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Characteristics of particle morphology (size and shape) are key factors that govern 

the interparticle behaviour of granular soils. However, the current status of its 

fundamental research has not reach significant development for its inclusion in 

geotechnical modelling of granular materials. Particle morphology parameters were 

prioritised only in classifying the particle size and not particle shapes in current 

geotechnical standards. Therefore, this research is focused in establishing proper 

classification methods of particle shapes and comparing it with the classification of 

particle sizes on its importance of its impact on the interparticle behaviour of the soil. 

This was done using five strategically chosen sand samples of different morphologies 

tested under static and dynamic loading. A number of sand particles fiom each 

sample were first quantified to obtain their shapes using a digital microscope 

according to the shape parameters of sphericity (S), roundness (R) and regularity (p). 

To find a single representative establish value of the shape parameters, a new 

statistical approach using cluster analysis with the addition of probability 

distributions were introduced. From tKe particle size and the modelled values of the 

shape parameters, correlations were obtained from the results of the static and 

dynamic loading test. Direct shear test showed relationships that incorporates the 

critical state stress, the normal stress and the particle size and shape parameters of the 

samples which is significant in predicting the critical shear strength behaviour of the 

soil. Improvement of the classical modified Mohr-Coulomb shear strength 

expression was also obtained to take into account a factored dilatancy angle value 

that is dependent to the properties of particle morphology. Dynamic loading analysis 

showed that particle level interaction played an important role in affecting 

liquefaction potential characteristics, the resilient modulus, M,, dynamic shear 

modulus, G, and damping ratio, D. These dynamic loading parameters were found to 

be intrinsically dependent on the effective size (Dro), S ,  R and p. The findings 

contributes in improving a novel hndamental understanding on the development of 

parametric correlations to provide good estimates of the static and dynamic strength 

behaviour of sands based on the new methods of particle morphology classification. 
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ABSTRAK 

Ciri-ciri morfologi zarah (saiz dan bentuk) adalah faktor utama yang melitadbir 

tingkah laku makro tanah berbutir. Walau bagaimanapun, kepentingan asasnya 

belum mencapai tahap pembangunan untuk pemodelan reka bentuk kelakuan bahan 

berbutir. Klasifikasi piawaian tanah hanya rnempertimbangkan analisa saiz zarah 

tanah dan bukan bentuk zarah. Oleh itu, kajian ini berturnpu untuk mencari 

klasifikasi bentuk zarah yang betul dan membandingkan dengan klasifikasi size 

zarah dalam kepentinganya dalam tingkah laku anatar zarah. Kajian ini bertumpu 

meneroka interaksi tingkah laku zarah-zarah menggunakan lima sampel pasir yang 

dipilih secara strategik dengan mempunyai morfologi yang berbeza diuji dengan ciri- 

ciri ricih statik dan dinamik. Beberapa bentuk zarah pasir telah secara komprehensif 

diukur menggunakan imej yang diperolehi daripada mikroskop digital bedasarkan 

parameter bentuk Sphericity (S), Roundness (R) dan Regularity (p). Kaedah statistik 

barn seperti cluster analysis dan a u a r a n  keberangkalian telah diguna untuk 

menentukan bentuk zarah wakil sampel. Keputusan eksperimen dari ujian beban 

statik dan dinamik, dianalisis untuk rnengkaji kesan morfologi zarah kepada 

kekuatan dan dilatancy ciri-ciri ricih. Daripada keputusan ujian ricih terus, hubungan 

kekuatan ricih kritikal (z,,) dengan saiz zarah dan bentuk parameter sampel pasir 

telah didapati untuk merarnal kekuatan ricih kritikal kelakuan tanah. Kaedah Mohr- 

Coulomb untuk ungkapan kekuatan ricih yang mengambil kira dilatancy juga telah 

dibentangkan. Analisis pembebanan dinamik menunjukkan bahawa interaksi tahap 

zarah memainkan peranan penting kepada ciri liqeufaction, resilient modulus, M,, 

Dynamic shear modzrlzs, G, d m  damping ratio, D. Parameter dinamik ini didapati 

bergantung kepada eflective size (Dlo), S, R dan p. Kajian ini menyumbang dalam 

meningkatkan pemahaman baru kepada pembangunan parameter berkorelasi yang 

melibatkan parameter utama u n a  pengelasan tanah baru yang merangkumi 

morfologi zarah asas sabagai aplikasi kejuruteraan geoteknikal. 

Kata Kunci: Morfologi, pemodelan statistik, kekuatan ricih, dilatancy, dynamic 

shear modulus, damping ratio. 
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