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Abstract: Soil functions as a basic foundation layer is a very important element in a road construction work, because the bearing capacity of the soil is
the main element in the construction of the road construction. Soft clay soil has a high compressibility and moisture content, causing the soil carrying
capacity to be low. In this study, soil improvement was carried out using soil stabilization method using a mixture of gypsum plafond waste (GPW) with a
percentage of 5 %, 10 %, 15 %, 20 %, and 25 % on a laboratory scale. The soft soil samples used for the research were taken in the Pakjo area of
Palembang, South Sumatra Province. The use of gypsum plafond waste as a mixture is expected to increase the bearing capacity of the red soil. The
tests to be carried out are CBR (California Bearing Ratio) Soaked and Unsoaked. The results of this research: the highest of average CBR soaked value
is in the gypsum plafond waste (15 GPW) mixture = 11.44 % with a soil bearing capacity) of 6.25. And the highest of average CBR unsoaked value is in
the gypsum plafond waste (15 GPW) mixture = 15.75 % with a soil bearing capacity) of 6.85.

Index Terms: Stabilization, soft clay soil, gypsum plafond waste (GPW), California Bearing Ratio (CBR)

1. INTRODUCTION

Soil that functions as a basic foundation layer is a very
important element in a road construction work. Soil as a
foundation of a construction must be able to accept and
withstand the loads that work on it. Therefore, before carrying
out the construction work must be known in advance the
bearing capacity of the subgrade at the construction site [4],
[6]. One of the problems related to soil is if the soil has a low
carrying capacity, so it needs extra treatment in construction
planning. Example for the soil to be built on top of the road
construction, if the bearing capacity of the soil is low then
thicker layers of road pavement are needed. However, this
behavior can increase road construction costs. Soll
stabilization is one method of soil improvement to improve the
mechanical properties of the soil so that the shear strength
and carrying capacity of the soil increases and the soil
becomes more stable and reduces the compressibility of the
soil [8], [11], [12]. There are many ways to improve the soil
both physically, by compaction, vibration, blasting. Addition of
additional mixture materials such as cement, fly ash, bitumen,
gypsum and other materials are efforts to stabilize the soil
chemically. Effective soil stabilization is by adding certain
chemicals, with the addition of these chemicals can affect soil
characteristics. Gypsum (CaS02.2H20) is a white rock formed
by the deposition of sea water. Generally gypsum is white,
gray, brown, yellow, and transparent. Gypsum mixed with clay
can reduce cracking because sodium in the soil is replaced by
calcium in gypsum so that its development is smaller. Gypsum
ceiling waste has a hazardous content to body health,
although there are many benefits especially in the construction
sector when viewed from the waste phase management. The
soil classification system is generally used as a result of the
development of an existing classification system. Some of
these systems take into account the grain size distribution and
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Atterberg limit. They are the unified soil classification system
(USCS) and the AASHTO (American Association of State
Highway and Transportation Official) classification system.
Clay is often found in infrastructure development such as
roads, bridges and others. The clay itself has a high bearing
capacity and some is low. For clay which has a high bearing
capacity is called rigid clay and vice versa clay with low
bearing capacity is called soft clay. The properties of clay soil
[3] are as follows: 1) Fine grain size, less than 0.002 mm 2)
Low permeability 3) Increase in high capillary water 4) Very
cohesive nature 5) High levels of shrinkage and growth 6) The
consolidation process is slow.

The purpose and advantage of this research were to
determine the effect of adding gypsum ceiling waste mix in
increasing the bearing capacity of soaked and unsoaked CBR
(California Bearing Ratio) on soft clay soil with a variation of
the percentage increase in gypsum plafond waste (GPW) by 5
%, 10 %, 15 % , 20 % and 25 %. [15] The experimental using
gypsum as stabilizing with different percentages variation 2 %,
4 %, 6 % and 8 % of the clay soil sample. [7] researching
about the stabilization the mixture of 1 % — 10 % using
material cement, limestone, and gypsum on clay soil (curing
14 days).

2 EXPERIMENTAL PROCEDURES

2.1 Location

The scope of the fieldwork carried out is conducting a survey
in the area of the location that is used as a place of sampling.
The survey location is on Tanah Merah road, Pakjo area,
Palembang, South Sumatera Province. Then proceed with site
selection and preparation of equipment and materials.
Preparatory work is to prepare accommodations for peat soil
sampling and prepare equipment needed for sampling.
Sampling location in the Pakjo area, Palembang, South
Sumatra Province.

2.2 Testing

Red soil/soft clay soil sampling is disturbed sample and
undisturbed sample. Soil samples taken have been tested for
soil properties at the Laboratory of Civil Engineering, Faculty
of Engineering, PGRI University, Palembang. This laboratory
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properties test conducted in the laboratory to obtain several
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soil parameters, such as water content (ASTM D-2216-90),
specific gravity (ASTM D-854), Atterberg Limit (LL, Liquid
Limit) and PL, Plastic Limit) (ASTM D 42366 and ASTM D 424-
74), sieve analysis (ASTM D 421 and ASTM D 422). For soil
classification using ASTM, USCS, and AASHTO standards.
After knowing the physical properties of the soil, then the
mechanical properties were tested: standard soil compaction
testing (ASTM D7380-15) and CBR testing (ASTM D1883-
16). Mechanical properties testing equipment is shown in
Figure 1. Standard soil compaction testing is carried out to
obtain the maximum dry volume weight and optimum moisture
content [2]. Puncher used 2.45 kg and height fell 30.5 cm and
impacts energy 593.7 kJ/m®. The number of layers consists of
3 layers with 25 layers of layers. The type of soil bearing
capacity test is the CBR (California Bearing Ratio) soaked and
unsoaked tests [1]. The data of CBR unsoaked test results
based on [3]. The parameters obtained from the test are used
to analyze the soil bearing capacity calculation. This test was
conducted at the Laboratory of the Department of Civil
Engineering, Faculty of Engineering, Sriwijaya University,
Inderalaya, South Sumatra Province. From the results of
laboratory tests conducted, the parameter data for the bearing
capacity of the soil on Jalan Tanah Merah, Pakjo, Palembang,
South Sumatra is obtained.

2.3 Sample

Gypsum plafond waste (GPW) used for this reserach can be
seen in Fig. 2. The use of gypsum plafond waste (GPW) as a
soil stabilization material is one way to overcome these
wastes, because in addition to reducing environmental
pollution and health hazards. The use of gypsum plafond
waste is also easily obtained. The percentage increase of
gypsum plafond waste (GPW) by 5 %, 10 %, 15 %, 20 %, and
25 %. The type of soft clay soil added to gypsum plafond
waste is shown in Fig. 3. [10] use cement as soil stabilization
to improve the behavior of clay soil in Naya Raipur,
Chhattisgarh. The research from [16] study the effect of the
addition of palm bunches ash and gypsum with the variations
5 %, 7.5 %, and 10% to determined he value of CBR with 3, 7,
and 14 days curing. The material of gypsum and NaCl had
been used in the research of [11] to improve the
characteristics of the clayey soil. The material of
phosphogypsum and fly ash were used for soil stabilization
[17].

(a) Standard Soil Compaction (b) CBR
Fig 1. Equipments for testing the mechanical properties of soft
clay soils
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Fig 2. Gypsum plafond waste (GPW)

=

3 RESULTS AND DISCUSSION

3.1 Testing Index Properties

Index properties testing were a test that can show soill
properties or characteristics of soft clay soil. In this research,
soil was taken from the Pakjo Way Hitam area, Palembang
City, South Sumatra Province. The results of this test can be
seen in Table 1. The system used to classify the soil based on
usage has two systems, namely the soil classification system
based on USCS and AASHTO. The soil classification obtained
based on soil classification according to the AASHTO
(American Association of State Highway and Transporting
Official) is A-7-6 (clavey soils). Meanwhile, according to USCS
(Unified Soil Classification System) is CL (clay). The soil
classification system based on USCS uses a reference in the
form of the number of grains that pass filter no. 200 and the
liquid limit value (LL). From the results of the index properties
test, it is known that the soil passing the filter no. 200 is more
than 35 % and the liquid limit value is more than 50 %. From
these results it shows that the soil being tested is included as
fine-grained soil.

TABLE 1
SoiL PROPERTIES INDEX AND SOIL CLASSIFICATION
No. Laboratory Testing Symbol Results
a. Moisture Content oooo 27.70
b. Specific Gravity Gs 2.67
c Sieve Analysis No.40
’ (0,425 mm) % 94.48
d Sieve Analysis No.200
’ (0,075 mm) % 82.56
e. Liquid Limit LL, % 66.00
f. Plastic Limit PL, % 25.13
g. Index Plastis IP, % 40.87
h. USCS Classification CH
i AASHTO Classification A-7-6

The soil classification systems based on the USCS (Unified
Soil Classification System) also use data from Atterberg limit
testing and sieve analysis. With percent escaped filter No. 200
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of 82.56 %, the soil is included in the type of fine grains which
means clay or silt because it is greater than 35 %. Then the
yield of liquid limit (LL) is 66.00 %, which means greater than
50 %. So, the soil is classified into MH and CH types [13].

3.2 Standard Soil Compaction Test Results

Standard soil compaction testing had been done on the soft
clay soil samples. The graph of standard soil compaction test
results against the original soil is shown in Fig. 4. The results
of the standard soil compaction test on the original soft clay
soil sample obtained the optimum moisture content (C,,;) = 22
% and maximum dry weight (04 ne) = 1.74 gr/lcm®). The
results [15] is smaller than this research which is obtained the
optimum moisture content (OMC) 11.76 %, but the value of
maximum dry density (MDD) 1.92 gr/cm®is greater than this
research.

3.3 Results of CBR Laboratory Testing

CBR laboratory testing consists of Soaked and Unsoaked
testing of soft clay soil and mixed soils. The results of the CBR
testing of the original soil are shown in Table 2 (soaked and
unsoaked). The CBR value (soaked) of 0.1 inch penetration is
6.52 % and 0.2 inch penetration is 6.45 %. And the CBR value
(unsoaked) of 0.1 inch penetration is 10.83 % and 0.2 inch
penetration is 10.50 %. Based on the Table 2 and the Fig. 5, it
can be seen that CBR soaked value is smaller than the value
of CBR unsoked.

Dry Unit Wight (gr/cm?)

16 18 20 22 24 26 28
Water content (o, %)
Fig.4. Standard soil compaction test results

TABLE 2
RESULT oF CBR VALUE
CBR value (%)

Penetration (inch)
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The CBR testing (soaked and unsoaked) with mixed soils
consists of a mixture of soft clay soil with gypsum plafond
waste (GPW). The percentage of the addition of a gypsum
plafond waste (GPW): 5 %, 10 %, 15 %, 20 %, and 25 %. The
graph of CBR result (soaked and unsoaked) at location A is
shown in Fig. 6. This figure demonstrates the results of CBR
result at location A (soaked and unsoked) in 5 %, 15 %, and
25 % percentages). The CBR soaked value result is smaller
compare with the CBR wunsoaked value result. The
recapitulation results of the gypsum plafond waste (GPW) mix
CBR values (soaked and unsoaked) at three locations
(Location A, Location B, and Location C) can be seen in Table
3 and Table 4. The CBR soaked value results at location A
based on Table 3: 0 % (0 GPW) = 6.23, 5 % (5 GPW) = 7.25,
10 % (10 GPW) = 9.55, 15 % (15 GPW) = 11.33, 20 % (20
GPW) = 10.14, 25 % (25 GPW) = 9.45. While, the CBR
unsoaked value results at location A based on Table 4: 0 % (0
GPW) = 10.89, 5 % (5 GPW) = 11.59, 10 % (10 GPW) =
13.55, 15 % (15 GPW) = 15.66, 20 % (20 GPW) = 15.10, 25 %
(25 GPW) = 14.77. The largest of CBR soaked value obtained
from soft clay soil with 15 % of the gypsum plafond waste (15
GPW): 11.33 (location A), 11.75 (location B), and 11.25
(location C). And the largest of CBR unsoaked value obtained
from soft clay soil with 15 % of the gypsum plafond waste (15
GPW): 15.66 (location A), 15.75 (location B), and 15.83
(location C). The Fig.7 shows the comparison graph of CBR
test result in soaked and unsoaked conditions. Fig. 8 and Fig.
9 determine the graph of CBR value of the gypsum plafond
waste in soaked and unsoaked conditions. This figures based
the data at three locations (Location A, Location B, and
Location C). Table 5 and Table 6 explain the results of the
average of CBR test result (soaked and unsoaked conditions).
Graph of average value show in Fig. 10. In Fig. 10 sighted
comparison of CBR values between soaked and unsoaked
conditions. The average of CBR soaked value test results
based on Table 5: 0 % (0 GPW) = 6.52, 5 % (5 GPW) = 7.38,
10 % (10 GPW) = 9.53, 15 % (15 GPW) = 11.44, 20 % (20
GPW) = 10.47, 25 % (25 GPW) = 9.47. and the average of
CBR unsoaked value test results based on Table 5: 0 % (0
GPW) = 10.83, 5 % (5 GPW) = 11.81, 10 % (10 GPW) =
13.25, 15 % (15 GPW) = 15.75, 20 % (20 GPW) = 15.09, 25 %
(25 GPW) = 14.70. The recapitulations of the CBR test results
show in Table 7. Perbedaan nilai CBR terkecil pad soft clay
soil with 0 % gypsum plafond waste (GPW) yaitu sebesar 4.31
dimana nilai CBR soaked sebesar 6.52 dan CBR unsoaked
sebesar 10.83. Sedangkan perbedaan nilai CBR terbesar
pada soft clay soil with 20 % gypsum plafond waste (GPW)
yaitu sebesar 4.62 dimana nilai CBR soaked sebesar 10.47

Soaked Unsoaked
370 555 1083 dan CBR unsoaked sebesar 15.09.
0.20 6.45 10.50
o TABLE 3
DATA OF CBR SOAKED TEST RESULTS
T Soft Clay Soil with CBR Soaked (%)
_w pd o No % Gypsum Plafond Location Location Location
% f: 400 Waste (GPW) A B C
,_% 100 = 300
1 0 % (0 GPW) 6.23 6.54 6.78
) 2 5% (5 GPW) 7.25 7.15 7.75
3 10 % (10 GPW) 9.55 9.40 9.65
‘e m 2w w o s “r w2z w e e 4 15 % (15 GPW) 11.33 11.75 11.25
Penciration (inch) Penctration (iach) 5 20 % (20 GPW) 10.14 10.65 10.62
Soaked Unsoaked 6 25 % (25 GPW) 9.45 9.61 9.35
Fig.5. Graph of CBR result
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Fig.6. Graph of CBR result at location A
TABLE 4
DATA OF CBR UNSOAKED TEST RESULTS
Soft Clay Soil with CBR Unsoaked (%)
No % Gypsum Plafond Location Location B Location
Waste (GPW) A C
1 0 % (0 GPW) 10.89 11.05 10.55
2 5% (5 GPW) 11.59 11.95 11.90
3 10 % (10 GPW) 13.55 13.49 12.71
4 15 % (15 GPW) 15.66 15.75 15.83
5 20 % (20 GPW) 15.10 14.92 15.26
6 25 % (25 GPW) 14.77 14.69 14.65
TABLE 5
AVERAGE OF CBR SOAKED TEST RESULT
Soft Clay Soil with %
No Gypsum Plafond Waste CBR Soaked (%)
(GPW)
1 0 % (0 GPW) 6.52
2 5% (5 GPW) 7.38
3 10 % (10 GPW) 9.53
4 15 % (15 GPW) 11.44
5 20 % (20 GPW) 10.47
6 25 % (25 GPW) 9.47
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TABLE 6
AVERAGE OF CBR UNSOAKED TEST RESULT

Soft Clay Soil with %

No Gypsum Plafond Waste CBR Unsoaked (%)
(GPW)
1 0 % (0 GPW) 10.83
2 5% (5 GPW) 11.81
3 10 % (10 GPW) 13.25
4 15 % (15 GPW) 15.75
5 20 % (20 GPW) 15.09
6 25 % (25 LPG) 14.70
TABLE7
RECAPITULATIONS OF CBR TEST RESULTS
- CBR CBR Difference
Soft Clay Soil with
No % Gypsum Plafond Soaked Unsoaked
Waste (GPW) (%) (%) (A, %)
1 0 % (0 GPW) 6.52 10.83 4.31
2 5 % (5 GPW) 7.38 11.81 4.43
3 10 % (10 GPW) 9.53 13.25 3.72
4 15 % (15 GPW) 11.44 15.75 4.31
5 20 % (20 GPW) 10.47 15.09 4.62
6 25 % (25 GPW) 9.47 14.07 4.60
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Fig.7. Comparison Graph of CBR test result
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Based on the CBR test results, it can be seen that the addition
of Gypsum plafond waste (GPW) can affect the CBR value.
Mixed percentage variation of 5 %, 10 %, and 15 % Gypsum
plafond waste (GPW) show that CBR value (soaked and
unsoaked) of soft clay soil obtained has increased. The
highest CBR value in the Gypsum plafond waste (GPW)
mixture was in the 15 % (15 GPW) of 11.44 % (soaked) and
15.75 % (unsoaked). Addition of Gypsum plafond waste
(GPW) soft clay soil can affect the CBR value. The highest
CBR soaked value was obtained at a variation of 15 % by
11.44 %. The minimum requirement for the CBR value to be
used as a road subgrade is 6 %. The soil bearing capacity
value based on the calculation with the highest CBR soaked
value of 11.44 % is obtained a value of 6.25. Whereas, the soil
bearing capacity value based on the calculation with the
highest CBR unsoaked value of 15.75 % is obtained a value of
6.85. So that the soft clay soil in this research can be used as
a subgrade. The results of [1] stated that the stabilization
using gypsum and NaCl can be used for pavement sub-grade
for clay soil. The result of [14] which is using gypsum and
paddy husk ash as material stabilization. The purpose of the
research was to determine the effect of the additions of 2 %
gypsum and 2 % - 15 % paddy husk ash. The results such as:
the higher value of CBR 6.71 % for CBR soaked, 8 % for CBR
unsoaked, and the higher UCT value of 1.67 kg/cm?.

4 CONCLUSION

1. The soft clay soil in the Palembang Pakjo area based on
the results of the index properties testing is included in the
soil classification system or CH (USCS) and the A-7-6
(AASHTO) classification system.

2. The results of standard soil compaction testing are
obtained: Optimum water content value of () 22 % and
maximum dry content weight of (Jg may) 1.74 gr / cms.

3. The CBR soaked value of soft clay soil has increased in a
mixture of 5 %, 10 %, and 15 % gypsum plafond waste
(GPW). The highest CBR soaked value is in the gypsum
plafond waste (15 GPW) mixture of 11.44 % with a soil
bearing capacity) of 6.25.

4. The highest CBR unsoaked value is in the gypsum plafond
waste (15 GPW) mixture of 15.75 % with a soil bearing
capacity) of 6.85.
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