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Properties Unit Parameter Value
Specific gravity - Gs 2.76
Mean grain size mm Dsy, 0.24

Coefficient of curvature - C. 1.32
Coefficient of uniformity - C, 1.81
Maximum Dry unit gravity kN/m?  Vamax 16.78
Minimum dry unit gravity kN/m? YVedmin 14.78
Maximum porosity ratio - €max 0.83
Minimum porosity ratio - Cmin 0.61

Optimal water content % Wopt 15.00
100 =
We hal
80 ’Cj
/
~ !
< O

éu 60 '

§ D10=0.15 !

g D30=0.21 !

% 0 D60=0.29

g Cc=1.93 !
& Cu=1.01 ]
1
20 1
!
O
0 O <
0.01 0.1 1 10
D (mm)

S 5 eslial 5550 il anle Ol 53 6510 BIF 5 SRy o ) Jse

Olorw

oo b bl Sldie d o 5o O Coslie e 5 a2 siSeu osle Ol e T s sy Olas 5125 0l o
0o Jold Olage sleand 5 (S5 ol Slasein a5 S S 5 5 I g5 5l e Olen S ool anls
S osse s Sns sl 5 plerd S5 (o st 3o s S Loyl d s eslixal 51 g 55 35 8L Oleger
okl slad ga @b s eksa)y Sl il bl Ologwr Sl 2l T 5 S sk
el ol &1 Y Jgd s wﬁjla;ﬁ.\.@m)vacluwﬁjwu&;;ow

IT s s 3 Obos ol 5 (S0 50 Oliased Y gt

Properties Value
Specific unit weight 3.14
Specific surface area (m*/kg) 320
Si0; (%) 15.9
Al Os (%) 9.5
Fe,053 (%) 4.1
CaO (%) 60.4
MgO (%) 0.9
SO; (%) 6.4
K0 (%) 0.7
L.O.I(%) 2.1
Blaine (cm?/g) 3070
Expansion (autoclave) (%) 0.05
Compressive strength (MPa)

3 days 17.5

7 days 30.2

28 days 40.1
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properties value
Diameter (nm) 25-35
Surface volume ratio (m?%g) 1.95
Density (g/cm?) 1.68
Purity (%) 99
Shape White powder
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Characteristics Unit Results
Physical State Solid fibrous
Color Golden brown
Length mm 12
Length/Diameter 70
Density g/cm3 2.61
Fracture strength MPa 2250
Elastic modulus GPa 98
Tensile strength MPa 3000
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Row Name Cement Nano  Fiber (%) Water
(%) Silica (%)
(%)

1 us 0 0 0 15
2 FRS 0 0 0.25-1.0 15
3 CSS 1-6 0 0 15
4 CNSS 1 1-16 0 15
5 CSFRS 1-6 0 0.25-1.0 15
6 CNSFRS 6 8 0.25-1.0 15

US: Untreated Sand, CSS: Cement-Stabilized Sand, CNSS: Cement—Nanosilica-Stabilized Sand, FRS: Fiber-Reinforced Sand, CSFRS:
Cement-Stabilized Fiber-Reinforced Sand
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ABSTRCT

Sandy soils, particularly under low-density conditions, may lack sufficient bearing capacity and
stiffness to sustain loads imposed by shallow foundations. This study investigated the
performance of a multi-component soil improvement approach incorporating cement,
nanosilica, and basalt fibers to enhance the bearing behavior of sand. A stepwise experimental
program was designed to first determine the effects and optimum contents of cement (1, 3, and
6% by dry weight of sand) and nanosilica (2, 4, 8, and 16% by weight of cement) on bearing
capacity, followed by an evaluation of basalt fibers (0.25, 0.50, 0.75, and 1% by dry weight of
sand) in natural sand and sand stabilized with cement and cement—nanosilica mixtures. The soil
behavior was evaluated using physical model plate load tests. Natural sand and fiber-reinforced
specimens were tested without a curing period, whereas specimens containing cement and/or
cement—nanosilica, with and without fibers, were tested after curing periods of 7, 14, and 28
days. The results showed that 6% cement and a combination of 6% cement + 8% nanosilica
were identified as the optimum cement content and optimum cement—nanosilica combination,
respectively. The optimum cement, cement—nanosilica, and cement—nanosilica—fiber
combinations increased the bearing capacity by 237%, 313%, and 410%, respectively,
compared with the untreated reference sand. Furthermore, the optimum fiber content depended
on the stabilized matrix. The optimum basalt fiber content was 0.75% in both natural sand and
cement-stabilized sand, whereas it decreased to 0.50% when cement and nanosilica were used
simultaneously.

Keywords: Babolsar Sand, Basalt Fibers, Nanosilica, Cement, Plate Load Test
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