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Abstract: Soil is the sub-base where the building structure is located, and the soil classification differs for each
layer. There are many cases of failure in building construction due to poor soil, causing the building structure to
crack and even collapse, which causes damage to the building - material and also dangerous for the building
occupants. For this reason, soil investigation is significant to conduct before constructing the upper structure. One
of them is the Sondir test. However, when the sondir data analysis of the qc and FR values are obtained, the
Robertson et al method and the Schmertmann method will show the result of soil layer classification before
construction begins. The research was located in a specific area, Bengkalis Road, Belawan Medan City, and North
Sumatra. The research suggests that the soil in this location is predominantly soft with low shear resistance (qc
ranging from 0 - 5 kg/m?), clay type, and depths of 6 - 7 meters. Due to these soil conditions, there are certain
considerations and precautions that need to be taken into account if you plan to build on this land. One of them, soil
improvement is given the soft and low shear resistance characteristics of the soil, its techniques may be necessary
before construction. The suggested depth for the pile foundation is 10 - 20 meters. The actual depth would depend
on factors such as the specific characteristics of the soil layers and the weight of the planned structure.
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1. Introduction thus road collapse/damage occurs. Likewise in the
picture below, cracks extend along the length of the

Soil is a geological material that is part of the house, causing the house to be tilted.

earth's crust and is used as a working medium or to
build buildings. One of the most important things
before constructing a building is knowing the
characteristics of the soil itself due to the different
characteristics of each layer, thus it is necessary to
investigate the soil first before starting construction
on the ground. There are many cases of damaged
buildings and even collapsing on the ground, which is
not only a disadvantage in terms of finances but also
human life.

Figure 2. Collapsed soil in the retaining wall

Soil investigation is very much needed in
development planning, be it the construction of roads,
retaining wall, bridges, multi-storey buildings, and
residential houses. Soil generally consists of gravel,
sand, silt and clay, which have different characteristics.
One of the ways to get the soil data is by using a sondir,
= =¥ which later the results of the sondir test can be analyzed
Figure 1. Collapsed soil under the road to obtain the characteristics of the soil layers.

Soil classification based on the sondir test on the

From Figure 1, it can be seen that the road has  empankment of the reservoir in Jakarta, using the
collapsed, this creates a separation between the road  Rohertson et al (1986) method, from the soil

and the bridge, making it impassable for vehicles, and classification data obtained, can be analyzed the

the soil may have the characteristics of sandy silt  yroplems in water structures that will be studied, a nd
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capacity for the piles be obtained, but also the types
of soil based on depth, which will significantly affect
the erection of the pile foundation itself, where the
method used is soil classification by the
Schmertmann method with analysis of sondir data
[2].

At the Gorontalo State University auditorium
building, the researchers also use sondir testing for
piling foundations, while determining soil type or
depth soil classification using the Robertson et al
method [3]. Not only for buildings but also, soil
testing using sondir (Cone Penetration Test) can be
carried out on roads, for example on the Solo -
Kertasono toll road to determine the carrying capacity
of the soil using sondir data and the Scmertmann
method to obtain the type of layered soil. This study
aims to increase bearing capacity of the soil based on
soil classification obtained [4].

2. Material and Methods

2.1. Materials

The material used is a set of sondir tools to get
the bearing capacity of the soil. Soil investigation
with Cone Penetration Test is carried out with the
following equipment and materials included sondir
machine with a capacity of 2.5 tons (according to the
capacity requested), sondir rods by the needs, with a
length of 1 meter each, gauge pressure, bikonus
(Beugemen Friction Jacket Cone), spiral-shaped
anchors and 4 (four) turning tools, pipe wrenches,
cleaning tools, sastrol oil, sae 10 oil, plucker, 2 pieces
of 3m channel steel, 2 pieces of 1m channel steel and
a locking device.

2.2. Methods

2.2.1. Sample collection and preparation

The soil investigation used to determine soil data
is the sondir test (Cone Penetration Test). The test
location is Jalan Bengkalis, Medan, Belawan City,
Medan City, North Sumatra (Figure 3). Sondir testing
was carried out in as many as three drill points, coded
Point 01, Point 02, and Point 03, representing the 6
test points.
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Figure 3. Locations of the Sondir drill point
Source: Google Maps
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Figure 4. Cone Penetration Test

2.2.2. Cone Penetration Test Procedure
The procedure for implementing Cone Penetration

Test (Figure 4) is carried out in the following way:

1. The anchor is planted into the ground using the
rotating device.

2. The sondir machine is installed and arranged
vertically at the place to be tested using canal steel,
supported on the ground with the anchor mentioned
above.

3. The bikonus is installed at the lower end of the first
pipe

4. Install the hydraulic hose on the sondir machine.

5. After everything is ready, the pipe is pressed along
with the stem inside to insert the bikonus 20 cm
deep into the ground.

6. At the time of each reading, the pressure will only
press the rod inside the sondir pipe, which will only
move the cone tip and the shear cover.

7. The reading is done two times after the first reading,
namely the second reading after approximately 4 cm
of the pipe it enters the soil again after the first
reading.

8. On the first reading, only the cone tip is depressed in
the ground, so the first reading is the cone pressure.
On reading both ends of the cone and shear blanket
are stressed, thus the second reading is the cone
resistance plus the shear resistance.

2.3. Flowchart of research

The test procedure can be seen in the flowchart
below (Figure 5).

2.4. Data Analysis

The data obtained from the sondir test results in the
form of qc and FR values, will later be analyzed using
the Schmertmann method and the Robertson et.al
method for soil classification for each layer, at each drill
point.
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Testing of sondir (Cone Penetration Test), Point 01,
Point 02, Point 03.
gc dan FR
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Schmertmann Method dan Robertson.et.al Method
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Figure 5. Flowchart of Research

2.4.1. Schmertmann Method

This method can be used for soil classification
from sondir data, which is processed to obtain qc
values and FR values. Later these values will be
entered into the graph in Figure 6, and soil types per
depth layer are obtained.
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Figure 6. Schmertmann’s Graph
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2.4.2. Robertson et al Method

This method is used to classify soil based on qc,
FR sondir data, and in the graph below (Figure 7), the
type of layered soil can be determined based on the
soil zone code in Table 1. In the graph with the
Robertson et al method, the soil zone is divided into
12 soil types, which compared to the Schmertmann
method, the Robertson et al method, is more able to
classify the soil in more detail since, the higher the
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numbering of the soil zones obtained, the soil type
coarser or commonly called sand and gravel.
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Figure 7. Robertson et al Graph

Table 1. Zone type of soil gt - FR (Robertson et al,

1986)

Zone Soil Behavior Test
1 Sensitive Fine Grained
2 Organic Material
3 Clay
4 Silty Clay to Clay
5 Clayey silt to silty clay
6 Sandy Silt to Clayey Silt
7 Silty Sand to Sandy Silt
8 Sand to Silty Sand
9 Sand
10 Gravelly Sand
11 Very Stiff Fine Grained
12 Sand to Clayey Sand

3. Results and Discussion

From the 3 sondir-test-points that were carried out
and analyzed using the Robertson et al and
Schmertmann method. The results of the soil
classification for each layer can be seen in the Table 2.
At each drill point, the layering depth taken is 20 meters
deep, with a range of soil classifications every 2 meters
deep.

Besides the classification of soil types, the reader
can also see a graph of sondir values by depth with a
comparison of qc values and FR values, at each drill
point.

From this soil classification per layer, it can also
determine the type of sub structure to be used, if the
desired depth of the foundation to plan is less than 4
meters, a shallow foundation design can be used, from
the results of Tables 3 and 4 the depth range of 2-6
meters is clay soil, then The recommended foundation
design is a shallow foundation, while for table 1 the
clay soil depth ranges from 2 — 14 meters, the
foundation design used can use a deep foundation or
commonly called a pile foundation.
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Meanwhile, the qc and FR values from sondir
data, can also be analyzed for the bearing capacity of
the foundation, which is very influential in designing
the foundation for a building structure, namely to find
out the safety of the foundation, whether it is safe for
the bearing capacity of the foundation with the
building structure above it, the style overturning and
shearing of the foundation and soil. From the sondir
test at Point 01, it was found that from a depth of 2 -
6 meters it was a type of clay soil, while from a depth
of 8 - 14 meters it was dominated by silty clay or
sandy silt, and at a depth of 16 - 20 meters it was a
type of sandy soil.

Value of CPT on Point 01
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Figure 8. Sondir Graph of gqc and FR in Point 01

In the graph in Figure 8, the largest qc value
is at a depth of 16 — 20 meters with a value > 10
kg/cm2, and the largest FR value is at a depth of 2
— 6 meters with a value of 6.69%, where for the
bearing capacity of the foundation used is a deep
foundation with a depth of 16 - 20 meters since,
the soil layer has a high gc value thus the soil
pressure is also high and is very good for driving
pile foundations.

The sondir test at Point 02 (Table 3), found
that the soil classification from a depth of 2 - 10
meters was clay soil, while from a depth of 12 -
20 meters, it was dominated by sandy soil.

Value of CPT on Point 02
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Figure 9. Sondir Graph of qc and FR in Point 02
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Table 3. Value of CPT in Point 02

Schmertmann  Robertson.et.al
Depth (m) qc FR (%) Method Method
0 0 0 0 0
Organic
2 1 6,69 Clay Clay
Organic
4 2 6,69 Clay Clay
Organic
6 2 6,69 Clay Clay
8 4 334 Clay C';‘ﬁfy
10 5 267 Clay C'g‘?{tey
12 8 1,67 Sand Silty Sand
14 9 1,49 Sand Sand
16 8 1,67 Sand Silty Sand
18 15 1,34 Sand Sand
20 15 1,34 Sand Sand

And then, the largest qc value (Figure 9) is at a
depth of 18-20 meters with a value of > 10 kg/cm2, and
the most considerable FR value is at a depth of 2-6
meters with a value of 6.69%, where for the analysis of
the bearing capacity of the foundation is a deep
foundation at a depth of 18 — 20 m, if you want to plan
a shallow foundation at a depth of 6 m, soil
improvement must be carried out first. From the sondir
test at Point 03 (Table 4), the soil classification from 0 -
10 meters is loamy soil, while from a depth of 12 - 20
meters, it is dominated by sandy soil.

Value of CPT on Point 03
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Figure 10. Sondir Graph of gc and FR in Point 03

Meanwhile, from the graph (Figure 10), the largest
gc value is at a depth of 12-20 meters with a value > 10
kg/cm2, and the largest FR value is at a depth of 2-4
meters with a value of 6.69%, where the carrying
capacity of the planned foundation is a deep foundation
at a depth of 12 — 20 m, which is obtained from the soil
classification value and the soil resistance value / qc
value in the Cone Penetration Test.
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Table 4. Value of CPT in Point 03

D(?TF:;h gc  FR (%) Schmertmann RObﬁ/{Sﬁgaﬂ'al
Method
0 0 0 0 0
Organic
2 1 6,69 Clay Clay
Organic
4 2 6,69 Clay Clay
Clayey
6 3 4,46 Clay Silt
Clayey
8 3 2,23 Clay Silt
Organic
10 2 6,69 Clay Clay
Silty
12 10 2,01 Sand Sand
Silty
14 10 2,01 Sand Sand
16 15 1,34 Sand Sand
18 18 1,11 Sand Sand
20 20 1,34 Sand Sand

4. Conclusion

The conclusion that can be drawn from the
sondir test and soil classification based on two
analysis using the Schmertmann and Robertson.et.al
method, the soil contain that is located on Jalan
Bengkalis, Medan Kota Belawan, Medan City North
Sumatra is dominated by clay, with an average depth
of up to 6 meters. From a depth of 8 - 20 meters is
sandy soil. Meanwhile, based on the strength value of
the soil itself, the soil is soft soil which is highly
avoided for building construction. From the results of
the soil analysis based on data from the field, the type
of foundation that can be used is a deep foundation,
which on average starts from a depth of 12 - 20
meters, with a range of qc/soil resistance values
between 10 - 15 kg/cm?. The soil type classification is
sandy silt and if you want to use a shallow foundation
for the construction of simple houses, it can be 4 - 6
meters deep, with the classification of clay soil, with
the suggestion that the soil is repaired first by adding
embankment soil thus the qc value becomes higher
and the foundation is safe from settlement. Other soil
improvements can be done using the vacuum method,
or dewatering, where this method is used to remove
groundwater, so that the soil does not settle in the
construction buildings above it.
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