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ABSTRACT 

The subgrade of road construction also determines the strength and resistance to loads on it. The subgrade in the field very 
varies from soft clay to hard soil. The subgrade of soft clay requires soil improvement to increase bearing capacity. This study 
aims to determine the increase in bearing capacity and modulus of subgrade reaction in stabilized soil with the bamboo grid. 
The research was conducted through a physical model using a test box. Soft clay is compacted and the above it is replaced with 
stabilized soil with and without the bamboo grid. The height of stabilized soil varied from 0-15 cm. The results showed that the 
bearing capacity increased along with the increase in height of stabilized soil. The subgrade of stabilized soil which was given 
additional reinforcement of bamboo grid was able to increase the value of bearing capacity and modulus of subgrade reaction. 
A significant increase was obtained in the height of stabilized soil at least equal to the diameter of the test plate.  
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1 Introduction 

Soft clay has unfavorable properties when used 
as a road subgrade. This type of soil has high content, 
high liquid limit and plastic index, low shear strength, 
low California Bearing Ratio (CBR) value, and low 
bearing capacity [1]. Soft clay has a high settlement 
and needs a reinforcement system to support the load 
of the embankment [2]. In addition to embankment 
loads, subgrades need to support other construction 
loads. 

Subgrades for road pavements generally have the 
bearing capacity that can still be achieved. This can be 
seen from the value of the CBR above 6%, still smaller 
than the railway subgrade which has a minimum CBR 
of 8% [3]. The low bearing capacity of the subgrade 
can have an effect on non-optimal pavement 
performance. For this reason, it is necessary to make 
efforts to increase the bearing capacity of the subgrade 
with soil stabilization or through the use of soil 
reinforcement.  

Soft clay stabilization is conducted by mixing a 
stabilizing agent such as cement or lime [4]. Several 
studies related to soil stabilization, such as 

biogrouting, lime, and pozzolans. Soil stabilization 
with the biogrouting method is conducted on organic 
soil [5]. Using  lime and pozzolans for soil stabilization 
in the subgrade of pavement construction [6]. In 
addition to the use of cement, rice husk ash can also be 
used as a stabilizing agent for clay soil [7]; [8]. 
Stabilization of clay can be done by using fly ash [9]. 
These soil stabilizing agents show improved soil 
properties.  

Another alternative to subgrade improvement 
can be done through the installation of reinforcement 
on the subgrade. Soil reinforcement can be installed 
vertically or horizontally. Vertical soil reinforcement 
can use piles of various materials such as concrete, 
wood, or bamboo [10, 11, 12, 13, 14]. Pile 
reinforcement is suitable for a fairly thick layer of soil, 
but it is better to use horizontal reinforcement for soil 
improvement on the surface. Reinforcement systems 
can use materials such as geosynthetics or other local 
materials. Several studies on soil reinforcement have 
had a good impact on improving the performance of 
subgrade. Geotextile can be used as a reinforced 
expansive soil subgrade [15].  
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Local materials such as bamboo continue to be 
developed to be used as soil reinforcement. This 
reinforcement is installed horizontally on the soft clay 
layer. The performance of the bamboo grid 
contributes to increasing bearing capacity and 
reducing soil settlement. This can be seen from the 
results of several studies [16, 17, 18, 19, 20, 21, 22, 23]. 
The bamboo grid reinforcement system is generally 
used as reinforcement in soft clay and peat soils. This 
reinforcement needs to be reviewed for its 
performance if it is used as soil reinforcement from 
soil that has been stabilized first.   

The performance of bamboo grid reinforcement 
can be seen from the two-stage soil improvement 
system. The first stage is soil improvement by 
stabilization using 9% stone ash without 
reinforcement and the second stage is conducted by 
using a bamboo grid as reinforcement on the 
stabilized subgrade. This study aims to show the 
increase in bearing capacity (qu) and modulus of 
subgrade reaction (k) in stabilized soil with the 
bamboo grid.    

2 Data and Methods 

The research material used soft clay, bamboo 
grid, and stone ash as soil stabilization material. Soft 
clay was stabilized with stone ash as much as 9% of 
the dry weight of the soil. Reinforcement of the 
bamboo grid widens the area of pressure in the soil, 
this widening can increase the mobilization of friction 
between the bamboo grid layer and the soil, so that the 
bearing capacity of the soil increases [24]. 

The soft clay soil is compacted in a test tank 
according to the density of the original soil in situ. Soil 
density in the test box can be determined from the 
core cutter test which is taken every 10 cm thick in 
several soils. The core cutter method is used to 
determine the density of the soil placed in the test box. 
This method is conducted by pressing the ring in the 
soil through the penetration of the core cutter so that 
the weight of the soil in the ring can be used to 
determine the density of the soil. 

Soil samples were compacted in a test box 
measuring 1 m × 0.9 m × 0.9 m. The test box is made 
of steel plate which is reinforced with the steel frame. 
The solid material of gravel and sand is placed at the 
bottom of the test box to 0.4 m, then on top of it the 
soft clay is compacted gradually layer by layer until it 
reaches a thickness of 0.5 m. Subgrade consists of two 
types namely stabilized soil with and without the 
bamboo grid. Model testing is done by forming a 
square measuring 30 cm x 30 cm with a stable soil 
depth of 5 cm and 15 cm, respectively. Stabilized soil 
is compacted according to the density of the 
compaction test results. Bamboo grid reinforcement 
was installed in 1 layer for stabilized soil with a depth 
of 5 cm and 3 layers for stabilized soil with a depth of 
15 cm. Test preparation can be seen in Figure 1. 

The test plate with a diameter of 15 cm was 
placed in the center of the surface of the stabilized soil, 
both reinforced with bamboo grids and without 
bamboo grids. The load test with the proving ring is 
conducted in the center of the test plate. The plate load 
test is shown in Figure 2. 

The bearing capacity of the subgrade was 
analyzed based on the results of the plate load test 
(ASTM-1194, [25]). Based on the relationship 
between pressure and settlement curves, the bearing 
capacity values of each test model are obtained. The 
pressure is obtained from the load divided by the area 
of the test plate. The load can be determined from the 
reading of the proving ring multiplied by calibration 
number. Pressure per deformation can be used to 
analyze the value of the modulus of subgrade reaction.  

 

 
Figure 1. Test preparation 

 

 
Figure 2. Plate load test in test box 
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Figure 3. Result of plate load tests of subgrade 

3 Results and Discussion 

The results of the study describe the results of the 
plate load test on soil with a combination of bamboo 
grid reinforcement and stabilized soil compared to 
stabilized soil only without the bamboo grid. The soil 
used is clay with the moisture content of 73.70%, 
specific gravity of 2.64, liquid limit of 57.27%, plastic 
limit of 36.07%, plastic index of 21.20%, and fined 
grained soils are 97.56%. Stabilized soil is soft clay 
that is stabilized using stone ash as much as 9% of the 
dry weight of the soil. The maximum dry density of 
stabilized soil was obtained from the compaction test 
of 1.39 gr/cm3 and the optimum moisture content of 
27.12%. 

3.1 Result of Plate Load Tests 

Figure 3 shows the result of plate load tests of 
subgrade the stabilized soil with and without bamboo 
grid. The plate load tests are conducted at each point 
of subgrade from stabilized soil which is distinguished 
based on the thickness of the stabilized soil layer 0-15 
cm. Subgrade from stabilized soil respectively with 
and without the bamboo grid. The combination 
bamboo grid and stabilized soil gave higher yields 
than stabilized soil without the bamboo grid for both 
h of 5 cm and h of 15 cm.  

3.2 Analysis Results of Bearing Capacity  

Analysis of bearing capacity (qu) was obtained 
from the relationship of pressure-settlement curves 
from the plate load test. Typical relationship between 
pressure and settlement curves can be seen in Figure 

4 and Figure 5.  Figure 4 is the result of the test on a 
combination of bamboo grid and stabilized soil. Figure 
5 is the result of the test on stabilized soil only. 

Typical pressure-settlement curves of plate load 
tests are not much different from each other. The 
bearing capacity can be determined for each plate load 
test for both combination bamboo grid and stabilized 
soil and stabilized soil without the bamboo grid.  

The results showed that the higher the pressure 
along with the increase in the thickness of the 
stabilized soil. The pressure for the combination of the 
bamboo grid and stabilized soil is higher than that for 
stabilized soil without the bamboo grid. The bamboo 
grid contributes to the increased pressure in the 
subgrade layer. 

3.3 Bearing Capacity of Combination Bamboo Grid 
and Stabilized Soil 

The value of bearing capacity of combination 
bamboo grid and stabilized soil can be seen in Figure 
6. The results showed that the increase in bearing 
capacity was influenced by the thickness of the 
stabilized soil layer. Reinforcement of the bamboo grid 
effects increasing the bearing capacity of stabilized 
soil. The increase in bearing capacity was obtained 
from 217-733% for the combination of bamboo grid 
and stabilized soil, while without the bamboo grid the 
increase in bearing capacity was 188-608%. Due to the 
addition of bamboo grid reinforcement, the bearing 
capacity of stabilized soil increased by 10-18% from 
stabilized soil without the bamboo grid.
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 (a) (b) (c) 

Figure 4. Pressure vs settlement – bamboo grid: (a). h of 0 cm; (b). h of 5 cm; (c). h of 15 cm 

 

 
 (a) (b) (c) 

Figure 5. Pressure vs settlement – stabilized soil: (a). h of 0 cm; (b). h of 5 cm; (c). h of 15 cm 
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Figure 6. Bearing capacity and height of stabilized soil 

The same behavior is seen in the bearing capacity 
ratio (qu/qu-o) relationship and the ratio of stabilized 
soil thickness to plate diameter (Figure 7). The value 
of qu-o is the bearing capacity of soft clay and qu is the 
bearing capacity of stabilized soil with and without the 
bamboo grid. A significant increase in bearing capacity 
was obtained at the thickness of the stabilized soil 
equal to the diameter of the test plate. So it can be 
interpreted that the thickness of stabilized soil is at 
least equal to the width of the plate. As an application 
for the foundation plate, the thickness of the stabilized 
soil can be taken greater than the width of the 
foundation plate. 

 

Figure 7. Bearing capacity ratio vs h/d 

The modulus of subgrade reaction (k) can be 
determined from the pressure per deformation of soil 
settlement of the subgrade. The results of the analysis 
can be seen in Figure 8. The value of k is 6333-12500 
kN/m3 for the combination of bamboo grid and 
stabilized soil, while without the bamboo grid the 
modulus of subgrade reaction is 4929-10000 kN/m3. 
The k values provide a significant increase from the k 
value of the soil without stabilization and 
reinforcement of 4000 kN/m3. 

 
 

 

Figure 8. Relationship modulus of subgrade reaction 
and height of stabilized soil 

4 Conclusion 

Based on the results of this study and discussion, 
the conclusions obtained several important things. 
Soil improvement with stabilization has an impact on 
increasing the bearing capacity (qu)of the subgrade. 
The bearing capacity will increase when combined 
with reinforcement from the bamboo grid. The 
thickness of stabilized soil influences on the value of 
the qu of the subgrade. This study shows that the 
minimum thickness of stabilized soil should be equal 
to the diameter of the test plate. In addition to bearing 
capacity, the value of modulus of subgrade reaction 
(k) showed an increase in stabilized soil both with 
bamboo grid and without the bamboo grid. The 
reinforcement of the bamboo grid contributes to an 
increase in qu and k value.  
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