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Abstract On roads that cross slopes, the stability of the
retaining wall is very important to keep the road conditions
being passed safely. The dimensions of the retaining wall
are directly related to the magnitude of the horizontal
pressure of the soil that occurs and must be held. Practically,
the effect of ground pressure due to traffic load is simulated
as a uniform load along the width of the road. The amount
of horizontal pressure and distribution that occurs due to
static and moving loads is not the same. Therefore, this
study aims to provide information on the relationship
between the weight of the vehicle with the horizontal
pressure that occurs when passing. The vehicle is simulated
moving at a constant speed along the track. The amount of
lateral pressure due to the vehicle is measured by a pressure
sensor with a horizontal distance of 0.5 mup to 1.5 m and
a depth of 0.5 m up to 1.5 m. The magnitude of the
maximum horizontal pressure was measured compared to
the analysis due to static load. The results showed low
speeds which are less than 10 km/h have the same
horizontal pressure distribution pattern due to their static-
simulated position. The maximum horizontal pressure
difference between the Boussinesq approach and the
instrumentation results in no more than 1.5 kPa.

Keywords Load, Vehicle, Static, Moving, Horizontal
Stress

1. Introduction

The process of determining the response rate of the soil
medium in moving vehicles has received considerable
attention in the past. The finished retaining wall along the
roadside will be loaded by heavy traffic on a roadway
situated just behind the crest [1]. The observed movement
can be interpolated between the values for K, (active earth
pressure coefficient) and K, (the rest earth pressure
coefficient) to estimate the actual pressure being applied to
the retaining wall [2][3]. In the modelling analysis, the
traffic load can be modelled using the wheel contact area
which represents the axle load [4]. However, lateral
overload is not only caused by traffic but also by the weight
of saturated soil [5]. Retaining walls generally rarely have
problems that are directly related to the bearing capacity of
the soil but are more critical of horizontal or lateral pressure.
So in this study, the magnitude of the bearing capacity of
the soil will not be discussed. Therefore, this research was
motivated by the need to determine the vibrational motion
of moving vehicles at the soil level and the associated depth
due to pressure exerted on the road [6]. Dynamic loads on
soil come from earthquakes, bomb explosions, machine
and construction operations, mining, traffic, wind, and
wave action [7]. The part of the road that stretches through
the slope or is close to vertical is supported by soil retaining
walls, cantilever pile walls, bulkheads, and braced pieces.
Therefore, the soil lateral pressure needs to be properly
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calculated to obtain the right structure for the design [8].
Furthermore, the edge of the foundation is likely to
experience a greater settlement than the center. This
process occurs because the soil located at the foundation's
edge does not have lateral confining pressure and therefore
has a lower strength [9].

Determination of soil stress caused by machine traffic
requires the use of properly installed tension transducers at

different depths and distances from the wheel centerline [5].

This is because the soil generally consists of several layers
with varying properties [10]. However, not all layers
consist of ideal elastic materials; therefore, within certain
limits, they are still considered elastic media [11]. A
comparison between viscoelastic and Por viscoelastic
models shows that they both have similar displacements at
low velocities. Meanwhile, for higher load velocities, the
displacement of poroviscoelastic soils is greater than the
viscoelastic [12]. Traffic loads produce a uniform stress
distribution (normal and shear) at the tire-pavement
interface [13].

The core component of this research is the load cell,
which is generally used to calculate the mass of an object
and is composed of several conductors, strain gauges, and
Wheatstone bridges [14]. Numerous experiments have
been conducted on the use and application of load cells.
These include making digital scales for Arduino-based rice
[15], designing and constructing 20kN capacity load cells
for Pull and Press workloads on aircraft [16], automatic
fruit sorter [17], and the design of an Arduino-based weight
and height measurement tool [14]. The vertical
displacement and stress in homogeneous, linearly elastic,
isotropic, and infinite soil due to the uniform load on the
surface can be determined using the Boussinesq equation
[23]. It is similar to a process flow with an interface used
to display and retrieve future analysis needs from the
system processor.

The vehicle path to be used was determined by
conducting sample test at a certain distance. The height of
observation was selected at 3 depth points, namely 0.5 m,
1.0 m, and 1.5 m. The vehicle traversed a straight line at a
certain distance from the tool. This study was then aimed
to observe the effect of lateral pressure on the sample
vehicle to obtain a practical constant in accordance with the
observations.

Problems on roads that pass-through hills or slopes
include landslides, cracked roads and splits due to lateral
spreading or road subsidence due to settlement of the
ground underneath which can be caused by non-uniformity
of the soil. Additional loads from the road include vehicular
traffic which is rarely modelled in the design of retaining
walls at the edge of the road. The traffic load can be
modelled by the contact area of the wheel which represents
the axle load [4]. However, the lateral load, apart from
traffic, is also affected by the weight of the saturated soil
volume [5]. Therefore, it is necessary to conduct
experimental research to better know the real lateral
stresses that occur on the ground when crossed by vehicles.
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Supporting research for the data retrieval process of
course requires a system that can work automatically, and
the use of automatic systems nowadays has been widely
used to facilitate a job, both in the fields of transportation,
construction, manufacturing, and health, of course using a
microcontroller such as PLC (Programmable Logic
Controller), Arduino, National Instrument LabVIEW
[18][19]. National Instruments LabVIEW is a graphics-
based programming application that was created
specifically to provide an intuitive and interactive
programming environment for scientists and engineers to
support their research [20][21].

The moving point load problem in soil dynamics is
analyzed in the ertical particle displacement
approximation. Prior to its motion, the load is stationary.
From the instant, at which it is set into motion, it moves,
with constant speed, along a straight path on the (horizontal)
planar surface of a semi-infinite elastic medium. The
modified Cagniard method for solving transient wave
problems is used to determine closed-form expressions for
the vertical component of the particle displacement from
the electrodynamic wave equation, of which only the
vertical component is considered. The study has been
initiated with a view to the application of the results to the
analysis of the ground motion generated by high-speed
trains travelling on a poorly consolidated soil [9]. In the
modelling analysis, the traffic load can be modelled using
the wheel contact area which represents the axle load [24].
However, lateral overload is not only caused by traffic but
also by the weight of saturated soil [25].

2. Methodology

2.1. Testing Methods

The test method is carried out by taking some sample
parameter data. The first parameter is the distance of the
vehicle's wheel trajectory to the sensor device (50 cm, 100
c¢cm and 150 cm distances are used), the second parameter
is based on variations in vehicle speed (divided into 3 speed
categories; slow, medium and fast), and the third parameter
is depth variation (at a depth of 50 cm, 100 cm and 150 cm).
The purpose of this variation is to determine the
relationship between the magnitude of the lateral pressure
that occurs and its own weight based on the existing theory
(Boussinesq).

The load source used to determine the amount of
additional horizontal stress that occurs on the ground is a 2
axle truck which is commonly used in construction projects.
One of the reasons for choosing this type of vehicle is the
insufficient information available or obtained about the
additional lateral pressure that occurs in the soil caused by
vehicles passing on the highway. With the large weight or
load of this type of vehicle, it is expected that the horizontal
voltage increase that occurs is sufficient to be measured by
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the sensor used. This vehicle will cross a straight road lane  The total weight of the trucks used is 9 tons and 18 tons.
at a constant speed, where the lateral pressure measuring  This truck has 2 axles and 6 wheels with the dimensions of
instrumentation system has been added to that road section.  the distance between the wheels as shown below:

B

_ Cc B |pformation
——- Distance between the front wheels 158 cm
Wheel diameter 76 cm
E Back wheel thickness 42 cm
Front wheel thickness 17 cm
] D } Distance between back wheels 195 cm
B distance between front and back wheels 335cm

Figure 1. Type of test vehicle
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Figure 2. Block diagram of a system
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Figure 3. System flowchart of monitoring illustration and loading scheme.

The method used is outlined in block diagrams, system
flowcharts and several illustrations to make it easier to
understand. Fig. 2 describes an overview of the system that
was made and processed using a National Instrument USB
6008 controller, with 9 load cell sensors and 2 vehicle loop
detector sensors as illustrated in Fig. 3. The result data will
be stored in the database when the experiment is run.

2.2. Horizontal Stresses Due to a Vertical Point Load
on the Surface

The additional load on the soil surface results in an
increase in the stress on the subsoil. This stress increase
when described in three main axes will have a force
component in the three main axis directions, namely the
vertical direction and the two horizontal directions which
are perpendicular to each other. In this study, the main
objective is to determine the amount of additional
horizontal stress that occurs due to the influence of the
weight of a vehicle that is running constantly; therefore, the
additional vertical pressure component that occurs is
currently being ignored or not discussed. The increase in
horizontal earth pressure that occurs will be resisted or
responded to by the surrounding soil or retaining walls and
other structures until equilibrium occurs. It is very
important to know the magnitude of the horizontal stress
that occurs when designing the lateral retaining
construction at a certain horizontal distance from the load
position.

Boussinesq’s theory is used to analyze the stress in the
soil mass due to the influence of point loads on the surface
[22]. The assumptions used in this theory are as follows:

1. Soil is an elastic, homogeneous, isotropic, and semi-
infinite material.

2. It has no weight.
3. The stress-strain relationship is in accordance with
Hooke's law.

4. The stress distribution due to the working load does
not depend on the type of soil.

5. The stress distribution is symmetric on the vertical (z)
axis.

6. Changes in soil volume are negligible.

7. Soil is not under stress before the load Q is applied.

Boussinesq solved the problem for horizontal stresses
inside a semi-infinite mass due to a point load acting on the
surface [9] described as in the equation (1) and (2).

3Q(x%z 1-2v 1 (2R+2)x* =z
__{? 3 [R(R +z) R%(R +z)2_F} (1)
1-2v 1 (2R+2)y* =z
|[R(R +z) R’(R+2)° R® } (2)

=
x 2

_3e {)':2

2n

%

—
RS 3

where;

Q =The load on surface

v = The Poisson’s ratio of soil

x = The horizontal distance of the point P from the
surface.

y = The horizontal distance in perpendicular direction
to x of the point P from the surface.

Z = The vertical depth of the point P from the surface.

R = The horizontal distance between an arbitrary point
P, the surface and the vertical axis through the point load
Q.
In rectangular coordinates, the stresses at a point P (x, y,
z) may be expressed in Figure 4.
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Figure 4. Concentrated point load on the surface [9]

2.3. Lateral Sensor Layout

The lateral sensor consists of several load cell sensors
arranged in series below the ground, where the lateral
sensor detects the lateral soil pressure at a depth of 50 cm.
This sensor is designed to detect pressure that varies per
depth 50 cm (depth of 50 cm, 100 cm, and 150 cm).

The design and illustration of the placement of the lateral
sensors can be seen in Fig. 5. The 1-pole lateral sensor

consists of 3 sensors, with a cross-sectional area of 200 cm?.

The area measuring 200 cm? is the medium for detecting
lateral pressure on the soil, the result of the conversion of
weight (kg) divided by its cross-sectional area.

P ] 3)

p = Pressure (kg/cm?)
F =Force (kg)
A = cross-sectional area (cm?)

2.4. Speed Detection Sensor Layout

The layout of the instrument to measure the speed of the
vehicle is shown in Fig. 3 which consists of the gate in and
gate out. The vehicle speed is measured using 2 Vehicle
Loop Detector sensors installed at the beginning and the
end of the circuit, as shown in Fig. 6. This process is used
to calculate the time required for the vehicle to travel the
test track. Speed prediction is obtained from the difference
in the time it takes for the vehicle to go from point A
(sensor vehicle loop Gate In) to point B (sensor vehicle
loop Gate Out) then divided by the distance specified.

Mileage m
~ Time Taken s @)

Fig. 7 isa program snippet from LabVIEW where Sensor
Loop (Gate In) turns on the countdown timer, and Sensor
Loop (Gate Out) turns off and pauses the timer, therefore
the travel time is obtained from Loop (Gate In) to Loop
(Gate Out).

Description :
A= Depth 50 cm

B = Depth 100 cm
C = Depth 150 cm

@

(b)
Figure 5. (a) Illustration of the positioning of the lateral sensor, (b)
lateral sensor design
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Loop Loop 2.5. Soil Lateral Pressure Measurement Methods
(fg‘w) (g?%%t) The data collection process is determined from the

sampling value of each sensor reading that runs in real time.
Furthermore, the concept of data retrieval and storage is
shown in Fig. 8. Real time analog data that enters the NI
A B USB 6008 is sampled every 10 ms when the sensor is in a
o -> state of reading the pressure load and stored in the
datalogger in excel format. Data retrieval on sensor
readings is carried out once every 10 ms with 100 data
collected per second, as shown in. Furthermore, for the data

storage process, the reading results are described in Fig. 9
¥|—/ Distance (meter) H—/ and Fig. 10.

Speed = Distance Traveled
PEed = Time Required

Figure 6. Vehicle speed measuring method
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Figure 8. Experimental data storage method
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Figure 9. The sensor data retrieval every 10 ms

SpreadSheet
ms.excel

Load
(Kg)
Time
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Figure 10. LabVIEW Program snippet of storing sensor data to datalogger (ms. excel)



Civil Engineering and Architecture 11(5A): 3086-3111, 2023

2.6. Pressure Measurement

The process of reading the load cell sensor as shown in
Fig. 11, produces an analog signal of 0 to 10 volts for a
maximum scale, with a capacity of 500 kg. The 0 to 10-volt
signal is transmitted to the NI and then processed into a
digital signal in the form of a 12-bit ADC (analog-digital
converter) value, at a range of 0 — 4096 and 4096 to 500 kg.
The result of the conversion of the analog voltage signal
into the ADC value is in the NI USB 6008. Then it is
converted again into pressure as in equation (1), and the
pressure is obtained at 2.5 kg/cm? for the maximum
pressure scale, as shown in Fig. 12.

The conversion results of the analog voltage signal in the
ADC value in NI USB 6008 are further converted into
pressure by dividing the cross-sectional area by 2.5 kg/cm?
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for the maximum pressure scale, as shown in Fig. 12.

3. Results and Discussion

3.1. Lateral Sensor Calibration

Testing of measuring instruments must be done before
taking measurements in real space. It is necessary to test
and calibrate the sensors first, along with calibration test
data for 6 load cell sensors with varied load tests, and along
with test results and calibration of load cell sensors with
load tests ranging from 0.5 kg to 1 kg. 15.07 kg.

Fig. 13 is the result of measuring the load using a load
cell sensor and a digital scale, which shows that the
difference between the readings of the 6 sensors and digital
scales is not that far apart.

Analog Signal 2 Va2 ADC N\ Ansl:gsilrgenal
(Voltage) (Analog Digital Converter) (Kg/cm2)
Physical Voltage Voltage 12 Bit 12 Bit — Pressure
Signal 0-10 Volt 0-10 Volt 0-4096 0-4096  0-2,5Kg/cm2
Figure 11. Process Read Analog Pressure Sensor
e iht

fload Tr

flLoad 2»

flLoad 3¢

HlLoad 4»

flLoad S5»

HlLoad Gr

23

Figure 12.

;
A [B°

1 B

Tb
1

bc

LabVIEW program converts units of weight to pressure



3094 Additional Lateral Soil Pressure Due to Vehicle (at Constant Speed):
The Distribution and Comparison to its Static Load

Comparison of load reading results using
Load Cell and Digital Scales

16
I | oad Cell 1 N | oad Cell 2
14 B Load Cell 3 Load Cell 4
12 B Load Cell 5 N Load Cell 6
E 10 —&— Digital Scales
c 8
oo
2 6
4
2
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Test Sample
Figure 13.  Comparison of load cell sensor test results with digital scales
Table 1. Comparison of load cell sensor test results with digital scales
sample Sensor Load Cell (kg)
Digital Scale Lateral 1 Lateral 2
(kg)
1 2 3 4 5 6
1 0.50 0.51 0.50 0.52 0.49 0.51 0.51
2 1.00 1.00 0.99 1.03 0.98 1.04 1.09
3 1.50 151 1.48 1.53 1.48 1.49 1.50
4 2.00 2.00 2.02 2.10 2.02 211 2.10
5 2.07 2.07 2.07 2.07 211 2.10 2.09
6 2.50 2.50 2.52 2.48 2.52 2.59 251
7 2.66 2.62 2.62 2.59 2.64 2.50 2.59
8 3.00 297 2.98 2.92 3.01 2.99 2.90
9 3.66 3.72 3.71 3.72 3.60 3.69 3.70
10 473 473 473 471 4.75 4,75 4.75
11 5.16 5.18 5.17 5.19 5.19 5.19 5.19
12 6.23 6.11 6.27 6.21 6.20 6.20 6.21
13 8.23 8.15 8.16 8.21 8.25 8.16 8.16
14 11.66 11.45 11.53 11.61 11.57 11.36 11.45
15 15.07 15.14 15.10 15.11 15.04 15.03 15.11
average 4.66 4.64 4.66 4.67 4.66 4.65 4.66
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According to Table 1. The average comparison of
measured data using a digital scale with a tool built using a
load cell sensor shows a not-too-significant difference,
namely +0.02 kg, where when the error has been calculated
the error from the data is obtained

4.66 — 4.65
_ 5
4.65 ®)

The comparison of the measurement results through the
load cell sensor and digital scales shows that the difference
is not too significant. Therefore, the difference in accuracy
according to the average results from Table 1 is in the range
of £0.02. Fig. 14 shows the real fluctuation of the sample
load cell sensor readings.

% error = x100% = 0.215%

3.2. Subsurface Conditions

This study was conducted in two different locations. The
soil at the site used is each tested using the appropriate
testing standards. The types of laboratory tests and standard
for this project are: water content (w) ASTM D 2216-90,
specific gravity (Gs) ASTM D-854-91, particle-size
analysis ASTM D-421-85 ASTM D-422-63/72 and ASTM
D-2217-85 Atterberg limit ASTM D-4318-84, soil
classification ASTM D 2487, direct shear test ASTM D
3080 (1983), triaxial test (unconsolidated undrained, UU)
ASTM D-2850-87, and one-dimensional Consolidation
Test ASTM D2435-04.

Location 1 has the behavior of character such as grained
soil with subsurface soil properties as follows specific
gravity (Gs) = 2.59; natural water content (wn) = 16.95 %;
density (g) = 1.90 kg/cm?; cohesion (¢’) = 0 kPa and
internal friction angle (¢*) = 38,71°.

The other test site is Location 2. The top is the top layer
of road pavement consisting of sand and crushed stone 80

——— Digital Scaales

Real reading of load cell sensor at 3 Kg load

cm thick and below there is a silt-clay soil. Subsurface soil
properties for clay layer are: N-SPT = 4-5; specific gravity
(Gs) = 2.56; natural water content (WN) = 31.75 %; density
(9) = 1.53 kg/cm?; dry density (gdry) = 1,17 kg/cm?; liquid
limit (LL) = 107 %; plastic limit (PL) = 29.95 %; plastic
index (PI) = 77.7 %; cohesion (¢’) = 24.3 kPa; internal
friction angle (¢*) = 20.34°.

3.3. Instrumentation Results

Testing was conducted with several variations in speed
and distance to determine the amount of lateral ground
pressure that occurs.

Location 1

Instrument measurement results during the vehicle
through the test track show that the maximum horizontal
ground pressure occurs when the wheel position is at the
closest distance to the sensor. Typical test result and several
test results with speed variation and track distance variation
to the sensor are shown in Fig. 15 to Fig. 20.

The test results are shown on Fig. 15 up to Fig 20 that in
each test there are two peak values where the largest peak
is on the right side. These peak pressure values are
summarized in the Table 2. The maximum value between
sensor 1 and sensor 2 is seen the value of the ratio that is
not constant or linear. However, it was seen that at 1.5 m
from the load, whether in the depth or horizontal direction,
the amount of additional horizontal pressure that occurred
was insignificant. The additional distribution of horizontal
pressure that occurs indicates the bubble shape as occurs in
the additional pressure that occurs in the soil due to vertical
loads, where the maximum radius of influence is in the
radius between 1.25t0 1.5 m
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Table 2. Summary of maximum lateral forces and pressures results for truck 18 tons location 1
Sensor 1 Sensor 2
lane z=05m z=10m z=15m z=0,5m z=10m z=15m
distance speed Ph Fh Ph Fh Ph Fh Ph Fh Ph Fh Ph Fh

m m/s kg kPa kg kPa kg kPa kg kPa kg kPa kg kPa
0.5 2.14 9.87 4.94 5.99 2.99 0.07 0.03 411 2.06 0.02 0.01 -0.06 | -0.03
0.5 2.86 9.64 4.82 5.96 2.98 0.02 0.01 3.67 1.83 0.06 0.03 -0.04 | -0.02
0.5 4.00 9.24 4.62 5.63 2.82 0.04 0.02 3.45 1.73 0.02 0.01 0.02 0.01
1.0 1.30 1.46 0.73 0.81 0.40 0.04 0.02 0.57 0.29 0.03 0.01 0.04 0.02
1.0 3.53 1.22 0.61 0.70 0.35 0.04 0.02 0.54 0.27 0.00 0.00 0.00 0.00
1.0 5.99 1.13 0.56 0.67 0.33 0.03 0.02 0.39 0.19 0.00 0.00 0.01 0.01
15 1.62 0.67 0.34 0.43 0.22 0.01 0.01 0.16 0.08 0.04 0.02 0.00 0.00
15 5.00 0.52 0.26 0.32 0.16 0.01 0.00 0.13 0.07 0.03 0.01 -0.02 | -0.01
15 6.00 0.49 0.25 0.12 0.06 0.03 0.01 0.09 0.05 -0.01 0.00 0.02 0.01

Note; Ph: horizontal force, Fh: horizontal pressure

Lane distance 0.5 m, speed 8 km/hrs

6.0 3

5.0
4.0
3.0
2.0
1.0

Pressure - kPa
L)

0.0

-1.0 il
2.0

Time -s

Sensor1z=0,5m

Sensor2z=0.5m

Sensorl1 z=1.0m

---Sensor2z=1,0m

Sensorlz=15m

Sensor2z=15m

Figure 15. Lateral soil pressure test results for an 18-tons truck, lane distance 0.5 m, speed 8 km/hrs, location 1.

Lane distance 0.5 m, speed 14 km/hrs
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40 }
30 1
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Sensor2z=0.5m

Sensor1z=1,0m

Sensor2z=1,0m

——Sensor1z=15m

Sensor2z=15m

Figure 16.

Lateral soil pressure test results for a 18-tons truck, lane distance 0.5 m, speed 14 km/hrs, location 1
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Lane distance 1.0 m, speed 13 km/hrs

1.0 1
0.8 ¥+
© A
& 0.6 +
5 04
= :
2 ]
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g 0.2 : /'\,/
0.0 Frewme - e e
1 1 2 - o 4 5 3
-0.2
Time - s
Sensor1 z=0.5m Sensorlz=1.0m Sensorlz=15m
------ Sensor2z=05m -----—-Sensor2z=10m ------Sensor2z=1,5m
Figure 17. Lateral soil pressure test results for a 18-tons truck, lane distance 1.0 m, speed 13 km/hrs, location 1
Lane distance 1.0 m, speed 22 km/hrs
1.0
0.8 +
il
&
g.u
=
w
B
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Time -s

Sensorlz=10m ——Sensorlz=15m

Sensor 1 z=0.5m

------ Sensor2z=0.5m ---=--Sensor2z=1,0m ----=-Sensor2z=1.5m

Figure 18.

Lateral soil pressure test results for a 18-tons truck, lane distance 1.0 m, speed 22 km/hrs, location 1

Lane distance 1.5 m, speed 6 km/hrs
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Sensorl z=10m Sensorlz=15m
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Figure 19.

Lateral soil pressure test results for a 18-tons truck, lane distance 1.5 m, speed 6 km/hrs, location 1
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Figure 20. Lateral soil pressure test results for a 18-tons truck, lane distance 1.5 m, speed 22 km/hrs, location 1.

Table 3.  Summary of maximum lateral forces and pressures results for Truck 9 Tons location 2
Sensor 1 Sensor 2

lane z=05m z=10m z=15m z=05m z=10m z=15m
distance speed Ph Fh Ph Fh Ph Fh Ph Fh Ph Fh Ph Fh
m m/s kg kPa kg kPa kg kPa kg kPa kg kPa kg kPa
0.5 1.6 954 | 477 | 273 | 1.36 | 038 | 0.19 | 950 | 475 0.51 0.25 1.98 0.99
0.5 33 871 | 436 | 322 | 161 | 055 | 0.28 | 7.65 | 3.82 0.85 0.42 1.85 0.92
0.5 44 651 | 326 | 277 | 138 | 051 | 0.26 | 6.24 | 3.12 0.79 0.40 1.80 0.90
1.0 1.9 087 | 044 | 116 | 058 | 0.95 | 048 | 1.00 | 050 1.10 0.55 1.52 0.76
1.0 3.6 067 | 034 | 113 | 056 | 0.90 | 045 | 0.89 | 0.45 1.13 0.56 1.53 0.77
1.0 4.8 062 | 031 | 128 | 0.64 | 093 | 046 | 0.88 | 0.44 1.10 0.55 1.52 0.76
15 1.8 030 | 015 | 066 | 033 | 0.75 | 0.37 | 0.11 | 0.06 0.72 0.36 1.13 0.57
15 4.2 032 | 016 | 048 | 024 | 0.72 | 0.36 | 0.05 | 0.02 0.67 0.33 111 0.56
15 4.8 0.20 | 010 | 056 | 0.28 | 0.70 | 0.35 | 0.15 | 0.08 0.75 0.37 1.07 0.54

Note; Ph: horizontal force, Fh: horizontal pressure

Location 2

Like the test results at the location that has been
described above, this location has inhomogeneous
subsurface conditions. The shape of the horizontal pressure
curve that occurs due to vehicle load in principle has the
same curve pattern. The horizontal pressure distribution
curve of the test result for location 1 is shown in Fig. 21 to
Fig. 23 for location 2.

The load of vehicles passing over the road may vary. To
provide preliminary information on the influence of weight,
similar monitoring was carried out using trucks that had
twice the load (a truckload of 18 tons). The test results
show a similar pattern of horizontal pressure distribution

with a maximum value that becomes larger. The results
obtained for a truck weight of 18 tons are shown in Fig. 24
to the Fig. 26.

As in Location 1 for load 18 tons, the peak value of the
additional horizontal direction pressure that occurs for each
test with a truck load of 9 tons is summarized in Table 3,
and the following distribution shows the similarity of
additional horizontal pressure zones that occur is not
significant after a distance of about 1.5 m from the load.
Similarly, at a load of 18 tons in Table 4, where despite the
addition of the maximum lateral pressure at the closest
distance with the additional influence of horizontal
pressure at a distance of more than 1.5 m from the load, it
is also not very significant.
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Lane distance 0.5 m, speed 6 km/hrs
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Figure 21. Lateral soil pressure test results for a 9-tons truck, lane distance 0.5 m, speed 6 km/hrs, location 2
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Figure 22.

Lateral soil pressure test results for a 9-tons truck, lane distance 0.5 m, speed 12 km/hrs, location 2
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Figure 23. Lateral soil pressure test results for a 9-tons truck, lane distance 0.5 m, speed 16 km/hrs, location 2
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Lane distance 0.5 m. speed 6 km/hrs
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Figure 24. Lateral soil pressure test results for a 18-tons truck, lane distance 0.5 m, speed 6 km/hrs, location 2
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Figure 25. Lateral soil pressure test results for a 18-tons truck, lane distance 0.5 m, speed 10 km/hrs, location 2
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Figure 26. Lateral soil pressure test results for a 18-tons truck, lane distance 0.5 m, speed 16 km/hr, location 2
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Table 4. Summary of maximum lateral forces and pressures results for Truck 18 Tons location 2

Sensor 1 Sensor 2
Lane z=05m z=10m z=15m z=0,5m z=10m z=15m
. Speed
distance Ph Fh Ph Fh Ph Fh Ph Fh Ph Fh Ph Fh
m m/s kg kPa kg kPa kg kPa kg kPa kg kPa kg kPa
0.5 1.64 24.81 12.40 12.97 6.49 1.11 0.56 22.65 11.33 331 1.66 2.60 1.30
0.5 2.78 22.25 11.12 11.01 551 1.33 0.67 16.44 8.22 4.13 2.07 2.58 1.29
0.5 4.55 18.57 9.28 10.12 5.06 0.98 0.49 16.21 8.11 3.62 1.81 2.56 1.28
1.0 1.69 421 211 4.40 2.20 1.86 0.93 3.64 1.82 3.49 1.75 3.32 1.66
1.0 2.32 4.16 2.08 4.50 2.25 1.94 0.97 3.36 1.68 3.27 1.63 3.24 1.62
1.0 3.13 5.24 2.62 4.78 2.39 1.81 0.90 4.08 2.04 3.39 1.70 3.33 1.66
15 1.61 1.05 0.52 2.14 1.07 1.85 0.93 0.55 0.27 1.58 0.79 2.78 1.39
15 2.78 1.06 0.53 1.79 0.90 1.80 0.90 0.44 0.22 1.67 0.83 2.66 1.33
15 4.24 1.08 0.54 1.73 0.87 1.87 0.93 0.38 0.19 1.63 0.82 2.65 1.32

Note; Ph : horizontal force, Fh : horizontal pressure

3.4. Discussion

The effect of the load on the ground on any slope
retaining construction is on the amount of additional
ground pressure that occurs and its distribution. For a fixed
load, the value and distribution are a single curve whose
magnitude is always constant with variations according to
the position (distance) under review. However, for moving
loads such as vehicles on the highway, the amount of load
will vary as a function of distance and speed. In detail, the
effect of speed changes can also affect the maximum
pressure and its distribution specifically for this study the
effect due to vehicle acceleration is still ignored. A
relatively small acceleration value for a vehicle weight that
is not too large can temporarily be ignored. In addition, the
effect of surrounding conditions such as wind is also
ignored because it is assumed that the difference is not
significant as the conditions at the time of testing are in a
normal wind situation (wind speed is relatively very slow).

As shown in Fig. 15 to Fig. 26 in the test results, the
additional horizontal pressure in the ground caused by the

vehicle passing through the road reaches its maximum
when the vehicle wheel is at the closest distance from the
sensor. The highest peak shows when the rear axle of the
truck is closest to the sensor. A smaller peak occurs at the
moment when the front axle of the vehicle is closest to the
sensor.

Fig. 27 to Fig. 38 show an additional curve of horizontal
pressure with variations in the speed tested, where the
effect of speed on the magnitude of the additional
horizontal pressure significantly is seen at a depth of 0.5 m.
While for depths below 05 m there is no tendency to
influence the speed of the additional horizontal pressure
significantly for both 9-ton trucks and 18-ton trucks. At a
depth of 0.5 m from the load there is a tendency that the
slower the speed of the truck, the additional horizontal
pressure that occurs will be greater. The effect of speed as
a function of the depth and distance of the path (horizontal
distance) as well as at the same location shows the inverse
effect of the higher the speed of the vehicle through the
above then the maximum horizontal pressure caused by
becoming smaller.
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Figure 27. Speed variation, truck 9 tons, sensor 1, depth 0.5 m
Lane distance 0.5 m. Sensor 1. depth 1.0 m
6.0 S
5.0 1 —350
km/hrs
40 +
2] ]
v 1
. 3.0 1
o —117
2 20 1 lem/hrs
o ]
= ]
1.0 +
] —157
0.0 3 ' T kem/hrs
i 2 4 6 8 10 12
-1.0 -
Time -s
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Figure 29. Speed variation, truck 9 tons sensor 1, depth 1.5 m
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Figure 30. Speed variation, truck 9 tons sensor 2, depth 0.5 m
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Figure 31. Speed variation, truck 9 tons sensor 2, depth 1.0 m.
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Figure 32.

Speed variation, truck 9 tons sensor 2, depth 1.5 m.
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Figure 33. Speed variation, truck 18 tons sensor 1, depth 0.5 m
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Figure. 34. Speed variation, truck 18 tons sensor 1, depth 1.0 m
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Figure 35. Speed variation, truck 18 tons sensor 1, depth 1.5 m
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Figure 36. Speed variation, truck 18 tons sensor 2, depth 0.5 m
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Figure 37. Speed variation, truck 18 tons sensor 2, depth 1.0 m
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Figure 38. Speed variation, truck 18 tons sensor 2, depth 1.5 m
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The curve as shown in Fig. 39 to Fig. 48 above shows a  the additional horizontal stress distribution that occurs can
nonlinear relationship between the depth and the vehicle provide initial information about the stress distribution that
speed. Increasing the depth from the surface resulted in a  occurs in the ground when the vehicle is stationary. Fig. 49
reduction in the amount of lateral ground pressure that up to Fig. 52 show a comparison between instrumentation
occurs. In addition, the magnitude of lateral pressure to the  data for the second location and manual calculations for

ground also decreases with increasing vehicle speed. static loads that have the same curve pattern.

Although the Boussinesq formula is used for static loads,
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Figure 41. The influence of the lane distance to the instrumentation for truck 18 tons, speed 6 km/hrs
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Figure 42. The influence of the lane distance to the instrumentation for truck 18 tons, speed 6 km/hrs
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Figure 44. Relationship between speed and lateral pressure instrumentation results for truck 9 tons, lane distance 1.0 m
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Figure 45. Relationship between speed and lateral pressure instrumentation results for truck 9 tons, lane distance 1.5 m.
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Figure 48. Relationship between speed and lateral pressure instrumentation results for truck 18 tons, lane distance 1.5 m.
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Figure 49. Sensor 1 and Boussinesq results for Truck 9 tons when lane distance 0.5 m speed 6 km/hrs, location 2
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Figure 50. Sensor 2 and Boussinesq results for Truck 9 tons when lane distance 0.5 m speed 6 km/hrs, location 2
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Figure 51. Sensor 1 and Boussinesq results for Truck 18 tons when lane distance 0.5 m speed 6 km/hrs, location 2
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Figure 52. Sensor 2 and Boussinesq results for Truck 18 tons when lane distance 0.5 m speed 6 km/hrs, location 2

4. Conclusions

Some conclusions that can be drawn and conveyed are
as follows:

1.

The shape/pattern of the lateral pressure distribution
curve in the layers of grained soil and fine-grained soil
has a relatively similar distribution pattern.
Heterogeneity of subsurface soil does not affect the
shape of the horizontal stress distribution pattern of
soil

The effect of maximum lateral pressure on the ground
in this test occurs when the vehicle trajectory is 0.5 m
with a depth of 0.5 m or when the vehicle passes
closest to the sensor

The effect of horizontal ground pressure at a distance
of 1.5 m from the load position has been significantly
reduced

5.

The effect of lateral pressure on the ground for a depth
of 1.5 m is already very small even if the vehicle
passes with a horizontal distance of 0.5 m from the
sensor position.

Additional lateral pressure that occurs on the ground
will increase as the vehicle speed decreases

Based on the test results, ignoring the acceleration
Boussinesq equation can still be used to estimate the
maximum horizontal pressure that occurs with the
closest distance from the vehicle about 0.5 m.

Based on the comparison of the results between the
calculations using the Boussinesq equation with the
results of instrumentation shows that the additional
lateral pressure due to static load (its weight) can be
used to approach the maximum effect that occurs due
to the load of the vehicle at a constant speed.
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