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Abstract : During the construction of Shuanggang navigation and power junction project along the Xinjiang River,
the cofferdam filling has the characteristics of low strength and low permeability. Because of the large scale of the
cofferdam on site, considering the size of the model slot, the similarity of this model test is large, and the shear
strength index and permeability coefficient of the corresponding analogous materials are very low. Tale, barite
powder, silty sand, sodium bentonite and foams were used as raw materials. Based on orthogonal test, analogous
materials were prepared for model test of the cofferdam. The density, undrained shear strength and permeability
coefficient of analogous materials with different ratios were obtained through density test, vane shear test and
penetration test. The results show that the undrained shear strength of the material is low, and the other parame-
ters are widely adjusted, which can meet the requirements of most model tests on analogous soil materials and is
especially suitable for simulating soft soil under water environment in model tests. The outcome can provide ref-
erence for the selection of analogous materials in other model tests.
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Fig.1 Cross—sectional view of a cofferdam in Xinjiang Shuanggang Project (Unit: mm)
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Tab.1 Similarity relations of physical quantities

Type Physical quantity Similarity relationship Ratio of similitude
Geometric characteristic Geometric dimensioning / G 1/30
Density p C, 1
Cohesive force ¢ C. 1/30
Material characteristics Elasticity modulus £ Cy 1/30
Strain & C. 1
Stress o C, 1/30
Osmotic coefficient k C, 1/5.477
Displacement w C, 1/30
Dynamic characteristics Flow velocity v C, 1/5.477
Earth acceleration g C, 1
Time ¢ C, 1/30
Load Area load ¢ C=C 1/30
x2 FREMERRSH
Tab.2 Material parameters of prototype and model
Physical parameter
Type Rock soil mass types Unit weight Osmotic coefficient Cohesive force Internal friction ~ Undrained shear
/(kN/m*) /(cm/s) c/kPa angle/(°) strength/kPa
Outsourcing backfill 18.5 3.20x10° 44 15 44~80.2
Prototype
Open channel backfill soil 18.0 2.91x10° 19 9 19~41.17
Outsourcing backfill 18.5 5.80x107® 1.47 15 1.47~2.67
Model
Open channel backfill soil 18.0 5.30x107 0.63 9 0.63~1.25
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Tab.3 Raw material parameters of similar materials

Materials

Character

Mesh number Relative density

Barite powder
Bentonite
Talcum powder

Silty—fine sand

Original liquid of foam agent

White powder
Light yellow powder
White powder
White granules

Transparency liquid

325 4.0
200 1.4
400 2.0
20~40 2.4
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Fig.2 Undrained shear strength test
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Table 4 Corresponding torque M-shear strength C,

conversion table of different specifications plate head

D/mm H/mm M/(N-m) C/kPa
16 32 1 66.61
20 40 1 34.1

254 50.8 1 16.65

50.8 101.6 1 2.08
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Fig.3 Setup for permeability test
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Tab.5 Orthogonal design level of similar materials
Horizontal groups A B C D E
1 20 30 0 20

2 30 40 5 30 50

3 40 50 10 40 100

4 50 60 15 50 150

5 60 70 20 60 200

6 EXRBARRER
Tab.6 Orthogonal test scheme and result
Factor of influence Measure indicators
Experiment

A B C D E ol (glem’) c/kPa k/(cm/s)
Experiment 1 20 20 0 25 0 2.05 7.3 7.10x107
Experiment 2 20 30 5 30 50 1.94 6.3 4.80x107
Experiment 3 20 40 10 35 100 1.83 5.1 5.67x10°
Experiment 4 20 50 15 40 150 1.77 4.1 1.60x107¢
Experiment 5 20 60 20 45 200 1.66 29 3.34x107
Experiment 6 30 20 5 35 150 1.78 23 2.19x107°
Experiment 7 30 30 10 40 200 1.63 1.3 4.60x10°
Experiment 8 30 40 15 45 0 1.75 4.3 8.40x107
Experiment 9 30 50 20 25 50 1.93 7.8 6.50x10°*
Experiment 10 30 60 0 30 100 1.79 0.8 4.99x107
Experiment 11 40 20 10 45 50 1.79 25 7.34x10°
Experiment 12 40 30 15 25 100 1.85 53 5.50x107
Experiment 13 40 40 20 30 150 1.74 5.1 6.50x10*
Experiment 14 40 50 0 35 200 1.68 1.5 1.29x107
Experiment 15 40 60 5 40 0 1.81 1.8 4.14x10°
Experiment 16 50 20 15 30 200 1.74 3.1 4.20x10°°
Experiment 17 50 30 20 35 0 1.83 10.4 7.70x107®
Experiment 18 50 40 0 40 50 1.65 23 1.29x107
Experiment 19 50 50 5 45 100 1.72 0.8 3.60x107
Experiment 20 50 60 10 25 150 1.91 7.8 2.40x10°
Experiment 21 60 20 20 40 100 1.71 3.1 8.50x10°*
Experiment 22 60 30 0 45 150 1.55 0 1.29x107
Experiment 23 60 40 5 25 200 1.78 4.1 2.50x107
Experiment 24 60 50 10 30 0 1.93 4.5 1.54x10°
Experiment 25 60 60 15 35 50 1.81 4.0 7.04x107
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Tab.7 Analysis of density range
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Tab.8 Range analysis of undrained shear strength

g/em? kPa
Horizontal i
orizonta A B C D E Horizontal A B C D E
groups groups
1 1.850 1.814 1.744 1904 1.874 1 5.14 3.66 2.39 6.46 5.67
2 1.776 ~ 1.760  1.806  1.828 1.824 2 3.31 4.66 3.07 4.0 4.58
3 1.774  1.750  1.818 1.786  1.780 3 4.89 4.18 4.24 4.66 3.03
4 1.770  1.806  1.784 1.714  1.750 4 4.89 3.75 4.16 2.53 3.86
5 1.756  1.796  1.774  1.694  1.698 5 3.14 3.47 5.86 2.11 2.58
Range 0.094 0.064 0.074 0210 0.176 Range 2 1.19 3.47 4.35 3.09
2.0
1.9

Desity/ (g/cm?)
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Fig.4 Sensitivity analysis on density
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Tab.9 Analysis of permeability coefficient range

cm/s
Horizontal groups A C D E
1 2.53x10°9 2.09x10° 4.11x10° 1.98x10°9 2.30x10°
2 4.99x10° 2.59x10° 3.45x10° 1.01x10° 2.69x10™
3 3.59x10° 2.64x10™ 431x10° 2.64x107 1.01x10°
4 2.68x10™ 2.66x10™ 1.58x10°¢ 2.68x10™ 2.59x10°
5 2.58x10° 1.01x10° 1.25x107 2.59x10° 2.65x10
Range 4.96x10° 2.57x10° 4.11x10° 2.57x107 2.56x10°
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