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Experimental study on effects of shape and content of fine particles on
strength of calcareous mixed sand

LI Tao, ZHAO Hongyang, WENG Bohang, HUANG Xiaoji, ZHANG Zhongyu
(School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China)
Abstract: In order to study the influences of different contents and shapes of fine particle on the mechanical properties of
calcareous mixed sand, the angular quartz powder and round glass beads are used as the fine particle materials and mixed with
the calcareous sand in different proportions, and the strength characteristics and crushing characteristics of the calcareous mixed
sand are studied and analyzed through the ring shear tests. The results show that the softening characteristics of the two kinds of
mixed sand are obvious in the medium density state. The softening coefficient increases first and then decreases with the
increase of the fine content, and reaches the maximum value when the fine content is 10%. The softening coefficient of the
samples containing the glass beads is larger when the fine content is the same. The apparent cohesion of the calcareous sand is
obvious and decreases with the increase of the fine content, and the decreasing trend of the samples containing the glass beads
is obviously larger than that of the samples containing the quartz powder because of their lower embedding and biting
capability. The deformation of the pure calcareous sand appears in the form of dilatancy, and with the increase of the content of
the fine particle, the shear shrinkage of the mixed sand gradually increases, the peak strength and relative breakage rate

gradually decrease, and the change of the mixed sand containing the glass beads is more significant.
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Table 1 Physical properties of basic sand samples

N Do/ Dso/ Deo/ AL MR R AT
j R o
L pm pm um  REC. HC FiE
PERY 0517 0.541 3745 6377 6435 172 128 275
Pim¥k 0924 0.893  35.1 508 586 1.67 092 2.64

AU 0.635  0.746 27.2 45.7 51.3 1.89 1.05  2.66
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Fig. 1 Grain-size distribution curves of three kinds of sand
particles
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Fig. 3 Photos of three kinds of sand samples and 2D scans
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Table 2 Characteristics of mixed sand samples

. uE A B pem mew
e sy mue g REA S
Di/% emax €min e '

0 60 1.109 0.812 0.517 0.541
J10 60 1.010 0.707 0.529 0.562
120 60 0.893 0.553 0.541 0.582
130 60 0.794 0.467 0.552 0.603
J40 60 0.743 0.430 0.564 0.623
Y10 60 0.977 0.724 0.558 0.541
Y20 60 0.856 0.605 0.598 0.576
Y30 60 0.744 0.512 0.639 0.611
Y40 60 0.685 0.491 0.680 0.647
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Table 3 Peak strengths and decrease amplitudes of samples under different axial pressures

s e 0 110 120 130 140 Y10 Y20 Y30 Y40
100 kPa WEEAF 5505 /kPa 100.4 93.6 90.7 78.0 70.2 84.8 71.7 643 536
FE1l/% — 7 10 22 30 16 29 36 47
200 kPa e {11 5 /2 /kPa 177.9 1565 1487 1423 1394 148.7 133.6 1209 1053
PE1l/% — 12 16 20 22 16 25 32 41
300 kPa WEEAF 5505 /kPa 251.0 2413 2081 1984 1886 2320 2013 1852 1589
PE1E/% — 4 17 21 25 8 20 26 37
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Fig. 6 Angles of internal friction at different contents and shapes
of fine particles
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shape parameters
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