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Fig.1 Schematic diagram of ground corridor silo and

reduced-scale test setup
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Note: 4(0°), B(45°), C(90°), D(135°), E(180°) represent the pressure gauges in
the direction of 0°, 45°, 90°,135°,180° of the wall respectively. The corridor
pressure gauge number consists of two letters and one value. The two letters
indicate the corridor surface where the pressure gauge is located, and the value
represents the X-axis coordinate. M, S, L, R, T represent the main corridor, the
secondary corridor, the left side wall of the corridor, the right side wall of the
corridor and the top wall of the corridor respectively. For example, MT-450
refers to the pressure gauge with X-axis coordinate of -450 mm on the top wall of
the main corridor. d, refers to the inner diameter of the silo; e and ¢ indicate the
discharge eccentricity and the discharge strip eccentricity respectively. #1-#5
indicate the discharge openings 1 to 5. The same below.
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Fig.2 Top view of silo model pressure gauge layout
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Note: 45°,90°, 135° represent the pressure gauges in the direction of 45°, 90° and
135° of the wall respectively. The same below.
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Fig.3 Loading test results (%,/d,=0.69)
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Fig.4 Eccentric discharge process ( e/d,=0.31)
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Note: 0.69-90°-620 is the number of the wall pressure gauge, 0.69 represents the

(°) 5 620 FREJIiHBE S R QIRA B ERE L, mm,

aspect ratio, 90 °indicates the circumferential angle of the pressure gauge, (°), and 620

illustrates the vertical distance between the pressure gauge and the bottom of the silo, mm.

B5 S EH T RR ARG CBEMNES (e/d=031)
Fig.5 Lateral pressure of silo wall with different angles under eccentric discharge(e/d,=0.31)
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Fig.6 Corridor pressure under eccentric discharge ( e/d,=0.31)
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Table 1 Overpressure coefficients of the wall and corridor under
different eccentricity ratios
R E AN OZE T R E R
Position of the Overpressure coefficients under different eccentricity ratios Cy
PIESSUTC BAUEES /=00 €/d,=0.10  €/d,=020 eld, =031 eld, =04l

A(0°) 1.107 1.091 1.000 1.110 1.000
B(45°) 1.065 1.062 1.055 1.040 1.047
C(90°) 1.027 1.053 1.058 1.027 1.108
D(135°) 1.129 1.087 1.021 1.021 1.023
E(180°) 1.035 1.190 1.087 1.032 1.000
MT-450 1.069 1.050 1.018 1.000 1.000
MT-250 1.000 1.010 1.014 1.050 1.010
MT-50 1.000 1.022 1.273 1.091 1.086
MT50 1.000 1.000 1.300 1.073 1.138
MT250 1.048 1.016 1.000 1.000 1.052
MT450 1.027 1.015 1.000 1.000 1.000
MR-400 1.035 1.038 1.000 1.033 1.040
MR-200 1.115 1.136 1.000 1.000 1.034
MRO 1333 1.136 1.064 1.100 1.063
MR200 1.136 1.143 1.059 1.030 1.087
MR400 1.151 1.000 1.031 1.097 1.070
ST-250 1.010 1.010 1.034 1.000 1.032
ST-50 1.039 1.019 1.000 1.047 1.017
STO 1.000 1.012 1.000 1.028 1.020
ST50 1.000 1.016 1.007 1.020 1.024
ST250 1.010 1.010 1.034 1.000 1.032
SL-300 1.090 1.000 1.097 1.033 1.048
SLO 1.260 1.250 1.220 1.154 1.143
SL300 1.200 1.074 1.129 1.023 1.200
SR-300 1.000 1.000 1.055 1.024 1.079
SRO 1.026 1.000 1.034 1.030 1.000
SR300 1.000 1.000 1.028 1.035 1.026

WK 2 frs, EEHEERE C, BE ST h/d,
AR 5 B B SRABL, MRt h/d, 7E 0.69 LR,
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k=tan’ (45°—¢, /2) (3

e p NIEITETHEECL BB AL f @ BEMI L 77, kPa;
P NIETETHEE LLF [BUEARL A2 A B BEMI S T, kPa; &
NS T 2K o IR R R N EES . (0D
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4 FROR B8 R RER A T IR Ry s by, IR S
R, my s ATRMER OB AT EEES, m.
s A TE TRE 2 ST T ELFR Y, m.
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Table 2 Overpressure coefficients of the wall and corridor under
different aspect ratios

i J[& 2% Overpressure coefficients Cy

iR
Aspect . . R . R
ratio 0 45 90 135° 180° MT MR ST SL SR

0.44 1.110 1.020 1.045 1.045 1.050 1.080 1.000 1.020 1.110 1.045
0.69 1.110 1.040 1.027 1.021 1.032 1.091 1.100 1.047 1.154 1.035
095 1.250 1.400 1.170 1.090 1.120 1.340 1.180 1.140 1.290 1.024
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Note: A, d, represent the calculation height of the stored material and the inner
diameter of the silo respectively.
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Fig.7 Comparison between the test value and the predicted value
of the overpressure coefficient of silo wall
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Influences of the ground conveying corridors on the pressure of the wall
and corridor in squat silos

Sun Weiwei', Feng Jun®*, Zhu Jianping®, Zhang Xudong’, Yi Jianrong®, Wang Lei*

(1. Department of Civil Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. National Key Laboratory of
Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, China; 3. Sinoma International Engineering Co., Ltd.
(Nanjing), Nanjing 211100, China)

Abstract: In order to facilitate later maintenance, the underground conveying corridor is moved up to the inside of the squat
silo. This process reform is bound to have an impact on the pressure distribution of the wall and corridor. In this study, the
loading and discharge experiments of the reduced-scale silo models with different aspect ratios and eccentricity ratios were
carried out. Three kinds of PMMA cylinders with different heights were used to simulate the wall. The outer diameter of the
cylinder is 1 000 mm, the wall thickness is 10 mm, and the height is 392 mm, 642 mm, and 892 mm, respectively. Three
different lengths of ground conveying corridors are made of 10 mm thick steel plate, which are one main corridor and two
secondary corridors. The strip eccentricity of the main corridor is zero, and that of the two secondary corridors is 300 mm. In
order to consider the influence of eccentricity ratios, five discharge openings are set on the top wall of the main corridor to
simulate central and eccentric discharge. In order to explore the influence of aspect ratios, three silos with different aspect
ratios (0.44, 0.69, 0.95) are used. The cylinder and the corridors are placed on the steel support. A total of three main and
secondary corridors were placed in the silo model, and the manual loading mode was adopted. All the openings on the top wall
of the corridors were blocked first, and then the stored material was loaded from the top of the model. When the stored
material in the full state of the model was completely stable, the pressure data were recorded by the test system. The results of
the loading tests showed that the lateral pressure at the bottom of the silo wall was affected by the corridors. The lateral
pressure of the wall in the corridor height range is significantly smaller than the predicted value of the silo standard. The whole
discharge process can be summed up as a process of continuous undercutting of the inverted cone, and the vertex of the
inverted cone is always located directly above the discharge opening. The phenomenon that the overpressure coefficient
increases with the eccentricity of discharge was not observed. The overpressure coefficients of the wall and corridor were
generally small when the aspect ratio was below 0.69, and the overpressure coefficients of the wall and corridor increases
rapidly when the aspect ratio was close to 1.0. If the conveying corridor was determined as a deep buried corridor according to
the standard GB 50077-2017, the predicted value of corridor pressure was obviously less than the test value. It was more
reasonable to calculate the static pressure on the top and side wall of the main and secondary corridors according to the shallow
buried formula proposed in this study, in which the storage height should be taken as the actual storage height of the corridor.
It is suggested that the coefficient of overpressure on the top and side wall of the corridor should be considered properly in the
design of squat silos, which can be 1.2-1.3.

Keywords: silos; experiment; pressure; corridor; overpressure coefficient; aspect ratio; eccentricity ratio
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