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Introduction

The grain size distribution of a soil (D, and

Table 2 shows that the three sands have the

same circularity and roundness, while the
glass beads have values very close to 1.

which corresponds well with the results in
Figure 4.

close values of both critical and peak
friction angles. w8 has the highest critical
friction angle, while w7 has the highest

C,) determines the forces at the inter- el S : I peak friction angle and the highest
particle level, the particle packing and the : : : R dilatancy. The glass beads have lower
resulting soil macroscale behaviour. s R e S values of the critical and peak friction
Therefore, the grain size distribution plays = : : : : : | angles than the sands. This corresponds
a central role in soil classification system. s T well with the glass beads being smooth
On the other hand, the influence of the S L e and round.
particle shape and roughness on the | oA | | | | | Having higher angularity will add difficulty
strength and deformation properties of A IR s O N N WO N to the grain rotation, while having higher
granular materials is being progressively : : : : : . irregularity will hinder the slippage between
realized . 03 | i i | i i the grains, which will yield higher dilatancy
The aim of this work is: T s and peak friction angle. This correspond
_ _ _ - well with the results in Figure 6.
* First, to determine the grain shape and ; ; | v @
grain roughness of the tested materials. | OBVOgg § -’
- Second, to investigate the influence of régélzutior]scan of wS sand with a 47 pixels/mm L . ° EE :
the grain Shape and grain roughnesg on . ¥ 40 b o iff -
the index and mechanical properties of the ~ >Faln roughness oo :
tested materials. For the determination of the grain I I T S S S
roughness, a high-resolution microscope RN O o s - A ' ' '
Tested materials was used for scanning the grains. A | | | e ® : : |
A new approach is used, in which the . 30_
Three sands having almost identical grain outline of each grain is searched for | | | A _ _ _ '
Size diStribUtiOn were Used. |n thlS Work, anOmalieS (marked Wlth red eIIipseS in 0.3&?5- o ol.al L Io.lasl e ol.gl L Io.lgsl e ) 25 _ ‘ i
the sands are noted w5, w7 and w8 Figure 3). The term irregularity is used roundness _ _ _
respectively. Smooth glass beads were instead of roughness and it is defined as Fig. 4: Influence of circularity (top) and roundness 20 L
also used as a reference material. The  the ratio of the sum of the length of all (bottom) on  the maximum and minimum void | | “Roundness [1 |
glass beads mixture was gathered, so that anomalies over the length of the perimeter ratios " ! ! ! , .
the grain size distibution of the sample is of the grain. Oedometer ® | | |
praCtica”y the same as the one of the The grain .iS then described .aS: o The CompreSSibility index values are a0 b B . N S B
sands. - Smooth if the value of the irregularity is plotted against circularity and roundness in ' ' ' '
Figure 1 shows the grain size distribution :Q'rlga”erhtrﬁ'; 0-3:? I iy Figure 5. Figure 5 shows that by having sEo
curves of the tested materials, while table ough It the vaiue ot the lrreguianty 1S lower circularity and roundness, the sands ~ © A A '
1 summarizes the mean size and between 0.33 and 0.66 . . obtained higher vlaues of Cc than the B S N S S S
coefficient of uniformity of the materials. * Very rough if the value of the irregularity glass beads. | | | | |
: IS bigger than 0.66 | | | . _
Material | w5 |w7 | w8 | GB The irregularity values of the sands are Having lower circularity and roundness will o T
D, [mm] | 0.54 | 0.6 | 0.58 | 0.6 summarized in Table 3 and they show that Increase the deformation at the contacts I
C, [] 27 28] 3.1 |3.6 both w5 and w8 sands can be described between the grains and will also hinder the o | | | | peak @
0.1 0.15 0.2 0.25 0.3 0.35 0.4

Table 1: Mean size and the coefficient of uniformity
of the tested materials

as smooth, while w7 can be described as

contact slippage, which will lead to higher
values of Cc. This corresponds well with

Irregularity [-]

rough. : : Fig. 6: Influence of roundness (top) and

; — Material | w5 | w7 | w8 the results in Figure 5. irregularity (bottom) on the critical and peak friction

) =S 0.035 , , : : : angles

* e Irregularity | 0.2 {0.360.15 LA J
% Table 3: Irregularity values of the sands 003l @ o o o o o w8 i i Summ ary
B o : ; : : : dense ] . .
E | o loose ® In this work, the influence of the grain
g, o © ' shape and grain roughness on the soil

) o CSRNNNN NN SN WS W TR S S behaviour was investigated.

“ R The processed scanned images of the

" el : 0.015 - | materials showed that the sands have the
Fig. 1: Grain size distribution curves of the materials A R Same_CWCUI_a”ty and_ roundness, while w7
used in this study e S S R B S has higher irregularity than the other two

- _ ... 2 sands
Gral n Shape 0I0050.B4 0.86 0.88 0.9 092 094 096 0.98 1 The index tests results showed that haVing
The scanner method was used for the Creulanty [ lower circularity and roundness allow the
determintaion of the grain shape. In this R R A A T sand to obtain higher values of e, and
method, the grains from different fractions o3l @ o e enin and higher void ratio difference |, =
of the materials are first scanned (Figure 3 3 dense z €max — Smin -
2). The images produced from the scanner | o | | 00| @ T The oedometer results showed that higher
are transformed into binary (black and Fig. 3:  Determination of_ the wregulanty of a * 5 circularity and roundness yield lower
o\ _ grain from w7 sand (220 pixels/mm resolution) - | | | |
white) images and then processed with _ g 00ZF Y values of Cc.
software /mageJ. The circularity and Index and mechanical tests A Finally, the direct shear results showed
roundness of the materials are determined Maximum and minimum void ratios ErA ' that lower roundness and higher
with /mageJ, but with defining the N | | | | irregularity yield higher peak friction angle
circularity as the width over the height of The maximum and minimum void ratios | ; | | and higher dilatancy.
the smallest bounding rectangle of the are plotted against circularity and N R T e e 4 Project
grain instead of /mageJ definition. roundn_ess In FlgL!re 4, I_:lgure 4 shows that 0.75 0.8 o.is d :9 0.95 1 Magter thesis
_ _ by having lower circularity and roundness,

The circularity and roundness values are the sands obtained higher vlaues of e, Fig. 5: Influence of circularity (top) and roundness Responsible professor

summarized in Table 2.

Material wb | w7 | w8
Circularity |10.85(0.85|0.88|0.97
Roundness |0.770.7710.790.96

Table 2: Circularity and roundness of the tested
materials

GB

and e, and higher void ratio difference I,
-e enin than the glass beads.

max

Having lower circularity and roundness will
hinder the grains mobility and their ability
to attain a dense packing configuration

(bottom) on the values of Cc
Direct shear

The values of critical and peak friction
angles of the materials are plotted against
roundness and irregularity in Figure 6.
Figure 6 shows that the sands have
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