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ABSTRAK 

 

Ujian dinamik telah dijalankan dengan menggunakan alatan Split Hopkinson Pressure Bar 

(SHPB).Ujian ini dijalankan ke atas Kenaf komposit pada kadar terikan 

872𝑠−11003𝑠−1dan 1594 𝑠−1bagi setiap saat. Graf tekanan-terikan dengan pelbagai kadar 

terikan telah diplot dan dibincangkan. Oleh itu, ujian statik pada bahan yang sama telah 

dijalankan ke atas Universal Testing Machine (UTM) dan hasilnya dibandingkan dengan 

ujian dinamik dengan membezakan keadaan mekanisme kegagalan. Kegagalan spesimen 

daripada semua ujian telah disiasat menggunakan Scanning Electron Microscope (SEM). 

Hasil untuk graf tegasan-terikan menunjukkan tekanan kegagalan maksimum semakin 

meningkat bergantung kepada kadar tekanan yang semakin meningkat. Pada mampatan 

dinamik, mekanisme kegagalan yang lebih progresif pada kadar terikan yang lebih tinggi. 

Mod kegagalan awal pada pembebanan dinamik kegagalan yang berlaku bermula dari 

matriks retak sedangkan permulaan kegagalan pada mampatan statik mod ialah pemisahan 

serat dan matrik. 

 

 

 

 

 

 

 

 

 



x 
 

ABSTRACT 

 

 

The dynamic tests were carried out by using Split Hopkinson Pressure Bar (SHPB) 

apparatus. The test were conducted on Kenaf composite at strain rates of 872𝑠−1, 1003𝑠−1 

and 1594 𝑠−1  per sec. The stress strain curves at various strain rate were plotted and 

discussed. Consequently, a quasi-static test on similar material were conducted on 

Universal Testing Machine (UTM) and the result were compared to the dynamic tests 

regarding to the failure mechanism. Failure of specimen from all tests were investigated 

using a Scanning Electron Microscope (SEM).  The result for the stress-strain graph show 

the maximum failure stress is increasing depend on the increasing strain rate. At the 

dynamic compression, the failure mechanism more progressive at the higher strain rate. 

The initial failure mode at the dynamic loading the failure occur starting at the matrix 

cracking whereas at the static compression the initial debonding mode presented. 
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CHAPTER 1 

 

INTRODUCTION  

 

1.1 Introduction 

 

 

1.1.1 Kenaf Fiber Composite  

 

Kenaf is one of natural fiber that is very useful for industries and researchers. This 

material can be utilize in different polymer composites due to various application. In 

addition, kenaf fiber offers the advantages of being biodegradable, of low density, non-

abrasive during processing and environmentally safe [1]. The interesting features of kenaf 

fibers are the low cost, lightweight, renewability, biodegradability and high specific 

mechanical properties. Kenaf has a bast fibre which contains 75% cellulose and 15% lignin 

and giving the advantages of being biodegradable and environmentally safe [2]. Among 

natural fibre composites, kenaf fibre reinforced composites have found imaginable 

applications for mobile phone shells consisting 15–20% .kenaf fibres [3]. Another example 

in the automobile industry is the Toyota RAUM, which is equipped with a spare tire cover 

made of kenaf fibre composites [4]. Kenaf is the one of the most widely used natural fibers 

which has been successfully incorporated in variety of application.  

Historically, kenaf has been used as a cordage crop to produce twine, rope and 

sackcloth. Kenaf composite has good mechanical properties and can grow quickly, rising 

to as height as 4-5 m in within 4-5 month growing season with the kenaf’s stalk diameter 

of 25-35 mm[5] . It means that kenaf fibre composite would give the opportunity to 

produce products similar to that material of wood, but it takes only 150 days to harvest. 

There is more variation of the fiber length at the top of the stalk. Also, the longest fibers 

are located at the top. The different parts of the plant of kenaf have a different chemical 
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and physical properties. That is, the chemical compositions and fiber properties of plant 

tissue taken from the roots, stem, trunk and leaves are different and are also different at 

different stages of the growing season  From figure 1.1 the plant of kenaf and  developing 

a new composite material which is kenaf fiber-reinforced polylactic acid. This material 

boasts the highest biomass-based content (90% of resin content, excluding inorganics) of 

any bioplastic for electronic equipment 

 

On the other hand, different parts of a plant have different chemical and physical 

properties. That is, the chemical compositions and fiber properties of plant tissue taken 

from the roots, stem, trunk and leaves are different and are also different at different stages 

of the growing season Fiber length increases in the early part of the growing cycle, and 

then decreases again for the plant matured [6]. This may be an advantage in harvesting of 

the fiber before the plant matures.  

 

 

 

 

 

 

Figure 1.1: Kenaf, kenaf fiber, and kenaf fiber-reinforced polylactic 

acid 
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1.1.2 Dynamic compression of Kenaf composite  

 

The understanding of materials behavior is an important area of study in 

engineering. Material behave differently when subjected to different loading and rates. 

Hence, the characterization of material is a continuing study especially on a new material 

to obtain the stress-strain behavior and its fracture or failure behavior. There are two 

category of tests which involve material deformation that is static test and dynamic test. 

There are also several type of deformation like low strain rates and high strain deformation. 

Many applications experienced a high strain rates deformation like drop object, explosions, 

penetrations, and engineering application like bullet proof armors, and crash test of vehicle 

The Split-Hopkinson pressure bar is an apparatus for dynamic testing of material 

in compression loading at various strain rate can be obtained. The dynamic properties such 

as modulus, maximum failure stress, and maximum failure strain can be deduced from the 

stress-strain curve. A schematic diagram of the SPHB arrangement is shown in figure 1.2.  

 

Figure 1.2: The schematic diagram for Split Hopkinson Bar Pressure 
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1.1.3 Failure mechanism  

 

The knowledge of identify failure mechanism is important in the world of 

engineering since it can cause defeat in design of application. The materials engineer often 

plays a lead role in the analysis of failures, whether a component or product fails in service 

or if failure occurs in manufacturing or during production processing. In any case, one must 

determine the cause of failure to prevent future occurrence, and/or to improve the 

performance of the device, component or structure The term composites now covers a wide 

range of existing and emerging engineering materials. Different types of composite exhibit 

a wide variety of failure mechanisms. However, a common feature of these diverse 

materials is their inhomogeneous and frequently markedly for this experiment, focus more 

in dynamic compressive test. The basic failure mechanisms at the microscopic level include 

tensile, compressive or shear fracture of the matrix, bond failure of the fiber-matrix 

interface and tensile or compressive failure of the fibers. In this thesis, the experiment 

conduct dynamic compression on the kenaf composite. The majority of the criteria 

proposed identify the following failure modes, fiber fracture, transverse matrix cracking, 

shear matrix cracking. [7] 

1.2 Problem Statement  

 

Natural fiber is usually used as reinforcement in polymeric materials, and short fibers are 

commonly used for non-structural applications. However, the lack of knowledge on the 

dynamic failure natural fiber reinforced polymeric materials, especially kenaf fiber has 

limited its usage in Malaysia. The knowledge is rarely discussed by the researcher. This 

work presents the experimental results of failure mechanism of kenaf fiber composite under 

dynamic compression testing. 
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1.3 Objectives  

 

The main purposes of this project is to investigate the dynamic failure mechanism of 

kenaf composite. The main of objectives are: 

 

1) To characterize the compressive properties of kenaf composite under static and 

dynamic compression loading 

2) To identify the failure mechanism of the kenaf fiber with different strain rate 

3) To compare the static and dynamic failure mechanism of kenaf composite  

 

1.4 Scope of Work  

 

1) The material used for the test is unidirectional kenaf composite with the 

composition of 70% fiber and 30% matrix. The kenaf in the circle shape with 

diameter of 12mm 

2) Static test used Universal Testing Machine while dynamic utilize by Split 

Hopkinson Pressure bar using various strain rate 

3) Failure mode was obtained by using Scanning Electron Microscope 
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CHAPTER 2 

 

LITERATURE REVIEW 

2.1 Overview  

  

This chapter presents the interesting work of various researchers about the kenaf 

properties and dynamic compression loading. Their summary of significant findings and 

suggestions will discussed.  

 

2.2 Mechanical Properties of Kenaf Composite  

 

It was reported by (Ishak, Leman, Sapuan, Edeerozey, & Othman, 2010) kenaf fibre has 

high potential to be used for composite reinforcement in biocomposite material. It is made 

up of an inner woody core and an outer fibrous bark surrounding the core. Results showed 

that the composites reinforced with kenaf bast fibre had higher mechanical properties than 

kenaf core fibre composites. The results also showed that the optimum fibre content for 

achieving highest tensile strength for both bast and core fibre composites was 20%wt. It 

was also observed that the elongation at break for both composites decreased as the fibre 

content increased. For the flexural strength, the optimum fibre content for both composites 

was 10%wt while for impact strength, it was at 10%wt and 5%wt for bast and core fibre 

composites respectively. The conclusion for this lecturer review is the higher cellulose 

content, the smaller fibre diameter and the longer fibre significantly increase the 

mechanical properties of the composite [8] 
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Experimented by (Tawakkal, Talib, Abdan, & Ling, 2012)the  tensile elongation at the 

break point and during flexural and impact testing and on the water absorption was 

investigated. The specimen of kenaf derived cellulose and filled polyactic acid were 

combined by using melt blending and compression molding. From the flexural testing, the 

strength of these composite was improved compared to the neat PLA because of well-

formed interface that allows better stress transfer from matrix to the fiber. The rough 

surface of the KDC may improve the adhesive characteristics and thus improve the stress 

transfer during applied load. The adding KDC did not significantly contribute to the total 

impact strength of the composite. However, increasing the adding weight of KDC will 

achieved the highest impact strength. The figure 2.4 show present of the water absorption 

of the heat PLA and KDC/PLA composite. The result demonstrate that the water absorption 

of the heat PLA was lower than that of the KDC/PLA composites. 

The influence of KDC was investigated and resulted by the conclusion, the flexural 

properties of the KDC/PLA composites were improved compared to the those of the 

commercial neat PLA polymer and the density of the composite increased with KDC 

content, which may limit its potential applications.[9]  

Figure 2.1: The effect of KDC loading on moisture absorption of KDC/PLA composites[9] 



8 
 

2.3 Failure mechanism in dynamic compression 

 

The experiment conducted by (Li, Lu, Jiang, & Fang, 2011) the dynamic stress vs. strain 

curves and important mechanical properties such as peak stress, modulus and failure strain 

were determined. Macro fracture morphology and the scanning electron microscope (SEM) 

micrographs were examined to understand the deformation and failure mechanism of 

composites. The results show the stress vs. strain curves exhibit obvious non-linear 

characteristics and a marked softening phenomenon. The composites show clearly the 

strain rate strengthening effects and dynamic toughness phenomenon. The damage and 

failure paterns of composites vary with high strain rates. Moreover, the transverse dynamic 

compressive properties and failure mechanism can be significantly affected by the braiding 

angle and the fiber volume fraction. The view of SEM from the researcher as show below 

figure 2.2. At the higher strain rates exhibit a serious debonding between the fibers and 

matrix [10] 

 

Work by (Sharba, Leman, Sultan, Ishak, & Azmah Hanim, 2016) the effect of kenaf fiber 

with different orientation namely, non-woven random mat, unidirectional twisted yarn, and 

 
Figure 2.2:  The SEM photographs of DTC1 specimen fracture at strain rate of 

1150, (a) The interface between the, (b) Matrix plastic deformation fibers and 

matrix and softened [10] 
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plain-woven kenaf. The experiment conducted Tensile, compression, flexural, and fully 

reversed fatigue tests and a morphological study of the tensile failure surface of each hybrid 

composite was carried out. The monotonic and fatigue properties of kenaf/glass hybrid 

composites depended on kenaf fiber orientation, which dramatically affected the composite 

properties. The non-woven random mat kenaf hybrid composite exhibited poor mechanical 

and fatigue properties compared with the other composites. Its low strain, brittleness, and 

short fiber length had a noticeable effect on its physical and fatigue properties. These 

properties lead to the matrix and glass fibers being the main load carriers compared with 

the kenaf fiber, as shown in Figure 2.3 a). The delamination between the kenaf and the 

glass was greater and more noticeable than in the other hybrid composites. These 

observations corroborate the low mechanical properties of the non-woven kenaf hybrid 

composites. Figure 2.3b depicts the failure surface of the woven kenaf hybrid composite 

due to tension loading. The different modes of failure were due to high interlocking 

strength of the wrap and weft yarns. The similarity between the kenaf and glass structure 

was advantageous for resisting load efficiently. The modes of failure observed in the 

micrographs show that both the fiber and matrix were the load carriers; this effect can 

explained by the existence of matrix cracks, matrix debonding, fiber breakage, less fiber 

pullout, and less delamination between the fibers. A similar failure behavior was noted in 

the unidirectional kenaf hybrid composites, but in the axial direction only.Generally, glass 

fiber was the superior load carrier; micrographs showed the same fiber pullout and fiber-

breakage failure modes in all of the hybrid composites. [11] 

 

Figure 2.13)  Micrographs of tensile failure sections of kenaf hybrid composites: (a) non-

woven mat, (b) plain woven, and (c) unidirectional twisted yarns[11] 
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2.4 Concluding remark 

 

The researcher not conducted experiment dynamic compression on kenaf. Their more 

focus on static experiment and tensile to find out its properties. The failure mechanism of 

kenaf also rarely discusses by researcher  
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CHAPTER 3 

 

METRODOLOGY 

3.1 Overview 

 

This chapter discusses the step taken into developing this is project successfully. It 

including the specimen preparation, the testing procedures and failure mechanism 

determination.  

3.2 Material  

 

The specimen used for this experiment was unidirectional 1400 kenaf composite contain 

of 70 % fiber 30 % matrix (unsaturated polyester crystic 1901) which is obtained from 

School of Material and Mineral Resources.  The specimen was prepared by pultrusion 

process and cut by using diamond cutter (2000rpm) with diameter 12mm and 6mm length. 

The size was chosen as suggested by Nakai and Yokoyama, 2008 that the ideal slenderness 

ratio (height/diameter) for metallic material is 0.5 [12] 

 

Figure 3.1: The diamond cutter to cut the kenaf with speed 2000rpm 
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Figure 3.2: Raw result of Strain against Time Graph obtained from SHPB Test 

 

3.3 Dynamic test 

 

The dynamic testing for the high strain rate were conducted by using Split Hopkinson 

Pressure Bar (SHPB). The apparatus was modifies by using momentum trapping to get an 

accurate result. Typically setup of a SHPB testing rig is made out of a striker which is 

enhanced by a compressed, a small specimen is a crammed between two elastic bars called 

incident bar and transmission bar, strain gages, a digital storage and strain transducers. All 

the diameter of the transmission bar, incident bar and the striker are 12 mm respectively 

and their lengths are both 1500 mm. Both bar are made out of maraging steel that the 

material with a superior strength and toughness. The density of the maraging steel is 7800 

kg/m³ 

 

3.3.1 Basic principle of Split Hopkinson pressure Bar   

 

In conventional SHPB technique, the specimen is located in between incident and 

transmitted bars. To minimize the vibration the wax is applied on each both end of the area 

of the specimen. The strain rate can be adjusted by changing the gas pressure in the gas 

tank. For this experiment, the pressurized tank is filled with pressure 1 bar and 3 bar. 
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Typically when the striker bar accelerated by the pressure and impacts the incident bar, 

compressive stress pulse is generated and travels along the incident bar towards input 

bar/specimen. The pulse is partially reflected into the input bar and partially transmitted 

through the specimen and passes through the transmission bar. The strain gages are 

mounted on both the incident and the transmitted pulse as function to measure the direct 

incident pulse, the reflected pulse and the transmitted pulse. The result of the change of 

voltage and strain will be display in the computer. The experiment repeat three time each 

bar and conducted in room temperature.  

 

 

Figure 3.3: The schematic diagram for Split Hopkinson Pressure Bar 

3.3.2 Theory 

  

The SHPB test will result in a data of voltage and strain which is collected by the strain 

gages which is mounted on the incident and transmission bar. The typical strain against 

time and voltage against time obtained from the SHPB test are shown in Figure 3.4 and  

Figure 3.4: Raw result of Strain against Time Graph obtained from SHPB Test 
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Figure 3.5: Raw result of Voltage against Time obtained from SHPB Test 

 

To obtained the stress, strain rate in the specimen through the graph strain and voltage 

graph as follows  

𝜎(𝑡) =  −𝐸𝑏
𝐴𝑏
𝐴𝑆

𝜀𝑡(𝑡) 

𝜀̇ = 2
CO

LS

𝜀𝑟(𝑡) 

𝜀𝑠=2
CO

LS

∫ 𝜀𝑟 𝑡 (𝑑𝑡)
𝑡

0

  

Since,  

𝐶0=√
𝐸𝑏
𝜌

 

Where,  

𝜎𝑠 = Specimen’s Stress 

𝜀𝑠 = Specimen’s Strain 
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𝜀̇  = Strain Rate 

𝜀𝑟 = Reflected Strain 

LS = Length of Specimen 

𝐶0= = Sound wave velocity in Bar 

𝐸𝑏= Young’s Modulus of Bar 

𝐴𝑏 = Cross-sectional Area of Bar 

𝐴𝑠 = Cross-sectional Area of Specimen 

ρ = Density of Bar 

3.3.3 Momentum trap technique 

 

The SPHB was modify by used of three part which are transfer flange, incident tube and 

reaction mass to achieve an accurate result. The function of transfer flange is the link 

between of incident bar and incident tube. Incident tube as a stopper to the incident bar and 

reaction mass as the stopper to the incident tube. The flow of the motion is described below. 

Figure 3.6: The placed of momentum trapping 
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Incident bar  Transfer flange Incident tube Reaction mass 

Figure 3.7: The flow of the momentum trapping when the incident tube suddenly hit the transfer flange, 

the incident tube moving towards the reaction mass. 

Figure 3.8: The incident tube go back to the original 

position 
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3.4 Scanning Electron Microscope 

 

The scanning electron microscope Model S-3700N is used in order to verify the failure 

mechanism of kenaf composites. The scanning electron microscope (SEM) has been 

recognized as an invaluable tool for observing material surface and fine structure in various 

fields and industries such as nanotechnology, biotechnology, research, development, and 

quality control. The simple coating procedure need to follow before proceed to SEM 

process. Thus about 1.0-1.5 minutes of sputtering will apply enough composite to conduct 

the SEM electrons to ground and prevent charging without noticeably altering the 

topography of your substrate. The specimen placed on the stage table after the chamber 

door of SEM opened. The process of scanning images was run around × 60 magnification.   

 

 

 

 

Figure 3.7 : The coating process about 1.0-1.5 minutes before proceed with SEM 

process 
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Secondary electron image 

resolution 

  

3.0 nm   GUARANTEED  (30 kV - HV 

mode) 

  

10.0 nm GUARANTEED  (30 kV - HV 

mode) 

  

Back Scattered electron 

image resolution 

  

4.0 nm   GUARANTEED  (30 kV - LV 

mode) 

  

    

Electron optics Hitachi patented Quad Bias-function 

instead of expensive LaB6-tips 

 STANDARD 

Electron gun Tungsten Emitter (Filament-change 

within 20 minutes) 

  

Accelerating Voltage 0.3 - 30 kV   

Magnification 5X - 300.000X   

  RELATED to POLAROID (4" X 5")   

Objective aperture 5-Positions, Click Stop Objective 

Aperture 

  

Detector system 

  

  

  

  

  

  

  

  

Everhardt Thornley Secondary 

Electrons (SE) Detector 

STANDARD 

High Sensitivity Semiconductor BSE 

Detector - 4+1-Segment 

STANDARD 

Energy Dispersive X-ray Spectrometer 

(EDX) 

OPTION 

FF Wavelength Dispersive X-ray 

Spectrometer (WDX) 

OPTION 

Electron Back Scattered Diffraction-

Analyzer (EBSD) 

OPTION 

Cathode Luminescence Spectrometer 

(CL) 

OPTION 
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Environmental SE Detector ESED 

II (2.GENERATION!!!) 

OPTION 

X-ray source OPTION 

    

Low Vacuum Range 6 - 270 Pa   

Image Shift 

  

± 50µm at WD = 10mm   

    

Specimen stage 

  

  

  

  

  

  

  

X = 0 - 150 mm   

Y = 0 - 110 mm   

Z = 5.0 - 65 mm   

R = 360°   

T = -20° - +90°   

Maximum Height = 110mm   

Observable area in diameter = 203 

mm with Rotation 

  

Maximum specimen size in diameter 

= 300 mm 

  

Image display 

  

  

  

  

  

 

 

PC with Operating system Windows XP  STANDARD 

One or two 19" LCD-FLAT-PANEL  STANDARD 

640 x 480 up to 5.120 x 3.840 pixel  STANDARD 

Multiple Image formats 

(JPG/TIFF/BMP) 

 STANDARD 

Signal Mixing - Fully selectable 

Detector signals 

 STANDARD 

Dual Image Display  STANDARD 

 

Table 3.1: The specification of scanning electron microscope Model S-3700N 
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3.5 High speed camera 

 

By using Olympus high speed camera 2, the movement of the dynamic compression was 

captured by the highest resolution. The resolution used for this experiment about 1000rps. 

The camera was set up in front of specimen that located between incident bar and 

transmission bar. From the images obtained, learn a great deal about motion sequences if 

we record them with high speed video cameras and then study the recordings in slow 

motion 

Picture  Description  

 

 

 

Resolution (full sensor) : 800 x 600 

pixels 

Speed at full resolution : 1,000 fps 

Maximum recording speed : 33,000 fps 

Table 3.2: The description of high speed camera 2 

Figure 3.8: The images of Scanning Electron Microscope Model S-3700N 
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CHAPTER 4 

 

RESULT AND DISCUSSION 

 

4.1 Overview 

 

In this section, the strain- time data recorded from the data acquisition were manipulated. 

The raw data were processed to obtain the stress-strain curves at different strain rate by 

using the formula in equation at chapter 3. The morphology view for the failure was 

investigated by using Scanning Electron Microscope. 

4.2 Stress-Strain Graph 

 

Figure 4.1 represents the oscilloscope records from the compression SHPB test on Kenaf 

fibre. The strain graph versus time were represented after the compression testing 

Normally, the strain rate is obtained from the initial slope of the figure 4.1 The Nakai and 

Yokoyama [12] has suggested that the strain rate is calculated by dividing the area under 

the strain rate strain curve up to maximum strain under loading by the maximum strain and 

other work by Kaiser [13] also employed a similar approach. As a result, the strain rate 

recorded during the SHPB test is 1733𝑠−1. The maximum failure stress and maximum 

failure strain were obtained by using equation discussed before. 
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Figure 4.1 :  The example of raw data for the 1733𝑠−1 

 

A representative of five results at different strain rate is shown in figure 4.2 to analyze the 

behavior of kenaf until it failure. The value of the maximum strain, maximum stress, and 

strain rate is presented in Table 4.1. The curve exhibit nonlinear characteristic with 

modulus increased in increasing strain rate. When the failure starts, the sample is no longer 

in a state of homogenous deformation, and the valid range of experiment is over [14]. 

Noticeably, the stress increase drastically as the strain rate increase. From the data above, 

the stress-strain curve, the higher strain rate have a faster time to failure and the graph 

steeper than others. There was considerable increase in the toughness and peak stress 

values of the composite with increasing strain rate during high-strain-rate loading. But the 

strain at peak stress was found to be decreases. The increase in stress can be directly related 

to the secondary molecular processes and their explaining on this phenomenon [15-16]. 

Besides, the increasing strain rate will decrease the molecular mobility of the polymer 

chains and thus make material stiffen [17] 
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 Figure 4.2: The stress-strain graph with different strain rate 

 

Table 4.1: The detail properties for the compression testing 
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4.3 Effect of strain rate  

 

The data of the experiment were plotted by failure strain-stress rate and failure stress-

strain rate graph. 

 

 

Figure 4.3: The failure stress specimen with different strain rate 
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