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ABSTRACT
Various alternative foundations are offered depending on soil
conditions from the results of soil investigations. In difficult soil
types such as thick, soft soil layers, pile foundation is generally
used to avoid the excess settlements, but deep foundations for
small buildings are not the right solution when viewed from a
cost perspective. One of the more economical foundations is to
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use the”toga” foundation, with a plate on top and a caisson
underneath where the caisson can be inserted into the soil with
an open end. Through this study, the carrying capacity of “toga”
foundation will be analyzed. Then the foundation will be made
on a laboratory scale and tested with axial load. The load and
deformation relationship were analyzed using PLAXIS 3D
analysis. It can be concluded the performance of the “toga”
foundation on thick soft soil can be used for two-floored
buildings.

1. Introduction

Various alternative foundations are offered depending on the soil conditions from the

results of soil investigations. The type of foundation used can be a shallow foundation or a deep
foundation depending on the soil conditions and the amount of load working on the foundation.
In thick, soft soil layers, pile foundations are generally used to be transferred to a better soil

layer. The building load can transfer into the foundation and without causing excessive building
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settlements. However, the use of pile foundations in Low-rise buildings are less than optimal
from the cost point of view. In a housing construction project on a thick layer of soft soil (> 15
m), other alternatives are needed besides a pile foundation to save construction costs but still
meet the construction safety requirements (the load received should not exceed the bearing
capacity of the soil, so that shear failure does not occur). One of the newest, an economical
alternative idea is to use a toga foundation.

The soil used for the laboratory test model is taken from Pantai Indah Kapuk 2 area,
North Jakarta. This research only examines the foundation's behavior on soft soil in the form of
clay or silt so that fill material such as red soil (laterite soil), sandy soil, and gravel are set aside.
In laboratory-scale experiments, the chosen soil is mixed by kneading it by hand or being
trampled. After mixing evenly and ensuring that the soil is homogeneous enough, samples are
taken for laboratory tests to produce soil parameters for analysis purposes. The area of study
located on Pantai Indah Kapuk 2 area, North Jakarta, can be seen from Figure 1 below:

A

°c

Source : Google Earth.

Figurel. Area of Study

2. Literature Review

One of the alternatives usually used for thick, soft soil is piled rafts [1]. Piled rafts
provide an economical foundation option when an unpiled raft does not satisfy the design
requirements [2]. But for piled raft, there are some unfavorable circumstances such as soil
profile containing soft clays near the surface. In soft clays soil profile cases, the piled-raft may
not be able to provide significant load capacity and stiffness [3]. Besides, piles are still used for
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construction on thick, soft soil. Therefore it’s still not considered an economical foundation
option for low-rise buildings (1 — 2 floors). The other alternative is using a vacuum preloading
with prefabricated vertical drain for soil improvement [4],[5], but for soft soils above 15 m not
only it’s not economical, this method also requires quite sometime before construction can even
begin.

The Toga foundation is created by Rahardjo on research progress and discussed in-
class instruction and software development, namely Caisson [6],[7]. Toga foundation is a
caisson with a pile cap taken into account for soil reaction. The shape of the toga foundation
that the authors will discuss resembles a graduation cap's shape, with a plate on top and a caisson
at the bottom, but the bottom part of the caisson is left open. It can consider caisson as the
cylindrical communal structure with a large diameter and rigid. The caisson's shape looked like
an open caisson type, with the material of caisson already prefabricated before installation [8]—
[16]. The caisson is filled with soil to obtain skin friction of the outer and inner caisson. The
plates on the foundation will be placed on good quality soil to provide additional bearing
capacity by distributing the load of the building to the embankment soil above soft soil and
resisting the moments and lateral forces that occur so as to minimize the amount of
displacement and rotation of the stiff caisson foundation on soft soil. Can see a Sketch of the

toga foundation for the large-scale model in Figure 2.

2Xx2m
Fill Material - - _I{30em -
Soft Soil 1.5m N\__ Wall Thickness
12 cm
—
Im

Source : Analysis Results

Figure 2. Toga Foundation Sketch (Large-Scale Model)

3. Research Method

The research method will start from the literature study of shallow foundations, caisson
foundations, analysis of the foundation's bearing capacity, and analysis of foundation
settlements. Then, determine the dimensions of the test foundation and the box model's

dimensions for small-scale laboratory models. Obtained soil samples used for the laboratory
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test model from the PIK 2 area, North Jakarta. Soil samples are then taken for laboratory tests
to obtain parameter data for analysis. In parallel, Obtained a compressive axial loading test on
a laboratory scale test model and obtained a graph of the load and settlement relationship. The
parameters obtained from the laboratory test are then processed using the three-dimensional
analysis program PLAXIS 3D. The settlement obtained is compared with the results of the axial
compression loading test of the test foundation. In the PLAXIS 3D program, large-scale
foundation models are also modeled for the toga foundation in undrained and drained
conditions. They can see a sketch of the toga foundation for the laboratory-scale model in
Figure 3. The pile cap thickness is 1 cm, with the pile cap area of 30 x 30 cm. The caisson has
20 cm length with 10 cm diameter and wall thickness 0.8 cm. Can see the box model for the
laboratory-scale test in Figure 4. The box's length is 150 cm, the width of the box is 30 cm, and
the height of the box is 55 cm.
30x30cm

—1¢ 1cm

N

20cm i
N Wall Thickness
0.8cm

— 5
10cm

Source : Analysis Results

Figure3. Toga Foundation Sketch (Laboratory-Scale Model)

1 /

55cm

150 cm

Source : Analysis Results

Figure4. Box Model For Laboratory-Scale Test
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3.1 Description and Technical Specifications
The disturbed soil is "rearranged" in the box without being pressed. Every 5 cm, the
soil layer is applied with flour at the front of the box so that the failure surface can be easily

seen when the soil is loaded. Then spread the sand 6 cm thick above the softsoil layer. Sand

models embankment soil that functions as a good soil layer, which will add bearing capacity to
the foundation plate. Can see the box model that has been filled with disturbed soil in Figure
5. After that, the soil deformation due to the soil being “rearranged” can be measured with dials
that were placed in the left, middle, and right part of the box model. Soil deformation measured
can be plotted against time to make a graph shown in Figure 6 due to the soil being

“rearranged”.

Source: Author’s Documentation.

Figure 5. Soil That Has Been “Rearranged” Is Allowed To Be Settled And The
Settlement Can Be Measured

Deformasi dial (mm)

0 48 96 144 192 240 288 336 384 432 480 528 576
Waktu (jam)
—o—Left (mm) Right (mm) Middle (mm)

Source : Analysis Results

Figure 6.  Soil Deformation Curve Against Time Due to The Soil Being “Rearranged”
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After that, the soil is allowed to settle for = 3 weeks until the deformation curve
flattens. It can start after the soil is allowed to settle down, the loading test on the test foundation.
First, calculated the bearing capacity of the laboratory-scale model pile cap and the caisson's
bearing capacity as the base for maximum load allowable for the axial load compression test
[17][19]. Following ASTM D1143-07 rules regarding compressive axial loading methods, the
rate of increasing or decreasing axial motion shall not be more than 0.25 mm / hr [20].

The soil sample taken is already disturbed. Therefore it is necessary to carry out a
laboratory test again to get soil parameters. The soil sample that has been taken will be tested
for water content, specific gravity test, soil natural density test, Falcone penetrometer test, sieve
analysis and hydrometer test, and the TX-CU test [21][24]. From the test results, the soil
parameters that will be used for analysis are as shown in Table 1:

Table1l.  Soil Parameter Undrained Condition for Laboratory-Scale Model

Soil Parameter Undrained Condition

. Y 3 C o ! E
Cluster tipe (kN/m?) v sat (KN/m?) (kN/m?) o() Vv (KN/m?)
Sand Drained 16 17 0 28 0,3 5000
Clayey Silt Undrained 14,4 14,4 6 0 0,3 110
Concrete 24 - - 0,15 21000000

Source : Analysis Results

For real-scale modeling using the original soil data around the PIK 2 area, North

Jakarta. The soil parameters that will be used for analysis are as shown in Table 2:

Table2.  Soil Parameter Undrained and Drained Condition for Large-Scale Model

Soil Parameter Undrained Condition

Cluster  tipe  y(kN/m®) ysat (kN/m®) ¢ (KN/m?) (‘P) V' E (kN/m?)

Sand Undrained 16 17 66 0 0,3 2450
Clay  Undrained 14 15 10 0 0,3 1470
Concrete 24 - - 0,15 21000000

Soil Parameter Undrained Condition

Cluster  tipe  y(Nm®) ysat (Nm?) ¢ kNMm®) 2y v E (kKN/m?)

Clay  Drained 16 17 0 26 0,3 2450
Clay Drained 14 15 13 26 0,3 1470
Concrete 24 - - 0,15 21000000

Source : Analysis Results
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4. Results and Discussions

According to the axial compression loading test result shown in Figure 7, at 0.72 kN
load, the foundation has a large settlement, which means that there has been a shear failure at
the load of 0.72 KN. PLAXIS 3D analysis is then carried out on the toga foundation model,

where the bottom part of the caisson is opened (laboratory test model scale) [25], [26].

Ultimate Bearing Capacity Interpretation

Time [hours]
100 920 80 70 60 50 40 30 20 10 [

Information
Design Load [100% ] : 1.6 kKN
Maximum Load : 1.6 kN

Load [kN]

0
5 5
10 10

g 15 15 E
T 20 20 =
£ 25 5 g
3 30 30 %
2 3 E
a0 a0
a5 a5
00 9% 8 70 60 50 40 30 20 10 0 |0 01 02 03 04 05 06 07 08 09 1
Time [hours] Load [kN]

Source : Analysis Results

Figure 7.  Soil Deformation Measured by Dial

Following are the results of the PLAXIS 3D analysis for laboratory test model scale:

Source : Analysis Results

Figure 8.  Toga Foundation Mesh (Laboratory Test Model Scale)

Performance Analysis Of “Toga” Foundation with Cap on Thick Soft Soil Based on Laboratory Models and Finite Element
Analysis
http://dx.doi.org/10.30737 /ukarst.v3i2

(ec) R



229 - 236
Ukarst : Universitas Kadiri Riset Teknik Sipil. ISSN (Online) 2581-0855

Volume 4 Number 2, (2020). ISSN (Print) 2579-4560

Figure 8 shown the meshing of the toga foundation model. The model was given a
load of 0.72 kN (8 kPa) after the meshing process, and the maximum load carried out on the
axial compression loading test. The analysis result is shown in Figure 9, with a settlement of
15.90 mm for undrained conditions. The analysis is then performed by carrying out different
loads in order to obtain a graph (load vs. settlement of toga foundation for laboratory test model
scale in undrained condition) so that can compare the graph to compressive axial load test

results on the test toga foundation model which was shown on Figure 10.

Load: 8 kPa

Settlement: 15.90 mm

Source : Analysis Results
Figure9. Toga Foundation Model Failure Surface (Laboratory Test Model Scale)
Undrained Condition 8 kPa Load
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Toga Foundation (Laboratory Test Model Scale) vs

Compressive Axial Load Test Results
Pressure (kPa)
2 4 6 8 10

T A

WNN P
O U1 O 01O U1 O
o

Settlement (mm)

A B w
o1 o O

—@— Compressive Axial Load Test Results
Toga Foundation (Laboratory Test Model Scale) PLAXIS 3D

Source : Analysis Results
Figure 10. Graph of Load vs Settlement of Toga Foundation (Laboratory Test Model Scale)
Undrained Condition and Compressive Axial Load Test Results on the Test Toga

Foundation Model

Following are the results of the PLAXIS 3D analysis carried out on the toga foundation

model where the bottom part of the caisson is opened (large-scale model):

Source : Analysis Results

Figure 11. Toga Foundation Mesh (Large-Scale Model)

The same analysis was done for a large-scale toga foundation model. In Figure 11.
shown the meshing of the toga foundation model. After the meshing process, the model was
given a load of 500 kN. The analysis result is shown in Figure 12 with a settlement of 104.7

mm for the undrained condition and 152.22 mm for the drained condition. The analysis is then
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performed by carrying out different loads to obtain a graph (load vs settlement of toga

foundation for large-scale model) in both undrained and drained condition so that the graph can

be compared, shown in Figure 13.
Load: 500 kN (Undrained, Drained)

Settlement: 104.7 mm, 152.2 mm

Source : Analysis Results
Figure 12. Toga Foundation Model Failure Surface (Large-Scale Model) Undrained and

Drained Condition

Load vs Settlement of Toga Foundation (Large-Scale

Model) Undrained Condition and Drained Condition
Load (kN)

0 200 400 600 800 1000 1200 1400 1600

200
400
600
800
1000
1200
1400

Settlement (mm)

—@— Toga Foundation (Large-Scale Model) Undrained Condition

—@— Toga Foundation (Large-Scale Model) Drained Condition

Source : Analysis Results
Figure 13. Graph of Load vs. Settlement of Toga Foundation (Large-Scale Model)

Undrained Condition and Drained Condition
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From the results of the PLAXIS 3D analysis, and interpretation was carried out to
obtain an estimate of the ultimate bearing capacity of the large-scale toga foundation using the
Mazurkiewich method [27]-[29]. The ultimate capacity of the toga foundation is 900 kN for
undrained conditions (Figure 14 (a)) and 1900 kN for drained conditions (Figure 14 (b)).

Interpretation of Ultimate Bearing Capacity of Toga Foundation (Large-
Scale Model) Undrained Condition
Load (kN)
0 200 400 800 1000 1200 1400 1600 1800 2000
0
25
50
75
—~ 100
3
=
& 225
£ 250
o 275
= 300
© 325 - -
@ 30 Ultimate Bearing
400 Capacity=900 kN = 90 ton
425 v
450
—&— Toga Foundation (Large-Scale Model) Undrained Condition

(@)

Interpretation of Ultimate Bearing Capacity of Toga
Foundation (Large -Scale Model) Drained Condition
Load (kN)

} 0 1800 2000 2200 2400 2600 2800 3000

0 200 400 600 80¢

200
400
600
800
1000
1200 \ - -
1400 Ultimate Bearing
1600 Capacity = 1900kN =
1800 190 ton
2000 N
—@— Toga Foundation (Large-Scale Model) Drained Condition

Settlement (mm)

(b)
Source : Analysis Results
Figure 14. Interpretation of Ultimate Bearing Capacity of Toga Foundation (a) Undrained
Condition and (b) Drained Condition by Mazurkiewich Method

Performance Analysis Of “Toga” Foundation with Cap on Thick Soft Soil Based on Laboratory Models and Finite Element
Analysis
http://dx.doi.org/10.30737 /ukarst.v3i2

(ec) R



233 - 236
Ukarst : Universitas Kadiri Riset Teknik Sipil. ISSN (Online) 2581-0855
Volume 4 Number 2, (2020). ISSN (Print)  2579-4560

5. Conclusion and Suggestion
5.1 Conclusion

1. Toga foundation is a development for a new foundation model that is intended to
solve foundation problems in soft soil.

2. Toga pile cap provides an additional contribution of carrying capacity.

3. From the results of the compressive axial load test on the test foundation model, the
ultimate bearing capacity is 0.72 kN on the toga foundation. In practice, the ultimate capacity
on the test toga foundation is 8 kN / m2.

4. From the analysis results using the PLAXIS 3D program, the ultimate capacity of
the toga foundation is 900 kN for undrained conditions and 1900 kN for drained conditions.

5. The toga foundation model obtained numerically has a higher bearing capacity than

the toga foundation tested in real terms on a small scale.

5.2 Suggestion

1. Itis advisable to carry out testing on a real full-scale model.

2. The reduction obtained from the lab test is different from the decrease obtained from
the PLAXIS 3D analysis. This is probably due to unpredictable pore pressure when the
foundation installation is carried out (where the foundation is installed by being pressed and
was waited only one day before the loading test is carried out). Therefore it is necessary to

measure the pore pressure in future studies.
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