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ABSTRACT

The existence of soft soil is one of the obstacles in building road infrastructure,
where the carrying capacity of soft soil is very low and can create instability of a
building above it, and this is still one of the serious problems that must be overcome.
One solution to building a road over soft soil is by using the pavement with a glued
plate system, this model is considered to be stronger when compared to the
conventional [1] slab pavement system because the addition of piles as pavement
anchor can increase the stability of the pavement because it can increase the bearing
capacity of the pavement plate.

This research was carried out by an experimental test in the laboratory by making
a prototype of slab pavement supported by piles. Applied lateral load is 1 kN, 2 kN
and 4 kN from modification vibrator machine. Other than the experimental test, in
addition, finite element method analysis carried out, and compared the results of the
experimental test.

The experimental results showed that an increase in lateral loading would
increase the deflection of the slab pavement, for a lateral load of 1 kN there was a
deflection of 0.21 mm and an increase of 34% for loading of 2 kN and an increase of
45% for loading 4 kN. The pattern is the same in the finite element method analysis,
where there was a 9.3% increase for 2 kN loading and increased to 34% for 4 kN
loading.
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1. INTRODUCTION

Soft soil is a separate issue that must be overcome when road construction will be built, and
according [3] states that around 30% of Indonesia's total of the land area is soft soil, with
characteristics of low carrying capacity. Some of the solutions carried out in handling soft soil
as highway foundations are the replacement of soil, soil stabilization, but this solution can
have an impact on environmental. But in this research, the solution to improving soft soil as
the base course of the road is making a new method of pavement with slab pavement or nailed
slab system.

Nailed Slab System is one of the solutions for pavement above soft soil, this model the
same as conventional rigid pavement, the difference is only in anchors or pile in the bottom
slab. If we Compared to flexible pavement, the conventional rigid pavement is considered to
be stronger in bearing the load above it because of its rigid nature, but is very weak if the
conventional rigid pavement is carried out on subgrade with low bearing capacity because can
cause cracks in the pavement layer, so that the addition of a pile or anchor in the bottom of
pavement will be able to increase the stiffness of the pavement so that it is expected that
damage or cracks on the pavement will not occur.

2. METHODE OF RESEARCH

Slab pavement with pile or nailed slab system as a substitute for conventional pavement [1],
and this pavement consists of thin slab with a thickness about 10-15 cm supported by small
piles with the length of pile about 1m -1.5m and diameter of pile 15-20 cm, with the presence
of this pile it is expected that the load can be channeled to the base layer until a depth of 1m -
1.5m of soft soil and pile monolith with a slab pavement. But this research is an experimental
study with dimensions and sizes that are different from previous research [4].

Figure 1 Three Dimensional Nailed Slab System

2.1. Prototype and Instrumentation

The monitoring instrument from the strain gauge is mounted on the slab pavement
reinforcement and reinforcement of the pile and is connected to the data logger and directly
monitored by the computer. After the installation of the monitoring instrument is carried out,
casting is carried out with the quality of concrete fc 21 MPa, the casting is carried out
gradually from the pile to the slab pavement. The results of slab pavement and pile are
ensured to be carried out properly without any cavities in the concrete. The stages of
installation of monitoring systems on reinforcement and implementation of making slab
pavement prototypes as shown in Fig. 2
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Figure 2 Install Strain Gauge

2.2. Soil Properties and Sample Preparation

The soil used in the test box is soil with characteristics as soft soil, as can be seen from the
results of soil testing in Table 1. This soft soil will be used into the test box and compacted
according to the level of density in the field, the stages in compaction in the test box are 20
cm per layer. Compaction is carried out to achieve the desired consolidation [2].

Table 1 Soft Soil Properties

No Parameter Unit Average
1 Spesific Gravity, GS - 2,262
2 Consistency Limits:

Liquid Limit, LL % 55,4

Plastic Limit, PL % 10,07

Plasticity Index, Pl % 45,33
3 Water Content, w % 53,58
4  Bulk Density, y kN/m® 12
5 Dry Density, vq kN/m® 16
6 Direct Shear Test:

Cohession, ¢ kN/m? 12,26

Friction Angle, ¢ deg 9,3

CBR % 1,93
8 Soil Clasification:

AASHTO - A-7-6

USCS - CH

2.3. Finite Element Method

In the finite element method analysis, 3D Plaxis are used to determine changes and
movements of pile and slab pavement. Geometry is simulated by means of an axisymmetric
model in which the pile is positioned along the symmetry axis. Interface elements are placed
around the stack of interaction models between stack and soil. The model boundaries are
taken far enough away to avoid the influence of boundary conditions. Standard absorbent
limits are used to avoid false reflections. The presence of groundwater level is ignored. Fig. 3
shows the slab pavement model.

Soil properties input plaxis: Modulus of concrete (E) = 3x10" kN/m?, Poisson's ratios of
concrete (1) = 0.1, Unit weight of concrete (yc) = 25 kN/m®. The properties of soft clay are
taken as Yunsat =12 KN/M?, ysar =16 KN/m®, Eret =15000 KN/m?, Rinter =0.5, C = 12,26 kN/m?, ¢
=9,3, u=0,3.
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Figure 3 3D Finite Element Model

3. RESULT AND DISCUSSION

3.1. Analysis of Experiment and FEM Results

The calculation results with the finite element method as in Fig. 5 which shows that the
largest deflection and for lateral loading of 4 kKN is on the middle of slab around 0.43 mm and
0.18 mm for distance 25 cm from end, for lateral loading 1 kKN deflection of slab around 0.32
mm in the middle of slab and 0.07 mm for distance 25 cm from end, meanwhile for lateral
loading 2 kN in the middle part of slab pavement 0.35 mm of deflection and 0.16 mm for
distance 25 cm from end. When compared from the results of experimental test there are
similar patterns with the results of finite element method analysis, where for loading 1 kN
deflection in the middle part 0.21 mm and 0.04 mm for distance 25 cm from end of slab, and
latera loading 2 kN the deflection value in the middle of the slab is 0, 21 mm and the
deflection at 25 cm from end of slab is 0.06 mm, and for the lateral loading 4 kN the
deflection in the middle of the slab is 0.31 mm and 25 cm from end of slab is 0.06 mm.

From the above results, it can be ascertained that the results of the experimental tests are
still below the permissible allowances when compared from finite element method analysis
match with the research of [5].

Fig. 4 shows the deformation change or ilustration deflection change of the slab in the
middle and the edge of slab when applied lateral loads from finite element method analysis.
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Figure 4 Vertical Slab Deflection After Applied Loading

3.2. Deflection of Slab

Deflection analysis of slab pavement was conducted to determine the extent of the effect of
lateral loading on the slab deflection, and this result will be compared with the results of finite
element method analysis using plaxis. And the results of the analysis can be seen in Table 2.

Table 2: Accumulative Deflection of Slab

) Accumulative Deflection of Slab (mm)
Distance of

Slab (m) Measured FE Model
LL 1 kN LL 2 kN LL 4 kN LL 1 kN LL 2 kN LL 4 kN
0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,24 0,04 0,06 0,06 0,07 0,16 0,18
0,50 0,21 0,21 0,31 0,32 0,35 0,43
0,75 0,04 0,06 0,06 0,07 0,16 0,18
1,00 0,00 0,00 0,00 0,00 0,00 0,00
-0,20
0,00
£
E 0,20
c
S 040
5}
% 0,60 —O— Measured
[a)
0,80 —0— FE Model
1,00
0,00 0,25 0,50 0,75 1,00

Distance of Slab, m

Figure 5: Deflection of Slab Measured vs FE Model LL 1 kN

Fig. 5 shows the difference between finite element method analysis and experiment test
results, where the slab deflection in the middle of slab from the experiment test is 0.21 mm
while the finite element method analysis results are 0.32 mm. These results indicate that the
finite element method results are greater when compared with the experimental results, this
indicates that the experiment test results are still considered safe.
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Figure 6 Deflection of Slab Measured vs FE Model LL 2 kN

Fig. 6 shows the difference between finite element method analysis and experiment test
results, where the slab deflection in the middle of slab from the experiment test is 0.21 mm
while the finite element method analysis results are 0.35 mm. These results indicate that the
finite element method results are greater when compared with the experimental results, this
indicates that the experiment test results are still considered safe.
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Figure 7 Deflection of Slab Measured vs FE Model LL 4 kN

Fig. 7 shows the difference between finite element method analysis and experiment test
results, where the slab deflection in the middle of slab from the experiment test is 0.31 mm
while the finite element method analysis results are 0.43 mm. These results indicate that the
finite element method results are greater when compared to the experiment test results, this
indicates that the experiment test results are still considered safe.

3.3. Deflection of Pile

Pile deflection analysis was conducted to determine the extent of the effect of lateral loading
on the pile deflection, and this result will be compared with the results of finite element
method analysis using plaxis.

Table 3 Accumulative Deflection of Pile

Depth of Accumulative Deformation of Pile (mm)
Pile Measured FE Model
(x10mm) LL 1 kN LL 2 kN LL 4 kN LL 1 kN LL 2 kN LL 4 kN
0 0,00 0,00 0,00 0,00 0,00 0,00
40 0,09 0,24 0,17 0,11 0,14 0,48
80 0,16 0,76 1,23 0,82 0,94 2,25
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Figure 8 Pile Deflection After Applying Lateral Load

Fig. 8 is a graph of the comparison between pile defelection resulting from the experiment
test and finite element method analysis for applied lateral loading of 1 kN, 2 kN and 4 kN.
These results indicate that there is a similar pattern between experiment test and finite element
method analysis, for lateral loading of 4 kN deflection of top pile is 1.23 mm for experiment
test and 2.25 mm for finite element method analysis. But the results from experiment
deflection are still below the permissible deflection from the results of the finite element
method analysis.

4. CONCLUSIONS

1. The lateral loading greatly affects the stability of the slab pavement with the mini pile,
S0 it needs to be considered in carrying out the design when applied in the field.

2. The greater the lateral loading for the constant vertical loading, the greater the
deflection of the resulting slab will be.

3. For maximum lateral load of up to 4 kN, slab deflection and pile deflection are still
below the permit deflection.
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