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BURABILITY OF LAMINATEB
RAILROAB TIES

Dog. Dr. Haldk H. UNLIGIiL1)

Abstract

Pathological examinations which included soil-block tests (test fungi: Len-
tinis lepideus and Gloeopliyllum trabeum) were made on borings taken in
1976 from the upper surfaces of 30 laminated crossties (uppermost laminati-
on of yellow birch, others of jack pine) and from 9 Controls (single piece jack
pine), ali treated vvith a creosote and petroleum-oil mixture, and in service
since 1948 in two areas in Canada (North Bay, Ontario, and St-Lazare, Qu-
ebec).

The depth of preservative penetration generally exceeded 30-50 mm, the
length of the borings. The two narrovvest penetration zones (one 8, and the ot-
her 16 mm) were measured on borings from control ties. Preservative con-
centration on borings from laminated ties was visually assessed alvvays as
“medium” or “high”, at least in the outer 12 mm portion. On the Controls,
hovvever, preservative concentration was assessed as “low” in 7 out of 18 bo-
rings, the remainder being “medium” or “high”.

In tests vvith a metal probe the borings from laminated ties were assessed
in the yellow birch portions, and usually also in the jack pine portions, as
“normal”; twenty percent of the Controls, however, were assessed as “soft and
weakened”.

In microscopic examinations, none of the borings were found to be attac-
ked by Basidiomycetes. Sporadic fungal hyphae were seen, but no evidence
for fungal deterioration was observed, except for one of the control ties. Isola-
tion attempts yielded moulds, vvood staining fungi, and once a Chaetomium
sp. (from a control tie). No Basidiomycetes were isolated.

1) Faculty of Forestry, University of istanbul

Yayin Komisyonuna Sunuldugu Tarih: 12.01.1996
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in the soil-block tests the borings from ties were generally more resistant
to decay than those from untreated wood. Although in the assesment the bo-
rings from the laminated ties seemed to contain more preservative than the
control ties, in soil-block tests they showed higher resistance only to L. lepide-
us. In tests eigth G. trabeum the opposite was observed. Outer portions (5.5-
16.5 mm from the surface) of the laminated ties were highly resistant to fun-
gal decay in tests both of the fungi used. For control ties this was true only in
tests with G. trabeum. In their resistance to fungal decay, boring from the la-
minated ties in service in North Bay and in St-Lazare, (two locations of simi-
lar cliinate), were similar to each other. As expected, L. lepideus, a creosote
resistant fungus, generally caused more decay on vvood from ties than G. tra-
beum.

It appears that in the prediction of the remaining service life of the ties
examined, fungal decay should be considered less important than factors
such as mechanical wear due to traffic.

1. INTRODUCTION

As part of a long-term program at the Eastern Forest Products Laboratory on the improve-
ment of wooden railroad ties, a co-operative study was originated in 1948 with Canadian Pacific
Railways (CPR) on the development and performance evaluation of glued-laminated crossties (1,
2). A group of experimental ties, designated as “Glulam-ties”, was produced in the Labotatory and
put into service on main lines in two places: 1) North Bay, Ontario, and 2) St-Lazare, Quebec.

Since then the ties have been examined several times by the Laboratory staff to monitor their
condition (checking, plate cutting, visual signs of biological deterioration, ete.). CPR carried out
normal inspeetions independently and removed some of the ties from sevice, as they no longer
met the specifications of the Company.

To help assess the residual sevice life the inspeetion carried out in 1976 ineluded an exami-
nation of borings taken from the ties stili in service. In this examination the borings were assessed
for their pathological condition (degree of biological degradation) and for their resistance to fun-
gal decay. The results of these examinations are presented in this paper. Other observations on the
performance of these ties made during the 1976 inspeetion were presented by Krzyzewski (2).

2. MATERIALS AND METHODS

Laminated ties, (0.2 m x 0.2 m x 2.4 m; 16 for each test site) were produced from 5 or 7 ho-
rizontal laminations using phenol-resorcinol resin glue. The top lamination was 22 mm thick yel-
low birch (Betula alleghaniensis Britton); the other laminations were jack pine (Pinus banks/ana
Lamb.). The ties were incised on the top and bottom sides and treated, using the Rlping process,
with a mixture of creosote (50 percent) and petroleum-oil to a retention of 130 kg/m3 (Figlre 1).

Control ties, (10 for Nort Bay and 16 for St.-Lazare), were of jack pine, and of the same size
as the laminated ties. They were treated by CPR using the preservative and treatment process app-
lied to the laminated ties (Figlre 1). Krzyzewski (1,2) has presented more detailed information of
the performance of the ties and the traffic intensity on the lines (as well as the result of previous
inspeetions).
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Figlre 1: Ties examined in Nortl-Bay, A typical laminated tie (above) and a control tie
Sekil 1: North Bay’da incelenen traversler. Tipik bir lamiiie travers (yukarda) ve bir kontrol traversi
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Information on the long-term monthly averages of temperature and precipitation for North
Bay and for the Dorval Airport, about 30 km from the St-Lazare test site, is given in Table 1. The
number of ties originally put into service and of those stili in service when examined was as fol-
lows:

Ties put Remaining
into ties

service (examined)
North Bay : Laminated Ties 16 16
Controls 10 5
St-Lazare : Laminated Ties 16 14
Controls 16 4

Borings taken from the examined ties were 11 mm in diameter and 30 to 50 mm long. They
were taken from the approximate centre of the upper surface of the tie outside the rail, one from
each end. After examining external surfaces and, in some cases, the ends of the ties by removing
gravel, this area was chosen for core samples, because it represented well the general condition of
the ties end caused the least damage from sampling.

Table 1: Long Term Monthly and Annual Averages for Temperature and Precipitation Recorded
at Weather Stations Near Test TracksO)

Tablo 1: Traverslerin Hizmet Gérdiikleri Bélgelerdeki Meteoroloji istasyonlarinda Kaydedilmis
Uzun Siureye Ait Aylik ve Yillik Sicaklik ve Yagis OrtalamalanO)

North Bay A Dorval Airport”?)
Month Temperature Precipitation Temperature Precipitation
Ay Sicaklik, °C Yagis, mm Sicaklik, °C Yagis, mm
Jan. -12.8 172.8 -9.9 75.6
Feb. - 111 58.7 88 71.0
Mar. - 54 62.5 -2.3 70.9
Apr. 3.2 65.3 5.9 73.5
May. 10.1 73.0 12.8 67.2
June 15.8 86.1 18.5 83.0
July 18.3 102.2 21.2 85.0
Aug. 17.1 86.2 19.9 86.2
Sept. 12.4 115.8 15.3 79.7
Oct. 6.9 85.2 9.4 74.9
Nov. - 0.8 92.5 2.3 86.5
Dec. - 94 79.8 -6.6 87.1
Annual Means 3.7 81.7 6.5 78.4

Yillik Ortalamalar

(1) From Canadian Weather Revievv, Fisheries and Environment Canada, Atmospheric Environment, 1977, Vol. 15. No. 12.
(2) Dorval Airport is about 30 km east of St-Lazare.

(2) Dorval Havalimani St-Lazare'nin 30 km dogusundadir.
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A visuel examination was carried out on the borings to assess the colour and condition of
wood on the preservative-free portion, if presend, and the concentration of preservative. The
length of the boring and the depth of preservative was measured, and the strength of the wood as-
sessed using the tip of a metal probe. The portions of the borings, shovvn in Figure-2, were exami-
ned microscopically for fungal hyphae, bacteria, and morphological evidence of biodeterioration.
For mounting the sections, a glycerin-water mixture was used on creosoted wood and Amman’s
lactophenol with trypan blue on untreated wood.

Isolations of fungi from the borings were attempted within 3 d after the borings were taken
from the ties. After surface sterilization, small pieces of the borings were put into culture tubes
containing 2 percent malt-agar grovvth medium, and incubated at 27 °C.

Other portions of the borings (Figlire 2) were exposed in soil-block tests to pure cultures of
two fungi (wood-rotting Basidiomycetes) to examine their resistance to fungal attack. The materi-
als and methods applied vvere as specified in the American Wood Preserves’ Assosiation Standard
M 10-74 except for size of the wood specimens.

upper surface of fie
Traversin Ust yizeyi

Oufer Piock
Dip Blok

Inner Btock
I¢ Blok

Figlre 2: Portions of borings used for different examinations. White portions were used for microscopic ex-
aminations and culturing, striped portions for soil-block tests

Sekil 2:  Burgu numunelerinde c¢esitli incelemelerin yapildi§i bolumler. Cizgili bolimler soil-blok test-
lerinde, digerleri mikroskopik incelemelerinde ve mantar izolasyonu calismalarinda kullaniimistir

The test fungi were Gloeophyllum trabeum (Pers. ex. Fr.) [Lenzites trabea Pers. ex. Fr.]
(Madison 617), which is tolerant to phenolic compounds and occurs on hardwood as well as on
softvvoods, and Lentinus lepideus Fr. (Madison 534), which is known for its creosote tolerance
and frequent occurrence on creosoted railvvay ties.

Jars used in the soil-block tests were cylindrical, of 225 cm3 capacity, and each contained
two test blocks. Before and after exposure to the fungi, the blocks vvere conditioned at 27+1 C and
70+2 percent relative humidity to an equilibrium moisture content (MC) of 13.4 percent. Part of
the vveight loss occurring during the incubation (12 vveeks), especially that of the outer blocks,
containing high concentrations of creosote, was probably due to factors other than the fungal de-
cay of wood (evaporation and leaching of creosote during incubation and conditioning). No at-
tempt was made to estimate the loss due to these factors.

Control blocks vvere produced from untreated yellovv birch and jack pine sapvvood using
borings similar to those obtained from the ties.



68 HALUK H. UNLUGIL

The results of the soil-block tests were analysed statistically by Student’s t-test and the un-
balanced 2-way analysis of variance, followed by comparisons according to Scheffe’s method.

3. RESULTS
Depth and concemtration of preservative and colour of borings:

The depth of preservative penetration and assessed preservative concentrations are presented
in Table-2 and Table-3. Depth of preservative usually exceeded the length of the borings (30-50
mm). Values less than 20 mm were measured on two borings, both from control ties: one from
North Bay, other from St-Lazare. The concentration of preservative was assessed on laminated ti-
es in the outer 20 mm usually as “high” or “moderate”; on Controls, usually as “moderate” or
“low™.

The colour of the wood in the preservative-free portions, was assessed as “normal”.

Strengt:

Strengt assessed on the borings from laminated ties of both test sites was “normal”. From
the Controls, two borings out of 10 from North Bay, and two out of 8 from St-Lazare, ware asses-
sed as “soft and vveakened”.

Microscopic Examillations:

Several borings from laminated and control ties were examined under the microscope from
both test sites. On borings from the North Bay ties no fungal hyphae or morphological evidence
for fungal degradation were observed. About one third of the St-Lazare ties examined were infec-
ted sporadically (simple septate hyphae); other borings were free of fungal infection. No fungi of
the Basidiomycete class or evidence for cell-wall deterioration (bore holes, wall erosion, cavities)
were observed, except for one of the Controls.

Isolations:

In isolation attempts, no fungi of the Basidiomycete class were obtained. Fifteen isolation
attempts vvere made from borings of control ties from North Bay. A Cephalosporium sp., probably
the conidial stage of Ceratocystis, frequently associated with blue stain in wood, was the most
common fungus and was isolated three times. Aureobasidium pullulans (De Barry) Arnaud, a ubi-
quitous, darkly pigmented staining fungus; Chaetomium sp., which causes soft-rot in favourable
environments; and Aspergillus sp., (a mould) vvere isolated, each twice. Trichoderma viride Pers.,
Monodictys glauca (Cooke & Harkn.) Hughes, two other moulds, and a yeast vvere isolated, one
each. Two unidentified non-sporulating fungi with hyaline hyphae vvere isolated, each once. One
isolation attempt yielded no grovvth.

From borings of laminated ties from North Bay, 16 isolations attempts vvere made. Tricho-
derma viride, Alternaria tenuissima (Kunze ex Pers.) Wiltshire, Scytalidium lignicola Pesante,
three cosmopolitan Hyphomycetes and a yeast vvere isolated, each tvvice. A Cladosporium sp., Al-
ternaria alternata (Fr.) Kreissler, Aureobasidium pollulans, Waidomyces inflatus (Marchal) Hen-
nebert, a Cephalosporium sp. and two other unidentified non-sporulating fungi (one vvith hyaline,
the other vvith brovvn, hyphae) vvere isolated, each once. Three isolation attempts yielded no
grovvth.
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Table 2: Depth of Penetration and Concentration of Preservative on Borings From Ties From
North Bay")

Tablo 2: North Bay’da Hizmet Géren Traverslerden Alman Artim Burgusu Orneklerinde Olgiilen
Emprenye Maddesi isleme Derinligi ve Konsantrasyonu!'!

Preservative, Emprenye Maddesi

Boring!1! Depth of Penetration, mitil2! Concentration'2!, Konsantrasyon'3'
Burgu Numunesi!l! isleme Derinligi, mm!2! Outer, Dis Inner, I¢
C5 N 8 (20)XXX (4)X

S >45 (20)XXX (25)X
Cc9 N >46 XXX XXX
S >30 XXX XXX
C1l1 N >45 (15)XX (30)X
S >50 X X
C13 N >45 X X
S >45 X X
c2 N >40 X X
S >50 (15)XX (35)X
L1 N >42 (22)XXX (20)X
S >45 (20)XXX (25)X
L2-14 N >50 (22)XXX (28)XX
S >40 (22)XXX (18)XX
L N >43 (22)XXX (21)XX
S >22 XXX XXX
L5 N 20 XXX XXX
S >42 (16)XXX (26)X
L7 N >40 (22)XXX (18)XX
S >45 XXX XXX
L8 N >48 (22)XXX (26)X
S >40 (22)XXX (18)XX
L9 N >36 (22)XXX (14)XX
S >38 (22)XXX (16)XX
L10 N >35 XXX XXX
S >45 (15)XXX (20)XX
LU N >40 XXX XXX
S >45 XXX XXX
L12 N >46 (12)XXX (34)X
S >41 XXX XXX
L13 N 23 XXX XXX
S >36 (22)XXX (14)X
L24 N >50 XXX XXX
S >40 XXX XXX
L6 N >50 (22)XXX (28)XX
S >45 (22)XXX (23)XX
L4 S >48 (22)XXX (26)XX
L S >48 (22)XXX (26)XX
L2-28 N >46 (22)XXX (24)X
S >33 (15)XXX (18)XX m

(1) Borings designated "C" were Controls (jack pine); "L" were laminated ties. “N" indicates borings taken from the northern end ot the tie;
“S", boring taken from the Southern end.

(1) C=kontrol (cam), L=lamine traversler, n=kuzey ugtan, S=giiney uctan, alinan burgu 6rnekleri.

(2) >=Depth of penetration exceeds the length of the boring.

(2) >=Emprenye maddesi isleme derinligi burgu érnedi uzunlugunu gegiyor.

(3) Preservative concentration assessed as low (X), moderate (XX), and high (XXX). Numbers in brackets indicate the length of the bor-
ings to which the assessmant applies. No number is given when the assessment applies to the outer or inner half of the boring.

(3) (X)=Emprenye maddesi konsantrasyonu alcak, (XX)=orta, (XXX)=yliksek. Parentez icindeki numaralar derecelendirilen kismin uzun-
lugunu gostermektedir. Bu numara yok ise takdir numunenin yarisi icin gegerlidir.
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Table 3: Depth of Penetration and Concentration of Preservative on Borings From Ties From St-
LazareO)

Tablo 3: St-Lazare’de Hizmet Géren Traverstlerden Alinan Artim Burgusu Orneklerinde Olgiilen
Emprenye Maddesi isleme Deriligi ve Konsantrasyonu”)

Preservative, Emprenye Maddesi

Boring Depth of Penetration, mm Concentration, Konsantrasyon
Burgu Numunesi isleme Derinligi, mm Outer, Disg Inner, I¢
Cl N 32 (10)XXX (22)XXX
S 33 (10)XXX (23)XX
C5 N 16 XX XX
S 20 XX XX
Cl N >33 (10)XXX (23)XX
S 34 X X
C15 N >50 X X
S >40 X X
L1 N >30 XX XX
S >23 XX XX
L2 N >39 XX XX
S >45 XX XX
L3 N >45 XX XX
S >50 XX XX
L4 N >43 XXX XXX
S >45 (20)XX (26)X
L5 N >45 (30)XX (35)X
S >45 (22)XX (23)X
L6 N >45 XXX XXX
S >43 (22)XXX (27)X
L7 N 30 XX XX
S >50 XX XX
L8 N >45 (22)XXX (23)XXX
S >40 (22)XXX (18)XX
L9 N >40 XXX XXX
S >45 XX XX
L10 N >48 (20)XXX (28)X
S >35 XXX XXX
LIl N >48 XXX XX
S >42 XXX XX
L12 N >42 (22)XXX (20)X
S >25 (16)XXX 9)X
L15 N >50 XXX XXX
S >43 XXX XXX
L16 N >38 (22)XXX (16)X
S >48 (22)XXX (26)X

(1) For explanations refer to footnotes on Table 1.

(1) Aciklamalar icin Tablo I'deki dipnotlara bakiniz.

Ten isolation attemts were made from borings of control ties from St-Lazare. An unidentifi-
ed fungus with brovvn simple septate hyphae was isolated tliree times. A Phialophora sp., com-
mon on cellulosic materials, was isolated tvvice. A Penicillium sp. (common mould); Scytalidium
lignicola, a Histoplasma sp., and an unidentified non-sporulating fungus with simple septate gray
hyphae were isolated each once.
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From borings of laminated ties from St-Lazare 15 isoalation attempts vvere made. Penicilli-
um spp. vvere isolated nine times. Yeasts and unidentified non-sporulating fungi vvith hyaline
simple septate hyphae vvere isolated three times. A Cephalosporium sp., Alternaria alteniata and
an unidentified non-sporulating fungus vvith gray simple septate hyphae vvere isolated, each once.

Table 4: Weight Losses (Arithmetic Means + Standard Deviations) Obtained in Soil-Block Tests
With Specimens From LaminatedTiesF)

Tablo 4: Lamine Traverslerden Alinan Artim Burgusu Numunelerinin Soil-Blok Testlerinde
Ugradigr Agirhk Kaybi (Aritmetik Ortalama + Standart Sapma)!1)

North Bay St-Lazare
Test Fungus Block!2) No of Blocks Weight loss s.d. No of Blocks Weight loss s.d.
Test Mantar Blok!2) Blok adedi Agirlik kaybi s.s. Blok adedi Agirlik kaybi s.s.
No % No %

L. lepideus Lo 8 10.09 + 9.04 n 14.73 + 14.45
L. lepideus Li 7 47.15+ 6.86 6 46.77 £ 9.80
G. trabenm Lo 12 12.82 £11.79 13 13.82 + 10.63
G. traheum Li 9 33.74+22.00 n 28.58 + 20.30

(1) Based on weight at 13.4 percent MC.

(1) Yiuzde 13.4 oraninda rutubet baz alinmistir.
(2) Lo: outer blocks; Li: inner blocks.

(2) Lo: dis bloklar; Li; i¢ bloklar.

Soil-block Tests

The results obtained from specimens of laminated ties are presented in Table-4 for compari-
son betvveen exposure sites. The differences betvveen the corresponding blocks of the two sites
vvere small and in Student’s t-test not significant (results from control ties vvere not included in the
table because the numbers of specimens vvere insufficient).

The results from ali test blocks (combining corresponding groups from both exposure sites)
are presented in Figure-3 and the significance of the differences in Figure-4.

In tests vvith L. lepideus, untreated blocks of pine lost 66.6 + 0.3 percent (mean + Standard
error of the mean); birch blocks lost 68.7 £+1.1 percent. Generally, blocks from ties vvere less se-
verely decayed then untreated blocks. Blocks from laminated ties decayed less than those from
control ties; blocks from outer portions of the ties (closer to the surface) decayed less than blocks
from inner portions.

In tests vvith G. traheum, untreated blocks of pine lost 71.6 + 0.3 percent; birch blocks lost
75.4 + 0.3 percent. Generally blocks from ties vvere less severely decayed than untreaeted blocks.'
Blocks from laminated ties decayed more than blocks from control ties; blocks from outer porti-
ons of the ties decayed less than blocks from inner portions.

G. traheum, compared vvith L. lepideus, caused slightly more decay on non-treated Controls,
but generally less on blocks from ties.
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Figlre 3: VVeight losses (based on weigiit at 13.4 percent MC) obtained in soil-block tests: Arithmetic means

Sekil 3:

and Standard error of the means (vertical bars). Numbers of blocks in each group is indicated in the
columns. Included are blocks from North Bay as vvell as from St-Lasare.: P-Pine sapwood; B-Yel-
low birch (both non-treated): Co and Ci- outer and inner blocs from control ties; Lo and Li- outer
and inner blocks from laminated ties

Soil-blok testlerinde belirlenen agirhik kayiplari (% 13.4 rutubet miktari temel alinmistir). Aritmetik
ortalamalar ve ortalamalarin standart hatalari. Test gruplarindaki drnek adetleri siitunlarin iginde
gosterilmistir. Travers gruplari icinde hem North Bay hem de St-Lazare drnekleri bulunmaktadir.
P=cam diri odunu; B=Sari hus (emprenye edilmemis &érnekler); Co ve Ci=kontrol traverslerinin dis
ve i¢ bloklari; Lo ve Li=lamine traverslerin dis ve i¢ bloklari
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Figure 4: p-values for comparisons of the results of the soil-block tests presented in Figire 3. XXX=p<0.01;
XX=p<0.05; X=p<0.1. For the meaning of the letters refer to Figlire 3
Sekil 4:  Sekil 3°de verilen soil-blok testlerinin sonuglan arasindaki farklarin giiven duzeyleri (p-degerleri).
XXX=p<0.01; XX=p<0.05; X=p<0.1. Harflerin anlami i¢in Sekil 3’e bakiniz

4. CONCLUSIONS

In general (assuming that the borings adequately represented the ties), the laminated ties, as
well as the control ties, were essentially free of fungal decay and stili satisfactorily protected aga-
inst fungal deterioration by residual preservative. Fungal deterioration will probably not be a pri-
mary factor in the termination of serviece life of the ties examined. In the assesment (prediction)
of the remaining service life, other factors, such as mechanical damage due to traffic, have to be

the main consideration.
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Considering that after 28 years of service only 2 out of 32 laminated ties were discarded,
and the results of the present examinations, it is to be expected that their service life will exceed
40 years. Since laminations also permit the use of smaller row material, and in parts of the ties ex-
posed to lower level of stress, cheaper grades, it can be assumed that the use of laminated ties will
extend.
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LAMINE DEMIRYOLU TRAVERSLERININ
CURUMEYE DAYANIKLILIGI

Dog. Dr. Haluk H. UNLIGIL

Kisa Ozet

Orta Kanada’da North Bay ve St. Lazare’de 1948 yilinda hizmete girmis
olan horizontal lamine demiryolu traverslerinden 1976 yilinda alman artim
burgusu numunelerinde soil-blok testlerini iceren patolojik incelemeler yapil-
mistir. Laminatlarin fenol-resorsinol recinesi ile yapistirilmasi sonucu ureti-
len traversler, maden kémiriu katrani kreozotu (% 50) ile petrol yag! karisi-
mi1 bir emprenye maddesiyle 130 kg/m3 absorbsiyon diizeyinde emprenye
edilmislerdir.

Sonuclar, bu traverslerin mantar ¢urikliginden tamamen ari oldugunu,
kalan emprenye maddesi miktarinin traversleri mantar zararlarina karsi ye-
teri derecede korumaya devam ettigini-ve bu traverslerden beklenen hizmet
siiresinin tahmininde mantar ¢lrimesinin mekanik zararlar gibi faktorler-
den daha az dnemli sayilmasi gerektigini gostermistir. Bu sonuclar ve hizmet
siiresinin uzun olacaginin belirlenmesi -28 yillik hizmet siiresinde 32 travers
sadece 2 adet fire vermistir- gézoniine alindiginda lamine traverslerin kulla-
nim miktarinin artmasi beklenmelidir.

OZET

Calisma, fenol-resorsinol reginesi kullanilarak Uretilen ve 1948 yilinda Orta Kanada’da
North Bay ve St. Lazare bélgelerinde hizmete konulan bir seri demiryolu traversinin patolojik du-
rumunun incelenerek kalan hizmet sirelerinin tahmininde mantar ¢artkliginin rolini meydana
cikarmak amaciyla 1976 yilinda sézkonusu traverslerden artim burgusu ile alman numunelerde
yapilmistir.

Traverslerin hizmet gérdugi North Bay ve St. Lazare’nin 30 km dogusundaki Dorval Hava
Alani meteoroloji istasyonlarinin uzun sireye ait aylik sicaklik ve yagis kayitlari Tablo 1’de veril-
mistir (Tablo ve sekiller ingilizce metin i¢inde verilmistir).
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Traversler 0.2 x 0.2 x 2.4 m boyutlarindadir ve 5-7 adet yatay lamineden dretilmislerdir. En
ustteki laminasyon 22 mm kalinliginda olup yogunlugu oldukca yiiksek (0.45-0.60 g/cm3, taze;
0.55-0.71 g/cm3, tam kuru) ve oldukca sert sayilan ve diger amaclar yaninda demiryolu traversi
Uretiminde tercihen kullanilan sari hus, Betilla alleghaniensis Britton, diger laminasyonlari ise or-
ta derecede yogun (0.40 g/cm3, taze; 0.45 g/cm3, tam kuru), orta derecede yumusak, kerestesi bu-
dakli olan ve genelde ancak kaba insaata elverisli sayilan “Jack pine”, Pinus banksiana Lamb’-
dan, uretilmislerdir. Traversler, st ve alt ylzeyleri “incising”!*) islemine tabi tutulduktan sonra,
Riping metoduna gore maden komurid katrani kreozotu (%50) ve petrol yagi karisimi ile 130
kg/m3 absorbsiyon dizeyinde emprenye edilmislerdir (Sekil 1). Kontrol amaciyla ayni boyutlarda
ve bi¢cimde, emprenye islemi yapilmis, masif Jack pine traversleri de ayni bdlge ve hatta hizmete
konulmustur (Sekil 1). incelemenin yapildi§i 1976 yilinda, hizmete konulan 32 lamine traversten
30 tanesinin, 26 kontrol traversinden de sadece 9 tanesinin hizmete devam ettigi gorilmis, diger-
leri hattin sahibi Canadian Pacifik demiryolu sirketi tarafindan kalite yetersizligi nedeniyle hiz-
metten ¢ikarilmistir. incelemeler hizmete devam eden traverslerden alinan 11 mm ¢apinda ve 30-
50 mm uzunlugundaki artim burgusu numunelerinde yapilmistir. Numuneler, traverslerin her iki
ucundan ve ray yataginin disinda kalan alanin orta noktasindan alinmistir.

Bu numunelerin gesitli bélimlerinde hangi incelemelerin yapildigi Sekil 2 ’de gdsterilmistir.

Sonuglar, emprenye maddesi nifuz derinliginin hem lamine traverslerde hem de kontrol tra-
verslerinde numune uzunlugunu gectigini, biri 8, digeri 16 mm’lik en dustk derinliklerin kontrol
traverslerinde bulundugunu gostermistir (Tablo 2 ve Tablo 3).

Gorsel degerlendirmeler, Iamine traverslerden alinan numunelerin 12 mm’lik dis kisimlari-
nin daima “yiksek”, ya da “orta” derecede, kontrollardan alman 18 numuneden 7 tanesinin dis ki-
simlarinin “disuk”, kalan 11 tanesinin dis kisimlarinin “orta” veya “ylksek” derecede emprenye
maddesi icerdigini gostermistir.

Bicak ucu ile yapilan direng testlerinde Iamine traversleri numunelerinin dis taraflardaki hus
laminati iceren kisimlari daima, ¢am laminati iceren kisimlari genellikle, “esnek”, kontrol numu-
nelerinin % 20 ’si ise “gevrek” olarak degerlendirilmistir.

Mikroskopla yapilan incelemeler, traverslerin odun ¢iriten mantarlarin en dnemlilerini
iceren Basidiomycetes sinifi dyelerinin saldirisina ugramadigini gostermistir. Az miktarda mantar
kufu gorilmusse de, kontrol traverslerinden alinan tek bir numune hari¢, mantar degradasyonu
belirtilerine rastlanmistir.

Artim burgularinin alinmasindan sonra % 2’lik malt-agar besin ortami kullanilarak 3 giin si-
re ile yapilan mantar izolasyon denemeleri sonucu kontrol traverslerinden birer adet Cephalospo-
rium sp., Aureobasidium pullulans (De Barry) Arnaud, Aspergillus sp., Trichoderma viride Pers.,
Monodictys glauca (Cooke & Harkn) Hughes, Phialophora sp., Penicillum sp., Scytalidiuni ligni-
cola Pesante, Histoplasma sp., 4 adet teshis edilmemis diger Fungi Imperfecti ve bir adet uygun
ortamlarda “yumusak clrtukluk” yapma yetenedinde olan Chaetomium sp., izole edilmistir.

Lamine traverslerden birer adet T. viride, Alteniaria tenuissima (Kunze ex. Pers.) Witshire,
S. lignicola 3 adet kozmopolit Hyphomycet, birer adet Cladosporium sp., Alteniaria alternata
(Fr.) Kreissler, A. pullulans, Wardomyces iriflatus (Marchal) Hennebert, Cephalosporium sp, ve 3
adet teshis edilmemis, spor olusturmayan mantar ve ¢esitli Penicillium spp., izole edilmistir.

American Wood Preserves’ Association M 10-74 Standardina gdre, test mantari olarak kre-
ozota ve karisimlarinda kreozot bulunan emprenye maddelerine yiksek tolerans gdsteren Lentinus
lepideus Fr. (Madison 534) ile fenolik ve arsenik bilesiklerine toleransi yiksek olan Gloeophyllum
trabeum (Pers. ex. Fr.) Murr. = [Lenzites trabea Pers. ex. Fr.] (Madison 617) mantarlari kullanila-

(*) incising = emprenye maddesinin daha derine ve daha yeknesak nifuzu icin malzemenin lateral ytizeylerinde mekanik yoldan yariklar

agma islemi.
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rak, test uygulanan traverslerin burgu numunelerinden kesilen bolklarda ve karsilastirma amaciyla
ayni bi¢cimdeki emprenye edilmemis hus ve cam numunelerinde yapilan soil-blok testlerinin so-
nuglari Tablo 4 ile Sekil 3’te verilmistir.

Soil-blok testlerinin sonuglarina gore lamine traverslerin hizmet siiresi bakimindan 6nemli
olan Ust ylzeylerine yakin kisimlari -ytizeyden 5.5-16.5 mm- her iki test mantarina karsi yiksek
direng gostermislerdir (Bu degerlendirmede, numunelerde belirlenen agirlik kaybinin bir kismi-
nin, 12 haftalik inkubasyon siresince kreozot ve petrol yaginin buharlasma veya yikanma gibi ¢u-
riume disindaki faktorlerin etkilerine atfedilmesi gerekmektedir. Bu tir kayiplarin ézellikle emp-
renye maddesi konsantrasyonu yiksek olan dis numunelerde yiksek olacag! kesin olup testlerde
bu kayiplar belirlenmemistir). Kontrol traverslerin ayni noktadan alman numuneleri ise sadece G.
trabeum’a karsi yiksek direng gostermislerdir.

Gorsel degerlendirmeler, lamine traverslerden alman burgu numunelerinin, kontrol numune-
lerine kiyasla, daha fazla emprenye maddesi icerdigi izlenimini vermis ise de Soil-Blok testleri
bunlarin sadece L. lepideus’a karsi kontrollardan daha dayanildi, G. trabeum’a karsi ise daha az
dayanikli oldugunu gdstermistir.

Beklendigi Uzere emprenye edilmemis numuneler, emprenye edilmis numunelere -bunlar-
dan hus, L. lepideus testinde % 69, G. trabeum testinde % 75; ¢cam L. lepideus testinde % 67, G.
trabeum testinde % 72 agirhik kaybina ugramistir- kiyasla cok daha dustk direng gostermislerdir.
Ayni sekilde beklendigi tzere traverslerden alman emprenye edilmis numunelerin L. lepideus’a,
G. trabeum’a kiyasen daha dustk direng gosterdikleri gérilmustar.

Nort Bay ve St. Lazare’de hizmet gérmekte olan lamine traverslerden alinan burgu numune-
lerinin mantar c¢irikligine olan dayanikliliklari (Tablo 4) iklim bakimindan pek farkli olmayan
(North Bay genellikle 3°C kadar daha soguk) bu iki bélgede birbirine benzemektedir.

Artim burgusu ile alman numune sayisinin traversleri yeteri derecede temsil ettigi kabul
edildiginde, lamine traverslerde hemen hemen hi¢ mantar ¢irikligu olmadigr belirlenmistir. Soil-
blok testleri de, traverslerin icerdikleri emprenye maddesinin bunlari mantar cirimesine karsi
yeteri derecede korumakta oldugunu géstermistir.

Arastirma, traverslerin hizmet sirelerinin belirlenmesinde mantar c¢lriimesinin 6nemli bir
roli olmadigini ve bu siirenin tahmininde 6zellikle yogun trafik sonucu olusan mekanik zararlar
gibi diger faktdrlere dncelik verilmesi gerektigini ortaya koymustur.

Test uygulanan 32 Iamine traversin 28 yillik hizmet siresinde sadece 2 adet fire vermis ol-
masi ve bu incelemenin sonuglari, bu traverslerden 40 yili asacak bir ortalama hizmet siresi bek-
lenmesi gerektigini gostermektedir.

Travers seciminde Idminasyonun temin ettigi butin diger avantajlar da (az stres goren lami-
nasyonlarda daha disik kaliteli malzemenin kullanilabilmesi, budak gibi dogal malzeme sakinca-
larinin ve kuruma catlaklarinin azaltilmasi ve daha kigik veya standart kereste boyutlarindaki
hammaddenin dretimde kullanilabilmesi vb.) g6zéninde tutuldugunda lamine traverslerin kulla-
nim miktarlarinin artmasi beklenmelidir.
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