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Abstract

Bailey truss bridges are commonly used as temporary structures in emergency
traffic situations, such as rescue operations and the repair of aging bridges.
Studying the impact of load velocity on bridge structures is essential for
determining appropriate operational conditions. This article examines the effect of
vehicle speed on the internal forces of truss members and the deflection of the
bridge span. The study employs the finite element method using SAP2000
software, the moving load model has an axial load diagram of the real truck. The
results indicate that vehicle velocity has a minimal impact on the internal forces of
the truss members and the deflection of the bridge spans. Based on these findings,
suitable vehicle velocity regulations can be established to optimize traffic flow
across the bridge when necessary.

Keywords: Bailey bridge; dynamic coefficient; vehicle speed; moving load; structural response;
axial force.

1. Introduction

Bailey truss bridges are commonly used as temporary structures in emergency traffic
situations, such as repairing aging bridges, supporting rescue operations during natural
disasters like storms and floods, and serving national defense and security missions.
Temporary bridges often have velocity limits, which impact traffic flow. In many cases,
increasing vehicle speed over the bridge is necessary to prevent congestion caused by high
traffic volumes. Therefore, studying the impact of vehicle speed on the load-bearing
capacity of the bridge is essential for developing appropriate operational strategies.

Numerous studies have been conducted on the dynamic effects of moving loads on
bridge structures [1]-[4]. However, no research has specifically focused on Bailey truss
bridges. This article examines the influence of vehicle speed on axial forces in truss
members and the deflection of the bridge span. The findings will provide a scientific basis
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for evaluating the operational capacity of this type of bridge, particularly in assessing its
ability to handle traffic when used as a temporary structure in critical situations.

2. Model for determining the internal forces of truss members and the
deflection of Bailey bridges under dynamic load effects
2.1. Introduction to the model

The dynamic response analysis of general bridge structures and Bailey bridges
under the effect of moving vehicles is a complex problem. The interaction between the
vehicle and the bridge occurs at the contact points between the wheels and the bridge
surface. The vibration of the bridge is induced by the load exerted by the vehicle.

According to [5], various models have been developed to analyze the oscillation
of bridge span structures under moving load effects, ranging from simple to complex.
These include: models that consider only the velocity of the load while ignoring the
bridge mass and inertia forces; models that disregard bridge mass but account for inertia
forces and velocity; and models that incorporate both the velocity and mass of the load,
as well as moving loads that consider the bridge mass.

The model used in this study is a complex one, but it most accurately represents
real-world conditions. It accounts for both the velocity and mass of the load, as well as
the bridge mass when analyzing the moving load effects (Fig. 1).
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Fig. 1. Interaction model between the Bailey steel truss bridge and the moving vehicle load.

In Fig. 1, P is the gravity of the moving load (N); b is the distance between the
two axles and its value is constant; v is the velocity of the moving load (m/s); mye is the
mass of the moving load (kg), mcau is the mass of the span structure (kg); t is the
instantaneous time (s).

The motion equation of the system can be rewritten as follows:

Mxe er + Kxe 'Wx'e +Cxe 'er = Pxe (t) (1)
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M eas “Weay + Keay Wy + Coay “Weay = Poay (1) )
in which M,e and Mc,, are the mass matrices of the vehicle and bridge, respectively.

Kxe, Kcau are the stiffness matrices of the vehicle and bridge respectively; Cye, Ccau
are the resistance matrices of the vehicle and bridge respectively; Pxe, Pcau are the forces
acting on the vehicle and bridge respectively; Wxe, W' and W’ xe are the displacement,
velocity and vertical acceleration of the vehicle; Weay, W'cau and W’’cay are the
displacement, velocity and vertical acceleration of the bridge.

Based on the above theory, the author developed a dynamic interaction model
between the Bailey steel truss bridge structure and the vehicle using the finite element
method. The model was implemented and analyzed using SAP2000 software to solve
the problem. Due to the limited scope of the article, the survey results are presented
using theoretical analysis conducted with SAP2000 software. In this study, the model
supported in SAP2000 is used, so the load model is a moving load model but the axle
load diagram is that of an actural truck.

2.2. Basic data of Bailey steel truss bridge and vehicle load moving on the bridge

According to [6], [7], the Bailey steel truss bridge structure is assembled from
panel frames, each measuring 3.055 m in length and 1.5 m in height, and made of steel.
The structure has a cross-section that is symmetrical about the central axis along the
length of the bridge.

The Bailey bridge can be assembled in various cross-sectional configurations and
span lengths, depending on the number of panel frames used. The cross-section and
dimensions of the truss bars are shown in Tab. 1.

Tab. 1. Structure of bars in Pano frame

No. Name of chord Shape, dimension (mm)
1 Upper chord 2 shape steel C 105 x 48 x 5
2 Vertical chord Shape steel C 78 x 38 x 5
3 Diagonal chord Shape steel C 75 x 35 x 4
4 Lower chord 2 shape steel C 105 x 48 x 5

To investigate the impact of vehicle velocity, the authors selected the commonly used
cross-section type of Bailey bridge, often employed as a temporary structure - type 1/1.
This type features a single truss plane on each side, with each truss plane consisting of
only one panel frame floor. It is chosen because it has the simplest structure, the fastest
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assembly time, and is suitable for emergency traffic situations. The bridge has a width
of B =4.2 m and is designed for one lane.
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Fig. 2. Panel frame of Bailey steel truss bridge.
To ensure reliability, two structural span length options were selected for investigation:

« Option 1: L =18.29 m, consisting of 6 bays.
 Option 2: L = 27.43 m, consisting of 9 bays.

According to the load table of Bailey bridge in [5], [6], this type of bridge
structure can withstand a load from 11 tons to 27 tons depending on the traffic level,
whether it is safe or careful. Based on the types of trucks commonly used in our country
today, and to match the load specified for the above type of structure, the load chosen
for the survey is the Kamaz 4326 truck, the total weight of the vehicle and the
maximum cargo is 12.3 tons [8]. The vehicle consists of 4 axles, 2 axles in the front and
2 axles in the rear. The load of the 2 rear axles P1 = 7.1 T or P = 71 kN; the load of the
2 front axles P2 =5.2 T or P2 = 52 kKN. The distance between the two axles is lxe = 4.2 m.

42m
P2=5.2(T) P1=7.1(T) > 5m

Fig. 3. Popular trucks in Vietnam.

42



Journal of Science and Technique - ISSN 1859-0209

With the Bailey bridge structure and vehicle load as described above, the
influence of vehicle velocity on the axial force in the truss and the deflection of the span
structure is investigated. To accurately reflect the performance of the model, the study
considers velocity changes in the range of v = 2.5 m/s (9 km/h) to v = 20 m/s
(72 km/h), as Bailey bridges are commonly used as temporary structures in emergency
traffic situations, the vehicle velocity across the bridge is typically limited to less than
50 km/h.

2.3. Dynamic coefficient of Bailey steel truss bridge
The dynamic coefficient is denoted as (1 + IM) [9], [10], determined by the formula:

1 IM = Stmec 3)

t max

in which Simax iS maximum static internal force or static displacement, S is

d max
maximum dynamic internal force or dynamic displacement, considered at the same
position on the structure. Use formula (3) to calculate the dynamic coefficient of
displacement at each node according to the vertical displacement at the lower and upper
edges of the truss. The dynamic coefficient of the longitudinal force of the lower edge,
upper edge, vertical bar and diagonal bar is also calculated according to this formula.

2.4. Application of finite element method on SAP2000 software for survey

To solve the problem of evaluating the dynamic impact of loads on the bridge
span structure, as described above, the authors employed the finite element method
using SAP2000 software [11]. The vertical bars, horizontal bars, and diagonal bars of
the panel frame, along with the longitudinal and horizontal beams of the bridge deck
system, are modeled using frame elements. The deck panels are modeled with shell
elements. Each panel frame consists of rigidly connected bars, and the panel frames are
articulated at the two ends of the upper and lower crossbars of each frame. The vertical,
diagonal and edge members of the truss are considered as basic members subjected to
tension, compression and bending simultaneously. The truck is modeled as a 4-axle
load, the load of the vehicle acting on the bridge is transmitted through the wheels at the

4 axles, that is, transmitted through each wheel of the rear axle %:35.5 KN,

transmitted through each wheel of the front axle % =26 kN.
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Use the time history analysis function to enable the software to account for
the effect of the load over time. Based on this, consider the impact of the moving
load velocity on the internal force values of the truss and the vertical displacement
of the bridge structure. Below are some images of the Bailey bridge model in
SAP2000 software.
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Fig. 4. Model of Bailey bridge.

Fig. 5. Moving load on the bridge when using time history analysis.
2.5. Survey results
The survey results of the dynamic coefficient (1 + IM) for the vertical displacement
and the axial force in the lower chord of the Pano frame, when the vehicle is moving at
velocities ranging from v = 2.5 m/s (9 km/h) to v = 20 m/s (72 km/h), are presented in

Tab. 2. In this table, the vehicle's velocity is considered zero when the dynamic effects
of its movement are not taken into account.
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In this article, only the results of the axial force analysis of the bottom chord in
the truss compartment at the mid-span cross-section, as well as the deflection analysis at
the same cross-section, are presented.

Table 2, 3 show the values of the axial force in the truss bars, the dynamic
coefficient of the axial force, the displacement of the span structure, and the dynamic
coefficient of the displacement for bridges with spans L = 1829 m and
L = 27.43 m. The obtained results include the time-dependent vertical force and
displacement values. However, these graphs and data are considered intermediate
results. The authors have chosen not to present these intermediate results, but instead to
report only the final results- specifically, the maximum vertical force and displacement
values corresponding to each velocity.

Tab. 2. Survey results of Bailey bridge L = 18.29 m

Velocity (m/s)

Name of factors
0 25 5 75 10 125 15 175 20

Maximum axle

load (KN) -152 -158 -161 -160 -162 -157 -165 -160 -159

Dynamic
coefficient 1.00 1.03 1.06 1.05 1.06 1.03 1.08 1.05 1.04
(1+IM) axle load

Maximum
displacement -0.0138 -0.0140 | -0.0141 | -0.0143 | -0.0143 | -0.0141 | -0.0147 | -0.0143 | -0.0142

(m)

Dynamic
coefficient
(1+IMm)
displacement

1.00 1.01 1.02 1.03 1.04 1.02 1.07 1.04 1.03

Tab. 3. Survey results of Bailey bridge L =27.43 m

Velocity (m/s)

Name of factors
0 25 5 7.5 10 125 15 175 20

Maximum axle

load (KN) -244 -255 -257 -258 -250 -254 -264 -255 -264

Dynamic
coefficient
(1+IM) axle
load

1 1.04 1.05 1.06 1.03 1.04 1.08 1.05 1.08

Maximum
displacement -0.0405 | -0.0413 | -0.0416 | -0.0422 | -0.0408 | -0.0429 | -0.0439 | -0.0432 | -0.0430

(m)

Dynamic
coefficient
(1+IMm)
displacement

1 1.02 1.03 1.04 1.01 1.06 1.08 1.07 1.06
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Fig. 6. Survey results of Bailey bridge L = 18.29 m, the variation
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Fig. 7. Survey results of Bailey bridge L = 27.43 m, change of dynamic
coefficient (1 + IM) when velocity changes.

Through the graphs in Figs. 6, 7, it can be seen that the dynamic coefficient of
deflection is quite small. With length of bridge L = 18.29 m, L = 27.43 m, the values of
this coefficient increase and decrease irregularly within the investigated load velocity
range from v = 2.5 m/s (9 km/h) to v = 20 m/s (72 km/h), and range from 1.01 to 1.08.
This indicates that the influence of load velocity on deflection is quite small for Bailey
steel truss bridges.

This can be explained by the fact that the structure of the Bailey truss is relatively
rigid, and the truss compartments are short, resulting in a small effect of the load on the
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dynamic coefficient of deflection. The graph shows that the largest value of this
coefficient is 1.08, corresponding to a load velocity of 15 m/s (54 km/h).

The graphs in Figs. 6, 7 also demonstrate that the influence of the load velocity on
the dynamic coefficient of the longitudinal force in the truss is similarly small. With
length of bridge L = 18.29 m, L = 27.43 m, within the investigated load velocity range
from v = 2.5 m/s (9 km/h) to v = 20 m/s (72 km/h), the values of this coefficient also
increase and decrease irregularly, and range from 1.03 to 1.08. These results are entirely
consistent with the findings published in [12] for other steel truss bridge models that are
not Bailey steel trusses.

In the case of a moving load on a bridge with a length of L = 18.29 m, within the
investigated load velocity range from v = 2.5 m/s (9 km/h) to v = 20 m/s (72 km/h), the
internal force in the truss bars and the displacement of the span structure, when the
vehicle moves at a speed of v = 10 m/s (36 km/h), are greater than the values of these
parameters when the speed is v = 12.5 m/s (45 km/h). Similarly, in the case of a moving
load on a bridge with a length of L = 27.43 m, within the investigated load velocity
range from v = 2.5 m/s (9 km/h) to v = 20 m/s (72 km/h) the internal force in the truss
bars and the displacement of the span structure, when the vehicle moves at a speed of
v = 7.5 m/s (27 km/h), are greater than the values of these parameters when the speed is
v =10 m/s (36 km/h).

This demonstrates that the displacement of the structure is not entirely
proportional to the speed of the moving load. This can be explained by resonance
effects, as well as the position of the axial load during the vehicle's movement.
Although the vehicle moves at a lower speed, it can generate greater internal forces and
displacements in the structure if the axle is positioned in the middle of the span and
resonance occurs. This result is consistent with the findings in [13] for other types of
steel truss bridge models.

The above results show that the axial force in the truss and the displacement of the
Bailey steel truss bridge span are not entirely proportional to the speed of the load. This
finding also aligns with the conclusions and observations in publications such as [12],
[13], even though the models in those studies involve different types of steel truss
bridges, different loads, and different analysis methods. This suggests that the results of
the analysis regarding the influence of vehicle speed on the axial force in the truss and
the displacement of the Bailey bridge structure in this article are reliable.
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3. Conclusion

The influence of the velocity of the moving load on the bridge on the deflection of
the span structure and the stress in the truss bars of the Bailey steel truss bridge is not
large. The deflection of the span structure and the stress in the truss bars are not
proportional to the velocity of the moving load on the bridge. The results obtained are
consistent with observations in other research studies, even though the models and
methods used differ, indicating the reliability of the results.

For the Bailey steel truss bridge structure, within the investigated load velocity
range from v = 2.5 m/s (9 km/h) to v = 20 m/s (72 km/h), the dynamic coefficient of the
longitudinal force in the bars and the displacement ranges from 1.02 to 1.08. Thus, if
necessary, based on the specific vehicle load and in comparison with the allowable load
table (depending on the safe or careful operation level of this type of bridge), it is
possible to increase the vehicle speed over the bridge to enhance traffic flow during
operation, thereby reducing traffic congestion or addressing emergency situations.

This article focuses on investigating the theoretical influence of load velocity on
the deflection and internal forces of the main truss of a Bailey steel truss bridge. Future
studies will further develop this research direction, including an investigation of the
impact of varying vehicle loads and experimental evaluations. The authors look
forward to discussing this topic further with colleagues.
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UNG XU CUA KET CAU NHIP CAU BAILEY DUOI TAC DUNG
CUA TAI TRONG DI PONG

Nguy&n Manh Thuong!, Bang Thi Thu Hién®, Lé Vin Manh?
Wien Ky thudt céng trinh dac biét, Truong Pai hoc Ky thugt Lé Quy Pén
2Truong Pai hoc Cong nghé Giao thong van tai

Tom tit: Cau gian thép Bailey thuong dwoc st dung lam ciu tam trong mét s tinh
hudng giao thong khan cip nhu phuc vu ciu hd ciru nan, sira chira cau cii. Viéc nghién ciu anh
hudng van toc tai trong dén két cau cau co tinh cap thiét, d& dua ra ché do khai thac phi hop.
Bai bao trinh bay viéc nghién ctu anh huong cua van téc xe chay trén cau dén gia tri noi luc
thanh gian va dé ving cua két ciu nhip. CAc tac gia sir dung phuong phap phan tir hitu han trén
phan mém SAP2000. Két qua nhan duoc cho thiy van téc xe chay ¢é anh huong khéng Ion dén
gia tri noi lyc thanh gian va do vdng cua két cau nhip cau, trén co sé d6 cd thé quy dinh téc do
xe phu hop dé tang luu luong xe qua cau khi can thiét.

Tir khoa: Cau Bailey; hé so dong luc; vdn toc; tdi trong di dong; chuyén vi; luc doc.
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