International Numerical Modeling Contest of Rock

Mechanics and Engineering (INCR)—2021

Problem B: Granular flow

Purpose: The International Numerical Modeling Contest of Rock (INCR) encourages
postgraduates to conduct open, transparent, and extensive verification of existing
numerical methods and software on rock mechanics problems, and provide a platform
to share experimental and numerical results of rock mechanics problems. Any
participating team can change their parameters according to their own numerical tool.
All details of these parameters should be recorded. In this problem, the geometric
characteristics of stable accumulation caused by rapid release of particle column are
studied. By designing cubic standard sand stacks with different horizontal and vertical
ratios, the height and moving distance of standard sand stacks are studied after fast
extraction of baffle 1. The above experimental results are used to calibrate the
microscopic parameters of particles. On this basis, the stacking height of standard

sand after encountering baffle 2 during the movement will be predicted.

Stage I: Calibration experiment
Experimental schematic diagram

Test 1: Used for calibration of parameters in simulation (only baffle 1).
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Fig. 1. The schematic diagram of test 1



Experiment preparation:
1. Design of experimental mold. Make transparent acrylic plate mold according to
the experimental schematic diagram. And draw series of scale lines on the acrylic

plate to facilitate reading.

Fig. 2. The experimental mold

2. Standard sand diameter range: the diameter of sand used in this test is less than 0.1
mm.
3. The internal friction angle of standard sand has been measured by direct shear test

previously.

Test results:

1. Direct shear test results:

The results of direct shear test are shown in Table 1. According to the test results in
Table 1, with a vertical load as abscissa and shear strength as ordinate, the internal
friction angle of fine sand can be obtained by linear fitting, as shown in Fig. 3. It can
be seen from Fig. 3 that the internal friction angle of standard sand in this test is

approximately 36 <



Table 1 The results of direct shear test

Vertical load (kPa) | The shear stress (kPa)
100 104.688
200 185.385
300 255.177
400 3290.331
400
m  Tested
Fitting line
300
g
= 200 1 7=0.746+32.72
= R?=0.999
0=36°
100
0 T T T T T 1
0 100 200 300 400 500
o (kPa)

Fig. 3. Fitting results of direct shear test

2. Test 1: Used for calibration of parameters in simulation (only baffle 1).

The experimental steps are as follows:

a) insert baffle 1 at the corresponding position

b) add the standard sand of the corresponding height, and gently compact the
standard sand pile.

c) pull out the baffle plate 1 quickly.

d) measure the length, height, top angle, bottom angle and other data of the sand

pile after stability.



The test results are summarized in Table 2. The individual test results are shown

below.

Table 2 Test results without baffle 2

Test The initial | The initial | a=H/L | Final deposit | Final deposit | Inclinations/<
number | height (H) length (L) height (Hi) length (Li)

1 20mm 20mm 1 20mm 42mm 29.5

2 40mm 20mm 2 31mm 62mm 26.5

3 60mm 20mm 3 38mm 92mm 22

4 20mm 40mm 0.5 20mm 65mm 27
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Fig. 4. The results of test number 1



Fig. 6. The results of test number 3




Fig. 7. The results of test number 4

Stage II: Prediction test
Experiments are used to verify the correctness of the simulation results (both baffle 1

and baffle 2).
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Fig. 8. The schematic diagram of test 2

Test 2: Numerical test is expected to predict the granular flow process and

characteristics of the final deposit of Test 5 and 6 (See Table 3).

Table 3 Numerical results with baffle 2

Test The initial | The initial | Distance between baffle | Height of sand | Inclinations/<

number | height (H) length (L) | 2 and baffle 1 (S) at baffle 2

5 40mm 20mm 20mm

6 60mm 20mm 31mm




