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Structure modeling and mechanical parameters research of
outwash deposits based on digital image analysis
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(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210098, China;
2. Geotechnical Research Institute, Hohai University, Nanjing 210098, China)

Abstract: Outwash deposit is one of the typical mixed materials, which is made up of soft soil grains and hard rock mass; and it is
very difficult to determine its mechanical parameters and analyze its mechanical characteristics. Digital image reconstruction method
is used here to help construct the structure of outwash deposits and to reflect the distribution of stones as well as the feature of clump.
So a modeling method with particle discrete element method based on image recognition is built up, by which the laws on mechanical
parameters of media distribution, strength of soil particles are researched. Then deformation characteristic, peak strength and shear
strength after peak are analyzed. It is shown that the deformation curve before peak strength presents a feature of nonlinear hardening
process, while it is like perfect plasticity after peak strength; composite friction angle of mixed material will decrease with the
increase of bonding strength; when the stone content is less than 25%, composite shear strength approximately is equal to soil
strength; when the stone content is higher than 25%, the shear strength will increase with the increase of stone content. Due to the
effect of rock structure, the correlation coefficient between stone content and friction angle is greater than that between stone content
and cohesion strength; and it can be concluded that the actual friction angle of geology deposits of Gushui Hydropower station is 0-8
degrees higher which is agreement to engineering conclusion. This method can consider stones of large size, which is a great
difficulty in laboratory test, and can be a beneficial method for mechanical test in determining shear strength.

Key words: outwash deposits; soil-rock mixture; image recognition; geotechnical parameters
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Fig.1 Structure statistics of outwash deposits
microstructure based on image detection
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Fig.2 Modeling of outwash deposits based
on image recognition
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Fig.3 Common combinations of particles based on pixel
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Table 1 Mechanical characteristics of macro medium

R HPEAR i R
ik F‘: PP WAL P R4 £ R
/(g/cm’) /MPa /(°) /MPa
1 2.2 37 0.33 26.5 0.13
£ 2.7 7 000 0.20 50.0 12.00
2.0
1.6
£ 12
=
® 08
&
—— H{E Y

—a— F NI

0.0

0.00 0.04 0.08 0.12 0.16 0.20

&1

B4 HBERE S S A IAR N ) -2 LR L
Fig.4 Comparison of stress-strain curves between
simulation test and laboratory test
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Table 2 Mesoscopic parameters of soil and rock particles
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Fig.5 Curves of typical deformation characteristic
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Fig.6 Normal stress distribution on section I-I
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Fig.7 Axial stress distribution in compressive area
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different adhesion forces

(H L IORE R4S 0 e, RTUKOKHERAR I HT Y
DIsmEARARIFARFI LI N, BEAE R4S D8 e, 1
ARG IPUBT NEEEA PREES ILIE 9),
M) BT LR 100, IXEWI BT 70l
VR HERUA ) s AR A T BR3P
PR BN, REEAE R UK HERR AR T 7 5
AW PR o

30
29
28 F
27
2 |
= o5 |
m 24 F

23

WEEEEF/(C )

\E\'

I

0 2 4 6
TAURLR S5 01 /KN

B9 WEBRMAELARISHENL

Fig.9 Friction angle changes with soil cohesive force
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Fig.10 Cohesion changes with soil adhesion
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Fig.12 Relation between stone content and friction angle
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