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In fact, impact forces due to wheel-rail interactions
may subject the sleepers to dynamic loads that are
much higher than the code-specified design forces.
Large dynamic impact forces may initiate cracking
in the PC sleepers; indeed, the experiment at the
University of Wollongong (UoW) described below
has proved that shear failure can also occur at or
near the flexural limit. However, PC sleeper flexural
failures have seldom been observed in railway tracks,
showing the conservative nature of the current design
process. To develop an ultimate limit states design
approach, a study of the response of PC sleepers to
high-magnitude short-duration loading is required.
Crack control in sleepers (by Wakui and Okuda [14])
could also be included in the limit states design
approach.

3 PROBABILISTIC DYNAMIC LOADS ON
TRACKS

A maximum allowed impact force of 230 kN to be
applied to the rail head by passing train wheels is
commonly accepted through the Defined Interstate
Network Code of Practice (Volume 5, Part 2, Section 8,
2002) [15]. Such impact loads may be caused by a
variety of effects, including flats worn on the wheel
tread, out-of-round wheels, defects in the wheel tread
or in the rail head, or a derailment. The most severe

impact forces are most likely from wheel flats [8],
because such flats strike the rail head every revolution
of the wheel, and severe flats have the potential to
cause damage to track over many kilometres before
detection. Despite the Code of Practice requirement,
there are little published data showing the actual
range and peak values of impact in the normal oper-
ation of trains, and certainly none were found for the
defined interstate network. The value of 230 kN is
therefore a desired upper limit rather than a measure
of real maximum forces encountered on track.

A comprehensive investigation of actual impact
forces was undertaken as a part of the Rail CRC proj-
ect at Queensland University of Technology (QUT)
[8]. Over 1 year, data were gathered from two Teknis
Wheel Condition Monitoring stations located on dif-
ferent heavy-haul mineral lines. The loading data
from a total of nearly six million passing wheels
were measured, primarily from unit trains with 26-
to 28-tonne axle loads, in both the full and empty
states. An analysis of Leong's data from one of those
sites is shown as a histogram in Fig. 2. The vertical
axis shows the number of axles on a log scale, while
the horizontal axis the measured impact force from
the Teknis station. This impact force is the dynamic
increment above the static wheel force (140 kN)
exerted by the mass of the wagon on a wheel. Over
96 per cent of the wheels created impact forces less

+ 10000000

260-270 [N

EEEEES S5 8EEBREELRE

- 1000000

100000

o 100

10

e am oy e e e gm gm gm

Impact force on each wheel of axle, kN

Fig. 2 Frequency of occurrence of impact forces per year
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