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Abstract of Thesis Presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Doctor of Philosophy 

 

 

MECHANICAL AND BALLISTIC RESISTANCE PROPERTIES OF A 

COCONUT SHELL POWDER EPOXY COMPOSITE (COEX) SUBJECTED 

TO IMPACT LOADS 

 

By  

RISBY MOHD SOHAIMI 

March 2009 

 

Chairman:    Associate Professor Wong Shaw Voon, PhD 

Faculty:        Engineering 

 

 

An armor design study has been carried out to determine the feasibility of utilizing a 

coconut shell powder (CSP) reinforced composite as one of the protective component 

in hard body armor application. Few experimental approaches have been carried out 

to determine the physical and mechanical properties of coconut shell powder-epoxy 

composite (COEX). The COEX composite panel bonded with Twaron CT716 fabric 

as its spall liner (or COMBAT) was also subjected to ballistic tests at several 

impacting velocity in order to determine the COEX armor ballistic resistance 

capabilities at certain threat levels.  

 

The physical properties of CSP-A (coarse grade) with low aspect ratio of 0.71, bulk 

density of 0.424 g/cm
3 

 and broad particle size distribution were important factors in 
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the its selection as the best powder type for COEX specimen fabrication. This was 

due to its potential influences (based from the properties) of increasing the particle-

matrix interfacial bonding in the COEX composite system. CSP-B (fine grade) and 

CSP-C (super fine grade) although possessing higher bulk density which can lead to 

better compaction, were not chosen due to its higher moisture content and aspect 

ratio. where these properties is expected to give a weak interfacial bonding for the 

composite system. These statements was proven in the mechanical testing (tensile, 

flexural, compression and hardness), where COEX-A (with CSP content of 50%) 

imparts the highest value in all mechanical properties. It had been found that the 

tensile, compressive and flexural strength of COEX-A was measured at 17.44 MPa, 

100.05 MPa and 194.8 MPa respectively when compared to the other COEX 

configurations. The Rockwell hardness value for COEX-A was also found to be the 

highest compared to COEX-B and COEX-C. All these mechanical properties play a 

significant influence in the ballistic resistance capabilities of the COEX materials 

 

Statistical models were developed using 2 level of Full Factorial Design method to 

predict the armor‟s impact resistance and blunt trauma depth using several 

parameters which are critical to the fabrication and ballistic testing of the COMBAT 

armor panel. The models were verified and showed good agreement with the actual 

laboratory test data. Finally, the for actual ballistic armor test of the COMBAT armor 

panels were tested according to NIJ Standard 0101.08 with 9 mm Full Metal jacket 

and 7.52 mm M-16 bullets. It was observed that the imprint patterns on the COEX 

materials could be identified according to the effectiveness in impact energy 

dissipation. COMBAT test panels were found to withstand impact equivalent to NIJ 

Level IIIA using a 9 mm FMJ ammunition but perforated at NIJ Level III of 7.62 
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mm FMJ bullet impacts. Test results showed that COEX panel do possess shock 

absorbance characteristics and can be utilized as an armor component in the hard 

body armor system. Dependency on the numbers of Twaron fabric layers as ballistic 

reinforcements had been reduced up to 3 times with 170 % improvement on energy 

absorption capabilities when using COEX composite as the frontal component of the 

armor. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

 

SIFAT-SIFAT MEKANIKAL DAN RINTANGAN BALISTIK KOMPOSIT 

SERBUK TEMPURUNG KELAPA-EPOKSI (COEX) APABILA 

DIKENAKAN BEBANAN IMPAK  

 

 

Oleh 

RISBY MOHD SOHAIMI 

Mac 2009 

 

Pengerusi :  Profesor Madya Wong Shaw Voon ,Ph.D. 

Fakulti : Kejuruteraan 

 

Kajian ini telah dijalankan untuk menentukan keupayaan penggunaan komposit 

serbuk tempurung kelapa (CSP) yang akan digunakan sebagai salah satu daripada 

komponen dalam aplikasi perisai pelindungan keras. Suatu pendekatan secara ujikaji 

telah dipilih untuk menentukan keupayaan ringtangan dan respon balistik komposit 

serbuk kelapa (COEX) yang dilapisi dengan fabrik Twaron CT716 (atau COMBAT) 

pada tahap ancaman yang spesifik apabila dikenakan hentaman berkelajuan tinggi.  

 

Sifat-sifat fizikal CSP-A (gred kasar) dengan nisbah aspek yang rendah iaitu 0.71; 

ketumpatan pukal sebanyak 0.424 g/cm
3 

 dan saiz taburan partikel yang luas adalah 

factor penting dalam pemilihan CSP-A sebagai serbuk yang terbaik dalam proses 

pembuatan COEX disebabkan oleh ia memepunyai potensi untuk meningkat ikatan 



 

vii 

 

partikel-matrik dalam system komposit tersebut. CSP-B (gred halus) and CSP-C 

(gred super halus), walaupun mempunyai ketumpatan pukal yang tinggi dimana akan 

memberikan kemampatan yang tinggi, tidak terpilih disebabkan oleh kandungan air 

dan nilai nisbah aspek yang juga tinggi. Ini akan menyebabkan ikatan antara muka 

yang lemah dalam sistem komposit. Ini telah terbukti dalam ujikaji mekanikal 

(tegangan, mampatan, lenturan dan kekerasan), dimana COEX-A (dengan kandungan 

CSP sebanyak 50%) menunjukkan sifat mekanikal yang paling baik. Daripada 

keputusan ujikaji-ujikaji yang telah dijalankan, didapati bahawa kekuatan tegangan, 

mampatan dan lenturan bagi COEX-A adalah 11.44 MPa, 100.05 MPa dan 194.8 

MPa. Kekerasan Rockwell skala R yang diukur pada COEX-A adalah juga yang 

terbaik diantara konfigurasi COEX yang lain. Kesemua sifat-sifat mekanikal ini 

memainkan peranan penting dalam keupayaan rintangan balistik bahan COEX 

tersebut. 

 

 Model statistik telah dibangunkan untuk menganggarkan rintangan impak dan 

trauma tumpul perisai pelindung tersebut dengan menggunakan beberapa parameter  

yang dianggap kritikal kepada fabrikasi dan ujikaji balistik panel COEX/Twaron 

tersebut. Panel COEX/Twaron didapati boleh menahan impak yang menggunakan 

peluru 9 mm pada tahap NIJ IIIA tetapi tembus dengan impak peluru M-16 7.62mm 

pada tahap NIJ III . Hasil ujian menunjukkan bahawa panel COEX/Twaron juga 

mempunyai sifat-sifat penyerap kejutan dan boleh digunakan sebagai komponen 

dalam sistem baju kalis peluru. Pengantungan terhadap bilangan lapisan fabrik 

Twaron sebagai tetulang balistik telah berjaya dikurangkan tiga kali ganda dengan 

penambahbaikan keupayaan tenaga penyerapan sebanyak 170 peratus dengan 

menggunakan komposite COEX sebagai komponen hadapan untuk perisai.  
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