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ABSTRACT 

  

 

Low bearing capacity is one of the common problems for soils, especially on-the-road soils 

in the Philippines. Geotextiles are made to enhance the soil's characteristics. Geosynthetics 

are geotextiles made of synthetic fibers and are widely available in the market, but because 

of environmental sustainability issues, natural geotextiles were developed over the years. 

The study is focused on determining the application of Okra (Abelmoschus esculentus) and 

Banana (Musa acuminata) natural geotextile in enhancing the California Bearing Ratio 

(CBR) of subbase soil. The test includes a soil compaction test, a tensile test for the 

geotextile, and a CBR test for the subbase soil mixed with geotextile. The geotextile was 

created and cut into strips using the methods of the previous studies. The subbase soil was 

collected based on the DPWH specifications. The samples tested for CBR include 0%, 1%, 

2%, and 3% of geotextile strips mixed with the subbase soil. The result shows that the CBR 

value increases as the geotextile strip percentage increases. Therefore, the sub-base soil has 

the best bearing capacity with the 3% Okra-Banana geotextile strips added and has a 

significant difference compared to the control sample. 
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Abstract— Low bearing capacity is one of the 

common problems for soils, especially on-the-road 

soils in the Philippines. Geotextiles are made to 

enhance the soil's characteristics. Geosynthetics are 

geotextiles made of synthetic fibers and are widely 

available in the market, but because of environmental 

sustainability issues, natural geotextiles were 

developed over the years. The study is focused on 

determining the application of Okra (Abelmoschus 

esculentus) and Banana (Musa acuminata) natural 

geotextile in enhancing the California Bearing Ratio 

(CBR) of subbase soil. The test includes a soil 

compaction test, a tensile test for the geotextile, and a 

CBR test for the subbase soil mixed with geotextile. 

The geotextile was created and cut into strips using the 

methods of the previous studies. The subbase soil was 

collected based on the DPWH specifications. The 

samples tested for CBR include 0%, 1%, 2%, and 3% 

of geotextile strips mixed with the subbase soil. The 

result shows that the CBR value increases as the 

geotextile strip percentage increases. Therefore, the 

sub-base soil has the best bearing capacity with the 3% 

Okra-Banana geotextile strips added and has a 

significant difference compared to the control sample. 

 

Keywords—Okra (Abelmoschus esculentus), 

Banana (Musa acuminata), Geotextile Strips, 

California Bearing Ratio, Subbase Soil 

I.  INTRODUCTION 

Bearing capacity is the ability of the soil to carry 

loads from a structure. Low bearing capacity is one 

of the most common problems for soil's capability 

of infrastructures. Improving the soil conditions 

with the help of geotextiles is one of the 

technological developments designed to strengthen 

the soil and increase the soil-bearing capacity [1]. In 

the study [2], it is said that low bearing capacity is 

one of the reasons some places in the Philippines, 

specifically Manila, need help developing. 

 

Geotextiles are used in engineering as soil fills 

that help the soil enhance its characteristics. It helps 

undernourished soils become suitable for 

infrastructure such as roads, harbors, landfills, 

drainage, and other construction projects [3]. 

Geotextiles can be non-woven, knitted, or woven 

fabrics made of synthetic or biodegradable materials 

[4]. Using non-woven geotextiles improves soil 

strength and increases flexibility compared to 

woven geotextiles. It has also been proven capable 

of thermal, sound, electrical, and filter material [5], 

[6]. In the study [7], geosynthetics enhanced bearing 

capacity and the mechanical behavior of sandy soils. 

Even though geosynthetics or synthetic fibers are 

highly recognized in the market because of their low 

cost yet excellent performance, synthetic materials 

have contributed to the environmental problems the 

world is facing today [8]. Due to the decreasing 

supply issues, it is now a trend to utilize 

biodegradable materials to promote a sustainable 

environment. Still, products made of biodegradable 

materials outnumbered production and efficiency 

[9]. Thus, natural fibers as an alternative to synthetic 

fibers have developed over the years. Since these 

natural fibers are from animals and plants, some 

downsides include low moisture resistance and the 

difference between the characteristics of fibers. 

Modifying its properties using chemical treatments 

helps address the disadvantages [8]. The study [10] 

proved that using epoxy resin as a binder for natural 

fibers enhances the efficiency of the fibers. 

 

On the other hand, in the study [11], a non-woven 

geotextile was produced from Okra (Abelmoschus 

e.) and Banana (Musa a.) natural fibers. It shows that 

the 175 mL of epoxy mixture for 50% Okra and 50% 

Banana fiber obtained the highest tensile strength, 

water absorbency, and soil degradation. The ratio of 

the length and width to the weight of epoxy and 

fibers is 12:7. Furthermore, a subbase is essential for 

road construction. Low bearing capacity on subbase 

roads results in waviness, distress in the pavement, 

and costly maintenance or rehabilitation [12]. 

Infrastructures constructed on fine-grained subbase 

(e.g., clay) are prone to damage. The study [13] 
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investigated if geotextiles and their placement will 

influence the California Bearing Ratio (CBR) value. 

The findings concluded that the CBR value 

increases as the distance of geotextile increases and 

the farther its distance to the ground surface. The 

more soil rests above the geotextile, the more it 

causes friction to the soil under it and makes it 

denser. A study is conducted to determine how 

geosynthetic cutting influences road subbase. The 

level of bearing capacity improvement is affected by 

soil type and geosynthetic cutting, with a cutting size 

and recommended ratio of 4:1 [14].   

 

The results of laboratory experiments examining the 

impact of recycled geogrid on soil-bearing capacity 

through a CBR test are detailed in the earlier 

research conducted in reference [14]. However, the 

study uses polyester geosynthetics that have high 

resistance to biodegradation, which is not much 

preferable for the environment. Thus, this research 

will utilize a natural geotextile, a mixture of 175mL 

resin for 50% Okra and 50% Banana fiber [11], to 

improve road subbase bearing capacity using a CBR 

test, which is an advancement to address poor road 

conditions in the Philippines with the help of 

biodegradable materials. 

 

This paper presents the influence of Okra-Banana 

non-woven natural geotextile strips on the bearing 

capacity of soil with the help of the California 

Bearing Ratio (CBR) test. The following are the 

specific objectives: (1) to determine the strength of 

subbase course materials with and without Okra-

Banana non-woven geotextile strips; (2) to 

determine the effect of geotextile content on 

moisture content and CBR values; and (3) to 

evaluate the improvement in soil bearing capacity 

resulting from geotextile. 

 

The findings of this study will aid the 

transportation industry by providing renewable and 

biodegradable materials that will help weak soils 

enhance their characteristics for road construction. 

In addition, this study can serve as an additional 

resource for future researchers focused on 

geotextiles made from natural fibers. 

 

Hence, the present study attempted to examine 

the enhancement of soil-bearing capacity used in 

road applications by reinforcing it with natural 

Okra-Banana non-woven geotextile strips. 

II. MATERIALS AND METHODS 

A. Conceptual Framework  

As shown in Fig. 1, the Okra-Banana natural 

non-woven geotextile will be cut into 40 mm by 10 

mm long strips and mixed with subbase coarse 

aggregate. Each sample will undergo the CBR test 

to determine the soil-bearing capacity.   

 

 

 

 
 

 

 

 

 

 

 

Fig 1. Conceptual Framework 

B. Materials and Resources  

The adhesive resin used in the study was a liquid 

epoxy resin derived from bisphenol-A and 

epichlorohydrin, with caustic soda serving as its 

catalyst. The curing agent and hardener for this resin 

were primarily composed of amine. 

The Okra (10 kg, raw) plant was collected in the 

backyard of a family residence at Banaybanay, 

Davao Oriental. For the Banana fibers, a well-grown 

banana stem (10 kgs) from a banana tree was 

collected from a banana plantation in Banaybanay, 

Davao Oriental. The banana stems are about 18-24 

months old [11]. 

C. Methods and Procedures  

1. Soil and geotextile preparation 

The researchers employed the Oven Drying 

Method, in line with ASTM D2216-19, to analyze 

the soil's moisture content and dry weight—the 

procedure initiated by weighing empty containers 

and documenting their weights and corresponding 

container numbers. Subsequently, a specific 

quantity of the wet soil was accurately measured and 

placed in each container. 

Fig 2. Weighing of soil sample 

 

The containers were then positioned in an oven 

set within a temperature range of 110 - 115°C and 

left undisturbed for 24 hours to ensure the soil's 

moisture content evaporated and the weight of the 

container and its contents stabilized. After adequate 

drying, the containers were delicately removed from 

the oven using tongs. The researchers then 

determined the weight of each container, including 

the dry soil sample within. The final step involved 

the execution of necessary calculations to determine 

Okra-

Banana 

natural 

non-woven 

geotextile 

Soil 

Bearing 

Capacity 

- geotextile is cut 

into 40 x 10 mm 

long straight 

strips 

 

- mixed with 

coarse subbase at 

1%, 2%, and 3% 

concentration by 

weight 

 

 

 



3 

 

the moisture content of the soil, which held 

significant relevance for their research objectives. 

Fig 3. Drying of soil sample in the oven 

 

The natural geotextile made from a combination 

of Okra and Banana was cut into smaller pieces. This 

cutting process was designed to create strips with a 

length-to-width ratio of about 4:1 [14]. These 

geotextile strips were then mixed with the soil 

mixture until each sample weighed 28 kilograms, 

including subbase soil with concentrations of 1%, 

2%, and 3% [14]. The 28-kilogram samples were 

divided into four parts, each weighing 7 kilograms. 

The different variations in the tested samples are 

outlined in Table 1. 

 

Table 1. Variants of the tested samples  

 
 

2. Sample testing 

 

a. Measurement of Tensile Strength 

In their testing procedure, the researchers 

prepared test specimens cut in both the machine and 

cross-machine directions. The test involves placing 

the specimen between the grips, ensuring a 75 mm 

(3-inch) separation between the jaw faces, as 

specified by the ASTM D4632 standard, which 

requires the jaw faces to have a minimum size of 

25.4 mm x 50.8 mm. The evaluation is then carried 

out at a controlled speed of 300 mm/min. The key 

parameters being measured in this test include the 

load at the material failure point and the material's 

total elongation. 

Fig 4. Geotextile tested in ASTM D4632 

b. California Bearing Ratio Test 

To assess the bearing capacity of the sample, the 

researchers conducted tests following the ASTM 

D1883 standard. The test started by placing the soil 

specimen mold on the penetration testing machine's 

lower plate, adding a 2.5 kg annular weight on the 

soil surface to prevent soil from entering the hole 

designed for extra weights, and securely attaching 

the penetration plunger. Afterward, they added the 

remaining extra weights. 

Once the setup was in place, the researchers 

carefully positioned the penetration piston at the 

center of the specimen, making sure that the load 

didn't exceed 7 kg to ensure complete contact. They 

set the load and deformation gauges to zero and 

began applying a controlled load to the piston at a 

rate of about 1.25 mm per minute. Load 

measurements were taken at different penetration 

depths, ranging from 0.5 to 12.5 mm. The plunger 

was lifted when the test was finished, and the mold 

was removed from the machine for further 

examination. 

 

c. Modified Proctor Compaction Test 

The sample goes through the Modified Proctor 

Compaction Test, which follows the guidelines of 

ASTM D1557. Initially, 7 kg samples are obtained 

from the CBR test. The combined weight of the soil 

and mold (without the collar) is calculated for each 

sample. These samples are then placed in a mixer, 

and water is gradually added until the desired 

moisture content is achieved. A lubricant is applied 

to the collar to facilitate the soil extraction from the 

mold. Next, the soil is layered into the mold in five 

segments, each compacted using 25 blows 

consistently. It's essential to ensure that the soil 

slightly overflows into the collar, extending about 1 

centimeter. 

Once the compaction process is completed, the 

collar is removed, any excess soil above the mold is 

trimmed, and the weight of the mold with the soil is 

recorded. A metallic extruder gently removes the 

soil from the mold, ensuring it's properly aligned. 

Moisture content measurements are taken at the soil 

sample's top, middle, and bottom sections. The 

measurements from these three sections are 

averaged to determine the compaction water 

content. 

III. RESULTS AND DISCUSSIONS 

Fig. 5 shows the Okra-Banana geotextile created by 

the researchers following the procedures from [11].  

Fig 5. Okra-Banana non-woven jute geotextile 
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 The samples designed are based on the varying 

percentages of Okra-Banana geotextile strips added 

to subbase soil. The results were analyzed 

comparatively to the pure subbase soil control 

sample without the geotextile strips. 

 The data provided reveals the results of an 

experimental study focused on investigating the 

effects of different additives on the California 

Bearing Ratio (CBR) values and optimum moisture 

content of subbase material. The CBR values 

indicate the material's strength and stiffness, while 

the optimum moisture content indicates the ideal 

moisture level for optimal performance. 

 

A. Subbase Soil Moisture Content 

 The subbase soil used in the experiment 

undergoes the soil moisture content test through the 

dry-oven method, and the values obtained are 

presented in Fig. 6. The figure shows that the 

subbase soil moisture content at 80, 94, 95, 99, and 

106 grams is 9.82, 9.33, 13.33, 12.82, and 9.41 %. 

 The subbase soil's moisture content increased as 

the weight increased until it reached its maximum 

moisture content value of 13.33% at 95 grams; after 

that, even if the weight continued to increase, the 

moisture content decreased. Meanwhile, the 

minimum moisture content is 9.33% at 94 grams. 

According to the results, the calculated mean soil 

moisture content is 10.95%.  

 
Fig 6. Subbase Soil Moisture Content 

B. Tensile Strength 

 The Okra-Banana geotextile with the size of 150 

mm x 300 mm was tested for tensile strength using 

the grab method. The test results are shown in Table 

2; the average tensile strength value is in kilo-

Newton per square meter (kN/m2) unit. The 

geotextile obtained a maximum load of 0.2 and 0.3 

kN; thus, the tensile strength is 266.667 and 400 

kN/m2. As computed, the average tensile strength of 

the Okra-Banana geotextile is 333.334 kN/m2. 

 

 

Table 2. Average Tensile Strength of Okra-Banana 

geotextile 

 
 

C. California Bearing Ratio 

 To evaluate the effect of Okra-Banana geotextile 

additive on subbase soil bearing capacity, the 

researchers conducted a test called California 

Bearing Ratio. The geotextile additive is cut into 

10mm x 40mm strips for CBR testing. The test 

results show each sample's maximum moisture 

content (in percentage) and the CBR values. 

  Fig. 7 shows that the control sample, which did 

not contain any geotextile additive, exhibited an 

optimum moisture content of 10.6% and a 

corresponding CBR value of 33.1%. These values 

provide a reference point for comparison in the 

subsequent tests. 

 Introducing a 1% additive resulted in a slight 

decrease in the optimum moisture content to 9.8%, 

accompanied by a modest increase in the CBR value 

to 34.6%. It suggests that the 1% additive lowers the 

moisture content required for optimal performance 

while enhancing the material's strength and stiffness 

compared to the control sample. 

 In the 2% additive, a more notable decrease in 

the optimum moisture content to 8.2% was 

observed, along with a significant increase in the 

CBR value to 38.4%. It indicates that the 2% 

additive has a more pronounced effect on reducing 

the optimal moisture content and improving the 

material's strength and stiffness when compared to 

both the control and 1% additive scenarios.   

 The last sample with a 3% additive led to an 

optimum moisture content of 9.1%, accompanied by 

the highest CBR value of 39.2% among all the tested 

additives. It suggests that the 3% concentration 

decreases the optimal moisture content and 

substantially enhances the material's strength and 

stiffness. 

The results show significant changes in the 

moisture content and the CBR values of the samples 

with geotextile additive. The control sample has the 

highest moisture content of 10.6% yet the lowest 

CBR value of 33.1. As the geotextile additive 

increased, the moisture content decreased, and the 

sample with 2% geotextile additive obtained the 

lowest moisture content of 8.2%. On the other hand, 

as the geotextile additive increased, the CBR value 

increased as well; thus, the sample with 3% 

geotextile additive obtained the highest CBR value 

of 39.2.  

9.84 9.33 13.33 12.82 9.41

80 94 95 99 106

SAMPLE 
1

SAMPLE 
2

SAMPLE 
3

SAMPLE 
4

SAMPLE 
5

Soil Moisture Content

Moisture Content, %

Moist Specimen Mass, grams

Sample
Maximum Load 

(kN)

 Tensile Strength 

(kN/m
2
)

Average Tensile 

Strength

1 0.2 266.667

2 0.3 400
333.334
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Fig 7. Effect of Okra-Banana geotextile additive on 

moisture content and CBR values 

 
The CBR test showed that the sub-base soil has 

the best bearing capacity with the 3% Okra-Banana 

geotextile strips added and has a significant 

difference compared to the control sample.   

IV. CONCLUSIONS AND FUTURE WORKS 

The data illustrates that adding varying additive 

concentrations influences the subbase material's 

optimum moisture content and CBR value. Higher 

additive concentrations reduce optimum moisture 

content and improve strength and stiffness 

compared to the control sample. However, it is 

essential to consider that drawing definitive 

conclusions regarding the specific additive or its 

overall effectiveness in optimizing the material's 

performance becomes easier with additional context 

and comparative data.   

 

For future works, these are the researchers' 

recommendations. First, future researchers can 

explore the effects of geotextile additives on 

different specific subbase soil moisture content. 

Second, the soil can be subjected to more geotextile 

additive percentages. Third, woven Okra-Banana 

geotextile can be studied to see how they differ 

without the epoxy resin as a bonding agent. 

Furthermore, additional tests can be made, and since 

geotextile helps in soil-bearing capacity, other 

applications can be studied, such as its effect on 

foundation footings. 
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APPENDIX A 

Data Sheets   
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1. Data for Average Moisture Content of Subbase Soil 

 
 

Table 1. Soil Moisture Content 

 

Container/Lid 

Number 

 

1 

 

2 

 

3 

 

4 

 

5 

 

Container Mass, g Mc 

 

13 

 

12 

 

13 

 

11 

 

10 

Container +Moist 

Specimen Mass, g 

Mcms 

 

80 

 

94 

 

106 

 

99 

 

95 

Initial Container Dry 

Specimen Mass, g 

 

74 

 

87 

 

97 

 

89 

 

86 

Secondary Container 

Dry Specimen Mass, 

g 

 

74 

 

88 

 

98 

 

88 

 

85 

Final Container Dry 

Specimen Mass, g 

Mcds 

 

74 

 

87 

 

98 

 

89 

 

85 

Mass of Water, g, 

Mw  = Mcms - Mcds 

 

6 

 

7 

 

8 

 

10 

 

10 

Mass of Soilids, g, 

Ms  = Mcss - Mc 

 

61 

 

75 

 

85 

 

78 

 

75 

Soil Moisture, %, 

w =  (Mw /Ms) x 100 

 

9.84 

 

9.33 

 

9.41 

 

12.82 

 

13.33 
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2. Data for Tensile Strength Testing 
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3. Data for California Bearing Ratio 

 



10 

 



11 

 



12 

 

 
 

 

 

 



13 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

Design Plan 
  



14 

 

1. Collection of Stems 

 

Collection of Okra and Banana Stems 

 
 

2. Washing of Stems 

  

3. Fiber Extraction 
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4. Mold Preparation 

    

 

5. Bonding of Fibers through Epoxy Resin Treatment 
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6. Average Moisture Content Test of Subbase Soil   

 

7. Tensile Strength Testing 

   

8. California Bearing Ratio Test 
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