Wood Tie Life:
Part I1

Distribution of Failed Ties — . — . — . —

Last month’s Tracking R&D looked at

the *average” life of wood crossties in

track as a function of several key param-

eters. It noted that wood crossties do not

all fail at the same time, even when they

are installed together. Rather, small differ-

ences between individual ties can result in
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distinctly different individual tie lives,

even when all the ties are subjected to the

same loading and climatic conditions.

Differences in individual tie failures

Percentage of ties replaced

can be attributed to the fact that wood is
not a homogeneous material. There are
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differences in species types, as well as
variations in the wood properties within a
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single species. Variations in the amount of
preservative absorbed during treatment,
differences in local support conditions

Figure | — Frequency curve showing successive percentage of tie replacement for 10
percent intervals of average life’'

(and, hence, stress distribution) and other
local variations can result in differences in
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the amount of time it takes a tie to fail.
On an individual basis, these varia-

tions in tie condition make it almost

impossible to predict the life of a single
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tie. However, studies of large numbers of
ties have shown that the failure of large
groups of ties takes the form of a statistical
distribution of “failed” ties (1). Figure 1
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Percentage of ties replaced

shows a “normalized” distribution curve
for failed ties as a function of a tie’s aver-

P

N

Lo 9> 48 30 Lo

L A = 7" 7 " R T YT R Y /T R VAT TR T I

Percentage of average life

age life (which must be determined inde-
pendently). As can be seen from this curve,
the distribution of tie failures occurs
around the “average” tie life (shown at
100% average life) in a less than symmetrical manner.
The curve, distributed around the 94% average-tie-life
point, indicates that 50% of the ties will have failed after
a period corresponding to 94% of the average tie life has
passed.

Figure 2 presents this curve in a slightly different
format, with the vertical axis showing the cumulative
percentage of replaced ties. (Failed ties are defined as
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Figure 2 — Curve of total replacements (broken line), 1918 studies: curve of total
replacements (solid line), all studies’

ties that have been replaced by the railway.) This curve
allows for the determination of the percentage of ties
that will have failed, as a function of their “average” life
(I}. Although this data was developed based on new or
out-of-face tie installations, it can also be used for the
analysis of track subject to periodic tie gang cycles (2,3).
This information allows for the analysis (and prediction)
of the annual rate of tie failures for track that has been



maintained using conventional North American 100 T — .
tie maintenance practices. % / - . -
Recent research 80 / P4 S —
These failure distribution curves have since |~ 4 / M
been validated by more recent railroad data | / S/
(3,4). An analysis of an all-new construction in {X 80 ;
which new ties were installed at the same time E 50 d =
and subjected to mainline traffic densities of [T /
approximately 20 MGT per year is presenied in | &
Figure 3. Since the average tie life was not known, & 30
the data was plotted against distribution curves 20
calculated for several average tie lives. As can
be seen in Figure 3, the actual failure distribu- 10
tion appears to follow the 25-year-average-life 0 ‘
distribution curve quite well. 0 VEARS 40 80
_ Npting thes_e_resul‘ts, it appears tha; the dis- — a2 e 30 - 35 XGRRENEWAL VINSPEGTION
tribution of failing ties can be predicted by

using such a combination of statistical tie fail- Figure 3 — Forest prodiucts curve for various average life values: Cumulative
ure distribution curves and an externally [failures versus years in track at mile 266

obtained (either calculated or estimated) aver-

age tie life.
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