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Finite Element Analysis of Concrete Railway Sleeper Damaged by
Freezing Force of Water Penetrated into the Inserts

2yl RS ATR? - FE

Do Young Moon - Goangseup Zi - Jin Gyun Kim - Seung Yup Jang

Abstract Finite element analysis was undertaken to investigate the effect of freezing force of water unexpectedly pene-
trated into inserts used in railway sleeper on pullout capacity of anchor bolts for fixing base-plate onto concrete sleeper.
Based on the in-situ investigation and measurement of geometry of railway sleeper and rail-fastener, the railway sleeper was
modeled by 3D solid elements. Nonlinear and fracture properties for the finite element model were assumed according to
CEB-FIP 1990 model code. And the pullout maximum load of anchor bolt obtained from the model developed was com-
pared with experimental pullout maximum load presented by KRRI for verification of the model. Using this model, the
effect of position of anchor bolt, amount of fastening force applied to the anchor bolt, and compressive strength of concrete
on pull-out capacity of anchor bolts installed in railway sleeper was investigated. As a result, it is found that concrete rail-
way sleepers could be damaged by the pressure due to freezing of water penetrated into inserts. And the pullout capacity of
anchor bolt close to center of railway is slightly greater than that of the others.

Keywords : Concrete railway sleeper, Freezing force, Finite element analysis
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Table 1 Material properties

. Elastic modulus . . Tensile strength Compressive strength
Materials Poisson’s ratio Fracture energy
(GPa) (MPa) (MPa)
31.3 4.10 50 0.0926
32.5 4.41 56 0.1002
Concrete 0.18
33.6 4.72 62 0.1076
34.7 5.02 68 0.1148
Steel 200.0 0.30 - -
Rubber 1.0 0.30 - -
Plastic 1.0 0.30 - -
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Fig. 5 Nonlinear material property for concrete element
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Table 2 Summary of variables for finite element analysis

Fastening Compressive .
. Freezing
force applied|  strength of osition
1
to bolt(kN) | concrete(MPa) P
at internal anchor
The effect of bolt
anchor bolt 65 at outer anchor
position bolt
simultaneously

33 68

49
The effect of 5
fastening force

98

130 simultaneously
The effect of >0
compressive 65 56
strength of 62
concrete 63
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Table 3 Freezing force results according to fastening forces
applied to anchor bolts

Fastening force applied to Freezing forces
anchor bolt
kN % kN %
33kN 50 101.0kN 106
49kN 75 97.3kN 102
65kN 100 95.0kN 100
98kN 150 89.0kN 94
130kN 200 81.0kN 86
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