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Comparing the results of three methods, the storage 
coefficient is nearly equal and the value is 5.2 x 10-4.  

The component or specific storage coefficient attributable 
to compressibility of the granular skeleton of sediments 
determines the magnitude of mechanical deformation resulting 
from a unit change in head (pore pressure). When the increasing 
intergranular stress caused by declining pore pressures exceeds 
the maximum past stress. 
5.   Conclusions5.   Conclusions5.   Conclusions5.   Conclusions    
Compaction and water-level data were assumed to collect data 
from a borehole extensometer recorded and groundwater 
pumping test in My Thuan bridge, Vinh Long province, 
application for methods for evaluating aquifer-system 
parameters from Theis’s method, Riley’s method and Galloway’s 
study. The calculation has been used to determine numerous 
aquitard elastic and inelastic skeletal specific storage values for 
all types of aquifer-system arrangements. The storage coefficient 
is one of hydro-geological parameters.  

The storage coefficient in aquifer-system in My Thuan 
bridge by three methods is 5.2 x 10-4. The less compressible the 
aquitard units are the closer the average inelastic skeletal 
specific storage will be to the aquitard elastic skeletal specific 
storage values. The results of this study are also the basis for 
calculating settlement and the impact that mining may have on 
regional groundwater flow systems. 
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AbstractAbstractAbstractAbstract    
The dynamic respones of the plate under moving load is an open problem, it has been researched, developed in many majors of solid 
mechanics, particularly in transport construction. This article presents a methodology of finite element analysis and a solution of the 
partial differential equation for the structure of the Kirchhoff plate on the multi-elastic-layer foundation bearing moving load. In which, 
the multi-elastic-layer foundation is described as the homogeneous Winkler foundation. The moving load with mass oscillates together 
with the plate. The surveys have been studied in order to show the effects of parameters of foundation and load to the oscillation of the 
plate. 
Key wordsKey wordsKey wordsKey words: Dynamic of structures, Kirchhoff plate, oscillation, moving load, multi-elastic-layer foundation. 
 
1. 1. 1. 1. IntroductionIntroductionIntroductionIntroduction    
In the construction field, particularly in transportation, ready-
mix-concrete pavement (rigid pavement) is especially concerned. 
Rigid pavement can be used for high-level roads such as airport 
roads, expressways, heavy-load access roads at the terminals, 
city roads, rail-tracks, border patrol roads, local roads. 

When constructing rigid pavement, we can take advantage 
of available materials that can be produced and exploited such 
as cement, sand, and stone. Although the initial investment cost 
is higher than the asphalt concrete pavement (flexible pavement), 
but with low costs in long-term maintenance, long-life operation, 
high-resistant under weather conditions in Vietnam, and the 
most important thing are to self-utilized the available materials, 
which can be exploited and produced autonomously, are an 
advantage that stimulates a long-term economic development, 
and avoids the import of materials that cannot be produced 
domestically.  

The behavior of the rigid pavement, which can be modeled 
by a Kirchhoff plate on a Winkler foundation with a single 
parameter as calculated by most current international standards 
(USA, Russia, ICAO ...) as well as Vietnamese ones (22TCN 223: 
1995, Decision 3230 / QD-BGTVT). However, the calculation 
from these current standards still uses static load and multiplies 
by a shock coefficient to calculate for dynamic analysis. On the 
other hand, the stress-limit test is uniformly applied at the 
midpoint on the long edge of the plate (free edge only links 
against the drift), which is the vulnerable default position of the 
plate. 

As mentioned above, in order to have a better 
understanding of the behavior of the plate under the effect of 
moving load to apply in the construction of rigid pavement, this 
article uses the finite element analysis to establish and solve the 
partial differential equations of the oscillation of Kirchhoff plate 
on the multi-elastic-layer foundation under moving load. In 

which, the multi-elastic-layer foundation is described as the 
homogeneous Winkler foundation as calculated from the 
standards. The moving load with mass oscillates together with 
the plate. 

    
2. 2. 2. 2. FormulationFormulationFormulationFormulation       
2.1 2.1 2.1 2.1 Analytical Analytical Analytical Analytical modelmodelmodelmodel    
Kirchhoff plate on multi-elastic-layer foundation under moving 
load. 

Plate element under time-dependent moving load as 
Figure1: 

 
Figure 1Figure 1Figure 1Figure 1.... Plate element under moving load. 

 
The plate is considered as Kirchhoff plate based on three 

basic hypotheses: 
- Straight lines normal to the mid-surface remain straight 

after deformation. 
- Straight lines normal to the mid-surface remain normal to 

the mid-surface after deformation. 
- The thickness of the plate does not change during a 

deformation 
The foundation is considered under the elastic phase of a 

multilayer parameter. Equivalent elastic modulus converted from 
a multi-layered system to a two-layer system [6]: 
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Where, EEEE1111 - upper layer elastic modulus; EEEE2, ch2, ch2, ch2, ch — elastic 
modulus of lower layer or general elastic modulus of all lower 
layers; hhhh - upper layer thickness; DDDDqdqdqdqd - diameter of the converted 
wheel track, and 

ℎ = 2ℎ ,
  (2) 

According to N. Gersevanov [6], the subgrade reaction 
modulus or the elastic modulus of the foundation are 
characteristic parameters of the strength of the foundation, so 
they are closely related, when one of the two parameters is 
known, the remaining parameter can be found: 
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Where, EEEEtttt - elastic modulus of foundation; E E E E — elastic 
modulus of the plate; hhhh - plate thickness. Winkler foundation: 

 r = rx, y, t = k. wx, y, t (4) 
Where, kkkk is the equivalent subgrade reaction modulus of a 

multi-layered system; w (x, y, t)w (x, y, t)w (x, y, t)w (x, y, t) is the normal displacement of the 
foundation at time t. 

    
2.2. 2.2. 2.2. 2.2. Equation of MotionEquation of MotionEquation of MotionEquation of Motion          +   +  + q  +  + q = (5) 

Where, M,  C, K  are the mass, damping, and 
stiffness matrixes of the element under bending. 

Where, , ,  are the mass, damping, and 
stiffness matrixes caused by the moving load applied to the 
element. These matrices contain time-dependent parameters. Pt is applied load. 

 
Applying Newmark method [7] to calculate the oscillation 

of the plate, we have the equation of motion in the gradients:  + ∆  +  + ∆  +  +∆ = ∆  (6) 
 

3. 3. 3. 3. The The The The numerical numerical numerical numerical results results results results     
3.1 3.1 3.1 3.1 Reliability of the Reliability of the Reliability of the Reliability of the selfselfselfself----codingcodingcodingcoding    programprogramprogramprogram    
Regarding the reliability of the self-coding program (coded by the 
Matlab programming language) is tested in comparison with the 
SAP2000 commercial application: Considering a 4 sided-rigid-
connection square plate with the size of 6m x 6m x 0.2m on 
the Winkler linear elastic foundation with subgrade reaction 
modulus k. Material characteristics of the plate: E = 
3,107kN/m2; ν = 0.15; ρ = 2500kg/m3. The plate is subjected to 
loads that are concentrated in the center of the plate and 
distributed evenly across the plate (top-down direction). The 
results of displacement, internal force, and specific oscillation 
frequency show that the error between the self-coding program 
with Sap2000 is acceptable. It is possible can say this self-coding 
program coded by Matlab language is reliable to calculate the 
structure on the elastic foundation, especially as follows: 

- Comparison of displacement at the center of the plate: 

 
- Comparison of moment Mxx at the edge midpoint: 

 
 - Comparison of the specific oscillation frequency of the 

plate (where kn=0) 

 
 Comparison of specific oscillation frequency of the plate 

(where kn=10,000 kN/m3): 

 
 
3.2 3.2 3.2 3.2 Numerical Numerical Numerical Numerical investigationsinvestigationsinvestigationsinvestigations    
3.3.3.3.2.2.2.2.1111    Plate on the elastic foundation under dynamic loadPlate on the elastic foundation under dynamic loadPlate on the elastic foundation under dynamic loadPlate on the elastic foundation under dynamic load    

- Considering a rigid slab with the size of 3.5 x 4.5(m), 4 
sided-rigid-connection, thickness 0.22m, with E= 
31.10^6(kN/m2), Poisson coefficient v=0.15, specific weight 2.5 
ton/m3; 

- Plates placed on a linear elastic foundation with subgrade 
reaction modulus kn. Loads, with time dependent, evenly 

distributed on the plate according to the following mode. With 
P0 = 200kN/m2; effective time of load τ = 0.01(s). 

- Damping ratio is 0.05 (Rayleigh damping matrix is a 
linear combination of the mass and stiffness matrix). 
 
 

 
Figure 2: Oscillation mode. 

  
- Specific oscillation frequency and subgrade reaction 

modulus: 

 
- As shown: when the subgrade reaction modulus 

increases, the specific oscillation frequency increases 
accordingly. 

- Displacement at the center of the plate, where 
kn=10^4(kN/m3): 

 
- Bending moment at the center of the plate, where 

kn=10^4(kN/m3)  

 
- As shown: the displacement and bending moment on the 

place decrease with time. 
- Investigation of the oscillating displacement of the plate 

according to the subgrade reaction modulus: 

 
- As shown: when the subgrade reaction modulus 

increases, the amplitude of displacement of the plate decreases, 
and the oscillation of the plate turns off faster. 

- Investigation of the oscillating bending moment of the 
plate according to the subgrade reaction modulus: 
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modulus of lower layer or general elastic modulus of all lower 
layers; hhhh - upper layer thickness; DDDDqdqdqdqd - diameter of the converted 
wheel track, and 
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According to N. Gersevanov [6], the subgrade reaction 
modulus or the elastic modulus of the foundation are 
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they are closely related, when one of the two parameters is 
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Where, EEEEtttt - elastic modulus of foundation; E E E E — elastic 
modulus of the plate; hhhh - plate thickness. Winkler foundation: 

 r = rx, y, t = k. wx, y, t (4) 
Where, kkkk is the equivalent subgrade reaction modulus of a 

multi-layered system; w (x, y, t)w (x, y, t)w (x, y, t)w (x, y, t) is the normal displacement of the 
foundation at time t. 

    
2.2. 2.2. 2.2. 2.2. Equation of MotionEquation of MotionEquation of MotionEquation of Motion          +   +  + q  +  + q = (5) 

Where, M,  C, K  are the mass, damping, and 
stiffness matrixes of the element under bending. 

Where, , ,  are the mass, damping, and 
stiffness matrixes caused by the moving load applied to the 
element. These matrices contain time-dependent parameters. Pt is applied load. 

 
Applying Newmark method [7] to calculate the oscillation 

of the plate, we have the equation of motion in the gradients:  + ∆  +  + ∆  +  +∆ = ∆  (6) 
 

3. 3. 3. 3. The The The The numerical numerical numerical numerical results results results results     
3.1 3.1 3.1 3.1 Reliability of the Reliability of the Reliability of the Reliability of the selfselfselfself----codingcodingcodingcoding    programprogramprogramprogram    
Regarding the reliability of the self-coding program (coded by the 
Matlab programming language) is tested in comparison with the 
SAP2000 commercial application: Considering a 4 sided-rigid-
connection square plate with the size of 6m x 6m x 0.2m on 
the Winkler linear elastic foundation with subgrade reaction 
modulus k. Material characteristics of the plate: E = 
3,107kN/m2; ν = 0.15; ρ = 2500kg/m3. The plate is subjected to 
loads that are concentrated in the center of the plate and 
distributed evenly across the plate (top-down direction). The 
results of displacement, internal force, and specific oscillation 
frequency show that the error between the self-coding program 
with Sap2000 is acceptable. It is possible can say this self-coding 
program coded by Matlab language is reliable to calculate the 
structure on the elastic foundation, especially as follows: 

- Comparison of displacement at the center of the plate: 

 
- Comparison of moment Mxx at the edge midpoint: 

 
 - Comparison of the specific oscillation frequency of the 

plate (where kn=0) 

 
 Comparison of specific oscillation frequency of the plate 

(where kn=10,000 kN/m3): 

 
 
3.2 3.2 3.2 3.2 Numerical Numerical Numerical Numerical investigationsinvestigationsinvestigationsinvestigations    
3.3.3.3.2.2.2.2.1111    Plate on the elastic foundation under dynamic loadPlate on the elastic foundation under dynamic loadPlate on the elastic foundation under dynamic loadPlate on the elastic foundation under dynamic load    

- Considering a rigid slab with the size of 3.5 x 4.5(m), 4 
sided-rigid-connection, thickness 0.22m, with E= 
31.10^6(kN/m2), Poisson coefficient v=0.15, specific weight 2.5 
ton/m3; 

- Plates placed on a linear elastic foundation with subgrade 
reaction modulus kn. Loads, with time dependent, evenly 

distributed on the plate according to the following mode. With 
P0 = 200kN/m2; effective time of load τ = 0.01(s). 

- Damping ratio is 0.05 (Rayleigh damping matrix is a 
linear combination of the mass and stiffness matrix). 
 
 

 
Figure 2: Oscillation mode. 

  
- Specific oscillation frequency and subgrade reaction 

modulus: 

 
- As shown: when the subgrade reaction modulus 

increases, the specific oscillation frequency increases 
accordingly. 

- Displacement at the center of the plate, where 
kn=10^4(kN/m3): 

 
- Bending moment at the center of the plate, where 

kn=10^4(kN/m3)  

 
- As shown: the displacement and bending moment on the 

place decrease with time. 
- Investigation of the oscillating displacement of the plate 

according to the subgrade reaction modulus: 

 
- As shown: when the subgrade reaction modulus 

increases, the amplitude of displacement of the plate decreases, 
and the oscillation of the plate turns off faster. 

- Investigation of the oscillating bending moment of the 
plate according to the subgrade reaction modulus: 
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- As shown: when the subgrade reaction modulus 
increases, the amplitude of bending moment of the plate 
decreases, and the bending moment of the plate turns off faster. 
3.2.3.2.3.2.3.2.2222    PlatePlatePlatePlatessss    on a multion a multion a multion a multi----elasticelasticelasticelastic----layer foundation have a laterally layer foundation have a laterally layer foundation have a laterally layer foundation have a laterally 
variable stiffness under dynamic loads:variable stiffness under dynamic loads:variable stiffness under dynamic loads:variable stiffness under dynamic loads:    

- Ready mix concrete pavement with joints; 
- Standard axle load P = 100kN. Road designed for the 

heavy truck with axle load Pmax = 180kN; 
- The top course: 
+ Rigid plate with size of 3.50m x 4.50m x 0.22m. 
+ Plate is considered 4-sided-rigid-connection (between 

each plate, the vertical joints have the anti-drift rebar and 
horizontal joints have the force-transmission rebar); 

+ Calculated elastic modulus Ec = 31.10^6(kN/m2), 
Poisson’s coefficient Ѵc = 0,15. 

- Foundation: The plate is placed on the foundation with 
the stiffness changes as follows 

+ Foundation section 1: 
 Aggregate with elastic modulus is 300.10^3(kN/m2), 

thickness 0.38m, placed directly on the ground. 
+ Foundation section 2: 
 Upper foundation with 5%-cement-reinforced aggregate, 

thickness 0.20m, elastic modulus at the-age-of-90-days is 
1300.10^3(kN/m2), Poisson’s coefficient Ѵc = 0,20; 

 The lower foundation with aggregate, thickness 0.18m, 
elastic modulus 300.10^3(kN / m2), Poisson's coefficient Ѵc = 0.35. 

- The ground: 
+ Semi-clay with E0 = 45.10^3(kN/m2). 
 - Displacement at center of the plate under oscillation: 

 
 - Bending moment under oscillation: 

 

 
3.2.3.2.3.2.3.2.3333    Plates on a multiPlates on a multiPlates on a multiPlates on a multi----elasticelasticelasticelastic----layer foundation have a variable layer foundation have a variable layer foundation have a variable layer foundation have a variable 
stiffness under moving loads, input data are the same as 3.2.2stiffness under moving loads, input data are the same as 3.2.2stiffness under moving loads, input data are the same as 3.2.2stiffness under moving loads, input data are the same as 3.2.2::::    

- Displacement when the load moves horizontally on the 
plate: 

 
- Bending moment Mxx when the load moves horizontally 

on the plate: 

 - Bending moment Myy when the load moves horizontally on 
the plate: 

 
 - As shown: when the load moves horizontallymoves horizontallymoves horizontallymoves horizontally: 
+ When the load moves, it will cause displacement 
 At the position of moving load, the displacement will be 

bigger when the subgrade reaction modulus is smaller; 
 At the center of the plate, the displacement will be bigger 

when the load moves through the position with the lower 
subgrade reaction modulus. 

+ When the load moves horizontally, bending moment 
occurs: 

 Moment at the load-moving position decreases when the 
subgrade reaction modulus increases; 

 Bending moment at the center of the plate will get 
maximize at the bottom of the plate when the load passes 
through the center of the plate. 

 Bending moment at the midpoint of the long edge will 
reach its maximum value at the top the plate when the load 
passes through the center of the plate. 

- Displacement when the load moves diagonally on the 
plate: 

 
- Bending moment Mxx when the load moves diagonally on 

the plate: 

 
- Bending moment Myy when the load moves diagonally 

on the plate: 

 
- As shown: when the load moves diagonallymoves diagonallymoves diagonallymoves diagonally: 
+ When the load moves diagonally, it will cause 

displacement, the same as moving horizontally: 
 At the position of moving load, the displacement will be 

bigger when the subgrade reaction modulus is smaller; 
 At the center of the plate, the displacement will be bigger 

when the load moves through the position with the lower 
subgrade reaction modulus. 

+ When the load moves diagonally, bending moment 
occurs: 

 Moment at the load-moving position decreases when the 
subgrade reaction modulus increases; 

 Bending moment at the center of the plate will get 
maximize at the bottom of the plate when the load passes 
through the center of the plate. 

 Bending moment at the midpoint of the long edge will 
reach its maximum value at the top of the plate when the load 
reaches the closest at the midpoint of the under-investigating 
long edge of the plate. 
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- As shown: when the subgrade reaction modulus 
increases, the amplitude of bending moment of the plate 
decreases, and the bending moment of the plate turns off faster. 
3.2.3.2.3.2.3.2.2222    PlatePlatePlatePlatessss    on a multion a multion a multion a multi----elasticelasticelasticelastic----layer foundation have a laterally layer foundation have a laterally layer foundation have a laterally layer foundation have a laterally 
variable stiffness under dynamic loads:variable stiffness under dynamic loads:variable stiffness under dynamic loads:variable stiffness under dynamic loads:    

- Ready mix concrete pavement with joints; 
- Standard axle load P = 100kN. Road designed for the 

heavy truck with axle load Pmax = 180kN; 
- The top course: 
+ Rigid plate with size of 3.50m x 4.50m x 0.22m. 
+ Plate is considered 4-sided-rigid-connection (between 

each plate, the vertical joints have the anti-drift rebar and 
horizontal joints have the force-transmission rebar); 

+ Calculated elastic modulus Ec = 31.10^6(kN/m2), 
Poisson’s coefficient Ѵc = 0,15. 

- Foundation: The plate is placed on the foundation with 
the stiffness changes as follows 

+ Foundation section 1: 
 Aggregate with elastic modulus is 300.10^3(kN/m2), 

thickness 0.38m, placed directly on the ground. 
+ Foundation section 2: 
 Upper foundation with 5%-cement-reinforced aggregate, 

thickness 0.20m, elastic modulus at the-age-of-90-days is 
1300.10^3(kN/m2), Poisson’s coefficient Ѵc = 0,20; 

 The lower foundation with aggregate, thickness 0.18m, 
elastic modulus 300.10^3(kN / m2), Poisson's coefficient Ѵc = 0.35. 

- The ground: 
+ Semi-clay with E0 = 45.10^3(kN/m2). 
 - Displacement at center of the plate under oscillation: 

 
 - Bending moment under oscillation: 

 

 
3.2.3.2.3.2.3.2.3333    Plates on a multiPlates on a multiPlates on a multiPlates on a multi----elasticelasticelasticelastic----layer foundation have a variable layer foundation have a variable layer foundation have a variable layer foundation have a variable 
stiffness under moving loads, input data are the same as 3.2.2stiffness under moving loads, input data are the same as 3.2.2stiffness under moving loads, input data are the same as 3.2.2stiffness under moving loads, input data are the same as 3.2.2::::    

- Displacement when the load moves horizontally on the 
plate: 

 
- Bending moment Mxx when the load moves horizontally 

on the plate: 

 - Bending moment Myy when the load moves horizontally on 
the plate: 

 
 - As shown: when the load moves horizontallymoves horizontallymoves horizontallymoves horizontally: 
+ When the load moves, it will cause displacement 
 At the position of moving load, the displacement will be 

bigger when the subgrade reaction modulus is smaller; 
 At the center of the plate, the displacement will be bigger 

when the load moves through the position with the lower 
subgrade reaction modulus. 

+ When the load moves horizontally, bending moment 
occurs: 

 Moment at the load-moving position decreases when the 
subgrade reaction modulus increases; 

 Bending moment at the center of the plate will get 
maximize at the bottom of the plate when the load passes 
through the center of the plate. 

 Bending moment at the midpoint of the long edge will 
reach its maximum value at the top the plate when the load 
passes through the center of the plate. 

- Displacement when the load moves diagonally on the 
plate: 

 
- Bending moment Mxx when the load moves diagonally on 

the plate: 

 
- Bending moment Myy when the load moves diagonally 

on the plate: 

 
- As shown: when the load moves diagonallymoves diagonallymoves diagonallymoves diagonally: 
+ When the load moves diagonally, it will cause 

displacement, the same as moving horizontally: 
 At the position of moving load, the displacement will be 

bigger when the subgrade reaction modulus is smaller; 
 At the center of the plate, the displacement will be bigger 

when the load moves through the position with the lower 
subgrade reaction modulus. 

+ When the load moves diagonally, bending moment 
occurs: 

 Moment at the load-moving position decreases when the 
subgrade reaction modulus increases; 

 Bending moment at the center of the plate will get 
maximize at the bottom of the plate when the load passes 
through the center of the plate. 

 Bending moment at the midpoint of the long edge will 
reach its maximum value at the top of the plate when the load 
reaches the closest at the midpoint of the under-investigating 
long edge of the plate. 
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3.2.3.2.3.2.3.2.4444    The results of numerical investigationThe results of numerical investigationThe results of numerical investigationThe results of numerical investigation::::    

 - The results of calculation and investigation show that 
the parameters of the foundation model such as elastic modulus, 
stiffness, single-elastic-layer or multi-elastic-layer foundation, 
homogeneous or heterogeneous (stiffness changes horizontally) 
significantly affect the internal force and displacement of the 
plate. 

 - The practical model of the plate on the elastic 
foundation is quite complicated with the layering and 
heterogeneity of the foundation. Therefore, taking these factors 
into account in the calculation of the structure of the plate on the 
elastic foundation is a necessary and meaningful consideration. 

 
4.  4.  4.  4.  ConclusionConclusionConclusionConclusion        

- In the calculation results, the displacement and internal 
force values, caused by the load exerted on the plate placed on 
the multi-elastic-layer foundation with variable stiffness, were 
determined. Thereby serving as the basis for the design, audit in 
construction for rigid pavement and road. 

- In addition, the displacement and internal force values 
determined at the boundary between two zones with different 
subgrade reaction modulus also provide information for the 
design of rigid pavement at locations with variable stiffness such 
as abutments, both sides of underpass or box culvert ... in order 
to avoid irregular settlements, resulting in cracks, fracture of the 
rigid pavement, causing inconvenience in the traffic movement 
of vehicles. 
 
ReferencesReferencesReferencesReferences    
[1] Decision No. 3230/QĐ-BGTVT regarding the issuance of temporary 

regulations on the design of rigid pavement with joints in the 

construction of traffic works. 

[2] Huu Tri Nguyen, Tuan Anh Le, Duc Chinh Vu (2009), Research on the 

application of asphalt pavement in Vietnam in current conditions. 

[3] Quoc Bao Nguyen, Nhat Dung Tran (2002) - Finite Element Theory, Vol. I, 

II - People's Army Publisher, Hanoi. 

[4] Dinh Huong Vu - Lecture on numerical method, finite element method - 

Military Technical Academy. 

[5] Tuong Lai Nguyen (2006) - Interactivity structure with deformation 

foundation - Military Technical Academy. 

[6] Cao Thang Pham - Basic lecture on calculating pavement structure (post-

graduate student) - Institute of Technical Special Engineering, Military 

Technical Academy. 

[7] Quoc Thang Chu - Finite element method - Science and Technology 

Publisher, Hanoi. 

[8] Ich Thinh Tran, Nhu Khoa Ngo - Text of finite element method. Theory, 

exercises and program in Matlab - Science and Technology Publisher, 

Hanoi. 

[9] Timoshenko (1971) - Plates and shells, (translator: Hong Giang Pham, 

Thanh Hai Vu, Khai Nguyen, Huu Quang Doan) - Science and 

Technology Publisher, Hanoi. 

[10] Thoi Trung Nguyen (editors), Xuan Hung Nguyen - Finite element 

method using Matlab – Construction Publisher. 

[11] Bathe K. J (1996), Finite Element Procedures, Prentice-Hall, Inc. New 

Jersey. 

[12] L Fryba (1990), Vibration of Solids and Structures Under Moving Loads, 

Thomas Telford Publishing. 

[13] Zienkiewicz O.C, Taylor R.L (2000), The Finite Element Method, Fifth 

Edition, Butterworth-Heinemann. 

 
 

EFFECT OF GROUNDWATER DRAWDOWN ON DISTRIBUTION OF LAND 
SUBSIDENCE IN LAYERED SOILS 

 
    
Tran Van Tran Van Tran Van Tran Van TuanTuanTuanTuan1111, Truong Quynh Nhu, Truong Quynh Nhu, Truong Quynh Nhu, Truong Quynh Nhu2222    

1 Lecturer, Department of civil engineering, Can Tho university, Can Tho, Viet Nam 
2 Bachelor student, Can Tho university, Can Tho, Viet Nam 
 

Received 10/8/2020, Revised 25/9/2020, Accepted 11/12/2020 
 

    
AbstractAbstractAbstractAbstract    
The objective of this study is focused on the effect of groundwater lowering on distribution of land subsidence in layered soils and 
developing charts which present the distribution of land subsidence with vertical directions when lowering the hydraulic heads. Authors 
used the expression for 1D water flow theory and Riley’s method to calculate the land subsidence for two cases of layered soils: 
hypothetical soil (2 layers) and soil in My Thuan Bridge (4 layers), Vinh Long Province. Besides, the study used the finite element method 
(Plaxis 2D) to simulate the land subsidence. The results showed that 1D water flow theory and Riley’s method presented the relationship 
between land subsidence with depth (Z). All 2 cases, the land subsidence was a function of local position as well as soil properties and 
this relationship is nonlinear with the curve is different in each soil layer. Settlement of soil near the surface is larger than settlement of 
soil at larger depth.  
Keywords: Keywords: Keywords: Keywords: heterogeneous soil,    groundwater, land subsidence, layer soils, settlement 
    
1.1.1.1. IntroductionIntroductionIntroductionIntroduction    
Groundwater plays a role in a variety of geomechanical processes 
which is a convenient water supply and is a valuable resource 
both in the Viet Nam and throughout the world. For a groundwater 
source, it is important to have a sufficient number of observation 
wells, both local to the production wells and regionally 
throughout the groundwater basin. Many areas of the Viet Nam 
are experiencing groundwater depletion.  

Land subsidence can cause other associated problems, such 
as changes in elevation and gradient of stream channels, ill 
drainage, other water transporting facilities, damage to civil 
engineering structures, private and public buildings. Land 
subsidence occurs when large amounts of groundwater have been 
withdrawn from certain types of soils, such as fine-grained 
sediments from the point of view of hydrology, these phenomena 
have had what may be called catastrophic results. 

The water table has been constantly lowering and 
urbanization has been rapidly developing during the last 
decades… due to the strong groundwater extraction has led to the 
subsidence of some areas in the Ho Chi Minh (HCM) city. Land 
deformation at the rate of few centimeters per year can be 
measured at the heavy groundwater pumping stations. 
Groundwater exploitation in HCM city passed 600,000m3/day, 
while the amount of water replenished below 200,000m3/day that 
lead to lower groundwater levels of aquifers. The reduction of 
groundwater of aquifers, together with the rapid development of 
terrestrial constructions, caused the terrain surface deformation 
(subsidence) occurring in many places area (Trung et al., 2008). 

In the lower Mekong Delta, most of which lies <2m above 
sea level, over-exploitation is inducing widespread hydraulic 

head (i.e., groundwater level) declines. InSAR-based on 
subsidence  

rates, if pumping continues at present rates, ∼0.88m (0.35—
1.4m) of land subsidence is expected by 2050, that proves 
Mekong Delta will likely experience ∼1m (0.42—1.54m) of 
additional inundation hazard (Erban et al., 2014). Therefore, it can 
say that groundwater extraction is a major cause of land 
subsidence which has a variety of hazards associated with 
naturally occurring. 

 The overall objective of this study is focused on the effect 
of groundwater lowering on distribution of land subsidence in 
layered soils. Developing charts which present the distribution of 
land subsidence with vertical directions when lowering the 
hydraulic heads.    

Scopes of study are Riley’s method is used for the analysis of 
land subsidence; the soil used for case study collects from My 
Thuan bridge project; Plaxis 2D and 1D water flow theory is also 
used in this research. 
2.  Riley’s method2.  Riley’s method2.  Riley’s method2.  Riley’s method    
This study will use Riley’s method in 1969 (Riley, 1969). 

s
b S b h∆ = × ×∆                                         (1) 

in which b∆ is the change in layer thickness, b is the full 
thickness of the layer, h∆  is the change in hydraulic head, or 
drawdown. The total head is calculated from elevation head and 
pressure head. 

t e p
h h h= +                                                     (2) 

in which, e p
h and h  are elevation head and pressure head 

respectively. 
s

S  is the layer’s specific storage (1/ ),L  a metric related to 
the compressibility of both the sediment and water that expresses 


