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ABSTRACT

Human bones are a bioceramic composite materiathwds very unique properties
and structure. The mechanical properties of theebeme to be determined in this
project using state-of-the-art finite element modéie geometry of finite element
model was constructed in SolidWorks mechanical Q#dakage. The micron size
pores were created using spline-feature-extruddéadeto include porosity as close
as possible to that of the natural bone. The coatijomal domain was determined
through trial-meshing by which the model than canshccessfully discretized was
obtained. Mechanical properties were based on oessmn type of loading.
Essential properties to incorporate into the FE eliad and realistic range of
compressive load were obtained from the compregsisindone with the synthetic
specimen. Special fixture was developed for holdiagy delicate specimen and to
eliminate possible errors during the compressigh ompression test was carried
out until the bone specimen fractured. The same laage applied in the experiment
was defined in the FE model and compression arsalyas performed to virtually
determine mechanical properties. The FE model vedslated by experimentally
found mechanical properties. The properties usedvalidate is the Young's
Modulus. The experimental value of the Young’s muodus 5202 MPa while the FE
analysis gives a value of 5290 MPa. The percertégeror is calculated to be 1.7%.
The FEM model is validated as its percentage afres less than 10%. Hence, the
mechanical properties by FEM were found to be Yd&uiMpdulus of 5290 MPa and
Poisson ratio of 0.3. The proposed FE model canske to analyze the response of

the human bone under various loading.
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ABSTRAK

Tulang manusia merupakan satu bahan komposit bimgleryang mempunyai sifat
dan struktur yang unik. Dalam projek in sifat makahtulang manusia ditentukan
menggunakan model tulang yang canggih melalui kekRinite Elemernt (FE).
Struktur tulang manusia ini dibentuk menggunakarisigan ‘CAD’ SolidWorks
Liang-liang tulang yang bersaiz mikro dibentuk mgungakan caraspline-feature-
extrude’ dimana struktur model dipastikan hampir sama dengfamktur tulang
sebenar. Julat kiraan ditentukan dengan perculraaslyang dilakukan dan saiz
model yang bersesuaian dikenalpasti. Sifat mekaniddentukan dengan
mengunakan daya mampatan. Sifat yang penting uhigukakan dalam model ‘FE’
dan juga julat daya mampatan yang realistik digdnotlaripada ujian kemampatan
terhadap tulang manusia tiruan. Sebuah pemegang dibaat untuk memegang
tulang untuk mengelakan ralat semasa ujikaji. Ug@amampatan dilakukan sehingga
specimen tulang menjadi rapuh. Julat daya yang sdignanakan dalam analisa
kemampatan dalam perisian untuk mencari sifat me&htulang. Model tulang ini
disahkan dengan mengunakan nilai daripada sifatnk& yang diperolehi melalui
eksperimen. Sifat yang digunakan untuk mengesatialata modulus Young. Nilai
eksperimen modulus Young adalah 5202 MPa manakelbsa ‘FE” memberikan
nilai 5290 MPa. Peratusan ralat yang kira antadu&elua nilai adalah 1.7 peratus.
Model tulang ini disahkan kerana mempunyai peratuadat yang kurang daripada
10 peratus. Oleh yang demikian sifat mekanikalnmilamanusia iaitu modulus young
melalui analisa ‘FE’ adalah 5290 MPa d&wisson ratid adalah 0.3. Model tulang
manusia ini boleh digunakan dalam menganalisisat $iflang dalam daya yang

berlainan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Human bones can be considered as a composite ahatbere testing can be
carried out to find out its mechanical properti€denerally there is lack of
information about the properties of bone. Thisaitan arises because of few studies
conducted on the human bone as it is not easyttthgespecimen. Studies about the
mechanical properties of the bone are very scardenast studies are conducted to
find the behavior of the bone rather than the prigeeof it. As for it the knowledge
about the basic mechanical properties are limitée properties of the bone can be

found using standard material tests such as tetesite

The properties of the bone that have been founbdbeieficial to the many
sectors most importantly to the medical sectorsHtlows for a better treatment and
diagnose for bone related diseases- developmerdrtdicial or synthetic bone.
Besides that innovation for a better protectiver gaa also be benefited by the study
about human bone properties. Finite Element Angal{lSEA) plays a bigger role in
the analysis and testing of materials virtuallyngsFEA software such as ALGOR,
ABAQUS and COSMOS. The advantage of using FEM & this economical by
reducing the number of experiment FEA allows a monecate analysis of material
besides making it easy to conduct different tests imaterial (Hutton, David V.,
2004). In this project FEA is used to find out thechanical properties of the human

bone and also its behavior.



1.2 Problem Statement

Generally the project is to identify how the humbane’s response to
external loads. Fundamentally its response to eatéoad is unknown, so in order to
find out this response, knowledge of mechanicaperties of the bone is important.
Moreover accurate data about the bones propenesexy difficult to obtain as

there is lack of accurate computer models or a weatyestablished experiment.

1.3  Objective

Primary objective of this project is to determthe mechanical properties of
human bone using Finite Element Method (FEM). Ideorto support the main
objective, other objectives are identified as fato

I.  To investigate mechanical properties of the bonediyg a standard material
test.
ii.  To develop Finite Element Modal that can prediahhn bone properties.

1.4  Project Scope

The project has two level of study about the prigerof human bone. The
first level of study will be the determination ofilnan bone properties using a
common compression test. The specimen is a syothetie substitute which is
claimed to have properties as natural bone. Frantakt that will be conducted the
properties such as the Young Modulus, Yield stieragtd the Poisson ratio will be

obtained.

The second level will be modeling and analysis wihhn bone using FEM.
The properties obtained from the test compressenwill be used as input data to
the FEM. Then the model is validated by comparhmg esults from FEM with the
properties obtained from the compression test. rAftee validation additional

simulation for various compressive loads will berieal out.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

As a part of the project, the analysis of literatis important as to have a
further understanding the project. The materiadé tised for the literature review are
from journals, books, past studies and from therimdgt web pages. The review is to
find out the relevance of the project and it musvéna significant relation to the
project.

2.2 Bone

Human bones are a rigid organ which is a part ohdou endoskeleton, it
functions to enable movement, provide support ded @ protect vital organs as it
has a very hard feature. Besides that, human balsesfunction to store minerals,
produces red and white blood cells (Enderle, JohnHbdonzino, Joseph D.,and
Blanchard, Susan M., 2005). Bones has many shapgshas a very complex
structure both internal and external. Bone tissuesseous tissue makes up as the
element of bone structure which gives its rigicityd honeycomb internal structure
(Wikipedia/Bone).

2.2.1 Function
Fundamentally the bone has eight main functionski@dia/Bone). Every

living organism has evolved to have its protectsgstem such as shells and bones.
Human bone also serves to this function that iprtect the internal organs such



brains, heart and lungs. Bones provide supporheobbdy and maintain the shape.
Important mineral such as calcium and phosphoresreserved in the bone where
the bone functions as mineral storage. Bone mamtweh located in long bones

produces blood cells. Movement is another functbrbones where it is used to

transfer motion to individual parts. Bones helpkieeping the body’s acid base
balance by absorbing and releasing alkaline datiseign elements and toxic metals
can be stored in bone to detoxify the blood. Lastriot least bone also help in sound
transduction aspect of hearing.

2.2.2 Types of bone

Basically the human bone has many shape, it hage bkssified into five
types (Wikipedia/Bone). Even though it has différeshape it has the same
composition and structure. The first type of bosdhe long bones where it has a
shape of long shaft. Generally it is very thick andst of the bone is contains in
limbs. Short bones roughly cube shaped with mosthef structure consist of
Trabecular bone with thin layer of cortical boneri8%and ankle are considered as
short bone. The third type of bone is the flat baere it consists of trabecular bone
sandwiched in between two layer of cortical boneother type of bones is the
irregular bones as for the name the bones are dhapgularly. The spine and hip
are example of irregular bones. The fifth type ohé is sesamoid bones where the

bones are embedded in tendons such as the patella.

2.2.3 Structure and Characteristic

Human bone can be considered as a composite nhatetiaa complex
structure. Bones are made of osseous tissues fyimtrs contributes to its
hardness and lightweight (Wikipedia/Bones).The bamemade up of calcium
phosphate as its main structural material. Humane i@ generally classified into two
types that are: cortical (compact) bone and Trahaecor Cancellous bone
(www.engin.umich.edu/class/bme456/bonestructurestaswvn in figure 2.1. It is
classified based on its porosity level and micradtire. Generally the compact bone

or cortical bone has a very denser structure anpatosity level is ranging from 5%



to 10%. From overall human body’'s bone mass, @articakes abou80% of it.
Cortical bone is very compact and has a very higingth. Thus it forms the out
layer around the Trabecular bone in shaft of loogds. Trabecular or cortical bo
is much porous with porosity level in between 508690%. It accounts foihe
remaining 20% of the total bone mass and has altendimes of the surface area

compact bone (Wikipedia/bone

The cortical bone as other biological tissues hia@archical structure that
bone contains many different structures. On gerit has been classified into thr
main type based on its microstructure organize
(www.engin.umich.edu/class/bme456/bonestructure)oneB has up to sew
hierarchical level of organization from the microsture of the mineral crystals
the microstruture of cancellous and cortical borHuajian Gao, Baohua Ji, 20L.
This means the cortical bone has different strectayers similar to a Russian dc
(Enderle, John D., Bronzino, Joseph D.,and Blar;Hamsan M., 2005)

y
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Figure 2.1: Human Bone Structure



2.2.4 Bone properties

Bone is a hybrid of organic and inorganic composdataining protein and
mineral with superior hardness, strength and fracttoughness (Huajian Gao,
Baohua Ji, 2003).

2.3 Mechanical properties

The developments of science in material analysie lggven some method to
measure certain properties of materials. Technolagyaterial science allows the
determination of materials properties even befohas been manufactured (Gedney,
Richard T, 2007). Mechanical properties that akenainto account are such as
hardness of material, yield strength, Young ModuR@isson Ration, Stress, Strain
and many others. These properties are importagmsare further understanding and

help in the analysis of the material.

2.3.1 Stress

Consider a material is subjected to an external kach as in a tensile test.
The force will tend to fail the material by breagithe internal bonds. Stress is the
internal resistance to oppose the breaking of nadde(Meyers, Marc A., and
Chawla, Krishan Kumar, 1999). Basically a uniaxstkess is defined as the force (F
in Newton) acting on Area (A in Thor simply F/A denoted by a symbel(Benham,
P.P., Crawford, R.J., and Arsmstrong, C.G., 199&esses can be exerted as three
states that are Compressive Stress, Tensile SrebsShear Stress. Compressive
stress happens when a material is subjected tanmush compressing force where
the material tends to compact it self. Compressiuess usually leads to bucking of
the material. When a material is subjected to pglliorce it will produce tensile
stress. The value for the compressive stress iayalwigher to the value of tensile
stress. Meanwhile when a material fails along aelparallel to the force applied it

will have a Shear Stress.



2.3.2 Strain

Strain is related to the deformation of materials Imeasured by dividing the
difference of length by the original length. Strdimes not have any specific unit and
it can be calculated not only in the elongation noterial but also any other

geometrical chance such as thermal expansion.
2.3.3 Modulus of Elasticity

Generally the Modulus of elasticity or Young Modsllis the value obtain

when stress is divided by strain.

o
E=—
&
The unit for Young Modulus is as same as the wmiStress, which is N/m

This property can be used to determine the stredst@ain relationships
2.3.4 Poisson’s Ratio

Poisson’s Ratio is defined as the ratio betweeardhtand longitudinal strains
in the elastic regions (Meyers, Marc A., and Chawddashan Kumar, 1999). The
value of Poisson’s ratio is always in the rangeOofo 0.5 for stable material
(Dowling, Norman E., 2007).

2.3.5 Elasticity
Ability of material to return to its original shapéter the stress on it released

is termed as elasticity. Elastic region is alwake straight line a stress-strain

relationship plot. Thus it is a directly proportamuantity.
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