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Investigation on permeability of sands with different particle sizes
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Abstract: Permeability is an important property of sand soil. Factors that influence the permeability of sand include density, particle
characteristics and properties of the fluid, among which the porosity and particle size are two important ones. However, previous
investigations based on natural sand with mixed particles are not able to study the two factors independently. Therefore, constant head
permeability tests are firstly carried out on sand soil with single particle size fractions to study the influence of grain size and porosity
on the permeability, respectively. For sand soil with the same grain size fraction, the coefficient of permeability is found to increase
linearly with the increase in porosity; for sand soil with the same porosity, the coefficient of permeability is found to increase linearly
with the increase in porosity the square of average particle size. Based on this, the influence of gradation characteristics on the
permeability of multi-particle-size sand soil is studied to extend the results from single particle size fraction to natural sand. The
results show that the coefficient of permeability of multi-particle-size sand soil increased linearly with the increase the coefficient of
curvature and coefficient of uniformity. The influences of different factors also differ from each other. The change in average particle
size leads to change in order of magnitude of the coefficient of permeability. Finally, an empirical equation considering all the above
factors is developed for engineering practice.
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Fig.1 Particle accumulated curve & particle sized
distribution curve of natural sand
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Table 1 Sand particle’s relative density of
each particle size fraction

BRI/ mm  MIXEE B4R/ mm A
0.10~0.25 2.665 1~2 2.618
0.25~0.50 2.657 2~5 2.611
0.50~1.00 2.630
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Table 2 Values of porosity and dry density of sand
with 0.10-0.25 mm particle diameter

/ZLi fLigz /ZL§ fLigz
1.572 0.410 1.505 0.435
1.553 0.417 1.492 0.440
1.529 0.426
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Fig.3 Relationship between permeability coefficient and
porosities of sand with 0.10-0.25 mm particle diameter
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Table 3 The correlation between permeability coefficient
and porosity of each particle size fraction

P [P— ;
BRI s @fiif° b 5 A FH R
0.410 2.82%10°
0.417 4.64%10°
0.10~0.25 0.426 6.09%10° 0.994
0.435 8.61x10°
0.440 9.94%x10°
0.410 3.17%x10°2
0.420 3.64%x10°2
0.25~0.50 0.426 4.90x10> 0.954
0.431 5.67x102
0.439 7.34%10°2
0.391 1.25%10"
0.399 1.44%10"
0.50~1.00 0.410 1.60%10" 0.889
0.414 2.28%10"
0.422 2.77x10"
0.376 4.00%x10"
0.387 529%10"
1.00~2.00 0.393 6.21%10" 0.933
0.402 7.82%x10"
0.410 1.14%x10°
0.359 1.73%10°
0.366 2.84%10°
2.00~5.00 0.373 3.26x10° 0.985
0.380 4.08%10°
0.387 5.09x10°
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Fig.4 Relationship between permeability coefficient
and average particle diameters
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Table 4 Values of permeability coefficient
and average particle diameter

BRI BRR d, BERN kol d A
LB n
/ mm / mm / (cm/s) KAYR
0.10~0.25 0.175 2.82x10°
0.25~0.50 0.375 3.17x10°2
0.410 1 0.987
0.50~1.00 0.750 1.60% 10
1.00~2.00 1.500 1.27%10°
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Fig.5 Grading curves with different curvature coefficients

RS5 BERYSMERGEMREE
Table 5 Values of permeability coefficient and
curvature coefficient

ety e T TN RE OIS R ¥/ (10° em)
RFHC, n / 0.50 1.01 2.00 2.60 3.13
mm

8 0416 025 141 204 340 4.08 5.47
T K5 R C, A0 R R R=0.980.
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Fig.7 Grading curves with different uniformity
coefficients
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Table 6 Values of permeability coefficient and
uniformity coefficient

MR LR H ARSI R CoXRIIEIE R ke /(10 * envs)

dyo 2.00 4.00 6.00 8.00 10.40
Ce n / mm

0.7 0.354 0.25 1.42 2.22 5.47 5.64 6.03
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Fig.8 Relationship between permeability coefficient
and uniformity coefficient
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Table 7 Ratios of empirical formula of particle diameter and measured value
c.c. SEIME Ko Krerzagni 0 Kitazen ) Kkozenym Kis™ K g’ K K
e /(102 cnv's) Kz Kao Kao Ko K K Ko
1.40 1.42 0.026 0.088 3.22 1.47 0.66 0.13 1.03
2.80 2.22 0.017 0.056 2.06 1.10 0.52 0.17 1.32
4.00 1.25 0.015 0.089 1.56 1.00 0.59 0.30 1.42
4.20 5.47 0.007 0.023 0.84 0.54 0.27 0.11 0.80
5.60 5.64 0.007 0.022 0.81 0.57 0.29 0.14 1.04
7.28 6.03 0.006 0.021 0.76 0.57 0.30 0.17 1.26
8.08 1.75 0.011 0.061 1.08 0.90 0.57 0.41 1.98
16.00 2.81 0.006 0.037 0.65 0.66 0.44 0.49 2.35
20.80 3.59 0.005 0.031 0.54 1.09 0.82 0.53 2.55
25.04 4.85 0.004 0.023 0.40 1.40 1.09 0.48 2.29
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