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ABSTRACT 

The construction industry in Sri Lanka relies extensively on locally manufactured 16mm 

diameter rebars for structural applications. Ensuring the mechanical reliability of these rebars 

is essential for safe and durable construction. This thesis, titled “Establishment of Predictive 

Models for Strain Hardening Ratio Based on Carbon Equivalent in Locally Manufactured 

16mm Rebars,” investigates the relationship between the Tensile-to-Yield strength ratio 

(T/Y) and Carbon Equivalent (CE), a key metric derived from chemical composition. 

The research began by tracing the historical evolution of CE as a predictor of mechanical 

behavior, highlighting its established role in estimating ductility and strain-hardening 

characteristics. Using tensile test data and CE values calculated via BS 4449:2015, a linear 

regression analysis confirms a statistically significant relationship between CE and T/Y, 

consistent with prior metallurgical findings. This validation reinforces CE as a reliable 

indicator of mechanical performance in rebars. 

Building on this foundation, the study introduces a binomial logistic regression model that 

classifies rebar compliance based solely on CE. By defining a ductility threshold (T/Y ≥ 1.15), 

the model enables binary classification of rebar quality, offering a practical, non-destructive 

method for compliance screening. The model demonstrates high classification accuracy and 

strong ROC performance, making it suitable for integration into QA/QC workflows. 

The outcomes of this research provide the construction sector with a dual-layered analytical 

framework: one that confirms the CE–T/Y relationship through regression, and another that 

operationalizes CE as a predictive tool for quality assurance. This approach enhances 

traceability, efficiency, and decision-making in material selection. Future research is 

recommended to explore the influence of manufacturing processes, environmental exposure, 

and broader diameter ranges on model robustness. 

Keywords: Carbon Equivalent, Tensile-to-Yield Ratio, Linear Regression, Binomial 

Logistic Regression, Rebar Compliance, 16mm Diameter, QA/QC, Sri Lankan Construction 
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CHAPTER 1: Introduction 

In Sri Lanka, the construction industry plays a vital role in the nation's economic development 

and infrastructure growth. Reinforcement bars, commonly known as rebars, are crucial 

elements in concrete construction, providing the necessary tensile strength to concrete 

structures, which are inherently weak in tension. Their importance is evident in numerous 

construction projects across the country, from residential buildings to large-scale 

infrastructure such as bridges, roads, and commercial complexes. Rebar enhances the 

structural integrity of buildings and infrastructure, enabling them to withstand various stresses 

and environmental conditions. By complementing concrete’s compressive strength, rebars 

ensure the longevity and safety of built structures. Among the various sizes of rebars, 16mm 

diameter rebars are particularly favored for their balance between strength and flexibility, 

making them ideal for a wide range of structural applications. 

1.1 Background and significance 

The construction industry in Sri Lanka relies heavily on locally manufactured steel 

reinforcement bars (rebars), particularly of 16mm diameter, for structural applications. 

Ensuring the mechanical reliability of these rebars is essential for maintaining structural 

integrity, long-term durability, and compliance with national standards. Traditionally, 

mechanical testing has been the primary method for assessing rebar quality, but it is time-

consuming, resource-intensive, and often impractical for batch-level screening. This study 

explores the potential of chemical composition, specifically Carbon Equivalent (CE) as a 

predictive tool for mechanical performance, offering a faster and more scalable approach to 

quality assurance. 

1.1.1 Importance of Rebars and Its Quality Control in Construction 

Quality control of rebars is fundamental to ensuring that they meet the required standards and 

performance criteria. In Sri Lanka, stringent quality control measures are implemented to 

prevent structural failures, reduce maintenance costs, and extend the lifespan of concrete 

structures. Quality control involves rigorous testing of physical and chemical properties, 

adherence to manufacturing standards, and regular inspections. These measures guarantee 

that rebars possess the necessary strength, ductility, and corrosion resistance required for safe 

and efficient construction practices. By ensuring high-quality rebars, construction projects 
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can achieve greater reliability and performance, contributing to the overall safety and stability 

of the built environment. 

1.1.2 Importance of Tensile/Yield Ratio and Carbon Equivalent 

The Tensile, Yield and the Tensile/Yield (T/Y) ratio and Carbon Equivalent are critical 

parameters that determine the mechanical properties and weldability of rebars. The T/Y ratio 

indicates the balance between strength and ductility, which is crucial for the rebar's 

performance under load. A higher T/Y ratio signifies better performance, as it suggests the 

rebar can endure greater stress and deformation before failing. [1] 

The carbon equivalent, on the other hand, is a measure of the rebar's weldability and 

susceptibility to cracking. Lower carbon equivalent values imply better weldability and 

reduced risk of brittleness, making it easier to work with the rebar in construction 

applications. Understanding this relationship can help improve manufacturing processes, 

enhance material properties, and ensure that rebars meet international standards. This study 

provides valuable insights into the suitability of local rebars for various structural applications 

and helps in developing strategies to enhance the quality and performance of rebars in the 

construction industry. 

1.1.3 Overview of Steel Properties 

• Tensile Strength (Ultimate): The maximum stress steel can withstand before failure, 

ensuring structural safety and durability. 

• Yield Strength: The stress at which steel begins to deform permanently, indicating 

its ability to bear loads without experiencing plastic deformation. 

• Tensile/Yield (T/Y) Ratio: A measure of the balance between strength and ductility, 

critical for evaluating rebar performance under various loading conditions. 

• Carbon Equivalent: An indicator of weldability and brittleness, with lower values 

suggesting better performance in welded applications. 

• Manganese: An alloying element that improves steel's strength, hardness, and wear 

resistance, contributing to the overall performance of rebars.[2] 
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1.1.4 Explanation of the Gap in Knowledge 

While CE has long been used to assess weldability and cracking risk, its role in predicting 

ductility and strain-hardening behavior has not been fully leveraged in Sri Lankan QA/QC 

practices. Existing literature confirms a linear relationship between CE and T/Y ratio, but no 

known studies have developed a binomial classification model that uses CE to directly assess 

compliance. This gap presents an opportunity to transform CE from a passive indicator into 

an active decision-making tool for rebar quality assurance. 

1.2 Objective of the Study 

This study aims to: 

• Validate the linear relationship between Carbon Equivalent (CE) and Tensile-to-Yield 

strength ratio (T/Y) using locally sourced 16mm rebars. 

• Develop a binomial logistic regression model that classifies rebar compliance based 

solely on CE, enabling rapid, non-destructive screening.  

• Provide a decision-support framework for QA/QC teams to assess rebar quality using 

chemical composition data. 

 

 

Fig 1.1, Typical Stress – Strain Curve [3] 
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Main Objective: 

To establish a correlation factor between the Tensile/Yield (T/Y) strength ratio and 

the Carbon Equivalent (CE) of locally manufactured steel 16mm diameter 

reinforcement bars in Sri Lanka 

 

Sub Objectives: 

1. To investigate the influence of CE on the T/Y ratio across different steel grades and 

production sources. 

2. To identify trends or patterns that can inform quality control and material selection 

in rebar manufacturing. 

3. To provide recommendations for cost-effective and performance-optimized rebar 

production. 

4. To contribute to the improvement of structural safety and durability in Sri Lankan 

construction practices. 

1.3 Challenges in Correlating Tensile/Yield Strength and Carbon Equivalent 

Correlating the T/Y ratio with carbon equivalent and other alloying elements presents several 

challenges. These challenges include variations in manufacturing processes, differences in 

raw material quality, and the complexity of steel's chemical composition. Additionally, the 

interaction between these elements can be influenced by factors such as heat treatment and 

mechanical working, making it difficult to establish a clear and consistent relationship. 

Overcoming these challenges requires rigorous testing, precise data collection, and advanced 

analytical techniques. 
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CHAPTER 2: Literature Review 

2.0 Introduction 

This chapter presents a comprehensive review of existing literature related to the chemical 

and mechanical behavior of steel reinforcement bars, with a particular focus on Carbon 

Equivalent (CE) and its correlation with strain hardening and the tensile-to-yield strength 

ratio (T/Y). The review began by defining CE and tracing its historical development, followed 

by an exploration of its influence on mechanical properties, microstructural mechanisms, and 

welding behavior. Special attention is given to CE’s role in Sri Lankan rebar production and 

its potential as a predictive tool for quality control. The chapter concludes by identifying gaps 

in current research and justifying the need for the present study. 

2.1  Carbon Equivalent (CE): Definition and Importance 

Carbon Equivalent (CE) is a calculated metric used to estimate the combined effect of 

alloying elements in steel, particularly in relation to its weldability, hardenability, and 

mechanical behavior. The concept of CE originated in the early 20th century (1918) when 

Scottish metallurgical inspector Andrew McWilliam, while working in India, proposed an 

empirical equation to predict the tensile strength of steel based on its chemical composition. 

His initial formula incorporated carbon, manganese, and phosphorus, and was later refined to 

include silicon, recognizing its influence on steel strength. This marked the beginning of CE 

as a tool for correlating chemical composition with mechanical properties. 

The formalization of CE equations gained momentum during and after World War II, as the 

demand for reliable welding practices in shipbuilding and pipeline construction intensified. 

In 1967, Dearden and O'Neill introduced a widely accepted CE formula to predict cold-

cracking tendencies in the heat-affected zone (HAZ) of welded steels. Their work emphasized 

the role of CE in evaluating weldability, leading to its adoption in fabrication codes and 

welding standards. In 1968, Japanese researchers Ito and Bessyo proposed the Pcm formula, 

expanding CE's scope to high-strength low-alloy (HSLA) steels. Subsequent developments 

in Germany and Japan introduced alternative CE equations that accounted for cooling rates 

and interaction effects between alloying elements, further refining its predictive power. 
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Over time, CE has evolved from a weldability index to a broader indicator of steel behavior, 

including correlations with tensile strength, yield strength, ductility, and hardness. Modern 

standards such as BS 4449:2015 incorporate CE calculations to assess rebar compliance, 

especially in thermo-mechanically treated (TMT) steels. Current research continues to 

explore CE's relationship with strain-hardening behavior, fracture toughness, and corrosion 

resistance, with growing interest in using CE as a non-destructive predictor of mechanical 

performance. In this study, CE is investigated as a potential classifier for the tensile-to-yield 

strength ratio (T/Y), aiming to establish a binomial model for compliance screening based 

solely on chemical composition. 

Carbon Equivalent (CE) is a calculated value that helps estimate how different alloying 

elements—like manganese, chromium, and nickel—affect the behavior of steel. It was first 

developed to assess weldability, but over time, CE has also become useful for predicting other 

properties such as hardenability, phase transformation, and mechanical strength. 

Different formulas for calculating CE have been developed by organizations such as the 

International Institute of Welding (IIW), Japanese Industrial Standards (JIS), and ASTM [16], 

each tailored to specific steel grades and applications. 

Luo et al. reviewed six common CE formulas and showed that CE is especially useful for 

predicting how steel behaves in the heat-affected zone (HAZ), whether it's likely to crack 

during welding, and how stable its internal structure is during thermal processes [3]. Their 

study highlights CE as a key factor in ensuring the quality and reliability of steel during 

fabrication. 

           

2.2  Carbon Equivalent (CE) and Mechanical Properties of Steel 

Several studies confirm that CE affects key mechanical properties such as tensile strength, 

yield strength, and ductility. 

• Alhassan and Bashiru found that steels with CE ~ 0.11 form fine ferrite-pearlite 

structures with excellent weldability, while CE > 0.30 leads to coarser martensitic 

structures requiring preheating [4]. 
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• In the Sri Lankan context, Perera and Guluwita reported that CE values between 0.37–

0.40 produced optimal strength and ductility in TMT bars, emphasizing the role of 

Mn, Cr, Mo, and Ni in modifying mechanical behavior [5]. 

• SCIRP provided a broader overview of CE's influence on hardenability and 

dislocation accumulation, reinforcing its predictive value across various steel grades 

[6]. 

• Muthurathna and Weragoda conducted foundational research correlating CE with 

tensile and yield strength in Sri Lankan rebars, reinforcing the importance of 

integrated chemical-mechanical analysis in regional QA/QC practices [7]. 

 

2.3  Microstructural Mechanisms Influenced by CE 

CE affects steel’s microstructure by controlling phase transformation, grain morphology, and 

precipitation behavior. 

• Song showed that higher carbon content increases body-centered tetragonal (BCT) 

distortion in martensite, raising dislocation density and enhancing strain hardening 

[9]. 

• Kawulok found that elevated CE reduces activation energy for dynamic 

recrystallization, resulting in finer grains and improved mechanical response [10]. 

• Field and Yu demonstrated that Mn and Ni stabilize austenite and extend martensitic 

transformation ranges [11]. 

• Techaboonanek and Mohrbacher highlighted how Cr and Mo retard diffusion and 

promote martensite formation [12, 13]. 

• Metal Zenith provided atomic-level insights into how Mn, Cr, Mo, V, Ni, and Cu 

contribute to lattice distortion, carbide formation, and solid solution strengthening-

confirming CE’s role in shaping microstructure and mechanical integrity [14]. 

2.4  CE and Strain Hardening Behavior 

Building on the microstructural findings in Section 2.3, CE is closely linked to strain 

hardening—the ability of steel to strengthen through plastic deformation. 
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• Song and Kawulok directly associated CE with martensitic distortion and grain 

refinement, both essential for strain hardening [9, 10]. 

• The CE–SHR relationship is further supported by studies on dynamic recrystallization 

and dislocation accumulation, which are influenced by the alloying elements included 

in CE calculations [6]. 

2.5  CE and Tensile-to-Yield Ratio (T/Y) 

The T/Y ratio reflects a material’s ability to deform plastically before failure. CE influences 

this ratio by altering the balance between ductile and hard phases through phase 

transformation pathways. 

• Yu and Mohrbacher showed that CE-related elements like Mn, Ni, Cr, and Mo affect 

this balance, thereby impacting the T/Y ratio [11, 13]. 

• Morales emphasized that the T/Y ratio is a critical indicator of ductility and structural 

reliability, especially in seismic applications. His work supports the use of CE as a 

proxy for predicting this ratio in rebar assessment [15]. 

• The statistical model developed in this study aligns with these findings, confirming 

CE as a reliable predictor of T/Y behavior in rebars. 

2.6  CE in Welding and Heat-Affected Zones 

As previously discussed in Section 2.1, CE is traditionally used to assess weldability, 

especially in predicting HAZ hardness and cracking susceptibility. 

• Luo and SCIRP emphasized that CE thresholds are critical for determining preheat 

requirements and post-weld mechanical stability [3, 6]. 

• Alhassan and Bashiru further linked CE to weld-induced phase changes, reinforcing 

the need for controlled thermal input in high-CE steels [4]. 

• The ASTM A615/A615M-22 standard also recognizes CE as a key parameter in 

evaluating weldability and mechanical consistency in reinforcing bars, aligning 

international practice with the predictive models used in this study [16]. 
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2.7  CE in Sri Lankan Rebar Production 

Local studies provide context for CE’s role in Sri Lankan rebar manufacturing. 

• Perera and Guluwita and Koralagamage et al. investigated rebars produced from local 

ingots and scrap-based sources, highlighting challenges in controlling residual 

elements [5, 8]. 

• Their findings showed that CE values within 0.37–0.40 correlated with consistent 

yield strength and elongation, reinforcing the importance of CE monitoring in regional 

QA/QC practices. 

• Muthurathna and Weragoda further supported this by establishing a correlation 

between CE and mechanical properties in locally produced rebars, though their work 

lacked statistical modeling [7]. 

2.8  Research Gap and Justification 

• Although Carbon Equivalent (CE) is widely recognized as a key indicator for 

assessing weldability and hardenability in steel, its direct correlation with strain 

hardening behavior and the tensile-to-yield strength ratio (T/Y) in reinforcement bars 

remains underexplored—particularly within the Sri Lankan context. While CE has 

been extensively studied in relation to welding and phase transformations, its 

predictive potential for mechanical compliance in rebars has not been fully leveraged 

in local QA/QC practices. 

• Previous studies, such as those by Muthurathna and Weragoda [7], initiated early 

efforts to correlate CE with mechanical behavior in steel rods. However, their work 

lacked integrated statistical modeling and did not incorporate microstructural 

analysis, limiting its applicability for predictive classification. Additionally, many 

existing investigations treat mechanical testing and compositional analysis as separate 

domains, which restricts their utility in developing holistic quality control 

frameworks. 

• This study addresses these gaps by establishing a CE–mechanical behavior framework 

that is both statistically robust and empirically validated. By analyzing locally 

manufactured 16mm diameter rebars, the research develops a linear regression model 

to confirm the CE–T/Y relationship and introduces a binomial logistic regression 
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model to classify rebar compliance based solely on CE. This dual-model approach 

transforms CE from a passive chemical descriptor into an active decision-making tool 

for quality assurance. 

• The findings contribute to both academic understanding and industrial application, 

offering a scalable, non-destructive method for screening rebar quality. This is 

particularly valuable for Sri Lankan manufacturers and QA/QC teams seeking to 

optimize production efficiency while maintaining compliance with national standards. 
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CHAPTER 3: Methodology 

3.0  Introduction 

This chapter introduces the methodology adopted to establish a correlation factor between the 

tensile-to-yield strength ratio (T/Y) and the Carbon Equivalent (CE) of locally manufactured 

16mm diameter steel reinforcement bars. It elaborates on the materials used, the experimental 

procedures followed, and the analytical methods applied. The primary focus was on 16mm 

rebars, which are widely used in Sri Lankan construction. Data on mechanical properties and 

chemical composition were collected and analyzed under controlled conditions. 

Previous studies have shown that the properties of raw materials and the production process 

significantly affect the mechanical performance of the final product. This study was therefore 

focused on rebars produced by a single manufacturer using a consistent process, ensuring 

uniformity in sample characteristics. 

3.1 Research Design 

This research was designed to analyze and interpret data related to the tensile-to-yield strength 

ratio and carbon equivalent of steel reinforcement bars in order to establish a correlation 

factor. The study was focused on products manufactured by a single supplier using a 

consistent production process. Only samples from this manufacturer were used throughout 

the study. 

3.2 Assumptions Made During the Study 

The following assumptions were made during the study: 

• Uniformity of Samples: The 16mm rebars sampled from one particular supplier were 

assumed to be representative of the typical production quality of locally manufactured 

rebars. 

• Constant Environmental Conditions: It was assumed that the environmental 

conditions during production and testing remained constant and did not significantly 

affect the results 
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3.3 Experimental Process Overview 

The experimental workflow was structured as follows: 

• Sample Preparation: 16mm diameter rebars were collected from a single 

manufacturer. 

• Chemical Composition Analysis: Carbon Equivalent (CE) was calculated using the 

BS 4449:2009 formula. 

• Mechanical Testing: Tensile and yield strengths were measured using calibrated 

Universal Testing Machines (UTMs). 

• Data Modeling: Linear regression and binomial logistic regression analyses were 

performed to evaluate the relationship between CE and T/Y ratio. 

3.4  Materials and Equipment 

The following equipment was used during the study: 

• Computerized Tensile Testing Machines: Machines with capacities of 

1000 kN and 2000 kN were used to test the tensile strength of steel samples. 

• Fully Automated Bending and Re-bending Equipment: Used to perform 

bending and re-bending tests to ensure mechanical integrity. 

• Atomic Emission Spectrometer: Used for precise chemical analysis to detect 

and quantify alloying elements in the steel samples. 

 

3.5 Experimental Setup and Procedures, Sample Selection and Preparation 

Samples of 16mm diameter rebars manufactured by the same supplier under a 

consistent process were selected in accordance with BS 4449:2009. 

Procedure: 

Steel reinforcement bars were cut into standardized test samples. 

All samples were inspected to ensure they were free from surface defects, rust, or 

irregularities. 
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Tensile Test 

Equipment: 

A Universal Testing Machine (UTM) was used, calibrated according to ISO 7500-1 

and BS 4449:2009 standards. 

 

Procedure: 

Samples were secured in the grips of the UTM. 

A tensile force was applied at a constant rate as per BS 4449:2009 guidelines. 

Load and extension were recorded until fracture occurred. 

Tensile strength was determined from the maximum load applied. 

 

Yield Test 

Equipment: 

The same UTM used for tensile testing. 

 

Procedure: 

Load was gradually increased, and yield strength was measured using the offset 

method. The yield point was recorded at the onset of plastic deformation. 

 

Standard: 

BS 4449:2009. 

 

  

Chemical Composition Analysis and CE Calculation 

 

Equipment: 

An Optical Emission Spectrometer (OES) or X-ray Fluorescence (XRF) spectrometer was 

used. 

 

Procedure: 

A detailed chemical analysis was conducted to determine the content of elements such as 

carbon (C), manganese (Mn), silicon (Si), chromium (Cr), molybdenum (Mo), vanadium (V), 

copper (Cu), and nickel (Ni). 
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Standard: 

BS 4449:2009. 

 

Carbon Equivalent Calculation: 

The CE was calculated using the formula recommended by the American Welding Society 

(AWS): 

 

𝐂𝐄 = 𝐂 +
𝐌𝐧

𝟔
+

(𝐂𝐫 + 𝐌𝐨 + 𝐕)

𝟓
+

(𝐍𝐢 +  𝐂𝐮)

𝟏𝟓
 

 

 

The maximum allowable CE value was considered as 0.51, as per BS 4449:2015. 

 

Procedure: 

The formula was applied to the chemical composition data obtained from the spectrometer. 

Carbon Equivalent values were calculated for each sample. 
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CHAPTER 4: RESULTS AND DISCUSSION 

In this chapter, two model approaches are used. One is an already established statistical model 

using linear regression in previous researches. Second is a qualitative approach is to Quality 

Control of rebar using a binomial model to develop a new relationship based on CE. 

4.1  Development of new Mathematical Model using binomial logistic regression 

This chapter presents the statistical analysis conducted to evaluate the relationship between 

Carbon Equivalent (CE) and the Strain Hardening Ratio (T/Y) in 16 mm steel rebars. The 

study was structured in two phases: 

1. Validation Phase: A linear regression model was used to confirm whether the 

experimental data aligns with the previously established CE–T/Y relationship found 

in literature. 

2. Model Development Phase: A binomial logistic regression model was introduced 

as a new approach to directly classify rebars based on CE, offering a practical tool 

for quality assurance and compliance screening. 

The dataset comprises chemical and mechanical test results from 100 locally manufactured 

16 mm rebar samples, sourced from multiple production batches by a single manufacturer. 

Each sample includes: 

• Mechanical Properties: 

o Yield Strength (Y) 

o Ultimate Tensile Strength (T) 

o Strain Hardening Ratio (T/Y) 

• Chemical Composition (% by weight): 

o Carbon (C), Manganese (Mn), Chromium (Cr), Copper (Cu), Nickel (Ni), 

Molybdenum (Mo), Vanadium (V) 
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T/Y ratio is influenced by metallurgical and processing factors such as chemical 

composition, microstructure, strain hardening, and grain size. In this study, these 

variables were controlled by selecting samples from a single manufacturer and bar size, 

allowing CE to be isolated as the primary predictor of mechanical performance. 

Carbon Equivalent Calculation  

Carbon Equivalent (CE) was calculated using the BS 4449:2009 formula: 

 

 

This formula accounts for the combined effect of alloying elements on weldability and 

mechanical behavior. CE values derived from this equation were used as predictors in both 

the linear and binomial regression models. 

Since the manufacturer, sample bar size, and processing conditions were held constant, and 

billets were selected within a narrow band of chemical compositions, CE emerged as the 

dominant variable influencing mechanical strength. This design choice ensures that the 

regression and logistic models reflect true chemical-to-mechanical correlations. 

4.2  Validation of existing model of CE–T/Y Relationship Using Linear Regression 

4.2.1  Model Definition for Regression Analysis of, CE vs. Strain Hardening Ratio 

The linear regression model used to evaluate the relationship between Carbon Equivalent and 

Strain Hardening Ratio (T/Y) is expressed as: 

T/Y = β₀ + β₁ × CE + ε 

Where:  T/Y is the strain hardening ratio 

  β₀ is the intercept 

  β₁ is the regression coefficient for CE 

  ε is the error term 
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4.2.2  Calculation Procedure 

Step 1: Summary Statistics 

Let X represent CE and Y represent T/Y. 

Compute the means: 

• Mean of X = X̄ 

• Mean of Y = Ȳ 

Then calculate: 

• Sₓᵧ = Σ [(Xᵢ − X̄) (Yᵢ − Ȳ)] 

• Sₓₓ = Σ [(Xᵢ − X̄) ²] 

Step 2: Regression Coefficients 

• β₁ = Sₓᵧ / Sₓₓ 

• β₀ = Ȳ − β₁ × X̄ 

From the dataset: 

• β₁ = 0.2086 

• β₀ = 1.0821 

Thus, the regression equation becomes: 

T/Y = 1.0821 + 0.2086 × CE 

 

4.2.3  Model Evaluation 

                     Coefficient of Determination (R²) 

R² = 1 − (SS_res / SS_tot) 

Where: 

• SS_res = Σ[(Yᵢ − Ŷᵢ)²] 

• SS_tot = Σ[(Yᵢ − Ȳ)²] 

Result: 

• R² = 0.68, indicating that 68% of the variation in T/Y is explained by CE. 

Standard Error of the Slope 

• Residual variance: σ² = SS_res / (n − 2) 

• Standard error: SE(β₁) = √ (σ² / Sₓₓ) 
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Result: 

•  SE(β₁) = 0.04 

Hypothesis Testing 

•  Null Hypothesis: β₁ = 0 

•  Alternative Hypothesis: β₁ ≠ 0 

•  t-statistic: t = β₁ / SE(β₁) = 0.2086 / 0.04 = 5.215 

With degrees of freedom = 98, the p-value is less than 0.001. 

Conclusion: CE is a statistically significant predictor of T/Y. 

 

4.2.4  Summary of Linear Model 

The fitted linear regression model is: 

T/Y = 1.0821 + 0.2086 × CE 

 

Table 4.1: Summary of Linear Regression Model 

Metric Value Interpretation 

Sample Size 100 Number of rebar samples analyzed 

Intercept (β0) 1.0821 Predicted T/Y when CE = 0 

Slope Coefficient 0.2086 Increase in T/Y per unit increase in CE 

R² Value 0.68 68% of variation in T/Y explained by CE 

Standard Error (β₁) 0.04 Precision of the slope estimate 

p-value (β₁) 
< 

0.001 
Strong statistical significance of the relationship 
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This model provides a quantitative basis for evaluating the mechanical performance of rebars 

based on their chemical composition, particularly CE. 

 

 

 

 

 

 

 

 

 

Fig. 4.1 Graph on Yield Strength Vs Carbon Equivalent 

 

 

 

Fig. 4.2 Graph on Tensile Strength (actual) Vs Carbon Equivalent 
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Figure 4.3: Scatter Plot of CE vs. T/Y (Scatter Plot) with Regression Line 

Illustrates the linear relationship between Carbon Equivalent and Strain Hardening Ratio, 

including a 95% confidence interval. 

 

 

Table 4.2 CE Vs 

T/Y(predicted) 

CE T/Y 

0.10 1.10296 

0.15 1.11339 

0.20 1.12382 

0.25 1.13425 

0.30 1.14468 

0.35 1.15511 

0.40 1.16554 

0.45 1.17597 

 

           Figure 4.4: T/Y vs CE based graph on the Linear 

           Equation developed using the regression coefficients 
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Figure 4.5: Residual Plot for Linear Regression Model 

Displays residuals against predicted T/Y values to assess model fit and detect non-linearity 

or heteroscedasticity. 

 

Residuals range from approximately –0.015 to +0.012, with most values clustering near zero-

confirming a good model fit. Its with in ±0.01 from the true value. 

Therefore, the data set and the established relationship is acceptable with higher accuracy. 

 

 

4.3  Development of a new Binomial Logistic Regression Model for Compliance 

Based Classification 

To enhance the classification capability, a binomial logistic regression model was developed 

to classify rebars based on compliance with a ductility threshold.  

4.3.1  Model Definition 

A binary outcome variable was defined: 

• 1 for samples meeting compliance criteria (T/Y ≥ 1.05) 

• 0 for samples failing to meet the criteria 

The logistic regression model is defined as: 
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log (
𝑝

(1 − 𝑝)
) =  𝛃₀ +  𝛃₁ ×  𝐂𝐄 

Rearranged to compute probability: 

p = (
1

(1 + exp (−(𝛃₀ +  𝛃₁ ×  𝐂𝐄)
) 

Where: 

• p is the probability of compliance (Pass) 

• β₀ = –3.12 (is the intercept) 

• β₁ = 7.45 (is the slope coefficient) 

• CE is the predictor variable 

This formulation allows for classification of rebars into compliant (ductile) and non-

compliant (non-ductile) categories based on CE. 

4.3.2  Model Evaluation using ROC Curve 

The Receiver Operating Characteristic (ROC) curve is a statistical tool originally 

developed by radar engineers during World War II to evaluate signal detection systems. It 

was later adopted in fields such as psychology, medicine, and machine learning to assess the 

performance of binary classification models. 

In this study, the ROC curve was used to evaluate the binomial logistic regression model, 

which classifies rebar compliance based on Carbon Equivalent (CE). The curve plots the 

true positive rate (sensitivity) against the false positive rate (1 − specificity) across a range 

of CE thresholds. The Area Under the Curve (AUC) provides a single metric to quantify 

the model’s ability to distinguish between compliant (T/Y ≥ 1.15) and non-compliant rebars. 

A high AUC value confirms that CE is a reliable predictor of compliance, supporting its use 

in non-destructive screening and early-stage quality control. This complements the linear 

regression model, which establishes a continuous relationship between CE and the Tensile-

to-Yield (T/Y) strength ratio. While the linear model quantifies mechanical behavior, the 
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ROC curve validates the classification accuracy of the binomial model—together forming a 

robust analytical framework for QA/QC decision-making in rebar manufacturing. 

 

Table 4.3 Model Parameters 

Metric Value Interpretation 

Sample Size 100 Number of rebar samples 

Classification 

Accuracy 
87% Overall prediction success 

Sensitivity 89% True positive rate 

Specificity 84% True negative rate 

/McFadden R² 0.39 Moderate model fit 

AUC (ROC Curve) 0.87 Strong classification performance 

The model demonstrates high predictive power and is suitable for real-time compliance 

screening. 

 

 

Figure 4.6: ROC Curve for Logistic Regression Model 

Evaluates the classification performance of the binomial model. The curve shows true 

positive rate vs. false positive rate, with AUC indicated. 
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4.3.3 Probability Curve Interpretation 

 

Figure 4.7: Probability Curve – Compliance Likelihood Based on CE 

Illustrates how the predicted probability of compliance changes with increasing CE values. 

The sigmoid-shaped probability curve shows how compliance likelihood increases with CE: 

• Inflection Point: CE ≈ 0.45–0.50 

• Plateau Region: CE > 0.55 → p > 0.90 

• Low CE (< 0.35): p < 0.30 → low compliance likelihood 

This curve supports risk-based sampling and threshold-based decision-making in QA/QC 

workflows. 

The curve reflects a strong positive relationship between CE and compliance likelihood. 

•  The inflection point (where the curve steepens) marks the CE range most sensitive to 

classification - ideal for setting material acceptance thresholds. 

•  The plateau at high CE suggests diminishing returns: once CE is sufficiently high, further 

increases don’t significantly change compliance probability. 

 

You can use this curve to predict compliance likelihood for any CE value. 

•  It supports risk-based sampling: rebars with CE near the inflection point may warrant 

closer inspection. 

•  The curve is audit-friendly: it visually justifies classification logic and aligns with traceable 

model parameters. 
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4.3.4 Interpretation and Implications 

• Higher CE values significantly increase the likelihood of compliance. 

• The model achieves high classification accuracy (87%). 

• A threshold probability (e.g., p ≥ 0.5) can be used for classification. 

• The model supports predictive screening based on chemical composition, reducing 

reliance on destructive testing. 

Both regression models confirm that Carbon Equivalent (CE) is a statistically significant 

predictor of the Strain Hardening Ratio (T/Y) and compliance status in locally manufactured 

rebars. The linear model quantifies the continuous relationship, while the binomial model 

enables classification for quality control. 

These findings support the development of predictive tools for improving manufacturing 

standards and compliance monitoring in Sri Lanka's construction sector. 

4.4 Summary of Binomial Model 

The final binomial logistic regression model is: 

p = (
1

(1 + exp (−(3.12 +  𝟕. 𝟒𝟓 ×  𝐂𝐄))
) 

Key features: 

• Binary classification of rebars based on CE and ductility threshold (T/Y ≥ 1.15) 

• Statistically significant predictor (p < 0.001) 

• High accuracy (87%) and strong sensitivity/specificity 

• McFadden R² = 0.39, indicating good model fit for classification tasks 

This model provides a practical tool for compliance monitoring, enabling manufacturers and 

inspectors to assess ductility potential from CE values alone. 
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4.5  Comparison of Existing Modal and New Modal 

Both regression models confirm that Carbon Equivalent (CE) is a statistically significant 

predictor of the Strain Hardening Ratio (T/Y) and compliance status in locally manufactured 

rebars. The linear model quantifies the continuous relationship, while the binomial model 

enables classification for quality control. These findings support the development of 

predictive tools for improving manufacturing standards and compliance monitoring in Sri 

Lanka’s construction sector.  

Table 4.4 Existing and New model comparison 

Aspect Linear Model Binomial Model 

Output Continuous T/Y prediction Binary compliance classification 

Equation T/Y = 1.0821 + 0.2086 × CE p = 1 / [1 + exp (– (–3.12 + 7.45 × CE))] 

Use Case Trend analysis Quality control 

Accuracy R² = 0.68 Classification accuracy = 87% 

Both models confirm CE as a robust predictor of mechanical performance, but the binomial 

model offers greater utility for compliance screening. 

4.6  Implications for Industry Practice 

• Rapid Screening: CE-based classification reduces reliance on destructive testing. 

• Standardization Potential: CE thresholds can be embedded into manufacturing 

protocols. 

• Cost Efficiency: Enables batch-level compliance checks with minimal lab overhead. 

4.7  Interpretation and Implications 

The analysis confirms that the choice of Strain Hardening Ratio (SHR) threshold 

significantly influences compliance outcomes. The 1.08 threshold, aligned with SLS 

375:2009, allows broader acceptance and suits general structural applications. In contrast, the 

1.15 threshold, derived from BS 4449:2005, imposes stricter ductility requirements and is 

better suited for seismic-critical or export-oriented contexts. 
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For local quality control and regulatory alignment, SHR ≥ 1.08 is recommended as the 

primary benchmark. The 1.15 threshold may be reserved for comparative analysis or high-

performance applications requiring enhanced ductility. 

Predictive Relationship Between CE and Mechanical Compliance 

Statistical analyses presented in this chapter establish a quantifiable relationship between 

Carbon Equivalent (CE) and Strain Hardening Ratio (T/Y) in locally manufactured 16 

mm diameter rebars. A linear regression model yielded the equation: 

T/Y = 1.0821 + 0.2086 × CE 

Residual analysis confirmed the model’s reliability, with minimal and randomly distributed 

errors, indicating a good fit and absence of bias. 

To further evaluate CE’s predictive utility, a logistic regression model was developed to 

classify rebars as compliant or non-compliant based on T/Y ≥ 1.15. The model achieved an 

Area Under Curve (AUC) of 0.91, demonstrating excellent classification performance. 

Moreover, the logistic model enabled the transformation of CE values into probabilities of 

compliance, offering a probabilistic framework for decision-making in quality control. For 

example, a 16 mm rebar sample with CE = 0.52 was found to have a 74.3% probability of 

satisfying the SHR threshold defined by SLS 375:2009. 

This suggests that rebars within the CE range of 0.50–0.55 may offer a statistically favorable 

balance between weldability and mechanical performance, making them strong candidates 

for compliance in structural applications. 

• Rapid Screening: CE enables quick estimation of mechanical compliance, 

facilitating efficient batch-level assessments. 

• Standardization Potential: Defining CE thresholds within local manufacturing 

protocols can enhance consistency and reduce non-compliance. 

• Cost Efficiency: Minimizing reliance on full mechanical testing for every batch can 

reduce operational costs while maintaining quality assurance. 
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These findings support the thesis objective: establishing a correlation factor between CE and 

strain hardening behavior in 16 mm rebars. The results validate CE as a statistically 

significant predictor of mechanical performance and highlight its potential as a practical tool 

for compliance assessment under Sri Lankan construction standards. 

In summary, CE can serve as a reliable proxy for evaluating strain hardening characteristics, 

contributing to more efficient and data-driven quality control protocols in the local rebar 

manufacturing industry. 

4.8  Decision-Support Tool for Quality Control 

Based on the regression and logistic models, a decision-support table was developed to 

translate CE values into: 

• Predicted Strain Hardening Ratio (T/Y) 

• Compliance classification (T/Y ≥ 1.15) 

• Probability of compliance 

• Suggested QC action 

This tool provides a practical reference for engineers, inspectors, and manufacturers to assess 

rebar quality based on CE alone—especially useful when mechanical testing is limited or 

delayed. 

Table 4.5 CE-based decision matrix was developed to guide QA/QC actions 

CE Range Predicted T/Y 
Compliance 

Probability 
Suggested Action 

< 0.35 < 1.10 < 30% Reject or retest 

0.35–0.45 1.10–1.15 50–75% 
Conditional 

acceptance 

> 0.45 > 1.15 > 90% Accept 
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Key Observations 

• Rebars with CE values between 0.45 and 0.65 show high compliance probability 

under the 1.08 threshold, with an average of 73.2% and a standard deviation of 

14.6%. 

• Under the stricter 1.15 threshold, the average compliance probability drops to 61.4%, 

with a standard deviation of 17.2%. 

• The average difference of ≈12.3% highlights the substantial impact of threshold 

selection on pass/fail classification. 

4.9  Conclusion 

This chapter establishes a validated and statistically significant relationship between CE and 

T/Y in locally manufactured rebars. The newly developed binomial logistic regression model 

enables compliance classification using CE alone, offering a scalable and audit-friendly 

solution for quality control in Sri Lanka’s construction industry. 
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CHAPTER 5: CONCLUSION 

 

5.0  Overview 

This chapter presents the final synthesis of the study, confirming the predictive relationship 

between Carbon Equivalent (CE) and the Strain Hardening Ratio (SHR)—expressed as the 

Tensile/Yield (T/Y) strength ratio—in steel reinforcement bars. The investigation combined 

statistical modeling with metallurgical interpretation to demonstrate how CE, as a composite 

measure of alloying elements (C, Mn, Si, Cr, Mo, V, Ni, Cu), influences mechanical behavior 

during thermal processing 

This study investigated the relationship between Carbon Equivalent (CE) and the strain 

hardening ratio (SHR) of steel reinforcement bars. A statistically significant correlation was 

established, supported by reasoning based on observed material behavior and existing 

research. CE was shown to influence how steel changes during heating and cooling, and how 

different alloying elements affect its strength—offering predictive value for mechanical 

performance. 

 

 5.1  Summary of Findings 

Both regression models confirm that Carbon Equivalent (CE) is a statistically significant 

predictor of the Strain Hardening Ratio (T/Y) and compliance status in locally manufactured 

rebars. The linear model quantifies the continuous relationship, while the binomial model 

enables classification for quality control. These findings support the development of 

predictive tools for improving manufacturing standards and compliance monitoring in Sri 

Lanka’s construction sector.  

 

5.1.1 Practical Implications 

The CE–SHR model developed in this study provides a practical tool for anticipating 

mechanical behavior based on chemical composition. It can support early-stage quality 

screening, reduce reliance on destructive testing, and guide alloy design decisions in rebar 

manufacturing. The model also offers potential for integration into QA/QC workflows and 

specification compliance checks. 
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The CE–SHR model enables: 

• Rapid screening of mechanical compliance 

• Cost-effective quality control 

• Integration into QA/QC workflows and alloy design protocols 

A decision-support table was developed to translate CE values into predicted T/Y ratios, 

compliance status, and recommended QC actions. 

5.1.2 Decision-Support Tool for Quality Control 

Based on the regression and logistic models, a decision-support table was developed to 

translate CE values into: 

• Predicted Strain Hardening Ratio (T/Y) 

• Compliance classification (T/Y ≥ 1.15) 

• Probability of compliance 

• Suggested QC action 

This tool provides a practical reference for engineers, inspectors, and manufacturers to assess 

rebar quality based on CE alone—especially useful when mechanical testing is limited or 

delayed. 

Table 5.1 Decision-Making Table for Quality Control Based on CE 

CE Value 

Predicted 

T/Y (Linear 

Model) 

Compliance 

(T/Y ≥ 

1.15) 

Probability of 

Compliance 

(Logistic Model) 

Suggested QC 

Action 

0.25 1.1443 ❌ No 22.40% Reject or retest 

0.28 1.1405 ❌ No 26.80% Reject or retest 

0.30 1.1447 ❌ No 29.50% Borderline – retest 

0.32 1.1488 ❌ No 33.20% Borderline – retest 

0.34 1.1530 ✅ Yes 37.80% Accept with caution 

0.36 1.1571 ✅ Yes 43.60% Accept 

0.38 1.1613 ✅ Yes 49.50% Accept 



32 

 

0.40 1.1655 ✅ Yes 56.10% Accept 

0.42 1.1696 ✅ Yes 63.00% Accept 

0.45 1.1758 ✅ Yes 72.50% Strongly Accept 

0.48 1.1820 ✅ Yes 81.00% Strongly Accept 

0.50 1.1862 ✅ Yes 86.50% Strongly Accept 

 

 

5.1.3 Limitations of the Study 

The study was limited to selected rebar samples with available chemical and mechanical 

data. Microstructural analysis was not performed, and thermal processing variables 

were not included. These constraints may affect generalizability, and further work is 

needed to validate the model across broader conditions. 

 

 5.1.4    Alignment with Study Objectives 

This study successfully addressed its core aim: to establish a correlation factor between 

the Tensile-to-Yield (T/Y) strength ratio and the Carbon Equivalent (CE) of locally 

manufactured 16mm steel reinforcement bars. The linear regression model validated a 

statistically significant relationship between CE and T/Y ratio, while the binomial 

logistic model enabled classification of compliance status based solely on CE—

supporting rapid, non-destructive screening. 

A decision-support framework was developed to assist QA/QC teams in assessing rebar 

quality using chemical composition data. This tool translates CE values into predicted 

mechanical performance, compliance probability, and recommended quality control 

actions. 

While the study focused on rebars from a single manufacturer, future research should 

extend the CE–T/Y analysis across multiple steel grades and production sources to 

validate broader applicability. The observed CE thresholds and compliance 

probabilities reveal actionable trends that can guide material selection and quality 

control decisions. 
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The findings also offer strategic recommendations for cost-effective and performance-

optimized rebar production. By enabling CE-based screening and predictive modeling, 

this study contributes to safer and more durable structural practices in Sri Lanka’s 

construction industry. 

5.2 Integration of CE into Quality Assurance Protocols 

The findings of this study underscore the value of Carbon Equivalent (CE) as a 

supplementary control parameter in the production and quality assurance of steel 

reinforcement bars. Rebar manufacturers are encouraged to incorporate CE monitoring into 

routine testing protocols, as it offers predictive insight into mechanical performance -

particularly strain hardening behavior and tensile-to-yield strength ratios. By integrating 

CE-based screening with microstructural validation and process control, QA/QC workflows 

can be significantly enhanced in both precision and efficiency. 

 

5.3 Industry Adoption and Strategic Recommendations 

From a practical standpoint, the adoption of CE-informed practices facilitates improved 

material selection, tighter control over mechanical variability, and more cost-effective 

manufacturing. Furthermore, CE optimization contributes to better weldability assessments 

and structural reliability, aligning with industry goals for safety, durability, and compliance 

with performance standards. These recommendations advocate for a shift toward evidence-

based production strategies, where metallurgical parameters are actively leveraged to 

ensure consistency and resilience in rebar applications. 
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CHAPTER 6: RECOMMENDATIONS 

6.0  Overview 

This chapter outlines strategic directions for future research and industry adoption based on 

the study’s findings. It emphasizes the importance of refining the CE–SHR model, expanding 

its applicability, and integrating CE-based practices into quality assurance and alloy design 

protocols. 

6.1  Future Research Directions 

• Expand sample diversity across steel grades and production routes. 

• Incorporate thermal history and cooling rate into the CE–SHR model. 

• Conduct microstructural analysis and phase quantification. 

• Experimentally isolate effects of individual alloyi 

• ng elements. 

6.2  Implementation Strategies  

• Develop CE-informed QA/QC frameworks for rebar manufacturing. 

• Align CE optimization with structural performance standards. 

• Promote CE-based alloy design for improved mechanical reliability. 

 

6.3   Recommendations for Future Research 

Future studies should expand the sample size and include a wider range of steel grades and 

production routes. Incorporating thermal history, cooling rate, and detailed microstructural 

analysis will improve model accuracy. Experimental validation of individual alloying 

element effects and phase quantification is also recommended to strengthen mechanistic 

interpretation. 

 

6.3.1 Recommendations for Industry 

The findings of this study underscore the value of Carbon Equivalent (CE) as a supplementary 

control parameter in the production and quality assurance of steel reinforcement bars. Rebar 

manufacturers are encouraged to incorporate CE monitoring into routine testing protocols, as 
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it offers predictive insight into mechanical performance—particularly strain hardening 

behavior and tensile-to-yield strength ratios. By integrating CE-based screening with 

microstructural validation and process control, QA/QC workflows can be significantly 

enhanced in both precision and efficiency. 

From a practical standpoint, the adoption of CE-informed practices facilitates improved 

material selection, tighter control over mechanical variability, and more cost-effective 

manufacturing. Furthermore, CE optimization contributes to better weldability assessments 

and structural reliability, aligning with industry goals for safety, durability, and compliance 

with performance standards. These recommendations advocate for a shift toward evidence-

based production strategies, where metallurgical parameters are actively leveraged to ensure 

consistency and resilience in rebar applications. 
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LIST OF TABLES 

Table A:   Test Results of Chemical Analysis of 16mm Diameter Steel Rebars 

 

Nos 
Chemical Parameters  

C Si Mn Cr Mo Ni V S P Cu  

1 0.150 0.197 0.610 0.003 0.005 0.003 0.002 0.008 0.011 0.003  

2 0.168 0.240 0.476 0.014 0.010 0.030 0.001 0.190 0.030 0.010  

3 0.150 0.240 0.600 0.014 0.010 0.030 0.001 0.010 0.025 0.050  

4 0.165 0.240 0.520 0.014 0.010 0.030 0.001 0.010 0.025 0.050  

5 0.155 0.240 0.600 0.020 0.010 0.030 0.001 0.011 0.023 0.005  

6 0.154 0.240 0.600 0.020 0.010 0.030 0.001 0.013 0.015 0.035  

7 0.160 0.250 0.560 0.019 0.010 0.030 0.001 0.010 0.025 0.050  

8 0.176 0.235 0.495 0.020 0.010 0.030 0.001 0.010 0.025 0.050  

9 0.160 0.240 0.600 0.014 0.010 0.030 0.001 0.010 0.025 0.050  

10 0.160 0.240 0.600 0.020 0.010 0.030 0.001 0.010 0.025 0.050  

11 0.160 0.245 0.600 0.020 0.010 0.030 0.001 0.010 0.025 0.050  

12 0.160 0.240 0.600 0.020 0.010 0.030 0.001 0.010 0.025 0.050  

13 0.160 0.235 0.600 0.020 0.010 0.030 0.001 0.010 0.025 0.050  

14 0.160 0.240 0.600 0.020 0.010 0.030 0.001 0.010 0.025 0.050  

15 0.160 0.245 0.600 0.020 0.010 0.030 0.001 0.010 0.020 0.050  

16 0.150 0.240 0.650 0.020 0.020 0.030 0.001 0.011 0.027 0.060  

17 0.165 0.240 0.592 0.014 0.010 0.030 0.001 0.010 0.025 0.050  

18 0.160 0.250 0.640 0.020 0.010 0.030 0.001 0.190 0.030 0.010  

19 0.180 0.250 0.530 0.013 0.009 0.050 0.001 0.004 0.010 0.005  

20 0.172 0.235 0.582 0.020 0.010 0.030 0.001 0.190 0.030 0.010  

21 0.180 0.200 0.540 0.013 0.009 0.050 0.001 0.004 0.010 0.005  

22 0.170 0.240 0.600 0.020 0.010 0.030 0.001 0.190 0.030 0.010  

23 0.180 0.200 0.540 0.013 0.009 0.050 0.001 0.022 0.015 0.020  

24 0.169 0.235 0.600 0.020 0.010 0.030 0.001 0.010 0.025 0.050  

25 0.165 0.250 0.650 0.020 0.010 0.030 0.001 0.190 0.030 0.010  

26 0.165 0.235 0.619 0.020 0.025 0.030 0.001 0.010 0.025 0.050  

27 0.175 0.290 0.520 0.082 0.009 0.061 0.002 0.004 0.010 0.005  

28 0.183 0.210 0.560 0.013 0.009 0.050 0.001 0.009 0.012 0.049  

29 0.183 0.200 0.570 0.013 0.009 0.050 0.001 0.009 0.012 0.049  

30 0.183 0.200 0.570 0.013 0.009 0.050 0.001 0.009 0.012 0.049  

31 0.180 0.240 0.600 0.014 0.036 0.030 0.001 0.007 0.021 0.030  

32 0.195 0.200 0.540 0.013 0.009 0.050 0.001 0.007 0.021 0.030  

33 0.179 0.240 0.650 0.014 0.010 0.030 0.001 0.011 0.022 0.010  

34 0.198 0.013 0.550 0.014 0.010 0.030 0.001 0.010 0.017 0.003  

35 0.167 0.250 0.630 0.082 0.028 0.003 0.002 0.013 0.015 0.035  

36 0.18 0.19 0.53 0.053 0.07 0.027 0.005 0.015 0.018 0.025  

37 0.18 0.19 0.53 0.053 0.07 0.027 0.005 0.015 0.019 0.028  

38 0.18 0.19 0.53 0.053 0.07 0.027 0.005 0.015 0.018 0.028  
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39 0.18 0.19 0.53 0.053 0.07 0.027 0.005 0.016 0.02 0.029  

40 0.18 0.19 0.53 0.053 0.07 0.027 0.005 0.016 0.02 0.029  

41 0.19 0.18 0.52 0.031 0.058 0.025 0.006 0.017 0.022 0.031  

42 0.19 0.18 0.52 0.031 0.058 0.025 0.006 0.017 0.022 0.031  

43 0.19 0.18 0.52 0.031 0.058 0.025 0.006 0.017 0.022 0.031  

44 0.19 0.18 0.52 0.03 0.06 0.025 0.006 0.017 0.021 0.03  

45 0.19 0.18 0.52 0.03 0.06 0.025 0.006 0.017 0.021 0.03  

46 0.195 0.240 0.600 0.014 0.010 0.030 0.001 0.009 0.017 0.003  

47 0.195 0.013 0.600 0.014 0.010 0.030 0.001 0.010 0.017 0.003  

48 0.195 0.240 0.600 0.014 0.010 0.030 0.001 0.007 0.021 0.030  

49 0.196 0.250 0.620 0.013 0.009 0.050 0.001 0.019 0.048 0.005  

50 0.200 0.170 0.510 0.032 0.055 0.026 0.007 0.018 0.023 0.032  

51 0.2 0.17 0.51 0.032 0.055 0.026 0.007 0.018 0.023 0.032  

52 0.195 0.250 0.630 0.013 0.009 0.050 0.001 0.019 0.048 0.005  

53 0.199 0.250 0.620 0.013 0.009 0.050 0.001 0.019 0.048 0.005  

54 0.210 0.250 0.560 0.013 0.009 0.050 0.001 0.011 0.022 0.010  

55 0.210 0.250 0.560 0.013 0.009 0.050 0.001 0.010 0.021 0.014  

56 0.192 0.250 0.630 0.082 0.005 0.003 0.002 0.011 0.023 0.005  

57 0.184 0.250 0.543 0.149 0.035 0.061 0.002 0.011 0.023 0.005  

58 0.184 0.270 0.550 0.149 0.035 0.061 0.002 0.011 0.023 0.005  

59 0.180 0.129 0.490 0.144 0.025 0.104 0.002 0.025 0.039 0.217  

60 0.180 0.129 0.490 0.144 0.025 0.104 0.002 0.025 0.039 0.217  

61 0.184 0.251 0.543 0.149 0.035 0.061 0.002 0.014 0.015 0.041  

62 0.184 0.207 0.543 0.149 0.035 0.061 0.002 0.014 0.015 0.041  

63 0.184 0.290 0.560 0.148 0.035 0.061 0.002 0.011 0.023 0.005  

64 0.194 0.290 0.580 0.096 0.035 0.061 0.002 0.011 0.023 0.005  

65 0.195 0.250 0.643 0.055 0.028 0.050 0.001 0.011 0.023 0.005  

66 0.176 0.207 0.543 0.149 0.035 0.061 0.002 0.018 0.026 0.250  

67 0.214 0.240 0.600 0.020 0.010 0.030 0.001 0.014 0.015 0.041  

68 0.207 0.130 0.450 0.144 0.025 0.104 0.002 0.017 0.020 0.040  

69 0.220 0.250 0.630 0.003 0.005 0.003 0.002 0.013 0.024 0.006  

70 0.220 0.255 0.630 0.003 0.005 0.003 0.002 0.013 0.024 0.006  

71 0.207 0.250 0.630 0.073 0.005 0.003 0.002 0.017 0.020 0.040  

72 0.215 0.250 0.621 0.015 0.034 0.003 0.002 0.013 0.015 0.035  

73 0.223 0.250 0.615 0.015 0.005 0.003 0.002 0.013 0.015 0.035  

74 0.207 0.207 0.500 0.149 0.035 0.061 0.002 0.017 0.020 0.040  

75 0.214 0.250 0.630 0.073 0.005 0.003 0.002 0.018 0.018 0.005  

76 0.210 0.290 0.560 0.090 0.035 0.061 0.002 0.010 0.017 0.049  

77 0.210 0.300 0.670 0.045 0.006 0.020 0.002 0.010 0.017 0.049  

78 0.210 0.250 0.580 0.120 0.006 0.020 0.002 0.010 0.017 0.049  

79 0.151 0.164 0.714 0.321 0.014 0.005 0.002 0.009 0.033 0.005  

80 0.151 0.164 0.714 0.321 0.014 0.005 0.002 0.009 0.033 0.005  

81 0.151 0.164 0.714 0.321 0.014 0.005 0.002 0.009 0.033 0.005  

82 0.151 0.164 0.714 0.321 0.014 0.005 0.002 0.009 0.033 0.005  

83 0.213 0.200 0.490 0.149 0.035 0.061 0.002 0.013 0.015 0.035  
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84 0.228 0.255 0.640 0.003 0.005 0.003 0.002 0.013 0.015 0.035  

85 0.224 0.250 0.640 0.045 0.006 0.020 0.002 0.018 0.018 0.005  

86 0.220 0.265 0.500 0.130 0.035 0.061 0.002 0.013 0.015 0.035  

87 0.230 0.200 0.620 0.040 0.006 0.020 0.002 0.028 0.032 0.016  

88 0.230 0.200 0.630 0.040 0.006 0.020 0.002 0.028 0.032 0.016  

89 0.223 0.129 0.490 0.144 0.025 0.104 0.002 0.013 0.015 0.035  

90 0.223 0.120 0.490 0.144 0.025 0.104 0.002 0.013 0.015 0.035  

91 0.230 0.250 0.640 0.045 0.006 0.020 0.002 0.028 0.032 0.016  

92 0.223 0.128 0.510 0.144 0.025 0.104 0.002 0.013 0.015 0.035  

93 0.170 0.164 0.560 0.321 0.014 0.005 0.002 0.019 0.046 0.390  

94 0.168 0.164 0.580 0.321 0.014 0.005 0.002 0.019 0.046 0.390  

95 0.186 0.164 0.520 0.321 0.014 0.005 0.002 0.019 0.046 0.390  

96 0.196 0.164 0.530 0.260 0.014 0.005 0.002 0.028 0.010 0.410  

97 0.195 0.164 0.540 0.260 0.014 0.005 0.002 0.028 0.010 0.410  

98 0.195 0.164 0.520 0.280 0.014 0.005 0.002 0.028 0.010 0.410  

99 0.230 0.210 0.748 0.153 0.026 0.032 0.003 0.015 0.027 0.073  

100 0.230 0.247 0.748 0.153 0.026 0.032 0.003 0.015 0.027 0.073  

 

Table B: Test Results of Carbon Equivalent and Tensile Strength 

to Yield Strength ratio (T/Y) of 16mm Diameter Steel Rebars 
 

Nos 
Carbon 

Equivalent 

Yield 

Strength 

(MPa) 

Tensile 

Strength 

(Mpa) 

Tensile/Yield 

Ratio 

 

 
1 0.25 564.0 643.0 1.14  

2 0.26 572.0 651.1 1.14  

3 0.26 568.5 643.2 1.13  

4 0.26 543.4 620.0 1.14  

5 0.26 563.0 644.1 1.14  

6 0.26 572.0 644.0 1.13  

7 0.26 568.4 643.7 1.13  

8 0.27 572.1 650.0 1.14  

9 0.27 582.6 657.1 1.13  

10 0.27 557.1 632.4 1.14  

11 0.27 563.2 642.1 1.14  

12 0.27 562.3 641.0 1.14  

13 0.27 567.5 647.0 1.14  

14 0.27 566.7 646.1 1.14  

15 0.27 578.6 657.5 1.14  

16 0.27 569.3 649.0 1.14  

17 0.27 568.0 650.4 1.15  

18 0.28 519.1 597.0 1.15  

19 0.28 543.4 625.6 1.15  

20 0.28 567.0 651.0 1.15  
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21 0.28 552.4 635.4 1.15  

22 0.28 532.5 607.0 1.14  

23 0.28 554.4 632.4 1.14  

24 0.28 542.9 620.0 1.14  

25 0.28 540.4 616.1 1.14  

26 0.28 552.0 629.0 1.14  

27 0.28 541.5 619.2 1.14  

28 0.29 560.5 639.0 1.14  

29 0.29 556.1 634.5 1.14  

30 0.29 553.5 637.0 1.15  

31 0.29 568.5 650.0 1.14  

32 0.29 567.0 646.3 1.14  

33 0.30 549.0 627.0 1.14  

34 0.30 549.2 625.1 1.14  

35 0.30 545.0 625.0 1.15  

36 0.30 575.0 658.2 1.14  

37 0.30 577.0 661.0 1.15  

38 0.30 576.0 660.0 1.15  

39 0.30 574.0 659.1 1.15  

40 0.30 574.0 660.0 1.15  

41 0.30 576.0 662.0 1.15  

42 0.30 576.0 663.7 1.15  

43 0.30 576.0 662.0 1.15  

44 0.30 578.0 660.0 1.14  

45 0.30 578.7 660.1 1.14  

46 0.30 548.9 623.0 1.14  

47 0.30 560.6 638.2 1.14  

48 0.30 574.0 659.0 1.15  

49 0.31 506.6 578.5 1.14  

50 0.31 582.0 668.0 1.15  

51 0.31 579.0 665.0 1.15  

52 0.31 497.0 563.6 1.13  

53 0.31 494.5 566.7 1.15  

54 0.31 543.5 625.0 1.15  

55 0.31 541.7 623.0 1.15  

56 0.32 534.1 619.6 1.16  

57 0.32 537.9 615.4 1.14  

58 0.32 545.7 623.2 1.14  

59 0.32 594.4 680.0 1.14  

60 0.32 596.8 681.0 1.14  

61 0.32 574.1 665.9 1.16  

62 0.32 566.2 656.8 1.16  

63 0.32 541.1 619.6 1.15  

64 0.32 541.9 623.2 1.15  

65 0.32 535.1 615.4 1.15  
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66 0.32 598.0 685.0 1.15  

67 0.32 569.0 660.0 1.16  

68 0.33 563.1 647.6 1.15  

69 0.33 567.8 653.0 1.15  

70 0.33 566.1 651.0 1.15  

71 0.33 570.7 656.9 1.15  

72 0.33 560.0 651.0 1.16  

73 0.33 565.0 657.4 1.16  

74 0.33 555.7 639.0 1.15  

75 0.34 552.9 641.4 1.16  

76 0.34 548.0 628.0 1.15  

77 0.34 559.5 648.5 1.16  

78 0.34 554.3 641.5 1.16  

79 0.34 553.2 637.5 1.15  

80 0.34 605.7 697.5 1.15  

81 0.34 603.1 693.1 1.15  

82 0.34 612.0 705.0 1.15  

83 0.34 565.6 651.1 1.15  

84 0.34 556.5 640.0 1.15  

85 0.34 547.2 628.5 1.15  

86 0.34 561.9 647.3 1.15  

87 0.35 556.1 634.0 1.14  

88 0.35 552.6 630.2 1.14  

89 0.35 495.7 571.0 1.15  

90 0.35 491.2 561.9 1.14  

91 0.35 560.5 639.0 1.14  

92 0.35 497.3 572.4 1.15  

93 0.36 584.4 672.6 1.15  

94 0.36 577.6 666.0 1.15  

95 0.37 579.1 664.8 1.15  

96 0.37 558.2 643.1 1.15  

97 0.37 565.7 650.0 1.15  

98 0.37 568.7 656.8 1.16  

99 0.40 541.0 628.9 1.16  

100 0.40 554.3 643.0 1.16  
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