
Effect of grass roots on deformation-strength characteristics of a 
volcanic coarse-grained soil 

 
Peng JIN 

Candidate for the Degree of Master of Engineering 
Supervisor: Professor Tatsuya Ishikawa 

Division of Filed Engineering for the Environment 

 

 

 

 

Introduction 
 

Roots of vegetation have been widely realized and 

approved that they have an enhancement in shear strength 

properties of soil, and thus vegetation has been widely 

utilized as a stabilization of surface soil for slopes. 

Researches on shear strength behaviors of root-reinforced 

soil were primarily developed by both disturbed and 

undisturbed direct shear test, in both in-situ and 

experimental conditions[1][2]. 

As for triaxial compression tests, disturbed specimens 

with diverse artificial root structures of reinforcement were 

investigated for a better understanding of influence on the 

role of root structures on fine grained soils[3]. However, real 

behaviors of soil-root structures are much more 

complicated than artificially assessed ones in experimental 

conditions, and until now researches on undisturbed soils 

using triaxial compression test are limited.  

Furthermore, in Hokkaido area, volcanic coarse-grained 

soils are widely utilized as construction materials for 

embankments. Thus the investigation about the effect of 

grass roots on theses soils comes to be necessary for the 

reason that few researches are developed in this research 

direction. 

 

 

Research objectives 
 

To have a deeper understanding of the mechanical behavior 

of volcanic soil ground with surface vegetation, a series of 

monotonic consolidated drained (CD) triaxial compression 

tests were performed on a volcanic coarse-grained soil with 

undisturbed root structures grown under different 

cultivation periods. The main objectives of this paper are 

 Proposing a method of preparing root-reinfoced soil 

specimens utilizating indoor cultivation method. 

 Evaluating the effect of grass roots on strength of 

root-reinforced soil with “root length density (RLD)” 

parameter. 

 Identifying changes of effective cohesion and 

effective internal friction angle corresponding to 

extend of cultivation periods. 

 Describing effects of roots on deformation 

characteristics through change of E50 and ν50 

(deformation modulus and poisson's ratio at 50% of 

peak strength). 

 

 

Soil properties and grass species 
 

Komaoka volcanic coarse-grained soil, a kind of sandy 

gravel soil with fine particle fraction (GFS), and Tall 

Fescue, which is a common species in cold region and 

usually utilized as vegetation for greening, were selected in 

this study. Figure 1 shows the grain size distribution and 

physical properties of Komaoka volcanic coarse-grained 

soil in comparement with Toyoura sand. 

 
Figure 1.GSD and physical properties of Komaoka soil 

(comparing with Toyoura sand) 
 
 
Preparation of specimen 
 

PVC pipes (vu65 76×71ϕ) including bisected ones were 

employed as molds for grass soil specimens. The soil was 

firstly air dried, then poured into the molds aiming at dry 

density of 0.868g/cm3 through air-pluviation method. Grass 

seeds layers were smeared and compacted on the top of the 

specimens with same density in the field. Specimens were 

settled in experiment room, sunlight was blocked all the 

daytime and only artificial light was supplied to specimens. 

4 high illuminance low hit discharging LED lights were 

shunt connected and switched on for 12 hours per day to 

supply over 100,000 lx × hours of daily accumulative 

illuminance. Room temperature was controlled at a 

constant value of 25℃ and each specimen was watered 

300mL totally in two times every day since the light was 

switched on. Figure 2 shows details of indoor cultivation 



method. 

Figure 2. Instruction of indoor cultivation method. 

After the specimens reached the designated cultivation 

periods, the specimens were firstly trimmed into size of 

17cm in height, 7cm in diameter by the mold, then frozen 

at -20 ℃ in the freezer for over 12 hours. All specimens 

were frozen at water content of about 60%, so that the 

cohesionless specimens with roots structures can be 

reserved and be set into the triaxial compression test 

apparatus with less disturbance on soil-root structure. No 

deformation was observed during freezing because that all 

specimens were wrapped and fixed with filter papers and 

plastic films after trimming.   

 

 

Monotonic triaxial compression test 
 

Figure 3. Triaxial compression test apparatus 

Figure 3 shows the schematic diagram of triaxial 

compression test apparatus. For the specimens they had a 

cylindrical shape with 17cm in height and 7cm in diameter. 

A series of monotonic saturated triaxial compression tests 

were performed under two different effective confining 

pressures (σ3′) within 6 groups classified by different 

cultivation periods. Detailed test conditions are shown in 

Table 1. For difference between bare and bare(frozen) soils, 

specimens of bare group were prepared in the way of air-

pluviation method, while specimens of bare(frozen) group 

were prepared in method described in previous section. The 

specimens with grass roots were grouped by cultivation 

periods. Four different time length of cultivation periods (2 

weeks, 4 weeks, 6 weeks and 8 weeks) were selected, 

defined as group names and investigated in this research. 

Experiment procedure of triaxial compression test 

followed standard of Method for consolidated-drained 

triaxial compression test on soils (JGS 0524-2009)[4]. 

Figure 4. Drainage during consolidation.  
First, the frozen specimen was set into the cell, 20kPa 

of confining pressure was applied for over 2 hours so that 

the specimen was allowed to melt. Then the specimen was 

saturated by de-aired water, 200kPa of back pressure and 

220kPa of confining stress were applied to ensure the 

saturation of the specimen, aiming at that Bishop’s B value 

of the specimen was equal to or larger than 0.96. 

Consolidation process started by rising confining pressure 

to 225kPa or 249kPa during each test, aiming at adapting 

σ3′ of 25kPa and 49kPa respectively. Then the specimen 

was isotropically drained under designated σ3′ and amount 

of drainage during consolidation are summarized in Figure 

4. Result shows that 1 hour of consolidation was enough 

for each specimen in the test. Shear process strarted after 

consolidation ended, 25% of maximum axial strain and 

0.2%min of strain rate were applied by direct drive motar, 

while keeping σ3′ constant and securing drainage under 

constant back pressure of 200kPa.  

   

Table 1. Test conditions  

 
 
Results and discussions 
 

Growth conditions of roots 

 

 

Monotonic 

CD triaxle test 

Effective confining 

pressure (σ3′) 

25kPa 

49kPa 

Back pressure 200kPa 

Consolidation time 1 hour 

Maximum axial strain 25% 

Strain rate 0.2%/min 

 

 

 

Groups 

bare 

bare(frozen) 

2 weeks 

4 weeks 

6 weeks 

8 weeks 



a)                           b) 

c)                           d) 

Figure 5. Growth conditions of roots (length, diameter, 

volume&mass, RLD) 

As shown in Figure 5, length, diameter, volume and mass 

of roots were measured for specimens of each group. And 

root length density (RLD), defined as total root length of 

the specimen divided by total volume of the specimen[5], is 

employed as an evaluation index, which has a good 

performance on indicating distribution of roots in soil for 

the type of grass roots. Results show that growth of roots 

accelerated after 4 weeks of cultivation, and boosted 

between every 2 weeks. 

 

Stress-strain relationships 

Deviator stress-axial strain relationship and volumetric 

strain-axial strain relationship of each group is described in 

Figure 6. Except bare soil group, all groups were frozen 

under -20℃ retaining pore water in specimens, the freeze-

thaw action of pore water lead to a result of degradation in 

specimen structures and thus a decrease in maximum 

deviator stress from bare soil group. 

As for deviator stress-strain curves of bare soils, a 

decrease of peak strength and residual strength appears 

after about 7% of axial strain. In another side, for root-

reinforced soil, an increase of peak strength, residual 

strength and stiffness of the curves corresponding to extend 

of cultivation periods are observed under σ3′=25 kPa. And 

in condition of σ3′=49kPa, obvious increase is only 

observed after 6 weeks of cultivation. All groups of 

specimens show dilatancy behaviors on their volumetric 

strain - axial strain curves. 

 

Deformation-strength characteristics  

Relationship between maximum deviator stress and root 

length density (RLD) of each group is shown in Figure 7.  

a)  

b)  

Figure 6. Deviator stress - axial strain & volumetric 

strain - axial strain relationships  

Figure 7. Maximum deviator stress- RLD relationships 

Under confining pressure of 25kPa, maximum deviator 

stress shows a linear increase corresponding to increase of 

RLD, which shows an agreement with other research[6]. As 

for 49kPa of confining pressure, maximum deviator stress 

shows a tendency of increasing, and boosted after 25cm-2 

of RLD. 

Effective cohesion and effective internal friction angle 

are calculated and drawn through mohr-coulumb failure 

envelopes, as shown in Figure 8. An increase in effective 

cohesion corresponding extend of cultivation time is 

observed while change of effective internal friction angles 



show no regularity. Deformation modulus, poisson’s ratio 

and shear modulus at 50% of peak deviator stress of each 

group were calculated as well.  

Figure 8. Mohr-Coulumb failure envelopes  
As shown in Table 2, strength-deformation 

characteristics were summarized. When parameter of RLD 

is employed as evaluation of grass roots distribution in 

root-reinforced soil, RLD and strength-deformation 

characteristics are linked by groups of cultivation periods 

in the table. All the strength-deformation parameters (i.e. 

Qmax, c′, G50, E50 and ν50) show a tendency of increasing 

corresponding to increase of RLD except effective internal 

friction angle. Increase of RLD leads to that more roots are 

distributed in the specimen, the structures of specimens 

change and affect the deformation properties of the 

specimens, meanwhile, these additional roots provide 

additional resistance during shear process due to the shear 

resistance of roots themselves and thus lead to an increase 

in parameters of strength characteristics. 

 

 

Conclusions 
 
Through this research, a deeper understanding about effects 

of roots on strength-deformation characteristics of the soil 

is cleared, and conclusions come to the followings,  
 Through the proposed procedure of preparing root-

reinforced soil specimen with undisturbed root 

structures, effect of grass roots was observed during 

early stages of cultivation. 

 Maximum deviator stress of root-reinforced soil 

showed a linear relationship corresponding to its root 

length density(RLD) under low confining pressure. 

 An increase in effective cohesion (which is 

considered as root cohesion) was confirmed with 

cultivation period elongating. 

 Deformation properties (i.e. E50 and ν50) show a 

tendency of monotonic increasing corresponding to 

growth of roots. 

For further study, during triaxial compression test, 

influence of over-consolidation, high back pressure and 

low degree of saturation on the soil-root structure should be 

investigated and coordination of test standard specified for 

root-reinforced specimens should be under consideration if 

necessary. Moreover, direct shear and triaxial compression 

test should be under consideration and compared together 

for serving simulation works better in the future. 
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Table 2. Summary of test conditions and test results  

Groups 
RLD 

(cm-2) 
c′ φ′ 

σ3′= 25 kPa σ3′= 49 kPa 

ρd0 

(g/cm3) 

(g/cm3) 

(g/cm3) 

ρdc 

(g/cm3) 

Qmax 

(kPa) 
E50 ν50 G50 

ρd0 

(g/cm3) 

ρdc 

(g/cm3) 

Qmax

(kPa) 
E50 ν50 G50 

bare N/A -0.293 44.169 0.917 0.947 
113.65

8 
12.905 0.265 5.1 0.911 0.957 

223.96

2 
21.727 0.232 8.818 

bare     

(frozen) 
N/A -2.153 43.313 0.844 0.847 99.251 12.58 0.309 4.805 0.838 0.858 

204.10

8 
21.828 0.271 8.587 

2 weeks 0 -1.274 41.838 0.854 0.860 94.462 10.402 0.284 4.051 0.860 0.881 
190.61

5 
17.635 0.248 7.065 

4 weeks 16.363 1.69 40.997 0.895 0.902 
102.78

7 
11.188 0.287 4.347 0.896 0.917 

194.33

0 
17.919 0.252 7.156 

6 weeks 22.927 3.956 39.915 0.880 0.892 
106.46

0 
11.422 0.291 4.424 0.861 0.886 

192.40
8 

17.741 0.243 7.136 

8 weeks 35.763 3.463 41.135 0.866 0.878 
111.37

6 
12.157 0.308 4.647 0.888 0.920 

203.65

8 
18.51 0.256 7.369 


