
AIP Conference Proceedings 2441, 030010 (2021); https://doi.org/10.1063/5.0075255 2441, 030010

© 2021 Author(s).

Soil improvement analysis for strengthening
carbonate rock’s foundation at Playen-
Gunungkidul Regency, special region of
Yogyakarta, Indonesia
Cite as: AIP Conference Proceedings 2441, 030010 (2021); https://doi.org/10.1063/5.0075255
Published Online: 19 November 2021

L. Indahsari, S. Mulyaningsih and N. W. A. A. T. Heryadi

ARTICLES YOU MAY BE INTERESTED IN

Preparation and characterization of Chitosan-based fibers using electrospining technique
AIP Conference Proceedings 2441, 020004 (2021); https://doi.org/10.1063/5.0072801

Mechanical characterization of concrete containing crumb rubber and recycled brick
aggregate
AIP Conference Proceedings 2441, 030012 (2021); https://doi.org/10.1063/5.0072546

Batch adsorption and column studies in the removal of lead (II) ion from aqueous medium
using lumbang (Aleurites moluccana)-derived activated carbon chitosan composite
crosslinked with epichlorohydrin
AIP Conference Proceedings 2441, 020001 (2021); https://doi.org/10.1063/5.0072614

https://images.scitation.org/redirect.spark?MID=176720&plid=1401533&setID=379066&channelID=0&CID=496955&banID=520310232&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=f64bef4ce8450099ddefdcc26d23a5121cb5eda2&location=
https://doi.org/10.1063/5.0075255
https://doi.org/10.1063/5.0075255
https://aip.scitation.org/author/Indahsari%2C+L
https://aip.scitation.org/author/Mulyaningsih%2C+S
https://aip.scitation.org/author/Heryadi%2C+N+W+A+A+T
https://doi.org/10.1063/5.0075255
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0075255
https://aip.scitation.org/doi/10.1063/5.0072801
https://doi.org/10.1063/5.0072801
https://aip.scitation.org/doi/10.1063/5.0072546
https://aip.scitation.org/doi/10.1063/5.0072546
https://doi.org/10.1063/5.0072546
https://aip.scitation.org/doi/10.1063/5.0072614
https://aip.scitation.org/doi/10.1063/5.0072614
https://aip.scitation.org/doi/10.1063/5.0072614
https://doi.org/10.1063/5.0072614


Soil Improvement Analysis For Strengthening        
Carbonate Rock’s Foundation At Playen-Gunungkidul 

Regency, Special Region of Yogyakarta, Indonesia 

L Indahsari1 a), S Mulyaningsih2 b), and NWAAT Heryadi2 c) 
1Geological Engineering Institut Sains & Teknologi AKPRIND Jl Kalisahak 28 Yogyakarta Indonesia 

2Geological Engineering Institut Sains & Teknologi AKPRIND Yogyakarta  

a) lilisindahsari99@gmail.com
b) Corresponding author: sri_m@akprind.ac.id

c) nurwidi@akprind.ac.id

Abstract. The study area is part of Gunungsewu Unesco Global Geopark. It is located at Playen District Gunungkidul 
Regency. Its lithology consists of the intersection of fine-grain carbonate rocks and the marl of the Kepek Formation. 
Disturbed soils and karst in unique geological conditions control the most building foundations, so those soil improvements 
to increase the strength of building materials are needed. The method of study was surface geological mapping and collect 
soil samples. Field mapping recorded 3 types of soils; sandy soils, marly soils, and clayey soils. The soil samples were 
mixed with 0%, 10%, 15%, 20%, and 25% amounts of calcarenite, calcilutite, and marl to a shape of a beam (for each type 
of sample soil), then ripened for 0 days, 14 days, 28 days, and 56 days. All beams were tested for liquid limit, plastic limit, 
specific gravity, bulk density, moisture content, and compressive strength according to laboratory standard operating 
procedures. Thermal buckling behavior of the composite beam reinforced with the Shape Memory Alloy (SMA) under a 
non-uniform temperature distribution. The influence of positioning SMA reinforced lamina across the thickness and such 
parameters as the distribution of temperature, lamination schemes, SMA pre-strains level, and SMA volume fractions on 
the thermal buckling of laminated beams. The results are the marly soil is the worst soil in quality (highest moisture contents 
and lowest adhesion). The additions of lime powder (calcarenite and calcilutite) of 25% or 40% into marly soils have 
reduced the moisture contents and densities of the sample beams, as well as increased adhesion and compressive strength. 
Those were decreased the specific gravity until ~1.76gr/cm3, the water content until ~4.42%, and increased the strength 
until ~0.25%. 

INTRODUCTION 

 Gunungsewu Unesco Global Geopark (UGG) has brought positive changes to the world of tourism and research, 
so that very intensive regional development. The Gunung Sewu area includes 3 segments. The western segment 
belongs to the Gunungkidul Regency, Yogyakarta Special Region Province, the middle part belongs to the Wonogiri 
Regency, Central Java Province, and the eastern segment belongs to the Pacitan Regency, East Java Province. The 
research area is located at Playen Village, Gunungkidul Regency that belongs to the Yogyakarta Special Province. It 
is located about 35 km to the southeast of the city at 07o 55 '00 "S – 08o 00" 00 "S and 110o 30" 00 "E – 110o 35" 00 
"E (Fig. 1), as part of the UGG. The geology is influenced by Gunungsewu Karst, which consists of calcarenite 
limestone of Wonosari Formation and intersecting marl and calcilutite of Kepek Formation. Field data recorded 
several building failures, such as the cracked foundations, the bumpy subgrades, and the subsidence [11]. The incidents 
were linked to the surface soil shrinkage, which is formed by the plastic properties of the weathered-calcareous 
sediments of Kepek Formation. The sediments are reported dominating the surface of the study area [12]. This soil 
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shrinkage needs stabilization to improve soil engineering. The research objectives to increase the bearing capacity of 
the shrinkage soil by mixing it with lime powder. 
 Soil improvement is a technique in measuring land’s and material’s stabilization. Improving soil properties will 
link to the required technical requirements [1,2,3]. These activities comprise increasing the carrying capacity and the 
shear strength, decreasing the compressibility, and increasing or decreasing soil permeability. Improving clayey soil 
with lime can increase the strength of the soil mixture when the curing time at 73oF is longer [1, 2]. Curing time and 
% of the mixture depending on the type and characteristics of the subgrade. The success of the study depends on the 
percentage of the mixture and the curing time [4]. The test they carried out to detect variations in water content in the 
best specimens using the California bearing ratio (CBR) method referring to ASTM D1883–94, resulted in the best 
value of lime-WS columns, formed by 20% lime and 22% clay. The effectiveness of the lime mixture in the 
undisturbed soil for airport construction purposes is limited to specifications and still requires adequate testing [5]. As 
a comparison, the effectiveness of binder based on red gypsum waste as a substitute for cement for soil stabilization 
in insitu soils has also been carried out [6]. The experiment was carried out with a little added lime to increase the soil 
pH and allow the pozzolan reaction. The mixture was then cured for 7, 14, 28, 56, and 112 days in wet and dry 
conditions. An example of this mixture is proven to have strength, plasticity index, and stiffness of the mixture with 
Portland cement. Mix ash to weak soils was also examined and the result was very good compared with the Portland 
cement stabilization [7]. So, it is believed that this research can be applied well for the benefit of strengthening 
foundations in the Playen area, whose lithology is composed of soil weathered with calcarenite, calcilutite, and marl. 
As the source of the lime powder is around the study area. 

FIGURE 1. Situation map of the study area. 
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 This research was conducted on native soil and mixed soil. Soil sampling is carried out for disturbed and 
undisturbed soils. The disturbed soils were accumulated from eroded soils as the resedimented alluvium soils, came 
from the eroded limestone, marl, and others around them. Undisturbed soils were formed by weathered in-situ rocks, 
which means un-removed soils. The undisturbed soils were taken using thin-walled sample tubes by molding them, 
carried out on cohesive soils (loam or silt) which were rigid and supple. Disturbed soils were taken anywhere freely. 
The soil samples were then prepared by sieving them using a 40-mesh sieve, mixing them with lime powder according 
to the criteria, and printing them into five according to the designation of samples: A + 0%, B + 10%, C + 15%, D + 
20%, and E + 25%. A total of 3 samples were taken 5kg each. Each sample was further divided into 5 parts, each 1kg 
labeled A, B, C, D, and E. The five samples are labeled to distinguish each other. Furthermore, the soil samples were 
mixed with lime powder for 0%, 10%, 15%, 20%, and 25%. Each labeled sample was further divided into six parts, 
each of them was 100g then mixed with lime powder (as needed) and enough water, to test specific weight, liquid 
limit, plastic limit, moisture content, and formed two beams. The samples were tested to shear and tension stress using 
UCT (Universal Compressive and Tension) method. Fig. 2 explains the method. 

FIGURE 2. Flow diagrams of the research and sampling method. 

 Samples that have been mixed were ripened within 56, 28, and 14 days. All mixed samples were tested for liquid 
limit, plastic limit, density, bulk density, moisture content, and soil compressive strength. The liquid limit was 
analyzed referring to the provisions of SNI 03-1967-1990; namely, the experiment was carried out 4 times, tapped 
less than 25 beats 2 times and more than 25 beats 2 times, the sample is then weighed, and the result is recorded. The 
liquid limit is the soil content at the limit between the liquid state and the plastic state. The liquid limit analysis was 
determined by the Casagrande test. The plastic limit is the water content at the position between the plastic and semi-
solid areas, namely the percentage of moisture content where the soil with a cylinder diameter of 3.2 mm begins to 
crack when rolled. The analysis refers to the provisions of SNI 03-1966-1990. The results of the observation and 
testing were synthesized to get the best carrying capacity and the most efficient operation. 

RESULTS AND DISCUSSION 

Geological Data 

 The geology of the study area was influenced by the dynamics of the subduction of Indian and Australian plates 
under the active Eurasian plate [8]. It was a submarine volcanic arc during the Early Miocene [15], then gradually 
uplifted developed outer neritic, inner neritic, and transition [14]. It was evolving the Southern Mountain from a 
submarine into subaerial during Late Miocene until Late Pliocene [13,14]. That had implied the stratigraphy of the 
study area, from the bottom to the top had deposited sequences of volcanic rocks, epiclastic deposits, calcareous 
sediments, limestones, and very fine grains of calcareous sediments. Generally, it formed volcanic, structural, and 
karstic geomorphologies, which are characterized by wavy-, undulated-, hilly-, and mountainous topography.  

RESEARCH METHODS 
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The geomorphology of the study area is characterized by plain-wavy topography, which is surrounded by conical 
hills of karstic topography (Fig. 3A). Those are landscaping beautiful panoramas with dense populations. There are 
construction and traditional mining, to support the Gunungsewu Geopark. Urban development with various 
expansions is providing to accommodate the amenities of many tourist destinations established by the local 
government [9]. Today, it is dynamically rapid to evolve.  
 The detailed stratigraphy of the study area consists of calcarenite aged Middle Miocene to Early Pliocene (N13 - 
N19), calcilutite aged N13 - N21, and marl N16 - N21 (Table 1). Calcarenite is characterized by a parallel layered 
with a thickness of 20-40cm, total thickness is 100-150m. Marl is parallel bedding with 5cm for each layer and is often 
found alternating with calcilutite. On the other locally outcrops were found the marl together with thin layers of very 
fine-grain of calcareous sandstone. The total thickness of this rock unit is 80-120m. As described above, those 
sedimentary rock unit covers the massive units of the Early-Middle Miocene of volcanic rocks of the Semilir 
Formation and the Nglanggeran Formation in the north that forming higher topography, and the Middle-Late Miocene 
of massive reefs of the Wonosari Formation in the southeast-south, which is developing karst geomorphology. Some 
outcrops show weathered and in-situ soil and mixed soil with alluvial plain. Field data recorded the total thickness is 
not more than 40cm. All sediments were deposited within outer neritic. A gradual depositional basin was uplifted 
from the Early Pliocene till today. The faults were reactivated on 27 May 2006 by the 6,2 Richter earthquake. It was 
formed some deformations in the study area (Fig.3B-C).  

The tectonism has gradually raised Southern Mountains since Pliocene formed active faults, namely Wareng thrust 
fault, Grogol sinistral slip fault, Karang Asem normal fault, and Pampang thrust fault (Fig. 3A). Those faults are also 
generating densely populated shear joints that were interpreted developed during the uplifting of the Southern 
Mountain. There are southwest-northeast thrust faults that work in the rock unit of intersecting calcilutite and marl of 
the Kepek Formation (Fig. 3B). The uplifting was also generating Plembutan low inclined syncline and reactivating 
the Pampang thrust fault (Fig. 4). Faults in the study area are seen cutting the ground surface, so they are identified as 
active faults. The existence of these active faults is also evidenced by the frequent occurrences of land subsidence, 
failure of building foundations, cracks, and holes in the road body, and the disappearance of wells and stream flows. 
Those are also related to the karst geomorphology, as limestone dissolutions were intense at Gunungsewu. The 
intensive tectonism in the pre-, syn-, and post- of Southern Mountain uplifting were gradually implementing to 
developing geological structures controlled by volcanisms, sedimentations, and denudations. The formation of the 
leakage soils was also controlled by those transient geological processes. 
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FIGURE 3. Predicted deformation at study area (A) and the field data analyses for the deformation (B-C). 
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TABLE 1. Stratigraphy of the study area consists of three rock units, i.e. calcarenite, calcilutite, and marl. 

FIGURE 4. The distribution of the rock units and the features of geomorphology: karst geomorphology (orange), 
undulated plain and plato (red), eroded plain (light brown), and alluvial plain (blue). 
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Laboratory Testing 

 Known that there are three types of soils based on the physical properties and the type, i.e., sandy soil by weathered 
calcarenite, clayey soil by weathered marl (mud), and clayey calcareous soil by weathered calcilutite (Table 2). Three 
samples are selected. The testing results of the mixed sandy soils were the greater % of the mixture between the lime 
and soil were better physical properties and higher stabilization. It did not pertain to the clayey soils. The greater liquid 
limit (decrease) and plastic limit (increase) of the mixed soil appears by the addition of 25% lime powder, but it is not 
too significant. The greatest water saturation was found by the addition of 25% lime, and it was very significant to the 
soil improvement. The results show the addition of limestone was reducing the pore volume so that the degree of 
saturation and the pore water pressure was decreasing, and the UCT strength of the soil was increasing. The soil 
density is decreasing due to the changes in the diameter of soil grains, which were enlarged by the clumping reaction. 
Other results are the number of grains within the mixed soil is increasing so that the total weight of the mixed soil is 
decreasing; the reactions of the original soils and the stabilizing agents were affecting the mixed soil stiffer and harder. 

TABLE 2. Laboratory testing resulted in the specific mechanical properties for the 5 beam samples; the great value for the best 
mixing is addressed to sample C with limestone soil. 

Sample % 
lime 
added 

Liquid 
limit test 
(%) 

Plastic 
limit test 
(%) 

Speci-fic 
weght 
(g/cm3) 

Water 
saturation test 
(%) 

Compressive 
strength 
(kg/cm²) 

Calcarenite 
soil 

A 0 33 23.7 3.09 18 0.0284 
B 10 28 24.23 2.3 7.4 0.0364 
C 15 27 25.54 2.2 5.576 0.0386 
D 20 27 25.72 1.77 5.38 0.0477 
E 25 26.5 26.11 1.76 4.4 0.0484 

Marl soil A 0 40 24 2.69 28 0.0281 
B 10 32.9 24.73 2.13 14.4 0.0362 
C 15 30 25.5 1.92 7.76 0.0385 
D 20 27 25.62 1.8 5.8 0.0474 
E 25 25 26 1.62 5.2 0.0484 

Intersecting 
marl and 
calcilutite soil 

A 0 34 23.72 3.09 18 0.0283 
B 10 28.5 24.73 2.3 7.42 0.0364 
C 15 27.3 25.59 2.2 5.57 0.0383 
D 20 27 25.76 1.77 5.38 0.0475 
E 25 26.25 26.11 1.76 4.44 0.0485 

As explained above, the study was performed in three types of soils: sandy soils, clayey soils, and marl soils. 
Those were tested in various kinds of methods; without additional lime powder and with additional lime powder (in 
different % of their amounts). Those have resulted in various grades of the physical properties and the UCTs. The 
better values of the samples are found in the mixed soils formed by the 20% additional lime powder and sandy 
(calcarenite) soil, and the 25% lime powder within the marl soils (Fig.5). The different values are found in the 
calcareous soils and marl soils. No different significant values between the calcarenite-originated soils and the 
calcilutite originated soils. It can be interpreted that additional lime powder will be significantly affecting non- or less 
calcareous materials. The addition of lime powder into the soils originated from limestone (such as calcarenite and 
calcilutite) will not significantly affect the improvement of the physical properties and the UCT. Uncalcareous soils, 
such as siliciclastic soils (weathered tuff), claystone (phyllosilicate materials) such as illite, montmorillonite, and 
kaolinite, and ferromagnesian soils; will need more % lime powder so that can improve the soil stabilization. It needs 
more study. 

The ripened times were also correlating to the quality of the mixed soils. The better-mixed soils that were formed 
by 25% lime with 75% marl soil or 20% lime with 80% calcarenite sandy soil, needed 28 days for the better results of 
the engineering properties. But, the best results of UCT are formed by the mix of clayey soils (originated from 
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calcilutite) that mixed with 20% of lime powder that ripened as long as 28 days to the better improvement. It can be 
interpreted that the water saturation of the mixed soils was significantly affecting the UCT. Beam samples that formed 
by the clayey materials will need more time to be dry, resulting in the higher UCT. The water content of the mixed 
soils decreases due to the changes of the ion replacement within the ionic arrangement. The better-mixed soils (the 
powder and the moist soils) were developed by the binding of Ca2+ (as a cation) into the anion (2OH-), and the shifting 
ions of sodium (K) and OH- from the surface of the clay minerals. In other words, reducing water content by attracting 
clay into a larger group of grains, can build the space of pores to be larger, so that the maximum dry density decreases 
caused by the hydration of Ca within the mixed soil can occur. The addition of the lime within the soils can raise the 
positive charge of the pores by the binding of the soil grains, so that can decrease the liquid limit and increase the 
plastic limit (Fig. 5A). A better mixture composition with the best plasticity value can result from the addition of more 
lime and water into the finer or clayey siliceous soils so that a perfect attraction between soil particles can occur (Fig. 
5B). The stronger the bond between the grains, the higher the compressive strength value and vice versa (Fig. 5C). 
The mix of lime and water into the soils can increase the expanded water to be absorbed (Fig. 5D). So, stabilization 
made from lime on clay without curing time can improve the physical and mechanical properties of the soil, the best 
is with an addition of 20%. The 25% addition does have a higher strength, but it is stiffer, so it will be easier to crack. 

FIGURE 5. The relationship between % lime addition with the geotechnical properties of the soil mix. 

 Sample A, B, C, D, and E of all types of soils have relatively similar trends of UCT graphic (Fig. 6). The best 
results for the clayey sandy soils sampled within the marl soils are found in the beams that were ripened for 28 days, 
as described by Fig. 5. This can be explained by the mixed sample of 0% lime powder (Fig 6A) has maximum stress 
strength of 0.028kg/cm2 and rigid, the addition of 10% lime powder has increased the stress strength to 0.035kg/cm2 
and increased the plastic limit (Fig. 6B), the addition of 15% of lime powder has increased the stress strength to 
0,0375kg/cm2 but more rigid (Fig. 6C), the addition of 20% lime powder has increased the stress strength to 
0,048kg/cm2 and increased the plastic limit (Fig. 6D), and the addition of 25% lime powder has increased the stress 
strength into 0.049kg/cm2 but less increased the plastic limit (Fig. 6E). By these results, the best mixture of a soil 
sample is found in sample D with 20% lime powder. 
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The different source rocks of calcarenite and calcilutite do to the soil formation were only affecting the technical 
mixing, but were not prompting to their engineering properties. Those were unlike the soils of the weathered-marl 
layers. Thus, taking samples on the calcilutite soil or for application on the massive reef soils will result in relatively 
the same engineering value. The expansive soil exposed at the study area is formed by less calcareous sediments, such 
as marl, calcareous claystone, and intersecting marl and calcilutite. 

Soil enhancement and soil engineering methods describe a soil improvement technology to convert marginal land 
into supported soil structures [10]. Soil improvement is the change in any properties of the soil to improve its 
engineering performance. Tropical regions such as Indonesia and Southeast Asia generally have high levels of 
weathering, with significant soil thickness. This is also supported by the condition of the area on the active tectonic 
region which experiences a lot of repeated deformations. Hence some kinds of earth improvement must take place at 
every construction site. This combined with fast urbanization and industrial growth presents big problems to provide 
solid foundations. 

FIGURE 6. Graphics of the UCTs for the selected 5 beams that have been ripened during 28 days; A. Mixed-sample with the 
addition of 0% lime powder, B. Mixed-sample with the addition of 10% lime powder, C. Mixed-sample with the addition of 15% 

lime powder, D. Mixed-sample with the addition of 20% lime powder, and E. Mixed-sample with the addition of 25% lime 
powder 

CONCLUSION 

 The addition of lime into weak soils can improve strength, durability, and stiffness. It can be minimalizing the 
cracks other failures of beams and soil foundations, but not for the bigger and higher constructions with much more 
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carrying capacity needed. The best mixing is 25% lime into clayey soils, but 20% more for sandy lime soils. The 
limitation in this study only stops at the addition of 25% lime. Recommendations for further study would be better if 
the addition of lime was tested for more than 25%. 
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