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Abstrak 
 

Gunung Marapi merupakan salah satu gunung api aktif di Sumatra Barat yang sering 

mengalami erupsi. Material hasil erupsi seperti abu vulkanik, pasir, dan batuan 

piroklastik tersebar di sekitar kawasan terdampak, termasuk di daerah Bukit Batabuah, 

Kabupaten Agam. Pemanfaatan material ini sebagai bahan konstruksi, khususnya untuk 

timbunan jalan, menjadi opsi menarik untuk mendukung pembangunan infrastruktur 

berkelanjutan. Penelitian ini bertujuan untuk mengidentifikasi kesesuaian material lahar 

dingin sebagai bahan timbunan jalan.  Hasil pengujian menunjukkan bahwa material 

lahar dingin Gunung Marapi berupa tanah pasir dengan gradasi baik, nilai California 

Bearing Ratio (CBR) > 6 % dan tidak terjadi pengembangan selama proses perendaman; 

sudut geser dalam (φ)  > 30o dan kohesi (c) antara 0.005 kg/cm2 – 0.037 kg/cm2. 

Berdasarkan Surat Edaran Dirjen Bina Marga No. 16.1/ SE/ Db/ 2020 tentang Spesifikasi 

Umum 2018 untuk pekerjaan konstruksi jembatan dan jalan, maka material ini  cocok 

digunakan sebagai material timbunan pilihan. 

 

Kata kunci: Lahar dingin; Gunung Marapi; timbunan jalan; California Bearing Ratio 

(CBR); kekuatan geser 

 

 

Abstract 

 
Mount Marapi is one of the active volcanoes in West Sumatra that frequently erupts. 

Eruption materials such as volcanic ash, sand, and pyroclastic rocks are scattered around 

the affected areas, including in the Bukit Batabuah area, Agam Regency. Utilizing these 

materials as construction materials, especially for road embankments, is an attractive 

option to support sustainable infrastructure development. This study aims to identify the 

suitability of cold lava material as road embankment material. The test results show that 

the cold lava material of Mount Marapi is sandy soil with good gradation, a California 

Bearing Ratio (CBR) value of > 6% and no swelling during soaked process; an internal 

friction angle (φ) of > 30o and cohesion (c) between 0.005 kg/cm2 – 0.037 kg/cm2. Based 

on the Circular Letter of the Director General of Highways No. 16.1/ SE/ Db/ 2020 

concerning General Specifications 2018 for bridge and road construction work, this 

material is suitable for use as the selected embankment material. 

 

Keywords: cold lava; Mount Marapi; road embankment; California Bearing Ratio 

(CBR); shear strength 
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1. Introduction 

Indonesia is one of the countries with the highest levels of volcanic activity 

in the world, because it is located at the meeting point of three major tectonic plates: 

Indo-Australian, Eurasian, and Pacific. This condition causes many active 

volcanoes spread across various regions, including in West Sumatra Province  

(Fitriana et al., 2025; Zulsfi et al., 2021). Mount Marapi is one of the active 

volcanoes in West Sumatra Province, Indonesia, which frequently erupts, 

producing volcanic material such as sand, ash, gravel, and pyroclastic rocks 

scattered around the affected areas, including in the Bukit Batabuah area, Agam 

Regency, West Sumatra (Bari et al., 2023; Istijono et al., 2025; Mahdi et al., 2025). 

Figure 1 shows the distribution of areSas affected by the eruption of Mount Marapi.  

 

 
Figure 1 Level of disaster vulnerability due to the eruption of Mount Marapi 

volcano (PVMBG, 2024). 

 

Figure 1 shows the level of regional vulnerability to the threat of a Mount 

Marapi eruption. Vulnerability levels are divided into three groups based on the 

radius from the central crater summit: 

Disaster Prone Areas I  are yellow and have a radius of 7 m from the summit. 

These areas have potential hazards, including volcanic ashfall, small incandescent 

rock outbursts, and` cold lava flows following the river's course. This area includes 

residential and agricultural areas at the foot of the mountain, such as Sungai Puar, 

Bukik Batabuah, and Limo Kaum, making it the primary focus of mitigation and 

monitoring. Volcanic material deposits and cold lava flows are abundant in this 

zone, and these materials have significant potential for use as road embankment or 

local construction materials after their suitability has been tested. 

Disaster Prone Area II is shown in pink, with a radius of approximately 5 km 

from the summit. This area is potentially exposed to pyroclastic flows, lava flows, 

incandescent rock outbursts, and heavy ashfall. This area is also a potential pathway 

for cold lava flows when heavy rains carry eruption material into river valleys. 

Disaster Prone Area III is shown in dark red, with a radius of approximately 

3 km from the summit. The most dangerous zone is around the crater, constantly 

threatened by pyroclastic flows, lava flows, toxic gases, and incandescent rockfalls. 

This area is the primary source of eruption material, which can then be carried to 

lower areas by cold lava floods. Based on predicted modeling conducted by the 

Center for Volcanology and Geological Hazard Mitigation (PVMBG), there are 

approximately 500 thousand to 1 million cubic meters of volcanic material 

accumulated in the upstream part of Mount Marapi. Yellow lines radiating from the 
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mountain peak in various directions depict potential paths of cold lava. This lahar 

usually occurs when heavy rainfall falls on mountain slopes that are still filled with 

loose volcanic material. The eruptive material carried by this flow is a mixture of 

sand, gravel, pumice, and volcanic ash, which is deposited in the lowlands and 

forms thick and extensive cold lava deposits. This has impacts including river 

shallowing, damage to agricultural land, and disruption to road networks and 

settlements (Purwaningsih et al., 2024).  

From a technical perspective, the cold lava from Mount Marapi has great 

potential as a construction material, with stiff, light, well-graded grains and a good 

mineral composition (Riadi et al., 2025; ; Anda & Suparto, 2016; Alraddadi & 

Assaedi, 2020). The presence of silicate minerals in coarse volcanic sand and fine 

ash causes high shear strength values and relatively low plasticity values 

(Lemougna et al., 2018;Hatefi et al., 2024;Ledesma et al., 2001). These properties 

are advantageous from a geotechnical perspective for use as embankment fill 

material or base soil layers in road construction (Barone et al., 2021; Ghadir et al., 

2021; Latif et al., 2016; Melentijević et al., 2024; Setiawati et al., 2024). From an 

economic and environmental perspective, the use of cold lava material can reduce 

environmental burden by utilizing otherwise useless material (waste) and providing 

it with economic value as a local construction material  (Karolina et al., 2015; Latif 

et al., 2016). The use of local materials, such as cold lava from Mount Marapi, can 

be a solution to overcome the increasing limitations of embankment materials for 

road construction, so that materials can be obtained that are economical and 

sustainable from an environmental perspective (Curović, 2016; Vijaya Sekhar 

Reddy et al., 2016). To ensure its suitability, comprehensive geotechnical testing is 

necessary, including bearing capacity, shear strength, and material stability. The 

material's porous and non-cohesive nature can pose a challenge if not adequately 

managed. Utilizing this material as a road embankment is crucial to ensure its 

quality and durability against traffic loads and environmental conditions. 

The urgency of this research lies in two main aspects: from an environmental 

perspective, the use of volcanic material can help reduce the risk of secondary 

disasters such as sedimentation and recurrent cold lava floods. Second, from an 

economic and development perspective, using local materials can reduce 

transportation costs for construction materials while accelerating infrastructure 

development in disaster-prone areas.This study aims to analyze the geotechnical 

characteristics of cold lava material from Mount Marapi and assess its suitability as 

road embankment material in accordance with applicable standards. By 

investigating gradation, density, shear strength, CBR value, and development, this 

research provides scientific data supporting the sustainable use of volcanic material, 

transforming potential waste from natural disasters into a valuable engineering 

resource. The results of this research are expected to provide scientific data and 

practical recommendations for the planning and sustainable use of local materials, 

enabling materials resulting from natural disasters to be converted into high-value 

construction resources. 

 

2. Research Methods 

2.1 Research Location 

This research was conducted in the area affected by the cold lava disaster of 

Mount Marapi, located in Nagari Bukik Batabuah, Candung District, Agam 
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Regency, West Sumatra Province. This research location was chosen because it is 

one of the main routes for cold lava flows that carry material from the eruption of 

Mount Marapi towards residential areas and agricultural land at the foot of the 

mountain. Geographically, the research location is at coordinates around 0°20′44″ 

South Latitude (-0.3457683° S) and 100°25′48″ East Longitude (100.4300896° E) 

with an average altitude of ±1,250 meters above sea level. Figure 2 shows the 

research location and soil sampling. 

 

 
Figure 2 Level of disaster vulnerability due to the eruption of Mount Marapi 

volcano (Source: Google earth, 2025) 

 

2.2 Methods 

Sampling was conducted at several points along the lava deposit path, 

approximately 50 meters apart (shown in Figure 1), to provide more varied data and 

better illustrate lateral changes in soil properties. The soil samples were disturbed, 

taken at a depth of 0–50 cm from the surface, as this is the active layer that receives 

the most new deposits from cold lava activity. Each sample was labeled based on 

the coordinates and the sampling sequence. The samples were then taken to the 

laboratory for a series of tests on physical and mechanical properties, such as grain 

gradation, bulk density, relative density, and water content. The Unified Soil 

Classification System (USCS) (Soil & Rock, 2017) and the American Association 

of State Highway and Transportation Officials (AASHTO, 2017) were used for soil 

classification. The results of this soil classification serve as a basis for assessing the 

suitability of cold lava deposit material in Nagari Bukik Batabuah for road 

embankment.  

The relative density test is performed to determine the density level of coarse-

grained soils (granular soils) such as sand and gravel, which is expressed as relative 

density (Dr), whereas in fine-grained soils, soil condition is controlled by plasticity 

and cohesion. Granular soils have no cohesion, so their strength and stability 

depend entirely on their density. To calculate relative density (Dr), use the formula 

below 

𝐷𝑟 =  
𝛾𝑚𝑎𝑥 −𝛾

𝛾𝑚𝑎𝑥− 𝛾𝑚𝑖𝑛
 𝑥 100 % (1) 

Where Dr represents the relative density (%), γmax is t he maximum dry unit 

weight of the soil in its most compacted condition (g/cm³ or kN/m³), γmin is the 

minimum dry unit weight of the soil in its loosest condition (g/cm³ or kN/m³), and 

γ is the field dry unit weight of the soil (g/cm³ or kN/m³). The relationship between 

relative density (Dr) and soil properties is shown in Table 1. 
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Table 1 Correlation of soil relative density (Dr) with friction angle (F) and soil 

characteristics  
Dr (%) Category  Description Estimated of 

Internal Friction 

Angle  (Ф,o) 

Soil Characteristics 

0-15 

 

Very loose Very loose grains, 

easily displaced and 

unstable 

28° – 30° Low bearing capacity, 

prone to collapse 

15 – 35 Loose loose grains, easily 

displaced and unstable 

30° – 34° Moderate bearing 

capacity 

35 – 65 Medium 

dense 

Partially compacted 

grains 

34° – 38° Stable, strong for 

regular embankments 

65 – 85 Dense Dense and difficult to 

displace 

38° – 42° High bearing 

capacity, suitable for 

selected 

embankments 

85 – 100 Very dense Very dense, almost 

impossible to compact 

42° – 45° Very high bearing 

capacity, stable, small 

deformation 

Source: Satria Warman, 2019; Braja, 1995 
 

Mechanical properties tests carried out were in the form of Standard Proctor 

compaction tests, California Bearing Ratio (CBR) in soaked and unsoaked 

conditions, swelling and direct shear tests.  Compaction was carried out to obtain 

the maximum dry volume weight (γdry maximum) and optimum water content 

(woptimum), which were then used as controls in the manufacture of CBR samples 

and direct shear tests. The CBR value was determined using the following formula: 

 

CBR =  
Penetration  load 

Standard load 
 x 100 % (2) 

Where penetration load is the measured load required to achieve a specified 

penetration of the plunger into the soil specimen, and standard load is the reference 

load corresponding to the same penetration as defined in the standard CBR test. The 

CBR value selected was 2.54 mm (0.1 inch) penetration. If the penetration value of 

5.08 mm (0.2 inches) was greater than 0.1 inch, the test should be repeated. If the 

results remained the same, i.e., a CBR value of 0.2 inches > 0.1 inches, the CBR 

value of 0.2 inches was used. 

 

The swelling test was conducted on CBR samples soaked for four days. The 

swelling was then calculated using the formula: 

Swelling (%) =  
∆H

HO
 X 100 % (3) 

Where ΔH represents the change in specimen height, calculated as the 

difference between the final sample height (H₁) and the initial sample height (H₀), 

H₁ is the final sample height after soaking, and H₀ is the initial sample height before 

soaking. 

The grouping of selected materials is determined based on the 2018 Bina 

Marga General Specification Standards (Revision 2) (Bina Marga, 2018), which are 

widely recognized and respected in the field of civil engineering. These standards 

provide a comprehensive framework for material selection, ensuring the quality and 



Teras Jurnal : Jurnal Teknik Sipil  P-ISSN 2088-0561 

Vol 16, No 02, September 2026  E-ISSN 2502-1680 

 

Utilization of Cold Lava Material from Mount Marapi Volcano as Road Embankment in 

West Sumatra, Indonesia - Yory Yananza, Andriani Andriani, Muhammad Shubhi Nurul 

Hadie, Afra Inayah Putri 

360 

 

durability of construction projects. The following provisions are key to 

understanding and implementing these standards: 

a. Common Fill, with the following precise requirements: No organic material 

>5%, no decaying material (garbage, wood), a minimum density of 90% of the 

maximum density (Standard Proctor), and free from soil clods >100 mm. 

b. Selected Fill, with the following requirements: A minimum CBR value of 10% 

(for the subbase layer) and a minimum CBR value of 20% (for the top base 

layer), a maximum Plasticity Index (PI) of 6%, a maximum fines content 

(passing the No. 200 sieve) of 12%, a minimum density of 95% of the maximum 

density, 50-100% passing the No. 4 (4.75 mm) sieve, 25-60% passing the No. 

40 (0.425 mm) sieve, and 100% passing the No. 40 (0.425 mm) sieve. 200 (0.075 

mm) with a maximum of 12%. For the Liquid Limit (LL), a maximum of 25% 

and a maximum Plasticity Index (PI) of 6%, with an Internal Friction Angle (φ) 

of at least 30°. 

 

According to Bina Marga 2018, embankment material cannot be used if it 

contains more than 5% organic matter, CBR value < the minimum requirement, a 

Plasticity Index >6% and fines >12%, or contains easily decomposed material. Non-

compliance with these standards can lead to significant project delays and costs. 

  

3. Result and Discussion 

The results of testing the soil's physical and mechanical properties serve as a 

basis for determining whether cold lava material is suitable as embankment 

material, in accordance with the standards set by Bina Marga (2018). 

Analysis of soil physical properties, such as soil type and soil density (Dr), 

provides a basis for determining these properties. Compaction is performed to 

obtain the maximum dry density (γdmax) and optimum moisture content (OMC) 

using the Standard Proctor compaction test. The results of this compaction serve as 

reference parameters for the implementation of the California Bearing Ratio (CBR) 

and direct shear tests. In the CBR test, soil samples are compacted using the γdmax 

value and the OMC water content to obtain a soil bearing capacity representative 

of field conditions. This is done because the soil's resistance to penetration loads 

will be maximized when it is compacted under these optimum conditions. Similarly, 

in the direct shear test, the optimum density is used to prepare samples to describe 

soil shear strength under ideal compacted conditions, so that the shear strength 

parameters (cohesion and internal friction angle) obtained represent the material's 

actual field conditions. The density value plays an important role in determining the 

quality of road embankment material. Soil with a high γdmax value and a moderate 

optimum water content usually shows good compaction ability, high stability, and 

adequate CBR value. Materials with these characteristics are generally considered 

preferred embankment materials. At the same time, soils with low density or high 

sensitivity to changes in water content are more suitable for use as regular 

embankment layers. Soil density not only reflects the material's compaction ability 

but also serves as an important control parameter for assessing the quality, strength, 

and suitability of Mount Marapi's eruptive material for road embankments. 
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3.1 Results of testing the physical properties of cold lava material 

Material of cold lava from Mount Marapi Volcano, collected from the Nagari 

Bukik Batabuah area, Candung District, Agam Regency, shows the typical physical 

characteristics of young volcanic material, namely a dominant coarse-grained 

composition, rough texture, dark gray color, and non-plasticity. This material is the 

result of transportation and sedimentation from cold lava flows that carry a mixture 

of volcanic sand, gravel, pumice, and coarse volcanic ash from the mountain slopes 

to the foothills. Table 2 shows the results of physical properties tests of cold lava 

material. 

 

Table 2 Results of physical properties tests of cold lava material. 

Types of testing 
Sampling location  

Point 1 Point  2 Point  3 Point  4 Point 5 

Natural water content  (w, %) 3.54 5.87 2.87 4.69 3.86 

Specific gravity  2.657 2.667 2.656 2.671 2.656 

Insitu of unit weight  (γ, 

kN/m3) 

1.652 1.711 1.674 1.653 1.812 

 

Table 3 shows the results of the sieve analysis. The lahar material is 

dominated by sand fractions of 60–75%, gravel fractions of 20–30%, and fine 

fractions (silt + clay) of less than 10%. The wide grain-size distribution, with a 

balanced ratio of coarse to fine grains, indicates that this material is well-graded. 

According to the USCS (Unified Soil Classification System), soil with this 

composition is categorized as SW (Well-Graded Sand). In contrast, in the AASHTO 

system, it is categorized as group A-1-a, a mixture of sand and gravel with a low 

acceptable content and very low plasticity. Both classifications are among the best 

quality soils for road embankment work, due to their stability, high bearing 

capacity, and good permeability. 

 

Table 3 Results of sieve analysis of cold lahar material from Mount Marapi 

Volcano. 

Soil parameters 
Sampling location 

Point 1 Point 2 Point 3 Point 4 Point 5 

Fraction of gravel (%) 3.267 1.167 1.067 0.700 0.833 

Fraction of sand (%) 81.667 90.867 92.333 94.900 95.934 

Fraction of silt (%) 10.538 6.368 4.616 3.077 2.261 

Fraction of clay  (%) 4.528 1.598 1.984 1.323 0.972 

Total of Fraction 100 100 100 100 100 

Pass # 40 (%) 35.867 43.433 28.800 24.833 26.333 

Pass # 200 (%) 8.967 7.967 6.600 4.400 3.233 

Value of D60 (mm) 1.003 0.704 1.161 1.419 1.282 

Value of D30 (mm) 0.340 0.259 0.449 0.522 0.522 

Value of D10 (mm) 0.130 0.095 0.149 0.146 0.157 

Uniformity coefficient (Cu) 7.715 7.410 7.791 9.523 8.165 

Gradation coefficient (Cc) 1.008 1.010 1.168 1.289 1.353 

 

Based on Table 3, it can be seen that the samples at points 1-5 have Cc values 

between 1 and 3; the gravel has Cu> 4, and for sandy soil, Cc > 6, indicating that 

the cold lava material of Mount Marapi is well-graded.  Figure 2 shows the 

distribution of grain size at 5 research locations, it can be seen that the soil is well 

graded. 
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Figure 2 Results of cold lava material sieve analysis at 5 sampling points. 

 

Figure 2 shows the distribution of grain size at five sampling locations. The 

soil is well graded. In Table 3, it can be seen that the cold lava material at the 

Simpang Bukik location in Agam Regency is dominated by sandy soil, with a soil 

percentage of >50%. When viewed under a grain gradation sieve, the soil that 

passes sieve no. 40 < 51% and the soil that passes sieve no. 200 < 10%, the Cu 

value (coefficient of uniformity) > 6%, the Cc value (gradation coefficient) is in the 

range 1 < c < 3, then according to AASHTO it is categorized into A-1-a, namely 

good material as a road subgrade with a level that can be used as ordinary 

embankment material with a very good to good category, while according to SNI 

6371: 2015 it is grouped into well-graded sandy soil (SW).  

 

Table 4 Soil types based on USCS and AASHTO classifications 
Location 

sampling  

Soil Classification Recommendation as road 

embankment USCS AASHTO 

Point 1 SW A-1-a Very well for use as a subgrade/road 

embankment 

Point 2 SW A-1-a Very well for use as a subgrade/road 

embankment 

Point 3 SW A-1-a Very well for use as a subgrade/road 

embankment 

Point 4 SW A-1-a Very well for use as a subgrade/road 

embankment 

Point 5 SW A-1-a Very well for use as a subgrade/road 

embankment 

 

Based on the 2018 General Specifications for Highways (Division 3 – 

Earthworks), material with a PI < 15% and a fines content < 35% qualifies as 

selected fill. Therefore, in terms of plasticity and fines fraction, Mount Marapi's 

lahar material can be categorized as very good and stable against changes in water 

content, making it suitable for use as the top layer of embankments or road 

subgrade. The results of soil classification using the USCS and AASHTO systems 

are shown in Table 4. 

One of important parameter for determining the stability and strength of 

coarse-grained materials is relative density. Relative density is the ratio of the field 

density to the maximum and minimum densities of the same material, measured 

under controlled conditions in the laboratory. Table 5 shows the results of relative 

density calculations at five sampling locations. 
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Tabel 5 Value of relative density on the 5 Point Sampling 
Parameters  

(kN/m3) 
Point 1 Point 2 Point 3 Point 4 Point 5 

γ 1.652 1.711 1.674 1.653 1.812 

γmin 1.251 1.310 1.299 1.410 1.310 

γmax 1.790 1.780 1.710 1.410 1.310 

Dr 74.44 85.32 91.24 69.43 89.64 

 

The Figure 3 shows the relative density values at the five sampling points. 

Based on research on well-graded sand (SW), a Relative Density (Dr) value 

exceeding 65% indicates the material has reached a dense to very dense density 

level. Quantitatively, this value is derived from the relationship between the dry 

unit weight in the field and the maximum and minimum dry unit weights of the 

same material. Achieving a Dr value above this threshold is a critical prerequisite 

for selected embankment materials, as it directly correlates with increased bearing 

capacity (CBR) and shear strength (internal friction angle). Based on the 2018 Bina 

Marga General Specifications (Division 3 – Earthworks), material with a Dr value 

> 65% qualifies as embankment material. Therefore, Figure 3 concludes that the 

cold lava material at all five locations on the Batabuah hill qualifies as embankment 

material. 

 
Figure 3 Relative Density (Dr) Values at the Five Sampling Locations 

 

The results of this study indicate that the material has been optimally 

compacted. This high relative density ensures superior volumetric stability, offering 

significant resistance to deformation under both static and dynamic loads. In road 

embankment applications, this translates into high resistance to differential 

settlement, which can damage the overlying pavement layers. Furthermore, a Dr 

value > 65% indicates a low liquefaction potential for the material under cyclic 

loading conditions, such as earthquakes or traffic vibrations. High density reduces 

the volume of intergranular voids, thereby reducing the potential for increased pore 

water pressure, the primary driver of liquefaction. 

 

3.2 Results of Teting Soil Mechanical Properties of Cold Lava Material 

Road pavement performance is greatly influenced by the mechanical 

properties and composition of the subgrade. These mechanical properties include 

stiffness, strength, deformation, and stability of the subgrade material. Soil 

compaction is used to determine the mechanical characteristics of the soil in 

subsequent testing stages. The maximum dry density (γdmax) and optimum water 

content (OMC) values obtained from the Standard Proctor Test serve as reference 

parameters for the California Bearing Ratio (CBR) and Direct Shear Tests. Table 6 

shows the results of compaction and direct shear tests on the five samples. 
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Table 6 Results of compaction and direct shear tests on cold lava material 
Type of Testing  Point 1 Point 2 Point 3 Point 4 Point 5 

Compaction 

Maximum Dry Unit Weight 

(kN/m3) 

Optimum Water Content (%) 

 

1.905 

14.294 

 

1.770 

14.640 

 

1.771 

15.664 

 

1.826 

13.317 

 

1.945 

10.702 

Direct shear  

Internal Friction Angle (Ф, o) 

Cohession (c, kg/cm2) 

 

41.69 

0.037 

 

38.28 

0.005 

 

39.82 

0.009 

 

41.06 

0.005 

 

42.39 

0.028 

 

Soil compaction test results indicate that the cold lava material has a 

maximum dry unit weight (γdmax) > 1.70 g/cm³ and an optimum water content 

(OMC) of around 11–15%. This high γdmax value indicates that the soil can achieve 

a good level of compaction even with a relatively low water content. According to 

Bina Marga: 2018 criteria, material with a γdmax ≥ 1.70 g/cm³ and an OMC 

between 8–18% is considered suitable for selected embankment work, as it is easy 

to compact and produces a high density. 

 

 
Figure 4 Result of Direct shear on five sampling of cold lava material 

 

Figure 4 shows the results of the direct shear test, indicating that the cohesion 

value (c) of the lahar soil is relatively small, ranging from 0 to 0.05 kg/cm². At the 

same time, the internal friction angle (φ) is relatively high, namely between 38° and 

42°. The low cohesion value indicates that this material lacks significant 

interparticle adhesion, consistent with the characteristics of non-plastic coarse-

grained soil. The high φ value indicates the presence of dominant intergranular 

frictional strength, which plays a significant role in resisting shear loads. The 

relatively small cohesion value (c) causes the ability to withstand shear forces to 

depend entirely on the magnitude of the internal friction angle (φ). A φ value of 38–

40° is considered high, comparable to well-graded sand or dense gravel, which has 

high stability against lateral and vertical loads. 

In addition to soil density and shear strength, an important geotechnical 

parameter for determining soil stability is the California Bearing Ratio (CBR). The 

CBR value is not only a technical requirement for road embankments but also 

reflects the material's structural performance in absorbing and distributing loads. 

High density will directly increase the CBR value and soil shear strength because 

the closer the intergranular spacing, the greater the internal friction. Figure 5 shows 

the CBR test results of the cold lava material from Mount Marapi at five sampling 

locations. 
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Figure 5 Results of CBR value on five sampling of cold lava material 

 

Figure 5 shows that the CBR value of the cold lava material from Mount 

Marapi is> 10% in both unsoaked and soaked conditions. This lava flow material is 

coarse-grained and non-plastic, with good bearing capacity under traffic loads, even 

in water-saturated conditions. The high CBR value of this material is due to its 

coarse, well-graded grain structure, which allows optimal compaction and the 

formation of strong intergranular forces, resulting in a high dry density (γdmax ≥ 

1.70 gr/cm³) and indicating good compaction ability and intense intergranular 

contact. According to the 2018 General Specifications of Highways (Division 3 – 

Earthworks), material with a CBR ≥ 10% is eligible for use as lower embankment, 

while a CBR ≥ 15% is recommended for selected fill. Based on the material 

characterization results, CBR values >20% obtained from the five soil samples 

indicate adequate bearing capacity for the chosen embankment applications. 

The mechanism of CBR performance in coarse-grained materials, such as 

well-graded sand (SW), is closely related to particle interlocking and an optimal 

gradation distribution. Coarse grains form a structural network that carries loads, 

while fine fractions fill voids and increase density, thereby increasing penetration 

resistance. A CBR value >20% also indicates that the material has adequate 

permeability to prevent excessive pore-water pressure accumulation, which can 

reduce the material's saturated shear strength. Swelling tests are conducted to 

determine the soil's volume stability against water, particularly to identify potential 

deformation due to water absorption during the road's service life. These swelling 

tests are conducted concurrently with the soaked CBR test. Swelling observations 

are made over four days. Table 7 presents the results of the submerged CBR 

swelling test. The results indicate minimal swelling, approaching zero, indicating 

that the soil does not swelling. 

 

Table 7 Results of Swelling value on Cold Lava Material  
Sampling location  Point 1 Point 2 Point 3 Point 4 Point 5 

Swelling (%) 0.01 0.01 0.00 0.01 0.00 

 

Geotechnical characterization test results indicate that the five samples of 

cold lava material from Mount Marapi, collected at Bukik Batabuah, Agam 

Regency, West Sumatra, fully meet the technical requirements for selected 

embankment material, as stipulated in the Letter of the Director General of 

Highways No. 16.1/ SE/ Db/ 2020 concerning the 2018 General Specifications for 

bridge and road construction work. 
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According to General Specifications of Bina Marga: 2018 (Division 3 – 

Earthworks), materials with a CBR of ≥ 10% are suitable for use as embankments, 

while a CBR of ≥ 15% is recommended for selected fill. All critical parameters, 

including CBR, plasticity, density, and swelling stability, exceed the minimum 

requirements of the 2018 General Highways Specifications for embankment 

materials. The cold lahar material is coarse-grained and non-plastic, consisting of 

well-graded sandy soil with a CBR value of > 20%, swelling value approaching 

zero, and a friction angle (φ) of ≥ 38°. This indicates that this material has high 

bearing capacity and stability, making it suitable for use as selected embankment 

material. 

 

4. Conclusion 

Based on the results of physical and mechanical property testing conducted 

on the five samples, they meet the technical requirements for selected embankment 

materials as specified in the 2018 General Specifications of Bina Marga Section 

3.2.2. The five samples tested are classified as well-graded sandy soil (SW) 

according to USCS, while, according to AASHTO, they are included in the A-1-a 

group, which is categorized as very good for use as base soil. The five soil samples 

have a California Bearing Ratio (CBR) value of > 20%, meaning they exceed the 

2018 Bina Marga minimum requirements for selected embankments, which is > 

10%, a Relative Density (Dr) value of > 65% which indicates a dense material 

condition, and an internal friction angle value of > 35° which indicates a high 

stability value and a swelling value close to zero because the soil is non-plastic. 

Hence, it is suitable for use as embankment material. The use of this material 

reduces environmental impact by mitigating volcanic sediment accumulation from 

cold lava floods and supports sustainable resource management in areas affected by 

the Mount Marapi eruption. 
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