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Friction Analysis of Underground Silos during Backfilling

LIU Hai-yan, XU Xiang-nan, ZHANG Hao, WANG Zhen-qing, YANG Jin-ping, MA Tian-he
(College of Civil Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: To investigate the variations in friction in underground silos due to groundwater during backfilling, three silo models, namely, A,
B, and C, with three different diameters of 400 mm, 500 mm, and 600 mm were designed. All these models were composed of 2 mm thick steel
plates with a bottom inclination angle of 35°. Six water injection tests were conducted under two different backfilling conditions. The
experimental results demonstrate that when there are sudden displacement changes at the top of the silos, the water levels of models A, B, and C
are 41.40 mm, 39.80 mm, and 35.00 mm, respectively, under backfilling condition a. Meanwhile, the water levels become 40.60 mm, 39.00 mm,
and 33.10 mm under backfilling condition b (»p<0.05). In the stationary phase, the reaction forces at the top of the models A, B, and C remain
unchanged. In the floating phase, the reaction force at the top of the silos abruptly changes. Under backfilling condition a, the water
level-reaction force curves of models A, B, and C result in inflection points at water levels of 37.10 mm, 27.00 mm, and 21.00 mm, respectively.
Under condition b, the inflection points are observed at water levels of 37.10 mm, 30.05 mm, and 24.00 mm, respectively (p<0.05). Because of
the static frictional force, the displacement changes measured by the gauge lag behind the variation in reaction forces. In the stationary phase,
under condition a, the maximum static frictional force of the models is 206.17 N, 316.81 N, and 364.16 N, respectively. These values are all
greater than those under condition b, which are 197.61 N, 310.82 N, and 352.96 N, respectively; yet, the water levels of the models under two
different conditions increase at nearly the same rate (»p<0.05). In the floating phase, frictional force reduces rapidly under both conditions and
then levels off gradually. In actual engineering projects, favorable anti-floating underground silo designs can be adopted by integrating the
frictional force variations in the floating phase.
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Fig.2 Mechanical model of buoyancy of underground granary
in static friction stage
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Fig.3 The buoyancy mechanics model of underground granary
in sliding friction stage
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Table 1 Table of model silo parameters
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A 400 993 710 116 60 450 104 460 34
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C 600 14.58 710 200 60 410 50 360 70
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Fig.7 Model silo mechanics mode
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Fig.8 Water level-displacement curve of model cylinder A, B, C
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Table 2 Water level-displacement table

I BAEHA mKElem  45.E5K45/m 2 RKAE/em  dialem 45.E4E#/em 4 R45H/em
A 6.60 41.40 57.60 0.01 0.14 0.89

a B 0.90 39.80 63.00 0.62 0.50 1.57
C 11.00 35.00 47.00 1.20 121 526
A 11.10 40.60 67.20 498 5.01 6.17

b B 11.00 39.00 57.00 -0.58 -0.23 239
C 7.00 33.10 56.50 0.00 0.13 8.82
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Table 3 Water level-side reaction table

I BEEA  AKlom BEAdom 4 RAfiom ks X EAN ;f;i:ijm 45 % ERAN
A 6.60 37.10 57.60 4592 41.78 68.88
a B 0.90 27.00 63.00 52.98 51.68 98.34
C 11.00 21.00 47.00 41.38 42.45 183.53
A 11.10 37.10 67.20 101.84 94.44 131.14
b B 11.00 30.50 57.00 30.21 31.33 169.37
C 7.00 24.00 56.50 47.67 48.8 231.69

*4 BEBENOHE

Table 4 Friction analysis table

KA AFAKME Rk BEE BIHEES CREBER CHBMER

A BEES

/cm /em /em KRN FEMEN fm? /m?

A 6.60 4140 57.60 206.17 67.51 0.15 0.29

a B 0.90 39.80 63.00 316.81 47.72 0.24 0.24
C 11.00 35.00 47.00 364.16 26.33 0.35 0.20

A 11.10 40.60 67.20 197.61 94.15 0.15 0.39

b B 11.00 39.00 57.00 310.82 113.09 0.24 0.25
C 7.00 33.10 56.50 352.96 88.41 0.35 0.11
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Fig.10 Model silo water level- friction curves of model silos A, B,
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