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Dynamic behaviour of prestressed concrete beams considering moving loads

Herein, the dynamic response rule of prestressed concrete beams with metal and plastic 
corrugated pipes with different duct grouting compactness values under moving constant 
concentrated loads and moving simple harmonic loads is studied. Prestressed concrete 
beams with metal and plastic corrugated pipes are analysed using the finite element 
method for the case of non-cracking. The results indicate that duct grouting compactness 
and forming material affect the natural vibration characteristics of prestressed concrete 
beams. Under identical duct grouting compactness, prestressed concrete beams with 
metal corrugated pipes exhibit higher frequencies compared with those with plastic 
corrugated pipes. The mid-span dynamic deflection of the prestressed concrete beams 
decreases with an increase in duct grouting compactness, which is independent of the 
forming material. The differences in the midspan speed and acceleration caused by 
the moving loads between the corrugated duct prestressed concrete beams made of 
metal and those made of plastic are small; this indicates that the pore-forming material 
has little effect on the midspan node speed and acceleration response of prestressed 
concrete beams.

Key words:

prestressed concrete beam, corrugated pipes, grouting compactness, nonlinear analysis, moving load, 

dynamic response

Izvorni znanstveni rad

Xuansheng Cheng, Guangyu Dong, Xianglei Wang, Liang Ma, Guoliang Li

Dinamičko ponašanje prednapetih betonskih greda s obzirom na pokretna 
opterećenja

U ovom se radu ispituje pravilo dinamičkog odziva prednapetih betonskih greda s metalnim 
i plastičnim valovitim cijevima različitih vrijednosti kompaktnosti injekcijske smjese kanala 
na pokretna konstantna koncentrirana opterećenja i pokretna jednostavna harmonijska 
opterećenja. Prednapete betonske grede s metalnim i plastičnim valovitim cijevima 
analizirane su metodom konačnih elemenata u slučajevima bez pukotina. Rezultati 
pokazuju da kompaktnost injekcijske smjese kanala i materijal za oblikovanje utječu na 
karakteristike prirodnih vibracija prednapetih betonskih greda. Pod istom kompaktnošću 
injekcijske smjese kanala, prednapete betonske grede s metalnim valovitim cijevima 
pokazuju veće frekvencije u usporedbi s onima koja imaju plastiče valovite cijevi. Dinamički 
progib prednapetih betonskih greda u sredini raspona smanjuje se s povećanjem 
kompaktnosti injekcijske smjese kanala, što je neovisno o materijalu za oblikovanje. 
Razlike u brzini i ubrzanju srednjeg raspona uzrokovane pokretnim opterećenjem između 
prednapetih betonskih greda metalnih i plastičnih valovitih cijevi su male. To pokazuje 
da materijal koji stvara pore ima mali učinak na brzinu čvora u sredini raspona i reakciju 
ubrzanja prednapetih betonskih greda.

Ključne riječi:

prednapeta betonska greda, valovite cijevi, kompaktnost injekcijske smjese, nelinearna analiza, pokretno 

opterećenje, dinamički odziv

 1Prof. Xuansheng Cheng
 chengxuansheng@gmail.com
 Corresponding author

 2Guangyu Dong, MSc. CE
 donggylut@sina.com

 1Xianglei Wang, MSc. CE
 1241576537@qq.com

 1Liang Ma, MSc. CE
 1197920722@qq.com

 2Guoliang Li, MSc. CE
 1340523276@qq.com

1 Lanzhou University of Technology, China
 Ministry of Education Western Construction
 Disaster Risk Mitigation Center
2 Lanzhou University of Technology, China
 Gansu Provincial Industrial Disaster Prevention
 and Mitigation Main Laboratory



Građevinar 9/2023

870 GRAĐEVINAR 75 (2023) 9, 869-881

Xuansheng Cheng, Guangyu Dong, Xianglei Wang, Liang Ma, Guoliang Li

1. Introduction

Owing to the continuous development of the social economy 
and the increasingly dense urban population distribution, three-
dimensional traffic has become a mainstream direction of urban 
traffic development. Prestressed concrete simply supported 
beams are widely used in the construction of medium and 
small bridges owing to their simple structure and convenient 
construction, and thus, numerous prestressed concrete bridges 
have been built. With increasing traffic volume, continuous 
improvement in vehicle load standards, and quality problems 
that inevitably occur in the actual construction of prestressed 
concrete bridges, which affect the overall performance of 
bridges, the dynamic performance of prestressed concrete 
girder bridges has been extensively studied.
Currently, several scholars are committed to studying the 
mechanical properties of prestressed concrete simply supported 
beams. Considerable results have been achieved in numerous 
theoretical and experimental studies on the dynamic response 
of prestressed concrete beams. Li [1] studied the forced vibration 
of suspension bridges under the load of railway vehicles, and 
the vibration of arch bridges under vehicle loads. Zhang et al. 
[2, 3] considered the effect of track unevenness, established an 
analysis model of the axle system using the modal synthesis 
method, and analysed the entire process of high-speed trains 
passing through the bridge. Yang et al. [4] used the dynamic 
equation of a wheel-track–bridge coupling unit derived from 
the Hertz elastic contact model to establish the power equation 
of the system, and studied the dynamic response of the wheel-
track–bridge coupling system. Hutton et al. [5, 6] used the finite 
strip method and modal analysis technology in numerous field 
tests to study the dynamic response of a simply supported 
girder bridge under the action of biaxial vehicle loads. Yang and 
Yin [7] proposed a finite element method to efficiently solve the 
vehicle-bridge coupling system. Li et al. [8] performed a foot-
scale load test on a Florida highway bridge, and analysed the 
dynamic response of the bridge under the action of vehicle 
loads using a simplified finite element model of the vehicle and 
bridge. Li et al. [9] considered factors such as the load moving 
speed, beam weight, and stiffness to analyse the vertical 
vibration response of a prestressed concrete simply supported 
beam under the action of arbitrary moving loads. Shen et al. 
[10] studied the variation rule of the beam impact coefficient, 
dynamic bending moment, and dynamic shear force with the 
load movement velocity under different load combinations. 
Gao and Xu [11] used the finite element method to analyse the 
dynamic response of prestressed concrete simply supported 
beams with simultaneous static and sinusoidal loads. Yang 
[12] used an urban small-span prestressed concrete simple 
support beam as the research object, and studied the effects 
of the moving load velocity and bridge surface unevenness 
on the dynamic response of the beam using finite element 
analysis (FEA). Niki et al. [13] used the time-domain finite 
element method to numerically simulate the dynamic response 

of a flexible pavement to a vehicle under three-dimensional 
conditions. Xu et al. [14] found that vibration-reduction 
measures had a better vibration-reduction effect on heavy-
haul railway bridges. Edgaras et al. [15] analysed the influence 
of deflection and crack width of a prestressed concrete beam 
under cyclic loading after strengthening a prestressed beam 
with a basalt fibre-reinforced polymer. Shi et al. [16] analysed 
the vehicle-bridge resonance phenomenon of double-axle 
trains passing through equal-span prestressed bridges to study 
the influence law of vehicle resonance on the vehicle-bridge 
system under the conditions of different vehicle speeds and 
different bridge spans.
In summary, numerous research results have been obtained in 
the study of posttensioned prestressed concrete structures; 
however, most studies have focused on unbonded and bonded 
prestressed concrete structures. Few investigations [17, 18] have 
studied the difference in performance between the commonly 
used metal and plastic corrugated pipes prestressed concrete 
structures in terms of the bearing capacity and use stage and 
did not perform a systematic comparative experimental study 
on them. In addition, research [19–21] on the effect of the 
pore-forming material and duct grouting compactness on the 
properties of posttensioned prestressed concrete structures 
is limited. However, in the actual posttensioning prestressing 
construction, the lack of strict sealing around the duct leads 
to grouting leakage, pressure grouting does not meet the 
requirements, and excessively large sundries and water–cement 
ratio, thus causing dry shrinkage; consequently, most of the 
duct grouting cannot meet the actual situation, which directly 
affect the overall performance of the bridge. Some bridges even 
exhibit cracks and excessive deflection after 3–6 y of usage [22–
25]. To avoid this problem, the relevant duct grouting technical 
specifications have been specified globally, which stipulate the 
raw material technical requirements of grouting material and 
grouting agent for posttensioned prestressed concrete duct, 
the performance index of grouting material mixed with duct 
grouting material, and the construction technology of grouting 
and the acceptance standard of grouting quality. Two of the 
most widely used specifications are the European specification 
“Grout for prestressing tendons” (BS EN 445/446/447:2007) 
[26] and the United States Post-tensioning institute (PTI) 
specification “Specification for Grouting of post-Tensioned 
Structures” (PTI M55.1) [27]. The Ministry of Railways of China 
has also formulated the technical specifications “Technical 
specification of cable grouts on post-prestressed concrete 
railway girder” (TB/T 3192-2008) [28]. The duct grouting 
compactness is directly related to the durability, reliability, 
and safety of the prestressed concrete structure. Thus, in this 
study, we used the finite element method to establish the finite 
element model under the action of uniform moving constant 
loads and uniform moving harmonic loads. Next, based on the 
numerical analysis and comparison, the influence rules of the 
pore-forming material and duct grouting compactness on the 
dynamic response of prestressed concrete beams under the 
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condition of uncracking were studied, thereby providing some 
reference for the design, load-bearing capacity evaluation 
and reinforcement of prestressed concrete structures, and 
improving the reliability of prestressed concrete structures in 
the course of operation.

2. Methodology

In this study, a finite element model was established under 
the action of uniformly moving constant and harmonic loads 
to investigate the dynamic response of prestressed concrete 
beams. First, specimens of eight post-tensioned prestressed 
concrete simply supported beams were made according to 
the grouting compactness (full grouting, 1/3 grouting, 2/3 
grouting, and without grouting) and type of corrugated pipes 
(metal corrugated pipes and plastic corrugated pipes). Next, 
prestressed concrete beams were subjected to symmetrical 
loading experiments at three equal points were performed 
to quantify the value of uniformly moving constant loads 
and uniformly moving harmonic loads in the FEA. Material 
performance tests were then performed to identify the 
material parameters of the prestressed concrete beams for FEA 
modelling. Finally, according to the parameters of the material 
performance tests, a finite element model of the beams was 
established, and a dynamic analysis under a moving load was 
performed. In this study, the procedure for FEA modelling was 
as follows.
 - Prepare specimens of prestressed concrete beam for 

experiment
 - Quantify the value of moving loads by loading experiments 

of prestressed concrete beams
 - Identify the material parameters of the prestressed concrete 

beams by material performance tests
 - FEA modelling.

2.1.  Preparation of prestressed concrete beam 
specimens 

Prestressed concrete beams are processed using the post-
tensioning method and are widely used in bridge engineering. 
First, concrete was poured onto the beam, and the corrugated 
pipe was placed in the designated position. Second, when 
the strength of the concrete reached the specified limit, the 
stretching sequence of the steel strands was performed in 
batches and stages, and the error in the stretching length did not 
exceed 6 % of the theoretical value. Finally, the grouting volume 
was used to control the grouting compactness to achieve 
different grouting compactness values for duct grouting. 
In this study, eight post-tensioned prestressed simply 
supported concrete beams were used. According to the grouting 
compactness, the metal corrugated pipe can be divided into full 
grouting porosity (PCB1-1), 1/3 grouting porosity (PCB1-2), 
2/3 grouting porosity (PCB1-3), and without grouting porosity 
(PCB1-4); and the plastic corrugated pipe can be divided into 

full grouting porosity (PCB2-1), 1/3 grouting porosity (PCB2-2), 
2/3 grouting porosity (PCB2-3), and without grouting porosity 
(PCB2-4). The cross-sectional dimensions were 150 mm × 
250 mm, beam length was 2100 mm, and net span was 1800 
mm. According to material performance tests, the compressive 
strength of the concrete was 40.3 MPa according to material 
performance tests. HRB335 grade steel bar with a diameter of 
10 mm was used for the main longitudinal reinforcement, an 
HPB300 grade steel bar with a diameter of 6 mm was used for 
the stirrup, and a 1×7-2 galvanized steel strand with a nominal 
diameter of 6 mm was used for prestressed reinforcement. The 
post-tensioned force of the prestressed concrete beam was 21 
kN. The diameter of the post-tensioned reserved duct was 20 
mm, accounting for 0.84 % of the cross-sectional area of the 
beam. The dimensions and reinforcements of the beams are 
shown in Figure 1.

Figure 1.  Dimensions and reinforcement diagram of test beams

2.2.  Loading experiment of prestressed concrete 
beam specimens

The experimental data for the cracking and failure loads of 
the prestressed concrete beams under symmetrical loading at 
three equal points are presented in Table 1. The moving load 
applied to the prestressed concrete simply supported beam can 
be simplified using two methods [29–31]:
 - the moving load is simplified to a uniform moving constant 

concentrated load, the mass of the moving load is ignored, 
and the difficulty in solving the differential equation of the 
variable coefficient is avoided

 - considering the unevenness of the prestressed concrete 
beam, the moving load is simplified to a uniform moving 
harmonic load. To study the dynamic response of prestressed 
concrete beams without cracking, moving load values were 
selected based on the cracking load data listed in Table 1.

The minimum cracking load in Table 1 was 28.7 kN, whereas 
the uncracking load was 20 kN. Therefore, the moving constant 
concentrated load “P” was 20 kN; load moving speed “v” was 
0.3, 0.5, and 0.7 m/s; moving harmonic load frequency “w” 



Građevinar 9/2023

872 GRAĐEVINAR 75 (2023) 9, 869-881

Xuansheng Cheng, Guangyu Dong, Xianglei Wang, Liang Ma, Guoliang Li

was 1.0 Hz; load amplitude was 0.3 P = 6 kN according to the 
reference [30, 31], and moving harmonic load was P(t) = Pcos(ωt) 
= 6cos(1.0t). The moving load model is shown in Figure 2.

Figure 2. Moving-load mo del

2.3. Material performance tests

The material parameters of the post-tensioned prestressed 
concrete beams were obtained based on material performance 
tests. The concrete strength parameters of the beams were 
obtained through a compression test on a concrete cube (150 × 
150 × 150 mm). Two groups of specimens were reserved during 
pouring of the prestressed concrete beams. Each specimen 
group contained three concrete cube test blocks. The curing 
conditions were identical to those for the prestressed concrete 
beams, and the curing time was 28 d. The non-prestressed bars 
of each specimen were the same, and two non-prestressed 
bars of different specifications in the same batch were reserved 

for testing mechanical properties, such as yield strength. The 
mechanical parameters of the prestressed steel strands, metal, 
and plastic corrugated pipes were standard values rather than 
those determined by testing. The material parameters are listed 
in Table 2. These parameters were used for the modelling and 
analysis.

2.4. FEA modelling

2.4.1. Units type and constitutive model 

Concrete used the Solid 65 unit, generally used in the 
compressive capacity, which is much greater than the tensile 
capacity of non-uniform materials. The ordinary steel bar and 
prestressed reinforcement adopted the Link 8 unit; the Link 
8 unit has the functions of plasticity, creep, rotation, large 
deformation, and large strain. The corrugated pipes used the 
Shell 181 unit, which is a 4-node finite strain shell unit suitable 
for simulating thin shell and layered structures. The bonding 
effect between the prestressed reinforcement and surrounding 
concrete was simulated using the Combin14 unit. 
The Hongnestad constitutive model was used for the concrete. The 
non-prestressed and prestressed reinforcements used a double-
straight-line constitutive model. For the pore-forming materials of 
the metal-corrugated pipes and plastic-corrugated pipes, an ideal 
elastoplastic plastic material constitutive model was used. 

Table 1. Measured results of bending performance of test beam

Table 2. Parameters of post-tensioned prestressed concrete beam

Test beam number
Metal corrugated pipe Plastic corrugated pipe

PCB1-1 PCB1-2 PCB1-3 PCB1-4 PCB2-1 PCB2-2 PCB2-3 PCB2-4

Cracking load 
Pcr [kN] 31.6 36.8 42.5 45.5 28.7 31.3 35.5 43.1

Cracking displacement
fcr [mm] 1.61 1.92 2.15 2.35 1.41 1.52 1.84 2.06

Ultimate load
Pu [kN] 79.1 86.8 93.2 103.7 77.3 81.8 87.2 96.3

Limit displacement
fu [mm] 20.38 22.03 24.46 27.20 18.01 19.82 21.21 24.96

Yield strength
[MPa]

Elastic modulus
[MPa]

Poisson’s 
ratio

Density
[kN/m3]

Concrete
40.3 (Uniaxial compressive strength)

3.21 × 104 0.2 25
3.1 (Uniaxial tensile strength)

HRB335 bars 335 2.0 × 105 0.3
78.5

HPB300 bars 300 2.1 × 105 0.3

Prestressed steel strand 1270 2.05 × 105 0.3 77.8

Metal corrugated pipe 235 2.05 × 105 0.3 78.5

Plastic corrugated pipe 40 20 0.3 9.5
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2.4.2.  Simulation of bonding force between prestressed 
reinforcement and concrete

In the modelling process, the bonding effect between the 
prestressed reinforcement and concrete was simulated by 
adjusting the elastic coefficient of the Combin 14 unit, and the 
influence of the grouting quality on the beams was simulated. 
The duct grouting compactness model was unbonding (without 
grouting porosity), with an elastic constant of 108 (1/3 grouting 
porosity), elastic constant of 1012 (2/3 grouting porosity), and 
bonding (full grouting porosity). 

2.4.3. Boundary conditions and application of prestress 

A hinged constraint was applied to the two ends of the 
prestressed concrete beam, that is, the left support constraint 
in the X, Y, and Z directions, and the right support constraint in 
the Y and Z directions, to simulate the simply supported state 
of the beam. In FEA, the prestress simulation utilises the real 
strength reinforcement method, which divides the concrete and 
prestress reinforcement into different units and considers the 
action of the concrete and prestress reinforcement together. In 
this study, the application of prestress was realised using the 
initial strain method, that is, the prestressed bars themselves 
had a certain initial strain.

2.4.4. Model description

ANSYS was used as the finite element analysis software. The 
concrete and steel bars were modelled using the separation 
model and node coupling method, and the mesh was divided. 
Essentially, the concrete and steel bars were modelled and 
meshed separately. The beam was divided into 106 sections, 
and a total of 11448 concrete units were used for the entire 
model. In the finite element model calculation, the dead weight 
of the prestressed concrete beam, prestress, and load exerted 
on the upper part of the beam were considered. The model 
analysis type was structural, and the structure analysis type 
was transient. The finite element analysis model is shown in 
Figure 3.

2.5.  Natural frequency and vibration mode calculate 
theory

The finite element method was used to analyse the dynamic 
characteristics of simply supported prestressed concrete 
beams. Ultimately, this problem solves the generalised 
eigenvalue problem.

(K-ω2M)φ = 0 (1)

where K is the stiffness matrix, M is the mass matrix, ω is the 
natural frequenc and φ is the vibrational mode.
If Eq. (1) has a nonzero solution, then

|K-ω2M| = 0 (2)

Eq. (2) is the characteristic equation for the structure. The 
subspace iteration method was used to determine the vibration 
mode and natural frequency of the structure.

2.6. FEA dynamic response calculate theory

The prestressed concrete simple-supported beam was 
discretised into a finite element set, appropriate displacement 
modes were selected for each element, and the kinetic energy 
and strain energy of each element and the entire structure 
were calculated. Subsequently, the vibration equation of 
the simply supported beam in generalised coordinates was 
derived from Hamilton’s principle when the moving load 
passes uniformly. Finally, a direct integration method or mode 
superposition method was used. In this study, the Newmark-
beta step-by-step integration method was used to discretise 
the motion equation in the time domain and transform it into 
a different scheme for time. A direct integration method was 
used to solve the motion equation step-by-step in the time 
domain.
For simply supported prestressed concrete beams, only the 
spatial domain is discretised; thus, the interpolation of the 
displacement in the element can be expressed as follows.

u = Nue (3)

where u is the displacement vector of any 
point in the unit, N is the shape function 
matrix, and ue is the node-displacement 
vector.
The strain components of each element 
were obtained using Eqs. (3):

ε = ∆u = ∆Nue = Bue (4)

where ∆ is a differential operator matrix 
and B is a unit strain matrix.

Figure 3. Finite element model
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According to Eq. (4), the stress components of each element are 
obtained as follows.

σ = Dε = DBue (5)

where D is an elastic matrix.
The strain and kinetic energies of the element obtained by 
combining Eqs. (4) and (5) can be expressed as

 (6)

 (7)

where Ke is the element stiffness matrix and me is the element 
uniform mass matrix.
If a volume force qe, the equivalent nodal force Re can be obtained 
using the virtual work principle, which can be expressed as

 (8)

If qe is a viscous damping force, then the viscous damping force 
and equivalent nodal force are expressed as follows.

 (9)

 (10)

The combined Eqs. (6) to (10) transform the node displacement 
and node force vectors in the local coordinate system into a global 
coordinate system using a coordinate transformation matrix. The 
total strain energy, total kinetic energy, and virtual work of the 
structure can be obtained and expressed as the sum of the total 
strain energy, total kinetic energy, and virtual work, as follows.

 (11)

 (12)

 (13)

where V is the total strain energy; T is the total kinetic energ, 
δW is the sum of the virtual work of the external and damping 
forces, K is the structural stiffness matrix and M is the structural 
mass matrix.
From Eq. (10) we obtain:

 (14)

where C is the structural damping matrix.

Substituting Eq. (14) into Eq. (13), we obtain: 

δW = δuT(R-C ) (15)

The Hamilton’s variational principle yields:

  i = 1, 2, …, n (16)

By substituting Eqs. (11), (12), and (15) into Eq. (16), the 
structural vibration equation can be expressed in the global 
coordinate system, as follows.

 (17)

Damping matrix C in Eq. (17) can typically be obtained using a 
linear combination of the stiffness and mass matrices, which 
can be calculated using Eq. (18):

C = αM+βK (18)

where α is the mass damping coefficient and β is the stiffness 
damping coefficient, which can be expressed by the damping ratio 
of any two modes and the corresponding natural frequencies:

 (19)

where ωi is the natural frequency of the first order, ωj is the 
natural frequency of the second order; and ξi and ξj are the 
modal damping ratios of the response, which can be determined 
by experiment or experience and generally change in the range 
of 0 to 0.05 (with 0.05 for concrete structures).
For the solution of Eq. (17), the Newmark-beta step-by-step 
integration method can be used to obtain

 (20)

 (21)

In γ ≥ (1/2) i χ ≥ (1/4)((1/2)+γ)2, the integral method is an 
unconditionally stable integral equation. Here, we used γ = (1/2) 
and χ = (1/4) and converted them into the average acceleration 
method.
From Eqs. (20) and (21), we obtain:

 (22)

 (23)
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At t + Dt, the differential equation of vibration is

 (24)

Substituting Eq. (22) and Eq. (23) into Eq. (24), we obtain

 (25)

Eq. (25) can be used to solve ut+∆t, and Eqs. (22) and (23) can be 
used to solve  and . respectively.

3. Results analysis

3.1.  Frequency analysis of prestressed concrete 
beams

In the vibration modal analysis of a posttensioned prestressed 
concrete simply supported beam, numerous order modes 
exist; however, the vibration characteristics of the structure 
are determined by the lower-order mode. Therefore, for the 
prestressed concrete beams of corrugated metal and plastic 
pipes, the modes and frequencies of the first three order modes 
of the prestressed concrete beams with different duct grouting 
compactness values were analysed and calculated. Figure 4 
shows the first three order frequencies of the two different 
prestressed concrete beams under different duct grouting 
compactness values.

Figure 4. Grouting compactness-frequency curve

As shown in Figure 4, when the duct grouting compactness 
was the same, the prestressed concrete beams of the metal-
corrugated pipe had a higher frequency than those of the plastic-
corrugated pipe. The pore-forming materials hardly affected the 
first- and second-order frequencies but significantly affected 
the third-order frequency, thus indicating that the pore-forming 
material has little effect on the low-order mode shape of the 
prestressed concrete beam and has a significant effect on the 
high-order modes.

3.2.  Vertical dynamic response of prestressed beams 
under a moving constant concentrated load

A moving constant concentrated load (P = 20 kN) was acted on 
the upper part of the beam, and the load moving speed was 0.3, 
0.5 and 0.7 m/s to study the dynamic deflection and response 
rule of the mid-span speed and acceleration of the prestressed 
concrete beam with different grouting compactness values of 
metal and plastic corrugated pipes under the condition of non-
cracking.

3.2.1. Dynamic deflection curve

Figure 5 shows a comparison of the dynamic deflection of 
prestressed concrete beams of corrugated pipes under constant 
loads at different speeds. The dynamic deflection peaks of each 
beam are shown in Figure 5.
Evidently from Figure 5, the peak value of the dynamic 
deflection of a simply supported beam in post-tensioned 
concrete exhibited a certain relationship with the moving 
load speed and duct grouting compactness. When the 
moving constant load passed over the prestressed concrete 
simply supported beam at different speeds, the maximum 
deflection of the prestressed concrete beam appeared 
near the mid-span position of the beam. Under the action 
of the constant concentrated load, with an increase in the 
load moving speed, the response peak value of the dynamic 
deflection of the beam midspan node also increased. When 
the load moving speed was the same, the fuller grouting 
of the posttensioned prestressed concrete beam orifice 
corresponded to a smaller dynamic deflection of the beam 
span. The dynamic deflection peak value without grouting 
porosity was at least 6 % less than that of the full grouting 
porosity; however, the peak value of the dynamic deflection 
was not significantly different when the grouting was 
not dense. Under the condition of the same duct grouting 
compactness, the dynamic deflection values of the two 
exhibited no distinct rule; however, the difference between 
the metal and plastic corrugated pipes was not significant, 
thus indicating that the duct material has no obvious 
influence on the midspan dynamic deflection of the post-
tensioned concrete beam.
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3.2.2. Mid-span speed and acceleration 

The peak response values of the midspan speed and acceleration 
of the beams were calculated from the finite element results, as 
shown in Figures 6 and 7.
Evidently from Figures 6 and 7, with an increase in the 
moving speed of the load, the response peaks of the node 
speed and acceleration in the beam span increased. When 
the load moving speed was 0.3 and 0.7 m/s, with an increase 
in grouting compactness, the velocity and acceleration peak 

value of the mid-span joint of corrugated duct prestressed 
concrete beams made of metal and plastic gradually decreased, 
and the reduction amplitude reached 15–22 % and 19–29 %, 
respectively. When the load moving speed was 0.5 m/s, with 
an increase in grouting compactness, the peak velocity and 
acceleration of the beam midspan node both increased first 
and then decreased; the decrease was small. The results show 
that the influence of different velocities on the speed and 
acceleration of the beam midspan joints with different grouting 
compactness of the holes is different but it increases gradually 

Figure 5.  Dynamic deflection curve: a) Metal corrugated pipe prestressed beam v = 0.3 m/s; b) Metal corrugated pipe prestressed beam v = 
0.5 m/s; c) Metal corrugated pipe prestressed beam v = 0.7 m/s; d) Plastic corrugated pipe prestressed beam v = 0.3 m/s; e) Plastic 
corrugated pipe prestressed beam v = 0.5 m/s; f) Plastic corrugated pipe prestressed beam v = 0.7 m/s
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with an increase in velocity. However, in general, the difference 
in the midspan speed and acceleration caused by moving loads 
between corrugated duct prestressed concrete beams made 
of metal and plastic is small, thus indicating that the pore-
forming material has little effect on the midspan node speed 
and acceleration response of prestressed concrete beams.
3.3. Vertical dynamic response of the prestressed beams under 
the moving simple harmonic load
To study the dynamic deflection and response rule of the 
midspan speed and acceleration of a prestressed concrete 
beam with different grouting compactness values of metal and 
plastic corrugated pipes under non-cracking conditions. The 
simple moving harmonic load applied to the upper part of the 
beam was simplified to a uniform moving harmonic load P(t) = 
6cos(1.0t). The moving load vibration frequency was f = 1.0 Hz, 
and the load movement speeds were 0.3, 0.5, and 0.7 m/s.

3.3.1. Dynamic deflection

Figure 8 compares the dynamic deflection of the prestressed 
concrete beams about the corrugated pipes of two different 
materials under different speed moving harmonic load. The 
dynamic deflection peak of each beam is also shown in Figure 
8.
As shown in Figure 8, the mid-span dynamic deflection curves 
of the posttensioned prestressed concrete simply supported 
beams of the two corrugated pipe materials were similar 
to sinusoidal curves, which vibrate at a certain frequency. 
When the load movement speed was low, the high-frequency 
fluctuation of the beam was fully developed, and the fluctuation 
was significant. By contrast, when the moving load speed was 
high, the high-frequency fluctuation of the beam could not be 
fully developed, and the dynamic deflection response curve was 

Figure 6.  Mid-span speed peak of the prestressed beam (×10–3 m/s): a) Metal corrugated pipe prestressed beam; b) Plastic corrugated pipe 
prestressed beam

Figure 7.  Mid-span acceleration peak of the prestressed beam (m/s2): a) Metal corrugated pipe prestressed beam; b) Plastic corrugated pipe 
prestressed beam
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relatively smooth. At a certain load movement speed, the mid-
span dynamic deflection of the prestressed concrete beam 
with metal and plastic corrugated ducts decreased with an 
increase in duct grouting compactness, thus indicating that 
an increase in duct grouting compactness can effectively 
improve the bearing capacity of the prestressed concrete 
beam and reduce the dynamic response of the beam. The 
midspan dynamic deflection of the prestressed concrete 

beams with metal corrugated pipes was approximately 
0.02 % lower than that of the prestressed concrete beams 
with plastic corrugated pipes. The difference in the dynamic 
deflection caused by the moving harmonic load between the 
corrugated duct prestressed concrete beams made of metal 
and plastic was small, thus indicating that the pore-forming 
material had no significant effect on the mid-span dynamic 
deflection of the posttensioned prestressed beam. 

Figure 8.  Dynamic deflection curve of the plastic corrugated pipe prestressed beam: a) Metal corrugated pipe prestressed beam v = 0.3 m/s; b) 
Metal corrugated pipe prestressed beam v = 0.5 m/s; c) Metal corrugated pipe prestressed beam v = 0.7 m/s; d) Plastic corrugated pipe 
prestressed beam v = 0.3 m/s; e) Plastic corrugated pipe prestressed beam v = 0.5 m/s; f) Plastic corrugated pipe prestressed beam v 
= 0.7 m/s
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3.3.2. Mid-span speed and acceleration

The peak response values for the midspan speed and 
acceleration of the prestressed concrete beams were calculated 
from the finite element results, as shown in Figures 9 and 10.
Figures 9 and 10 show that with an increase in the load moving 
speed, the mid-span node speed peak of the prestressed concrete 
simply supported beam first decreased and then increased, and 
the acceleration peak trend increased. When the moving speed 
was 0.3 m/s, with an increase in duct grouting compactness, the 
mid-span node speed and acceleration response peaks of the 
prestressed concrete beams with metal and plastic corrugated 
ducts decreased. When the moving speed was 0.5 m/s, with an 
increase in duct grouting compactness, the midspan node speed 
and positive-acceleration response peaks of the beam gradually 

decreased, whereas the response peaks of the negative velocity 
and positive acceleration gradually increased. When the moving 
speed was 0.7 m/s, with an increase in duct grouting compactness, 
the mid-span node speed and acceleration response peaks of 
the beam gradually increased, thus indicating that the effect of 
duct grouting compactness on the mid-span node speed and 
acceleration response of the prestressed concrete beams is not 
the same under the action of a simple harmonic load. Instead, it 
is related to the load-moving speed, which exhibits a monotonic 
trend within a certain speed range. In general, the difference in the 
midspan speed and acceleration caused by the moving harmonic 
load between the corrugated duct prestressed concrete beams 
made of metal and plastic was small, thus indicating that the pore-
forming material has little effect on the midspan node speed and 
acceleration response of the prestressed concrete beams.

Figure 9.  Mid-span speed peak of the prestressed beam (×10–3 m/s): a) Metal corrugated pipe prestressed beam; b) Plastic corrugated pipe 
prestressed beam

Figure 10.  Mid-span acceleration peak of the prestressed beam (m/s2): a) Metal corrugated pipe prestressed beam; b) Plastic corrugated pipe 
prestressed beam
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4. Conclusions

The duct grouting compactness affected the natural vibration 
characteristics of the prestressed concrete beam structure. 
With an increase in duct grouting compactness, the natural 
vibration period of the structure decreased, and the natural 
vibration frequency increased. When the duct grouting 
compactness was the same, the metal corrugated pipe 
prestressed concrete beams exhibited a higher frequency 
than the plastic corrugated pipe prestressed concrete beams, 
which is not evident in the first- and second-order modes but 
is evident in the third-order mode.
Under the action of a moving load, with an increase in duct 
grouting compactness, the mid-span dynamic deflection 
of the prestressed concrete beams decreased in the entire 
trend. When the moving load passed over the midspan 
position, the peak of the midspan cross-dynamic deflection 
generally appeared before and after the movements; 
however, it was not always observed in the middle position. 

Under the same moving load, the maximum dynamic 
deflection value appeared simultaneously, regardless of the 
grouting compactness of the duct and the forming material.
Under the action of a moving load, when the load moving 
speed was the same, the midspan node speed and 
acceleration peak of each beam were almost identical; this 
indicates that the pore-forming material has little effect 
on the midspan node speed and acceleration response of 
the prestressed concrete beams. In addition, the effects of 
duct grouting compactness on the mid-span node speed and 
acceleration of the beam were nonuniform or monotonous.
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