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PARTICLE SIZE GRADING AS A FACTOR OF COM PACTION RESULT, IN SO”|.LS

B. Christaras* and G. Dimopoulos*

ABSTRACT

Samples of sand from Kassandra-Chalkidiki peninsula are studied in re-
lTation to the influence of their particle size distribution on the change of their
plysico-mechanical characteristics after compaction. For this purpose ten samples
of artificially different particle size grading are studied and correlation dia-
grams between particle size, compaction optimum moisture content, max.dry densi-
ty and ultra sonic velocity are given; the mathematic expressions of the observed
correlations are determined too.

2YNOUWH

_ Aelypata dquuou amd Tnv nepLoxn Tng Kaocodvdpac XaAkidikng £ZeTAGTNKAv
WC MPOC TNV enidpaan TNG KOKKOUETPELKAG Toug StaBdBuione enl Tn¢ UETABOAAG Twv @u-
TLKOUNXAV LKWV xapaKtanotLKQv PETA and cupnUkvwan.

lia 1o okomd auto Séxa delyuata pe tsxvnta SLaPopPETLKN KOKKouatpLKn

6LcheuLon sEstaotnKav wC TPOG TNV UPLOTApEVN ox£on ugtaEu tng KOKKOUEIQLGC me
BsAthtnq UVDGOLGC ouunuwionc, NG WeyLotng Enpng nuxvotntac Kai Tng taxurntac
umepAxwv. H oxéon auth skepdoTnke UE- uaBnuatikéc OXEdeLg kat Jd8nkav ta avilgTtol-
xa diaypduuata.

INTRODUCTION
Sandy soil is used in the construction, either as construction material
or as foundation base. In both cases soil must be resistant in volume changes,
caused by moisture fluctuation or loading. The shear strength of soils is related
to their angle of internal friction and their cohesion which are directly rela-
ted to their void ratio. COnsequently particle size can also related to the sta-
bility and resistance of soils. Compaction activities can amelijorate the mecha-

nical characteristics of a soil by strength increasing and compressibility and

B. XPHZTAPAZ & . OHMOMOYAOZ. H xokkoueTpLkr dLafdBuion wg mapdyoviag Mou Enmpe-
afel TNV OUPNUKVWAEN Twv £3aQuv.
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porosity decreasing; eros n resistance increases too.

The use of comp ted fills and the techniques for construction of com-
pacted fills, have develo -d rapidly over the past 40 years. The deve]opmen£ of
larger and more powerfull excavation and hauling equipment has made grading ope-
rations more economical. This had led to the development of many kinds of compa-
ction machines and the use of compacted soils for many purposes. Previous studi-
es in this field give us informations such as the dependence of soil aggregation
on changes in moisture content (Andrzejeszczak, 1981) or the use of lateritic
soils as £i11 material in embankment and dam construction (Malomo, 1981, Ogunsan-
wo, 1989). '

The purpose of our investigation is to determine the probably existing
relationship between the particle size, the optimum moisture of compaction, the
maximum dry density of compaction and the ultra sonic velocity, of sandy soils

so that to use them for engineering purposes.

SAMPLE DESCRIPTION

The studied samples are collected from Kassandra-Chalkidiki peninsula
near Polychrono village (fig.1l). The material cover almost entirely the southern
Kassandra peninsula and is composed of yellow~brown cross bedding fine sand.
(Sample 1 in Table I and fig. 2). According to the 1:50.000 geological map of
IGME (1969) this formation is of medium-upper Miccene age while according to Ma-
rinos et al. (1970) is of Plio-pleistocene.

Mineralogically, the samples are studied by RXD method (Cuka radiation
A =1,54 R with Ni-filter), with the use of the P1ilips RX diffractometer of the
Mineralogical Department of the University of Thessaloniki (fig. 1). A semi-quan-
titative mineralogical compasition, of the material is given too (fig. 1). The
material is composed of 26% quartz, 24% micas + montmorilonite, 9% a-cristobali-
te, 6% k-feldspar, 32% plagioclase and 3% calcite and according to this composi-

tion it can be classified as granitic or granodioritic origin.

METHODOLOGY

The purpose of our investigation was to study the influence of the par-
ticle size distribution on the compaction result of a fine grained sand. Thus ten
samples of the same mineralogical composition are tested after having (artificial-
ly)chanaged their particle grading in the given range (fig. 2). These ten sam-
ples are studied concerning their compaction result by the standard Proctor me-
thod (ASTMD 698). In this method, soil samplesd were compacted into a specYal
mould using a 5.5 1b rammer with a 12 in drop at various moisture contents. The

resulting densities (yd) were plotted against moisture contents (w%) from which
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Grading curves of the studied sampies. according to Table 1 (sample No
1 in original grain size grading).
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Table 1. Particle size grading of the studied samples.
Mivakag 1. KokkougTpikn drafdBuion Twv UgAsTnBEVTWY SeLyudTwy.

ASTM -
sie- Sieve .
ve  apper- Weight percentage passing (%)
Size ture - ~
num-- (mm) g 2 3 4 5 6 7 8 9 10
ber
4 -4.760 100.00 100.00 100.00 100.09 100.00 100.00 100.00 100.00
10 2.000 95.92 98.84 98.83 94.42 100.00 99.42 95.55 98.70 97.01
20 0.850 84.85 94.15 96.20 79.93 99.26 95.36 87.97 100.00 95.41 89.59
40 0.425 53.71 19.49 51.70 53.09 93.35 78.78 67.82 93.39 70.68 76.27
60 0.250 24.05 6.12 19.18 26.98 47.24 62.43 37.93 60.45 45.30 54.72
80 0.180 14.66 2.44 8.46 17.13 26.94 39.65 20.10 39.90 28.36 22.55
100 90.150 10.99 1.35 5.46 12.86 19.15 20.72 8.95 26.91 13.12 12.69
200 0.075 2.99 0.27 1.46 5.67 6.96 5.63 3.83 14.43 3.42 4.58

Table II. Compaction test; experimental results of the studied samples.
Nivaxag I1.AokLuA oupnikvwang” ReELPapaTLkd anoTeAfouata Twv peAetnBéviuv JeLyudtuv.

Dry den- Moistu- Max dry Optimum Dry den~- Moistu- Max dry Optimum
Sample sity Xd re con- density moistureSam le sity yd re con- density moisture
(Kg/m3) tent W% yd  content P (Kg/m2) tent vd content
(kg/m3) (Vo) Wo _ (kg/m3)  (Wo%)

la 1545 17.91 6a 1510 19.05

1b 1564 18.95 6b 1554 20.38

1lc 1558 . 20.08 1566 19.28 6¢ 1550 21.09 1552 20.58

1d 1502 21.79 6d 1529 22.00

le 1426 23.91 6e 1482 23.59

2a 1707 13.09 Ja 1540 18.23

2b 1720 14.02 7b 1567 18.61

2¢c 1730 14 .81 1735 15.50 7c 1582 19.03 1585 19.24

2d 1713 17.56 7d 1575 19.59

2e 1545 2.83 Te 1417 21.12

3a 1661 15.11 8a 1490 20.37

3b 1683 15.70 8b 1514 21.01

3c 1676 16.85 1688 16.27 8c 1511 21.69 1520 21.18

3d 1620 17.88 8d 1505 21.95

3e 1518 19.53 8e 1483 22.70

4a 1602 18.27 9a 1551 18.29

4b 1609 16.08 9b 1604 18.57

4c 1606 20.04 1612 19.78 9¢ 1609 18.97 1613 19.13

4d 1571 21.17 9d 1606 19.52

4e 1550 21.74 Je 1547 20.77

5a 1509 19.83 10a 1525 19.32

5b 1526 20.41 10b 1544 19.57

5¢ 1516 21.87 1530 20.80 10c¢ 1553 19.83 1560 20.05

5d 1439 24.50 10d 1550 20.52

Se 1368 26.72 10e 1513 22.27
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plot the optimum moisture content (Wo%) and max dry density were obtained (fig.
3). This pair of values will be used to design a stable foundation ground for a
structure. ' .

The experimental data of the particle size_analysis are given in Table
while the experimental data of the Standard—Proctor test are given in Table II.
[t must be mentioned that the data of sample 1, in Table [ and fig. 2, refer to
the original particle grading of the formation.

The ultrasonic velocity (SV, ASTM- C597) is a good index characteristic
of the physico-mechanical behaviour of soils and rocks, related to their porosi-
ty, strain, specific gravity and weatherability. Measurements have been done on
cylindric compacted specimen- (diameter 38 mm and high 76 mm) taken from the
Proctor machine, after drying for 24h at 110° C. For this purpose, a portable
PUNDIT machine, of the Thessaloniki, Faculty of Technology was used (Table III).
It must be mentioned that drying didn’t provoke cracking phenomena, which could
change the awaited result, because of the following reasons a) fines were in lo-
wer percentage than 15% making the creation of important colloidal masses almost
insignificant, b} drying of each specimen was done with siow progressive incre-
ase of the temperature, in order to prevent cracking phenomena caused by a rapid
change of temperature.

Table III. Experimental results of the studied samples.
Mivakag III. EpyaotnpLakd anmoTEAE0UATA Twv PEAsTNBEévTwy deLyudTwy.

Compaction max Compaction op- Sonic velori- a b
Sample dry density yvd timum moisture ty SV (mm/us) % < 75 u % < 425 u
(kg/m3) content (Wo%) (No 200) (No 40)
1 1566 19.28 0.82 2.99 53.71
2 1735 15.50 0.48 0.27 19.49
3 1688 16.27 0.58 1.46 51.60
4 1612 19.78 0.69 5.67 53.09
5 1530 ' 20.80 0.85 6.96 93.35
6 1552 20.58 0.80 5.63 78.78
7 1585 19.24 0.78 3.83 67.82
8 1520 21.18 0.90 14.43 93.39
9 1613 19.13 0.73 3.42 70.68
10 1560 20.05 0.77 4.58 76.27

INTERPRETATION OF TEST RESULTS
The test results were interpreted statistically. The influence of the
particle size on the change of the measured compaction result was determined in
relation to the uitra sonic velocity; this relationship was expressed mathemati-
cally, by either linear or logarithmic regressions. with a significant correla-
tion coefficient, given in Table [V.

In order to verify the significance of the measured correlation, the
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Table IV. Mathematic expression between the studied properties.
fflvakag IV. MaBnpatikég oxeoelc UETAZl Twv HEAETNOEVIWV LOLOTATWY.

Correlation

Mathematic expressioﬁ 2
— Coefficient

1 % <75 u(a) - Optimum moisture content (Wo%)

—

Wo = 17.15 + 1.65 In a ' r = 0.943

2 % < 425 u(b) - Optimum moisture content (Wo%)

Wo = 14.33 + 0.074 b r = (0.874
3 Optim. moisture cont. (Wo%) - Ultra-sonic velocity
(SV, mm/us)
SV = -0.47 + 0.063 Wo r = 0.935
4  Optim. moisture cont. (Wo%) - max density (vd, kg/mz)
yd = 2276 - 35.5 Wo r = -0.967

coefficient t = —- n;Z was calculated with the aid of the Student Tables, ac-
cording to which Vl—r the correlation coefficient must be higher than 0.7646
(n=2 = 8, n : number of specimens), for a critical region size 0.01.

According to our correlation study the max dry density after compaction,
presents, in the range of the present measurements, a significant negative corre-
lation with the optimum moisture content (fig. 3), which is related to the per-

centage of fine grained particles (<0.075 mm); by positive logarithmic regression
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Fig. 3. Compaction curves of the studied samples and correlation Tine Wo-vd.
ELk. 3. KapniAeg SoxLuwv gupnUkvwong Twv HEAETNBéviwy dgiyudTwy xat euBela ou-
oxétiong Wo-vd.
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Fig. 4. Correlation diagrams between the studied properties.

Eik. 4. Draypdupata ouayxETLONG UETAZU Twy UEASTNBEVTIWYV L3LOTATWY.
(fig. 4a). It must be mentioned that according to the calculated "Wo-1na" regres-
sion the optimum moisture content (which presents a theoretical maximum value of
24.7% for material with particle size 100% < 75 yp) presents a short range of va-
lues 23.7-24.7% for material with 50-100% fine grained particles (<75 u). Accor-
ding to Atlan and Feller (1980) and Ola (1981) the relationship between the per-
centage of fine particles (<75x) and dry density and optimum moisture content of
compaction, for fine soils in Senegal and Nigeria, presents a peak which approxi-
mately correspondes to a maximum dry density and a minimum optimum moisture con-
tent, for 15-20% fine particles content. For higher percentages of fines (<75 u)
the dry density decreases whereas the optimum moisture content increases. The com-
paction result, expressed by the optimum-moisture content, is also related to the
percentage of particles passing through the sieve No 40 (<425 p) with a signifi-
cant positive Tinear correlation. This significance is presented quite well in
fig. 4b, taking in mind that Y-axis (Wo%) is magnified.

It must be mentioned that while the optimum moisture content is related
logarithmically to the percentage of the fines (<75 u), the relationship between
opfimum moisture content and percentage of particles fiper than 425 p is linear.
To explain this diversity we can consider that fine grains of clay and silt size
move between the grains of sand to fill the existing voids; the increase of the
percentage of filler causes the increase of the optimum moisture content, but for
percentage of filler higher than "% this optimum moisture content rate of rising
becomes smaller. For higher percentage of fjller, fine grains pusn and surround

the grosser grains so that in practice the material behave in an approximately
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similar way in relation to the optimum moisture content of maximum compaction;
the appearence of cohesion forces between fine grains (especially of clay) and
the probable creation of coj1oida1 masses, can also explain the decrease of this
optimum moisture content rate of rising. Concerning the linear relationship of
the optimum moisture content to the percentage of the finer particles than 425 yu,
the situation is slightly different; in the range of sand, the decrease of par-
ticle size increases the capability of compaction with simultaneous increase of
the optimum moisture content.

The ultra sonic velocity presents also a significant positive linear
correlation with the optimum moisture content of compactfon (fig. 4c). The rea-
son for measuring the ultra sonic velocity through the compacted specimens, was
exactly its direct relationship with the voids, the decrease of which is the pur-
pose of the compaction method.

Finally, it could be considered that test results are only of a local
importance, due to the local character of sampling; we could risk however to ge-
neralise these results for soils of similar mineralogical composition origin and
particle size grating. A further investigation with a wide range sampling, could

complete this study.

CONCLUSION
In the present study sandy soil material from Kassandra-Chalcidiki pen-
insula is investigated concerning the compaction behaviour against the particle
size. For this purpose the particle size grading was changed artificially and
the results are summarised as follows.
i. The material, in original grading can be characterised as a yellow-brown
cross bedded fine sand of medium-upper Miocene or Plio-Plistocene age.

ii. Mineralogically the material is composed of 26% quartz, 24% micas + montmo-
rilonite, 9% a-cristobalite, 6% k-feldspars, 32% plagioclase and 3% calcite. Ac-
cording to this composition it can be classified as of granitic or granodioritic
origin.

iii. The statistical interpretation of the test results showed a distinct in-
fluence of the particle size distribution of. the material, on the maximum dry
density and the optimum moisture content of compaction; this influence is expres-
sed also by the ultra sonic velocity through the material. It must be mentioned
that the most important point inaddition to the determined relationships, is that
a small quintity of fines in the sand, lower thar: increase the optimum
moisture content of compaction. Although our sampling had a Tocal character,test
results could be probably used for sands of similar mineralogical composition,

origin and particle size grading. The determined relationships are as follows:
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- Wo = 17.15 + 1.65 Ina r = 0.943
- Wo = 14.33 + 0.074 b r=20.874
- SV = -0.47 + 0.063 Wo r = 0.935 - )
- yd = 2276 - 35.5 Wo r = -0.967
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