies on blade wear have 

provided insight into stress concentrations and fracture mechanisms, but lacked in-

depth simulation and material modeling. Other researchers focused on mechanical 

design and actuation strategies, highlighting important parameters such as motion 

control and force distribution, yet fell short in addressing cutting performance under 

nonlinear material deformation. 

Recent advancements in finite element analysis (FEA) have enabled more precise 

modeling of cutting processes. Studies using software like ANSYS, ABAQUS, and 

Marc/Mentat have modeled phenomena such as chip formation, strain concentration, 

and tool wear under complex cutting conditions. These include the use of explicit 

dynamic methods, particle-based FEM approaches, and thermomechanical modeling. 

Notably, several studies have successfully simulated cutting forces and failure 

behavior in steels like AISI 1045, reinforcing the applicability of FEA in predicting 

tool-material interactions. However, most of this work has been directed at machining 

operations (e.g., turning, drilling), rather than confined cutting scenarios such as 

hydraulic rebar shearing. This thesis extends existing FEA methodologies to such a 

context, incorporating nonlinear contact, realistic boundary conditions, and tool 

geometry within a 3D framework. 

A significant portion of the literature also addresses the use of the Johnson–Cook 

model for representing material behavior under high strain rates and temperatures. 

Duan et al. (2021), Murugesan & Jung (2022), and Storchak et al. (2021) demonstrated 

the effectiveness of the JC model in predicting chip formation, cutting force, and 

failure patterns in AISI 1045 steel. Their work supports the choice of JC-based material 

and failure modeling in this thesis, particularly for simulating fracture initiation and 

plastic deformation. Additional studies emphasize the need to calibrate JC parameters 

carefully, considering tool geometry, strain rate sensitivity, and contact friction — all 

critical in rebar cutting simulations. The robustness of JC-based models across forming 

and cutting processes further validates their integration into complex simulations. 

Collectively, the reviewed literature highlights both the progress and limitations in the 

current understanding of hydraulic cutting systems and their simulation. Most previous 

works have either prioritized experimental setups or simplified modeling techniques, 

lacking a comprehensive, validated numerical approach for simulating the cutting of 

reinforced steel bars. This thesis addresses these gaps by integrating nonlinear finite 
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element modeling, JC constitutive behavior, and parametric studies of blade geometry 

and hydraulic force, thus contributing to the advancement of cutting tool design and 

performance optimization in construction applications. Here is the Comparative 

Literature Review Table of most relevant work (Table 2.1): 
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Table 2.1: Comparative Literature Review Table of most relevant works. 

Paper Title Author(s) Approach and Focus Key Findings Gap Compared to This Thesis 

The Finite Element Analysis of 

Reinforcement Shearing 

Zuo Shi Liu & Xiao Long 

Chen (2013) 

3D FEA on rebar shearing using a 

60-ton setup 

Identified high-stress regions; 

improved understanding of tool 

durability 

Lacked fracture modeling and 

parametric analysis 

Design and Fabrication of Hydraulic 

Cutting Machine 

Sai Krupanandan et al. 

(2023) 

Mechanical design and prototyping 

of a hydraulic cutter 

Demonstrated correlation between 

geometry and cutting force 

No finite element modeling or stress 

analysis 

Crank and Slide Rebar Cutting Machine Jin et al. (2012) Kinematic design and analysis of 

rebar cutting mechanism 

Emphasized motion control in blade 

actuation 

Lacked stress/strain or material 

behavior modeling 

Modeling and Research on Offshore 

Casing Cutting of Hydraulic Internal 

Cutting Device 

Sun et al. (2024) FEA simulation using JC model for 

pipe cutting 

Captured deformation, temperature, 

and fracture zones 

Focused on offshore structures, not 

rebar 

Investigation of Fracture Behavior in 

High-Speed Shearing of Metal Bars 

Using FEM 

Dong et al. (2020) High-speed shearing simulation with 

ductile failure models 

Predicted crack paths and validated 

material behavior 

No hydraulic context or low-speed 

scenarios 

Finite Element Modeling of Hydraulic 

Excavator in Soil Cutting Process 

Yang et al. (2011) Dynamic soil cutting simulation 

using hydraulic tools 

Analyzed elastoplastic deformation 

and contact mechanics 

Focused on soil, not metal cutting 

Intelligent Optimization Method for 

Rebar Cutting in Pump Stations 

Fu et al. (2025) Genetic algorithm and BIM for 

layout optimization 

Improved efficiency in scheduling and 

resource use 

No mechanical or cutting force 

analysis 

Finite Element Simulation and 

Experiment of Chip Formation Process 

Duan et al. (2021) High-speed cutting of AISI 1045 

using JC model 

Accurately predicted chip formation 

and cutting force 

Focused on machining, not 

hydraulic cutting 

Johnson–Cook Parameters Estimation 

for AISI 1045 

Murugesan & Jung (2022) Tensile/compression tests for JC 

parameter fitting 

Validated elastoplastic and failure 

behavior 

Did not explore hydraulic 

applications 

Determination of JC Parameters for 

Cutting Simulations 

Storchak et al. (2021) JC calibration using force and 

temperature data 

Improved accuracy of JC model for 

cutting simulations 

General cutting—no rebar or 

hydraulic system context 



13 

 

 METHODOLOGY AND DEVELOPMENT: HYDRAULIC CUTTING 

SYSTEM DESIGN, FABRICATION AND NUMERICAL MODELING 

 Hydraulic cutting system 

3.1.1 The stirrup bender machine and Hydraulic cutting system design 

The hydraulic cutting system is an essential component of the CNC rebar forming 

machine, designed to produce stirrups of various shapes from rebars with diameters 

ranging from 6 mm to 12 mm. As shown in Figure 3.1, the overall 3D model of the 

stirrup bender machine illustrates the arrangement of all primary assemblies, including 

the straightening, bending, and cutting sections. 

 

Figure 3.1: Stirrup Bender Machine 3D model. 

The machine is dedicated to processing rebars according to operator-defined 

dimensions and quantities, enabling efficient, repeatable, and automated production. 

the cutting system consists of a double-acting, single-piston rod hydraulic cylinder 

with a 70 mm bore diameter, capable of delivering forces up to 96 kN at a maximum 
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operating pressure of 250 bar. Two blades made from SPK 1.2080 alloyed tool steel 

perform the cutting operation: a fixed cylindrical blade mounted inside the fixed head 

of the bender and a moving rectangular-prism blade with a U-shaped notch attached 

to the piston rod. This arrangement ensures a precise shearing action and high 

resistance to wear under repeated high-load cycles. Hydraulic power is supplied by a 

3-phase, 4 kW, 1500 rpm electric motor driving a 22 lit left-handed gear pump, with 

pressure adjustable via a hydraulic relief valve and monitored by an integrated gauge. 

As illustrated in Figure 3.2, the cutting system is positioned concentrically at the center 

of the bending part, allowing seamless integration between forming and cutting 

operations without the need for manual transfer. 

 

Figure 3.2: Position of Cutter System and Rebar on the Machine. 

This strategic placement minimizes handling time, improves workflow efficiency, and 

ensures that the rebar remains in a fixed alignment throughout the bending–cutting 

cycle. The process is controlled by a microcontroller-based system combined with an 

all-in-one computer, enabling the operator to design stirrup shapes and set production 

quantities directly. With a cutting speed of 95.3 mm/s and an assumed cylinder 

efficiency of 98%, the system achieves rapid cycle times while maintaining 

dimensional accuracy. The modular blade design allows for quick replacement or 

substitution with angled-edge blades, reducing downtime and increasing operational 

flexibility. Adjustable hydraulic pressure ensures adaptability to different rebar 

hardness levels and diameters, while the robust construction supports long service life 
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in demanding industrial conditions. This integrated approach combines hydraulic 

precision with CNC automation to deliver improved productivity, consistent quality, 

and enhanced safety in rebar fabrication. 

3.1.2 Fabrication method and materials 

The stirrup bender machine is built on a robust structural steel frame fabricated from 

welded profile sections, ensuring the necessary rigidity and stability during 

straightening, bending, and high-force cutting operations. The frame is assembled 

using a combination of welding and bolting, providing both structural integrity and 

ease of maintenance. The hydraulic cylinder assembly is produced through precision 

machining processes, including turning, milling, and grinding. The cylinder body, 

made of ST37 steel, consists of two parts—a cylinder and a flange—joined with an O-

ring seal to prevent fluid leakage. The piston is manufactured from MO40 alloy steel 

and undergoes heat treatment to achieve a hardness of 45–47 HRC, enhancing wear 

resistance. The piston rod is made from a hard chrome-coated shaft, offering corrosion 

resistance and prolonged service life under repetitive load cycles. All components are 

machined to high tolerances to ensure precise alignment, smooth operation, and long-

term reliability. 

The cutting blades are manufactured from SPK 1.2080 alloyed tool steel using 

machining and milling, followed by heat treatment to reach a hardness of 

approximately 52 HRC, providing durability and high cutting performance. Post heat-

treatment de-escalation is applied to relieve internal stresses and prevent cracking. The 

hydraulic system is powered by a 3-phase, 4 kW, 1500 rpm “Motogen” electric motor, 

coupled with a 22-litre left-handed “Arafan” gear pump. System control is achieved 

through a hydraulic pressure relief valve for adjustable force output, a pressure gauge 

for real-time monitoring, and a double-acting hydraulic solenoid valve that receives 

commands from the control system for directional control. Fluid transfer is provided 

by rubber-braided hoses connected via brass hydraulic adaptors, with high-quality 

packing seals "Kastaş" installed on the piston and at the rod output to ensure leak-free 

performance. Final assembly is performed using precision-aligned bolts and couplings, 

with all hydraulic components—including hoses, valves, and pumps—thoroughly 

inspected for damage or wear before installation to guarantee safe and reliable 

operation. 
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3.1.3 Hydraulic cutting system’s 3D CAD model 

The 3D CAD model of the hydraulic cutting system was developed in SolidWorks 

2019 to provide a precise and comprehensive representation of the system’s geometry 

and assembly. Figure 3.3 display the simplified form of assembly, including the 

double-acting hydraulic cylinder, fixed and moving SPK 1.2080 steel blades and 

structural steel frame. 

 

Figure 3.3: Hydraulic Cylinder 3D model section view (simplified form). 

 

1. Moving Blade 8. Piston’s Washer 

2. Rebar 9. Piston 

3. Fixed Blade 10. Guide Element 

4. Fixed Head of Bender 11. Packing Seal 

5. Hydraulic Cylinder Flange 12. Cylinder 

6. Fixed Guide of Cylinder Shaft 13. O-Rin 

7. Cylinder Shaft  
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All components were modeled with accurate dimensions and tolerances to reflect the 

real manufacturing design and to enable direct import into ANSYS for finite element 

analysis. The model clearly illustrates the mechanism of cutting system, ensuring that 

the simulation and fabrication stages match the operational setup. Exploded views and 

sectional drawings are included to show the relationship between individual 

components, such as the blade–rebar interface. These visual representations not only 

support performance evaluation and stress analysis but also serve as essential 

references for fabrication, assembly, and potential design modifications. Figure 3.4 

shows the blades and rebar interaction 3D model. 

 

Figure 3.4: Blades and Rebar interaction 3D model. 

 Numerical Model 

3.2.1 Modeling approach for cutting process 

The numerical simulation of the rebar cutting process was carried out using ANSYS 

Explicit Dynamics 2025 R1, selected for its capability to robustly handle large plastic 

deformations, severe contact nonlinearity, material fracture, and the highly transient 

nature of the cutting operation. Unlike implicit methods, which often encounter 

convergence difficulties under such extreme conditions, the explicit approach ensures 
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stable and accurate prediction of blade–rebar interactions, element deletion during 

fracture, and the propagation of stress waves, all within a computationally feasible 

timeframe. The 3D geometry of the cutting system, including both blades and the 

rebar, was designed in SolidWorks and exported in Parasolid format before being 

imported into ANSYS for preprocessing. In the model, the rebar has a diameter of 10 

mm, the fixed blade is represented as a cylindrical component with a central 10 mm 

hole, and the moving blade is modeled as a rectangular prism incorporating a U-shaped 

notch at its leading edge to facilitate shearing action. 

Material failure in the rebar is governed by the Johnson–Cook fracture criterion, 

allowing accurate representation of ductile damage evolution under combined shear 

and compressive loading. This approach enables element deletion upon reaching 

critical strain thresholds, simulating material separation in a physically realistic 

manner. For the cutting blades, a von Mises stress check is employed to monitor peak 

stress levels, ensuring they remain within the material’s elastic limit and do not exceed 

the allowable yield strength during operation. This combination of advanced material 

modeling and explicit dynamic analysis provides a high-fidelity representation of the 

physical cutting process, forming the foundation for subsequent parametric and 

performance optimization studies. 

3.2.1.1 Johnson-Cook Equation 

The Johnson–Cook (JC) constitutive model is widely employed in finite element 

simulations of metal cutting and forming processes due to its ability to capture the 

combined effects of strain hardening, strain rate sensitivity, and thermal softening in a 

relatively simple mathematical form. The flow stress in the JC model is expressed as 

follows in Eq. (3.1) (Johnson & Cook, 1983): 

𝜎 = (𝐴 + 𝐵𝜀𝑛 ) [1 + 𝐶 𝑙𝑛 (
𝜀̇

𝜀0̇
)] [1 − (

𝑇 − 𝑇𝑟𝑜𝑜𝑚

𝑇𝑚𝑒𝑙𝑡 − 𝑇𝑟𝑜𝑜𝑚
)

𝑚

] (3.1) 

where 𝐴 is the initial yield strength, 𝐵 is the hardening modulus, 𝑛 is the strain 

hardening exponent, 𝐶 is the strain rate sensitivity coefficient, and 𝑚 is the thermal 

softening exponent. The equivalent plastic strain 𝜀, plastic strain rate 𝜀̇, reference strain 

rate 𝜀0̇, ambient temperature 𝑇𝑟𝑜𝑜𝑚, and melting temperature 𝑇𝑚𝑒𝑙𝑡 define the current 

material state. This formulation enables accurate modeling of materials under high 



19 

 

strain, elevated strain rates, and significant temperature rise—conditions typical in 

rebar cutting operations. In addition to the plasticity model, the Johnson–Cook damage 

model is often integrated to predict fracture initiation and propagation by defining a 

critical strain at damage onset, which may depend on stress triaxiality, strain rate, and 

temperature. This dual application of JC plasticity and damage criteria is particularly 

valuable in simulating the highly localized deformation and material separation 

occurring during the hydraulic cutting of steel rebars. 

3.2.2 Composition and characteristics of materials 

The selection of suitable materials for both the rebar and the cutting blades plays a 

critical role in ensuring the accuracy of analysis, also durability and efficiency of the 

hydraulic cutting process. In this study, AISI 1045 medium carbon steel is chosen as 

the rebar material, while SPK 1.2080 (AISI D3) alloy tool steel (52HRC) is used for 

the cutting blades. Their chemical compositions, mechanical properties, and 

constitutive model parameters are carefully considered to provide reliable input for 

finite element simulations. 

The rebar material selected for this study is AISI 1045 medium carbon steel which is 

widely used in structural and manufacturing applications due to its balanced strength, 

ductility, and machinability. Its chemical composition, based on the AISI standard and 

verified by experimental testing done by Siripath et al. (2024) , is shown in Table 3.1 

and Table 3.2. 

Table 3.1: Chemical composition of the AISI 1045 steel (AISI standard). 

C Mn Si P S Ni Cr Mo 

0.36-0.43 0.60-0.90 0.15-0.35 0.03 max 0.03 max 1.60-2.00 0.60-1.00 0.15-0.30 

Table 3.2: Chemical composition testing results of AISI 1045 (Average values). 

C Si Mn P S Ni Cr Mo Cu Al Ti 

0.387 0.273 0.695 0.025 0.017 1.871 0.768 0.156 0.094 0.02 0.001 

The physical and mechanical properties of AISI 1045, including tensile strength, 

modulus of elasticity, and density, are summarized in Table 3.3 (MatWeb, 2025). 

These values ensure accurate representation of the material’s elastoplastic behavior in 

the finite element model. 
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Table 3.3: Physical and Mechanical Properties of AISI-1045. 

Parameter Value 

Tensile Strength, Ultimate (MPa) 655 

Tensile Strength, Yield (MPa) 585 

Elongation at Break 12% 

Modulus of Elasticity (GPa) 206 

Bulk Modulus (GPa) 163 

Poisson’s Ratio 0.29 

Shear Modulus (GPa) 80 

Density (g/cc) 7.87 

For the simulation of cutting behavior, the Johnson–Cook constitutive and fracture 

models are used. The behavior law parameters and fracture model constants for AISI 

1045, derived from machining and forming studies, are presented in Table 3.4 and 

Table 3.5, respectively (Duan et al., 2021).  

Table 3.4: Johnson-Cook behavior law parameters of AISI-1045. 

A(Mpa) B(Mpa) n C m  

 

 

 

 

 

553 600 0.234 0.0134 1 0.001 1460 20 

Table 3.5: Johnson-Cook fracture model parameters of AISI-1045. 

Damage law parameter D1 D2 D3 D4 D5 

AISI-1045 0.06 3.31 -1.96 0.0018 0.58 

For the cutting blades, SPK 1.2080 (AISI D3) tool steel is selected due to its high 

hardness, wear resistance, and ability to withstand repetitive high-stress loading. The 

standard chemical composition and experimental test results are listed in Table 3.6 

(Ghazi & Mashloosh, 2020). Also, the physical and mechanical properties of SPK 

1.2080, summarized in Table 3.7, confirm its superior strength and resistance to plastic 

deformation (Ghazi & Mashloosh, 2020). 

Table 3.6: Chemical composition of the AISI D3 (SPK 1.2080) tool steel. 

Material C Mn Si P S Cr V W 

standard 2-2.35 0.1-0.6 0.1-0.6 0.03 0.03 11-13.5 ≤1 ≤1 

Average 2.25 0.4 0.33 0.025 0.024 13.2 0.204 0.033 

 

𝜀0̇ 𝑇𝑚𝑒𝑙𝑡 𝑇𝑟𝑜𝑜𝑚 
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Table 3.7: Physical and Mechanical Properties of SPK 1.2080 steel (52HRC). 

Parameter Value 

Tensile Strength, Ultimate (MPa) 1810 

Tensile Strength, Yield (MPa) 1300 

Elongation at Break 12% 

Modulus of Elasticity (GPa) 190-210 

Bulk Modulus (GPa) 165-175 

Poisson’s Ratio 0.28-0.3 

Density (g/cc) 7.70 

3.2.3 Process of meshing 

The meshing process was carried out in ANSYS with the aim of achieving accurate 

stress and deformation results while maintaining computational efficiency. A 

structured mesh was generated for both the rebar and the cutting blades, as the 

relatively simple geometries allowed for hexahedral element discretization. 

Hexahedral elements were selected due to their superior accuracy in capturing stress 

gradients and their numerical stability under large deformation compared to tetrahedral 

elements. No special formulations, such as reduced integration or hourglass control, 

were applied, as the chosen element type sufficiently addressed the expected 

deformation behavior. 

Refinement was applied selectively in regions of interest, particularly around the 

blade–rebar contact zone where high stress gradients and plastic deformation were 

anticipated. In these regions, the element size was reduced to 0.5 mm, ensuring 

sufficient resolution for accurate prediction of local stress concentration and material 

failure. In contrast, larger element sizes were used in the bulk material regions, where 

stress gradients were less significant, thereby reducing the overall computational time 

of the simulation. Figure 3.5 illustrates the mesh details for components. This localized 

mesh refinement strategy, applied through submodeling, enabled a balance between 

accuracy and efficiency. 
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Figure 3.5: Mechanism mesh detail. 

To verify the reliability of this meshing approach, a mesh independency study was 

performed by comparing the peak cutting force values obtained from progressively 

refined meshes. The results demonstrated that further refinement below 0.5 mm 

produced a variation of less than 5% in the maximum cutting force, confirming that 

the selected mesh resolution was sufficient to capture the relevant physical behavior 

without unnecessary computational cost. 

The meshing approach also ensured that element aspect ratios remained within 

acceptable limits, preventing mesh distortion during large plastic deformation. A 

detailed summary of the number of elements and nodes generated for the model is 

provided in Table 3.8. 

Table 3.8: Mesh properties of each Analysis. 

Analysis No. Min Mesh Size (mm) Number of Elements Number of Nodes 

1 0.5 22823 28954 

2 0.5 12352 15387 

3 0.5 12634 15716 

 3.2.4 Boundaries and initial factors 

The definition of appropriate boundary conditions and initial factors is essential for 

achieving reliable simulation results in explicit dynamic cutting analyses. In this study, 

the cutting process was modeled by constraining the blades and rebar according to 

their physical operating conditions. The fixed blade was modeled as fully constrained 
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in all translational and rotational degrees of freedom, representing its rigid attachment 

to the fixed head of bender. The moving blade, connected to the hydraulic piston rod, 

was restricted in all directions except along the z-axis, where the displacement has 

been applied to the moving blade for cutting the rebar and calculating the force 

diagram. This configuration accurately reproduced the unidirectional shearing action 

observed in the experimental setup. Figure 3.6 illustrates the applied boundary 

conditions. 

 

Figure 3.6:  Applied Boundary Conditions. 

The rebar specimen, with a diameter of 10 mm, was modeled with one end fixed to 

prevent rigid body motion, while the opposite end remained free to interact with the 

moving blade. Contact interactions between the blades and the rebar were defined 

using an eroding surface-to-surface contact formulation, allowing for element deletion 

during fracture. A friction model was employed with a friction coefficient of 0.42, 

which reflects the steel-to-steel interaction under dry contact conditions. This 

parameter strongly influences the distribution of shear stresses and local heat 

generation at the tool–rebar interface. 

The initial conditions for the simulation were chosen to reflect realistic operating 

parameters of the hydraulic system. The moving blade was assigned an initial velocity 

of 95.3 mm/s, derived from the cylinder speed that is calculated by Eq. (3.2). Since the 

simulation was displacement-controlled, this velocity was applied incrementally over 

time to replicate the continuous advance of the piston. The rebar and blades were 
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assumed to be at room temperature (20 °C) at the start of the analysis. Gravity was 

neglected as its effect is negligible compared to the cutting forces involved. 

𝑣 =
𝑞

𝐴𝑝
 (3.2) 

Where v is the piston velocity (mm/s), flow in 𝑞 = 22 (lit/min) that is a hydraulic pomp 

property and Ap is piston area (mm2). 

3.2.4.1 Parametric Analysis of Blade Geometry 

The influence of blade geometry on the rebar cutting process was investigated by 

varying the fixed blade edge angle while maintaining all other parameters constant. 

Three configurations were analyzed with edge angles of 86°, 88°, and 90°. The 

geometry of the moving blade was kept unchanged to ensure that the results reflected 

only the effect of the fixed blade angle. The blades geometry and parameters are shown 

in Table 3.9. 

Finite element simulations were performed for each configuration to evaluate cutting 

force, stress distribution, deformation, and energy absorption. In parallel, experimental 

trials were conducted under identical conditions to provide validation of the numerical 

results. Each test was repeated to ensure consistency and reliability of the data 

obtained. This parametric study enabled a systematic comparison of blade geometries, 

offering insights into their role in cutting efficiency, tool loading, and operational 

performance. The detailed results and the correlation between simulation and 

experimental findings will be discussed in the subsequent Results and Discussion 

chapter. 
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Table 3.9: Blades geometry. 

Angle Isometric view Section view 

90° 

  

88° 

  

86° 
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 RESULTS AND DISCUSSION 

This section presents and analyzes the findings of the study, combining both 

experimental measurements and numerical simulations. The results are structured to 

highlight the performance of the hydraulic cutting system under different blade 

geometries, focusing on cutting force, stress distribution, and deformation patterns. 

Experimental tests provide validation data, while finite element simulations offer 

detailed insight into stress and strain fields that cannot be directly observed. The 

discussion emphasizes the correlation between experimental and numerical outcomes, 

identifying consistencies, deviations, and their underlying causes. 

 Experimental Setup 

The experimental study was conducted to validate the finite element analysis (FEA) 

results of the hydraulic cutting process and to evaluate the performance of the cutting 

blades under real operating conditions. The tests were carried out on the hydraulic 

cutting system of the CNC stirrup bender machine. The test sample is provided as AISI 

1045 bars with a diameter of 10 mm. The experimental results were compared with 

the simulation outputs in terms of required cutting force, blade performance, and the 

effect of blade edge angle. 

The hydraulic cutting system is driven by a double-acting, single-piston rod hydraulic 

cylinder with a bore diameter of 70 mm and the test is carried out in the pressure range 

of 5 to 15 megapascals. The rebar is held in place during testing by straightening rollers 

and the fixed blade, while the opposite end remains free to allow natural displacement 

during the cutting process. The experimental setup is illustrated in Figure 4.1 and 

Figure 4.2.  
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Figure 4.1: Experimental test setup of the CNC stirrup bender cutting system.  

 

Figure 4.2: The hydraulic tank and its components. 

The cutting blades used in the experimental setup were manufactured from SPK 

1.2080 tool steel and prepared in different edge geometries for testing. Their geometry 

is shown in Figure 4.3, which illustrates the fixed and moving blade configuration 

prior to assembly. 
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Figure 4.3: Manufactured cutting blades used in experiments. 

Cutting force was not measured directly with a load cell but instead calculated from 

the measured hydraulic pressure. A precision pressure gauge was mounted on the 

hydraulic line to monitor the working pressure. The generated cutting force was 

obtained by multiplying the cylinder pressure with the effective piston area according 

to Eq. (4.1). For the 70 mm bore cylinder, the effective piston area is 𝐴𝑝 = 38.46 𝑐𝑚2 

that is calculated by Eq. (4.2). 

𝐹 = 𝑃 × 𝐴𝑝 (4.1) 

𝐴𝑝 =
𝜋 × 𝐷2

4
 (4.2) 

where F is the cutting force (N), P is the applied hydraulic pressure (Pa), and Ap is the 

piston area (m²) and D is the cylinder bore diameter (m). The Value of force in different 

pressures are presented in Table 4.1.  
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Table 4.1: Force in different pressures. 

Pressure (MPa) 5 6 7 8 9 10 11 12 

Force (KN) 19.2 23.1 26.9 30.8 34.2 38.4 42.3 46.1 

A total of three repeated tests were performed for each cutting condition to ensure 

reproducibility of the results. The experiments focused on evaluating the effect of 

blade geometry by testing three different edge angles of the fixed blade. For each 

configuration, the hydraulic pressure was gradually increased until the rebar was 

completely cut. The minimum pressure and corresponding cutting force required for 

each blade angle were recorded. Cutting success was visually confirmed by rebar 

separation, while displacement of the free end was captured through video analysis 

(Figure 4.4). 

 
7 MPa                                                         8 MPa 

Figure 4.4: Displacement of bar end in 7 MPa and 8 MPa. 

The primary data collected during the experiments were the hydraulic pressure values 

required to cut the rebar under each blade edge angle. These values were recorded 

directly from the pressure gauge connected to the hydraulic system, then converted 

into cutting force using Eq. (4.1). For each cutting condition, three repeated trials were 

conducted, and the corresponding forces were averaged to obtain representative 

results. Also, the hydraulic cylinder efficiency is assumed as 95%-98%. The processed 

data were summarized in tabular form in Table 4.2 providing a clear basis for later 

validation against simulation outcomes.   
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Table 4.2: Experimental cutting forces for different blade edge angles. 

Blade edge angle 90° 88° 86° 

Sample No 1 2 3 1 2 3 1 2 3 

Pressure 103 105 103 92 93 93 89 90 92 

Force 39.5 40.32 39.5 35.3 35.7 35.7 34.2 34.6 35.3 

Avg Force 39.8 35.6 34.7 

η (95%-98%) 37.8-39 33.8-34.9 33-34 

 Numerical Analysis in ANSYS 

The cutting force was obtained from the simulation as a function of time for 90° blade 

angle. The force–time diagram (Figure 4.5) illustrates the progressive increase in 

cutting force as the moving blade advances and engages with the rebar, followed by a 

sharp peak corresponding to material fracture. After fracture initiation, the force drops 

rapidly, confirming the effectiveness of the Johnson–Cook failure model in capturing 

the material separation process. 

 

Figure 4.5: Force–time curve for 90° fixed blade. 

In the subsequent stage, simulations were conducted for blade angles of 88° and 86°, 

and the corresponding cutting force–time diagrams were obtained. As shown in Figure 

4.6 and Figure 4.7, the overall trend of the force response is similar to that observed 

for the 90° blade angle.  
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Figure 4.6: Force–time curve for 88° fixed blade. 

 

Figure 4.7: Force–time curve for 86° fixed blade. 

The cutting force increases progressively as the moving blade advances and engages 

with the rebar, reaching a sharp peak that corresponds to the onset of material failure. 

Following this peak, the force decreases rapidly as shear propagation leads to complete 

separation. However, compared with the 90° blade case, the maximum cutting force is 

lower, and the cutting process is completed within a relatively shorter duration. 
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According to the diagrams, the force generated in the rebar starts from zero and then 

reaches the maximum force value and, exactly in accordance with the shear test, 

fluctuates and decreases with the destruction of the elements and finally rupture 

occurs. This behavior is visible in the results of all three analyses.  

 

Figure 4.8: Force–time curve regions. 

The Figure 4.8  shows the different regions of the force diagram. The force–time 

response can be divided into distinct phases. In the initial stage, the cutting force rises 

almost linearly as the blade first engages the rebar. Toward the end of this stage, a brief 

drop in force occurs, reflecting localized plastic deformation of the rebar. This is 

followed by a secondary rise as the material resists further penetration, leading into the 

pre-fracture stage. In the final stage, rupture initiates, and the rebar undergoes 

complete shearing, marked by a sudden peak and subsequent drop in the cutting force. 

Figure 4.9  provides a combined representation of the three diagrams, allowing direct 

comparison of the cutting force responses for the different blade geometries. 
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Figure 4.9: Comparison of Cutting Forces. 

The peak cutting force values obtained from the simulations are summarized in a table 

(Table 4.3). Among the tested geometries, the 90° fixed blade required the highest 

cutting force of 39.9 KN, while the 88° and 86° blades showed reduced maximum 

forces of 35.8 KN and 34.5 KN, respectively. This trend indicates that sharper blade 

edge angles lower the cutting resistance, though they may also increase localized 

stresses in the blade. 

Table 4.3: Summary of maximum cutting forces for different blade angles. 

Blade Angle (°) Maximum Cutting Force (KN) 

90 39.9 

88 35.8 

86 34.5 

Von Mises stress contours were extracted from the explicit dynamic simulations to 

evaluate stress magnitudes and concentration zones in both the rebar and the cutting 

blades. For the rebar, the peak equivalent (von Mises) stresses varied with the fixed-

blade angle. The 90° configuration produced a maximum of approximately 900 MPa, 

while the 88° and 86° configurations both reached peak stresses of around 820 MPa. 

Figure 4.10, Figure 4.11 and Figure 4.12 illustrate the stress distribution in the blades 

and rebars at the critical points of the force diagram. These stress levels were localized 

in the shear zone adjacent to the blade–rebar contact and occurred near the onset of 
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fracture. The higher stress in the 90° case aligns with the greater cutting force observed 

in the force–time diagrams, reflecting the increased resistance of the rebar to shearing 

under this geometry.  

According to Figure 4.10, the cutting process can be clearly divided into three distinct 

zones. In the first zone, plastic deformation is initiated in the rebar when the applied 

load reaches about 27.1 KN. Due to strain hardening, the process enters the second 

zone, where the force continues to rise, reaching 35.5 KN. At this point, the rebar 

experiences stresses of approximately 860 MPa, while the fixed blade—already in full 

contact with the bar—sustains nearly constant stress around 1710 MPa. In the third 

zone, additional stress accumulation brings the cutting force to its maximum value of 

39.99 KN, which corresponds to the onset of full shear. At this stage, the maximum 

stresses recorded in the rebar and blade were 900 MPa and 1710 MPa, respectively. 

Following fracture initiation, the shear force gradually declines as the rebar is 

completely separated. 
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Figure 4.10: Stress Distribution in Simulation1 (Blade 90°). 
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Figure 4.11: Stress Distribution in Simulation2 (Blade 88°). 

As shown in Figure 4.11, plastic deformation initiates in the rebar at a load of about 

31.5 KN, after which strain hardening drives the transition into the second zone. The 

applied force continues to increase until reaching a maximum shear force of 35.8 KN, 

marking the onset of complete fracture. At this stage, the maximum equivalent stresses 

observed were approximately 820 MPa in the rebar and 1800 MPa in the fixed blade. 

Once failure initiates, the shear force decreases gradually while the rebar undergoes 

full separation. 

According to Figure 4.12, the rebar begins to plastically deform once the applied load 

reaches approximately 31.3 KN. With continued loading, strain hardening develops, 

marking the transition into the second zone. Here, the applied force rises steadily until 

it reaches a maximum cutting force of 34.5 KN, which corresponds to the onset of full 

shearing. Following this point, the force decreases progressively as fracture propagates 

through the cross-section, ultimately leading to complete separation of the rebar. 
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Figure 4.12: Stress Distribution in Simulation3 (Blade 86°). 

For the cutting blades, the stress response was primarily governed by their geometry 

and contact with the rebar. The maximum equivalent (von Mises) stress in the cutting 

blades reached approximately 1710 MPa in the 90° configuration, while slightly higher 

values of about 1800 MPa were obtained for the 88° and 86° configurations. These 

stress levels were localized at the sharp cutting edges of the blades, which experience 

intense loading during the shearing process. The elevated stresses, combined with 
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minimal deformation at the blade edges, indicate that stress concentration is the 

dominant factor governing blade performance. In practice, such localized conditions 

may manifest as minor plastic deformation or chipping at the blade edge, consistent 

with observed wear phenomena in experimental studies. Figure 4.13, Figure 4.14 and 

Figure 4.15 illustrate the stress distribution in the fixed blades. 

 

Figure 4.13: Stress Distribution in Blade 90°. 

  

Figure 4.14: Stress Distribution in Blade 88°. 

  

Figure 4.15: Stress Distribution in Blade 86°. 
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Spatially, the most prominent stress concentrations were identified: (1) at the leading 

edge of the moving blade during initial penetration, and (2) along the circumferential 

contact line between the rebar and the fixed blade, where the shear plane develops. 

Sharper blade angles (86° and 88°) produced smaller but more intense stress zones, 

while the 90° blade resulted in a broader plastic deformation region within the rebar. 

These results highlight the trade-off between cutting efficiency and tool longevity 

when optimizing blade geometry. 

The deformation behavior of the rebar during the cutting simulations was analyzed in 

terms of directional displacement, opposite displacement, and strain development 

under different blade edge angles. The results confirm that while the cutting process 

inevitably leads to fracture of the rebar, the magnitude and distribution of deformation 

are strongly influenced by blade geometry. 

For the case of the 90° blade, the maximum directional deformation along the cutting 

axis (z-axis) reached approximately 1.8798 mm, while the maximum opposite 

displacement in the negative z-axis direction was about -0.8207 mm. In comparison, 

for the 88° blade, the maximum positive deformation was 1.8486 mm, accompanied 

by a significantly larger opposite displacement of -2.6659 mm. Similarly, for the 86° 

blade, the maximum positive deformation was 1.8434 mm, with an opposite 

displacement of -2.6357 mm. These results indicate that although the forward 

displacement at the free end of the rebar remains nearly identical across the three cases, 

the opposite directional displacement is more pronounced for the 86° and 88° blades, 

suggesting a greater bending effect and stress redistribution during cutting. Figure 

4.16, Figure 4.17 and Figure 4.18 illustrates the deformation behavior of the rebar for 

90°, 88°, and 86° blades. 
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Figure 4.16: Directional deformation contours of rebar for 90° blade angles. 

 

 

 

Figure 4.17: Directional deformation contours of rebar for 88° blade angles. 
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Figure 4.18: Directional deformation contours of rebar for 86° blade angles. 

Across all simulations, the rebar experienced fracture at the cutting section, confirming 

the Johnson–Cook fracture model implementation in the numerical approach. No 

permanent deformation was observed in the blades themselves, as they were modeled 

with high-strength tool steel properties and assumed to undergo negligible elastic or 

plastic strain under the applied loads. 

A summary of the maximum deformation and strain results for each blade angle is 

presented in Table 4.4, which provides a clear comparison of displacement behavior 

and strain evolution across the three cases. 
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Table 4.4: Max deformation and strain values of rebar for different blade angles. 

Blade Angle Max +Z Deformation (mm) Max −Z Deformation (mm) Max Strain Time of Max Strain (s) 

90° 1.8798 -0.8207 4.82 × 10⁻³ 10.2 × 10⁻³ 

88° 1.8486 -2.6659 4.74 × 10⁻³ 9.45 × 10⁻³ 

86° 1.8434 -2.6357 4.67 × 10⁻³ 7.84 × 10⁻³ 
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 Comparison of Experimental and Numerical Results 

Experimental tests were conducted to determine the minimum cutting forces required 

for rebar shearing at different blade angles by measuring the hydraulic pressure and 

converting it into force using the piston area. The calculated force values are presented 

as ranges, which reflect the assumed hydraulic cylinder efficiency of 95–98%. These 

experimental results were then compared with the peak cutting forces obtained from 

the finite element simulations. While the experimental forces correspond to the 

minimum sustained values necessary for complete rebar fracture, the simulations 

predict the instantaneous peak force at the onset of failure. Despite this methodological 

difference, the comparison demonstrates close agreement between experimental and 

numerical data. 

As presented in Table 4.5, the experimental cutting forces were measured as 37.8–39.0 

KN for the 90° blade, 33.8–34.9 KN for the 88° blade, and 33.0–34.0 KN for the 86° 

blade. The corresponding numerical predictions of 39.9 KN, 35.8 KN, and 34.5 KN, 

respectively, deviate by less than 6%. This level of consistency confirms that the 

Johnson–Cook material and fracture model, combined with the applied boundary 

conditions and meshing strategy, provides a reliable and realistic representation of the 

hydraulic cutting process. 

The small discrepancies observed are mainly attributed to experimental uncertainties 

such as pressure measurement resolution, frictional variations at the blade–rebar 

interface, material inhomogeneity of rebar samples, and the inherent difference 

between peak simulated forces and sustained experimental forces. Nonetheless, the 

close correlation validates the simulation framework and supports its application for 

parametric studies, geometry optimization, and reduction of experimental testing 

efforts. 
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Table 4.5: Comparison of experimental and numerical cutting forces. 

Blade Angle Experimental Force Range (kN) Numerical Peak Force (kN) Difference (%) 

86° 33.0 – 34.0 34.5 +1.5 – 4.5 % 

88° 33.8 – 34.9 35.8 +2.6 – 5.9 % 

90° 37.8 – 39.0 39.9 +2.3 – 5.6 % 
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 CONCLUSIONS AND FUTURE PERSPECTIVES 

This study investigated the cutting process of AISI 1045 rebars using a CNC stirrup 

bender machine equipped with a hydraulic cutting system. Finite Element Analysis 

(FEA) in ANSYS Explicit Dynamics was employed to simulate the interaction 

between rebar and blades under different fixed-blade edge angles (86°, 88°, and 90°). 

The numerical results were validated through experimental tests, ensuring the 

reliability of the adopted approach. 

The results demonstrated that the blade geometry has a direct influence on the cutting 

behavior. A reduction in blade edge angle led to lower cutting forces, with the 

minimum force observed at 86°. However, smaller angles also resulted in higher stress 

concentrations localized at the sharp edges of the blade, which reduced stress tolerance 

and increased the risk of edge failure. Thus, while decreasing the blade angle can 

improve energy efficiency, it must be carefully optimized to balance force reduction 

against blade durability. The Johnson-Cook constitutive and fracture models 

successfully captured the material's elastoplastic response during cutting, and the 

comparison with experiments showed a deviation of less than 6%, confirming the 

model's suitability for such quasi-static cutting processes. 

From a practical perspective, the findings contribute to a better understanding of 

material behavior during rebar cutting and provide guidelines for selecting blade 

geometry and hydraulic system capacity. The FEA framework enables designers and 

engineers to estimate the required cutting force for various rebar diameters and 

materials before manufacturing, reducing trial-and-error in machine design. 

Furthermore, the analysis offers insights into hydraulic cylinder sizing, blade material 

selection, and stress distribution management, enhancing both efficiency and 

reliability of industrial rebar cutting systems. 

Despite its contributions, this study had some limitations. The rebar geometry was 

modeled as a smooth cylindrical bar, while some of rebars have ribbed surfaces that 

may influence local stress distributions and fracture patterns. Moreover, the study 
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focused only on AISI 1045 steel rebars and SPK 1.2080 blades, which limits the 

generalization of results to other material combinations. 

Future research should extend the parametric study to include moving blade 

geometries, a broader range of blade materials, and larger variations in rebar diameters. 

In addition, long-term performance aspects, such as blade wear, fatigue, and fracture 

under repetitive cutting cycles, should be analyzed to ensure durability in industrial 

applications. Advanced approaches, such as adaptive meshing and optimization 

algorithms, may also be integrated to further refine predictions and develop intelligent 

hydraulic cutting systems. 
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