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ABSTRACT

Vietnam is currently constructing many transportation and infrastructure projects in urban areas. During
the construction process of road foundations such as pile driving and vibratory compaction often causes
vibrations that can affect nearby structures. Therefore, it is necessary to study the impact of vibrations
induced by construction activities. A study was conducted to investigate the impact of roller compaction-
induced vibration on the buildings and structures of Ring Road No.2 in Hanoi, Vietnam. The study also
applied a 3D FEM method to evaluate the impact of vibration on surrounding structures. The results
showed a good correlation between finite element calculations and field measurements.
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I.  INTRODUCTION

The construction of Ring Road No.2 in Hanoi was executed
in 2018 and consisted of two sections: an elevated section and a
lower section. The elevated section is over 5 km long, starting
from the southern connection point of Vinh Tuy Bridge and
ending at the intersection with Nga Tu So Street. The lower
extension, which links to Vinh Tuy Bridge at the starting point,
is approximately 3 km long and terminates at the Nga Tu Vong
intersection. This is a road with high traffic density, and there
are many buildings around it. The use of vibrating rollers for
road foundation construction raises concerns about their impact
on nearby buildings and historic structures. Therefore, it is
necessary to assess and monitor the effects of this construction
activity on the structures placed along the Ring Road No.2.

Construction activities in city sites can cause significant
disturbances to nearby structures such as differential
settlement, even collapse [1-5]. The vibration sources are soil
excavation, pile driving, and compaction using vibratory
equipment [2-4, 6-10]. These sources can cause vibrations in
the surrounding soils, which will be transmitted to nearby
buildings and structures. For example, a resonance in multi-
story buildings at distances close to 200 and 500 m from
dynamic sources was observed. In addition, a frequency of 26
Hz from a vibratory sheet pile can generate ground vibrations
below 5 mm/s and vertical floor vibrations higher than 51
mm/s in two-story houses and can cause architectural damage
[11]. The impact of these vibrations on existing structures is
typically measured by particle vibration velocity. Most
standards and guidelines set an allowable vibration level based
on Peak Particle Velocity (PPV) [12, 13]. BS 5228: Part 4:
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1992, which is a code of practice for managing noise and
vibration during piling operations, also offers direction on the
permissible levels of vibration in structures. According to this
standard, a cautious limit of PPV for intermittent vibration
should be set at 10 mm/s, while for continuous vibrations it
should be 5 mm/s, to avoid minor or cosmetic damage [6].

Experimental and numerical analysis are commonly used to
solve wave propagation induced by impact pile driving [4, 7, 8,
14-17]. Authors in [18] performed a 2D numerical analysis to
estimate the soil deformation induced by vibrations of the
piling hammer. Authors in [15] evaluated the seismic loading
of nearby structures according to the Czech technical standards.
Authors in [6] focused on the study of field monitoring of roller
vibrations during the compaction of subgrade soil. Previous
studies in Vietnam have investigated the effects of construction
vibrations on buildings and structures [19, 20]. Authors in [21]
focused on controlling vibrations on existing buildings in the
Metro Line 3 project. The monitoring and numerical analysis
(Plaxis 3D) results showed the minimum distance of 4 m
between the vibration source and the existing building and the
grab drop height of 1 m of grab shock for the Metro Line 3
project. However, other construction activities, such as
vibrating rollers, have not been studied carefully regarding the
effect on nearby buildings on the construction site in Hanoi.
Therefore, this study aims to use the Finite Element Method
(FEM) to address wave propagation in non-homogeneous
ground conditions in Hanoi due to a vibrating roller, and to
compare the results obtained from the FEM with the
experimental data of the Ring Road No.2 construction project.

II. METHOD

A. Soil Investigation

The geological soil profile of Borehole 1, which is close to
the measurement points, is shown in Figure 1. For a detailed
geological investigation, Standard Penetration Tests (SPTs)
were conducted at every 2 m depth. It is observed that the
stratigraphy consists of 7 layers. The 1% layer is filled soil
(layer 1) with thickness of about 1.2 m. Below, there is a
yellow/brown soft to medium sandy clay (CL) layer with an
average thickness of 4.4 m and uncorrected N, = 6~16. The
3rd layer is fine sand (layer 3) with about 1.2 m thickness. The
4™ layer is also yellow/brown, soft sandy clay (CL) with a
thickness of about 3.7 m and uncorrected Ny, = 5~6. Layer 5 is
brown soft sandy clay (CL) with some gravels (layer 5), with
thickness of 10.8 m and N,,, = 10~23. The 6 layer is also
yellow/brown, soft sandy clay (CL) with a thickness of about
7.5 m and uncorrected N, = 8~11. The 7% layer is also
yellow/brown, stiff sandy clay (CL) with a thickness of about
7.5 m and uncorrected N, = 14~15.

Soil samples were retrieved for the conduction of
laboratory tests, such as physical property tests (water content,
soil distribution, Atterberg limit, etc.) and mechanical property
tests (consolidation test, hydraulic conductivity test, triaxial
test). The physical and mechanical properties results for soil
layers were collected and were considered as input parameters
for Plaxis 3D model. They are presented in Table I.
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Fig. 1. SPT value for soil profile in Borehole 1.
TABLE L SOIL PARAMETERS IN PLAXIS 3D
Layer | Layer | Layer | Layer | Layer | Layer | Layer
Contents 1 3 3 4 5 6 7
Type of MC | MC | MC | MC | MC | MC | MC
model
Unit weight
) (KN/m?) 18 18.6 13.4 19 17.3 19.7 18
Saturated
unit weight 18.5 18.68 | 13.84 19.5 17.3 19.89 18.5
Ysa (KN/m)
Cohesion, ¢’
(kPa) 15 23 8.8 1 15.8 273 20
Friction 20 | 1291 | 818 | 2823 | 185 | 1576 | 20
angle, 4'(°)

v 0.32 0.3 0.3 0.3 0.3 0.3 0.3
E,a(MPa) | 21.46 | 2692 | 4.815 | 4038 | 21.46 26 26.92
E (MPa) 15 20 3.0 30 15 26 20
V, (m/s) 55.65 63.7 28.52 | 77.18 | 56.76 | 80.46 | 64.75
V, (m/s) 108.2 | 119.2 | 59.37 | 1444 | 1103 | 113.8 | 121.1
Rinser 0.65 0.7 0.7 0.7 0.65 0.8 0.65

Note: ¢’ and ¢’are taken from the consolidated undrained triaxial test.

B. Monitoring

Accelerometers or geophones can be utilized to measure the
vibration velocity (PPV) in mm/s and assess the impact of
construction activities on a plane that requires compaction
using a vibrating roller [6, 7]. The vibrating roller HAMM 20T
generates vibrations with a frequency range of 27 Hz to 30 Hz
and applies a centrifugal force of 250 kN to 330 kN (Figure 2).
The significant impact produced by the roller compaction can
cause soil particles to displace and compress, leading to a
reduction in soil porosity and resulting in ground vibrations
that may affect nearby structures. To determine the magnitude
of the impact caused by the roller compaction vibrations,
acceleration sensors placed on steel anchors were used to
record the ground's dynamic response during the construction
process. The devices used for vibration monitoring are depicted
in Figure 3. Four sensors, namely 31, 32, 35, and 36 were used
in this study with highly sensitive accelerometers and vibration
detection sensors. Sensors 31 and 35 monitored vertical
acceleration, while sensors 32 and 36 measured horizontal
acceleration for point 1 and point 2, respectively. The
measuring frequency range of the sensors is 0.15 + 1000 Hz.
The sensitivity of the sensors is approximately 10000 mV/g
equal to 1019.4 mV/(m/s*) and their non-linearity is less than
1%.
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Fig. 2.

(a)

b .@P‘ el
Test setup: (a) Acceleration sensors, (b) data accquisition and
computer analysis.

Fig. 3.

The vibrating work was carried out along the road. The
experiment was conducted to measure ground vibration for a 3-
story building (Figure 4). The distance from the vibration
machine to point 1 and point 2 are shown in Figure 1. The
vibration measuring device was attached to a 30 cm length of
steel pile at the foundation of the building. During the
operation of the roller compactor, vibration measurements were
taken. Then, the measured data were processed and analyzed
with the Flasto-Dynamic program for comparison and
evaluation.
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Fig. 4. Monitoring point setup for a 3-story building.

C. 3D Plaxis Model

In this study, the wave propagation from roller compaction
was modeled with Plaxis 3D dynamic finite element code. The
dimensions of the model is shown in Figure 5. Soil conditions
and shear wave velocity are included in the model (Table I)
with the profile shown in Figure 1. The soil layers were
modeled using the Mohr-Coulomb (MC) model in Plaxis with
the input parameters presented in Table I. The transversal and
longitudinal seismic wave propagation velocities were
automatically determined in Plaxis 3D by:

Eged G(2-2v)
vp:\j P Apl-2v) M
G
Vs = \/; 2

The three-story building was modeled with plate elements.
Its input parameters are presented in Table II.

TABLE II. INPUT PARAMETERS FOR 3-STORY BUILDING
IN PLAXIS 3D
Contents Unit
Type of model - Elastic
y kN/m* 24.5
El kPa 26+E6
E2 kPa 26+E6
GI2 kPa 11.67+E6
Vi2 - 02

The Plaxis 3D has a calculation dynamic module that
allows for solving dynamic problems using FEM. The
elementary  equation for calculating time-dependent
deformation changes under dynamic loading in matrix notation
for the entire area under consideration is:

F =F'M 'sin(wt + ¢,) 3

where M' is the amplitude multiplier, F'is the input value of
the load, w = 2mf with f being the frequency in Hz, ¢, is the
initial phase angle, and F'M' is the amplitude of the dynamic
load. For HAMM 20T vibrating roller, the F'M' is taken as 330
kN, the frequency is obtained as f =30 Hz and the initial phase
angle is equal to O.

3 «\e“‘

Fig. 5.

Plaxis 3D model of a 3 - story building.
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B. Plaxis 3D Results

The vibration velocities obtained from Plaxis 3D are shown
in Figures 10-13.

II. RESULTS

A. Monitoring Results
The obtained vibration velocities are shown in Figures 6-9.
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The monitoring data and 3D Plaxis results are summarized
in Table III.

TABLE III COMPARISON OF MONITORING DATA AND FEM
3D RESULTS
. . Distance to | Monitoring
Point X;:’:?ttil:)): the vibration | data PPV FEN{SIZ)PPV
source (m) (m/s)
S32 Horizontal 3.7 4x107 4.1x107°
S31 Vertical 3.7 1.8x10° 1.88x10°
S35 Vertical 12.5 8.5x107 8.3x10°
S36 Horizontal 12.5 2.5x10” 2.3x107

The waveform records of the vibration velocities
(horizontal component v, and v, vertical component v,) are
shown in Figures 10-13. The maximum vertical velocity (v,), as
can be seen in Table III, is about 8.5x10” mm/s. This finding is
consistent with previous research [2, 5, 6]. It is observed that
the maximum measured velocity values were similar to the
values derived from the numerical analysis. Normally, the
maximum PPV for buildings and structures with masonry or
concrete construction should not exceed 12.5 mm/s for short-
term exposures and 5 mm/s for long-term exposures. Similarly,
the International Organization for Standardization (ISO)
recommends a maximum PPV of 10 mm/s for buildings and
structures. Therefore, the PPV value is still lower than standard
requirements, which means that the house still is not affected
by vibrations induced by roller compaction in this case.

Figure 14 presents the vertical displacement of the soil due
to the vibration of the roller. A small value of displacement was
observed and it had no effect on the settlement of the house.
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Fig. 14.  Vertical displacement due to roller vibration.
IV. CONCLUSION
This paper presents the results of experimental

measurements and 3D FEM modeling of the roller compaction
effects during the construction of the Ring Road No.2 in Hanoi,
Vietnam. The FEM dynamic analysis (Plaxis 3D) of roller
compaction-induced vibration based on the Hanoi conditions
was studied. The results show that the velocity decreases with
the increase in distance from the roller. The FEM results are in
good agreement with the actual velocity measurements and
frequency dominant structure responses due to ground-borne
vibration.
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