SECTION Xl e s e = o = o ¢ o 5 e 5 e

Ties and Fasteners

Proper matching of tie/fastener systems to different operating
environments must be based on the adequacy of the systemto
withstand the specific load environment. Furthermore, a better
under standing of the nature of and rate of tie and fastener
failure can lead to a more effective maintenance program aimed
at maintaining an appropriate and adequate level of tie and
fastener strength.




Rail Fastener
Performance:

The recent trend towards Increasing axle load and train
weight has led to questions regarding the adequacy of
traditional fastener systems, specifically the cut spike. More
directly, there are requirements for effective fastener systems
suited to different track (and tie) configuration and operating
conditions.

These performance criteria have been the subject of
numerous analyses, investigations, and tests. Two recent
papers haveattemptedto consolidate varied research activities
into specific performance characteristics for wood' and
concrete? tie track.

Three basic categories:

Fastener performance characteristics can be divided into
three basic categories:

1. Track Strength Properties (including related fastener
strength).

2. Operations and Maintenance Requirements.

3. Cost/Benefit | ssues. ) )
This Tracking R&D will address the first of these issues,

Track (and Fastener) Strength, leaving the remaining two for
subsequent coverage.

Consideration of Track Strength can be divided into
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four classifications. Each represents a basic mode of
performance of track under traffic loading. These areas are:

a) Longitudinal Restraint - the ability of the track to
withstand longitudinally applied loads, that is, loads in the
direction of the track. Such loads include mechanical loading
from train braking and accel eration, and thermal loading from
changes in ambient and rail temperatures. For fastening
systems, the requirement for longitudinal restraint translates
into preventing the rails from moving with respect to the ties.

Amongthespecificlongitudinal performancerequirements
is the capability of the fastening system to limit the size of the
rail gap, inthe event of arail pull-apart. Table | presents a set
of relationships between maximumallowablerail break or "gap"
and fastenerlongitudinal restraint, foratemperature change of

75'dﬁg§%%%ﬁd fastener performance requirement isrelated to
theforcenecessary to"plow" thetiein the ballast. Specifically,
the fastener does not need significantly greater longitudinal
holding powerthan this force, at which point the tie is already
moving.

TABLE1
MINIMUM FASTENER RESTRAINT FOR DIFFERENT RAIL BREAK "GAFS™
DUE TS MAXIMUM TEMPERATURE CHANGE of 75F FOR 132 RE RAIL
Rail FASTENER RESTHAINT LEMNGTH DF RAIL FASTENER FASTEMER RESTRAINT
BREAK PEHUMITLEMATHOF OMN EACH SIDE OF SPACING FER FASTENER
*GAPM RAIL REQUIRED TD CAP WHICH MUST ASSEMBLY RECUIAED
(INCHES) LIMIT THE RAIL EREAK BE ANCHORBED TO TCLIMITTHE GAP
GAFP LIMIT THE GAR

{ibs.finch) it {inchas) (ibs.)
0s 184 86 24 441G
0.75 122 129 24 P92
1.0 oz 172 4 2208
1.5 61 258 24 1464
241 ~ a6 244 74 1104

Table 1 - Rail Break Gaps
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b) Gage Widening/Rail Rollover - the ability of the track,
and specifically thefastener systemto maintain gage, thatis,to
keep the rails 56 1/2 inches apart at the gage points. Gage
widening, in turn, is a combination of three factors: rail wear,
translation, and rotation. 'Me latter two are most directly
affected by the fastening system. Under conditions of high
lateral load and high L/V ratios (lateral to vertical wheel oads),
it is critical that the fasteners limit the rotation of the rail, to
prevent dynamic gage widening, and the possibility of awheel
dropping in between therails.

C) Lateral Shifting Track Buckling - the ability of the
track to withstand lateral loading without the lateral movement
of the track as a whole, as opposed to gage widening where
only the rail moves laterally. In this mode, the performance of
thefastening systemis secondary tothoseof thetic and ball ast
systems. However, the fasteners do act to strengthen the track
"frame" in the lateral direction, and to reduce the lateral
movement along curves as temperature changes. It is also a
phenomenon related to characteristics of longitudinal restraint.

d) Vertical Loading - the ability of the track structure
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to withstand vertical loadings, both static and dynamic. The
fastener system transmits vertical loads, applied at the railhead
to the cross-tie. The tie in turn distributes the load into the
ballastand ultimately the subgrade. I n the presence of dynamic
loading, such as particularly highimpacts fromwheelflats or rail
surface defects, the fastener system must also help distribute,
and in the case of concrete ties, attenuate these. This
requirement for attenuation is related to the need for the
fastener system to introduce resiliency into the concrete tie
structure. Usually, this resiliency is associated with the pad
portion of the system.

In the case of elastic fasteners, the performance of the
fastener during rail uplift under traffic must also be taken into
account. Here, the fastener systemmust support the weight of
the tie and rail section without excessive deformation. (Next
month in Tracking R&D, 'The Intangible Aspects of Fastener
Performance.”)

1. Zarembski, A. M, "Performance Characteristics for Wood Tie Fasteners", Bulletin
of the AREA. Bulletin 697, October 1984.

2. Zarembski, A- M., -Performance Characteristics for Concrete T ie Fasteners",
Concrete Tic Systems for the 1980's, Proceedings of the Prestressed Concrete Tic
Workshop, November 1983.



Rail Fastener
Performance;
Thelntangibles

.Last month, the .performance TABLE 1
requirements of track fastening systems, for “
both wood and concrete ties, were NET ECONOMIC SAVINGS ($)
discussed in terms of track and fastener WOoOD TIE TRACK
Strenatz;/vever research studies' have noted Curvature

' T & Cegreas

that there exist two additional categories of | Annial 3 Dogrees
fastener requirements which have to be | Tonnage Lubricated Unlsbricaled Lubricated Unlubricated
addressed toproperly and completely define
the performance of such systems. These are
operations angl n@ntgnmce requiremepts a0 MGT ~13.457 - 5067 — 5,067 30013
and cost/benefits criteria. These categories
represent the "intangible" requirements of ICMGET - 6021 7,456 6,958 80,500
the fastener system. That is, they are often | 4 pAST 1,280 18,258 18,250 88,5985
gllfflcult to quantlfy but still represerlt SOMGT 7,957 20,900 29 517 118,026
important practical and economic
considerationsthat make foreaseof fastener | *Mer srgmamic sariugs (life cyocled of trovk with efisie fuseerers apainst rack with cul
use and effectiveness. spiles far ane mite of track.

Operations and maintenance

Operations and maintenance requirements can be as
important as the track strength considerations, because they
addressreal issues of concern for maintenance personnel who
haveultimateresponsibility in using rail fasteningcomponents
in the field. Amongtheintangible considerationsare: fastener
life, maintainability, and, where needed, electrical isolation.

Fastener life refers to the passage of time or tonnage at
which the fastener or its individual components must be
replaced. If the fastener's performance drops below
appropriately defined levels, such as thosedefined last month
fortrack strength, or if a component degrades physically,then
"failure" of the fastener occurs. Since fasteners are frequently
removed andreinstalled, fastenerlifeincludes reassembly and
reuse of components without loss of performance.

Besides having economic impact, servicelifealsoinvolves
physical practicalities. Consequently, it may not be practical or
economical for each of the fastener components to have the
same service life. Nonethel ess, a commonly used standard for
fastener lifeis one which
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equals thelife of rail in tangent track. Under heavy tonnage
operations, this can be 500 MGT of cumulative traffic, or 25
years at 20 MGT per year. Under 100-ton car loading, this
translates into over 15 million axleloading cycles.

Maintainability, as is presented in References | and_ 2,
refers to those characteristics of afastener which provide for
ease of usein thefield. It includes such intangibles as ease of
installation and removal, with aminimum of specialized tools
andwith minimumongoing adjustment for the fastener system.
Among theothermaintenance characteristics are: resistanceto
catastrophic failure, such as under derailments, ease of visual
inspection of key fastener components, and a capability for
mechani zed installation in conjunction with large maintenance
operations.

Electrical isolation, the third requirement, covers
fasteners used in concrete or steel tietrackin signal territories.
Specifically, it calls for the electrical insulation of the rail from
the rest of track to minimize the loss of signal circuit under all
operating and weather conditions. Resistance val ues of 20,000
ohms and higher have been



Overall cost

The final category of fastener characteristics is one that
addresses the overall cost of the track system. It is a matter of
particular importance to private freight railroads. These
companies operate in an economic environment which cals
continuously for the minimization of expense and the
maximization of benefit. Any criterion,then, developed forboth
tangible and intangible performance characteristics must be
evaluated in light of total systemcosts. Further, these must be
life cycle costs taken within therailway operating environment
as against simple first costs.

Many studies have attempted to address the life cycle
costs and benefits of fastener and fastener/tie systems within
wood, concrete, or steel tie track. To
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illustrate the importance of this type of analysis in defining
fastener system criteria, Table | presents the results of one
economic analysis for wood tie systems.® It can be seen that
under certain operating conditions, one type of fastening
system offers life-cycle savings, while under another set of
conditions, an alternatefastener systemoffers savingsinstead.
Thus, after technical and other intangible requirements have
been met, the net economic costs of a system must be
addressed.

References:

1. Zarembski A. M. -Peribrmance Characteristics for wow Tie Fasteners', Bulletin of

the AREA, Bulletin 697, October 1984.

2. Zarembski, A. M., -P;erfbmuu= Characteristics for Concrete Tie Fasteners".

Concrete Tie System for the 1980s, Proceedings of the Prestressed Concrete Tie

Workshop, November 1983.

3. Pandrol Inc., Economic cost-benefit analysis of fastener systems, 1983.



Missing Fasteners

Maintaining the proper track gage under vehicle loading
is a critical function of the tie-fastener system. This ability,
referred to as the lateral strength, gage restraint strength, or
simply gage strength of the track, has been the subject of an
earlier Tracking R&D (see RT&S, August 1986). While the
majority of research and test activity in this areahas addressed
wood tietrackwith cut spike fasteners, it has also extended to
wood ties and concrete ties with elastic fastening systems.

Concretetie track

Some recent research focused on the saf ety aspects of the
gage strength of thetrack, and in particularregard to the effect
of missing and non-functioning fasteners onconcretetie track.
This activity dealt specifically with the assessment of safety
for the track on the Northeast Corridor.'

For NEC concrete tie track, a series of tests were carried
out to examine gage strength when one or more elastic
fasteners were missingfromonerail. At first,lateral and vertical
load combinations, with an L/V ratio of up to 1.33, were applied
to the track with no elastic fasteners missing.' The
corresponding lateral deflection of the railhead at the point of
loading was then measured. The same test was repeated with
missing elastic fasteners involving the removal of a series of
adjacent elastic clip pairs (both clips) from one rail. Test
sequencing covered 3, 11, then 17 missing clip-pairs.

Investigators removed the clips symmetrically about the
point of loading, and obtained the resulting load deflection
behavior shown in Figure 1. It can be seen in the figure that
even with 17 missing fasteners, the maximum loading of 20,000
Ibs. resulted in arailhead fastening deflection of lessthan one
inch, because of the lateral support to rail provided by the
shouldersin the Northeast Corridor concrete tie.

Wood vs. concrete

This behavior in lateral strength was also matched to
comparable test results taken on wood tie track with cut spike
fastening. Theresults, also presented in Figure 1, indicatethat
the lateral strength of the wood tie track
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Figure 1 - Rail Head Lateral Displacement (in.)

compares to the lateral strength exhibited by the concrete tie
track with three missing fasteners.

Likewise, other data on the lateral gage strength of wood
tie track revealed the same characteristic lossin lateral*
strength with an increasing
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number of missing fasteners. Figure 2 illustrates this. It
shows latera rail restraint of wood tie-cut spike systems
under applied lateral and vertical loadings.? This data is
based on a combination of field validation tests and ana-
Iytical modeling.

As in the concrete tie case, increasing the number of
missing fasteners (with missing ties as well) resulted, with
wood, in a direct decrease in lateral gage restraint.
However, it should be noted that while the general behavior
of the wood tie and concrete tie system presented here are
similar, the results are actualy based on different loading
combinations. Therefore, a direct comparison between
wood and concrete tie performanceisnot appropriate. Also,
it can be observed that even with one fastener and tie
missing, alateral rail head deflection of
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well over one inch can be achieved under suitable load
combinations. This agrees with other, independently
derived data.®

It is obvious that this type of information on the
gage-holding ability of various tie and fastener systems
can be of area value to railroad maintenance officersin
the development of suitable track maintenance standards,
and in the assessment of track conditions.

References:
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Examining
Wood Tie Failure

Though conventional wood tie systems havebeeninuse
since 1831%, researchintotiefailureis still an ongoing process.

The factors that affect the rates of wood tie failure
encompass mechanisms such as mechanical and biological
degradation, and weathering. Table 1! lists some of these
mechanisms - factors that in turn combine to cause the
deterioration resulting in the removal and replacement of the
ties. The relative percentage of failure from each of the
mechanisms noted can vary with traffic density and location.

One AREA study? indicated that, in general, 43 to 44
percent of ties are removed because of acombination of decay
and deterioration leading to crushing in the tie plate area. An
additional 18 to 20 percent are removed for having been plate
cut, 16 to 18 percent from splitting, and 14 to 16 percent from
spikekilling. The remaining
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. Waathering Factgrs:
A. Temperafure [elevated, cychic = deprassed).
O. Watar
C. Temparatare-moisigna inlaracians (.e. freeze-thaw).
I.. Bislogical Factors [prmarily fungi.
L. Siress Faciors:
A, Abrasion and compression due 1o ballast.
E. Impact compression due o verlicarf redl bads
C. |mpact bending due to yvertical rail loads,
D, Splke eading dus 1o lateral ral keads.
incompabdity Factars:
A Chemizal degradation die to presence of ruslmg mofal
and high coreanieations of aeldic galls.
5. Physical degradation dus to particllate mgtier under te
plate Curing leadimg.
. Usa Factors:
A, Cualdy and frequency of malnienancg (0. splke ranwat,
adzing, ype of babasl).
B. Treck gecmelry {i.e. curves, ties per mile),
C. Arzddents {derailment, dragging equigment, spills).

I,

Table 1 - Degradation factors affecting service life of crossties.

areremoved for abroad range of additional reasons. However,
mechanical failurerelatedin turn to the stress and usefactors,
as defined in Table 1, tend to dominate the failure mechanisms-
particularly in hardwood ties.'

Long-term testing difficult

Because of therelatively long life of hardwood crossties,
from 20 to 30 years for average mainline life;" it is difficult to
maintain a significant tie testing program to failure. One test,
however, has been taking placesince 1967.1 The test siteison
the Chicago & North Western Railroad near Des Plaines,
Illinois. Thetest was set up to evaluate the effect on tie life of
key tie design factors, namely:tielength, varying from 8 feet to
10 feet, tie crosssection from 6 inches by 8 inchesto 7 inches
by 12inches, and tie spacing from19%zinchesto 291/4inches.
This test track currently experiences about 30 MGT of traffic
annually. It was evaluated recently for tie failure, and the
percentage of failed ties have been examined in relationto the
dimensional parameters noted previously 2 There were several
interesting observations:
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Dowel-lam okay, too!

Overall, it was found that the best performing ties tended
to be those with "standard" 7-inch by 9-inch cross sections
and 191/2-inch spacing, as well as a section of track with
dowel-laminated 7-inch by 12-inch ties at 23 3/8-inch spacing.
As for the effect of tie length on failure rate along the test
section, no significant difference was found between the 81/2-
foot and 9-foot ties. There was, however, some better
performance from the 10-foot ties.

Examination of the influence of tie cross section reveal ed
a distinct improvement in performance with increasing cross
section. Thus, the 7-inch by 9-inch ties performed better than
the 6-inch by 8-inch, while the 7-inch by 12-inch served better
than both.

Increasing tie width and length enlarges, in turn, the
bearing area of the tie. Figure | shows that therate of tie failure
decreases in direct relation to the increase in the bearing area.

Finally, with examination of the effect of tie spacing, there
was found a direct correl ation between increased spacing and
anincreased percentage of failedties. | bis trend held for 7-inch
by 9-inch and 7-inch by 12-inch
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cross sections, and isillustrated by Figure 2.

No variation between fact and theory has arisen from the
information gleaned thusfar from the Des Plaines site. Namely,
that under mainline conditions, where mechanical degradation
modes dominatetielife,thoseparameters which serveto reduce
the level of stress on the tie serve also to improve its
performance.However, it must be noted that other factors, such
astherelative cost of the larger ties or closer tie spacing have
not been addressed in the study noted. As a consequence, it
still remains for the railroad maintenance officer to relate this
type of informationto the specific conditions of traffic and cost
on hisor her railroad.

References:
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Figure 1 - Causes of tie failure

As railroads strive to improve the overall cost-
effectivenessof their various maintenance activities, methods
forextending thelife of key (and expensive) track comportents
are continuously being studied and tried. The conventional
wood crosstie is one such component that is under-going
investigation.

Several studies of the factors that affect tie service life
have shown that wood-tie failure can be associated with
mechanical degradation, decay (either biological or
environmental/weathering related) or "use" (RT& SMay 1988,
p. 12). One AREA study (1) indicated that decay and wood
deterioration were responsible for over 40% of all ties removed.
Another recent report (2) quoted AAR dataindicating that at
annual traffic densities of less than 15 MGT, 70% of the ties
failed due to decay
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Furthermore, this study stated that on lighter-density lines,
decay/weathering is the major mode of failure, accounting for
a significant majority of tie failures on light-tonnage tangent
track. As tonnage and curvature increased, however, the
mechanical modes of wood-tie failure correspondingly
increased. These trends are presented in Figure 1 (2). Notethat
even at moderate-density trackage (10 to 20 MGT peryear), tie
failures associated with decay made up more than 50% of all
thefailures.On light-density lines (lessthan 5 MGT per year),
this percentage is significantly higher.

Noting that over 18 milliontieswereinstalledin 1986 (3), if
40% of these ties are replaced due to decay, tilts represents
over seven million ties per year.
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Figure 2 - Potential savings from in-track tie-treating program

Economic benefits noted

These data suggest that techniques for the extension of
the life of the tie, by controlling or reducing the potential for
decay, could have significant benefits. This is further
supported by the savings shown in Figure 2, which presents a
cost-benefit analysis carried out by amajorClass| railroad (2).
This analysis examined the present worth of an extension in
wood-tielife using an in-place tie treatment. As can be seen in
thistable, even if the treatment is only 50% effective (bottom
row), a tielife extension of two years would be worth
approximately $2.20 per treated tie while an extension of five
years would be worth over $5 per treated tie. (Note that these
savings are based on the average tie life and associated costs
of the Class | railroad noted in Reference 2. These savings will
change as a function of the actual costs and life of the tie in
track).

Extending the life of the wood tie also affects the overall
economics of alternate tie materials. This general trend is
illustrated in Figure 3, which presents the results of an
economic benefit analysis comparingwood vs. concreteties for
a specific base case with a fixed set of assumptions and
conditions (4). Notethat as thetielife increases, the economics
of an alternate tie material (shown in Fig. 3 as the return on
investment or ROI for the alternate, concrete tie) changes.

treated. In addition, by treating the

ties, in place, the overall treatment costs can be kept to a
minimum, since the need for tie removal and handling is
eliminated. These in-place techniques utilize several different
types of preservatives based on creosote, sodium fluoride (2)
and borate (5). While several of thesetechniques are currently
undergoing testing, preliminary analyses indicate good
penetration by the preservative(s)and apotential for extension
of thetie's servicelife (2,5).

Thesetechniques,together with other approaches, suchas
the use of premium components for the extension of the tie's
servicelife are all being examined as a means of extending the
overall in-service life of this key track component. as well as
reducing life-cycle costs. This, in turn, follows an overall trend
of introducing new components and maintenance practices to
reduce the overall cost of track maintenance.

References
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Wood Preservation, Volume 78, Bulletin 66 1, January 1977.
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In a conventional mile of railway track, there are
approximately 3,250 crossties, spaced, on the average, 191/2
inches apart. Although each of these ties experiences
approximately the same level of loading and the same range of
environmental conditions, differencesin wood,treatment and
support will result in adifferencein the life of these ties. Even
if al of thetiesare installed at the same time, they will not all
fail at once. Rather, they will fail in accordance with astatistical
distribution about a"mean" or "average' value. This average
value can be used as a guide to determine the "life" of thetie
in track.

The average lifeis afunction of several factors, including
track and traffic characteristics and environmental conditions.
Over the years, there have been attemptsto define, in broad
terms, the average life of ties as a basic function of the traffic
density of the track. Thisis necessary, at a minimum, in order
to allow for the differences in failure modes of theties, and in
particular thedifferences between mechanical failure modes at
higher-traffic densities and environmental failure modes at
lower-traffic densities (See RT& S, May 1988, p. 12).

Using data acquired between 1934 and 1957, early
researchers developedtherelationship between averagetielife
and traffic density presented in Figure 1 (1). This showed that
under light-traffic loadings, an averagetielife of 50 years was
achieved (yards and sidings had an average tie life of 60
years). Under high-traffic densities, however, this lifedropped
to less than half of these figures (1).

Subsequent analysis (See Figure 2) of tie-life data taken
during 1978 shows avery similartrend, with low-density tracks
having an average tie life of over 40 years, and high-density
tracks having an average life of just over 20 years (2). Once
again, there appears to be a difference in the tie-failure
mechanism associated with high- and low density types of
track.

Environmental effects
More recent data on a moderately-high-density track
show asimilar averagetielife. In this case, detailed
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analyses of several sites on a 20 MGT mainline in the
northeastern United States showed adistribution of tie failures
correspondingto an averagetie life of between 25and 30 years
(3). This figure appears to be consistent with the average tie
life obtained for that tonnage level in Figures | and 2.

The preceding data allow for the development of a
relationship between averagetie lifeand annual traffic density.
However, the effect of other parameters on average tie life is
not as well defined. Theseother parametersinclude curvature,
axleload, ballast condition, as well as



arange of' track and traffic parameters, which affect the load
distribution on the crosstie. In addition, the variation in
environment has been found to play a strong role in tie life,
particularly onthemoderate- and light-density lines where the
primary modes of tie failure are environmentally related.

This environmental effect was recently illustrated by
examining the average tie life in different geographical arid
climatic regionsof the United States. The U.S. was divided into
three distinct zones, based on "decay hazard" (Figure 3). The
aver-age fie lifein the Eastern region was found to be 46 years;
the Southern region, 30years; the Western region, 51years (4).
Such abroad categorization of climatic conditionscan result in
differencesin averagetie lives of afactorof 1.50r greater. This
suggeststhatenvironmentalfactors have asignificant effecton
the average life of tiesin track.

Considering these effects, it is possible to estimate the
average tie life as a function of at least several key factors.
However, the average tie life does not give the actual
distribution of tie failuresin track. Rather, it defines the point
about which these failures are distributed. The distribution of
tiefailures about this average valuewill be presented in Part 11.
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Wood Tie Life:
Part | |

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 parameters. It notedthat
wood crossties do not all fail at the same time,

——

even when they are installed together. Rather,

small differences between individual ties can

result in distinctly differentindividual tie lives,

-

evenwhen al theties are subjected to the same

loading and climatic conditions.

Differencesin individual tie failures can be

Percentage of ties replaced

attributed to the fact that wood is not a
homogeneous material. There are differencesin
species types, as well asvariationsin thewood
properties within a single species. Variationsin
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the amount of preservative absorbed during
treatment, differences in local support
conditions(and, hence, stress distribution) and

Figurel —

Frequency curve showing successive percentage of tie replacement for 10

percent intervals of average life

otherlocalvariationscanresult in differencesin
the amount of time it takes atie to fail.

On anindividual basis, these variationsin
tie condition make it amost impossible to

predict thelife ofasingle 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 | shows a "normalized" distribution
curve for failed ties as a function of a tie's
average life (which must be determined
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independently). A s can be seen fromthis curve,
the distribution of tie failures occurs around

Figure 2 - Curve of total replacements (broken line), 1918 studies; curve of total

replacements (solid line). all studies'

the "average" tie life (shown at 100% average life) in aless
than symmetrical manner. The curve, distributed around the
94% average-tie-life point, indicates that 50% of theties will
havefailed after aperiod corresponding to 94% of the average
tielife has passed.

Figure 2 presentsthis curvein aslightly different format
with the vertical axis showing the cumulative percentage of
replaced ties. (Failed ties are defined as
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ties that have been replaced by therailway.) This curve allows
for the determination of the percentage of ties that will have
failed, asafunction of their "average" life (1). 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
allowsfortheanalysis (and prediction) of the annual rateoftie
failures for track that has been



maintained using conventional North American tie
maintenance practices.
Recent research

Thesefailuredistributioncurves have since been
validated by more recent railroad data (3,4). An
analysis of an all-new constructioninwhich new ties
were installed at the same time and subjected to
mainlinetraffic densities of approximately 20MGT per
yearis presented in Figure 3. Sincethe average fiellife
was not known, the data was plotted against
distribution curves calculated for several average tie
lives. As can be seen in Figure 3, the actual failure
distributionappearsto followthe25-year-average-life
distribution curve quite well.

Noting these results, it appears that the
distribution of failing ties can be predicted by using
such a combination of statistical tie failure
distribution curves and an externally obtained (either
calculated or estimated) averagetie life.
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Wood Crossties

A major function of the crosstie is to support the vertical
and lateral loads transmitted to the tie through the rails. The
ability of crossties to support these loads is defined as the
strength of theties.

Onerecent research effort attempted to quantify several
key strength-related properties of wood crossties,and to relate
these properties to the condition of tiesin track. Ibis activity,
which was carried out as part of the Association of American
Railroads' ongoing trackmaintenanceresearchprogram, tested
four groups of ties selected from arailroad test site (1). These
four groups were defined, based on visual evaluation of their
condition, as good, marginal, bad and unusual. (These ties
were approximately 20 years old and were subjected to
approximately 20 MGT of mainline traffic per year on a
northeastern U.S. railroad.) A group of new tieswas similarly
tested in order to obtain reference values.

In order to quantify the strength of the ties, in a manner
representative of their performance in track, a series of
bending, surface hardness and other tests were carried out.
The tie bending tests, which were performed to simulate a
severe loading condition, showed areductioninboth maximum
static load and corresponding bending modulus of elasticity.

Tie bending tests

Figure | presents the results of the maximum static
bending tests (simulating a center-bound tie). As canbeseen
fromtheseresults, the good, marginal and bad ties experienced
aloss of approximately one-third of their new bending strength
(as defined by this test), while theunusual ties (which were the
most severely-failed group) lost more than half of the new-tie
bending strength.

Similar results were obtained for the bending modulus of
elasticity tests presented in Figure 2.1n this case, the bending
modulus of the good, marginal and bad ties are al
approximately 50% of the new ties. (The lack of variation in
these three categories exhibited in both sets of tests is
probably dueto the subjective nature of thevisual inspection.)
For the unusual (failed) ties, the bending modulus was
approximately one-third of the new ties (or aloss of two-
thirds of the new modulus values).

Strength Properties of
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Figure 1 - Maximum static bending load for 20-year-old ties (1).
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Figure 2 - Bending modulus of elasticity values for 20-year-old ties
2.

This variation in bending modulus was significantly greater
than that encountered due to differences in species. This is
clearly illustrated in Figure 3, which shows the bending
modulus of elasticity (for clear wood samples as opposed to
the whole tic values shown in Figure 2) for several different
wood species (2). Although the greatest variation in modulus
among the species was a factor of two (between cedar and
maple), among the most commonly used hardwoods, this
variation wasof the order of 33%, significantly less than
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Figure 3 - Modulus of elasticity in bending for clear-wood samples

that measurgc)l'dueto deterioration in the field (2,3).

A second class of tests was carried out to determine the
deteriorationin surface properties of theties. These tests, which
examined the surface hardness and the compressive modul us of
the ties, at the center and at the railseat (under the tie plate),
showed a similar loss of properties, particularly in the railseat
area (2). This is illustrated in Figure 4, where the loss of tie
hardness under the tie plate is approximately 50% for good and
marginal ties, 60% for bad ties and 75% for unusual ties. The
degradation in the center of the tie, away from the area of load
application, is significantly less. (Comparable behavior was
observed for the compressive modulus tests.)

The remaining tests showed a similar set of behavior, with
the overall reduction in strength of the 20-year-old ties being
approximately 30% to 50% of the new-tie val
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ues (1). Thus, it appears that the actual strength properties of
thetiesare reduced under actual service conditions.Notingthe
lack of consistency in the visual assessment of these ties,
however, it appears that there remains a need for more
objective field-measurement techniques for assessing the
actual in-track condition of wood crossties.
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Figure 4 - Maximum hardness retention for 20-year-old ties (1).
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