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ABSTRACT  

Soil has an important role in the construction of buildings and roads. Overall, the pavement must be strong enough to 

carry the weight of the vehicle on it. The strength of the road pavement depends on the bearing capacity of the subgrade. 

One of the efforts to increase the bearing capacity of the subgrade is to stabilize the original soil with bamboo leaf ash 

from burning residue. In this study, bamboo leaf ash was used to increase the bearing capacity of the soil. Bamboo 

trees have a high growth rate in Indonesia, one of which is in the Banten area, so that the waste from bamboo trees is 

feasible to be used as an eco-friendly additives. Variations of bamboo leaf ash used were 5%, 10%, and 15% of dry 

soil weight with curing time of 0 days, 3 days, and 7 days. The tests carried out in this study was the CBR test without 

immersion, testing the physical properties of the soil and soil classification based on USCS. The results showed that 

the addition of bamboo leaf ash to the soil decreased the plastic index value from 20.11% to 15.96% and could increase 

the CBR value from 3.4% to 13.31% at the optimum percentage of variations in ash from burning bamboo leaves. % 

and curing time is 7 days.  
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1. INTRODUCTION  
The subgrade is the most important part of road 

construction and the soil layer is the most dominant in 

resisting construction loads. Every soil in each region has 

a different type of soil and ultimate bearing capacity [1]. 

One way to increase the bearing capacity of the subgrade 

is by stabilizing the soil with added materials, one of 

which is bamboo leaf ash. Soil stabilization is a method 

used to increase the bearing capacity of a soil layer, by 

giving special treatment to the soil layer [2]. One of the 

parameter to determine the bearing capacity of the soil is 

the CBR test. Subgrade soils with low soil bearing capac-

ity have a low CBR value. The CBR method is used as a 

research method because the bearing capacity of the sub-

grade in road pavement planning is expressed by the 

CBR value. Jalan Kampung Ciherang, Pandeglang Re-

gency was used as the location for soil sampling, because 

visually the highway was damaged, and based on the Dy-

namic Cone Penetrometer (DCP) test, the soil at that lo-

cation had a bearing capacity of 2.8%. In the design pro-

cess for safety it must be assumed that the soil is saturated 

during the rainy season so that the DCP test results need 

to be multiplied by an adjustment factor of 0.90. The 

minimum requirement for the bearing capacity of the 

subgrade according to the Bina Marga standard is >6% 

[3]. Therefore, the subgrade at the study site needs to be 

stabilized. In this study, bamboo leaf waste was used, be-

cause bamboo leaf charcoal contains silica [4], while 

bamboo leaf ash from the furnace is a material that con-

tains a lot of pozzolanic and high silica elements because 

it contains free lime elements that can harden with itself. 

Bamboo leaf ash contains silica (SiO2) of 75.90% [5]. 

Indonesia is the third-largest bamboo producer in the 

world after China and India.  

The area of bamboo forests in Indonesia in 2014 

reached 2,058,000 hectares [9]. In the dry season, bam-

boo trees will shed some of their leaves to survive. For a 

bamboo forest area of 12,681.77 ha, it can produce 

around 11,412,900 bamboo sticks [10]. The data is used 

as a reference to predict the amount of bamboo leaf 

waste. The author estimates that a bamboo forest area of 

+ 1 ha can produce bamboo leaf waste of 0.528 tons/year, 
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so for 2,058,000 ha of bamboo forest it is estimated that 

it can donate bamboo leaf waste of 1.08 million 

tons/year. So that waste from bamboo leaves can be used 

as subgrade stabilization material. Bamboo leaf ash can 

be used as a stabilizing material for laterite and soft soils 

in road construction [5-8]. 

 

2.  METHODS  
The initial stage of this research is to conduct a 

literature study and find information on the location to be 

studied. The second stage is to do a Location survey and 

Sampling of disturbed soil. The soil sample taken was 

clay soil taken from Jalan Kampung Ciherang, 

Pandeglang Regency. The stabilization material used is 

ash from burning bamboo leaves obtained from manual 

combustion. The process of making bamboo leaf ash 

from burning residue is done manually, namely by 

installing a space chimney made of ram wire that is 

shaped into a cylinder, then placing the chimney in the 

middle of the drum that has been filled with piles of dry 

bamboo leaves. This chimney serves to hold the outer 

bamboo leaves and to exchange air during the 

combustion process. The type of bamboo leaf used is 

apus bamboo (Gingantocchloa Apus). The next process 

is crushing the remaining burning bamboo leaves with a 

rubber hammer and filtered using filter no 50. The 

filtering results obtained ash which was used as a 

subgrade stabilization material in this study. Ash from 

burning bamboo leaves and mixing native soil and 

bamboo leaf ash is shown in Figure 1. 

 
Figure 1. Mixture of soil and bamboo leaf ash: (a) 

Bamboo leaf ash; (b) Mixing native soil and bamboo 

leaf ash. 

 

Variations of the mixture of bamboo leaf ash used 

were 5%, 10%, and 15% of dry soil weight with curing 

time of 0 days, 3 days, and 7 days. Laboratory tests 

carried out include testing the physical properties of the 

soil including water content, liquid limit, plastic limit, 

specific gravity and filter analysis based on the 

applicable SNI [16], determining the classification of soil 

types based on USCS from the results of soil physical 

properties testing, Conducting soil compaction testing to 

get the value optimum water content and maximum dry 

density, then the soil is mixed with bamboo leaf ash with 

variations of 0%, 10% and 15% using the optimum water 

content obtained from soil compaction testing before 

mixing. The curing was carried out for 0 days, 3 days, 

and 7 days, using the following methods: mixing – curing 

– compaction – testing the California Bearing Ratio 

(CBR) unsoaked.  Then do an analysis of the data that 

has been obtained from the testing phase, namely to find 

out whether bamboo leaf ash can be used as a subgrade 

stabilization material and compare the results of the 

original soil test with soil testing that has been mixed 

with bamboo leaf ash. The last stage is making 

conclusions based on the results of the research that has 

been done. The process of making test specimens and 

unsoaked CBR testing is shown in Figure 2. 

 

 
Figure 2. The process of making test specimens (a) and 

CBR test (b) 

 

3. RESULTS AND DISCUSSION 

Based on the tests that have been carried out, 

namely testing the soil properties consisting of the origi-

nal soil water content, sieve analysis, Atterberg Limit, 

and the density data obtained, as shown in Table 1. 

 

Table 1. Soil property test 

No Test Unit Result 

1 
 

Water Content 
% 
 

11.59 

2 
Sieve Analysis, for soil 
loose sieve no.200 

% 
 

64.90 
 

3 
 

Liquid Limit (LL) 
% 
 

51.00 

4 
 

Plasticity Limil (PL) % 30.89 

5 Plasticity Index (IP) 
% 

 
20.11 

6 Specific gravity (Gs) 
- 
 

2.64 
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From the results of the analysis of grain size analysis, 

liquid limit, and plastic limit from table 1 above, then ad-

justed to the USCS system table, the soil is classified as 

organic clay with high plasticity (OH) [11]. Bamboo leaf 

ash can reduce the plasticity index and increase the CBR 

value [5]`. Based on the standard proctor compaction 

test, the maximum dry density value was 1.375 g/cm3 

with an optimum moisture content of 33.00% as shown 

in Figure 3 below. 

 
Figure 3 Relationship between soil dry density and wa-

ter content 

 

Figure 3 above shows a maximum dry weight of 

1.375 gr/cm3 with an optimum moisture content of 

33.00%. The optimum moisture content and maximum 

dry density will be used for the calculation of the mixed 

material. Based on the results of the CBR test of un-

soaked clay mixed with bamboo leaf ash with a percent-

age of 5%, 10%, and 15%, the curing time of 3 days and 

7 days is shown in Figure 4 below. 

 
Figure 4. Relations of cbr value to bamboo leaf ash per-

centage 

 

The CBR test is a relatively simple test which is com-

monly used to determine the value of the strength of the 

subgrade for use in road pavements [15]. Figure 4 shows 

the trend graph from the test results, namely the CBR 

value before stabilization was 3.4%, and after stabiliza-

tion it showed the highest increase in CBR value, namely 

13.1% at 10% bamboo leaf ash percentage and 7 days 

curing time, meaning the CBR value increased by 

385.3% from the CBR value before stabilization. The 

CBR value after being stabilized is in the category of 

meeting the criteria for a good score for road subgrade 

[12].  

The effect of curing time on the CBR value with var-

iations in the mixture of bamboo leaf ash is shown in Fig-

ure 5 

 
Figure 5. Relation of CBR Value to Curing Time 

 

Figure 5 shows the results that the longer curing time 

can increase the CBR value because the bond between 

the added material and the soil is getting stronger so that 

it can increase the CBR value. At 15% bamboo leaf ash 

percentage decreased, because this variation has almost 

the same ratio of the amount of ash to the soil due to the 

light weight of the ash so that the ash grains are more 

dominant when mixed with the soil which causes the 

bond between the soil grains to decrease and lowers the 

CBR value. The effect of adding bamboo leaf ash on the 

plasticity index value can be seen in Figure 6. 

 

 
Figure 6. Relationship between plasticity index and 

mixed percentage 
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Figure 6 shows the plasticity index value before 

stabilization was 20.11% and after stabilization showed 

a decrease in the plasticity index value of 15.96%, mean-

ing that the PI value decreased by 125.3% from the plas-

ticity index value before stabilization. The plasticity in-

dex value >17 is included in the category of high plastic-

ity index [14]. The value of the plasticity index after be-

ing stabilized is in the category of medium plasticity. The 

plasticity index decreased due to the nature of bamboo 

leaf ash filling the cavities in the soil so that the soil 

bonds became tenuous and could easily pass water [13]. 

 

4. CONCLUSION  
The CBR value before stabilization was 3.4%, and 

after stabilization with bamboo leaf ash showed the high-

est increase in CBR value, namely 13.1% at 10% bamboo 

leaf ash percentage and 7 days of curing time, meaning 

that the CBR value increased by 385.3 % of the CBR 

value before stabilization. the plasticity index value be-

fore stabilization was 20.11% and after stabilization 

showed a decrease in the plasticity index value of 

15.96%, meaning that the plasticity index value de-

creased by 125.3% from the plasticity index value before 

stabilization. Overall it can be concluded that mixing 

origin soil with bamboo leaf ash from burning residue 

can increase the CBR value at a percentage of 10% bam-

boo leaf ash, but has not been able to significantly reduce 

the value of the soil plasticity index. 
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