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Introduction 
 
Vegetation has been widely applied in engineering design 
methods because of its numerous benefits such as preventing 
the soil from erosion, improving the aesthetics of the 
environment and reinforcing the structure of the soil. 
However, the understanding of vegetation and related 
researches have been limited and its practices are much seen 
as an “art”, based on engineering experience and judgment, 
rather than an exact “science” 1. The potential of vegetation 
in stabilizing soil slope through mechanical and hydrological 
effects has been recognized 2. The beneficial effects of 
mechanical root reinforcement of vegetated soils are focused 
on and well understood in many researches 3, whereas the 
hydrological effects (i.e. rainfall infiltration water) gained 
relatively less attention. 
 
 
Research objectives 
 
In order to understand and identify the hydrological influence 
of vegetation on the rainfall infiltration, field monitoring 
program of two slopes were conducted. In addition, a column 
test apparatus is used to perform experiments in this study. 
The finite element (FE) analysis is used to simulate actual 
column test experiments. The main objectives of this paper 
are: 

▪ Investigating the amount of infiltration and runoff in 
grassed soil as compared to bare soil. 

▪ Identifying the influence of grass on soil-water 
characteristic curves and coefficient of permeability. 

▪ Proposing a numerical simulation method considering 
the influences of grass cover.  
 
 
Field monitoring program 
 
Outline of cut slopes 
 
In order to understand the grass influence on soil slope, an 
instrumented field study is conducted on unsaturated soil 
slopes. Two neighboring cut slopes are constructed at 
Makomanai district, namely: grassed soil slope and bare soil 
slope. The above-mentioned soil slopes were instrumented 
with tensiometers and soil moisture meters at different depths 
in order to measure the change in pore-water pressure and soil 
water contents against time. The location of installing these 
sensors are shown in Figure 1. The soil moisture sensors are 
inserted at 0.5m, 0.15 m, 0.25m, 0.35, 0.45m and 0.55 m, 

whereas the tensiometers are installed at 0.2 m depth. 

 
Figure 1. Locations of installed instruments into two soil 
slopes. 
    
       In addition, climate variables such as air temperature, 
rainfall intensity, snow depth, wind speed and relative 
humidity are also measured at the top of two soil slopes. 
 
Field monitoring results and discussions 
 
Figure 2 shows the comparisons in volumetric water content 
at depth 5 cm in upper side and matric suction at depth 20 cm 
in center of soil slopes. It can be seen clearly that the grass 
cover has influence on reducing the infiltration into soil slope. 
As a result, the water content in grassed slope is lower than 
that of bare slope and higher matric suction is retained in 
grassed slope.  
       
         
 
 
 
 
 
 
 
 
 
 
Figure 2. Change in the volumetric water content and 
matric suction in bare and grassed soil slopes. 



Column test 
 
Experimental setup 
 
Figure 3 shows the schematic diagram of column test 
apparatus. It has a cylindrical shape with a total height of 
1050 mm and a uniform internal diameter of 200 mm. 

 
 
Figure 3. Schematic diagram of column test apparatus. 
 

Artificial rainfall is simulated by spray nozzle which is 
mounted on the top of column test apparatus. The spray 
nozzle is connected to the controlled water pressure system. 
Therefore, the value of simulated rainfall is controlled by 
adjusting water pressure. In this paper, the applied rainfall 
intensity is equivalent to water flux of 6.48  10-3 m3/hr. 
Before doing an experiment, the uniformity of raindrops over 
the cross-sectional area of column test apparatus was 
examined. Five ceramic cups with diameter of 5 cm were 
distributed uniformly on the surface of the soil at an elevation 
of 650 mm to collect the amount of rainfall water during 1 
minute. The maximum difference in mass of the collected 
raindrop water is about 6 %, which is assumed to be 
acceptable for simulating uniform rainfall. 

In order to measure the runoff water during rainfall, eight 
small holes with each diameter of 5 mm were drilled on the 
side at an elevation of 650 mm. When the rainfall is applied, 
runoff water flows out through eight small holes and goes 
across the tube before collecting by a tank. By using the 
electric balance to measure the weight of collected water, the 
amount of surface runoff water is directly determined with 
time. At the bottom of column test apparatus, the valve can be 
adjusted in order to allow water to flow out or vice versa. Any 
water flowing out through the valve (outflow water) is 
collected by a tank and is weighted by an electric balance. 

Two tensiometers are used to measure the pore-water 
pressure (PWP) of soil specimen at elevations of 525 mm and 
625 mm. Each tensiometer can measure the pore-water 
pressure in the range from -100 kPa to 0 kPa. The measured 
negative pore-water pressure is numerically equal to matric 
suction, since the pore-air pressure is assumed atmospheric. 

In addition, seven soil moisture sensors are installed at 
elevations 75, 175, 275, 375, 475, 545 and 625 mm in order 
to investigate the variation of volumetric water content with 
time. Two highest soil moisture sensors are located at the 
same elevations as the two tensiometers. By doing this, the 
soil-water characteristic curves (SWCCs) of both bare soil 
and grassed soil specimens are measured. The coefficients of 
permeability of these soil specimens are calculated using 
approximated profile method 4. 
 
Soil properties and grass species  
 
Three types of soil are used in this experiment, namely: 
Toyoura sand, original Komaoka soil (bare soil), and grassed 
Komaoka soil (grassed soil).  As can be seen from Figure 3, 
Toyoura sand is fixed into column test apparatus from an 
elevation of 0 mm to 500 mm, whereas the bare soil or the 
grassed soil overlies Toyoura sand. The grain size distribution 
curves of these soils are shown in Figure 4. 
 

 
 
Figure 4. Grain size distribution of Toyoura sand and 
Komaoka soil. 
 

Toyoura sand and Komaoka soil specimens were prepared 
using the air-pluviation method and slightly compacted in 
order to achieve the target porosities as shown in Table 1. The 
original Komaoka soil was sampled from the cut slope in 
Hokkaido with the initial in-situ volumetric water content of 
approximately 24 %. For grassed soil specimen, original 
Komaoka soil were prepared into steel molds with an internal 
diameter of 200 mm and 150 mm in height. After that, the 
mixed component of three types of grass seeds were sprayed 
uniformly over the surface area of original Komaoka soil 
specimens. Three types of grass, which are common in cold 
region like Hokkaido, were selected for this study. They are 
Kentucky Bluegrass, Creeping Red Fescue, and Tall Fescue. 
The experiments for grassed soil specimens were performed 
after eight weeks of spraying grass seeds. The root length of 
grass was observed to be longer than 15 cm. 

Prior to testing, Toyoura sand specimen was wetted by 
applying rainfall at the surface (0.50 m) and closing the valve 
at the bottom of column test apparatus until all five-lowest 
soil moisture sensors showed a reading value of saturated 
condition.  Next, this soil was drained by opening the valve 
for 1-week duration. After that, prepared bare soil and grassed 
soil specimens were placed on the surface of Toyoura sand 



before simulating rainfall. The bare soil specimen was 
prepared by mixing original soil sample from cut slope 
following quartering method 5 in order to get the uniform 
volumetric water content (i.e. 24 %). The grassed soil 
specimen was wetted and then exposed to the atmosphere for 
four days. The reading value of two highest soil moisture 
sensors (refer to Figure 3) demonstrated that average initial 
volumetric water contents of both bare soil and grassed soil 
specimens before the commencement of rainfall were 
approximately 24 %. 
 

Table 1: Soil properties. 
Parameters     Toyoura sand       Bare soil       Grassed soil 
Specific             2.65 g/cm3 2.445 g/cm3     2.445 g/cm3 
gravity (Gs) 
Dry density       1.56 g/cm3       0.794 g/cm3      0.794 g/cm3 
(d) 
Porosity (n)       0.412                0.675                0.675 

 
Experimental results and discussions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. (a) Change in water content when using bare soil 
and (b) grassed soil. 
 
The change in volumetric water content with time at various 
elevations along column test apparatus are illustrated in 
Figure 5. 

Figure 6 compares the amount of surface runoff water in 
experiments with bare soil and grassed soil specimens. The 
runoff starts earlier and the amount of runoff water is much 
larger for the grassed soil than bare soil, whereas a reversed  

trend is observed for outflow water. 

 
Figure 6. Comparison of surface runoff and outflow 
water. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. (a) Soil water characteristic curves and (b) 
coefficient of permeability of bare soil and grassed soil.  
 

Figure 7 reveals that the SWCC and unsaturated 
coefficient of permeability of bare soil differ from those of 
grassed soil. Since the prepared method for original Komaoka 
soil is similar, these differences are attributed to the influence 
of grass roots. The grassed soil has a higher ability to retain 
water than bare soil for any given suction. Such enhanced 
water retention ability of grassed soil is consistent with 
modelling framework which assumed that the geometry of 
root with pore can be simplified to concentric cylinder. For a 
given soil water content, the occupied roots reduce the  

a) 

b) 

a) 

b) 



diameter of cylinder and this causes the increase in suction 
according to the capillary law. In contrast, the soil pore space 
is blocked by grass roots and this leads to the reduction in the 
coefficient of permeability. 
 
 
Numerical analysis 
 
The numerical analyses are performed using a finite element 
unsaturated/saturated seepage analysis code, SVFlux. The 
partial differential equation governing axis-symmetric 
seepage through the unsaturated soil is following: 
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where k is the coefficient of permeability of the soil, r 
is the horizontal direction, z is the vertical direction, h is 
hydraulic head, w is the unit weight of water, mw

2 is the slope 
of soil-water characteristic curves (i.e. water storage). 
 
Numerical models of column test. 
 
The column test experiments have been simulated 
numerically in consideration to the actual apparatus as shown 
in Figure 8. The model has total height of 0.650 m and the 
radius of 0.10 m. Regions of Toyoura sand and bare soil 
(grassed soil) were created from the elevation of 0.00 m to 
0.50 m, and from 0.50 m to 0.65 m, respectively. All lateral 
edges of column test apparatus are assigned as “non-
drainage” boundary. Precipitation boundary corresponding to 
6.48  10-3 m3/hr was applied to the surface of the soil 
specimen at an elevation of 0.65 m, while the boundary at 
0.00 m allows the water to flow out. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Boundary condition of numerical models of 
column test. 
 
Results and discussions 
 
Figure 9 presents the changes in volumetric water contents at 
elevations 0.525 m and 0.625 m in order to make a 
comparison between numerical analyses with experiment 
results. The numerical analyses show a reasonable 
representation of the actual experiment results. 

 
Figure 9. Comparison of the change in volumetric water 
content. 
 
 
Conclusions 
 
This study investigates the influence of grass cover on the 
rainfall infiltration and surface runoff water of volcanic soil. 
From experimental results, it is clear that grass cover plays a 
key role in reducing the rainfall infiltration into the volcanic 
soil. Some useful conclusions could be drawn as follows.                                                                                                                

▪ The seepage behavior of grassed soil differs from that of 
bare soil. There are differences in SWCCs and coefficients of 
permeability between bare soil and grassed soil.  

▪ The amount of runoff in grassed soil is higher than that 
in bare soil, whereas the infiltration is lower in the former as 
compared to the later. It is primarily attributed to the foliage 
interception and the lower coefficient of permeability of soil 
due to the effect of grass root.  

▪ The numerical analysis has been performed in order to 
well understand the seepage behavior and study the method of 
simulation considering the effects of grass. By setting a thin 
unsaturated layer on the soil surface to simulate the influence 
of grass foliage and applying proper SWCC as well as 
coefficient of permeability for grassed soil, the analyses 
present relatively close fit to experiment results.   
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