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ABSTRACT 

Ma,Jor problem in concrete is fracture due to excess load acting on it or failure 

due to tension or shear. This proJect focused on the computer simulation of concrete 

fracture using ANSYS software. Though. ANSYS software helps simulate the 

cracking and concrete fracture simulation in calculating the most important stress 

intensitv factor using in-built crack analvsis engine. Using several perimeters and 

different tvpe of load, se1eral tvpes of fracture will be getting. A concrete fracture 

model is analped to find the precise results in order to simulate through this project 

Finite-element Method is being used in this studies and Linear Elastic Fracture Model 

is recognized to be the most efficient fracture model to be used in ANSYS. This study 

of simulation will be beneficial to all in a 11 av to hm e better understanding of 

concrete fracture occurrence and this is important in big construction companies 

which use concrete as their core material construction .. 
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1.1 Background of study 

CHAPTER I 

INTRODLJCTION 

For aged. there is no direct way to predict fracture pattern in concrete. Many fracture 

mechamcs theories ha1e been Idealized but that's only !tmited to brittle materials 

such as glass and steeL Just a decade ago. concrete fracture mechanics has been found 

which concrete IS a quasi-brittle materia! and yet to hare double materia! properties. 121 

From the finding of Concrete Fracture Mechanics. it had gives many benefits to 

researchers as 1\ ell as building de\ elopers As a matter of fact it is the crack pattern 

theory in Concrete Fracture Mechanics \Yhtch has influence the structural and 

concrete design nowadays 

Since its discovery. there are manv laboratorv tests related to concrete fracture 

Howe\eL it is just a ph~sical test and people must use their own eves to locate the 

crack. With the de1elopment of ne\\ technologY. people can now use computer-aided 

software to anal11.e the formation of crack'' ithin the concrete structure and also the 

most important critical stress intenstt\ l~1ctor \lhich lead to fracture This is more 

accurate and 1er1 precise because it gi\es the computer to calculate itself and to 

simulate the crack occurrence. which human beings cannot see bv naked eyes 

From the usage of this new technolot,'Y· we achie>e to mo>e one step ahead 111 civil 

engineering since the dtscoverv of Fracture Mechanics and !rom that matter. 

produced more quality buildings and more strent,>th in structural integrit' 



1.2 Problem Statement 

Fracture is defined as a cracking at the structure whene\'er there is e:xcess load. In this 

case. concrete fracture is brittle. Concrete are prone to cracking because they are 

weak in tension. In our case. 11e can find the fracture parameter of a structure by 

finding its stress intensity factor and displacement at crack tip. Howeyer. normal 

laboratory methods are prone to errors and machines defections. Hence a method 

needed to solye this problem in assisting to predict the fracture. 

1.3 Objectives 

• To assist the manual way of finding the fracture parameters of concrete. 

• To analy·ze the concrete fracture pattern throughout the fracture 

simulation. 

• To reduce humU.il errors in analyiing the concrete fracture theory 

• To locate the displacement at the crack tip at the point when fracture 

occur 

1.4 Scope of study 

• Determming point of fracture of se1 era! different composition of concrete 

using NODEX and SOLID20. 

• Shape and si/e factor that affecting stress and stress in concrete. 

• Determining the stress intensit~· factor in ANSYS using PLANE82 

element t~pe. 

1.5 Feasibility 

Considering the e:xisting problems faced in the industn relating to the concrete 

fracture simulation Jmpro,·ements should be made to the methods of simulatine the 

fracture pattem By accuratelv predicting the cracking pattern behm·ior in the 

concrete, the civil engineers can conduct their planning and de\ elopment more 

preciselv to increase the effectiveness of the results. With the improvements. possible 

increase in crack analysis accurac\ should be achieYed. Thus. results in prolonging 
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the lifespan of a concrete structure. Therefore. this project is feasible for studv to 

impro1·e the current trend in the industrv. 

1.6 Relevancy 

This project is relevant to the civil industn especially to the civil engineers in 

assisting them to mmlyze accuratelv the occurrence of crack in the concrete structure. 

Despite the fact that actual laboraton· fracture test 1s still conducted. proper 

simulation using the computer-aided soft\yare \Yil! help to a.t1aJy.~:e more V•/hich we 

cannot get from actual laboraton· works. With effective e'ecution of simulation, the 

final pattern or concrete structure ca.'1 be impro'.·ed 
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CHAPTER2 

LITERATURE REVIEW 

This chapter coYer the important theories imoh e in concrete fracture simulation. 

2.1 Concrete Characteristics 

Concrete and steel are different types of construction matenal. Steel is different in 

cracking because it is a fatigue crack which in tum produces ductile fracture. Ductile 

fracture means the crack is also deformmg in shape and size. Howeyer. concrete 

fracture is considered brittle fracture. Brittle fracture means the crack is not followed 

bv any deformations around the crackli I 

Concrete is not a material that we can found in the earth origmallY like gold or 

aluminium It is a combined ingredient of water. cement and aggregates. Some people 

misunderstand of cement 11ith concrete. Cement is a material that binds other 

materials together In concrete. it binds the 11ater and aggregates to make it hardened. 

The formula for making concrete is: 111 

PORTLAND CEMENT + WATER + AGGREGATES = HARDENED 

CONCRETE+ ENERGY(HEA T) 

Usually Portland Cement is used in the making of concrete. Portland cement is a 

mixture of processed limestone. shale. and clavs 11hich contain the following 

compounds CaO (lime). A!,03 (Aiumina).Si02 (silica) and iron oxides 111 

The strength of concrete is determmed bv the proporuon of water content and 

aggregates. Some properties of concrete composition 
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Table I TYpical Concrete Composition111 

j Typical Composition by Volumt> 

1------
; Cement 

! U./.-,t.:>r 
I •• ~H""' 

I '~"grct!atcs 
I ~ ~ 

I ----

2.2 Gene,.al Fl"acture Patter·n 

When talk about fracture. there is se,eral patterns of fracture. BasicallY there are 3 

modes of fracture. depending on the forces actw.g on the C('ncrete_lll 

Ivi ode 1: opening 

Figure I 

!VI ode III: out-of-plane shear 
1'/Iod~ II: in-piane shear 

·Mode of Concrete Fracture Pattern(Du et al. \')~~) 

Mode J· The forces are perpendicular to the crack (the crack is horizontal and the 
forces are 'ertical}. pulling the crack open 

Mode 2 The forces are parallel to the crack One force is pushing the top half of the 
crack back and the other is pulling the bottom half of the crack fomard. along the 
same line 

Mode J· The forces are perpendicular to the crack tthe crack is in front-back 
direction. the forces are pulling left and right 

These are the common modes of concrete fracture pattern and most \\idel:c used in 

predictmg the occurrence of crack 111 concrete structure destgn. 1; 1 



2.3 Fracture Mechanics of Concrete 

When tall,. about concrete fracture mechanics. the main thing we mustn't forget is that 

we must find · 

I. Stress mtens1t~ factor along the cracl,. 

2. Displacement at crack tip. 

AJJ the calculations are based on the relatne openmg. slidmg and tearing 

displacements deri' ed from an orthogonal set of a. xes at each crack front node. as 

sho'' n in the example below for aS) mmet~ model. These relatiYe displacements are 

used to calculate the stress mtens1ty factors using equat1ons deri\ ed from the 

Westergaard solutiOn for the stress field around a crack tip. The equations that are 

used are \alid for lmcar clastic 1sotrop1c matenals (LEFM) (shah.I991) 

I -r-
---- -;---

Figure 2 Stress intensit' factor of Mode 
II I(Jentech.2006) 

u. v. w = displacements In a local Cartesian coordinate 
system. 
r, 8 = coordinates in a local cyllndr1cal coordinate 
system. 
G = shear modulus 
K1• J<.. K. = stress Intensity factors related to 
deformation mode 
v =Poisson's ratio 
Av, Au. and Aw =the motions of one crack face with 

Mode II and Mode 

respecttothe other (Shah.1991) 
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Ho11C1er. concrete fracture mechanics can be simplified into this llo11 to make it 

more understandable. It starts 11hen the load increase the stress in the structure. 

Frankl'. 11hen the stress reach the ma-.;imum tensile strength .ft. the stress inside the 

concrete starts descending because of the occurrence of fracture /One (also kmmn as 

process tone) and unloads the material outside the process ;one area.(Du et aLI '!X7) 

/ l\la..:ro crack 

) 
-------==-----/ 

Figure 3 • T1pical fracture mne m concretc1
'

1(Du et aLI '!X7) 

1- --------I 

. ' 

I L ________ , 

I 
I 
i 

-j; 

Lo::vl 
n 

Crack 

Then the strains begin to decrease based on the strcss-qrain diagram ,,-hich is the 

unloading branch spectficalh The material ts unloaded and the strams begm to 

decrease as \\ell At this time. in the process ;one. lhe deformations mcrcase 

simultaneoush(Du et aLI <JX7) 
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Stress. 6 

i 
!Loading 

-.. crack 
point 

/ 
/ • Unloading 

l ... ---·--·--·----··- - --·· --.. 

Strain.£ 

Figure 5 ·TYpical stress-stratn relationship(Du et aLI'!X7) 

There are t\1 o main cun es i n1 oh e in the fracture mechamc of concrete. One is stress-

stratn cun e 11 hich 1S applicable to most of the materials and another one 11 ottld be 

stress-deformation cune 1\hich sho\\s the deformations occur \\ithin the process 

10ne. Stress-strain diagram also rncluded \1 tth unloading branch. Mean\\ hile. stress­

deformation diagram can be used to calculate the fracture energY_ Gf. in the fracture 

zone bY looking at its area under the cune. It is a stgn of hoi\ tough the material 

'' ould be The higher the yaJuc of fracture energY in the matcnal. the material is 

better 1n toughness Toughness ts important cnterion in determining the tensile 1:1ilure 

of the matenai(Du ct al.l '>X7) 

' I I 

1-- ~-~----i 
~ 
n 

I ' 
I I 

I ~ 1\ 
D I D 

+ 

II 
II 

Figurer. . T1pical fracture propagation of concrete(Du et al. I ')g7) 
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2.4 Compal'isons of Conn't'tr Fi'irrtur·r Models 

Concrete fracture models can be di1ided into se1·eral types Ho\leler. there are three 

types or Cracture models that are common[~: bemg used !n laboratory. Those are: 

Linear Elastic Fracture Mechamcs (LEFM) modeL Smgular Fracture Process Zone(S-

FPZ) a.t1d nonsingular Fracture Process Zone {NS-FP!). A!! of these rnode!s' 

propertJes are determined !rom three-pomt bend tests (Yon./ 007) 

LFFM is one of the models 11hich are based on brittle matenals and it is assumed that 

concrete to be a I in ear elastic model and \1 hen the stram energ1 release rate. G. or the 

stress intensit1· factor. K. reaches a critical 1 aluc. Gc or Kc. the crack'' Ill propagates 

(Yon.l'!'!7) 

In NS-I'PZ model. 11hich is proposed as fictitious crack model (Hillerborg. I'J7(,). the 

stress at the micro crack tip is assumed as contmuous and micro crack tip 11as trailed 

b1· fracture process ;one (J'PZ) The crack faces 11hrch being transferred with tensile 

stresses rs taken as discrete crack Crack closure stress (CCS). also defined as amount 

of stress transferred depends upon the crack openrng displacement (COD) Ma,.rmum 

CCS rs taken as the tensile strength of the concrete and become the fracture criterion. 

To be simplified. CCS-COD relatronshrp is the basic fracture propert1 of the NS-I'PZ 

model 

Another model. 11hich is the S-FPZ model (Yon. 1'!')1 ). combined the charactenstic 

of both the LEFM and NS-FPZ models The mrcro crack trp IS assumed as 

discontinuous and prediction of fracture is b1 using singulari!l at the micro crack tip. 

1\hich is same 11 rth LEFM. H011 e1 er. bas1c fracture pro pert res of the S-FPZ model 

still using the same parameter 11ith NS-FPZ 11hrch rs the CCS-COD relationship 

<) 



The simplified characteristics of each model are portrayed m the following table 

Table 2 • Concrete Fracture Model(Yon,l 'l97) 

Fracture Fracture Stress at Fracture 
model crltelion crack tip process zone COD shape 

(1) (2) (3) (4) (5) 

LEFM model Gc: or K~ discontinuous l!action free blunt 
S-FPZ model Gc: or Kr discontinuous CCS-COD relation depend on K" 
NS-FPZ model f('fio or F, continuous CCS-COD relation sharp 

Note: f=• = the maxJmum crack closure stress; F, " tens1le Sl!ength. 

In order to analyt.e these models. tinite element method \\as used. The models are 

assumed to be using linear elastic. four node quadrilateral elements. Testing 1\ as 

based on three-point bend test From findings. measured load and CMOD \ersus 

load-point displacement relation can be achte\ ed bv aii the modeis. Total fracture 

energv for including strain energv release rate \\as similar between NS-FPZ model 

and S-FPZ model eren though fracture energv densitv in NS-FPZ was larger LEFM 

model has the largest resistance and NS-FPZ model has the least for crack e...:tension. 

In thts proJect" s stmulation. LEFM is used as base-model to lind the stress intensitv 

factor(Yon.l'l<J7) 

2.5 Direct Finite Element Method (FEM) Analysis of Concrete Fracture 

Specimen 

Fracture Process Zone (FPZ) model can be used to predict accurately the global 

specimen behavior. Cracl. Opening Displacement (COD) and crack growth behavior 

for concrete specimens subjected to either static or dynamic loading The specimen 

geometrv effects. boundarv effects. and the effects of the o\·erall stress state on the 

constituti;e equation, which relates the crack closure stress to the COD. is determined 

by measurements other than the direct tension specimens (Duet al.1988) 

Two specimens are tested• a) small CLWL-DC'B specimen and b) large beam 

spectmen 

10 



H------..--------o;-1 

Figure 7 : FE!\1 arwlysis spccimcns(Du ct aLI 9XX) 

Concrete fracture specimens of two different geometries, the CLWL-DCB specimens 

and the three point bend specimen were anal\ '"ed using FEM numerical procedure 

The mechanical properties of the concrete were determined and the crack opening 

displacements along the fracture process mne 11 ere measured using moire 

interferometers (Du et al. 1987) The meshed diagrams for specimens are portrayed 

belm1 

' fo fl.l),•,!• 

Figure 8 -Finite Element Mesh for CLWL-DCB specimen(Du et al. 1 988) 
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Jl 

1 .i'.J NIIJ!F :. ;,'b tt!~l "': :. 

Figure ') ·Finite Element Mesh for three-point bend specimen(Du et at l 'J88) 

In thts finite element analvsis. four-node isoperimetric elements were used 

(PLANE82) The results for crack closure stress versus crack opening displacement 

are illustrated in the following diagram: 

-. • 
; 
l 
l\ ,.1 \ . ' 

' i \ 
~ I 
-? ,, 1 ', '·" ' 

1 \ 

.... ~ .. '.} ,, -! "" 

\ 

Figure l 0 Crack closure stress versus COD 
(Duet al.l '!88) 

One continuous Model 

Thorough this analvsis, it is found that this method can predict accurately the CCS 

and COD through comparison of experimental and numerical results. Besides 

analyzing the fracture pattern, this method is able to predict stress distributions and 

energv partitions as well. Therefore. FEM anah sis is the best 11 av in simulatmg 

concrete fracture using ANSYS later on (Du et aLI <Jg&) 
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CHAPTERJ 

METHODOLOGY 

This chapter discuss the methods and procedures that being used in running this 

project. 

3.1 Project Work Flow 

F:..:. ~,H·.h.tr!·:l.-t'ld:th~>·>r·~ 

<·f :~Jl.J, ~: h:t~:j 

l_lt,.J~,_-t_~r·,._llr-.-"~n,_:: <·tf: 1i~'L.:: I 

,:.;_I J' ,---

l 
·-·>n·l'.l·.t _trr·,,_llitl<r, _.r, .<~ ,,r,, .. f_,.o,<.-1-;1-:-r 

· l 1--1 Ill·::" 

( oud11<t ;;ltltlll,ttlotl 011 th~ .utn.tl n,odd 
11l1 ~ji1".:lith .-_h,1iMtr":li~tl( 

f.11l ":' ftiUI·_<·II•.I•L I·~ !1 liP I _-11:..:_~ .. :<~1·: 1·1_ t-: 

f,_uth..:>IHrq:-r-:..-:tiJ":' ·>II·:O~j:-t 

Figure II : Project Flow Chart 
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3.2 Research Stages Breakdown 

This research is divided into 3 stages: 

3.2. I Stage 1: Literature Review 011 the related subject 

As the start of the research project, an extensiYe literature revie\\ has to be done in 

order to fully understand the concept of the project A v1ide range of knowledge is 

needed for the project to be successful. In this stage, \\e have to grasp all the 

information that is related to the project by conducting research and studies from 

every single source. These sources can be taken from the journals. papers from the 

internet and library, companies' website that is related to the industry, reference 

books recommended by the supervisors. and potential sources from companies in the 

induslf\ 

The literature review for this project will mainly focus on the Concrete Fracture 

Mechanics especially the different types of concrete fracture. different concrete 

characteristics that affect the cracking behav:ior in concrete, software used in the 

industry to conduct structural simulation, current technologies used. and the equations 

used in the simulation of the concrete. Most importantly, further Improvement of the 

current system has to be identified during the literature revie\\ stage in order to 

implement it in the later stage of the project 

.1.2.2 Stage 2: Learn and Practke the ANSYS St!ftovare and Ctmducting the 

Sinmlatio11 

At this stage of the research. basic understanding of how the software works should 

have been already obtained through the process of literature review. Currently in the 

market there are sev:eral software used for the purpose of concrete. Out of the many 

choices of simulators, the simulator that is going to be studied will be the ANSYS 

software bv Ansys Inc. This is due to the fact that this software is widelv used in 

Malaysia and the accuracv of the software. 

14 



The manual of the software will be obtained and studied m order to familiarize with 

the software. Basic tutorial can be conducted and request from the lecturer to better 

understand the software. Mock up training will be conducted on personal initiative to 

further improve the skill in the software to sa1 e more time during actual simulation 

work being done. 

Simulation work on a simple self-created model will be conducted on different 

characteristic of concrete to understand more on the concrete cracking pattern. The 

actual model of concrete fracture results will be obtained from the UTP laboratory to 

be compared with actual simulation. After getting the parallel results of actual model 

and actual simulation, more fracture simulations on different characteristics of 

concrete will be conducted. 

3.2.3 Stage 3: Analy.d.f and CnncllHinn nfthe Re.fearch Project 

After conducting all the studies and actual simulation work with the improved ideas, a 

thorough Ma1ysis of the ,,.,orthiness of the idea is to be inYestigated. This at1alysis vvi!! 

include the cost factor and the effecti1.eness of the nev. idea. The analysis will include 

basic knov·;ledge in strategic management at1d engineering economics. 

Besides conducting the analysis, further suggestions on impro1ements of the ideas 

will also be included. The final purpose of this project is to develop a virtual 

laboratory in UTP to conduct simulations on concrete, without going to hme actual 

laboratorv works. This will save UTP from going to 11aste lab materials _1ust to 

conduct cracking test. 

The research project will be concluded accordingly as stated in the objective of this 

project wherebv the characteristics of' the concrete will be understood and lead to a 

full understanding of a method used to accurately make assumptions to be applied on 

a concrete fracture pattern 
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3.3 Pmposed beam sketch design and properties 

--·--·---

lt 

lt 
--------------~ --

Figure ! 2 : Dimensions of design of beam 

Table 3 • Properties of Concrete Model 

,_ 
I I 
I I , +I 
~===j ... f ·1 
I I I I 
I_ c'c.._l I , - -, n_/ 

-I 

Umt System Metric (m, kg, f'J, ac, s, V, ,ll,) 

Angle 

Rotational Veloc1ty 

Object Name 

State 

Oegrees 

rad/s 

So11a 

,. __ , • .J 

IVIt:':::OIIt::U 

Graphics Properties 

Visible 

Transparency 

Definition 

Suppressed No 

Matenal Concrete 

Stiffness Behavior R1g1d 

Noniinear i'viateriai Effects Yes 

"'-; __ .. r..l---
VUJCI_,t l'ldlllt:: Crack Analysis 

State Fully Defmed 

Definition 

Phys1cs Type Structural 



Analysis Type 

Options 

Reference Temp 

Structural 

Young's Modulus 

Poisson's Ratio 

Dens1ty 

Thermal Expansion 

Tensile Yield Strength 

Compressive Yield Strength 

Tensile Ultimate Strength 

Compress1ve Ultimate Strength 

Thermal 

Thermal Conductivity 

Specific Heat 

3.4 Tools and Equipments 

Crack Analysis 

22. oc 

3 e+010 Pa 

0.18 

2100 kg/m3 

1 4e-005 1/°C 

0. Pa 

0. Pa 

5 e+006 Pa 

4 1e+007 Pa 

072 W/m oc 

780 J/kg oc 

The main tool that '"ill be used in this project \\ill be the computer in the simulation 

lab mstalled '"th the ANSYS sotl\\are. This software tS bemg used m PETRONAS 

and UTP fherefore. it ts feastble to conduct the SimulatiOn usmg tlus software with 

the a' ailabtlity of the soft\\ are license 

3.5 Ha;,ar·d Analysis 

A~ the prOJeCt 1moh e mostly in computer simulation, seH~ral hatards may occur due 

to electromc problems or hay'" tre. The screen may aiTect the eyes of the beholders as 

tt produced the ultraviolet ra) \\ htch is harmful Other type of hvard is ltke electric 

shock and the author\\ til takes senous precautton to prerent thts thmg from happen. 
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CHAPTER4 

RESULTS AND DISCUSSIONS 

All the results are portrayed here together \\ith the discussions 

4.1 Meshed Model 

t= I .. 

I 

Figure 13 : Before meshed 

I 

l 
Figure 14 : After meshed 

Look after the beam had been meshed. The contour is not uniform which indicate the 

mixing ingredient in concrete. 
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4.2 Stress Intensity Factor 

hgure I 5 : Stress lntenslt) at crack surface 

""'" C~LQIUIH "l"l· ~ Cll!S$ l~lfJ<>IlY FtelO 
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n 
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'-=· -.. :- ~.2;; - .- .;-;- . -~ .m1n ~T: ~~ ~• --.:;.;- - .:: .... 

L------------------~ 

F1gure 16 : Results of Stress Intens1ty Factor using KCALC command 

From aboye analysis using ANSYS: 

Kl = 1.77, MPa ml/2 KII 0.0002 MPa m I /2 KJII = 0 MPa ml/2 

The important 'alue in stress mtensit) factor 1s the \alue of K1 wh1ch IS l 77MPA 

m•: We get the 'alue b)- dl\ 1dmg the onginal Kl of 56.290 ,,;th 31 66 so that the unit 

com ers10n ''til be in the correct form According to research done by Shah S. P 

(1991 ). the a' erage critical stress mtens1ty factor for fracture to occur is between 0. 93 

to l 53 MPA m•o for normal concrete. We get a slightly h1gher than the range because 

the diiTerence m our dimensiOns and applted load Therefore, the sltght d1ITerence 1s 

neglig1ble. A full crack model 1s used as 1t is more accurate compared to half model 

and the temperature is not requ1red (assume 20°C) 

J<) 



4.3 Max Deflection 

Figure 17 · Max deflection of analysis 

From aboye analysis using ANSYS. 

The maximum deflection is 2 76 E-08 at the crack tip 
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4.4 Min/Max Axial Stress Intensity 

Figure 18 : MiniMa' axial stress mtensity 

From above analysis using ANSYS; 

The ma"Ximum ax1al stress is 194.187 MPa mm 1 2 

The minimum a~al stress is 0 329775 MPa mm1 2
• 
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4.5 Minimax Elastic Strain Intensity 

Figure 19 : Min/max Elastic Strain Intensity 

From above analysis using ANSYS; 

The minimum axial stress is 0.13E-010 MPa mm1 2 

The ma\.imum axial stress is 0.764E-08 MPa mm 112 
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4.6 Von Misses Stt·ess 

Figure 20 : Von Misses Stress Analysis. 

From abo"e analysis using ANSYS, 

The minimum axial stress is 0.285 MPa 

The maximum R\ial stress is 180 483 M Pa 
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4.7 Von Misses Strain 

Figure 21 : Von Misses Strain Analysis. 

From above analysis using ANSYS. 

The minimum ax1al stress is O.ll2E-O I 0 MPa 

The maximum axial stress is 0. 71 OE-08 MPa 
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CHAPTERS 

CONCLUSION 

This chapter is to conclude all the findings and results 

5.1 Condusion 

I. Based on the results obtained_ the stress intensity factor is Kr = 1.77, MPa m112 

v· .. -hich is acceptable for fracture to occur in the beam. The normal acceptable range 

for cnucal stress mtens!lY factor is bet11een U.93 to i 53 MPA m· for normai 

concrete (Sha~- ! 991 ). 

2. In this project, Linear Elastic Fracture Model(LEFM) was used to calculate the 

stress intensitY factor of the beam. the deflection and axial stress. 

3. PLANER2 is chosen to be the material element type. This element pro;:ides more 

accurate results for mixed (quadrilateral-triangular) automatic meshes and can 

tolerate irregular shapes without as much loss of accurac~- The R-node elements haYe 

compatible displacement shapes and are 11 ell suited to model cun ed boundaries_ 

4. The modulus of elasticity for the beam is set at 3 OE+Il I o MP A ;;:hile the poisson-s 

ratio is 0 I X. 

5. Other method of frachrre mechanics also can be used instead of LEFM method. 

6_ ANSYS reach the target to analyze fracture mechanics theory. Another way to try 

implementing fracture mechanics in ANSYS is bY using CCS-COD relationship. 



REFERENCES 

!. "Wh:~t tinct of material fracture'' .. Found at 

llUP-_ ,,!_l_tl_><~<_t_\,'<2_:,:t 

2. Yon JH. Hm\kins N. M. and Kobavashi AS (1'!97) ··comparisons of Concrete 
Fracture Models·· .l h'ngrg. Afcch .. ASCF. 123(3), Ol 'Jfi-0203 

3. DtL J L Kobavashi. A S . and Hm\kins. N M. ( 19RR) "Direct FEM analysis of 
concrete fracture specimens.'' J Fngrg lvft:'-'A. ASCE_ l l (,(3 )_ ()(,05-0(i 10 

4 Du I I Koba\·ashl' A s ond Ha\\'kl'n"' 1\.1 1\1 ( Jll87'i 11
r;'r'lrd •• ra l"\rAf"OC'C' IAn<>. 

. , J. J., '- , '>. .. , U,.1 .J, 1 '· J\. fl I J· 1 lU"-lUl.._. }J'V'-''-'V..J L.V11V 

of a concrete lracture spec1men." l'roc. SI-.M-RIUM Int. ( 'ont. on Fracture ot 

Con cr. and Rock S. P. Shcu~ and S. L S\\ artz. eds .. llouston_ Tex .. 2X0-2g6_ 

5. Du. J J, Kobayashi. AS. and Hawkins. N M. (l'JR9) "FEM d;namic fracture - - - -
anahsis of concrete beams.".!. lci1grg Mech.. ASCE. 115(10), 2130-214'!. 

6. Du, J. J, Kobayashi, A. S .. and Hawkins. N. :\1. ( Jl)90). "An e:\perimental­
nwnerical analysis of fracture process /.One in concrete fracture specimens." Fngrg 

7 Ougdaleo [) S (1%0) "Yieldmg of steel sheets contaimng slits" J Mech Physics 

ond Soilds. 8. i uu- i 04. 

X Evans, R. H, and Marathe, M.S. (!%X) "Microcracking and stress-strain cunes 

for concrete in tension." Math. and Srruct.. RILEM I. 6 J-(>4. 

') Gopalaratnam. Y S., and Shah. S P (I 9X5) "Softening response of plain concrete 
in direct tension." AC!.J.. 82(3 ). 31 0-323. 

I 0 Shah S. P and Carpinteri A (I 'YJ l ). "Fracture mechanics test methods for 
concrete ... Chapman and Hal!. 0~! 0 

ll."Fracturc i\1cchm1ics"" Found at (nip \\\\ ''- /'"''i 



APPENDICES 

Appendix A- Project Gantt-Chart 
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