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Abstract

Railway bridges are built to allow trains to cross over highways, valleys, or other transportation infrastructure. In recent years, the 

number of railway bridges subjected to over-height collision forces has increased. These collisions damage the bridge and affect the 

safety of the running train. In this investigation, first, a 3D GT26 train-track-bridge interaction model was created to study the effects 

of collision forces applied to the bridge superstructure and not to the bridge piers as a novelty of this research using the finite element 

analysis. Then, the dynamic responses of the railway bridge due to the GT26 train load and subjected to over-height collision forces 

were obtained. Finally, the different sensitivity analyses describe that changing the length of the collision area, the bridge span, and 

the value of collision forces affect the dynamic responses of the bridge in the contact area. The results show that maximum lateral 

displacement of the concrete girder in case of assuming the GT26 train 3D model plus over-height collision force is 8.88% less than the 

case in which considering only freight train axle-load and same over-height collision force apply to the bridge superstructure, and its 

value reduces from 45 mm to 41 mm. The maximum lateral displacement of the bridge deck is reduced by about 71% by increasing the 

collision area length from 0.2 m to 1.2 m and at the impact area rises about 43.5% by changing collision speed from 48 km/hr to 144 

km/hr as collision force from 7753 kN to 13370 kN.
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1 Introduction
The railway tracks are exposed to an ever-increasing 
demand for axial load and operation speed. To fulfill such 
requests the railway infrastructures also must satisfy the 
new requirements. In this consideration, the constructed 
bridges play an important role such that any flaw in the 
performance of the railway bridges interrupts the perfor-
mance of the entire path. There are some studies that focus 
on the train–bridge interaction system and also its behav-
ior under collision loads to the bridge piers. However, 
up to now, only a few papers have been published on the 
vibration of the train–bridge system induced by an over-
height collision force to the bridge superstructure and its 
influence on the dynamic responses of the railway bridge 
system [1]. The dynamic behavior of a train-bridge inter-
action system is a complicated problem that involves 
vehicle (train) modelling and bridge system modelling 
issues [2, 3]. The dynamic response of the railway bridge-
train interaction has been studied extensively [4–7]. For 

example, Cheng et al. [8] has considered on a 2D system 
with a layered track to obtain the dynamic response of 
the railway bridge. Cantero et al.  [9] considered a finite 
element (FE) planar model that contains the behavior 
of the train, ballasted track, and bridge together. In this 
research, the train is represented as a combination of 
lumped masses, rigid bars, springs, and dashpots. Also, 
the track is modelled as a beam resting on periodically 
spaced sprung mass systems representing railway track 
components like pads, sleepers, ballast, and sub-bal-
last placed on a bridge. Kim et al. [10] created a detailed 
dynamic model of the train-bridge coupled system based 
on the modal superposition approach and investigated its 
dynamic features while the train is standing still or mov-
ing at low speeds. Ferreira and López-Pita  [11] concen-
trated on a numerical model created to accurately forecast 
train-track dynamic interaction response not only instan-
taneously but also in a long-term viewpoint.
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The occurrence of accidental collisions between over-
height vehicles and bridge superstructures in current years 
has commonly affected the safety of various bridge types 
and traffic systems in urban areas. For example, 61%  of 
interchange bridges have been damaged due to over-
height collision forces in the United States and such sys-
tems include about 14% of whole bridge damages [12]. The 
mechanism and reasons for an over-height vehicle-bridge 
collision are complicated due to intricate dynamic effects, 
variability in forces, and different types of bridge struc-
tural and geometry  [13]. The collision between an over-
height truck and a prestressed concrete box girder bridge 
was studied based on the finite element-based software 
by Kong et al. in 2020. In this article, the damage to the 
impacted girder and the collision force are analyzed. Then, 
sensitivity analysis was conducted to evaluate the effects 
of different parameters on peak force, average force, dura-
tion time, and impact impulse that later can be used in the 
study of the anti-collision design of the bridge [14].

The impact force of the vehicle using a real-vehicle col-
lision test concerning the vehicle impacting diagonally 
against a vertical rigid wall was calculated successfully 
by Beason et al. [15]. In this study, based on the maximum 
impact load obtained from the above experiments, the first 
edition of the AASHTO  [16] code was formed to specify 
the equal static force for the bridge pier design against vehi-
cle collision  [17]. Qiao  et  al.  [18] placing an I-Lam  panel 
made of a composite sandwich structure at the bottom or 
edge of concrete bridge girders offered a protective sys-
tem for bridge superstructures and confirmed the signifi-
cance of the maximum displacement and the extreme con-
tact force in the design of this protective mechanism through 
finite element simulation and predictive investigation. 
Demartino et al. [19] developed a new method to apply lat-
eral impact loads to reinforced concrete vertical components 
at the standard vehicular impact location. The experimental 
system involved two parts, the horizontal impact facility and 
the vertical drop hammer installation. The vehicle test was 
accelerated to move on the horizontal guide rails through 
the impact force of the drop hammer facility and the results 
of the piezoelectric sensor in front of the vehicle were calcu-
lated to investigate the time history of the impact load. 

Taghipour et al. [20] investigated the dynamic behavior 
of the railway bridge duo to the over-height vehicle colli-
sion subjected to the bridge superstructure. In this study, 
different types of collision forces were considered by using 
a finite element model of a concrete girder railway bridge 
and simulation was done. Then, the sensitivity analyses 

performed on the effect of the presence and absence of train 
axle load at the same time by applying collision load to the 
bridge superstructure in bridge girder lateral displacement, 
also on the result of changing the bridge span length and 
the value and velocity of the impacting object on the bridge 
dynamic responses. In the present research, the dynamic 
behavior of a railway bridge subjected to 3D Train Load 
and over-height collision force is investigated. In this study, 
first, a 3D GT26 train- bridge interaction model to study 
the effects of collision forces applied to the bridge super-
structure and not to the bridge piers due to the over-height 
vehicle is created using the finite element analysis. Then, 
the dynamic responses of the railway bridge system due to 
the GT26 train load and subjected to over-height collision 
forces will obtain. Finally, different sensitivity analyses 
such as changing the bridge span length, value of collision 
forces, and length of collision area will be performed in the 
contact area of over-height collision force and bridge girder. 
Fig. 1 shows the process of present research approach.

2 3D GT26 Train-Bridge model
In this section, first, the railway bridge model will be 
described then the details related to the GT 26 train model 
and also load conditions of the system will be prescribed. 
Finally, the 3D model of the railway bridge on which the 
GT 26 train is placed, including the impact of the collision 
force on the bridge superstructure, will present. The equa-
tions of motion for the train–bridge interaction system 
subjected to over-height collision force can be defined as:
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In Eq. (1), where m, c, and k are mass, damping, and 
stiffness matrices of the train-bridge interaction system, 
Z, Ż and Z̈  are displacement, velocity, and acceleration 
vectors, respectively; PTB, PBT and Pcollision are interaction 
forces between Train and bridge also over-height collision 
force and the subscripts T and B illustrate moving train 
and railway bridge, respectively.

2.1 Bridge model
The single-span bridge is modeled as the concrete deck on 
the longitudinal concrete girders in this research. Also, the 
finite element method is used in dynamic bridge analysis, 
and collision loads are in the form of force time history, 
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applied to bridge superstructure, especially concrete gird-
ers. The model assumed to investigate the effect of an 
over-height collision force on the bridge superstructure 
is created by ABAQUS simulation software. In the men-
tioned model, the bridge superstructure is a concrete deck 
bridge with dimension values considered for its length, 
width, and slab thickness of 31 m, 7 m, and 0.3 m follow-
ing AASHTO codes and leaflets related to railway bridge 
design. (AASHTO [16], Leaflets No. 301 [21], No. 139 [22], 
No. 139  [23]) In this paper, discrete rigid elements have 
been used instead of the bridge piers and abutments 
because a dead load of the bridge superstructure is so high 
that the limited weight of the passing train on the vertical 
deformations of the piers and abutments can be neglected. 
This is done to reduce the cost of the software analysis. 
The railway track model is a single-line ballasted track 

in this simulation. The specifications of the ballast mass 
have been selected by leaflet 301 (Technical and General 
Specification of the Ballasted Railway). The ballast is a 
hexahedral element, and each node has 6 degrees of free-
dom. The kind of sleeper used in the model is named B70, 
and the rail profile also has the mechanical and geometric 
specifications of the UIC 60 rail profile. In this simulation, 
rail takes place 5 cm above the sleepers due to the stiffness 
and damping of the rail pad and fastener such as spring 
and dashpot connections. Also, neoprene placed at a spac-
ing of 20  cm from the outer side of the concrete girder 
is at the connection point to the rigid plates. Regarding 
the boundary conditions applied to the bridge model, the 
transitional and rotational degrees of freedom of the gird-
ers and rigid plates in the bridge model and the transi-
tional degrees of freedom at both ends of the rails in the 

Fig. 1 The approach of the present research
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railway track model are fixed in vertical, horizontal and 
lateral directions. Table 1 shows the geometric character-
istics and types of materials for railway bridges [24]. Fig. 2 
shows the 3D view of concrete girder railway bridge.

2.2 GT26 train model
In this research, GT26 train specifications have been used 
for modeling a vehicle on the railway bridge and all trans-
lational and rotational degrees of freedom have been con-
sidered in the form of a car body with a two-axle bogie 

with 27 degrees of freedom. Also the car body, bogies, 
and wheel axles are modeled as a rigid body with rota-
tional inertia and were connected by springs and dashpots 
to each other. Regarding the boundary conditions applied 
to the GT26 train FE model, the transitional degrees of 
freedom of the train car body, bogie and wheel axle are 
fixed in a horizontal direction. Additionally, the rotational 
degrees of freedom on the wheel axles are restricted in 
both vertical and horizontal directions. Table 2 provides 
the geometric properties used in the finite element model 
of a GT26 train [20, 25–27]. Fig. 3(a) to 3(b) and Fig. 4(a) 
to 4(b) also represents the finite element simulation of 
GT26 train car body, bogie, wheel-axle and part of a wheel 
section by ABAQUS software respectively.

In this article, at the GT26 train for connecting the car 
body to the bogie at the secondary suspension system and 
for connecting the bogie to the wheel axles at the primary 

Table 1 Geometric characteristics and type of materials used in the 
finite element model of a railway bridge [20]

Parameter Value Unit

ER 200 GPa

LR 29.64 m

WRP 60 mm

HRP 180 mm

IRP 30 550 000 mm4

DR 7 850 kg/m3

ES 26 MPa

LS 2 600 mm

WS 220 mm

HS 230 mm

HB 75 cm

DB 1 400 kg/m3

ϑB 0.25 -

Kvrp 240 000 kN/m

Klf 24 000 kN/m

Cvrp 248 kN.s/m

Clf 248 kN.s/m

Kvn 4 826 430 kN/m

Kln 5 560 kN/m

Hn 171 mm

Fig. 2 The 3D view of concrete girder railway bridge [20] 
(Scale: 3 to 10000)

Table 2 Geometrical properties used in the finite element model of a 
GT26 Train [20, 25–27]

Parameter Value Unit

LC 15.06 m

WC 2.095 m

MC 59 ton

Icx 85 ton.m2

Icy 2 900 ton.m2

Icz 2 870 ton.m2

Lb 4.2 m

Wb 2.095 m

Hb 1.15 m

Mb 3 ton

Ibx 1.55 ton.m2

Iby 2.4 ton.m2

Ibz 2.6 ton.m2

Lws 1.795 m

Wws 0.1 m

Hws 0.4 m

Mws 1.8 ton

Iwx 2.1 ton.m2

Iwy 2.1 ton.m2

Iwz 0.043 ton.m2

Lwheel section 70 mm

Wwheel section 94.205 mm

Hwheel section 150 mm

Dwheel section 7 850 kg/m3
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suspension system springs and dashpots are considered in 
both vertical and horizontal directions. The wheel axles are 
also connected to the small section of the wheel on top of the 
rail due to the Hertzian spring to perform the simulation pro-
cess more precisely and accurately according to Eq. (2) [27]:
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In Eq. (2) KH is the equivalent stiffness of Hertzian 
spring, Q0 is contact force, Le is equivalent wheel radius, G 
is shear modulus, and ϑ is Poisson's ratio. Table 3. identifies 

the mechanical specifications for spring and dashpot values 
used in the FE simulation Process. Also, Fig. 5 expresses 
the side view and section view of the GT26 train, including 
springs and dashpots between different parts of the vehicle.

The loading pattern of collision force because of concrete 
conduit pipe as a impacting object applied to the railway 
bridge superstructure in the middle of the concrete girder 
and at the connection point of the girder web and bottom 
flange including the GT26 train load is a triangular dynamic 
load with a value of 8653  kN and time domain of 3ms 
according to the studies conducted by Oppong  et  al.  [28] 
and Taghipour et al. [20]. The mass of each part of the car 
body, bogie, and wheel axle is also applied to the system as 
a downward gravity force using the data in Table 2. Fig. 6 
shows the general form of the GT26 train load and lateral 
collision force on the superstructure of the railway bridge. 
Fig. 7 depicts the section view of the 3D GT 26 train-rail-
way bridge including spring and dashpots between different 
components of the system.

Fig. 3 The FE simulation of train GT26 car body and Bogie (Scales: a) 6 
to 10000, b) 2 to 10000)

Fig. 4 The GT26 train wheel-axle and part of a wheel section model 
(Scales: a) 5 to 1000, b) 1 to 100) Table 3 Mechanical specifications used in the finite element model of a 

GT26 train [20, 25–27]

Parameter Value Unit

Kvps 970 kN/m

Klps 2 350 kN/m

Cvps 25 kN.s/m

Clps 62 kN.s/m

Kvss 810 kN/m

Klss 105 kN/m

Cvss 45 kN.s/m

Clss 40 kN.s/m

KH 1.4 × 109 N/m

Fig. 5 The side view and section view of GT26 train including spring and dashpots between different parts of the vehicle (Scale: 6 to 10000)
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Fig. 8(a) shows a 3D GT26 train-railway bridge finite ele-
ment model, and Fig. 8(b) also describes its mesh model. 
Among various mesh sizes such as 0.3, 0.25, 0.2, 0.15 for dif-
ferent elements of the railway bridge and GT26 train due to 

the lack of change in dynamic responses of the whole system, 
such as lateral displacement and acceleration at the bottom of 
the concrete girder to change the mesh size from 0.2 to 0.15 
and from 0.15 to 0.1, the mesh size 0.2 had preferred.

2.3 Model validation
The results of experimental tests and numerical simu-
lations according to the studies of Taghipour  et  al.  [20], 
Oppong et al. [28], Saini and Shafei [29–32] for investigat-
ing the effect of over-height collision force on the bridge 
superstructure have been used for the model validation 
in this research. A repetition of the validation cases con-
ducted in the mentioned studies has been avoided since 
the same validated models have been used in the current 
investigation. Further information is the output of dynamic 
responses in this article had a good correlation in compari-
son with the dynamic responses of the railway bridge-train 
system in Taghipour et al.'s research in 2023 for the same 
collision load applied to the railway bridge. Also, the dif-
ference as a result of the investigations carried out in the 
validation process of the model with the results of the field 
experiments and numerical simulations of Oppong  et  al. 
study in 2021 for two different collision loads of 8700 kN 
and 11500 kN is less than 0.5% and 4%, respectively.

3 Dynamic responses of the railway bridge system due 
to the GT26 train load and subjected to over-height 
collision force
In this study, the dynamic responses of the different com-
ponents of the railway bridge, such as the concrete girder 
and the rail subjected to the over-height collision force and 
the GT 26 train load, are investigated. The results be shown 
in Fig. 9(a) to 9(b) are related to the rail lateral acceleration 
and bridge concrete girder lateral displacement in the mid-
dle of the railway bridge span respectively. The values of 
over-height collision force due to the concrete conduit pipe 
as an impacting object to the bridge superstructure and col-
lision duration time are 8653 kN and T = 3 ms respectively 
based on the authors last research that cited here [20].

Fig.  9(a) shows the time history of rail acceleration 
during the collision period for the 8653  kN over-height 
collision force, including GT26 train load. Fig. 9(b) also 
shows the lateral displacement of a concrete girder for the 
8653 kN collision load and the GT26 train load. The maxi-
mum lateral displacement values of the bottom of the con-
crete girder for the collision load of 8653  kN including 
GT26 train load is 0.04 m and the maximum lateral accel-
eration of top of the rail in the middle of the railway bridge 
span according to the Fig. 8(a) is 0.9 m/s2.

Fig. 6 General form of the 3D GT 26 train-railway bridge loading 
model (Scale: 3 to 10000)

Fig. 7 The section view of the 3D GT 26 train-railway bridge including 
spring and dashpots between different components of the system

Fig. 8 The 3D GT26 train-railway bridge finite element and mesh 
model (Scale: 3 to 10000)
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4 Sensitivity analyses on different parameters 
In this section, sensitivity analyses have been conducted 
on various parameters in the finite element model. The 
lateral displacement difference for the bridge girder 
including the GT26 train load and just the freight train 
axle load (25 tons) for the same over-height collision force 
in both cases is presented in Fig. 10.

As can be noticed from the graphs in Fig. 10, the lat-
eral displacement values of the bridge girder bottom in 
the case of considering the GT26 train plus over-height 
collision force are more in comparison with a case of just 
applying freight train axle load plus the same over-height 
collision force in the first case. This gap of lateral dis-
placement values for the concrete girder in the middle of 
the bridge span in the time range of 0.5  ms to1.5  ms is 

more evident due to the Fig. 10 diagrams. Fig. 11 displays 
the bridge deck lateral displacement subjected to the GT26 
train load and over-height collision force in the middle of 
the railway bridge span for different collision area lengths.

Fig. 9 The dynamic responses of the concrete girder and rail subjected to the GT26 train load and over-height collision force in the middle of the 
railway bridge span

Fig. 11. a) The bridge deck lateral displacement and b) bridge deck peak 
lateral displacement subjected to the GT26 train load and over-height 
collision force in the middle of the railway bridge span for different 

collision area lengths.

Fig. 10 The bridge girder lateral displacement difference subjected to the 
GT26 train load plus over-height collision force and just train axle-load 
plus over-height collision force in the middle of the railway bridge span.
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It can be seen from Fig. 11(a) that the bridge deck lateral 
displacement values due to the GT26 train load and over-
height collision force at the middle of the bridge span by 
increasing the collision area length and by moving away 
from the impact point as a result of the distribution of the 
primary collision force along the collision area length to 
the smaller values decrease. Also, Fig.  11(b) exhibits the 
graph of the maximum lateral displacement changes of the 
bridge deck for the different collision area lengths, such 
as 0.2, 0.4, 0.8, and 1.2 meters. The peak lateral displace-
ment values for the collision area lengths 0.2 and 1.2 are 
3.9  mm and 0.8  mm respectively. The results show that 
by increasing the length of the collision area from 0.2 to 
1.2 m, the maximum lateral displacement was reduced by 
approximately 71%. Fig. 12(a) considers the effects of dif-
ferent bridge span lengths on the lateral displacement val-
ues of the railway bridge deck. Also, Fig. 12(b) exhibits the 
graph of the maximum lateral displacement changes of the 
bridge deck for the different bridge span lengths, like 25, 31 
and 35 meters. In Fig. 12, the value of collision force and 
the GT26 train mechanical and geometrical specifications, 

also mechanical properties of the railway bridge construc-
tion materials like concrete modulus of elasticity, density, 
Poisson's ratio and ets., are assumed fixed.

It can be seen from Figs. 12(a) and 12(b) that lateral dis-
placements of the bridge deck in the middle of the railway 
bridge by increasing the bridge span length and weight 
decrease because by enhancing the inertial resistance of the 
bridge and moving away from the impact area due to the 
effects of geometric damping of the bridge, the intensity of 
these responses gradually reduce. The maximum lateral dis-
placement values for the bridge span lengths 25 m and 31 m 
are 4.45  mm and 3.22  mm respectively. The results show 
that by increasing the bridge span length from 25 to 35 m, 
the maximum lateral displacement was reduced by approx-
imately 27%. Fig.  13 and Fig.  14 also shows the effect of 
different types of collision load due to the different collision 

Fig. 12 a) The bridge deck lateral displacement and b) bridge deck peak 
lateral displacement subjected to the GT26 train load and over-height 
collision force in the middle of the railway bridge span for different 

bridge span lengths.

Fig. 13 The bridge deck lateral displacement subjected to the 
GT26 train load and over-height collision force in the middle of the 
railway bridge span for different collision loads due to the various 

collision speeds [20, 25, 26, 28].

Fig. 14 The bridge girder lateral displacement in the middle of the 
railway bridge span for different collision loads due to the various 

collision speeds [20, 25, 26, 28].
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speeds on the lateral displacement of the bridge deck and con-
crete girder in the middle of the railway bridge span respec-
tively. The collision loads and related speeds took from the 
article by Oppong et al. [28] and Taghipour et al. [20, 25, 26] 
and calculated according to the Eq. (3):
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In Eq. (3), there is an exponential relationship between 
collision loads and speeds. Also, geometrical characteris-
tics of the impacting object like the diameter (S: mm) and 
thickness of the impacting object (q: mm) and the contact 
area of the over-height vehicle collision (R: m2) affected 
the collision speeds and loads [20–26].

In Fig.  13, by changing collision speed from 48 km/hr 
to 144  km/h, the collision load increases from 7753  kN 
to 13370  kN. As a result, the maximum lateral displace-
ment in the impact area for the bridge deck enhances 
by about 43.48%. Also, the main change in the maximum lat-
eral displacement occurs for the bridge deck in exchange for 
the collision force from 11500 kN to 13370 kN. In this case, 
the maximum lateral displacement increases by 13.98% and 
changes from 5.26 mm to 6.12 mm in the impact area. Fig. 14 
shows the bridge girder lateral displacement subjected to the 
GT26 train load and over-height collision force in the mid-
dle of the railway bridge span for different collision loads 
due to the various collision speeds. Also, Fig.  15 depicts 
the correlation between maximum bridge girder lateral dis-
placement and various collision speeds at the bottom of the 
concrete girder. According to Figs. 14 and 15 by changing 
collision speed from 48  km/h to 144 km/h, the collision 
load increases from 7753 kN to 13370 kN. As a result, the 

maximum lateral displacement in the impact area at the bot-
tom of the bridge girder increases by about 43.5%. Also, the 
main change in the maximum lateral displacement occurs at 
the bottom of the concrete girder in exchange for the impact 
load from 11500 kN to 13370 kN. In this case, the maximum 
lateral displacement increases by 14% and changes from 
0.05 m to 0.068 m in the impact area.

Fig. 16 displays the maximum lateral displacement val-
ues of the bridge deck subjected to the GT26 train load 
and over-height collision forces in the middle of the rail-
way bridge for different span lengths. It can be seen that 
the maximum change for the lateral displacement values 
occurs for the span length of 25 m in the railway bridge for 
different collision loads. The slope of the lateral displace-
ment diagram of the bridge deck for the 25 meter bridge 
span length for different collision speeds is 8.1% and 24.5% 
more than the 31 and 35 meter span lengths, respectively.

5 Results and discussion
The dynamic responses of the railway bridge including the 
GT26 train load for various over-height collision forces 
with different velocities for different bridge span lengths 
and also the effect of changing the collision area length 
at the connection point of the girder web to the bottom 
flange are discussed in this article. In the previous stud-
ies in collision areas, the effects of a collision load applied 
to the bridge piers were usually discussed but here in this 
work, the effects of over-height collision loads subjected 
to the bridge superstructure including 3D FE modeling of 
the GT26 train is considered a novelty of this research. 
The results show that the longer the collision area length, 

Fig. 15 The bridge girder lateral displacement subjected to the GT26 train 
load and over-height collision force in the middle of the railway bridge 
span for different collision loads due to the various collision speeds.

Fig. 16 The bridge girder lateral displacement subjected to the GT26 train 
load and over-height collision force in the middle of the railway bridge 
span for different collision loads due to the various bridge span lengths.
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the smaller the lateral displacements of the bridge deck in 
the middle of the railway bridge span. Additionally, with 
the larger collision forces, the lateral displacement at the 
bridge girder and bridge deck increases, and longer bridge 
span lengths because of increasing in inertial resistance 
of the bridge lead to smaller lateral displacement values at 
bottom of the concrete girder and bridge deck. Some of the 
main results are summarized as follows:

•	 The maximum lateral acceleration of the rail sub-
jected to the over-height collision force including the 
GT26 train load at the middle of the railway bridge 
span is 0.9 m/s2 and the minimum value is 0.05 m/s2.

•	 The maximum lateral displacement of the concrete 
girder in case of assuming the GT26 train 3D model 
plus over-height collision force is 8.88% less than 
the case in which considering only freight train axle-
load and same over-height collision force apply to 
the bridge superstructure, and its value reduces from 
45 mm to 41 mm at the collision area.

•	 The maximum lateral displacement of the bridge 
deck is reduced by about 71% by increasing the colli-
sion area length from 0.2 m to 1.2 m and reducing the 
over-height collision force from 4350 kN to 1243 kN 
at each point in collision area.

•	 The results show that minimum change in the maxi-
mum lateral displacement of the bridge deck occurs 
by adjusting the collision area length from 0.2  to 
0.4 m by 14.8%.

•	 The maximum lateral displacement of the bridge 
deck is reduced by about 27.6% by increasing the 
bridge span length from 25 to 35 m. 

•	 The results show that minimum change in the maxi-
mum lateral displacement of the bridge deck occurs 
by adjusting the span length from 31 to 35 meters 
by 19.13%.

•	 The maximum lateral displacement at the impact 
area at the bottom of the bridge girder due to over-
height collision force including the GT26 train 
3D model in the railway bridge rises about 43.5% by 
changing collision speed from 48 km/h to 144 km/h 
as collision force from 7753 kN to 13370 kN.

•	 The main change in the maximum lateral displace-
ment happens when the collision load rises from 
11500 kN to 13370 kN by 14% also in that case, 
lateral displacement increases from 0.0583 m to 
0.0678m according to sensitivity analysis conducted 
at the bottom of the concrete girder.

•	 The maximum lateral displacement of the bridge 
deck at the impact area due to over-height collision 
force including the GT26 train 3D model in the rail-
way bridge rises about 43.48% by changing collision 
speed from 48 km/h to 144 km/h as collision force 
increases from 7753 kN to 13370 kN.

•	 The main change in the maximum lateral displace-
ment happens when the collision load rises from 
11500 kN to 13370 kN by 14% also in that case, lat-
eral displacement increases from 5.2 mm to 6.12 mm 
according to sensitivity analysis performed at the 
middle of railway bridge span for the bridge deck.

•	 The maximum lateral displacement of the bottom of 
the bridge concrete girder compared to the bridge 
deck due to over-height collision force, including 
the GT26 train 3D model at the middle of the bridge 
span, is rarely more by about 0.03%.

•	 The difference between the maximum lateral dis-
placements of the bridge deck for minimum and 
maximum over-height collision forces due to the var-
ious impacting speeds for the 25 meter bridge span 
length is 2.8 mm.

•	 The difference between the maximum lateral dis-
placements of the bridge deck for minimum and 
maximum over-height collision forces due to the var-
ious impacting speeds for the 31 meter and 35 meter 
bridge span lengths are 2.6 mm and 2.1 mm.

•	 The slope of the lateral displacement diagram of the 
bridge deck for the 25 meter bridge span length for 
different collision speeds is 8.1% and 24.5% more 
than the 31 and 35 meter span lengths, respectively.

Nomenclature
mTT	 Train mass matrix [kg]
mBB	 Bridge mass matrix [kg]
CTT	 Train damping matrix [kN s/m]
CTB	 Train-Bridge interaction damping 
matrix [kN s/m]
CBT	 Bridge-Train interaction damping matrix 
[kN s/m]
CBB	 Bridge damping matrix [kN s/m]
KTT	 Train stiffness matrix [kN/m]
KBT	 Train-Bridge interaction stiffness matrix [kN/m]
KBT	 Bridge-Train interaction stiffness matrix [kN/m]
KBB	 Bridge stiffness matrix [kN/m]
PTB	 Train-Bridge interaction contact force [kN]
PBT	 Bridge-Train interaction contact force [kN]
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Pcollision	 Over-Height collision force [kN]
Q0	 Wheel-Rail contact force [kN]
KH	 Equivalent stiffness of Hertzian spring [N/m]
G	 Wheel shear modulus of elasticity [N/m2]
le	 Equivalent wheel radius [m]
ϑ	 Rail Poisson's ratio [-]
LC	 Car body length [m]
WC	 Car body width [m]
MC	 Car body mass [kg]
Icx	 Car body moment of inertia [ton.m2]
Icy	 Car body moment of inertia [ton.m2]
Icz	 Car body moment of inertia [ton.m2]
Ibx	 Bogie moment of inertia [ton.m2]
Iby	 Bogie moment of inertia [ton.m2]
Ibz	 Bogie moment of inertia [ton.m2]
Iwx	 Wheel-set moment of inertia [ton.m2]
Iwy	 Wheel-set moment of inertia [ton.m2]
Iwz	 Wheel-set moment of inertia [ton.m2]
Lb	 Bogie length [m]
Wb	 Bogie width [m]
Hb	 Bogie Height [m]
Mb	 Bogie mass [kg]
Lws	 Wheel-set length [m]
Wws	 Wheel-set width [m]
Hws	 Wheel-set height [m]
Mws	 Wheel-set mass [kg]
Lwheel section	 Section of a wheel length [m]
Wwheel section	 Section of a wheel width [m]
Hwheel section	 Section of a wheel height [m]
Dwheel section	 Section of a wheel density [m]
ER	 Rail modulus of elasticity [GPa]
LR	 Rail length [m]
WRP	 Rail profile width [mm]
HRP	 Rail profile height [mm]
IRP	 Rail profile moment of inertia [mm4]
DR	 Rail density [kg/m3]

ES	 Concrete sleeper modulus of elasticity [MPa]
LS	 Sleeper length [mm]
WS	 Sleeper width [mm]
HS	 Sleeper height [mm]
HB	 Ballast mass height [cm]
DB	 Ballast density [kg/m3]
ϑB	 Poisson's ratio of ballast material [-]
Kvrp	 Rail pad vertical stiffness [kN/m]
Klf	 Fastener lateral stiffness [kN/m]
Cvrp	 Rail pad vertical damping [kN s/m]
Clf	 Fastener lateral damping [kN s/m]
Kvn	 Neoprene vertical stiffness [kN/m]
Kln	 Neoprene lateral stiffness [kN/m]
Hn	 Neoprene height [mm]
Clps	 Primary system lateral damping [kN s/m]
Kvss	 Secondary system vertical stiffness [kN/m]
Klss	 Secondary system lateral stiffness [kN/m]
Cvss	 Secondary system vertical damping [kN s/m]  
Clss	 Secondary system lateral damping [kN s/m]
Kvps	 Primary system vertical stiffness [kN/m]
Klps	 Primary system lateral stiffness [kN/m]
Cvps	 Primary system vertical damping [kN s/m]
S	 Diameter of the impacting object [mm]
q	 Thickness of the impacting object [mm]
R	 Contact area of the over-height vehicle 
collision [m2]
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