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Abstract

Currently most railway bridges in Australia require the replacement of the timber
transoms that reside in the railway system. Composite steel and precast reinforced
concrete transoms have been proposed as the replacement for the current timber
counterparts. This paper outlines the structural benefits of composite steel-concrete
transoms for ballastless tracks when retrofitted to existing railway steel bridges. However,
in existing studies, it is found that there is little investigation into the effect of derailment
loading on reinforced concrete transoms. Therefore, this paper provides an investigation
of derailment impact loading on precast reinforced concrete transoms. The paper herein
investigates the derailment impact loading of a train through experimental testing and
numerical analysis of conventional reinforced concrete transoms. The paper also
evaluates the potential use of 3 different shear connectors; welded shear studs, Lindapter
bolts and Ajax bolts. The results of the experimental tests and finite element models are
used to determine whether each transom is a viable option for the replacement of the
current timber transoms on the existing bridges in Australia and whether they provide a

stronger and longer lasting solution to the current transom problem.

Keywords: Railway bridges,; composite steel- concrete; retrofitting.

1. Introduction

Transoms are one of the most important
components of a railway system. They are
designed as load carrying elements of a railway
bridge which span under the roadway and
transfer the railway loads to the trusses and
beams. Current timber transoms are the most
commonly used however they are susceptible to
biological and chemical degradation. This
reduces their service life and requires frequent
maintenance and replacement. In order to fulfill
the current promotion of more sustainable
material, alternative materials such as
composite steel-concrete panels are starting to
be implemented more. The reason being that
composite steel-concrete provide a material
which utilises the best attributes of each
individual element providing higher strength,
long service life and flexibility in design.

Existing research predominantly investigates
the static and dynamic loading on railway
bridge structures but are limited to derailment
loading onto bridge structure itself and does not

consider derailment impact loading scenarios
for the transoms. A case study conducted by
Darwish [1] conducted a site investigation of a
railway bridge in Baghdad. This research
applied actual static live loading and dynamic
loads to the bridge by passing a heavy
locomotive over it at different speeds and
stopping it in selective spots to understand how
the structure reacts and deflects to different
loading scenarios. Similar studies conducted by
Griffin et al. [2,3] showed static tests on
composite slabs, however, the studies did not
investigate the derailment impact loading due to
the locomotive.

To create a more consistent railway track in
terms of quality and comfort for the passengers,
and to provide the long-term functionality
required, an alternative material must be found.
In the modern era, railway locomotive speeds
have been increasing as detailed by Gonzalez-
Nicieza et al. [4] where it is stated that
improvements in transom design are mainly
focused upon increasing the durability of the
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sleeper around the loading produced by higher
speeds of the locomotive. Hence, the purpose of
this paper is to fill the knowledge gap of
ballastless tracks under derailment loading
scenarios in the plastic region. This paper also
aims to determine the failure modes and
strength of conventionally reinforced composite
steel-concrete transoms in order to provide a
guide for engineers to use in designing railway
bridges.

2. Experimental Studies

Three conventionally reinforced specimens
of 2100 mm length were tested. The cross-
sectional area of the transoms is 600 mm wide x
180 mm thick. The reinforcement consists of
N10 stirrups at 90 mm spacing, 2 N12 and 4
N28 reinforcing bars. Figures 1 and 2 show the
cross section and longitudinal section detailing
of the specimens respectively. The types of
connectors in the beams include 19 mm welded
shear studs, 20 mm Ajax bolts and 29 mm
Lindapter bolts as displayed respectively from
left to right in Figure 3.

Figure 4 shows the location of the frame
resisting the impact load and the location of the
impact load on a longitudinal section view. The
transom is set up underneath the impact loading
machine, lined up with the drop hammer and
bolted into place using a frame shown in Figure
4.

4N28

i 2N12
reinforcing bars N10 stf‘“‘l)s 2NI12

y reinforeing bars

‘ \ / 35mm

N ”
180mm ——38.2mm

/ Worom V] VT m

Fig. 1. Cross section dimensions

N10 stirrups @
90 mm spacing

4 N28 reinforcing bars
2030 mm long

2 N12 reinforcing bars

4 strain gauges
\ 2030 mm long

Fig. 2. Longitudinal section dimensions
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Fig. 3. Shear studs utilised

Impact Load

Fig. 4. Frame and impact loading locations
3. Finite Element Model

3.1. Material Properties

Through experimental analysis on the
concrete presented in this research, Table 1
outlines the basic material properties.

Table 1. Elastic behaviour of concrete

Property Value
Compressive strength, f°. 57 MPa
Young’s Modulus, E. 34652 MPa
Poisson’s ratio, v 0.2
Strain concrete, & 0.003
Density, p 2400 kg/m?

Regarding the plastic behaviour of the
concrete, there 1s limited research that
investigates the type of procedure that should
be adopted for explicit analysis of finite
element modelling. However, two common
techniques are the Drucker-Prager yield
criterion and the Cap Plasticity model. Both
techniques are applicable for use in the FEM
software Abaqus where variables regarding the
internal angle of friction, cohesion of the
concrete and hardening of the cap are to be
defined. The two methods are similar in nature
being pressure-dependent and both incorporate
the hardening of the material under high strain
rates. Due to this high strain rate, the cap
plasticity model will be incorporated into the
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modelling of the concrete. The use of this
material modelling procedure is used in an
investigation conducted by Remennikov and
Tahmeasebinia [5] where a similar loading
scenario is used to produce the failure
behaviour within a concrete slab. The properties
are defined accordingly as presented in Table 2.

Table 2. Cap plasticity concrete material

Cohesion Internal Cap Initial cap  Ratio
(MPa) angle of eccentricity yield of
friction parameter surface flow
B (R) position stress
(9]
4.70567 51° 0.65 1.1x10?3 1

The initial material properties for the steel
elements within the Abaqus model are
presented in Table 3 where the ratios for
determining ultimate stress (g,), plastic strain
(&ps), and ultimate strain (&,5) are summarised
by Griffin [6]. The elastic modulus, £ for all
steel was takn as 200 GPa. There is low yield
capacity in the support beam with a yield
strength of 300 MPa as displayed in Table 3.
This is because the steel beam that is currently
used on the Sydney Harbour Bridge was
designed in the 1930s. Therefore, the same
capacity must also be used in this analysis to
accurately simulate the behaviour of the
transom.

Table 3. Steel material properties

Element Yield Gus &Eps Eus
Stress (MPa)
(MPa)
Support
ngm 300 128 s 10&s 30 &
Stiffener 300 1.28 ays 10 &y 30 s
Reinforcin
Steel & 500 128055 9&s  40&s
Prestressing
Steel 500 1.28 oys 9 &s 40 &ys
Bondek 11 550 N/A 20 &ys N/A
Shear Studs 420 N/A 25 &ys N/A

For explicit analysis, the density of each
material is also required to be defined so the
finite element software can accurately calculate
the propagation of the stress wave through the
structure. The density of all steel elements was
taken as 7850 kg/m’.

3.2. Element type, mesh and contact
interactions

The elements used for the nodes in this
investigation are the C3D8R element. As stated
by Mirza [7], this is derived from the five
aspects of their behaviour; the family, degrees
of freedom, number of nodes, formulation and
integration. The C3D8R element is used for all
parts except for the conventional reinforcement
where the truss element, T3D2 is used.

Meshing is a crucial aspect of the finite
element model. Due to the nature of the
loading, the model is run under explicit
analysis. Hence, the simulation time is directly
proportionate to the smallest element length
within the model. The increment size is
calculated based upon the length of time taken
for a wave propagating at the speed of sound to
travel across the smallest length. Therefore, to
reduce computation times, mesh sizing was
kept large.

The importance of contact interaction is
greatly increased when the composite structure
is considered since the load-bearing capacity of
the structure is dependent upon the interaction
between one or more elements. Again, to
reduce simulation times, tie constraints were
used for all surfaces except for the contact
between the impactor and the concrete.

3.2. Loading conditions

To compare the results obtained in this
numerical analysis with the experimental
analysis conducted, the target height above the
transom was required to be 2 metres. Initially
the impactor was displaced to the 2 metre target
height and relied upon the gravity loading as
defined previously to produce the velocity
required for the impact. However, this caused
an unnecessary and significant increase in
simulation times. Therefore, the impactor was
placed 200 mm above the surface of the
transom and subjected to the velocity produced
from a 2 metre drop using a predefined field,
calculated to be 6.264 m/s.

4. Results and Discussion

4.1. Conventionally reinforced transom with
AJAX bolts (CRA)

To analyse the behaviour of the concrete,
there are three main points during the impact
that should be outlined and discussed. These are
represented by Points A, B and C in Figure 5
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where the peak deflection during loading, initial
permanent deformation after the initial contact
and the final permanent deformation is
highlighted by these points respectively. Point
A displays the displacement of the impact zone
for the corresponding the maximum peak load
the panel can withstand and is estimated to be
28 mm. Comparatively, the peak displacement
produced by the experimental data is 42 mm,
corresponding to a difference of 14 mm.
However, since this displacement is large when
compared to the remaining data for the finite
element model and occurs for a small amount of
time, this result can be considered negligible.

45.00

40.00

35.00 FE Data

30.00 Point A

Experimental Data
25.00

20.00 Point C

Displacement (mmy)

030 0.40 0.50 0.60 0.70 0.80 0.50 100

Time (s)

Fig. 5. Deflection behavior for CRA

After the first contact, the impactor is
separated from the concrete and the transom
shows signs of permanent deformation as the
concrete returns to a displacement of 14 mm
outlined by Point B. This corresponds to a
displacement of 17 mm for the experimental
data at the same point in loading and a
discrepancy of 3 mm, corresponding to a 21%
discrepancy due to the large vibration
experienced by the beam after the initial impact.
The permanent deformation at Point C in the
simulation is shown to be 15 mm. The
experimental data displays a similar permanent
deformation of 16 mm, corresponding to a
discrepancy of 1 mm and 7% increase in
deflection.

Figures 6 and 7 display the cracking on the
top of the experimental specimen and FE model
respectively through means of stress contour
plotting. Regions (1) and (2) outline the
cracking through the connection that occurs in
both the specimen and model where the stress
has reached 10 MPa. The region highlighted
here is also subjected to large amounts of
bending and hence, excessive cracking that

2018, Universitat Politécnica de Valéncia

636

occured. Region (3) displays the stress
occurring around the impact zone. Similarly
with the previous regions, excessive cracking
propagates from this area due to the large strain
produced on the surface of the concrete during
the impact loading.

Fig. 6. Cracking behavior for Experimental CRA
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Fig. 7. Stress distribution for CRA

4.2. Conventionally reinforced transom with
welded shear studs (CRW)

Point A in Figure 8 is 31 mm as a result
from the first contact between the impactor and
the concrete. The peak displacement produced
is 47 mm. Following the initial impact, the
concrete returns to a displacement of 19 mm
shown in Point B. This corresponds to a
displacement of 16 mm for the experimental
data at the same point in loading and a
discrepancy of 3 mm, corresponding to an 18%
discrepancy between the two sets of data. The
final permanent deformation at Point C in the
simulation is shown to be 18 mm. The
experimental data displays a similar permanent
deformation of approximately 14 mm when
averaged, corresponding to a discrepancy of 4
mm and 24% decrease in deflection. During
experimental testing, the specimen was first
subjected to an impact loading at a 1 metre
height since it was the first specimen to be
tested and was treated as a trial. However, the
specimen was damaged prior to the 2 metre
impact test and this significantly influences the
response of the concrete to the next impact,
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hence, large discrepancies between the results
for numerical and experimental analysis are
produced.
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Fig. 8. Deflection behavior for CRW

Region (1) in Figures 9 and 10 outline the
cracking through the connection that occurs in
both the specimen and model where the stress
has reached 10 MPa. The region highlighted
here is also subjected to large amounts of
bending and hence, excessive cracking occurs.
Region (2) displays the stress occurring around
the impact zone. Similarly, with the previous
regions, excessive cracking propagates from
this area due to the large strain produced on the
surface of the concrete during the impact
loading.

Fig. 9. Cracking behavior for Experimental CRW
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Fig. 10. Stress distribution for CRW

4.3. Conventionally reinforced transom with
Lindapter bolts (CRL)

Point A in Figure 11 is 29 mm as a result
from the first contact between the impactor and
the concrete. Comparatively, the peak
displacement produced by the experimental
data is 37 mm, corresponding to a difference of
8 mm. After the first contact, the transom
shows signs of permanent deformation as the
concrete returns to a displacement of 10 mm
outlined by Point B. This corresponds to a
displacement of 13 mm for the experimental
data at the same point in loading and a
discrepancy of 4 mm, corresponding to a 42%
discrepancy between the two sets of data. The
final permanent deformation at Point C in the
simulation is shown to be 12 mm. The
experimental data displays a similar permanent
deformation of approximately 11 mm when
averaged, corresponding to a discrepancy of 1
mm and 5% decrease in deflection.
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Fig. 11. Deflection behavior for CRL

Region (1) in Figures 12 and 13 outline the
cracking through the connection that occurs in
both the specimen and model where the stress
has reached 10 MPa. The region highlighted
here is also subjected to large amounts of
bending and hence, excessive cracking occured.
Due to the stiffness added by the shear studs,
bending also happens in the area outlined by
Region (2) and cracking occurs in both the
numerical and experimental results. Lastly,
Region (3) displays the stress occurring around
the impact zone. Similarly, with the previous
regions, excessive crackig propagates from this
area due to the large strain produced on the
surface of the concrete during the impact
loading.
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Fig. 13. Stress distribution for CRL

5. Conclusions

Three transoms were experimentally tested
and modelled to determine the detailed failure
behaviour of the transom and the feasibility in
replacing the current timber transoms that
reside on the existing steel railway bridge
network. The transoms were varied using three
different types of shear connectors: AJAX
bolts, welded headed shear studs and Lindapter
bolts to analyse the change in strength given by
these shear connectors. The following
conclusions were obtained from the research
presented herein:

e No signs of significant failure within the
concrete transom or existing steel structure
were observed for either the experimental or
numerical analysis. Initial and severe
cracking was produced particularly around
the connection due to the bending moment
produced upon impact. However, the
capacities of the reinforced concrete
transoms exceeded the intended design load
and has resulted in an overly conservative
design.

e The type of shear connector was observed to
have a significant effect within the
conventionally reinforced transoms. Similar
trends in deformation were displayed in all
connectors. However, the Lindapter bolt
influenced the most in strength capacities
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within the concrete due to the extra surface
area bonding to the concrete and larger
diameter, providing more stiffness to the
concrete.

e Discrepancies between the numerical and
experimental were minimal, promoting the
validity and future use of these finite
element models for parametric studies and
investigations into further detail of the
failure behaviour.
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