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Failure Mechanism Evaluation in Normally Consolidated Cohesive Soils
by Plane Strain Test with Digital Image Analysis
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Abstract

Soil failure is initiated and preceded by forming and progressing of shear band, defined as the localization of
deformation into thin zones of soil mass. To understand the failure mechanism of normally consolidated cohesive soil,
the spatial distribution and evolution of deformation within the entire specimen need to be evaluated. In this study,
vertical compression tests under plane strain condition were performed on reconstituted kaolinite specimens, while
capturing digital images of the specimen at regular intervals during shearing. Overall stress-strain behavior from initial
to post peak has been analyzed together with spatial distributions of deformations and shear band characteristics from

digital images at 4 stages.
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2. WHHHEHE AIE (Plane Strain Test)
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Fig. 1. Plane strain testing apparatus (Jang et al., 2011)
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Table 1. Physical properties of reconstituted kaolinite
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3. CIX|Z o[0|X| ol Md(Digital Image Analysis)

3.1 YR oln]x] A e

Akt Folol Al TIAE ololx) 71Ne F2 o
NES] WS 2ol gjsto] AHEEIL ek & AT
o= TR E o|u|x|S 083 A 7|H = A8l ZE+

g8 A3l Q)= PIV(Particle Image

Liquid limit (%) Plastic index (%) Gs USCS Water content (%)
65.3 23.1 2.62 MH 53.3
Table 2. Maximum past pressure of reconstituted kaolinite
CRS Consolidation test Oedometer test
Maximum past pressure (kPa) 102 106
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Fig. 2. Accuracy and precision verification by various pixel subsets
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Fig. 3. Selected pixel subsets and center points for digital image analysis
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Fig. 4. Definition of unit element for evaluation of deformation
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Fig. 9. Contour of shear strain increment for peak stage
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Fig. 12. Contour of horizontal and vertical displacement for steady state stage
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Fig. 13. Contour of shear strain increment for steady state stage

Fig. 14. Configuration of the specimen at the completion of failure
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Fig. 15. Shear band inclination evaluation by Mohr-Coulomb and Roscoe

Table 3. Inclination angles for each stages with internal friction, dilation angle

Stage ol ¥ ¢ bz 04 measured
Peak 23.0° 9.2° 56.5° 49.6° 53.0° 46.8°
Softening 21.8° 6.5° 55.9° 48.2° 52.8° 54.8°
Steady state 20.9° 3.6° 55.4° 46.8° 51.1° 58.6°
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