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Hydraulic Resistance Characteristics of Compacted Weathered Granite Soil
by Rotating Cylinder Test and Image Analysis

9 A Kim, Young Sang
g A A Lim, Jae Seong
Abstract

Recently, in Korea, problems related with unstability of slope or sinkhole in urban area due to erosion of compacted
granite soil which was used as a backfill or embankment material have been treated as important issues. Small hole
might develop inside of backfill area due to erosion of not only weathered granite soil but also clay, silt, fine sand
size particles when underground water flows. Once erosion starts in a soil mass, erosion rate increases gradually to
cause rapid destruction. In this study, a rotating cylinder test (RCT) was performed to evaluate the hydraulic resistance
characteristics of compacted weathered granite soil under various relative densities and preconsolidation pressures.
Meanwhile, an image analysis method was introduced to analyze radius of irregularly eroded sample. It was found that
image analysis is an effective means of minimizing the error in calculating a critical shear stress and threshold shear
stress on the irregularly eroded sample. Furthermore, in general, hydraulic resistance capacity increases with the increase

of relative density and preconsolidation pressure.
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Fig. 1. Rotating cylinder tester

Table 1. Specification of rotating cylinder tester

Division Specifications
) Width 740mm

Equipment -
Height 1500mm
Model BCL—-1L

Load cell Size 200>200mm

Tightening Torque 1.5Nm
Temperature Model HY—-48D_PPMMRO05

sensor Range 0~399C

Base rotations Right and left 360°

Rotary motor Characteristic Low vibration motor

Velocity 0~1870RPM
Real—time output Model NT=301A
torque measuring
device Size 193x100%<140mm
Material Acryl
Cylinder Diameter 120mm
Height 210mm
— Variable speed drives (IG5A)
Option — Sampling and drainage

— Specimen grips
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Fig. 2. Relationship between RPM and flow velocity of RCT
apparatus (Han, 2012)
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Fig. 4. Image analysis steps: (a) Original image (b) Convert scanned color image to gray scale with 8-bit (c) Threshold the image using

the automated routine (d) Outline of analyzed area
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Table 2. Geotechnical properties of weathered soils

No.?OO Sqll . Atterberg Spec!ﬂc
passing Classification Limit gravity
percent (%) by USCS (Gs)
LL=28.6
15.05 SM PL=N P 2.62
Max. Void Min. Void Max. dry Optimum
ratio ratio density water content
(emax) (emin) (Vdmax, g/CmS) (U)OAIC’ %)
1.430 0.689 1.559 19.4
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Fig. 5. Manufacturing soil sample
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Table 3. Degrees of saturation with respect to the relative density

3) Aejg ol-gsto] =aH St WA E(R)l digh W}

= AR 2ah ZAo] WAs| Altshs A

58 DACIA = FAE BRI E(R) HEAIE(R,) 2

FAHRE o83t o} HolEo] 14.86%=2 2 2bole WASHA] g2 AL
2 UERTh ofof Histe] Aol F43] WA= A

Dr " Volume of Weight of Confining Degreei of
(%) €o (g/(:m,:j) specm;en specimen pressure satuzahon
(cm”) (9) (kPa) (%)
100 96.1
40 1.13 1.228 785.4 964.5 200 96.5
300 98.5
100 96.4
60 0.98 1.320 785.4 1036.7 200 99.5
300 96.8
100 95.7
75 0.87 1.398 785.4 1097.9 200 96.9
300 97.8
Table 4. Radius change rate from initial radius to equivalent radius
7. (N/m?) 7 (N/m?)
N \
o e Ro (m) Ri (m) chZ?tgee O(f%) Ro (m) Ri (m) chZ?;eeo(f%)
100 0.0426 14.86 0.0426 14.86
40 200 0.0433 13.45 0.0433 13.45
300 0.0440 12.04 0.0440 12.04
100 0.0438 12.40 0.0254 49.20
60 200 0.05 0.0443 11.38 0.05 0.0348 30.44
300 0.0450 9.91 0.0340 31.91
100 0.0460 8.00 0.0275 45.00
75 200 0.0481 3.90 0.0351 29.87
300 0.0484 3.20 0.0344 31.20
=0~100kPa  =[~200kPa ——300kPa ~O-100kPa  =~200kPa  =A=300kPa
0.07 + 0.07
- R, T R,
006+ —FK 0.06 f — R
E ; T
% 0.05 - ; Z 0,05 §
1 pm——0 PR
x 0.04 ¢ Boosi
0.03 £ 0.03 £
0.02 & 0.02 ! . \
40 60 75 40 60 75

Relative density, Dr(%)

(a) Radius at the critical shear stress state

Relative density, Dr(%)

(b) Radius at the threshold shear stress state

Fig. 6. Change of radius with respect to relative density and preconsolidation pressure
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Table 5. Change rate of Shear stress determined from initial radius and equivalent radius of image analysis

7.(N/m?) 7, (N/m?) Rate of change (%)
Dr (%) o, (kPa)

Ro Ri Ro Ri . T

100 0.31 0.32 0.31 0.32 3.9 3.9

40 200 0.36 0.40 0.36 0.40 5.4 5.4

300 0.41 0.50 0.41 0.50 17.6 17.6

100 0.52 0.54 3.36 5.19 4.5 35.2

60 200 0.89 1.03 3.97 5.33 13.8 25.5

300 1.72 1.81 4.04 5.48 4.9 26.3

100 0.74 0.8 4.93 10.49 7.6 53.0

75 200 2.20 2.29 7.37 13.27 4.0 44.5

300 2.51 2.61 7.93 1.2 3.7 29.2
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