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ABSTRACT

This study evaluated the merits of the common practice of embed-
ding S-irons in the ends of ties to minimize the development of large
checks.

Development of checks in boxed-heart hardwood ties was studied in
experimental seasoning piles and in commercial seasoning piles, and the
checking and splitting of ties in service was observed in test tracks.

The results showed that frequency and dimensions of major checks
are not reduced either in seasoning or in service by embedding S-irons in
the ends of ties before seasoning. The study also indicated that the posi-
tion of the pith in boxed-heart ties strongly influences the extent of
check development in seasoning and in service, as well as the susceptibil-

ity of the ties to splitting in service.

In seasoning the major checks usually form on the broad face
nearest the pith and extend toward the pith by following the planes of rays,
and the closer a tie face is to the pith, the greater are the length and
width of the principal checks. The fact that a broad face close to the
pith represents an approximately radial plane of the stem cross section
while the opposite face is nearly tangential, causes the pith side to be-
come convex in seasoning and this in turn causes principal checks Lo widen
excessively. However, the best location for the pith is that which has
the best effect on tie service life rather than on checking behavior during
seasoning. In service, the most severe checking occurs in ties in which
the pith is about halfway between the broad faces. In such ties an initial
narrow seasoning check, present at the time of track installation, creates
a4 plane of weakness in the tie along which, under conditions of repeated
loading in service, separation and subsequent splitting may develop. For
this reason, the risk of splitting in service is least in boxed—heart ties
in which the pith is less than 1 inch from a broad face, whether the tie
is placed in the track with the pith side up or down.

The study indicates that the expense of providing the ends of
Cies with B-irons before seasoning is unwarranted and thart the average
service life of boxed-heart hardwood ties could be improved by the adoption
of tie specifications in which allowance is made for the location of the

pith.
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RESUME

Le propos de cette étude &tait d'évaluer les mérites du procédé
courant d'insertion de ferrures en $ aux bouts des traverses de chemin de
fer, afin d'en prévenir le crevassement.

Llauteur a &tudié le processus de formation de crevasses dans les
traverses de bois dur & moelle encastrée, en piles de séchage tant sur le
site de l'expérience que dans des chantiers commerciaux. T1 a également
observe leur crevassement et leur fendillement i 1'usage sur la voie ferrée.

Li appert des résultats obtenus que 1'insertion préalable de fers
en 5 aux bouts de ces traverses ne réduit guére la fréquence ni les dimen-
sions des principales crevasses qui s'y forment au séchage ou 4 1'usapge.
Lette etude a également montré que la position de la moelle influe beaucoup
sur le degré de crevassement ainsi que sur la susceptibilité de ces struc-
tures de se fendiller 3 1'usage.

Dordinaire, les principales crevasses se forment au séchage sur
ia grande face des traverses la plus rapprochée de la moelle vers laquelle
tles s'étendent selon le plan radial, et leurs dimensions (longueur et
‘geur) sont d'autant plus grandes que les faces sont proches de la moelle.
fait qu'une grande face voisine de la moelle représente un plan a peu
prés radial d'une section transversale de la tige alors que la face opposée
¥ est presque tangentielle fait que le c6té médullaire devient convexe en
sechant, ce qui 4 son tour occasionne un ¢largissement excessif des princi-
pales crevasses. Toutefois la situation idéale de la moelle c'est celle
qui exerce la meilleure influence sur la résistance des traverses, d l'usage,
plutdl gue sur leur crevassement au séchage. A 1'usage le pire crevassement
5'observe dans les traverses ol la moelle se situe d mi-chemin entre les
grandes faces. Dans de telles traverses une étroite crevasse provenant du
séchage crée i 1l'usage un plan de faiblesse selon lequel peuvent se déve-
lopper leur dacollement et leur fendillement subséquent sous l'effet de
charges répétées. Pour cette raison, le risque de fendillement i 1'usage
est moindre dans les traverses de bois dur 3 moelle encastrée ou la moelle
s& situe 4 moins d'un pouce d'une grande face, que le cOté médullaire se
trouve place en haut ou en bas sur la voie ferrée.

Selon cette 8tude le colt de 1'insertion de fers en 5 avant le
séchage des traverses n'est pas justifi&, et la résistance moyenne i 1'usure
de celles en bois dur 3 moelle encastrée pourrait €tre améliorée par 1'adop-
tion de sgpécifications tenant compte de la situation de la moelle.
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CHECKING AND SPLITTING OF HARDWOOD
RAIL TIES IN SEASONING AND SERVICE

by

L. Perem!

INTRODUCTION

The widespread use of pressure preservative treatment for rail
ties has greatly reduced decay. As a result, causes other than fungal
deterioration have gained relative prominence as reasons for removal of
ties Lvom service. One of the more important is a type of mechanical
failure known as splitting. In addition, wide and deep checks, which do
not necessarily develop into splits, often form in ties in service. Such
~hecks expose the inner untreated parts of the tie to fungal intection and
thus initiate deterioration. Splitting and checking is particularly severe
‘1 hardwood cross ties of the boxed-heart type, i.e. ties that contain the

Various preventive measures have been developed for minimizing
e losses due to checking and splitting, the most common being the appli-
cation of S-irons to the tie ends before seasoning.

Un the initiative of the major Canadian railway companies a Joint
mitctee on Checking and Splitting of Cross Ties? was formed in 1958 for
putpose of studying checlking and splitting of ties in seasoning and
service. The Committee initiated a study to establish the effectiveness of
S—irons in preventing checking and splitting. This study was carried out
in tour phases: (a) observations of the changes in moisture content (MC)
and moisture distribution in hard maple rail ties in relation to development
ol checks in seasoning; (b) observations of the checking of hard maple rail
ties in commercial seasoning piles; {(c¢) observations of the checking and
eplitting of test ties after an initial period of service in a test track;
{d) observations of the checking and splitting of hardwood rail ties after
Long service in a test track.

artment of Fisheries and Porestry, Canadian Forestry Service, Forest
wducts Laboratory, Ottawa.

Sicipants in the work of the Commiltee were the following: H. Britton,
Bughell, T.J. Delaney, D.W. Gill, and C. Wagner, of the Canadian Natiomnal
Failways: D.H. Fenwick and P.E. Bird, of the Canadian Pacific Railway; and

f . Bedzialk (Chalrman), J.D. Hale, J. Krzyzewskl, W.W. Calvert, and E.
Ferem, of the Forest Products Laboratory, Ottawa.




In all phases of the study, special attention was divected to the
performance of S-irons in preventing checking and splitting of the tieg.

A. OBSERVATIONS OF THE CHANGES IN MOISTURE CONTENT AND
MOLSTURE DISTRIBUTION IN HARD MAPLE RAIL TIES IN
RETATION TO DEVELOPMENT OF CHECKS IN SEASONING

The tests carried out at the Ottawa Forest Products Laboratory
in 1959 were aimed at obtaining basic information necessary for planning
extensive detailed observations of the behavior of S-ironed and not S-ironed
maple rail ties in seasoning and service.

Test Material

The test material for this phase of the study consisted of 104 hard
maple rail ties (Table 1), All ties were squared no. 2, with boxed heart.
The nominal dimensions of the ties were: width, 8 inches; thickness, 6
inches; length, 8 feet, Three groups of ties, which differed as regards the
initial MC (moisture content), were recognized in the study:

Group A - 42 commercial ties showing some initial drying
Group B ~ 50 commercial ties with high initial MC
Group C - 12 ties prepared at the laboratory from freshly felled trees

After the initial weights and measurements were recorded (May 5-8,
1959), the ties were placed in two experimental piles of "2 x 11 type" (one
pair of stringers between every two rows of ties) in the laboratory vard,
the piles being protected from direct sunlight but otherwise exposed to the
weather.

Of the total of 104 test ties, 35 (20 in Group A, 11 in Group I,

and 4 in Group C) were separated for the purpose of observing the effect of
end-coatings on seasoning,

TABLE 1. WEIGHT AND VOLUME OF TEST TIES AT BEGINNING OF TESTS

Weight (1b.)

Number Mean : _ .

Group of ties of volume e e 7

b . Standard : . (Ib/cubic fo)

ties Mean £ {cubic ft)
deviation
A - Low initial MC 42 158.7 13.8 2.74 578
B - High initial MC 50 17241 8.6 L) 617
C - From freshly

felled trees 12 166.4 7.4 el At 61.6
Average 166.0 5 %4 76 60.1




Changes in the Average MC

The outdoor seasoning period for the untreated ties of the two
main groups (A and B) lasted 5 months (May 5-6 to October 5-6). For the
third group of ties the outdoor seasoning period was approximately 3 wmonths
(July 6 to October 6).

After the outdoor seasoning was completed, all ties were moved
indoors so that they would develop checking. The purpose was to observe
movre closely the relations existing between the patterns of checking and
the gross anatomical features of the ties.

The moisture-loss history of the untreated test ties during sea-
soning is shown in Table 2, and the progress of seasoning with time is
iltlustrated in Figure 1,

Since it was impractical to establish the average MC of ties at
the different stages of seasoning, the progress of seasoning was recorded
in lerms of average moisture loss in pounds per tie. However, since the
average basic weight of Canadian sugar maple is 37.5 pounds per cubic foot,
the oven-dry weight of an average tie 6" x 8" in cross section and 8 feet
long would be 100 pounds. On this basis it can be assumed that the initial
MO of the average test ties of the different groups was in the neighborhood
of the following values:

Group A - 597
Group B -~ 727
Group C -~ 66%

In general, the rate of drying varied directly as the MC. The
initial rate of drying of Group C was greater than the B rate, but the C
sample was very small and the initial drying occurred in a different period
of the season. The amount of moisture that evaporated from individual ties
during the period varied between 11.2 and 45.5 pounds for all groups. A
nigh moisture Joss was usually associated with a high proportion of sapwood

in the tie,

In the limited study of the effect of end-coatings on seasoning,
two types of end-coatings were used: white lead mixed with linseed oil and
A commercial waterproofing compound. Both types of end—-coatings reduced
the loss of moisture in the ties, but the commercial waterproofing compound
was slightly more effective. Group C ties end-coated with white lead during
3 months of seasoning lost 20.9 pounds of moisture, compared with 26.5 pounds
for untreated ties. Six Group B ties, which were soaked in water for 7 days
and then end-ceoated, had an average moisture loss during 70 days of seasoning
of 3.9 pounds, compared with 6.5 pounds for ties soaked but not end-coated.
Twenty Group A ties were also soaked in water:; 10 of these were end-coated
with white lead and 10 with the commercial waterproofing compound. The ties
end-coated with white lead lost 11.7 pounds per tie during 12 weeks, whereas
the ties end-coated with the waterproofing compound lost 10.9 pounds per tie.
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The 4-month period of indoor storage (average temperature 72 F,
average relative humidity 227%) reduced the weight of the ties drastically;
the average loss per tie was approximately 20 pounds. Owing to the higher
initial MC of end-coated ties, somewhat greater loss of moisture was recorded
for this category. The average MC of all ties at the end of indoor storage
was approximately 167.

Moisture Distribution in Test Ties
at Different Stages of Seasoning

At the end of each stage of seasoning one untreated test tie was
dissected into test specimens in such a way that observations of moisture
gradients could be made along the length of the tie by lavers 1/2 inch thick
across the grain, from shell to core.

The MC values at different locations within the test ties at four
sfages of seasoning are recorded in Table 3. 1In Figure 2 moisture gradients
occurring in the ties from one end to the other (a symmetrical pattern of
moisture distribution being assumed to exist in both halves of the tie) are
shown at different stages of seasoning.

The ties dissected after the outdoor seasoning period (October 5)
showed a relatively uniform average MC (28 to 297) throughout the length of
the tie, with the exception of the few inches of wood at the ends, where a
somewhat lower MC (23 to 26%) was recorded. It is of interest to note the
relatively high average MC of the cross sections with the first foot from



TABLE 3. MOISTURE CONTENT DISTRIBUTION IN TEST 71
(%)

A. At commencement of observations (May 1959)
(Tie belonging to Group B)

ES

Distance from end of tie

Distance

from tie surface
1 inch 1 foot 2 feet 3 feet 4 feet

Outer 1/2 inch 32 48 51 594 %1l
1/2 to 1 inch 39 51 52 54 52
1 to 1-1/2 inches 43 66 67 70 69
1~1/2 to 2 inches 45 67 67 70 73
2 to 2-1/2 inches 46 67 70 72 74
Core 51 74 88 87 &0
B. In June 1959 after 5 weeks of air seasoning

(Tie belonging to Group A)

i Distance from end of tie

Distance

from tie surface
1 inch 2 dinches 5 inches 1 foot 2 feet 3 feet 4 feet

OQuter 1/2 inch 17 21 26 27 28 29 30
1/2 to 1 inch 21 31 35 36 37 38 37
1 to 1-1/2 inches 25 36 41 45 42 43 42
1-1/2 to 2 inches 29 41 47 53 49 49 52
2 to 2-1/2 inches 33 44 52 58 56 51 63
Core 33 45 54 62 66 58 62




TARLE 3 (CONTINUED)

tn Octeober 1959 after approximately 5 months of air seasoning
(Tiz belonging to Group A)

; Distance from end of tie
Distance

from tie surface
L inch 2 inches 5 inches 1 foot 2 feet 3 feet 4 feet

Outer 1/2 inch 21 21 21 21 21 21 21
1/2 to 1 inch 24 25 29 29 28 28 27
} to i~1/2 inches 25 237 33 32 H | 31 30
i~-1/2 to 2 inches 25 30 35 33 32 Ji 2
2 to Z2-1/2 inches | 24 31 36 34 33 33 31
Core 25 32 36 35 33 33 32

Lo ¥ Januavy 1960 after 16 weeks of indoor storage

st Distance from end of tie

tie surtface
1 dinch Z inches 5 dnches 1 foot 2 feet 3 feet 4 feet

Outer 1/2 dnch 7 7 8 10 10 11 i3 )
1/2 ko 1 dnch 7 8 11 13 14 16 16

to i~1/2 dinches 7 9 10 15 g 51} 2L 20
1-1/2 te 2 inches 7 9 13 18 21 23 23
? to Z-1/2 dinches 7 9 14 19 22 24 24
Core 7 10 14 20 22 25 25
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ined by the fact

may be paritly
direct contact with bthe cross—-piled

rateg a possible favorable effect of

areas of contact and thereby reducing

the moisture gradients along the length of the ties.

that an MO of 307 (approximate walue for MC at

Ciber saturation poini} or less is desirable for successtul preservative
treatment . and that a presevvabive penetration of approximately | inch into
the outer shell gives adequate protection to ties in service, the regional
Hatribution of moisture in the test ties indicatee that ties in the exper-—
tal piles had artainad al the end of the outdoor seasoning period a

of seasoning age required for preservative treatment.

rates the moisture distribution in the outer l-inch shell of
at the different stages of experiment. The wvariation of the
h of the test ties, dissected at different stages

inz, is lilustrated on the same graph.

bevond the

"Lpure 5 illdn

rerage MO along the lengt

in the Test Ties

Very small seasoning checks had started to develop on the ends of
the begimndng of the test. All checks observed at the
of the ties wers marked with ¢

rule, the checks on the end surfaces were small but pnumerous.

lored cravons for future

hecks that started at the of the end surfaces did not extend more
along the fLaces of the ties. At a somewhat more advanced

+ of drving the principal! checks in the ends of the ties became conspic-—

than a few inc

extending foward the pith from this exter-
s

of the rays. Simultaveously with the
a number of small checks on the end surfaces

Heart checks {also known as "heart shakes' or "star shakes') that
sere progent in green condition frequently closed as the V-shaped seasoning
ran Lo develop in the veriphery of the ties. The presence of heart
choare formed either when the tree is growing or when the growth
3 by felling and bucking, tends to aggravate the danger
in seasoning and in service. If the plane of the principal
dmately with that of a heart check, a deep separation,
cxtending across the pith to the other side of the cross section,

chaclk coincides appro:

| : m Such separations may easily split the ties either
luring subsequent seagoning or in service when the tie is exposed to condi-
Cions of repeated drying and rewseitbing and to conditions of mechanical stress

Another minor implication of the presence of heart checks should
be mentioned Rail fies are, as a rule, S-ironed before piling and before
much dryving has occurred. Since heart checks may be present, however, it is

meidered desirable to place the S-irons across such separations {(in order
to prevent their widening) so that the position of heart checks directs the
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tdion of S-iveons often across the pith, where, generally, no noteworthy
ring stresses develop. The expected useful service of an S-iron intended
cunteract the drying stresses therefore becomes improbable. However,
provided that the direction of heart checks does not coincide with the
prefoerred dirvection of the principal seasoning checks, the heart checks may
reaain closed throughout the seasoning period, and this is sometimes taken

an indication of the check-preventative action of the S-iroms.

Detailed measurement of checks in the test ties was carried out
the end of the indoor storage period, when the development of checks was
irs maximum. During the measurements all checks 0.1 inch wide or wider

recorded with notation of their width, length, and position in the ties.
addition, separate records were kept for checks 0.3 inch wide or wider.
The measurements are recorded in Table 4. In general, checking in the test

Sk severe than had been expected, the majority of the principal
checks being less than 0.3 inch in maximum width. None of the seasoning
checks appeared severe enough to cause rejection of a tie. In a number of
iren that showed cross grain or spiral grain, severe warping and twisting
cue observed. Little difference was found in the extent of check develop-
ment on the faces of the different groups of ties (untreated, S-ironed, and
cad-coared).  The average area of small checks per tie tended to be somewhat

- For untreated ties than for S-ironed or end-coated ties, but the
rrequency of occurrence and the dimensions of large checks in the untreated
Lies were comparable to those of S—ironed ties.

The average area of the large checks per tie was practically
couval For all three groups of ties, indicating that no drastic reduction in
cormation of major checks was brought about by application of S-irons on
the ends of test ties or by the use of end-coatings on the ties.

Because of the expected interrelation between the occurrence of
m2jor check on a face of the tie and the relative distance of this face
o5 compared with other faces) from the pith, the occurrence of principal

PARLE 4. CHECKS TN TEST TIES AFTER APPROXIMATELY 16 WEEKS OF INDOOR STORAGE

All checks Large checks only
- (0.1 inch wide or wider) (0.3 inch wide or wider)
Number
resbment £
=S iqu Avg Avg Avg Avg Avg
s length area number  length area
per tie per tie per tie per tie per tie
{ft) (sq inches) (ft) (sq inches)
Untreated 11 26.3 60.3 1.9 6.2 22.5
~ironed 13 21.9 4wl 2.3 T 22.6
Frd-coated 31 oL, 53.6 b 5 235
All ties 59 24,5 53.0 L ) 5.6 23.1

11
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ferent treatments, therefore, requires observations on the checking of the
faces of ties that are similar as regards their distance from the pith.
When the check formations in the different groups of ties (untreated, 35-
ironed, end-coated) are compared on this basis, it is apparent that none of
the treatments applied reduced the formation of large checks appreciably.

Although the principal checks are typically formed at the broad
face nearest the pith, there are occasional exceptions to this rule. A
common reason for the formation of a principal check on some face of 4 tie
other than that nearest the pith is the more rapid drying at the checked
surface. Since sapwood seasons more rapidly than heartwood, the part ol a
tie most remote from the pith, which is likely to have the most sapwood,
may dry more rapidly and therefore develop shrinkage stresses before notica-
able shrinkage has occurred in the rest of the tie. Similarly a face
e2xposed on the outside of the pile to the rapid drying effect of freely
circulating air, undergoes shrinkage stresses in advance of other less
exposed faces. Figure 6 shows the ends of the test ties piled outdoors
atter completion of the tests. The tendency toward principal check forma-
tion on the broad face nearest the pith is recognizable in the photographs.
In Figure 7 two methods of placing the S-irons in the ends of ties are
illustrated. 1In one, the S-irons are placed more or less in the center of
the cross section of the ties (common industrial practice); in the other
method, used by the Laboratory, S—irons are placed across the radial planc
extending from the pith to the nearest broad face of the rtie. WNo signif-~
icant difference in the efficacy of the two methods was obzerved. Tt should
be emphasized that an inspection confined only to the ends of a tie will
not reveal the full condition of the tie. To establish the extent of checking
and its possible effect on utility, the conditicn of the faces, particularly
the broad faces, has to be examined critically.

B. OBSERVATTONS OF THE CHECKING OF HARD MAPLE RATL
TIES IN COMMERCIAL SEASONING PTLES

Development of seasoning checks in boxed—heart hard maple ties in
seasoning piles of commercial size was observed near Montreal. One thousand
one hundred and twenty-three ties, each with an identificatien numbar, were
piled for seasoning in four test piles representing two different methods
of piling (Figures 8 and 9). Two test piles were piled according to the
method known as 1 x 11 (all ties, with the exception of stringers, at a
slight angle to the horizontal plane), and two piles according to the methaod
2 x 11 (all ties horizontal). Half of the ties in each test pile were S-
ironed in the checkerboard pattern in such a way that both ends of sach tic
were either S-ironed or not S-—ironed.

The green test ties were piled in August 1959 for observation
during the following summer. The test piles were close together and close
Lo other piles in the seasoning yard to retard drying. Almost no seasoning
checks developed in the ties during the fall of 1459,

14



Figure 6, A4 closeup view of the end surfaces of some of the test ties after
completion of the tests. The tendency toward principal check
Formation on the broad face nearest the pith is recogniszable.

Figure 7. Two methods of placing S-irons in the ends of ties. In some test
ties S-irons were placed more or less in the center of the cross
section of the tie (common industrial practice); in others S-irons
were placed across the radial plane extending from the pith to the
nearest broad face of the tie.
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in August 1960. Hix hundred and three ties were subjected to these measure-
ments " with S—irons on both ends and 276 without S-irons.
ALl checks 1/8 inch wide or wider were recovded as regards their
position, length, and width on all four faces. Most of the
matl, very few having a width of 1/2 dinch or wmore.
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incipal seasoning checks

nantly on the broad faces t

Were

and arca inch wide ar il 1 Facer it F i s
pith and farthest from the pith were as foll.
Averag
-:_{ (1 4 i
Broad faces closest to the pith
{(pith distance =« 3 inches) 2,65 789
Broad faces farvthest from Lh
(pith tance > inches} il v, 3
To evaluate the merits of S-irons in preventh he de
of major checi the relative occurrence of chec ka /8 i

was compared in the ties with o-

: and in Wit
The S-irons had no appavent haneficial provent ing Smie)
of major seasoning cHecks dur ing seasond
TABLE 6.  OCCURRENCE OF WIDE CHECKS (3/8 1808 Wive WIDER)
I COMMERCTAL, TIE PILES A !

Nomber
of tiag

Treatmenrt

Ties with S-—irons

Ties without S-irons

C. OBSERVATIONS OF

G TEST

The air-seasoned hard maple ries were not pressure~tyested with
creosote until the summer of 1961, and thus they had probably devoioped

Vi

more seasoning checks at the time of preservat ive treatment than thev wou

have normaliy. The t ies, instzlled near Jrummondville, Que., in the u.
manner in the swmmer of 1961, will f¢

‘m the basis of the long-~term study

concerning the checking and ap titting of bowxed-

TRAT D ties and
the efficacy of S-irons in preventing checking and spiittine. inspection of

the ties is to be carried out periodically, and rhree inspe:
performed to dare (in 1962, 1965, and 1967),

ivns have




ation, the posd

vear after install

1.1
i ti yEEn in tace was recorded for each tie
le 7} Ui bt of the original 1,123 air-seasoned
were installed in the btest ktrack. Of 638 had S5-irons in the
while 445 were without S-~ivons. The Cive propertions of the dif-
LEion g1 comparable in ties with and without S—irons,
4 (¥ i 4 of the merits of S-irons. Sixty-five
4 2 L ‘ placed with the pith side up, which suggests that
L positioning was done intentionally in some cases.

veay after installarion) revealed that

i winor The average lenpth of checks 1/72
.8 feet; and the average area was 10,7

cape length and acvea of major checks had al-

inches. Tn 1967 the amount of

¢ and 15.5 sguare feet, and the
7 inespection.

2 il i : Rl oo STEVE
rainy period prioe to the 196

derernine whether there was any correlation between the extent
hecldd wsondng and the extent of checking in the
g the area of checks (1/4 inch wide ov wider)
he: by 5« : Ler seasoning was compared with the area of
ks {1 wide or wider) on the same broad faces after 4 vears of
ic The correlation was low (although statistically Gig—
Poayit ting that only 7 to 4% of the variation in checking shown

cervice would be explained by the variation in checking

SO .

The Hitect of S5-ivonsg on the
s in the

oted on the basis of observations made during the other

of the studv, no chanpges were observed in the checking pattern due
the p1 if S in the ends of ties. The avavage length and

f major checks (1/2 inch wide or wider) of S-ironed and not S—irened
recorded during the three inspections, were much the same (Table 9).

flect of the Position of the Pith
e ___-_-.f_1=5~::-‘-l.-:-_f-ﬁs'-'. of Ties in the Test Track

The observations made during the seasoning experiments showed that
important v thle that deterwines the extent of checking in the broad
cxed-heart tie is the position of the pith in relation to the

Sy soning, o siwmple relationship existed between the distance of
tace from the pith on one hand, and the length and area of major checks
the other hand. The c¢loser the pith was to the broad face, the more
vere was the checking (Figure 5). In the newly established test track,
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0 JERACE I AND _ {1/2 TNCH
WIDE OR WIDER) IN TIES AND WITHOUT S-IRONS DURING THREE
"FONS

lles without S—irons

A th
Li B
LR D L RG
'} i)
o 4L
4

recorded in

Wl

the most severe checking after an initial service peried

the Lies in which the pith was I inch te 2 inches from the upper face
i roximately

face)] showed,

.
GE

10 and Figure 10). The ties in which the pith was app

midway faces (2 to 4 inches from

whern

recorded avei aPe va atively moc

however, dur st ingpection

checks or severe checking, the

types of development relatively rare. 1t 18 ¥

t0 aasume that the prﬂpdrtiuﬂh of o will CLEAasSE

in this pith-position group.

When the 1,083 tieg in the ¢

—(a) ties placed in track with the pith up, and (b} ties placed in track

3}

}

i
ith side down—the average length and area of the

avge checks

the upper faces proved o be less in ties in which the pith side was down.

argte

st track were divided into two groups

Average length of Average arvea of
checks per tie large checks per tie

(EE) {sq dinches)

Lar g

Pich side up 3.93 2432
Pith side down 253 15.340

aupac ted avent better performance of ties

side down less proncunced with Cime.
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CISTAMCE OF PITH FROM UPPER FACE OF TIE (iINCHES)

Pigure 10. The occwrrence of major checks (1/2 inch wide or
(wider) in the upper faces of ties in the test
track in relation to the distance from the pith to
the upper face.

D. OBSERVATIONS OF THE CHECKING AND
SPLITTING OF HARDWOOD RAIL TIES
AFTER LONG SERVICE IN A TEST TRACK

The occurrence of checking and splitting in hardwood rail ties
after long service was observed to determine the effect of S—irons in pre-
venting the checking and splitting of ties in service. The ties were
installed in a test track at Lac Mercier, Que., in 1930 and 1931 for a
study concerning the effect of incising on service life, but since one-
third of the ties had been provided with S-irons, the Joint Committee on
Checking and Splitting of Cross Ties believed that useful information on
the merits of S—irons could be obtained by detailed inspection of this test
track. The inspection was made in June 1962.

Test Material under Observation and the
Method of Appraisal of the Condition of Ties

Fight hundred and twenty-nine ties treated with a mixture of
creposote oil (707) and coal tar (307) were installed in the track in 1930
and 1931 (Krzyzewski, 1969). At the time of the 1962 inspection 508
(61.3%) of the original ties were still in service. All ties were 6" x 8"
< 8%, The distribution of the 508 ties by species is shown in Table 11.

2.3



LaBdie 1. B

ISTRIBUTION OF TEST TIES IN QLD TRACK, BY SPECTES

Ties in gervice
at time of 1962 inspection

Number of
Species ties installed

in 1930-31

Number 7
Birch 304 247 833
Map le 314 204 65.0
Beech 217 it 27.0
All species 829 508 61.3

The presence c¢f S-irons in the ends of test ties at the time of
the 1962 inspection is shown in Table 12. One hundred and sixty-one (31.7%)
of the 508 ties inspected had S-irons in one or borh ends.

since most of the S-ironed ties had S-irons in one end only, and
since the effect of S-irons, if any, on the development of checks is likely
to be limited to hatf of the total length of the tie, the recorded data were
analyzed on the basis of half-ties. 1In Table 13 the number of half-ties
under observation is shown by different categories.

buring the 1967 inspection all checks 1/2 inch wide or wider were
recorded for each test tie with notation of width, length, and position of
the check. The ballast covering was removed from both ends of the ties and
the position of the pith in relation to the upper face of the tie was re-—
corded.

The Effect of S-irons

In Table 14 the average length and average area of checks per
half-tie are recorded for the two types of ties. It is evident from the
table that more checking occurred in S-ironed half-ties than in half-ties
without S~irens.

since it is not likely that the presence of S-irons is a cause of
increased checking of ties, it seems reasonable to assume that the ties
provided with S-irons were more susceptible to checking and that they showed
major checks at the time of S-ironing. 1In Table 15 half-ties without S—
ireons from ties which had S-irons in the other half are compared with half-
ties from not S-ironed ties. Considerably fewer wide checks were present
in those half-ties which originated from not S-ironed ties, and the checking
of not S-ironed half-ties from S-ironed ties was comparable to the checking
of the S-ironed halves.

Since the two groups of ties (ties with S-irons and ties without

S-irons) apparently differed from each other with regard to the likelihood
of developing major checks and splits, and since the ratio of S—ironed ties

24
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to not S—ironed ties—-—among the ties removed from the track during the
period of 31 to 32 years in service—was not known, no conclusive evidence
could be obtained from this phase of the study on the role of S-irons in
preventing checking and splitting of ties in service. However, no indica-
fion of anv beneficial effect due to S-irons was apparent in the test

material.

The Checking of Ties as Related to Species

The three species of wood used for test ties-—birch, maple, and
heech-—showed considerable differences with respect to the development of
chieoking. Checking wag much less in birch ties than in maple and beech.
e checks in beech were, as a rule, wider than in maple. In Table 16, th
averaze length and area of checks per tie is shown for each species.

)

The fact that only 18.77 of the birch ties were removed from
service, compared with 35%Z for maple and 737 for beech, is consistent with
the relatively low incidence of large checks in birch ties. There is no
record of the principal reasons that caused the removal of ties from the
feat track. The prevailing opinion among experts associated with the main-
renance of railroads is that the main cause of removal is deterioration due
ro splitting and other mechanical failures rather than to decay. 1t is
likely however, that the extension of seasoning checks—due to stresses in
service—exposed areas of untreated wood to decay organisms, and that this
contributed to the failure of some ties.

i

The less severe checking of birch ties, compared with maple and
beech, is undoubtedly associated with the low shrinkage differentials and
corregsponding low seasoning stresses in birch. The average ratio of tan-
sential shrinkage to radial shrinkage of vyellow birch is 122:100; the
average ratio iz 191:100 for sugar maple and 194:100 for beech

The Effect of the Position of
the Pith (in Relation te the Upper Face
of the Tie) on the Checking of Ties

As already indicated, the location of the principal seasoning
checks and the extent of checking in boxed-heart ties are strongly
influenced by the position of the pith in relation to the broad faces of
the tie. As a rule, the major checks develop on the broad face of the tie
closest to the pith. Since such seasoning checks could have a permanent
effect on the behavior of ties in service, and since further formation of
major checks is expected to occur in service as a result of seasonal mois-
rure movement Lhrough the upper face of the ties, the occurrence of checks
and the position of the pith were observed in the test ties.

In Table 17 the average length and area of large checks (1/2 inch
wide or wider) per tie are recorded by groups of ties characterized by
different average distance of the pith from the upper face of the tie. In
Figure 11 the average area of large checks in ties of the three species is
represented graphically for each of the groups. Sixty-five test ties were
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TABLE 16. OCCURRENCE OF CHECES IN TIES,; BY: SPECIES

ALl checks Major checks oniv
" (1/4 inch wide or wider) (1/2 inch wide or wider)
Number W W e e i
TRECRes t?iq Avg length Avg area Avg length Avg area
i per tie per tile per tie per tie
(fr) (sq inches) (fe) (sq inches)
Birch 247 8.7 38.6 3.4 2.7
Maple 204 10.0 52.6 5.6 3.4
Beech 51 9.8 56.4 5.8 46.4

TABLE 17. CHECKING OF HALF-TTES GROUPED ON BASIS OF AVERAGE DISTANCE oFr
PITH FROM UPPER FACE

Distance Number Avg length Avg area
of pith Species of half-ties of major checks of wmajor checks
from upper ftace in group i) {sq inches)

Non-boxed~heart ties Birch 36 0.5 4o 3
Maple 74 1.6 12
Beech 20 0.9 8.3

Less thag 1 4inch Birch 16 0.6 3.9
Maple 53 2.9 1549
Beeach 8 2.8 25.7

I to 2 inches Birch 29 L0 6.9
Maple 22 3.2 21.8
Beech 8 4.0 2 A

2 to 3 dinches Birch 181 2k L i
Maple 59 3l 23 2
Beech 36 Y2 232

3 o 4 inches Birch 174 1.2 13.6
Maple 86 Fewll 24.3
Beech 29 3.7 216

4 to 5 inches Birch 34 1.2 &k
Maple ¥ 3.1 Z1:3
Beech 8 3.2 22.5

5 to 6 inches Birch 24 1.0 6.8
Maple 61 2.6 173
Beech 3 2.6 18.0
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not of the boxed-heart type aud these are shown separately in the table.
Both S—ironed half-ties and half-ties without S~irons are included.

Tt is evident that the cccurrence of large checks in the test
ties is related to the position of the pith in the cross section of the
tie. In the 130 half-ties that were not of the boxed-heart type, checking
was significantly less than in ties that contained the pith. 1In boxed-
heart ties, the least checking was recorded for those in which the pith
was less than I inch from either the upper or the lower face of the tie..
Ties in which the pith was approximately halfway between the two broad
faces showed the most severe check development.

This pattern of occurrence of principal checks after long service
ditfers considerably from the pattern of development of seasoning checks
described earlier, where the most severe checking was observed in ties in
which the pith was close to a broad face. From a practical point of view
it is only the check development after long service that is important. An
increase in the development of major checks after a long period of service
in those ties in which the pith is about halfway between the two broad
faceg is to be expected. Even a narrow seasoning check extending halfway
through the cross section at the time of track installation creates a def-
inite plane of weakness in the tie. Under repeated loading in service the
separation progresses along this plane of weakness, causing the check to
widen and deepen and leading ultimately to the splitting of the tie. In
ties with the pith close to a broad face, the depth of the principal sea-
soning check is usually limited, and a well-defined plane of excessive
weakness may not exist.

In this connection, it would be of considerable interest to have

information available on the proportion of tieg of the different pith-
distance groups removed from the old test track. Since no such records exist,
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TABLE 18. DISTRIBUTION OF DIFFERENT PITH-DISTANCE GROUPS OF TIES IN OLD
(30 YEARS) TEST TRACK AND IN RECENTLY ESTABLISHED TEST TRACK

- After 30 to 31 Newly established
Distance ; !
= e : vears of service track
of pith from 3
ppet Tans Maple Birch Map le
(%) (%) (%)
Less than 1 inch | Fh 0.4
1 to 2 inches 5.7 6.6 14.5
2 to 3 inches 18.2 39.3 50.4
3 to 4 inches 26.6 38.0 FL.4
4 to 5 inches 14.6 7.4 343
5 to 6 inches 18.2 ha2 0.0

an attempt was made to estimate indirectly the distribution of ties by pith-
distance groups frhat had been removed during the 32 years of service. For
this purpose the percent distribution of 1,083 hard maple ties among the
different groups was first established for the new test track at Ste.
Germaine, Que. (Table 18 and Figure 12). Since this new track of maple
ties may not represent the conditions that existed in the old track at the
time of its establishment-—the use of boxed-heart ties and the method of
placement of ties in the track (pith side up or down)—a distribution curve
for the birch ties of the old track (of which only 18.7% had been removed
during service) is shown for comparison (Curve C, Figure 12). The simi-
larity of the two curves is apparent, even though the proportion of the ties
with the pith approximately halfway between the broad faces was less in the
birch ties of the old test track. (From Figure 12 it can be assumed that
most of the birch ties that had been removed were of the halfway type.)

A comparison of Curve B with Curves A and C suggests that halfway
ties have a much shorter service life expectancy than ties in which the
pith is located close to one of the two broad surfaces. The curves also
indicate that, of the ties in which the pith was more than 1 inch but less
than 2 inches from a broad face, those placed in the track with the pith
side down survived better than the ones placed in the track pith side up.

CONCLUSIONS

L. In seasoning boxed-heart maple rail ties, the major seasoning checks
form, as a rule, on the broad faces nearest the pith and extend toward
the pith by following the plane of rays.

Z. The frequency and dimensions of major checks are not reduced either in
seasoning or in service by embedding S-irons in the ends of ties before
seasoning.
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