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CHEMOMETRICS AND PATTERN RECOGNITION METHODS 

WITH APPLICATIONS TO ENVIRONMENTAL AND QUANTITATIVE 

STRUCTURE-ACTIVITY RELATIONSHIP STUDIES 

ABSTRAK 

Penilaian integriti struktur konvensional mampu memberikan anggaran kegagalan 

tetapi penilaian itu kebanyakannya adalah masalah dua dimensi yang terhad kepada 

penyelesaian dua dimensi. Kebanyakan masalah dalam dunia sebenar adalah 

berdasarkan masalah tiga dimensi. Walaupun terdapat penilaian dan penyelesaian di 

dalam bidang tiga dimensi, pencirian dalam masalah tiga dimensi masih tidak lengkap. 

Oleh itu, kajian ini memberi motivasi untuk menilai lebih lanjut kesan pengerasan 

terikan pada medan hujung retakan dan untuk menilai sifat kehilangan kekangan 

hujung retakan dalam masalah patah. 

 Medan retak tiga dimensi elastik-plastik tulen telah diperiksa menggunakan 

analisis elemen terhad (FEA) melalui spesimen tegangan padat (CT). Kesan 

pengerasan terikan diperhatikan kerana peningkatan dalam eksponen pengerasan 

terikan akan mengurangkan tegasan. Kekangan luar satah dalam spesimen CT 

diperhatikan hilang dari satah pertengahan ke permukaan bebas. 

 Oleh itu, boleh disimpulkan bahawa kekangan di luar satah hilang apabila 

bergerak ke arah permukaan bebas. Dengan itu, terdapat lebih banyak bidang untuk 

menjadi penyelidikan untuk mengurangkan konservatisme pendekatan dua dimensi. 
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CHEMOMETRICS AND PATTERN RECOGNITION METHODS 

WITH APPLICATIONS TO ENVIRONMENTAL AND QUANTITATIVE 

STRUCTURE-ACTIVITY RELATIONSHIP STUDIES 

ABSTRACT 

Conventional structural integrity assessments capable in providing an 

estimation of failures but the assessment are mainly two dimensional problem that 

limited to two dimensional solution. Most of the problem in real world are based on 

the three dimensional problem. Although there are assessment and solution to the three 

dimensional fields, the characterization in three dimensional problem is still lacking. 

the present research, therefore, motivated to further assess effect of strain hardening to 

crack-tip field and to assess the nature of crack-tip constraint loss in fracture problem. 

Elastic perfectly-plastic three dimensional crack-tip field have been examined 

using Finite Element Analysis (FEA) through Compact Tension (CT) specimen. The 

effect of strain hardening were observes as the increases in the strain hardening 

exponent will decreases the stress. Out-of-plane constraint in CT specimen were 

observed lost from mid-plane to free surface.  

Therefore, it can be conclude that the out-of-plane constraint is lost when 

moving towards free surface. This, There is more area to be research to reduce the 

conservatism of two dimensional approach. 
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CHAPTER 1  
 

INTRODUCTION 

1.1 Brief overview of the overall structure of the project 

Fracture mechanic is an important sector in the engineering field. Fracture 

mechanic commonly applies on the engineering structure. Fracture mechanics is the 

field of mechanics that study the propagation of cracks in material. As the design of 

modern structure become more and more complex, the significance of fracture 

mechanics is increasing rapidly. Knowledge in fracture mechanics is important in 

engineering structure as fracture mechanics is able to predict the maximum crack in a 

structure that a material can withstand before it fails. One of the examples is when the 

liberty ship vessel broke completely in two while sailing between Siberia and Alaska. 

The investigation revealed that the failures were caused by the combination of three 

factor and one of the factor is the ship welding contained crack-like flaws. Knowledge 

about fracture mechanics allows researcher to assess the structural integrity in which 

called structural integrity assessment. 

 

Structural Integrity Assessment is way to assess a structure whether the structure will 

be able to withstand the service condition safely throughout its lifetime. Structural 

integrity assessment defines the significant of an existing crack on an structural 

component. Structural integrity is important component of all structural engineering 

project both in mechanical and civil engineering such as buildings, dams, machine, 

devices and complex systems. The current ways of the assessment usually is based on 

two dimensional model but in the real situation, the real problem is three dimensional. 

Although a lot of research have been made in order to propose the solution of 

quantifying the three dimensional model, but there is still more sector in the fracture 
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mechanics to be research. Most of the current proposed solution is limited only to the 

certain condition of the three dimensional model. An approach to characterize three 

dimensional model is J−∆𝜎. The research about this approach was done by (Karh 

Heng Leong, 2020). This approach has been shown to be capable of quantifying in-

plane and out-plane constraint using parameter 𝐽/𝑧𝜎0 but usage of this parameter is 

still limited to the specific fracture condition and cannot be used for other conditions. 

Other than that, the development using plain strain parameter Tz that is proposed by 

(Wanlin, 1995) that is used to define three dimensionality crack tip was proved by 

(Yusoff & Yusof, 2017) that the proposed solution is only limited to use at the mid-

plane of the crack tip. As we can see the overall solution in quantification three 

dimensional crack tip model is still not perfect. It also shown that there is still a lot of 

research needed to be conduct in order to conclude the solution of three dimensional 

model. The quantification of three dimensional model is still needed to be investigate 

more. The effect of strain hardening to the crack tip stress field will going to be 

investigate in this paper. 

1.2 Objectives of research 

a) To characterize three-dimensional crack-tip stress field in consideration of the 

strain hardening response  

b) To recognize the pattern of out-of-plane constraint loss in 3D cracked bodies 
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1.3 Problem statement 

The assessment of structural integrity is  a very important consideration in the 

engineering fields but the current structural integrity assessment scheme is rely based 

on 2D model. Although currently there are 3D model that are being used, but the 3D 

model itself is using simplified or generalized model of perfectly-plastic. One of the 

example is J−∆𝜎 approach by (Karh Heng Leong, 2020). The approach has the ability 

to quantify the three dimensional model but the approach seems to be limited to only 

certain fracture condition. Other than that the plain strain parameter Tz  that is proposed 

by (Wanlin, 1995) that is used to define three dimensionality crack tip was proved by 

(Yusoff & Yusof, 2017) that the proposed solution is only limited to use at the mid-

plane of the crack tip. From all the development that have been made by the researcher, 

it is clearly that the characterization three dimensional crack tip still need to be research 

more. Although a lot of research have been made, the sole solution in three 

dimensional characterization still far to be conclude. This research is mainly focused 

in characterization the three dimensional crack tip but it is influenced by the strain 

hardening 
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1.4 Scope of the project 

 

Figure 1.1 The overall scope of the research 

 

 The overall scope of the research work is diagrammatically outline in 

Figure 1.1. The final objectives for this research works is  focusing in 

characterization of crack-tip strain hardening stress field. The result then 

investigate to determine the influence of out-of-plane constraint. For finite 

element analysis, a 3D compact tension specimen were develop using Abaqus 

software. the 3D compact tension specimen will undergo development process 

that include determination of material response, boundary condition, meshing 

and finally calculation of results, The 3D compact tension specimen examined 

through finite element analysis of three-dimensional full-field with sharp 

crack-tip. The research works then focused onto identification of out-of-plane 

constrain around the crack tip. 

 

 



5 

CHAPTER 2  
 

LITERATURE REVIEW 

2.1 2D Crack Tip Field 

The theory of fracture mechanics started with two dimensional model when 

(Inglis, 1913) found the ideas and evidence for stress concentration effect. The idea then 

name as Inglis analysis where the analysis used in analysing an elliptical hole in a flat 

plate. The elliptical hole was assumed to be not influenced by the plate boundary. In his 

analysis, the dimension of the elliptical hole were 2a long and 2b wide. The graphical 

example of the elliptical hole on the plate was presented on the Figure 2.1 

 

 

Figure 2.1 Elliptical hole in infinite plate 

The stress at the major axis denoted by 

 

 

𝜎𝐴 = 𝜎 (1 +
2𝑎

𝑏
) =  𝜎 (1 + 2√

𝑎

𝜌
) 

(2.1) 
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Where 𝜎 is the stress applied, a is the half crack length on major axis of the cracks, b is 

the half crack length on minor axis of the crack and  𝜌 = 𝑏2/𝑎 is the radius of curvature 

at the end cracks on major axis. Inglis equation predict an infinite stress at the tip of 

sharp crack as 𝜌 reaching zero which cause a lot of concern because of no material can 

sustain of infinite stress.  

 

(Tian & Cui, 2005) have done a research to propose a solution in determining 

the crack-tip field and a solution for Model-I elastic-plastic crack-tip field in a bi-linear 

material. Other than that, this research was done to derive a formula for the critical value 

of J-integral in terms of T-stress for an elastic-plastic material. As for result, the present 

solution for elastic-plastic crack-tip field indicated that the elastic strain are depends on 

the value of T-stress as well as hardening exponents. In case of high hardening materials 

of n=3, the plastic strain curves are lower than elastic strain curves regardless the 

different T-stress value but for the low hardening material of n=9, plastic strain curves 

are lower compare to the elastic curves when the T-stress value is decrease. As the T-

stress value decrease until certain point, the plastic curves then sharply increase. 

 The relation between J-integral and T-stress based in power-law hardening 

material was concluded by formula of: 

 Jc

JIc
= f(

T

σo
, v, εo, α, n) 

(2.2) 

 

The research concludes that the values of 𝐽𝑐 for low hardening material was dependant 

on the value of T-stress but for high hardening material, it is the opposite. The research 

then concludes that the effect of T-stress in fracture mechanics is limited to the low 

hardening material. 
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2.1.1 J-integral 

J-integral is a parameter that is developed by (Rice, 1968) in 1968. The 

parameter is focussed in characterization of crack-tip field of non-linear material. Other 

than that, the research are focussed in the determination of the stress around the hole on 

a plate. The elliptical hole are assumed to be a fine crack by making one axis to be very 

small. The equation expressed gives the rate of energy released per unit area of crack 

surface increase. The rate of energy release was evaluated as line integral along an 

arbitrary contour around the crack-tip. The direction of the arbitrary contour is in anti-

clockwise as in Figure . The equation of J-integral was expressed as:  

 
𝐽 = ∮ 𝑤 𝑑𝑦 − ∮ 𝑇.

𝜕𝑢

𝜕𝑥
𝑑𝑇 

(2.3) 

 

Where w is strain energy density and the second term is the work done by the 

external fore where T is the traction vector, and u is displacement vector. The arbitrary 

contour around the crack tip was demonstrated as Figure 2.2 

 

Figure 2.2 Arbitary field around the crack tip 
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 This research work are mainly focussed on the effect of the strain hardening on 

the material, so in the next literature review, we will review the influence of strain 

hardening on the estimation of J-integral. 

 The research done by (Al-Abduljabbar, 2004) to observe the effect of strain 

hardening on the estimation of J-integral in CT specimen. The research was done by 

deriving new expression to visualise the strain hardening effect. In order to visualize 

the result, a parameter which is 𝜂 and 𝜂*  factor where parameter of 𝜂 -factor was used 

on non-hardening material and 𝜂*  used for hardened material. The parameter was used 

to visualize the result of hardened material and not hardened material. The value of 𝜂 -

factor and 𝜂*factor will determine the value of J-integral as the higher value of 𝜂 -factor 

and 𝜂*factor causing the higher value of J-integral. The expression for 𝜂 -factor and 

𝜂*factor are as below: 
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𝜂 = 2

1 + 𝛼

1 + 𝛼2
 

(2.4) 

 

 
𝜂∗ = 2

(1 + 𝛽)𝛷𝛼 − (1 + 𝛽)𝛼2 − 𝛽𝛼3

[𝛷 + (1 + 2𝛽)𝛼2](𝛷 + 𝛼2)
2𝛼∆ 

(2.5) 

 

Where 𝛼 is crack length, 𝛽 is strain hardening coefficient and 𝛷 is equivalent to 1 in 

this research. Because of 𝜂 -factor represent non-hardening material, the value of 𝛽 in 

the equation is assumed to be 𝛽 = 0. 

 The result for this research demonstrated in the Figure 2.3: 

 

 

Figure 2.3 𝜂-factor as a function of strain hardening coefficient, 𝛽 

 

 As for result, Figure 2.3 visualised the effect of strain hardening to the 𝜂-factor. 

In the result, 𝛽 = 0.0 represent 𝜂- factor in which the result represent the non-hardening 

material while 𝛽 = 0.2, 0.4 and 0.6 represent 𝜂∗-factor that represent hardened material. 

In the Figure 2.3, it is clearly that the exposure to strain hardening coefficient, 𝛽 causing 
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in increasing the value of 𝜂∗-factor. The increasing of value of 𝜂∗-factor causing the 

higher value of J-integral. 

 

2.1.2 Prandtl Slip Line 

Prandtl slip line is an important crack-tip field for plain strain field where Prandtl 

slip line assumes that at the crack tip were surrounded with plastic region that forms a 

diamond shaped fields, the fields were separated into three different region there the 

region were name regions I, II and III. For both region I and III the area taken for this 

region is 
𝜋

4
 which is 45° and for region II is 90°. The region is as shown in Figure 2.4: 

 

Figure 2.4 Prandtl slip line field 

 Prandtl slip line field are capable in describing the Mode-I plain strain stress 

field near a sharp crack tip. The relevance of Prandtl slip line were identified by (RICE, 

1982). The slip line represents the maximum shear stress in which expressed in terms 

of yield stress in shear, 𝑘. Yield stress in shear, 𝑘 were expressed in form: 

 𝜎 = 𝜎𝑜 = √3𝑘 
(2.6) 

 

where 𝜎 is the equivalent stress.  
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The asymptotic stresses are calculated starting on the region I which is ahead of 

the crack tip. The expression are given by: 

 𝜎𝑟𝑟 = 𝑘(𝜋 + 1 − cos 2𝛳) (2.7a) 

 𝜎𝛳𝛳 = 𝑘(𝜋 + 1 + cos 2𝛳) (2.7b) 

 𝜎𝑧𝑧 = 𝜎𝑚 = 𝑘(1 + 𝜋) (2.7c) 

 𝜎𝑟𝛳 = 𝑘 sin 2𝛳 (2.7d) 

 

For region II, the solution to the expression were compute by (Hill, 1956). The 

expression were: 

 
𝜎𝑟𝑟 = 𝜎𝛳𝛳 = 𝜎𝑧𝑧 = 𝜎𝑚 = 𝑘 (1 +

3𝜋

2
− 2𝛳) 

(2.8a) 

 𝜎𝑟𝛳 = 𝑘 
(2.8b) 

 

For region III the expression were given: 

 𝜎𝑟𝑟 = 𝑘(1 + cos 2𝛳) (2.9a) 

 𝜎𝛳𝛳 = 𝑘(1 − cos 2𝛳) (2.9b) 

 𝜎𝑟𝛳 = −𝑘 sin 2𝛳 (2.9c) 

 𝜎𝑧𝑧 = 𝜎𝑧 = 𝑘 (2.9d) 
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2.2 3D Crack Tip Field 

2.2.1 Elastic-Plastic Stress Fields 

(KIKUCHI & YANO, 1990) have done a study related to the HRR stress field at the 

three-dimensional crack tip. The study was conducted to investigate the effect of 

thickness on the CT specimen to the stress and displacement field. The research was 

conducted using 4 type of thickness. the thickness of the specimen is set to be 1 inch, 

0.5 inch, 0.25 inch and 1/8 inch. The research is done to see whether the stress field will 

follow the HRR field when the thickness is changed. The research is started by creating 

the mesh for the specimen. Meshing of the specimen was shown for only the 0.25 inch 

specimen. In the meshing the total number of elements is 396 and the number of joints 

is 2155. In the x-y plane the number of elements is 66 and the number of joints is 235. 

The specimen is divided in to 6 layer throughout the thickness. the material is taken to 

be A 533 steel with 𝜎𝑓𝑠 of 550 MPa and 𝐽𝐼𝑐 of 115.0 kN/m. the experiment then carried 

out using elastic-plastic FEM analysis until the J value exceed the 𝐽𝐼𝑐 value. 

 For the result if this research shows that the J value for every specimen at the 

free surface is the largest at the beginning  of deformation but when the deformation 

proceeds the J value at the centre of specimens is relatively decreases. Next is the result 

of stress field for 1 inch and 1/8 CT specimens. In 1 inch thick specimens, if we compare 

with HRR solution, the stress field coincides well. From the beginning of deformation 

until the J value reaches the 𝐽𝐼𝑐 value but for the 1/8 inch specimen, the stress field at 

the beginning of the deformation is coincides well with HRR field but it deviates as the 

deformation proceeds. For the result of change of stress field along the thickness 

direction, the stress field on 1 inch and 1/2 inch specimens shows that shows that the 

plane strain HRR field exists at the centre of specimens. The stress field on the ¼ inch 
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is smaller if compared to plain strain HRR field and for 1/8 inch specimens, the large 

difference between result and plain strain HRR field. 

The experiment done by (KIKUCHI & YANO, 1990) shows that stress field 

affected when the thickness of the specimens is changed. The decreases of the thickness 

will deviated the stress field from the plain strain HRR field. In this paper, it was shown 

that the HRR field were affected to by the specimens dimensions. 

 

  



14 

CHAPTER 3  
 

METHODOLOGY 

3.1 Introduction 

The research was conducted completely using numerical method in which no 

experimental method involved in this research. The specimen was examined using 

Finite Element Analysis(FEA) method that was conducted using Abaqus software. The 

purpose of this section is to describe the method involve in conducting the research. 

This section consist of a few sub-section, such as modelling, boundary condition 

determination, material response, specimen meshing and validation. There is two main 

parts in the analysis in which called pre-processing and post processing.  All the sub-

topic in the methodology part falls in the pre-processing section. In the modelling 

section, the specification of the specimen will be explained in details from the type of 

specimens used in the research until the dimension of the specimens. Boundary 

condition determination section will explain the details of the load applied to the 

specimens and the location of the load applied. Material response section explains the 

property of the material used for this experiment and the calculation of the property 

influenced of the strain hardening. Meshing section will explains the details on how the 

mesh were developed on the specimens, the type of the mesh and the element type used 

for the research. The pre-processing parts were described as in the Figure 3.1. 
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Figure 3.1 Flow of the analysis 

3.2 Compact Tension Specimen Modelling 

Compact tension(CT) specimen will be used to conduct the analysis in this 

research. The Compact Tension specimen are consist of sharp crack in the middle and 

two hole where the load will be applied. A standard Compact Tension have been 

developed where the standard specification is based on the model of ASTM E399. 

ASTM E399 was selected because of the model itself were created specially for plain-

strain fracture toughness analysis. The full specification is shown in the Figure 3.2. 

 

Figure 3.2 Standard Specification of Compact Tension specimen based on   

ASTM E399 

B 



16 

 

The notation a, W and B represent crack length, width and the specimen thickness. The 

thickness and width are self-assumption in this research but the value for crack length 

are obtained from the calculation using formula as below: 

 𝐵

𝑊 − 𝑎
= 1  (3.1) 

Because of the research was conducted based on plain strain, the formula must be equal 

to 1. All the notation in the standard specification are in unit of millimeters(mm).  The 

value for both B and W are assumed to be 16.25 mm and 25 mm and the calculation of 

the crack length are as below: 

 25

12.5 − 𝑎
= 1  

(3.2) 

Based on the calculation above, the value of crack length was obtained to be 8.75 mm. 

All the value obtained then used to developed a full-field Compact Tension specimens. 

The specimens was developed using Abaqus software. The developed specimen model 

are shown in the Figure 3.3. 
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Figure 3.3 Full Field Compact Tension(CT) specimen 
 

Basically the model are symmetrical on both load hole. The model then are reduced to 

¼ of the full specimen. The specimen then cut in half in the width and half in the 

thickness side. Because of the specimen symmetrical, the size of the specimen can be 

reduced to reduce the time taken to complete the analysis. In mesh development, the 

symmetrical side will produce same shape of mesh which cause the mesh development 

and analysis time increase. the finalised model of Compact Tension(CT) specimen are 

shown in the Figure 3.4. 

 

Figure 3.4 Finalised specimen used for Analysis 
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3.3 Material Properties 

The analysis were carried out by using the elastic-perfectly plastic of material 

properties that is based on uni-axial idealization of the form: 

 𝜎 = 𝐸𝜀;         𝜎 ≤ 𝜎0;           𝜎 = 𝜎0        𝜎 ≤ 𝜎𝑜 
(3.3) 

 

Where 𝜎 is the uni-axial stress, 𝜎0 is the yield stress, E is the Young’s modulus and 𝜀 is 

the plain strain. The material is assumed to be homogenous isotropic. the analysis were 

carried out with the material properties of  Young’s modulus, E = 200 GPa and yield 

stress, 𝜎0= 200 MPa. The gain the generality of the result, most of the result were 

presented in dimensionless form.  

 An independent analysis were carried out for elastic perfectly-plastic  and 

analysis for strain hardening for the Compact Tension(CT) specimen. For elastic 

perfectly-plastic analysis, the analysis were carried out based on the boundary condition 

formulation but for the strain hardening the material response are influenced of the 

strain hardening effect. The model of strain hardening analysis utilize a power-law 

hardening model to characterize the uni-axial true stress. The formulation for strain 

hardening analysis were expressed as below: 

 𝜀

𝜀𝑜
=

𝜎

𝜎𝑜
        𝜀 ≤ 𝜀𝑜 ;           

𝜀

𝜀𝑜
= (

𝜎

𝜎𝑜
)

𝑛

       𝜀 > 𝜀𝑜 
(3.4) 
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Where n is the strain hardening exponent, 𝜎0 is the yield stress, 𝜀 is the plain strain and 

E is the Young modulus. 𝜀𝑜 is elastic strain limit and the values are obtained through 

some calculation using the formula. The formula are expressed as below 

 𝐸 =
𝜎𝑜

𝜀𝑜
 

(3.5) 

 The analysis were carried out to investigate the strain hardening effect in the 

material to the stress field formed during the tensile test. The strain hardening in the 

formula were set to ranges from 1 to infinite number. On strain hardening analysis, the 

strain hardening exponent were set to be n = 10, 30, 50, 100, and 1000. The ranges in 

the strain hardening exponent are used to characterize the effect of stress field in the CT 

specimen when exposed to the strain hardening. The effect of strain hardening were 

observed in the material at the low strain hardening exponent, n =10 and on the high 

strain hardening exponent, n = 1000. Elastic strain limit, 𝜀𝑜 in the analysis basically 

were determine by self-assumption which the values ranges from 0 to infinite number 

but in the analysis the value of elastic strain limit were set to ranges from 0 to 0.2. Strain, 

𝜀𝑜 = 0 indicate the original form of the specimen where specimen are not yet applied 

to the load and at strain, 𝜀𝑜 = 0.2 indicate the complete form of the CT specimen after 

load being applied. To increase the accuracy of the analysis, the incrementation of the 

elastic strain limit which means the smaller the incrementation, the higher accuracy of 

the analysis. The incrementation for this analysis is set to be 0.005 on every values.  
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 The values obtained then were substituted in the equation to obtain the value of 

stress. To speed up the calculation process, the equation then were written into the 

Microsoft Excel for the calculation process. The value of stress then used to plot the 

relationship of stress and strain. The plot is used to observe the elastic limit of the 

material in influence of strain hardening exponent. The calculated valued of stress then 

tabulated in a table and were shown in the Table 3.1 

Table 3.1 Stress-Strain relationship at 𝑛 = 10, 30, 50, 100, 1000 

 

 

 

The relationship of stress-strain for every strain hardening exponent were plotted. 
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Figure 3.5 Stress-strain curve at n = 10 

 

 

Figure 3.6 Stress-strain curve at n = 30 

 

 

Figure 3.7 Stress-strain curve at n = 50 
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Figure 3.8 Stress-strain curve at n = 100 
 

 

Figure 3.9 Stress-strain curve at n = 1000 
 

 

Figure 3.10 Stress-strain curve at n = 10, 30, 50, 100, 1000 
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3.4 Boundary Condition 

This sub-chapter are basically separate in two topic. The first topic will covers 

up on the load assigning on the specimen where the chapter begin with explaining the 

loads applied on the specimens the location of the load being applied, and the magnitude 

of load applied on the specimen. The second chapter is assigning the fixed geometry on 

the specimen. In this chapter will explain on the importance of the fixed geometry on 

the specimens and this chapter also explain the location of the assigned fixed geometry.  

3.4.1  Assigning the load 

The determination of load on the specimen started by determining the load limit 

of the specimen which called load limit analysis. The load limit analysis is used to 

determine the tensile displacement of the material in the specimen. This analysis is 

applying the concept that researched by (Miller, 1988) which provide the limit load 

calculation geometry that is containing defects. The research provide the load limit, Po 

solution for Compact Tension(CT) specimen that is given by: 

 

𝑃𝑜 =
2

√3
𝑊𝐵𝜎𝑜 [√2.702 + 4.599 (

𝑎

𝑊
)

2

− (1 + 1.702
𝑎

𝑊
)] 

(3.6) 

   For 0.09 < a/W < 1 

Where W is the width of the specimen, B is the thickness of the specimen, a is the crack 

length, and 𝜎𝑜 is the yield stress of the material. The formula created by (Miller, 1988) 

were used specially for plain strain based problem but the significant of the equation is 

only limited for a/W from 0.09 until 1. a/w is the ratio of crack length of the specimen 

divided to the width of the specimen. Basically a/W were determined in the specimen 

modelling phase. In this research, the a/W ratio used is 0.3 which is within the ranges 
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of the formula given by (Miller, 1988). The values that used to substitute in the equation 

are as Table 3.2: 

Table 3.2 Values used in the load limit equation 

CT width, W 25 

CT thickness, B 8.125 

Crack length, a 8.75 

Yield stress, 𝜎𝑜 200 𝑥 106 

 

 The load value then submitted in to Abaqus software. The u2 displacement 

caused by plastic limit load is extracted. 

 The analysis then continued with displacement analysis. the analysis was carried 

out by applying the displacement, u2 at the same location of the load limit analysis. The 

location of load applied is on the loading pin in the specimen. The loading pin location 

was shown in the Compact Tension Specimen Modelling topics. In this analysis, the 

loading pin was replace by combination of 9 nodes that is defined as a rigid body in 

which the rigid body that represents the loading pin. The displacement applied are in 

direction of y-axis. 

 

Figure 3.11 Displacement load, u2 applied on the node that represent loading pin 
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