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ABSTRACT

This study examines the impact of dynamic loads on the displacement of drainage system along Tran Van Hoai Street, Can Tho City,
using FLAC 7.0 simulations. The goal is to analyze the effects of dynamic loading on the culvert structure in the typical geological
conditions of the Mekong Delta, which consist of alluvial soil, mud, and clay. The results show that dynamic loads significantly affect the
displacement of the culvert, with displacements being 2.5 times greater than under static loads. Amplitude is the key factor, as larger
amplitudes cause a noticeable increase in displacement, heightening the risk of damage and reducing drainage efficiency. Although
frequency impacts displacement, the variation is minimal when the frequency ranges from | Hz to 5 Hz. The HL33 vehicle produces
larger displacements than the Hamm 3412 roller, demonstrating that vehicles with greater loads and more intense oscillations cause
more significant deformation. The findings highlight the need for detailed evaluation of dynamic load impacts during road upgrading
projects, especially in areas with soft soil conditions like Can Tho City. To ensure safety and sustainability, measures such as soil
reinforcement and optimized culvert design are recommended to improve urban infrastructure and support the city's long-term
development.
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TOM TAT

Nghién ciru nay danh gia anh huing coa tai trong dong dén chuyén vi cia cdng ngdm trong hé thang thoat nedc da thi tai khu virc
dudng Trén Van Hoai, TP Can The, thang qua ma phang sd béng phan mém FLAC 7.0. Myc tigu |3 phan tich tac dang cia téi trong dang
dén k&t cdu cdng trong diéu kign dia chét dac trung cioa Dang béng sang Ciru Long, vai lap dat pho sa, ban va dat set. Két qua nghien
ciru cho théy tai trong dng tac dang dang ké dén chuyén vi cia cdng, vai chuyén vi len hon 2.5 1an so vai tai trong tinh. Bién da coa
tai trong dong |3 y&u td quan trong nhat, vi bign dd lan hon sé lam tang chuyén vi rd rét, [am tang chuyén vi va tir da ca the gay hu
hang va giam higu qua thoat nuac. Mac d tan sé ca anh hidng nhat dinh, nhung sy thay ddi chuyén vi khang lan khi tan sd thay ddi tir
| Hz d&n 0 Hz. Xe HLY3 tao ra chuyén vi lén hon xe Lu Hamm 3412, cho théy réng cac xe ca tai trong |én hen va co ché dao dang manh
mé gay ra sy bién dang lén hon cho céng. K&t qué nghién ciru nhdn manh tAm quan trong cia viéc danh gia tac dong cia tai trong dang
trong cac dy an nang cép duang, dac bigt [a @ khu vec ca nén d&t ygu nhe TP Can The. D& dam bao an toan va bén vitng, cén ap dung
céc bign phap nhu gia cd nén dat va tdi uu haa thigt ke cong ngdm, gap phan nang cao chat lrgng ha tang da thi va hd trp phét trién
bén vitng cho thanh phd.

Tir khaa: Tai trong dang; chuyén vi; cing thoat nuec.
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1. INTRODUCTION

Urban expansion and population growth intensify pressure on
underground drainage systems, where dynamic loads from traffic
and construction accelerate structural deformation, especially
in soft soils like the Mekong Delta. With rapid urbanization,
underground space development has emerged as an optimal
solution to maximize land use, alleviate surface infrastructure
pressure, and enhance drainage efficiency. However, these
structures face significant risks of subsidence and deformation
under dynamic loading. Traffic-induced dynamic loads, combined
with groundwater infiltration, can substantially increase structural
displacement, particularly in urban areas with soft soils [1]. The
study of [2]**f9wadand the pipeline are considered as Euler Bernoulli’s
beam. Advanced soil model is used (viscoelastic foundation with
shear interaction between springs utilized Plaxis 3D to evaluate
the impact of vehicular loads on underground pipelines, revealing
that as the applied load increased from 100 kN to 500 kN, pipeline
deflection rose from 4.12mm to 17.54mm. This underscores the
necessity of analyzing dynamic load effects on underground
structures to propose appropriate reinforcement solutions. Previous
studies have primarily focused on seismic or environmental loads,
while the effects of vehicular and construction-induced dynamic
loads remain underexplored. Dynamic loads can amplify structural
oscillations by 3%-11% compared to static loads [3]. The study of
[4] simulated pavement-induced vibrations, indicating that when
vehicle oscillation frequencies range between 8-12 Hz, resonance
may occur, increasing structural damage risks. In Vietnam, [5]
applied Plaxis 2D to analyze underground structure displacement
in soft soils, showing a maximum lateral displacement of 8.252x 10~
m, while vertical displacement was lower, reflecting the significant
impact of dynamic loading. Study [6] simulated blast load effects
on reinforced concrete structures in clay-rock environments using
ABAQUS, highlighting stress variations between homogeneous
and heterogeneous soil conditions. Although direct research on
dynamic load effects on underground structures in Vietnam is
limited, international studies confirm that dynamic loads tend to
induce greater displacement than static loads.

Moreover, the study by [7] expanded upon and further clarified
the findings of [8], indicating that the appropriate depth for placing
underground culverts to minimize the impact of dynamic loads is
around 700mm. Additionally, [9] also demonstrated that underground
structures, when reinforced with surrounding materials, are less
susceptible to the adverse effects caused by dynamic loads. The study
[10] shows that the greater the depth, the smaller the displacement
of the underground structure. These findings emphasize the need for
in-depth investigations into dynamic load impacts on underground
structures under real-world conditions in Vietnam.

In this study, a numerical simulation model using FLAC 7.0
will be applied to evaluate the displacement of underground
drainage structures under static and dynamic loading. Various load
types, including Concentrated Load (CL), Distributed Load (DistL),
and Uniformly Distributed Load on the Wheel Track (UDLWT), will
be considered to analyze the impact of dynamic loads at different
frequencies (1 Hz, 3 Hz, 5 Hz). The findings of this study will provide
a scientific basis for optimizing design and proposing maintenance
solutions for underground drainage systems, particularly in soft soil
regions such as Can Tho City.

2. METHODOLOGY
2.1. Study location
The study area is Tran Van Hoai Street, Can Tho City, as shown in

Figure 1 and Figure 2. This area experiences high traffic density and
is significantly affected by dynamic loads from vehicles, particularly
heavy vehicles. The selection of this site aims to assess the impact
of dynamic loading on underground drainage displacement in soft
geological conditions, providing a basis for proposing technical
solutions to enhance the durability and stability of urban drainage
systems.
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Figure 2. Upgrading of Tran Van Hoai Street (Photo taken on February 24, 2025)
Figure 3 and Figure 4 illustrate the current and upgraded
cross-sections of Tran Van Hoai Street, Can Tho City, respectively.
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Figure 3. Half of the cross-section of the existing pavement (unit: mm)
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Figure 4. Half of the cross-section of the upgraded pavement (unit: mm)

2.2, Geological data

The physical and mechanical properties of soil are summarized
in below.
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Table 1. Geotechnical properties of the foundation soil

Unit Internal
ni
Soil Depth ) Elastic Modu- Cohesion friction
Layer (m) weight lus (MPa) kN/m?) angle ()
y (N/m?)
1,2 19,5 70.0 5 40
13,6 15,71 50 8.2 3.11

2.3. Pavement structure

The pavement structure layers are designed in accordance
with the institutional standard TCCS 38:2022/TCBBVN, “Flexible
Pavement — Requirements and Design Guidelines.

Table 2 Simulation data for pavement structure

Thickness|Unit Elastic Poisson’s
No. |Layer (cm) weight Modulus ratiov
y (kN/m® |E (MPa)
) MAC200brick |5 220 24000 0.2
, |side layer
walk
sand backfill 20 195 70.0 03
layer
By Dense asphalt concrete 5 230 188.05 03
c125
Medium-grained dense
3 asphalt concrete C19 7 230 178.10 03
4 Grade | crushed stone base |15 21.0 155.20 0.3
5 leveling Layer of Grade | 5 210 155.20 03
crushed stone base
6 existing pavement surface (30 23.0 188.05 0.3
7 |Sand backfill layer 120 19.5 70.0 0.3
8  |Subgrade soil 380 15.71 50.0 0.3
D800 Concrete pipe
9 (MAC400) 10 245 32500 0.2
10 |Pipe bedding 12 245 24000 0.2

2.4.Simulation case

This study evaluates the impact of vehicular loads on
underground structures under different pavement conditions,
including existing and upgraded roads. The two simulation vehicles
include the HL93 vehicle and the Hamm 3412 roller, considered
under static (SL) and dynamic (DynL) conditions at frequencies of 1
Hz, 3 Hz, and 5 Hz for the roller, and 0.1 Hz, 0.5 Hz, 1 Hz, 3 Hz, and 5
Hz for the HL93 vehecle.

Table 3. Simulation cases

Dynamic load
Frequency
Load | Static | 0.1Hz | 0.5Hz Hz 3Hz 5Hz
type load
Amplitude
5% [10% | 5% |[10% | 5% |10% | 5% | 10% | 5% | 10%
Hamm Case 1 B B ) B Case | Case | Case | Case | Case | Case
3412 2 3 4 5 6 7
Case | Case | Case | Case | Case | Case | Case | Case | Case | Case
HL93 [ Case8 | "o o | 47 | 12 [ 13 | 14 | 15 | 16 | 17 | 18

2.5. Dynamic model

Figure 5 presents the load model of the HL93 vehecle, including
axle load distribution and overall vehicle dimensions. The HL93
vehecle is a standard design load commonly used in bridge and
roadway evaluation, with a total load of 325 kN, distributed across
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three axles: a front axle load of 35 kN and two rear axles of 145 kN
each. The axle spacing varies between 4.3m and 9m, depending on
actual conditions. In this study, the load selected for analysis is the
145 kN axle.
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Figure 6. Hamm 3412 roller

According to the studies [11], [12], oil displacement is highest
under dynamic loading at low frequencies and gradually decreases
as the frequency increases. When the frequency exceeds 5 Hz,
soil displacement shows minimal variation. Therefore, this study
focuses on analyzing the impact of dynamic loading at three
frequency levels - 1 Hz, 3 Hz, and 5 Hz - to assess changes in the
subsoil behavior. Additionally, according to [3], the magnitude of
dynamic loads ranges from 3% to 11% of static loads. In this study,
the dynamic load magnitude is set at an average values of 5% and
10% relative to the static load.

Figure 7. Load arrangement diagram of HL93 vehicle
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Figure 8. Load arrangement diagram of Hamm 3412 roller

2.6. Finite element method (FEM)

The analysis in FLAC7.0 employs the Finite Difference Method
(FDM). FDM discretizes the analysis domain into a grid of square
or simple geometric elements and approximates derivatives to
compute variable values at grid nodes. FLAC operates based on a
Lagrangian approach, allowing the simulation grid to move with
the material, enabling the modeling
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Figure 9. Model Development Process Using FLAC7.0

Figure 10. Finalized Model of large deformation and nonlinear problems
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3. RESULTS & DISCUSSION

Figure 10, Figure 11, Figure 12 respectively simulate the results
of displacement, displacement zones, and stress distribution of the
drainage pipe.

Figure 11. Displacement of the drainage pipe

Figure 12. Displacement zones of the drainage pipe

Figure 13. Stress distribution of the drainage pipe

The results from the model cases are presented in Table 4 and
Table 5.

Table 4. The results of the Hamm 3412 load

Displacement
No Typeof | Amplitude Load Frquency (mm)
Load (%) (kN/m) (Hz)

X Y
1 Static - 31 - 0 26
2 5% 31 1 0 5.2
3 | Dynamic 5% 31 3 0 53
4 5% 31 5 0 53
5 10% 31 1 0 5.5
6 | Dynamic 10% 31 0 5.6
7 10% 31 5 0 59

Table 5. The results of the HL93 vehicle load

Displacement
No T‘L’g::f Amplitude (%) F"}:ez';cv (;;7: ) (mm)
X Y
8 Static - - 1421.6 0 35
9 5% 0.1 1421.6 0 4.4
7 5% 0.5 1421.6 0 57
T Dynamic 5% 1 1421.6 0 84
12 5% 3 1421.6 0 85
13 5% 5 1421.6 0 8.7

14 10% 0.1 0 4.8
1421.6
0
1 Dynamic 10% 05 1421.6 0 6.1
16 10% 1 14216 0 8.8
17 10% 3 14216 0 8.9
18 10% 5 1421.6 0 9
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Figure 14. Displacement of the culvert due to the Hamm 3412 roller load
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Figure 15. Displacement of the culvert due to the HL93 vehicle load

3.1. The effect of static and dynamic loads on the
displacement of the drainage

Under static loading conditions, the Hamm 3412 roller induces
a displacement of 2.6 mm, while the HL93 vehicle generates a larger
displacement of 3.5 mm (Figure 14, Figure 15). This discrepancy can be
attributed to the differences in the load distribution between the two
vehicle types. The HL93 vehicle, which has a more substantial structure
and greater weight compared to the Hamm 3412 roller, applies a more
significant force to the culvert, resulting in a larger displacement.
The data presented in the table demonstrates that, under static load
conditions, the displacement tends to stabilize, showing minimal
variation. This reflects the limited influence of dynamic factors in static
scenarios. These findings suggest that, in static conditions, assessing
the load-bearing capacity and deformation of the culvert is crucial for
ensuring the mechanical integrity of the structure when subjected to a
constant, unchanging load.

In contrast, under dynamic loading conditions, the difference
in displacement between the two vehicles becomes more evident.
For the Hamm 3412 roller, displacement varies from 5.2 mm at a 5%
amplitude (1 Hz frequency) to 6.1 mm at a 10% amplitude. Similarly,
the HL93 vehicle induces a more pronounced displacement change
as the amplitude increases, with displacement varying from 4.4
mm at a 5% amplitude to 9 mm at a 10% amplitude. These results
highlight the significant impact of dynamic loading, characterized
by continuous oscillations and varying intensity over time, leading
to greater deformations compared to static loads. Furthermore, this
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emphasizes the substantial influence of dynamic loads on drainage
culverts, particularly in traffic environments where load magnitudes
are unstable and fluctuate frequently.

3.2. The effect of amplitude and frequency on the
displacement of the drainage

The amplitude and frequency of dynamic loads significantly
influence the displacement of the drainage culvert. Among
these factors, amplitude is the most critical in both vehicle types.
Specifically, at an amplitude of 5%, the displacement of the culvert
under the Hamm 3412 roller load varies from 5.2 mm to 5.4 mm
( Figure 14), while for the HL93 vehicle, the displacement ranges
from 4.4 mm to 8.7 mm (Figure 15). This increase in displacement
reflects the effect of amplitude on the intensity of dynamic loading,
with higher amplitudes resulting in a greater force exerted on the
culvert, leading to more pronounced deformation .

When the amplitude increases to 10%, the displacement of
the Hamm 3412 roller continues to increase, ranging from 5.5mm to
6.1mm, while the HL93 vehicle exhibits a more substantial increase,
from 4.8mm to 9mm. These results demonstrate that larger
amplitudes result in a significant rise in displacement, indicating a
considerable influence of amplitude on the structural response. A
10% amplitude particularly amplifies both the oscillatory motion
and deformation of the culvert, potentially causing structural
damage if not thoroughly considered in the design process.

In contrast, the effect of frequency is less pronounced.
Although the frequency of the dynamic load varies from 1 Hz to 10
Hz, the displacement does not change substantially. For instance,
at an amplitude of 5%, the displacement of the Hamm 3412 roller
varies slightly from 5.2mm to 5.4 mm as the frequency changes,
while for the HL93 vehicle, the displacement shifts from 8.4mm
to 8.7mm. When the amplitude is increased to 10%, the variation
in displacement remains relatively modest despite frequency
changes from 1 Hz to 5 Hz. These observations suggest that
frequencies ranging from 1 Hz do not have a significant effect on
the displacement of the drainage culvert.
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The findings of previous studies corroborate these

observations. Youssef M.A. Hashash et al. (2001) reported that the
dynamic displacement of underground structures is typically 6
to 8 times larger than that under static loads, depending on soil
properties and culvert depth. Likewise, Xu et al. (2017) demonstrated
that lateral displacement increased from 1.2 mm under static
loading to 7.5 mm under dynamic loading at 5 Hz, reflecting
an approximate 6.25-fold increase. Similarly, Sakyi et al. (2018)
observed that the vertical displacement of underground structures
increased from 1 mm under static load conditions to 6 mm under
dynamic loading, indicating an approximate 6-fold increase. These
studies highlight that dynamic loads generally result in significantly
larger displacements compared to static loads, particularly in soft
soil conditions.

Inthe present study, the difference in displacement under static
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and dynamic loads emphasizes the considerable effect of dynamic
loads on the drainage culvert. Displacements under dynamic
loading are consistently higher than those under static loading.
Specifically, for the Hamm 3412 roller, displacement increases from
2.6mm under static conditions to 5.3mm at 5% amplitude and 5 Hz
frequency. Similarly, the HL93 vehicle induces a larger displacement,
with an increase of approximately 2.5 times compared to the static
condition. These results confirm that dynamic loads, particularly
those with high amplitudes, significantly affect the displacement
of drainage culverts, thereby increasing the potential for structural
instability and reduced drainage efficiency.

4. CONCLUSION

Based on the displacement analysis of upgraded pavements
under HL93 and Hamm 3412 roller loads, the following conclusions
can be drawn:

(i) This study demonstrates that dynamic loads significantly
affect the displacement of the drainage culvert more than static
loads. Amplitude is the mostinfluential factor, with largeramplitudes
causing a notable increase in displacement, heightening the risk of
damage and reducing drainage efficiency.

(ii) Frequency does have an impact; however, the displacement
changes little as the frequency varies from 1 Hz to 5 Hz. This suggests
that amplitude, rather than frequency, is the primary driver of
deformation under dynamic loading.

(iii) The HL93 vehicle induces larger displacements than the
Hamm 3412 roller, both statically and dynamically, highlighting
that heavier vehicles with stronger oscillatory forces cause greater
deformation. These findings emphasize the need to carefully
assess the impact of dynamic loads, particularly amplitude, in
transportation infrastructure design.
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