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Abstract: The weathering of the granite rock results in C.D.G.S (completely decomposed granite soil) in most land area. 

Therefore, the C.D.G.S is commonly encountered in construction field, such as riverbanks and embankments, including roads 

and railways, and has a stress history of compaction with their construction. In this process, the compacted soil possesses an 

anisotropic property. Measurement of stress-strain-strength behavior of anisotropic decomposed granite soil is very important 

for the analysis of deformation and stability of slopes, retaining walls and excavations. Therefore, Anisotropy of mechanical 

properties for C.D.G.S (compacted decomposed granite soil), a series of unsaturated and saturated-drained triaxial compression 

tests was performed in order to investigate the deformation and strength anisotropy of C.D.G.S (compacted decomposed granite 

soils). Three different orientation angles of the axial direction of samples with respect to the horizontal plane were investigated: 

δ=0, 45 and 90 degrees. As the results showed, the compression strain of specimens subjected to an isotropic compression was 

influenced strongly by δ. The effect of the angle δ on the strength was more pronounced on unsaturated specimen as compared to 

saturated specimen. In addition, the time dependence was independent of the settling angle associated with the deformation 

behavior during the secondary compression process. The effect of settling angle on triaxial compressive strength and 

deformation was clearly demonstrated at low constraining stresses. Furthermore, to investigate the effect of strength anisotropy 

according to the height of the fill on the slope stability, slope stability analysis was performed assuming 10m, 20m, 50m, and 

100m of the embankment. it became clear that by considering strength anisotropy, the stability of embankment decreased when 

water level within the embankment was low. In order to obtain more reliable results in the future, verification using various 

samples will be required. 
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1. Introduction 

The weathering of the granite rock results in C.D.G.S 

(completely decomposed granite soil) in most land area. 

Therefore, the C.D.G.S is commonly encountered in 

construction field, such as riverbanks and embankments, 

including roads and railways, and has a stress history of 

compaction with their construction. In this process, the 

compacted soil possesses an anisotropic property. Much 

laboratory work has been conducted to find the 

compressibility or mechanical properties of compacted 

materials. For compacted specimens employed in 

conventional triaxial tests, the direction of the compaction 

loading corresponded with the direction of the major 

principal stress. However, the stress conditions in a soil 

structure caused by additional loading, such as an earthquake, 

should vary in terms of the direction of the major principal 

stress. Therefore, in order to study stability and 

deformability of a structure using compacted materials, it is 

necessary to understand the anisotropic properties for the 
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unsaturated compacted material. Although it has been widely 

recognized, studies of the anisotropic property of compacted 

materials have been limited to clayey soils [7, 12]. 

Conversely, saturated clay and soil have been studied by 

many researchers (e.g., [1-5, 8-10, 14, 17]), but previous 

researches concerning anisotropic property of C.D.G.S 

materials are limited. Therefore, it is necessary to collect 

substantial data in order to understand the mechanical 

properties of C.D.G.S. A series of unsaturated-drained 

triaxial compression tests were performed on unsaturated 

compacted materials. The tests were planned to find not only 

the degree of anisotropy for the sedimentation angle of the 

compacted material, but also the influences of the confining 

stress, degree of saturation and specimen preparation method 

on the anisotropic properties. The test results show not only 

the degree of anisotropy considering the sedimentation angle 

of the compacted material, but also the influence on the 

unsaturated C.D.G.S materials. 

2. Indoor Test 

2.1. Material Properties 

The physical properties of the sample are shown in Table 1, 

and the grain size distribution curve of the materials in Figure 

1. Matsuo et al. [10] confirmed that the higher the degree of 

weathering, the higher the moisture content, and that specific 

surface area, ignition loss, and absorption rate are effective 

indicators for evaluating the weathering degree of granite 

weathered soil. 

Table 1. Physical properties of soils used. 

Sample Max. Grain size (mm) Gs Ignition loss (%) Uc wopt ρdmax (g/cm3) 

Shimonoseki < 2 2.68 1.83 7.14 13.24 1.78 

 

Uc is the coefficient of uniformity, and the degree of 

weathering was determined from ignition loss. Quartz, 

feldspar, and colored mineral contents of this sample were 

about 23, 62 and 15%, respectively. Ignition loss of Toyoura 

sand, mostly composed of quartz, with a small degree of 

weathering, was 0.4. The ignition loss Myoung-Gyu Lee, et al 

[9] of the sample was 1.83. 

2.2. Method 

Decomposed granite soil with optimum moisture content 

(w=13%) was compacted in a container (200 mm×100 

mm×200 mm) by hitting with a 19.6N rammer. The density 

of the compacted materials was controlled by the relative 

compaction, R, to be 90%. The relative compaction was 

defined as the percentage of the density to the maximum dry 

density obtained from each compaction test. The soils are 

compacted by 1.8 cm at each layer to make 20 cm height. 

The rectangular sample was frozen at under -20°C followed 

by cylindrical triaxial compression of the specimens into a 

50 mm diameter and 100 mm height using a core bit machine, 

as shown in Figure 2. The liquefied nitrogen was sprinkled to 

the sample with 80 kPa to avoid disturbance. The sample had 

three different angles of the axial (major principal) direction 

to the sedimentation plane (compaction plane): 0, 45 and 90 

degrees. Specimens were set up under a 20 kPa confining 

pressure, with melting for about 6-hours. After this, 

confining pressures up to, 30, 60, 120 or 240 kPa were 

applied for 1 or 10 hours, in order to find the time 

dependency of the mechanical behavior of the unsaturated 

compacted materials. 

The first set of specimens was similar to the frozen 

specimens used in the triaxial tests. For comparison purposes, 

the second set of specimens consisted of compacted soils 

having different initial degrees of saturation, Sr, ranging from 

40-90%. 

 

Figure 1. Grain-size distribution curves of soils used. 

 

Figure 2. Schematic diagram of showing angles ofaxial direction δ with 

respect to the bedding plane. 
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3. Indoor Test Result 

3.1. The Effect of the Angle of Sedimentation on the 

Compression Settlement 

Figure 3 Show the relationship between the elapsed 

compression time and the axial strain for a sample subjected to 

a 60kPa confining stress. There were two compression 

processes; one was the primary compression process, from the 

beginning to the end of the confining pressure loading, and the 

other the secondary compression process, after the end of the 

confining pressure loading. The amounts of axial strain during 

the primary and secondary compressions were referred to as 

S1 and S2, respectively, as shown in Figure 3. 

The isotropic compression behavior, S1, increased suddenly 

due to the immediate settlement during the primary 

compression process, after then S2 showed only a slight 

non-linear relationship with the function of the logarithm of 

time during the secondary compression process. 

Figure 4 Show the relationship between the axial strain and 

time under the conditions of 60kPa of confining pressure and 

10 hours compressive stress. The arrow in the Figure 4 

represents the moment the load ended. As δ of the specimen 

decreased from 90° to 0°, the axial strain S1 increased. 

 

Figure 3. Relationship between axial strain, axial load and time of 

compression (δ=90°). 

 

Figure 4. Relationship between axial strain and time of compression. 

Figure 5 shows the effect of the confining pressure on the 

relationship between the axial strain and the duration of 

compressive stress for samples subjected to30, 60, 120, 

240kPa confining pressures for specimens with δ =90°. As 

the confining stress increased, the amount of axial strain S1 

also increased. The arrows in the Figure 5 represent the 

moment the load ended. Then, the amount of axial strain, S2, 

was approximately the same for all confining stresses. The 

behavior of deformation during the secondary compression 

process was verified as not having any dependency on the 

confining stress. S2 was considered to be related to the particle 

rearrangement and decreased suction factors that were the 

result of the compression. 

 

Figure 5. Relationship between Axial strain and compression time (min). 

3.2. The Effect of the Angle of Sedimentation on the 

Strength 

In order to investigate the shear property of the compacted 

specimen with 90, 45 and 0 degree angles of sedimentation, 

drained triaxial compression tests were performed. The 

deviator stress-axial strain and axial-volumetric strains 

diagrams for the specimen compressed at 120kPa are shown in 

Figure 6. The deviator stress showed a clear maximum stress 

points, which then slowly decreased as shown in Figure 8. As 

the value of δ increased from 0° to 90°, the maximum value of 

the deviator stress qmax also increased, but the axial strain at 

qmax decreased. In addition, the dilatancy rate at the point of 

failure increased with increasing δ . Figure 7 shows the 

change in the deviator stress obtained for strains up to 0.05% 

for the specimens. 

Immediately after conducting the shear test, all specimens 

showed almost the same behavioral characteristics until 

around 0.005% of the axial strain rate, and the dependence on 

saturation and value of δ was not confirmed. This is the same 

as the results of the study conducted by Tatsuoka et al. [15], 

Tatsuoka et al. [16] and Kohata et al. [6], and means that no 

movement between particles occurs and elastic particle 

deformation is dominant in the range of micro-strain (0.005% 

or less) of the C.D.G.S. 

Figure 8 shows the relationship between shear strength (τ), 

total stress (σ), and effective stress (σ') calculated by the 
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Mohr-Coulomb fracture criterion for the results of 

unsaturated and saturated specimens. Figure 9 is Figure 8 

shows the relationship between the adhesive force (c), the 

internal friction angle (Φ'), and the angle (δ) between the σ1 

direction and the deposition surface. From Figure 9 it can be 

seen that the internal friction angle (Φ') also increases as δ 

increases for both saturated and unsaturated specimens 

regardless of the degree of saturation, and the amount of 

increase is constant regardless of the degree of saturation. 

 

Figure 6. Relationship between axial strain and deviator strain, volumetric 

strain and drain volumetric strain. 

 

Figure 7. Stress- strain relations (up to �a=0.05%). 

 

 

 

Figure 8. Strength constant obtained by Mohr-Coulomb fracture criterion. 

In addition, the saturated specimen shows a constant value 

regardless of the change in δ, whereas the unsaturated 

specimen shows a tendency to increase the adhesive strength 

as δ increases from 0° to 90°. This result means that the 

suction force acting on the unsaturated specimen serves to 

increase the adhesive force, and the apparent adhesive force 

increased due to the suction force depends on δ.  

Figure 10 shows the relationship between the secant shear 

resistance angles at peak shear stress ( peakϕ ) and the mean 

principal stress, p. As the mean principal stress increased, 

peakϕ decreased steeply. 

The slope became steeper as δ became large. The effect of 

the angle of sedimentation on the strength of deformation was 

clear with low mean principal stress. In the case of Ube, the 

tendency for a steep slope was shown to be very gentle with 

increases in the mean principal stress, p, compared with the 

data of Shimonoseki. 
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Figure 9. Relationship among cohesion, internal friction angle and δ . 

 

Figure 10. Relationship between secant shears resistance angles at peak 

shear stress and mean principal stress. 

It was thought that the initial fabric arrangement would 

remain nearly constant in a low confining stress. As the 

confining stress increased, the particles were rearranged by 

particle breakage, such that the effect of the angle of 

sedimentation disappeared under high confining stress. 

3.3. The Effect of the Angle of Sedimentation on the 

Dilatancy 

In order to show the effect of the angle of sedimentation on 

the dilatancy, the ratio of the volumetric strain increment to 

the increment of the axial strain at peak stress conditions, 

( / )v peakd dε γ− , was examined. Figure 11 shows the ratio of 

( / )v peakd dε γ− for an angle of sedimentation to

( / )v peakd dε γ− for a δ of 90°. The ratio ( / )v peakdε εγ− /

( / )v peakdε εγ− at =90° was plotted against δ . As the 

confining stress increased, the ratio, ( / )v peakd dε γ−

/{ ( / )v peakd dε γ−  at δ =90°} decreased. The 

( / )v peakd dε γ− /{ ( / )v peakd dε γ− at δ =90°)} with a 

confining stress of 30kPa was 0.58. As the confining stress 

increased, the value of ( / )v peakd dε γ− /{ ( / )v peakd dε γ− at 

=90°)} was approximately 1.0. 

The C.D.G.S had lower values of { ( / )v peakd dε γ−  at δ
=0°} /{ ( / )v peakdε εγ− at δ  =90°} than the data for the air 

pluviated decomposed granite and Toyoura sand. Figure 12. 

shows the relationship between the increment of strength due 

to dilatancy, peak cvϕ ϕ− , and the dilatancy rate, 

( / )v peakd dε γ at failure. As ( / )v peakd dε γ increased, 

peak cvϕ ϕ−  also increased. The same tendency was obtained 

for all specimens used in this paper.  

 

Figure 11. { ( / ) ( )v peakd dε γ δ− }/{ ( / )v peakd dε γ− for a δ of 90°}. 

3.4. Effect of Strength Anisotropy on Embankment Height 

on Slope Stability 

In order to investigate the effect of strength anisotropy 

on the stability of the slope due to the embankment height, 

assumed an embankment with different heights of 10 m, 

20m, 50m, and 100m, and performed a slope stability 

analysis. 

Figure 13 Shows the cross-sectional view of the 

embankment used for slope stability analysis. 

 

Figure 12. Relationship between ( peak cvϕ ϕ− ) and ( / )vd dε γ− . 
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(a) Slope stability analysis by Fellenius method 

 

(b) Slope stability analysis considering anisotropy 

Figure 13. Cross section used for slope stability analysis. 

 

Figure 14. Results of slope stability analysis considering the Fellenius 

method and anisotropy (effect of embankment height). 

In order to investigate the effect of strength anisotropy on 

the stability of the slope, the groundwater level in the 

embankment was changed to 10m, 30m, 50m, 91.9m, and 

conventional slope stability analysis considering anisotropy 

were performed carried out. The simplest and long-used 

simple division method (Fellenius method) is used as the 

stability analysis method used this time. 

Figure 14 shows the relationship between the 

embankment height and the safety factor, which is the 

result of the slope stability analysis calculation performed. 

From the Figure 14, it can be seen that the safety factor 

obtained by considering the conventional Fellenius 

method and anisotropy decreases as the embankment 

height increases. In addition, the safety factor obtained in 

consideration of anisotropy is smaller than the safety 

factor obtained by the conventional Ferrenius method, and 

the difference is Fs(Ferenius method) -Fs(new method). 

The value decreases as the height of the embankment 

increases. This is thought to be because the higher the 

embankment height, the less the effect of suction on the 

stability of the embankment. 

From the above results, the effect of strength 

anisotropy on the stability of the embankment slope is 

greater in soil structures with low embankment height, 

and the assumption of anisotropy of strength constants 

reveals more dangerous results. Furthermore, it became 

clear that by considering strength anisotropy, the stability 

of embankment decreased when water level within the 

embankment was low. In order to obtain more reliable 

results in the future, verification using various samples 

will be required. 

4. Conclusion 

This paper introduces a series of unsaturated-drained 

triaxial compression tests which were performed on 

C.D.G.S (completely decomposed granite soils). Typical 

testresults from a series of triaxial tests for unsaturated 

samples were planned to find the effect of not only angle of 

sedimentation, but the influence of confining stress, degree 

of saturation and specimen preparation method on the 

anisotropic properties. Following conclusions may be 

drawn. 

The Secant Young’s modulus showed the same behavior for 

all specimens, even with different δ  

The effects of the angle of sedimentation on the triaxial 

compression strength and deformation were clearly generated 

at the low confining stress than at the high confinement 

stress. 

The difference between the peak strength peakϕ  and the 

residual strength cvϕ was dominated by the dilatancy for 

compacted specimens. 

The compacted specimen can be considered to have 

anisotropic mechanical properties, the same as the initial 

fabric anisotropy of sand. 

The effect of strength anisotropy on the stability of the fill 

slope is greater for geologic structures with low fill heights, 

and assuming an anisotropy of the strength constant gives 

more dangerous results. In order to confirm these results in 

the future, verification using various samples will be 

required. 
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