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REMEDIAL TREATMENT OF CREOSOTED RAILWAY SLEEPERS OF REDWOOD BY 
SELECTIVE APPLICATION OF BORIC PCID 

1 . I NTRODUCT I ON 

The species of timber used in Sweden for railway sleepers is predomin~ntly 

Baltic redwood (r-inuB sy l,,estY'1:s L) . The sleepers are usual l y irnpregnated 

with creosote oil ta a ret en tion of 130-140 kg/rn3 sapwood . The heartwood i s 

d ifficult to tre at and is hardly ever penetrated. 

The average service 1 ife fora creosoted sleeper i s approximately 28 years 

according to the Swedish State Rai lways (SJ). However, there is considerab le 

variation from the mean, principal ly because of !arge differences in quality of 

both the wood and t he impregnat ion. Already after 7-8 years, same s l eepers 

occas ional ly have ta be replaced because of decay. This isa great d is advan­

tage as the maintenance cyc l es nowadays are longer than before. 

The main cause of damage due to premature decay is incomplete impregnation, 

i e the sapwood has not been f ul ly pe netra ted or the retent ion of creosote 

has been i nsufficien t . Both can also occur in comb ina t ion, o f ten as a con­

sequence o f the s leepe r be in g already damaged before impregnation , which 

ha s res ulted in areas of i ncreased mo ist ure content. Blue- sta i n is t he mos t 

comrnon problem and the attacked parts of the sleeper are d if fic ult to season 

and frequently resulting i n an excessively high moisture content at impreg ­

nation. 

Particularly vu l nerable to decay by fungi are the parts of the s l eeper 

s ituated under the rail baseplate and around t he spikes or s crews. The zone 

of the treated/unt reated wood in t erface is espec ially liab le to decay. 

Mechanical s tre ss anda high local i sed moisture content cont r i bu t e to this . 

By se l ective remedial treatment , where prese rvat i ve i s s up pl ied a f t e r i n­

stal l ation to untreated parts of the s leepe r and/ar parts with low creosote 

retention, fungal attack can be stopped and the service 1 ife extend~d. As 

indicated ab0ve, the sections under the rai l s determine the serv i ce li fe of 

the s leeper, and are thus of specia l interest for remedi a l treatmenL 

Besides the use of an effect ive preservative, t he timing of the treatment 

wiil affect the period of e xtens ion cf the service life, and hence determine 

the profitability of t he t reatment. 

Thi{] paper is a r'evised edition of a paper' given ,in S1.,.1ed-1:sh at th.e XVI NoY'd-ic 

Wood Pr>eservation Conference in Hel.-:Vi>iki, 27- 28 September 79 7,() . 
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Remedial treatment af creosoted s1eepers in track has not, so fa r, been p rac ­

tised to any great extent i n Sweden. Dur ing the n i ne teen fift i es a s eri es of 

preliminary tests on the remedial treatment af sleepers (Rennerfe lt, Nyberg 

1955) was carried out. Eventual ly, approximate ly 500 000 sl eepers were 

treated and it was shown (Borup, Rennerfelt 196 1) that the service li fe o f 

the sleepers could be extended by an average of fi ve years. The I imit for 

economic profitabil ity was then estimated ta be three years. 

lmpregnation was effected using cartridges and paste containing so lub le 

fluorlne salts. The use of these types of preservative had certain d i s ­

advantages. For instance, they could not be extensively employed fo r sleepers 

in tracks where the rails were used as a circu it f or e lectr ic si gnals. Na+ 

and F ions were found to reduce the electrical resistance of the sleepers 

and thus interfere with the si gnal l ing system. The car tr i dges we re al so hygro­

scopic and brittl e, whlch caused same problems in hand] ing . Anothe r disad ­

vantage was also the fairly high taxicity of the f luorides . Therefore , t he 

use of fluorine preservatives was abandoned and i n the ear ly nineteen sixti es 

SJ began ta look for alternatives. It was recognized that a new preservative 

-should be at least as effect ive against decay fungi as t he fluorides 

-could be used for s leepers in a track with s igna l ] ing s ystems 

-should be safe to handle 

In March 1970, a ca-operative project between SJ and the Dan i sh fi rm Ka i R 

Spangenbe rg was establ ished in order to look for a sui tabl e met hod of treat­

ment. After a prel iminary survey it was deci ded to st ud y in fu,ther detail 

prese rvative s base d on boric acid. 

An ideal preservative for remedia1 treatment must prima riiy be characterizcd 

by two require rnents. First, it must have an ability to di ff use a nd dist r ibu te 

evenly inta the wood and secondly, it must be fixed properl y so that it does 

not leach out too fast. However, these two characte r istics conf l ict with each 

other, and the choice of preservative must of necess i t y be a cornpromise . 

Wood preservatives based on boric acid have excellent di f fusi bi I i ty bu t l i ke 

the fluoride s they are not appreciably fixed in the wood . It was the re fore 

considered important to study the progress of t he bori c ac id d if fusion in 

cre osoted sleepers in fu ll scale tes t s . lmpregnation e quipment and techn ique 

were of course al so of inte.res t in the s tudy. 
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The tests started in September 1970, when approximately 100 creosoted sleepers, 

after being in service for 13 years, were treated with a boric acid paste and 

installed in a test track at the marshal l ing yard at Nässjö (the Nässjö test). 

To obtain an indication of the effect of the treatment fora track in use and 

to study the developed method and equiprnent, in April 1974, approxi ma tely 

1 000 seventeen years old creosoted sleepers on the rnain l 1ne south of Kungs­

backa (the Kungsbacka test) were treated. 

Samples of timber have been extracted from the sleepers on the two sites and 

analysed after different times of exposure in order to fol low the progress 

of diffusion af the boric acid. ln total, more than 2 000 chemical analyses 

have been carried out by Borax Holdings Ltd in England. 

In order to establ ish whether the boric acid treatment adversely affected 

the e\ectrical resistance of a sleeper, a small scale trial was carried out 

with 11 sleepers from the Nässjö test. In May 1971 they we re install e d in a 

test track near the SJ Civil Engineering Labora t ory in Stockholm. 

As the study progressed, a !arge amount of data from the chemical analyses 

was obtained, and to evaluate the fungicidal e ffe c t o f the boric acid in the 

sleepers a s e ri es of biological t ests was carried out at the Swedi s h Univer­

sity of Agricultural Sciences in Uppsala. 

The Swedish Wood Preservation lnstitute has been res pons ible fo r the f inal 

revision and editing of the result s as well as compi1ing thi s re port. 
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2. STUDIES OF THE DIFFUSION OF BORIC ACID IN CREOSOTED REDWOOD RAILWAY SLEEPERS 

2.1 The Nässjö test 

Mater>i.als and method8 

In September 1970, 105 creosoted red1-Jood (Pin.us sylvestris L) sleepers were 

treated with a boric acid paste. The s leepers had been in service in a main 

1 ine track for approxirnately 13 years. The reason for the choice of age of 

the sleepers was that SJ considered that a remedia l treatment might be carried 

out about 15 years after installat ion. 

Two different pastes were used in the beginning, one based on methyl cellu­

lose and 60 % boric acid (H
3
so

3
), and the other based on soap/ethanol with a 

50 % boric acid content. As the latter proved to give better retentions it 

became the one exclusively used. The paste was injected with a standard equip­

ment used for the Cobra treatment of poles at 26 sites around each of the two 

baseplates on each s leepe r as shown in Fig 1. 

60 
t."'.l a~ til sp1kc spike hrd l.' c;. r·, 
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Fig 1. Pattern for the inject ion of bo r ic acid paste around the baseplate in 
the Nässjö test. Some characteristic measurements (mm) are shown. The 
basep la te (dimensions 170 x 300 mm) was joined to the sleeper by on l y 
one spike . The holes in the s leeper corresponding to the unutilized 
ho l es in the plate were plugged with irnpregnated wood plugs . It must 
be pointed out , that the spike was not always to the left a s in the 
figure but some times to the right. 

The arnount of paste consumed per i njection was calculated by dividing the 

total amount of paste consumed, by the number of injections. The average ob­

tained was 5.75 g 50 % boric acid paste per inject ion ar 2.87 g bcric acid/ 

injection. In tota l , approximately 75 g boric acid were injected around each 

plate . However, same paste remained on the s u rface at the injection points , 

cf Fig 10, and the paste actual ly supp li ed to the s leeper was less . When the 
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injections were completed the sites were treated with coal tar whereupon the 

sleepers were installed in a simulated track test bed in Nässjö. The test bed 

had a ballast of crushed stone anda sub-ballast of gravel as in a re~ular main 

l ine track. The test bed was considered to be well drained. 

The rail baseplate (170 x 300 mm) were for elastic rail spikes. Usually, 

three spikes are used for mounting. The same mounting system was used as in 

normal practice, i e the old spike holes were used. However, only one spike 

was used and the unused holes were plugged with an impregnated wood plug, 

see Fig 1. None of the sleepers had rails mounted on them. 

To register the diffusion of the boric acid and its distribution within the 

wood, it would have been preferable to extract samples from the same sleeper 

after various times of exposure and analyse their boric acid content. This 

sampling procedure, however, was impractical and insteadone half of each of 

10 different sleepers was analysed at each sampling. Samplings were made 

after 9, 12, 15, 27, 39, 51, 63, 75 and 87 months 1 exposure after treatment. 

The sleepers were sectioned as shown in Fig 2, and s~mples were taken from 

each section for chemical analysis of the boric acid content according to 

the pattern in Fig 3, Each section was photographed after sectioning, see 

Fig 4. 

Sectioning was carried out as shown in Fig 2 in order to obtain the maximum 

amount of information on the diffusion of the boric acid. The sections 4 and 

6 were chosen to give information on the diffusion in those parts of the 

e I as t t c spikep -- / i mpregna t~d wood p I ug 
• J...---' 

8 7 6' 5 lj 3 2 
-t- ·---· " -

i.o 180 !;O \ oc !;O \00 40 100 !;11 I 00 40 I 80 40 180 

_!"i~thod of m.--,rkin<; s ec t i o n~ 

5 l eep~ r 00 ~ 
- - ~- ·-~- 00-3 

Sec ti un no 

--------
Fig 2. Pattern for s ect ioning the sleepers 1n the Nässjö test. Measure­

ments in mm. 
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sleeper where the spikes or scews usual ly are, and section 5 to give infor­

mation on that part of the $1eeper covered by the plate. The sections l, 2, 

3, 7 and 8 were chosen ta give information an the diffusion further away from 

the treated zone. 
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Fig 3. Square samples were removed from sections as shown above. 
Measurements in mm. 

Fig 4. Photograph of sect ion no 5 of s l eepe r no 151. 
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As to the sampling of the sections, sarnples 1, 2, 3 and 4 were considered to 

represent the vulnerable zone between impregnatad sapwood and untreated heart­

wood. The 5amples 5, 6, 7 and 8 were taken out, mainly from sections 4 and 6, 

to give information on the boric acid content in the wooc close to the spikes. 

As the number of samples extracted vari ed each time the sampling scheme is 

given in Table 1. 

Table 1. Sampling scheme - the Nässjö test. 

Sec t i 011 S.Jmµ I es {no~) t t.Jken Ollf af cer väriou~ C>qJo~urc t i n;,es 

thi 9 12 IS 27 39 51 6) /'j 117 .... )[; [ ! 1:, 

-----·-··-------·-- -- - - ·-
] + J I 2 + ) I 2 + j' 2 + ✓ I 2 . 31 

2 + 3 I 2 + J l 2 + J I 2 + J I 2 + J l 2 + J I 

2 + J I 2 + 31 2 + J I l + J l 2 + J l 2 . ) I 

1·8 2, J. 5-~ 2, J. S-8 2. 3. S·B 2. 3. S-8 2, J. 'j-8 2, J' 5, 6 2 ' ), 5. 6 2, ) ' 5, 

) 1- 1, 2, 2 . ~ 2, 2. 2. 2. l 2' 2, 

6 l - 8 2. J' 5-8 2 , !, 5·8 2. 3. s-a 2 . 3. 5- 8 2, ). 5-8 ] . ). S, 6 2 • J. 5. 6 2. l, 5, 

2. J. S· B 2. }, 'j - 8 

8 2. 3. 5-8 2. 3. S-8 

1The samplt::';i wcre bulkt!d inlo an~ for analysis 

[l] Q] 

B] l1l 
!Il [EJ 

Sleeµcr -..ecc\011 

Samples 20 x 20 x 40 mm in size were extracted but only half of each, e 

a cube 20 x 20 x 20 mm was actual ly used for analys is. General ly, the front 

hal f in relation ta the numb ered face of the sec t i on spec i men was used. I f 

specimens had spike holes running ac rass the faces it was necessary to use 

the rear half af the sample for analysis. A number of the specimens had V­

splits and in some instance s the sp lit ran through the zone from which a 

sample was to be taken. To cape with this, the section was broken and the 

sp lit closed up and held with s eal ing tape while the sample was extracted. 

Two methods were available for the determination of the boric acid content, 

viz the l eaching (as used at the l abo ratori es of Borax Haldings Ltd; Anony­

mous 1970) and ashing (BWPA 1972) rnethods. With both, boric acid conten ts 

2 0 .10 kg/m3 can be de te rrni ned . The methods were compared (Appendix 1) and 

6 

6 
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as the results showed good agreement, the leaching method was chosen as it is 

both easier and cheaper to use. 

ResuUs 

All data from the chemical analyse s are presented i n t a bl es 1n Appendix 2. Ta 

facilitate an evaluation of the res u lts the va l ues f rom the samples 2 and 3, 

5 and 6, and 7 and 8, respectively, for the ten equal ly numbered sections ana­

lysed at each sampling have been added, and the rnean (;) calculated. 

For instance, the average boric acid con ten t (kg/m3) in the combined samples 2 

and 3 for the ten sections numbered 4 at a certain sampling has been calculated 

according to the following formula: 

X = 
[(boric acid content) 1 2 + [ (bo ric acid content) 

1 3 ( samp e samp e ) 
20 

In Appendix 2 the average values with the i r s tandard deviations are presented. 

The average values have then been used for a g raphical illustration af the 

progress af diffusion. 

In Fig 5 a the average boric acid content i s shown for the combined samples 

2 and 3 af al 1 sampled sections af ter 12, 27 , 39 and 87 monthi exposure. The 

figure gives information on t he horizontal di st ribut ion of boric acid in the 

upper part of the s leeper at various t imes afte r the tre atment. As could be 

expected, the diffusion has progressed symmetri cal ly from the injection points. 

A consequence of this was that a maximum of 50 % of the inj ec t ed boric acid 

(approx 37 g) was actual ly suppl ied t o the wood under the rai l baseplate. 

In Fig 5 b the changes of boric acid content in the uppe r parts of sec tions 4 , 

5 and 6 are shown. The means fo r the combined sarnples 2 and 3 have been plotted 

as a function of time . The c hange s have bPPn assume d to proceed accord ing toa 

fu nction of the type y = A + b/x, and the g raphs have been f i tted to the cal­

cu l ated mean values by re gression ana1ys is. For section 5 the cu rve ha s been 

fitted f or data available betwee n 27 and 87 rnonths, while the first part of 

the curve has been est imated . 

Fig 6 a s hows th e corre s ponding cha nges of bori c ac id content sornewhat further 

down in the s \eeper,v i z the combined s ampl es 5 and 6 f rom sect ions 4 a nd 6 . 

Regress ion analys i s was used to draw th e curves. 
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It can be seen from Fig 5 b that during the first 25-30 months after the 

treatment, a remarkable decrease of the boric acid content occurred in 

those parts of the sleeper under the baseplate, which are closest to the 

injection points (sections 4 and 6). There are two main reasons for this. 

First, the boric acid diffused and became distributed within the sleeper; 

from Fig 5 band 6 a it is clear that the boric acid content increased 

further from the injection points both in horizontal (section 5, Fig 5 b) 

and vertical directions (Fig 6 a). Secondly, same boric acid obviously 

leached out and disappeared. That a considerable amount of the original ly 

supplied boric acid disappeared is obvious. Regarding Fig 5 band 6 a 

and at the same time bearing in mind that if roughly 50 % (the diffusion 

progressed symmetrically from the injection points!) of the original 

boric acid (about 37 g) had distributed evenly under the baseplate and no 

leaching had occurred, the boric acid content in the volume of wood under 

the plate would have been about 3.3 kg/m3 . 

However, the greatest losses were probably not caused by leaching. A con­

siderab\e amount of boric acid was !ost before it even had started to diffuse 

inta the wood. During the treatment it was observed, as mentioned above, 

that paste had oozed out from the injection points as the injection needle 

was drawn back. Moreover, same paste could have been injected inta big 

splits and there by have been washed away the first time it rained af ter the 

treatment. Under all circurnstances, the 11effective 11 amount of boric acid 

which was real ly capable of diffusing into the wood under the rail base ­

plate was far less than expected and probably did not exceed 25 g. 

After about 40 months a more stable phase began with very small changes in 

the boric acid conteht. As can be seen from Fig 5 band 6 a the bori c acid 

content in the upper part (to about 10 cm depth) of the sleeper under the 

plate was thenbetween 0.4 and 1.0 kg/m3. It is interesting t o see that such 

an obvious equalization of the boric acid content af the upper and middle 

layers had occurred and, even though the sample s 5 and 6 were never take n 

from section 5, it appears that the boric acid had been distributed wel l 

within this upper zone. Fig 6 b and Fig 7 (in the latter the percentage 

average boric acid content in the combined samples 5 and 6 in relation to 

the corresponding values of the combined samples 2 and 3 from sections 4 
and 6 has been plotted as a fu nct ion of time) show c learly the equal ization 

between the upper and middle layers of the s leepe r. 
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Average percentage boric acid content of samples 5 + 6 in 
relation to the corresponding average value for samples 
2 + 3 from sections 4 and 6 after different times of 
exposure. 

Regarding the boric acid content further down in the sleeper (s amples 7 and 

8; analyses were carried out for sections 4 and 6 on six occasions) very low 

values were found, see Table 2 and Fig 6 b. After 27 months the leve] was 

0.1-0.3 kg/m3. A complete equal ization of the boric acid content in the ver­

tical di rection had thus not been obtained. The low values for the samples 

7 and 8 can be explained by the distance from the injection points; the 

needles penetrated to 5-6 cm depth and moreover, the boric acid had to diffuse 

there vertically. The diffus ion vertically seems to be not as good as that in 

the horizontal direction. 

The upper part of the sleeper, however, mus t be considered more vulnerable 

to decay because of greater split formation and influe nce from the weathe r. 

The lower boric acid content in the lowest part of the s leeper need not be 
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Tabell 2. Average boric acid content in the combined samples 7 and 8 
from sections 4 and 6. 

Exposure t i me, Bor i c acid content, kg/m3 

months 
section 4 section 6 

9 0,06 0 1 14 
l 2 0,06 0,08 
15 0,06 0,22 
27 0,29 0 I 11 m [fil 
39 0,07 
51 0,30 0,20 

viewed with toa much cancern although it certainly had been hoped ta obtain 

a higher boric acid content in the wood close ta the lowest parts of the 

spikes. 

In Fig 5 b an interesting observation can be made. The boric acid content 

in the samples 2 and 3 from section 6 was higher than that from section 4 

during the course of the investigation. There is probably no simple ex­

planation for this. One possibil ity is that the samples from section 6 always 

were extracted from the numbered face af the section, i e very close ta the 

injection points (cf Fig 1 and 2), whilst the samp\es from section 4 were 

extracted from either the face or the rear af the section. Samples extracted 

from the face were situated further away from the injection points than was 

the case for section 6. On average, the boric acid content ought to have been 

somewhat lower for section 4. Additionally, a higher creosote content in the 

end of the sleeper could have slowed down the diffusion and thereby contri­

buted toa higher boric acid content in section 6. 

Summarizing, it can be said that the boric acid seems to have become distri­

buted fairly well in the zone under the basep late. In the upper part (to about 

10 cm depth) a boric acid content of a least 0.4 kg/m3 was available during 

the whole period of investigation (about 7 years). Further down the content 

was lower. The variations in boric acid content were large ta start with, 

but after about three years they stabilized. This indicates that losses caused 

by leaching thereafte r were moderate. However, it must be emphasize d, that 

very big variations appeared between the sleepers. As can be seen in Appe ndix 2 

the standard deviation of the mean was large and on average about 70 % of the 

mean. Thi s is not surprising as the properties af the wood vary greatly; viz 

sapvmod/heartwood ratio, splits, knots, density, annual growth rings, moi s ture 
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content etc. Moreover the varying creosote content as well as mechanical 

barriers such as spikes ar screws can influence the diffusion. 

2.2 The Kungsbacka test 

Materials and methods 

A test site an the line Gothenburg-Malmö south af Kungsbacka was chosen ta 

study the technique developed for remedial treatment under practical condi­

tions and ta study the progress of diffusion in a track in use. About 1 000 

creosoted redwood sleepers, which had been in service for 17 years, were 

treated in April 1974. The traffic on the line is roughly 10 million gross 

tonnes annually. 

The paste was injected by means of a special ly made piece af equipment, Fig 8. 
The injections were made around the baseplate as shown in Fig 9. The plates 

were af the Hey-Back type and they were attached to the sleeper by two pairs 

of symmetrically placed screws . The Hey-Back plate is 50 mm longer (170 x 350 mm) 

than the plate for the elastic spikes. The ballast was crushed stone class I 

(30-60 mm) with sub-ballast of gravel and the track was con s idered to be very 

well drained. 

For the first batch of 116 treated sleepers 22 injectlons were appl ied around 

each baseplate; the remaining sleepers were given 26 injections around each 

plate. The paste consumption was calculated as for the Nässjö test. The average 

amount of boric acid/injection was 4.23 g giving about 110 g around each plate. 

However, not all the paste was appl ied ta the sleeper; a certain excess remained 

an the surface at the injection points, Fig JO. This surplus had to be removed 

before the injection area was brushed with coal tar, in order ta ensure that 

the tar adhered fully to the wood. 

In order to study the diffusion in the horizontal and vertical directions, 

samples from five sleepers (1 0 half sleepers) were analysed after 21, 32 and 

44 months af exposure. As the sleepers were taken from a track which was part 

of a signal ling system, sleeper h2lves from the positive and negative rail 

were sampled separately in view of the fact that the signal ling current might 

influence the mobil ity of the lons. 
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Fig 8 a. The equipme nt used for 
remedi a l tre atment in 
the Kungs backa test . 
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Fig 9 a. lnjection pattern of boric acid around the 
baseplate (170 x 350 mm) of the first batch 
of 116 treated sleepers in the Kungsbacka 
test. 

b. lnject ion pattern in the rest of t he sleepers 
in the Kungsbacka test. 

Same injections (marked ®) have been made at 
approximately 60° angle to the s leepe r. 

At the first sampling after 21 months of exposu re, sect ions were sawn 

according to the same pattern as in the Näs sjö test, Fig 2. This, however , 

turned out to be inconvenient as sections 4 and 6 were distorted by the 

presence of screw holes, making extraction of samples di ff icult. Thi s was 

because the dimensions of the rail baseplates in the Kungsbacka test were 

different from the ones in the Nässjö test. Therefore, a new pattern for 

sect ioning the sleepers was made, Fig 11. Sections 4 and 6 were replaced by 

sect ions 5/41 and 6/52. To complete the analyses from the first batch of 
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Fig 10. Freshly treated sleeper. Notice the excess 
paste on the surface at the injection points. 

of samples, sections 5/41 and 6/52 w~re taken from the sleepers of interest. 

Samples were taken from each section according to the Nässjö test pattern. 

In Table 3 the sampling scheme i s presented. The leaching method was used 

for the chemical analysis. 

Results 

In Appendix 3 al I the data from the chemical ana lyses are g iven. Average 

values for the combined s arnples 2 and 3, 5 and 6 respectively, were cal­

culated as in the Nässjö test. 

As only three inspection s we re made, the data cannot be presented graphically 

as for the Nässjö te~t. Fig 12 shows the average bo ric acid content for 
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Method of marking sections 

Sleeper no · · --·--·· · _Q_ Q_:9 5 
Section no ·-· - - - - -

Fig 11. Sectioning pattern for sleepers in the Kungsbacka test. 
Measurements in mm. 

Tab le 3. Sampling scheme - the Kungsbacka test 

Section Samples (nos) taken out after various exposure times 

No 21 32 44 months 

3 2, 3 2, 3 
4 2, 3, 5, 6 

5/41 2, 3. 5' 6 2, 3' 5' 6 2' 3' 5, 6 

5 2' 3 2' 3 2, 3 

6/52 2' 3, 5' 6 2, 3' 5, 6 2' 3' 5, 6 

6 2' 3, 5' 6 

7 2' 3' 5, 6 2' 3' 5, 6 

3 

40 

[Il [] 

IT] [§] 

Sleeper section 

samples 2 and 3 from the sect ions of inte re s t in the same way as in Fig 5 a. 

It s hows reasonably wel l the pattern of the horizontal diffus ion. Fi g 13 shows 

the vertical diffusion for sectionsS/41 and 6/52. The re was a difference 

between the boric acid contents in s leeper halves from positive and nega tive 

rails, the bori c acid content around the negative rail be ing general ly 

somewhat higher. This diffe rence has bee n con s ide red of minor importance . 

The average boric ac id contents presented in Fig 12 and Fig 13 are the refore 
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calculated for all sleeper halves involved. 

As can be seen from Fig 12 and 13 the boric acid content in the sleepers 

was already very low at the first sampling after 21 months af exposure 

(0.5 kg/m3) and decreased notably at the next sampling at 32 months. The 

retention levels were considerably lower than those in the Nässjö test 

and far from adequate for good protection against decay, cf chapter 3. 

No satisfying explanation to this can be given. However, more boric acid 

than expected, and more than in the Nässjö test, had probably been last 

during the injection, cf Fig 10. Another possible explanation could be the 

influence of traffic, which might have caused a kind af pumping action 

leading to paste losses through injection holes and splits during a short 

period after the injection and before diffusion had started. 

The conclusion is that the injection of paste turned out ta be inadequate 

for remedial treatment of sleepers, mainly because a suffi c ient net amount 

of boric acid could not be suppl ied to the sleepers, and also because the 

procedure was too laborious. 
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3. BIOLOGICAL TESTS 

3.1 lntroduction 

lf a water soluble diffusion-type preservative like boric acid is to be 

11sed for remedial treatment of redwood sleepers (Pinus syZvestris L) it is 

i a necessary to obtain information on the amount of preservative needed 

to prevent decay in 

-untreated sapwood 

-sapwood impregnated with low (sub-effective) creosote retentions 

-heartwood 

A number of reports have been publ ished in the past on the effectiveness of 

baron compounds against the decay activity of several Basidiomyctes. Various 

test methods have been used in these studies, e g ASTM 1413, BS 838, DIN 52176 

and NFX 41-502 (Becker 1959, Gallagher 1968, Harrow 1950, Jacquiot et al 1960, 

Smith 1969). 

Among Basidiomycetes studied in this respect, Coniophora puteana, Dentinus 

Zepideus, Gloeophyllum trabeum, Antrodia sinuosa, Antrodia serialfr and PoY'1'.a 

xantha are of special interest as potential decay fungi in railway slee pers 

of redwood. In the studies referred to above these fungi were tested on Baltic 

redwood and some other Pinus species. 

Baron compounds involved were boric acid (H
3

Bo
3
), bo.ax (Na2s4o

7
•10H 20) 

and Timbor@l (disodium octaborate tetrahydrate, Na2s8o
13

-4H20). The toxic 

limits, determined as kg boric acid equivalent/m3 , varied con s iderably from 

one study to the other. The variations may result from differences in the 

test methods, fungal strains, wood species and the origin of the timber. 

With few exceptions the toxic 1 imits were below 1 .5 kg/m3 boric acid equiva ­

lent for the fungi of interest in the present study. 

Generaily ASTM 1413 res ulted in higher toxic 1 irnit values than did the 

corresponding DIN 52176 and BS 838. In the study by Gallagher (1968) sapwood 

and heartwood of redwood were cornpared for resistance to Coniophora puteana 

.:ind Por>ia xantha. The results indicated that the toxic limit in heartwood 

was about half or less of that in sapwood. However , neither of the se two 

1 . Reg1stered trade mark of LJS Borax 
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fungi are known as heartwood attacking organisms. A fungus 1 ike Lentinus 

lepideus may be expected to react differently. The levels of effectiveness 

obtained in the studies referred to were used for the selection of concen­

trations and retentions in the present study. 

The effect of creosote on the decay of redwood has also been examined in many 

investigations. Of special interest are studies involving creosoted timber in 

service. Becker and Hoffmann (1966) studied the decay resistance of creosoted 

beech and redwood sleepers which had been in service for various periods (3-

30 years). Samples extracted from the sleepers were tested according to DIN 

52176 and ASTM D 1413-61 against three Basidiomycetes. Analyses showed that 

creosote-impregnated redwood sapwood resisted decay at retentions above 50 

kg/m3 . Retentions below that figure as we1 I as attack by the decay fungi 

were found in redwood s\eepers that had been in service for 14 years or more. 

So there was a good correlation between laboratory tests and sleepers in 

service. 

Becker and Starfinqer (1967) examined the effect of artificial ageing on the 

decay resistance of creoso ted redwood sapwood. Different fractions (low and 

high-boiling) from diffe rent creosote oils were used in the test. The authors 

concluded that ageing of creosote is mainly characterized by the loss of low­

boi l ing fractions. This, however , does not significantly influence the dura­

bil ity of the fungicid a l efficacy, for which 11 the quantity of high-boiling 

compounds of the oil remaining in the wood is determinative". 

Smith and Savory (1964) examined aged c reosote extracted from impregnated 

wood after 30 years of service. They fo und that the old ex trac t ed creoso te 

was as effective as new c reosote agains t Lent?'.nus lep'ideus , when wood blocks 

were impregnated and t ested in the 1abora to ry . The studies on creosote referred 

to show that, with the exception of the lm-J-boiling types, creosote oil rema ins 

effective against decay fungi even after a cons iderable number of years 1n 

service. Thi s verification jus tifi ed the use of fresh, non-aged creosote in 

the present investigation. 

Th e protective effect of diffusible wood preservat i ves on creosoted wood 

with low creosote reten tions has part ly been st udi ed by Fahlstrom (1964). 

By using the Arnerican soi l-bl ock technique (ASTM D 141 3) with southern pine 

specimens he could show that, compared wi th non-creosoted wood, the tox ic 
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limit for borax against Lentinus Zepideus was reduced from 0.80-l.12 kg/m3 

to 0.16-0.48 kg/m3 for creosote retentions of about half (32 kg/m3) the 

effective leve] (78 kg/m3). He thus found that the combined effect of borax 

and creosote oil was considerably higher than each of the preservatives 

used separately. This has also been borne in mind in the ~resent study. 

3.2 Materials and metods 

Thls study was divlded inta two parts: 

-testlng of the combined effect of creosote oil and boric acid on the 

decay of redwood sapwood (Pinus syZvest~is L) 

-testing of boric acid with redwood heartwood 

In addition chemical analyses were carried out to complement the biological 

tests. 

For the first part of the test, sapwood blocks 20 x 20 x 20 mm were treated 

according toa full ce ll process with creosote oil dissolved in toluene in 

the fal lowing concentrations: 10, 6.7, 3.3, 1 . 7 and 0.8 %. These concentra­

tions were es timated to give the fo llowing approximate retentions of creosote 

in the blocks: 60, 40, 20, 10 and 5 kg/m3 . One hundred blocks were treated 

with each concentration. One hundred blocks were also treated with toluene 

only. The creosote was obtained from the Swedish State Ra ilways and it 

compl ied with the requirements of the Scand inavian s pecifi ca tion fo r c reosote 

from 1936. 

After complete evaporation of the to luene, the creosote- impregnated blocks 

were submi tted to a full ce l 1 impregnation wi th aqueous solu ti ons of boric 

ac id of the concentrations: 0.17, 0.08, 0.03 and 0 . 017 % to g ive approximate 
3 retentions o f 1.0, 0 .5 , 0.20 and 0. 10 kg/m. Twe nty blocks of each c reosote 

retention were treated with each boric acid concen t rat ion . 

The toluene-treated blocks represented the creosote retention of O kg/m3 . 

The se t of samples of "varying c reosote retentions, bor ic ac id retention 

0 kg/m311 was obtained by treatin g 20 blocks of each c reosote retent ion 

and 20 toluene-treated blocks with distilled water . In the same way 
11 varying boric ac id retentions, c reoso t e re tenti on O kg/m311 was obta ined 
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by treating 20 toluene-treated blocks with each boric acid solution. Untreated 

blocks were used as controls. 

After the second impregnation the blocks were air-seasoned at room tempera­

ture and then dried at 102 °c for 24 hours whereupon the dry weights were 

determined. The blocks were then stored in sterile Petri dishes. Two days 

before the decay test started the Petri dishes were transferred toa heating 

cabinet and kept at 50 °c. The blocks were then introduced in the culture 

vessels. The vessels consisted of 500 ml glass jars fitted with cotton plugs. 

The jars, which were kept horizontally, contained approximately 150 ml malt 

extract agar (1 .5 % agar-agar and 2.5 % malt extract). A nylon net was placed 

on the agar surface. The culture vessels were lnoculated with one of the 

following Basidiomycetes fungi: 

Lentinus lepideus, strain BK C-1 

Gloeophyllum trabeum , strain A 570 

Antrodia sinuosa, strain BK C-196 

The inoculation took place two weeks before the introduction of the test 

blocks. 

Six blocks were introduced into each culture vessel, see Fig 14. Five of the 

blocks were treated with the same creosote concentration but representing the 

whole range of boric acid retentions. The sixth block was an untreated control. 

Five blocks per creosote/boric acid combination were used for each test fungus. 

The incubation period was six months. The blocks were the n removed from the 

culture vessels and the weight changes and moisture contents determine d . 

lmpregnated blocks not used in the decay test were saved for chemical analysis. 

In the second part of the test, heartwood bl ocks 20 x 20 x 20 mm of redwood 

were t reated us ing the vacuum/pressure process with the same boric ac id solu­

tions as were used in the first part. After the impregnat ion the blocks were 

l eft in the solution for two we eks whereupon a second vacuum/pressure treatment 

was app l ied. 

The retenti ons for a ll blocks were determined by weighing directly after 

impregnation, conditioning at room t emperature , drying at 102 °c for 24 hours 

an d reweighing. They were then s t o red and trea ted s imil ar ly to the blocks in 

the f irst pa r t of the test. Lentinus lepideus st r a in BK C-1 and Gloeophyllwn 

trabeum s train A 570 were used as t es t fungi. 
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Kreoso+impre9rierin3 i kombina.iion med bors,ra. 

a 

b 
Kreosofimpre9nerins i kombinaJion med bors'fro.. 

Fig 14. The decay tests were carried out in culture vessels 
as shown above. The photographs show tests of <.nme 
creosote and boric acid treated blocks after (a) one 
month and (b) two months. 

As can be seen the t_ungal attack in vessels 21f ana 83 
has increased significantly during the period. 

In addition to the biological testing, chemical analyses were carried out. 

A number of impregnated test blocks were sent to Borax Haldings Ltd for 

chemical analysis af the baric acid cantent. This was perfarmed ta check 
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if the retentions calculated on the basis of uptake and concentration of 

treating solution were reliable. The leaching method was used. In order to 

get an idea of the amount of creosote remaining in the boric acid treated 

sleeper a number of sleepers from the Nässjö test were analysed during the 

autumn of 1978. From the section between section 4 and section 5 (see Fig 2) 

samples corresponding to the positions of samples 2 and 3 (see Fig 3) were 

taken out and sent to Borax Holdings Ltd for analysis of the creosote content 

according to AWPA Standard A6-59, 

3,3 Results 

Decay tests with sapwood samples 

The results of the decay tests with sapwood samples are shown in Tables 4, 

5 and 6. From these it is evident that Lentinus lepideus was more resistant 

than the other fungi to both creosote oil and boric acid. Gloeophyllwn trcibewn 

and Antrodia sinuosa were so sensitive to creosote oil that the weight losses 

of the control samples were strongly reduced in culture vessels containing 

samples treated to the highest creosote retentions. The braken lines in the 

tables indicate approximate toxic l imits, i e the minimum tested retention 

for prevention of attack for various combinations of creosote oil and boric 

acid. The toxic 1 imit for the creosote/boric acid combination is therefore 

considered as that which corresponds toan average maximum weight loss of 2.5 %. 
At the same time the weight loss for an individual sample must not exceed 3 %. 

Neither creosote nor boric acid in the tested retention range was alone able 

to prevent attack from Lentinus lepideus. On average, creosote retentions of 

50 and 35 kg/m3 in addition to 0.5 and 1 kg/m3 boric acid, respectively, 

were needed. Lower creosote and boric acid retentions resulted in measurable 

attack even though the we ight losses were relatively smal 1 for al 1 the ser ies 

with the highest boric acid retention. All retentions were calculated on the 

bas i s of uptake and concentration of the treating solutions used for impreg­

nation. For Gloeophyllwn trcibeum and Antrodia sinuosa no decay was noted at 

creosote retentions above 33 kg/m3 and at boric acid retentions above 0.46-
3 0 . 48 kg/m. 
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Table 4. Percentage loss in dry mass of redwood sapwood samples treated to 
various retentions with creosote oil and boric acid after 6 months' 
exposure to Antrodia sinuosa. 

Figures in brackets indicate minimum and maximum retentions and 
weight losses respectively. K = untreated controls. 

Bor I C ~c Id 
retention, kg/m) 

1,00 

(0,92 • I, 10) 

0,48 

I0,44 - o,sol 

0, 17 

(0,13-0,19) 

0, 10 

(0,08-0,11) 

K 

Creo•ote retention, kg/m3 

49,7 33,2 16 ,0 8,7 

09.5 • 56,1) (26,7 • )8,4) (11,6 - 18,6) (5,8 • 10,5) 

0,3 ·0,5 0,3 0,2 

(-2,9 • !,8) (-1,5 • 0) (-0,3 • 0,11) (·1,5 • 0,3) 

2') 0,9 1,2 I, 2 

( I ,8 - 2, 9) (-0,3 - 2,2) (0,6 • 1,6) (0, 8 • I ,6) 

I 
I ,6 0,9 I I, 7 

(D,7 • 2,4) _ -(~,~~~•~l_J (·O,l • Ul 

2, I 

(I, 8 · 2, 7) 

I 
1.~ I 8,2 

(1,t, - 2,1) I (1,4 - 16,9) 

2, 3 

( 1, 8 - 2 ,8) 

I O ,4 

( 1,9 • 18,9) 

I 
2,3 1,4 I 14,4 

~O~J_-_2~9~ _ _ - (~,~ ~ ~-~)- J 18,8 - 20,5) 

211 ,6 

(IJ,) - 29 ,~ ) 

5, 4 6,0 2 3, 7 20 , 9 

(-0,J - 12 , 9) (3,D - 10,3) (0 - 49,2) (-6,6 - 44,S) 

4 ,5 

(3,S • 4,7) 

0 ,6 

(0 • I , I) 

0,) 

(-0,9-0,9) 

18 ,4 

(5,6 - 23,8) 

20, 4 

(16,3 - 37,4) 

34 ,6 

(20,J - 60,8) 

0, 7 

(0 - I,)) 

9,8 

(3 ,6 • 2 I , I) 

40,2 

(Jl,0 - 49,8) 

39 ,4 

(32,6 - 47,8) 

24, l1 14, I I 

(15,1 - 33.8) (9, 9 - 22 ,4) 

Table 5, Percentage loss in dry mass of redwood sapwood samples treated to 
various retentions with creosote oil and boric acid after 6 months 1 

exposure to GZoeophyZZum t rabeum. 

Flgures in brackets indicate minimum and maximum rete ntio~s and 
weight losses respectively. K = untreated controls. 

Boric ac i d 
kg/ml 

Crco~otc retent ion 1 
kg/rnl 

retention, 50,0 lJ ,6 16, 7 8,5 4,4 

(40 , 7 - 53.~l (2J,J - J~.5) ( Il ,6 - 20,9) ( 5 ,8 - I O ,5) (3,S - 4 , 7) 

o.~7 1 ,8 'l 1 0 1 , 1 0,8 0,7 0,7 

(0, 90 - 1,00) {I, 4 - 2, I) (I, 5 - 2 ,sl (0 ,8 • I ,4) (0 ,6 - I' 1) (0,S - I, 2) (0,5 - 0,9) 

0,"6 2,8 I ,5 0,9 0, 7 0,9 I ,0 

{0,40 - 0,52, (I , 7 - l, 0) (I, 3 - l , 7) (-2,0-2,11) (-0, 3 - 1,0) (D , 3 - 1, 2) (D ,5 - I ,S) 

I-~- ----- -- - -------- -- - - - -
0, I 7 2,2 2,0 1,4 I J,4 6,2 12 ,G 

(0,1} · 0,19) (1,1 - 3, D) (I, 7 - 2 ,2) {0 ,9 - 2,2) I (1,li - 6, l) ( I ,l1 - 9 , 2) (~ ,6 - 24 , 5) 
______ _ _ _ ___ ____________ J 

0, I 0 2,5 2, I 3.5 8,6 12,9 16 ,0 

(0,08 - 0, Il) (2,0 - J,2) I I, l - 2 , 61 ( 1,6 - 7 ,8) 12 ,6 - 14 ,6) (7,9 - 16,1) ( 12 , 7 - 19 , 2) 

2,2 2, 0 7 , 2 16, l 11,,9 19,8 

(0,5 - 3,5) ( 1 ,6 - 2, 7) (2, S - 10 ,2) ( !2, I - 19,0) ( I 2, 2 - 17 ,2) (l'•,J - 24 ,8) 

K 2 , 5 6,4 9,6 l , 3 9,2 I 2. J 

(-0,J - 5,6) (3 ,6 - I O , O} (4, 9 - 12 ,2) (5, I - 9, 2) (', ',, - I 0, 7) (7 ,6 - 15, I} 
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Table 6. Percentage loss in dry mass of redwood sapwood samples treated to 
various retentions with creosote oil and boric acid after 6 ~onths 1 

exposure to Lentinus lepideus. 

Figures in brackets indicate minimum and maximum retentions and 
weight losses respectively. K = untreated controls. 

Boric ~~'~id 3 
C reosot~ r~terH I on, kg/mJ 

relention, kg/111 48,9 35, 0 14 ,8 8,6 4,3 

( 30 ,2 - 59,0) (29, I - 41 , 9) (l I ,6 . 18 ,6) u.o - 10 .5) (3,5 - 4,7) 

lJ ' ~J6 2, 1 1,8 2,4 2. J 4,0 5 ,2 

ID, ~o - 1, 02} (2,0 - 2,4) ( 1 ,4 - 2 ,2 l (1,1 - J, .5 l I I, 2 - 4 '0) (-J.7 - 10. 9) (0,8 - 9.4) 

0, 46 2 • J 
r - - - - - ·- - -

L2 8,7 12 ,6 21 ,4 26.4 

(o.,,o - o,s2l ( 1, 9 - 2, 8) I (2, I - 4 ,2 l (2 ,4 - 17, 2) (3,S - 20, I) ( 12, I - 26 .9) (15,J - 42,6) 

-------I 
0, 17 2. 7 5,2 21. 4 3l ,6 26 .o 28, 9 

(0 . I J - 0, 20) (2, 4 - 3. 1 I (3' 0 - 10, 1 l (17,9 - 26,4) (29, I - 43, 9) ( 18 ''.) - 35, J) (2 I ,8 - 32 ,9) 

U, l 0 2, 9 8.3 J 1 , 7 H.J JO, 4 33, 1 

lo, 08 - 0, 11) (2 • 2 - 5. 3) (3, 2 - 11 ,2) (30, 3 - 34, 4) (33 ,3 -44. 1) (24, 2 - 42. 9) (26,0 - 38 ,0) 

0 4, 2 ?JI, 4 JS .S 38 ,6 35, 1 JJ.9 

(),6 - 6, 1) (8,8 - 20,9) ( JO ,o - 40,8) {34 ,8 - 45, 4) (25 .s - 40, 1) (26, 3 - 37./) 

K 26. 2 31 ,0 J 1 ,6 12,9 19 .s 20 ,6 

(20, 2 - 33, 5) (28, 1 - 35, 4) I 17 ,6 - 42, 7) (I/ '3 - 2 7, 9) (11,9-26,4} ( 17 ,8 - 2>, 11 

Table 7. Percentage loss in dry mass of redwood heartwood samples treated to 
various retentions with boric acid after 6 months 1 exposure to 
Lentinus lepideus and Gloeophyllum trabeum. 

Figures in brackets indicate minimum and maximum retentions and 
weight losses respectively. 

4-~€' i : ::n:..if :l~; •id.c~ 

Bvr i c ac i c' Loss i n dry 

~etentlon, kg/ml mass. t 

1 , 2 ', 2, 7 

r 1. 13 - 1, 57) (0 - 14 ,5) 

G,6 9 14, 7 

(0, 6 3 - 0, 75) (2, 7 - 33, 2) 

0 ,22 ~6, I 

( 0, 19 - O, 25) ( 16 , 6 - 32 ,2) 

0, I 3 31 , C 

(0, 01 - 0, 15) (26, 3 - 39, 5) 

35 ,6 

(29,2 - •4 ,51 

Boric acid 
retention, kg/m3 

1 ,20 

(1.11 - 1,38) 

0,72 

(0 ,61 - D, 92) 

D ,21 

( D, 19 - 0 ,24) 

D, 12 

(0 ,09 - 0, 13) 

0 

Los s iri d r y 
mass . t 

0,3 

(0 - 0 ,6) 

2,2 

(0 ,6 • 6, D) 

3 ,6 

(0, 3 - 12, 3) 

5, 4 

(1,1 - 13. 5) 

16, 7 

(7, 1 - 30, 3) 
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Decay tests with hearwood sarrples 

Results are presented in Table 7, The boric acid retentions calculated from 

the uptake and concentration of the treating solution are corrected for the 

difference between calculated retention and the actual amount of boric acid 

found by analys is (see Table 9). Lentinus lepideus was clearly more resistant 

to boric acid in redwood heartwood than was Gloeophyllum trahewn. Retentions 

of 1.13-1 .38 kg/m3 were sufficient to completely prevent decay from the latter 

fungus. The toxic 1 imit for Gloeophyllum traheum is probably within the range 

of 0.61-0.92 kg/rn3 and that for Lentinus lepideus within the range of 1 .13-

1 ,57 kg boric acid/m3. 

Boric acid analyses 

The retentions determined by chernical analyses of the test blocks were 

compared with the retentions calculated on the basis of uptake and con­

centration of the treating solution. For the sapwood samples the calculated 

values general ly corresponded very well with those obtained by analysis, see 

Table R. For heartwood samples, however, the calculated boric acid contents 

of the treated sarnples differed significantly from those found by chernical 

analysis, see Table 9. It can be suspected that the unexpectedly high figures 

for \oadings of boric acid shown in the last column of Table 9 are ascribable 

toa cumulative error incurred in the determination of the strength of the 

boric acid solution used and in the analysis. 

Creosote analyses 

The results from the creosote analyses are presented in Table 10. As can be 

seen the retention figures vary from below 10 to approximately 70 kg/m3 . The 

average retention is 22 kg/m3 with a standard deviation of 17.3 kg/rn3 . The 

high value of the standard deviation can be due to e g different retentions 

from the beginning, gradient factors depending on the de pth of the penetration 

and whether the sample was taken from heartwood or sapwood. At the sampling it 

was often very difficult to see if the sampling sites (corresponding to posi­

tions 2 and 3, cf Fig 3) were in sapwood or heartwood. The section surfaces 

were often so dark either due to the c reosote itself or through ageing, that 

the boundary between heartwood and sapwood could not be detected. Several of 

the analysed samples, however, originated from heartwood, which partly explains 

the low retentions. Under all circumstances, the analyses verified that the 

retentions used in the biological tests were real istic compared with retentions 

for sleepers in service. 
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Table 8. Boric acid analyses. Comparison of retention calculations 
for sapwood samples. 

Concentration of treating solution Boric acid content in test blocks 1 

Creosote oil, % Boric acid, % Calculated on retention and 
concentration of solution 
at impregnation, % w/w 

Determined by chemical 
analys is,% w/w 

10, 0 
6,7 
3,3 
1, 7 
0,8 
0 

10,0 
6,7 
3,3 
1, 7 
0,8 

10, 0 
6,7 
3,3 
1 , 7 
0,8 
0 

10, 0 
6,7 
3,3 
1 , 7 
0 ,8 
0 

1 average for 3 blocks 

0, 017 ,, 
Il 

Il 

0,03 
Il 

Il 

Il 

0,08 
Il 

Il 

Il 

Il 

0, 17 

Il 

Il 

0, 019 
0, 021 
0, 019 
0,022 
0,027 
0,024 

0,027 
0,037 
0,037 
0,047 
0,043 

0,083 
0,097 
0,090 
0, 127 
0, 117 
0,107 

0, 1 73 
O, 237 
0,183 
0, 187 
0, 213 
0,220 

0,019 
0,014 
0,019 
0,022 
0,025 
0,022 

0,030 
0,037 
0, 030 
0, 030 
0,030 

0, 100 
0,100 
D, 1 00 
0, 140 
D, 117 
D, 130 

0, 180 
0,217 
0,200 
0,210 
0,223 
0,223 

Table 9. Boric acid analyses. Comparison of retention calculations 
for heartwood samples. 

Bo r ic acid concentration 
of treating solution, % 

0,017 

0,03 

0,08 

0, 17 

1 
for 5 bloc ks average 

8oric ac;d cor.tent in test blocks 1 

Calculated on reten tion and 
concentration of solution 
at impregnation, t w/w 

0,023 

0,0 38 

0,0% 

0 , 210 

Determined by chemical 
analysis, % w/w 

0, D 31 

0,047 

D, 147 

D,25 2 
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Table 10. Creosote analyses. Creosote content of same examined 
sleepers from the Nässjö test. 

Sleeper no 

4 
4 
6 
6 
8 

8 
10 
10 
20 
20 

42 
42 
44 
44 
49 

49 
50 
52 
52 
57 

57 
58 
58 
61 
61 

69 
69 
73 
73 
77 

82 
86 
86 
92 
92 

94 
94 
96 
96 
98 

100 
100 
143 
143 
145 

145 
147 
147 
151 
1 53 

155 
155 

Sample no 

2 
3 
2 
3 
2 

3 
2 
2 
3 
2 

3 
2 
3 
2 
3 

2 
3 
2 
3 
2 

2 
2 
3 
2 
3 

2 
3 
2 
3 
3 

2 
3 
2 
3 
2 

Creosote content 1 , % 

5, 1 
9,7 

12,6 
8,5 
3,6 

7,9 
9,0 
9, 1 
8,S 
3,3 

1 ,9 
1 ,9 
2,9 
3,8 
9,5 

15, 7 
2,8 
2,3 
5,8 
2,4 

3 ,6 
4,9 
4,6 
0 , 5 
4,5 

2,6 
0 
2,5 
5,6 
4, 1 

I ,5 
3,5 

12 ,8 
2,5 
2, 1 

0 
8,0 
0 
1 ,2 
0 

I ,4 
I ,5 
1 ,5 
I, 7 
7,5 

4,4 
7,8 
5,4 
0 
5,7 

4,6 
6, 3 

Creosote content2 , kg/m3 

24,5 
46,S 
60,5 
1,0, B 
17,3 

37,9 
43,2 
43,7 
40,8 
15 ,B 

9, 1 
9, 1 

13,9 
18,2 
45,6 

75,4 
13, 4 
11 ,0 
27,8 
11 ,5 

1 7, 3 
23,5 
22, 1 
2,4 

21 ,6 

12 ,5 
0 

12 ,0 
26,9 
19,7 

7,2 
16,8 
61 ,4 
1 2, 0 
I O, I 

0 
38,4 

0 
5,8 
0 

6,7 
7,2 
7.2 
8,2 

36,0 

2 1 , 1 
37,4 
25,9 

0 
27,4 

22, 1 
30 ,2 

1
T~ e samples we re ex tracted f rom the remaining section between sect i ons 4 a nd 5, 
cf Fig 2. 

The quantity of each sample supp1 ied for ana lys i s wa s quite small, in same cases 
less chan 1 g. To el iminate the need for sepa rate condensing a~d me asuring of the 
water present in such s mal I samples prior to analysis, each sample was conditioned 
at 65 % RH. Af ter suc:h condi tionlng the moisture content would normal ly be 12 % by 
weight of oven dry wood. This assumpt ion was made in the ca lculation of the c reosote 
re tention bascd upon the weight loss recorded afce r to lue ne extracti on in AWPA Method 
Ao-59. 

2
By calculating the c reosote content in kg/m3 scp~ocd the density of the sapwood has 
been ass umed to be 480 kg/m 3 . 
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3.4 Summary and discussion 

The biological tests have clearly shown that Lentinus lepideus is more 

resistant to creosote-boric acid combinations than the other two fungi in­

vestigated. Therefore, this fungus is particularly relevant for the discussion 

of the results. 

To obtain an acceptable additional protection of the inner parts of the 

creosoted sapwood, boric acid retentions of at least 0.5 kg/m3 , see Tables 

6 and 10, are required. However, no cornplete retardation of the growth is 

obtained in al I parts with a creosote content below 35 kg/m3 , i e 1/4 of the 

normal retention. Neverthe\ess, the possibilities for the fungus to grow are 

so strongly reduced, that attack can only develop very s\owly, at least down 

to creosote retentions of 8-9 kg/m3. lf there are untreated zones in the ~ap­

wood, retentions of at least 1 kg/m3, probably 1.5 kg/m3 , are required to 

completely stop the growth of fungi. 

The results from the tests with redwood heartwood showed significant variations 

of weight loss even for the highest boric acid retentions. A number of various 

factors can have caused this variation; different original content of pino­

sylvinphenols, differences in pentration and diffusion of the boric acid etc. 

However, it seems that retentions of 1-1 .5 kg/m3 are necessary to give an 

effective protection against Lentinus l epideus. 

lf the levels mentioned are compared with the results from the creosote and 

boric acid analyses from the Nässj6 test, one can say that the most critical 

parts (corresponding to position 2 and 3 in section 4 and 6) in the creosoted 

sapwood after remedial treatment retained an acceptable protection during the 

whole period of the investigation, see Fig 5 a-b, Fig 6 a-b and Table 10. 

As to the untreated sapwood and heartwood, a sufficiently high boric acid was 

never obtained just under the baseplate (section 5), whilst a fairly good 

protection (about 1 kg/m3 or more) was obtained for 40-50 mönths for sections 

4 and 6, see Fig 5 a-b and Fig 6 a-b. 

The boric acid analyses from the Kungsbacka tes t (Fig 13) show that a fairly 

good protection was obtained only for the upper \ayer of the sleeper for 

approximately 20 months , assuming that the wood contained same creosote. The 
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boric acid content was too low to give an acceptable protection in untreated 

parts of the sapwood and in the heartwood. 

An interesting question is how much boric acid is required to kill the 

mycelium of an establ ished attack. In other words: what is the lethal dose? 

111 an investigation by Roff (1969) such phenomena have been studied for 

Western hemlock (Tsuga hetePophytta). He inoculated a number of various 

fungi in fresh pieces of roundwood. When the fungi were properly establ ished 

in the wood samples, these were treated with Timbor. After 12 months 1 incubation 

the samples were investigated for living mycel ia and boric acid content, Roff 

found that the lethal dose for the mast resistant fungi, to which both 

ConiophoPa puteana and Gtoeophyttwn tPabeu.m belonged, was 0,40-1 .06 % boric 

acid equivalent based on oven-dry wood. This would correspond to 2-5 kg/m3. 
As the density of Baltic redwood is close to that of Western hemlock, 

one can assume that these figures are relevant also for Baltic redwood. 

lf the assumed lethal doses are compared with the observed boric acid 

retentions in the Nässjö test, it evident that the wood around sampling 

points 2 and 3 in sections 4 and 6 was sterilized during the first 15-20 

months after the treatment. Any attack by decay fungi in this zone has not 

just been retarded, but growing mycel ia have been ki lled. A recolonization 

is required for the rotting process to con t inue when the boric acid con tent 

drops below the toxic 1 imits, see Tables 4-6. 
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4. EFFECT OF BORIC ACID ON THE ELECTRICAL RESISTANCE OF A SLEEPER 

A wooden railway sleeper conducts electric current toa certain extent, 

depending on e g moisture content, wood species and type of impregnation, 

see F i g 1 5. 

,o-• ,o~• ,o-• 10 t 10~ 10~ 10' 10 i. 10" 10'~ 10 I~ ,o•• 
Specific resistance, 
11 cm 

I l 
I Metall• I 

I I I . . 

I I ~ Glas Qu.ara 

Leiter Halbleiter 1sol,toren 

u'9120 30 0 

Conduct i vi ty, 
0. cm 

Fig 15. Specific resistance and conductivity outl i ned for wood and 
some other materials (Holzschwel lenhandbuch, 1963). 

In order to facilitate the use of rails as part of a signalling system it is 

necessary that the sleepers have a certain minimum electrical resistance. 

Otherwise, 1eakages of current can ser iosly interrupt the functioning of the 

signals. Ceneral ly, a minimum l imit value is permitted per km of track. 

Different railway administrations have differe nt requirements, us ually varying 

be tween 1 and 4 ohm/km. The Swedish State Railways have 2 ohm/km as their 

l imiting value. 

When a remedial treatment of a s leeper is carried out with salt preservatives, 

the resistance can decrease signiticantly. An experiment on a 1 imited number 

of sleepers wa s carried out to s tudy the effect of bori c acid on the resistance. 

After 6 months 1 cxposure, 11 s leepers from the Nässjö test were se lected for 

a testat the SJ Civil Enginee ring Laboratory. The s leepers were installed in 

May 1971 in a test track wi th heavi ly pol l uted grave I bal l ast . Between the 

plates on every s leepe r a potential differe nce of 6 V was appl ied, Fig 16. 
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Fig 16. Measuring the electrical resistanceof a railway sleeper. 

Current and voltage were recorded for each sleeper after different times 

of exposure for about 4 years. Measurements were made at different seasons 

ta get the extreme values. The resistance is dependent on many factors. 

In addition to the number of free ions, moisture content and temperature 

strongly influence the resistance. It is low when sleepers and ballast are 

very damp, which occurs during autumn and spring. Extremely high resistance 

is obtdined at very low temperatures, below zero, when sleepers as well as 

ballast are frozen. 

The resistance for each sleeper was calculated according to Ohm's law: 

R. = U./ I. 
I I I 

= 1-11 

In Table 11 and Fig 17 recorded minimum and maximum values as wel 1 as 

calculated average values for each point of measurement are presented. 

All recorded values have thus been considered. The calculated values of 

the resistance are expres sed as electrical resistance (ohm) per km track, 

where the sleepers constitute a number of resistances connected 1n paral lel. 

The di s tance between the sleepers was 650 mmgiving 1540 sleepers per km 

track. 

In Fig 18, the progress of the average, maximum and minimum res istance is 

schematical ly shown. The three g raph s in this figure are based only on 

measurements made at temperatures (ai r ) above O 0 c. Extremely high values 

have thus been excluded. As can be seen, the average resistance i s we l l 

above the l imiting va lue 2 ohm/km, and there was no e vidence of any 

significant difference from the re s is tance in just creosoted sleepers of 

the same age. 



The minimum curve in Fig 17 shows many very low values; however, nearly all 

minima were recorded for the same sleeper, viz no 11 in the test. The low 

values probably depended on the sleeper itself and it would undoubtly have 

shown low values even without the boric acid treatment. 

Table 11. Electrical resistance of sleepers in test track. 

Date of measurement Exposure t ! r:ie, Resistance, ohm/km track 
months Min Max Average 

1971-05-28 0 2, 0 27,8 9,60 
06-10 0,4 1 ,3 20, 2 8,28 
06-21 O ,8 2, 5 18, 4 8,66 
06-28 1 , 0 1, 5 18,2 8,93 
07-15 1 ,6 1 , 5 20, 3 6,79 
08-13 2,5 1 , 2 29,8 7,99 
09-06 3,3 ; '4 27,8 10,25 
10-29 5,0 1 , 58 48,75 11, 97 
12-31 7, \ 3, 0 3 60,0 20,66 

1972-03-17 9,6 1 , 7 27,8 7,73 
04-1 3 1 0, 5 1 , 4 26,D 7,20 
07-20 1 0, 7 1 , 7 30, 9 7,62 
08-15 14,6 l ,64 25,53 8,31 
12-01 18, 1 1 ,88 26,46 8,44 

1973-04-04 20, 2 I ,98 23, 97 7 ,97 
C6-20 24,7 2, 0 3 27,50 8,24 
08-17 26, 6 1 , 57 33,09 8 ,65 
09-28 28,0 3, 99 3 5, 1 D 11 , 38 
i 1- 22 29,8 1 , 85 26,93 7,91 

1974-03-08 33,3 2,60 35,75 12, 13 
07-26 3 7, 9 l ,60 37,05 i O, 31 

1975-02-28 45,0 3,01 31 ,91 10,89 
0 5- 30 48, I 2,30 33,09 9,39 
08-28 51 , 0 1 ,27 3 7, 71] 11 ,08 
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5. MOISTURE CONTENT OF SLEEPERS IN TRACK 

The moisture content1 of both sapwood and he3rtwood in a sleeper varies 

considerably. It varies with the age of the sleeper and the weather. It is 

also dependent on the construction of the track superstructure, the draining 

abil ity of the bal last and the location of the track (bank or cutting). As 

the normally used preservative for sleepers is creosote oil, variations in 

moisture content depending on the type of preservative can be neglected. 

Nevertheless the creosote content in the sleeper is of some importance. 

Moisture content and its variation with time are critical to the function 

and durabil ity of the sleeper. With increasing moisture content the possi­

bil ity for mechanical as wel 1 as biological deterioration increases. Rapid 

fluctuations between dry and damp state promote the formation of splits. 

This affects adversely the functioning of the spikes and screws and, in 

combination with the ageing of the creosote oil, contributes to the uptake 

of water which makes the sleeper more susceptible to attack by fungi. As the 

moisture content increases, the corrosion of fasteners increases, whi ch 

further contributes to their mechanical dete rioration. 

Fora remedial trea tment of the type discussed in this report the moisture 

content is critical. The method is based on the ab ility of the prese rvative 

to diffuse into the wood ; for this a certain amount of water is required . A 

mo isture content of at leas t 40 % i s considered to be necessary for effect ive 

diffusion. It i s therefore irnportant to know the variation in the rnoi s ture 

content with time for de t e rmining the timing of a rerned ial treatment. 

A study of the var i at ion in the moisture content of sleepers has been car ried 

out ear l ier by the Swedish State Rai lways (Borup, Ma gnus son). The study in ­

clude d se vera l series of creosoted sleepers of various ages anda sumrnary of 

the results is presented here. The sec tions of interes t were on t he main 

l ines Stockholm-Gothenburg and Stockholm-Ma lmö, see Tab le 12. The test sections 

had essent i a lly the same track su perstructure and crushed stone ballast, 

During the years 1958 , 1959 and 1960 regular moisture content measurements 

were made on s apwood and hea r twood, both during winter and summer in order to 

1
mo is ture content i s defined as per cen t w/w water on dry wood 
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Table 12. Sections af main line tracks chosen for investigation 
af the moisture content af sleepers. 

Line section 

Hässleholm 

Huddinge-Älvsjö 

Mjölby-Strålsnäs 

Vårgårda- Remmeneda l 

Högsjö-Ki 1 smo 

Year af installation 

1938 

1941 

1951 

1954 

1956 

determine extreme values. The measurements were made an increment cores 

from an upper corner at the middle af the sleeper, see Fig 19. 

Area from which lncrement cores were taken 

~t:"O'()~Q :,/'·:•a4: 
';,.~ ,1 ◊0"1,. ~L-------- --__J~._~_.:,._;>....::..._.::,j,,,------------' a .- c 

41 
:,

4
a~ 

A 

Sec tion A-A 

a 

,,_~..,,__ ___ samp le for de t e rminati on of 
moisture content of sapwood 

sa~ple for determination of moisture 
content of heartwood 

Fig 19. Sampling af incremen t cores for moisture content measurements . 

To e 1 i mi nate occas i ona I i nf 1 uence of changes in weathe r the measu rement 

of the moisture content of the sapwood was made in the cent re part af 

the increment core . The heartwood samp le was cut some mi 11 ime tres from 

the sapwood to make s u re the samp l e consisted of heartwood only. The samples 

were weighed immed i ate ly after samp ling. The dry weight was determined in 
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the laboratory after drying the samples for 24 hours in a heating cabinet 

at 105 °c. 50 samples from each series were randomly taken at each sampling. 

In total, samples from 1 350 sleepers, corresponding to 2 700 moisture 

content determinations were included in the investigation. Sampling was 

carried out from March to December and the age of the sleepers varied from 

less than two years 1 (21 months) ta just more than 21 years 1 (261 months) 

service life in track, The results are presente d in Table 13 and Fig 21-22. 

Table 13. Moisture content (%) of sleepers of different time in service. 

W I NTER 

Year of 

Average values for 50 sleepers at measurement~ in winter (Nov­
May) and summer (June-Aug). 

SUMMf R 

i n~tal I at i on Time in service. Moi s ture cont ent, % Timt: in serv·1ce, Moi s. ture eon t e n L, '.(. 

months 
sapwood heil r tv-1ood 

,non ths 
s;Jpv1ood heartwood 

1')~6 2 1 24 25 24 23 23 
1956 26 29 27 25 30 28 
1956 32 35 28 35 19 24 
1'))6 32 39 31 
1956 32 51 35 

I 956 41 26 28 
l956 46 29 29 
1951• 48 49 36 
1951 80 46 37 83 37 37 
195 I 89 54 43 85 39 39 

19) 1 93 44 3& 95 25 28 
I 9 51 1 Ol 33 34 
1951 10 5 4l 35 
1941 2Dl 99 I O 1 203 86 86 
1911 I 208 93 99 204 74 62 

1941 213 95 127 
1338 257 43 10 2 251 4, 80 
1938 261 56 84 

The presentat ion 1s divided inta 11 summer 11 and 11winter 11
• The average moi s ture 

content has increased s ignificantly with the age of the sleepers. Thi s is true 

for both s apwood and heartwood and the relation i s the same for summer and 

winter. As can be seen, the variation i s presented as a 1 inear function. 

However, investi gat ions by the Swedish State Railways have indicated that 

it i s rathera non-linear f unc t ion , i e the moisture content increases stepwise 

somewhe re in the inte rval 100-200 months, possibly because of a lterations in 

the wood which inc rease t he moisture absorbing capabi l ity, 

As mentioned above, the moisture content determinations were carried out on 

samples from an upper corner in the middl e of the s l eepe r. Neverthe less the 

moisture content varies quite a lot within the s ame s leeper. An exam ination 

o f the variation in moi sture con t e nt within a s l eeper has been carried out for 
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same normal sleepers. The result is shown in Fig 20. It is evident that those 

parts hidden below the rail baseplate have a higher moisture content than the 

other parts of the sleeper. The plates hamper drying of the wood and premature 

decay contributes additional ly to moisture absorption. 

rai l centre l ine 

Fig 20. Variation of moisture content within a sleeper, grapically shown 
fora layer 20 mm from the surface. Noti ce that the highest 
moisture content is found under the basep late. 
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time in service; measurements in winter. 
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6. DURABILITY OF SLEEPERS IN TRACK 

The durability of a creosoted sleeper in a track varies considerably with the 

qual ity of the sleeper and the forces it is exposed to. The constructional 

and geometrical design of the track in combination with the type of train­

traffic, train weights, speeds etc, on the track all affect the farces to 

which a sleeper is expased. 

Of greatest significance ta the durability, however, is the quality of the 

impregnated sleeper. The untreated new sleeper must be free from blue-stain 

and decay fung i . Any i nco r rec t hand l i ng be fore i mp regnat i on can l ead to 

localized attacks which often result in an excessively high moisture content, 

followed by insufficient impregnation with 1 ittle or no creosote retention. 

The sleepers must be ful ly seasoned before impregnation. Bad weather con­

ditions, i e rain during seasoning can often be recognlzed in the quality 

of a series of sleepers in the track. 

As the State Railways before 1953 marked every sleeper with its installation 

year and registe red replaced sleepers, it is possible to obtain statistical 

figures of the number of sleepers replaced from a series at different times . 

As t he distribution within a series is great, it i s necessary to go far back 

intime ta inc lude whole se ries. The advantage with thi s i s , however, that 

in earl ier days s ingle sleepers were replaced as s oon as they were found 

us e less for the track. With modern rnaintenance methods, all sleepers of a 

section are now replaced, and any sound ones are subsequently reused 1n 

secondary tracks. 

Stati s tics have been studied for the sec tion Ängelholm-Gothenburg (Bo ru p, 

Magnu sson); sleepers installed in 1907, 1908 and 1911 have been considered 

as series of interest . All sleepers were made of redwood and creosoted 

(ave ra~e retention about 135 kg/m3 sapwood) according toa Rueping process. 

Average serv ice l ives for the three se ri es of s leepers are given in Tab le 14. 

The distributions of service 1 ife for the three ser ies are presen t ed in 

Table 15 and Fig 23. The curves s how that the deviation from the rnean is 

very l arge . The difference in average durability i s a l so la rge but can 

readily be expla ined by the factar s mentioned earl i er. Up to the beginning 

of the nineteen fifties the State Railways assumed an average se rvi ce life 
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of 22 years fora creosoted redwood sleeper. Today that figure is 28 years, 

mainly as a result af the higher quality af the impregnated sleeper. The 

handling of the new untreated sleeper is better, the qual ity requirements are 

more rigoraus and the quality control after impregnation is better. Alsa, 

the fasteners and track maintenance are better and contribute toa longer 

service l ife. 

An interesting point concerning the graphs in Fig 23 is that they all have 

three characteristic maxima. This indicates that they in fact consist af three 

superimposed Gaussian distributions, characterizing three different means for 

the durabi l i ty. Accardi ng ta the State Rai lways the fi rst graup (A) represents 

thase sleepers replaced due ta decay, rnainly caused by insufficient irnpreg­

nation due ta bad seasoning befare treatment and incipient decay being present 

in the sleepers initial ly. Such a simple explanation can probably not be 

given for the two ather groups (B, C), al thaugh biological deterioration is 

the main reason. 

Table 14. Averaqe service l ife for the three investigated series of 
creosoted redwaad sleepers. 

lnstal iation year Number of sleepers Average service l ife, years 
investigated 

1907 10 919 19,5 

1908 9 616 16,5 

1911 18 059 22,0 



Table 15. Percentage of replaced creoso ted sleepe rs fo r 

lC ~ 
B 

three seriesafter various times of serv i ce 
in track. 

A 

r\ 1907 
Se rv i ce l i fe i n Percentage of replaced sleepers 

5~ I\ C 
track, years Series 1907 1908 1911 

1 
2 
3 a 
4 10 2G 30 40 
5 0, 01 
6 - 0,05 >-; 
7 0,32 0,06 ::i r B 
8 0,47 0,63 0,64 3 
9 O, 71 I, 73 - ~ 15 

10 1 ,91 4,44 -
□ 

I 1 1, 10 7,79 2,89 w 
u 

12 3, 73 I , 70 3,02 < 
_J 

13 8,37 3,07 1 ,95 
('-, 

~ 1 (\ 

14 1 ,22 4,58 6,24 .ev 

15 2,86 6,01 3 ,4 3 c.r A 

I \ 1g0a = 
16 2,39 16 ,56 2,57 C L..; I\ 17 3,82 8,79 4, 18 L.! .i:-

18 7,48 8,25 9, 17 
_J ,\ \J1 
V) 

5 19 10, 18 5,05 3,67 l..... 
C) 

20 10, 52 3 ,92 3,90 '......J 

6, 17 3,69 
C, 

21 3, 71 "'1: 
f-

22 4,85 3,66 5,07 z 
LU 

23 4,95 3,30 4, 1 a u b c,:: 

24 4,23 2 ,68 3 ,52 L.! 10 20 30 40 
25 3 ,61 2,53 5,88 
26 3,25 6,52 8,01 

~o l 27 3,06 2,63 4,33 B 
28 4,57 0,93 4,21 
29 4,90 0,56 3,67 i 

fl-AA 
I g I 1 30 1 ,98 D 2,98 

I 
A 

31 0 ,41 0, 17 3,08 
32 0,27 0 ,20 2,79 5~ I\ 33 0,65 0 1 , 12 
34 0, 16 0, 16 1 , 55 I 

I 
35 0, 13 0, 19 1 , 33 I 36 0, 20 0 ,04 1, 12 

cl 37 o ,86 0 ,03 1 , 40 ,/'.. 

38 0,23 0 ,04 0,35 lG 2C ;0 !,Q 

39 0,29 0,02 0, 11 
40 D, 14 0 ,02 SErV! CE LIFE [t' TPACK, VEt r:: 

41 0, 01 Fig 23. Dlstributio;-i curves of service l ife for three ser ies 
of sleepers. 
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7. CONCLUSIONS AND DISCUSSION 

As can be seen from Fig 23 a-c the service 1 ife of sleepers of a particular 

series is roughly divided into three groups. The first group, resu l ting mainly 

from insufficient impregnation, 1 ies in the interval 8-15 years and includes 

15-20 % of all sleepers investigated which were irrstalled in 1907, 1908 and 

1911. lf the sleepers instal led later are considered to be of higher qual ity, 

the percentage of decayed sleepers constituting the fi rst group should be less, 

but still of sufficient economic significance to justify attempted reduction. 

Two principal ways to achieve this are possible. First, the requirernents of 

the raw material, storage, seasoning, impregnation and qual ity control can be 

increased. Secondly, remedial treatment of the sleepers can be carried out 

after a number of years in service. 

There are two main reasons why remedial treatment could be of interest from 

an economic point of view. First, the cost of increasing the original qual ity 

of the sleepers in the ways mentioned above could be higher than that of a 

remedial treatment which could give a corresponding increase in service 1 ife. 

Secondly, further improvement of the original qua1 ity might not be possible 

and remedial treatment can give a considerably longer service 1 ife. Howevcr, 

it was not within the scope of this project to consider any economic rami­

fications . 

Disregarding the possibil ity that certain improvements might be obtained in 

the original quality of the sleepers and considering only remedial treatment, 

it can be concluded from the graphs in Fig 23 a - c that if the first group i s 

to be significantly reduced, the remedial treatmcnt must be carried out not 

later than 8 years after installation in the track and must be effec tive fo r 

at least 5 years, preferably longe r, according to the State Railways 1 require­

ments. The treatment should preferably be carried out earl ier as decay goes 

on for some time before a sleeper i s rejected . 

Is it then possible to achi e ve the expec t e d results by se lec tive remedial 

treatment with boric acid? The question cannot be answered positive ly without 

some rese rvations. However, in combination with later development s of the 

tech nique the investigations ca rried out indicate with a high dcgree of proba­

bil ity that it might be possible. When discussing t he results achieved it 
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must be borne in mind that because of significant 1osses of boric acid 

during and imrnediately after the treatment, far less boric acid than expected 

was introduced inta the sleepers. Two important requirements for the prac­

ticabi1 ity of the method are however fulfilled. First, the investigations 

of the variations of moisture content of the sleeper with time show that 

the sleepers after approximate1y 5 years in service have an average moisture 

content of at 1east 30 % a11 year round, which is sufficient to permit 

diffusion of the boric acid. Second1y, the electrical resistance of a sleeper 

treated with boric acid is not reduced. 

The results from the Nässjö and Kungsbacka tests indicate that a comparatively 

good distribution of boric acid is achieved under the baseplate and that the 

boric acid content in this zone, following a sharp decrease after the impreg­

nation, seems to becorne stable after 25-30 months. in the Nässjö t e st rela­

tively moderate changes occurred in this zone from this time to the end of 

the test. The boric acid content was then between 0.4 and 0.8 kg/m3 in the 

upper part of the sleeper (about 10 cm from the surface). Further down from 

the surface the boric acid content was lower, about 0.1-D.3 kg!m3 . The 

Kungsbacka test showed a similar tendency, but due to !arge losses of boric 

acid during t reatment, the level was considerably lower, viz about 0.2 kg/m3 

af ter 4 years. 

The biological tests show that, i f a completely ef fective protec tion of 

the un t reated sapwood and heartwood and of sapwood with low creosote rete n­

tions (< 30 kg/m3) is to be obtained, a boric acid retention of about 1.2-

1.5 kg/m3 is required. It fol\ows from the considerations regai-ding the 

expected duration of efficacy of the remedial treatment in practice, that 

the boric acid content preferab ly must not be al lowed to dro p be1ow 1 .5 

kg/m3 for at least 5 years after treatment. Of course, a 1ower boric ac id 

content gives a certain reduction of fungal growth, but to obtain good 

protection against the most important fungus, Lentinua l epideus , and ta 

allow for an uneven distribution of boric acid, the retention ought to 

be at least 1.5 kg/m3. Neither in the Nässj ö nor in th e Kungsbacka test 

was this level obtained under the rai 1 basep late during t he whole pe ri od 

of th e inves tigation. 

The stabil i z ing effect of time on the concen trati on grad ie nt indicates , 

howeve r, that if a s ufficiently large amount of bo ri c ac id were intro-
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duced from the beginnlng the level could probably be kept above 1 .5 kg/m3 for 

the required period. As the boric acid content in the zone close to the points 

where the boric acid is to be suppl ied wil l be well above or of the order of 

the lethal dose for the fungi of interest at least for the first 20-25 months, 

then fungi which have attacked the wood wil 1 be ki I led anda recolonization 

will be necessary for decay to progress. 

Regarding the method of treatment, an injection of paste does not seem to be 

the mast suitable way for introducing boric acid inta the wood, but a more 

concentrated supp\y is necessary. Moreover, the method must not allow big 

losses to occur during and immediately after the treatment. One way to over­

come this problem could be to supply the boric acid in a solid state, either 

as pure boric acid or as boric oxide, B 2 □3 . The latter compound form boric 

acid on dissolution in water and correspond to 1 .78 boric acid equivalent. 

Recent developments of the technique have been in accordance with this idea. 

By using cast cartridges of boric oxide and placing them in holes bored around 

the rail baseplate, the amount of boric acid suppl ied can be considerably 

increased compared with the paste injection method. lf the supply of cart­

ridges is concentrated inta the zone shown in Fig 24, further advantages can 

be obtained. Then all boric acid wil 1 be avai lable initial ly under the bas e ­

plate. The distance from the boric acid source to the zone just under the rai l 

(corresponding to section 5 in the Nässjö and Kungsbacka tests) will be reduced 

while the distance to the fasteners will be the same. 

Section P.-A (3-G) 

r B -------------------
,---F.-+------i-,.~-.--~ 

-------------~-------------~ A B Bori c oxide ca rtridges 

Fig 24. Example of introducing cartridges of boric oxide fo r the remedi a l 
trea tme nt of sleepers. The hol es a re to be plugged with a removabl e 
plug, lid etc. 



The dimensions of the cartridges which were found ta be real istic fora 

sleeper's strength requirements are 100-120 mm in length and 10-12 mm in 

diameter. By applying, for example, four such cartridges (100 mm in length, 

12 mm in diameter) in accardance with Fig 24, 144 g boric acid equivalent 

will be suppl ied to the zone under the baseplate. This is considerably 

rnore than was suppl ied in both the Nässjö and Kungsbacka tests, where 

approximate maximums of 37 and 55 g respectively were suppl ied. 

The leaching can be expected to be slgnificantly reduced by using cartridges 

instead of paste. The appl ication of these under the baseplates, which have 

a load distributing and split reducing influence, contributes alsa to this. 

The almost four-fold increase in the supply af boric acid compared with the 

Nässjö test, in combination with the new insertion sites,increases the 

probabil ity of maintaining a baric acid content above the prefered retention 

of 1 .5 kg/m3 for at least 5 years in the entire mast decay susceptible upper 

part of the sleeper under the baseplate. This should be confirmed by further 

f u 1 l s ca l e t r i a l s h owe ve r . 

When discussing the use of cartridges made af baric oxide an interest ing 

question arises. What effect from a protective (and economic) point of 

view could be abtained if a number of cartridges were appl ied under the 

basep\ates when the sleepers were insta\led and if the procedure passibly 

were repeated after same years? An answer to thi s question i s of interes t 

in view of the fact that single sleepers are us ual ly not replaced nowadays 

but the track superstructure of a I ine section is total ly re placed when 

maintenance is carried out. It is therefore of importan ce to have as long 

period as possible without any decay in the s leepers . Cn the fir st occasion 

the cartridges could be appl ied at the same tirne as the mounting of plates 

and rai I s in holes bered before impregnation. The holes should then be 

plugged and reu sed at the next treatment. 

Regarding sa fety an d health aspects , the handling of cartr idges i s preferable 

ta the hand\ ing of paste and has not so far proved to g ive any health or 

safety problems (Noyes 1977). Generally, preservatives based on boric acid 

are l ess toxic to man than pre servatives based on fluorides. The acute 

taxicity, often expressed as L □50 -values , are 200 mg/kg (rat) f or sodi um 

fluoride and 3 000-5 000 mg/kg (rat) for boric acid. 



50 

The method, if it can be adequately mechanized, seerns ta conforrn ta the 

requirements for an effective selectlve remedial treatment method for railway 

sleepers. Moreover, the technlque can be appl ied in other fields. Experiments 

are going on in many countries, not only with sleepers but also with poles 

and window joinery (Dlckinson 1979). So far reported results have been 

positive. 
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APPENDIX 1 

COMPARATIVE STUDIES OF THE LEACHING AND ASHING METHODS FOR BORON ANALYSIS 

Two alternative methods, the leaching and ashing method (Anonymous 1970, 

BWPA 1972), were available for the analyses of boric acid content in the 

Nässjö and Kungsbacka tests, Both methods have a titration stage and the 

1 imit of determination of boric acid in solution at this stage is 1 mg. 

Fora sample weight of about 5 g corresponding toa sample size of 10 cm3 

this is equivalent toa loading of 0.1 kg/m3. 

In order to compare the two methods as to the suitability for creosoted 

wood, analyses of samples from three sections (4, 5 and 6) from one sleeper 

were carried out. The sleeper had been exposed for 6 months in the Nä ss jö 

test. 

Five sampl es from each section were extracted as shown in Fig 1. One ha lf of 

the sampl e was analysed according to the leaching method and the o the r 

according to the ashing method. The res ults are presented in Tabl e 1. 

20 
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Fi g 1 . Pat te rn for extrac ting sarnp les . Meas u remen ts in mm. 
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Table 1. Comparison between the ashing and leaching methods. 

S l eepe r section, Sample, Ashing Leach i ng 
no no method method 

15-4 1 2,58 2, 1 0 
2 1 , 3 3 1 , 26 

3 5,60 5,65 
4 0, 16 0, 19 
5 0 , 11 0 , 1 3 

15-5 1 0, 18 0,20 
2 0, 1 7 0,21 
3 0,20 0, 30 
4 0 , 1 0 0, 10 

5 0, 16 0, 14 

15-6 1 6,73 6,75 
2 < 0, 10 < 0, 10 
3 0,98 0,94 
4 < 0, 10 < 0, 1 0 
5 < 0, 10 < 0, 10 

Because of the variable distribution of creosote in the sections and its effect 

on sample weights, it was not possible to express conveniently the results on 

the usual basis of percentage of oven dry wood. The analytical samples were 

therefore carefully cut square and their volumes measured with a mercury volu­

meter and the boric acid contents expressed on weight/volume basis, i e kg/m3 . 

As one can note from the table, agreement between both methods was very good. 

As the leaching method is less expensive to use, it was chosen for the analyses. 
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APPENDIX 2 

RESULTS OF CHEMICAL ANALYSES - THE NÄSSJÖ TEST 

Table 1 • Results af ter 9 months 1 exposure. 

Sect lon Sampl~ Bor ic dcld content, 1<.9/1n3 , in sleep"r no Average Standard 
deviation 

Nu No 21 23 25 27 29 ) 1 33 35 37 39 k9/m3 kgtrn3 

• 3 0, 12 1 0 0 0 01 0 0 0 0 

2 + 0,22 1 0 0 0 0 0 0 0 

2 t 3 1,68 0,85 3 ,O Il 0,421 0 ,66 0, 18 0,85 0,91, I, 14 0,93 I, 07 O, 79 

l ,09 8, 18 3,70 l ,92 8,J2 2 ,92 18,61 20,04 14,97 4 ,06 

2,04 2, 17 2,34 ol 5 ,24 I ,39 I, 22 3,75 I ,61 J, 74 
2 ,27 l ,25 1,66 2 ,66 1,901 1,47 1 

1, 35 2. J6 2,33 J,89 3.57 0 ,68 

4 8,90 l ,69 7 ,82 5,791 8,33 16,82 JS,28 31, 77 2, 35 4, 31 

5 I, 16 0,8) 0,97 0 l 0, 12 0, 74 0,26 0,35 0 0, 13 
0 ,49 O ,56 6 0,56 0 2, l3 0 ,86 1 0 0,30 0,42 0,53 0, 10 0, 18 

) 0 0 ,26 0 ,56 ol 0 0, 11 0 0 0 0 
0 ,06 0, 14 8 0,22 0 0 0 0 0 0 0 0 

s 5,09 0,65 2 ,69 3, 21 2,97 2 ,42 0,95 0, 18 2, 1S 0,89 

O ,59 0,88 0,56 0,31 0,)0 I, 28 0 ,63 0 ,2 7 0, 35 0,61 
0,87 o,~a l, 34 0, 4 I 0,83 0,54 4,80 I ,Il 0 ,61, 0 'J~ o ,86 0, )8 

4 2,37 0, 17 l ,93 1 . 43 2,42 I, 79 I, 00 2,90 3 ,06 I ,5 7 

6 29,98 9,42 11, 71 2, 72 44 ,92 6 ,67 14, 10 11.08 18,99 7, S 7 

2 I, 52 0, 71 4. 77 5, 93 I, J I 1 3 ,00 5,60 1,80 1, 12 2 .51 
3, 74 2,54 J 4 ,05 2,54 3, 45 1,55 4 ,6 I 2,67 4 ,49 10 ,86 8,31 3.99 

4 4.93 26,26 I 3, 17 8 ,52 14 ,89 1/, 78 36,811 27, 2 7 4,57 12,86 

5 0,62 0 ,63 J,08 1,36 0, 49 o,47 0,53 0,82 0, 18 0,49 
0, 79 0,76 6 0,44 o. 10 0,78 0,66 0 ,29 O ,46 0, 19 2 ,60 O ,98 0, 50 I 

7 0 0 0 0 0 0 0 ,66 1 0 0 
8 0,28 0 0 0 ,91♦ 0 0 0 0,H 0 ,62 0, I 4 0, 28 

0 < retf"ntion ~ 0, 10 kg/mJ 

1:i. 1>1 i I or krn.>t in somplc 

Table 2. Resu 1 ts after 12 months 1 exposure. 

Sec t ion $3rnple Bor ic ac id content, kg/m), in steeper no J\v~ r .:ige S tc:1ndard 
devi a ti o n 

No Mo 41 43 45 47 49 51 53 ss 57 5~ kg/m) kg/ml 

+ 3 0,2 l 01 I, 18 0 01 01 0 0, 10 o• 0, 15 0 .Jl 

2 + 3 1, 791 l, 15 1 I ,SJ I, 14 I , 34 I, 45 0 O,Sl 2,84 3 ,05 l ,48 0,93 

2 S,61 l ,80 I, 70 l 2 ,06 3 ,29 0,771 3,65 1 3 ,48 2,94 l , 35 1 
2,61 I, "/8 

J 8, 18 I, 52 3, 14 2 ,92 0,65 2 ,2S l ,97 2, I 3 l 0,47 2, 3J I 

5 0, 5 1 0 ,22 0 ,94 1 0,65 O, 53 0,97 0 0 o ,88 0,65 0 ,58 0 .so 
6 1,11 0 2, 16 0,69 0,59 0 0,26 0, )6 0,56 0,43 

) 0, 99 0 0, 11 0, 18 0 0 0 l 
0 ,06 0,21 a 0 0 0 0 0 0 0 0 0 

s 1 0, 1,6 1 0,79 0,77 0,34 0 ,6 I 0, 18 0 , 101 O ,4 5 I , 37 0 ,2 7 
0,58 0,46 J 0 ,61 l , 37 1, 12 I 0 0,56 01 0 0,92 1, 42 1 0, )2 

6 2 0,351 2,05 1, 33 1 2,16 1 0, 35 3,91 1 4, 33 4,77 I ,4) 0 ,68 1 
2,82 2, 14 J J ,47 l ,86 2,93 1, 87 3 , 70 10 ,01 3 ,60 3 ,56 I ,60 2 ,48 

s 0, 36 0 0,92 1 I, 15 0,89 O, 71 0 0, I J 1, 15 0,74 O, 78 o ,6 7 6 0,45 1,04 2, 18 0,43 0, 43 0,52 o, 4S 0,4 7 2 . 71 0, 77 1 

7 0 0 0 0 0 0 0 0 0 01 
0 ,08 0 ,25 8 0 t, 00 0 QI 0 0 0 0,59 0 

0 < retention ... 0, 10 kg/mJ 

1~pl it ar knot in samp l e 
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Table 3. Results after 15 months 1 exposure. 

Se( t ioo Sample Bor i c add content, kg/mJ, in sleeper no Average Stand.ard 
dcvialion 

No No 61 63 65 67 69 71 73 15 77 79 kg/ml kg/mJ 

+ 3 0 01 0 01 0 0 0 u 

+ 3 0, 18 O, 35 0' 13 0 0, 10 1 0, 10 01 u 0,09 U, 11 

+ 3 2 ,69 0,96 1 2 ,05 01 1,73 1 l , 1_7 1,271 0, 101 1, 20 0, J I I, 15 o ,86 

2 2, 30 I ,2 7 I , 32 2,21 0,51 1 1 ,04 I, 79 0 ,44 I ,02 4, Il 
I ,20 0,89 3 1, ~ 1 0,62 0, 74 1. 12 0,89 0,48 0,93 0 ,40 0,4] 0,84 

51 I, 84 0, 18 1,29 0, 12 1 I ,05 0,62 O, 79 0 0,97 I , 38 
0 ,96 0, 77 61 1,11 U,74 1, 14 o, 361 2,26 0,78 3 ,09 0 0, 79 D,70 

I 0 0 0, 12 0 I 0, 12 0 0 0 0 0 
O ,06 0, 1'1 8 0 0 0,30 01 0 0 0 0 O ,57 0 

0,66 1 ,00 0, 70 0, 18 0,34 1 0,51 0 ,90 2 ,66 0,97 0, 72 0,99 0,70 0,65 o, 74 0,8] O ,65 1 ,09 0,62 1,45 2,97 0,611 1,46 

(, 1, 79 1,63 1 O ,56 I ,6 7 1, 21 I ,58 O,SJ 3,] I 0,89 1 .95 1,89 1, 15 1, 38 1,10 1 0, 70 1,86 4, 01 1 ,56 2 ,91 4,57 1, 19 J. 32 

5 I• ~3 u, 48 0,87 0 ,51 0,99 I, 35 I ,08 1 ,25 1 ,01 0,65 I, ]2 0,80 6 u, 53 o.a~ 1, ]9 0,77 1 ,48 J, 41 2,94 2,2] D ,60 1, 72 

I u 0 0 0 0 0 0 0, 14 0 
0 ,22 o ,48 8 D, 12 0, I] 0, 18 0,43 0 0,68 2,05 0,58 0 

0;;;:; rctcnLion < 0,10~g/m3 

15pl i ( or knot in [,.i,mplc 

Table 4. Results after 27 months' exposure. 

Sectfon Srlmple Boric acid content, kg/m3 , in sl~~per no Average Standard 
dP.vi,H ion 

Nn ~,o !O 1 103 10s 107 109 111 11] 115 11 7 119 kg/m3 kg/ml 

• 3 01 0 0, 17 0 I 0 I 0 0 I 0 0 

+ 3 0, 18 0, 19 1 0I 0 I 0 0 ul O ,04 0,08 

2 + 2, 38 I , 24 1 0 ,4 I 0,8] 1 , 25 0,89 0, BJ 1 1 ,62 0,97 0,53 1 1, 10 0,57 

1 .62 I , 39 I, 71 0 ,BS 1 ,8S 1 O,JS 2,22 1 0,86 0,98 1 0 ,27 1 
1 , 13 0 ,69 I, JB o.ss 0. 35 2.57 2 .02 0, 38 1 ,06 1 ,09 O ,59 0 ,23 l 

5 1, 32 I ,64 0,82 1 ,08 o ,a1, 2,83 0,69 0,33 O ,38 2 ,2 I 
I ,27 1 , 20 6 0,93 4.84 1, J/1 0,90 0, 17 3, 41, 0,49 0,20 0,68 1 D,S6 

7 0,83 0, 1 l 0, 12 0, 31 O, 24 0, IS 0,40 0,23 0 ,21 1 0,281 
0,29 0, J6 B 0, 10 0, 2& n,33 0 0 1,60 0, 19 0, 12 0, I J 1 0, 18 

1,4 I n. 73 0 , 1,3 I ,00 0, 75 I o, 64 0, 76 0,76 0,46 0 ,35 0, 71 0, 3 I 1,11 0,78 0, 18 I O ,69 O,S4 I, 14 0,82 0,84 0,27 0 ,50 

6 2 , 1,2 0,89 0 ,61 I , 69 1 0, 71 I 1 .os' 0,58 0,86 0,90 0,58 1 
1 ,38 0,85 1 ,4 1 o ,S9 1, 16 J, I 3 I 3, 17 2 , 1, 7 1 ,95 I, 78 0,53 1, 16 

5 0,89 I ,39 1 ,62 l, 2 I 0,98 2 ,50 O, J8 0, 19 0 ,56 1, 19 
1, 12 o,n 6 2, 21 2, I 7 0,54 1 ,8J O, 74 2. 1', 0 ,4 I 0,36 0,48 O, 70 

0. 10 0, 16 0, IS O, 24 0, 10 0. I I 0 ,20 0 
0, 11 0,09 0,20 1,11 O. 35 0, I J 0 0 O, 13 0, 10 0, 10 

0 ..,. f('t enri on -: 0, 10 kq/mJ 

1 sr 1 i 1 or knot in sarnple 
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Table 5. Resul ts af ter 39 months 1 exposure. 

Section Sample Boric acid content, kg/mJ, io s I ecp~ r no Average Standard 
deviation 

No No I li I 143 145 I r, 7 11,9 IS I I 5J 155 l57 159 kg/ml kg/m3 

+ 3 0 0 0, 12 0 0, 11 0 0 0 O ,02 0,05 

i + 0 0 0 0,29 0 0, 16 0,29 1 0 I 0 0 0,07 0, 12 

2 + 0,45 1 ,03 0,81 0 .61, 0, IS 0,53 0, 34 O, 73 0,84 0,72 0,62 0 ,26 
0,51 0,81 O, 79 O, 1, J 0, 17 0,43 0,)3 I ,08 1,)7 I ,40 

0,94 0,66 O ,91 2,60 1 ,26 0,29 2, 10 0 ,49 0,24 I ,56 0,95 0, 77 

5 0,72 0,98 0,80 I, I 2 1,80 0, I J 0,67 0 ,63 0,80 I , 30 
□ ,86 O ,40 6 0 ,61, 0 ,60 0, 73 0,85 I, 10 1, 12 0 ,50 0,81 I ,59 0,JS 

7 0, 15 0, 17 0 n 0 0,13 0 0, 12 0 
8 0 0 0 0 ,22 0 0 O, 37 0, 12 0, 12 0,07 0, 10 

o,,,o 0,51 0,85 0 ,3 I 0,27 0,43 0,34 0,55 0 ,4 l O, 71 
0,47 0, 22 0, 32 0,94 O ,28 0,40 0, )2 0 ,46 0,38 0, 19 0,78 o. 16 

6 0,98 0,58 0,70 0, 16 1 , 25 I, 21 O, 15 1,68 I ,93 I, 17 
O ,97 o .si. 0, 30 0,96 0,98 I, BJ I, 70 0, 70 0, JO O, 93 0,94 0,% 

5 0, 19 I, 35 0,62 O, 79 1,08 I, JO 0 ,i.2 0,90 2,52 1 .35 
0,93 0,52 6 0, 11 0, 71 0,54 0,85 0.99 1 .65 0 ,63 0 ,59 0, 72 0,63 

7 0 0 0 0 0 0, 16 0 0,78 0 
0, 10 0, 18 8 0 0 0, 12 n. 19 0 0, 13 O, 18 0, 11 0,26 

0,37 2,27 2, 18 o ,i.5 u I , 4J 0, 10 o. 16 0 ,26 0.70 
0,64 0 ,68 0, 18 1,!16 o.65 0 0. '•J O. 79 0, 1 J I 0, 39 0, 75 0, 10 

5 0, 14 0,88 o. 19 O .6) n 0, 13 O, 19 0 0 ,46 
0, 26 6 0, 10 I U,29 0 0 0, 31 I, 14 0. 21 0 ,221 0, lO 0, 30 0, J l 

7 0 0 0 0 0 0. 1 3 0 0 
R 0 0 0 0 0 0 0 

8 2 0 0 .19 0 0 0 0 0 
3 0 0 0 0 0 0 0 

s 0. 12 0 0 0, 12 0 D 
O ,0 I 0 ,04 6 0 0 0 0 0 

7 0 0 0 0 0 0 
8 0 0 0 0 0 0 

0 = retent ic:-n ,,._ 0, 10 kg/m3 

lspl it or knot in sample 

Table 6. Resu l ts afte r 51 months' exposure. 

Sect;on S,1mp I P Bor i c ac id content, kg/m3 , i r, s lr.eper no l\vcrage Sta11dard 
dev iation 

Nn No 4 6 8 10 l 2 14 16 18 20 kg/ml kg/mJ 

2 + 0 0, 16 0, 10 0 0 0 o, t8 0 ,04 0 ,0 7 
+ J 0, 12 0 ,24 0, )6 I 0, 11 0 0 0, 18 0,37 0, p, 0, IS 

+ J 0, J4 O, 37 0,93 0, '•7 0, 42 l, 37 0, 26 0.63 0,22 1, 19 0 ,62 0 ,41 

4 2 1,09 0, 34 1 0,54 0,40 O ,4 l 1 , 36 0 2 .u2 2, 39 0,68 
1 ,OJ O, 74 J I, 93 0,26 I ,66 0,28 0, 71 2. 14 0,27 1, 54 t ,57 0,92 

5 1,27 0 0 ,26 1 , 33 I ,26 1 , 24 0,86 1 ,00 1,49 l, 35 
1 • !) J 0,62 6 I, 36 1, 15 I, 84 0 ,4 3 2,47 O, 16 0 ,24 0 ,81 0 ,61 l ,1,4 

7 0, 10 0, 10 0 0, 77 0.37 0 , 1, 2 I• J3 0 0,10 0,41 
0, JO 0 ,46 8 0 0, I I 1 ,67 0 0 0, 14 0,30 0 0 0 

2 0,37 0, 33 1, 14 0,53 0,1,0 O, 72 0,50 0 .27 0 0,28 
O ,49 0, J 7 ) 0,50 0,47 0,36 0, 31 I, 16 I. J6 0,69 0, 12 0 0, 33 

6 0. 11, I ,63 2,04 0,53 0, 70 0 ,92 0, 14 3, 76 1 ,98 I ,]B 
I ,46 I, 21 0,94 0,55 I ,S3 0,56 1 ,A2 2 , 76 O ,29 l, 56 J.81i 0 ,20 

5 0 ,26 I, 20 I ,06 I , J8 2. 71 1, 28 1 ,1,2 0 ,92 3, I 0 0,83 
I ,Il 0 ,80 6 0,47 I ,63 O, 14 0 , 9 1 1,08 0,27 1, 12 0, 17 D ,84 0,48 

' 0 0, I J 0 0 0, 11 I, 14 0,68 0 0 ,66 0, 22 
0,20 0, 31 8 0 0 0 0 0 0. I 3 0 ,3 3 0 0, 40 0 , 14 

2 0 0 I , l1 J 1 ,46 0, 19 0 0 . I 0 1,00 
0 , 48 O ,60 l 0 0 0 1,11 I .S6 1 ,08 0, I 4 0, 12 0,86 1 

5 0, 37 0 0, I 4 O, 51 0 ,42 0 0 0,95 1 
0,23 0, 32 6 0 0, 14 0 0 0 0,70 0 o ,68 0, 70 I 

7 0 0 0 0,77 0 0 0 0, 11 0,70 
0, I 3 0, 24 8 0 

0, "' 
0 0 ,50 0 0 0 0, 1 J 0, 19 

8 2 0 0, 59 () 0 ,22 0 I ,04 0 a1 0, I 5 0 , 20 
0, 12 0. 16 l 0 0 0 0, 16 0 0 0, 13 0 0 

5 0 0 0 0 0 0 0, 16 
0.05 0, 18 6 0 0 0 0 0 0,82 0 0 

7 0 0 0 Il 0 0 01 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 

n • rcte11t lon -:: 0, 10 kg/m3 

1spl it or knot in sa111pl ~ 
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Table 7. Resu 1 ts afte r 63 months 1 exposure. 

Section Sa,npl e Bor i c aci d cont.cn l, k~/m3 , in sleepe, 00 Average Standard 
deviation 

No No 42 41, 46 48 so 52 51, 56 58 60 kgtm3 kg/mJ 

O, 45 0, 15 0,6S O. 35 0, 11 0,94 o,n 0, 45 0 0,562 
0,45 0 ,32 l, 32 0, 22 0, 28 1 0. 54 7 U, 12 n,83 7 0,44 0,362 0,272 0,59 

5 1, 24 G, 137 1,17 0,23 0 ,6 7 o. ,,a 0,27 1. J' O, 56 0,52 0,58 0, 38 6 0 .so D, 1 J o.~B 0' 1D 0,37 n ,66 0, 33 I 0,92 0,)87 0 ,52 

0, 33 0 0 ,63 0,28 D, 18 0. 16 0,20 0,28 0 0,35' 0,28 0,34 0, 19 D ,41 u, 19 0, I 4 0, 21 D ,22 0, 36 0 0, 59 1 O, 23 

6 0,80 0, 167 0, I 0 1 0, 39 7 0, 2,. 2 '151 n. 102 0 ,33 0 ,20 0,83 
0,)2 0,47 0, SI 7 O, 58 o,n? 2,52 0,24 2 0,42 0,37 o ,64 0 ,59 0 ,6 7 

s 0,4~ 0,60 1 ,61 0,31 0,41 0 ·'•1 0,32 0,65 o .n 0,47 0,49 0,)4 6 0,52 0,57 0 0,15 0,55 O, 79 0,40 0,76 0 0,37 

0 " r-e t('nt i on 0, 10 kg/m3 

I ,;pi it or J.:not in sample 

i:.p1 ke h~le coincided wlth sarnpl~ 

Table 8. Resu 1 ts afte r 75 months 1 exposure. 

Sec tion Samp ~e 8or i c ac id contcnt, kg/",3 • in sleerf:'r no Avc r ,1ge St;tndard 
deviation 

No No 82 84 86 88 90 92 92 96 98 100 kq/mJ kgtm3 

0,81 0,9 5 O ,60 O ,6~ 0 I 2J. D, 5 7 0.67 0,42 0,29 0 ,49 
0,54 0,20 0. JO o,ss 0 ,6 l 0,2~ • 0,32 • 

5 0, 21 0 ·'• 1 0.59 0 ,65 U, 3 I O, 29 0.33 0 ,62 0,82 o,so 
0,58 o, 2S 6 0. 2 I 0 , 118 0,46 I ,06 0,63 0,87 o ,86 0,91 0,45 0,73 

5 0 ,4 3 0, 72 0, 24 o, 4S 0,4J 1 ,06 1,05 0,62 0,66 0. 32 0 ,50 0, 30 0,25 0, 71 n,23 0, I 8 0, 19 • 0,27 0, 16 0,59 0,44 

6 0, 22 0, 4 7 o.n 0 ,60 0, 51 0, 34 0, 20 0,40 l ,86 0, J 1 
0,63 0,47 0,85 ! • 70 1 .os O ,61 0,73 O, /8 0,36 0,85 0, 17 

5 0, 34 0, 3 I I, 16 O, 44 o , 44 n. 74 1 ,09 1, 30 0,60 0, 19 
0,62 0,33 6 O, I 4 0 ,48 0,62 0,59 O, 75 0 ,96 0, 78 0, 18 O, 70 0 ,26 

dt1:f PCf in section; no -s;~n,ple extracterL By c~lcul~tion of the .average the sample has been given the sa,ne value .1s 
lhc np i ghbour i ng !;clmp I(.~. 

Table 9, Resu 1 ts af ter 87 months' exposure. 

Sec t i on Samp l e Bo ri c ~c id content. kg/m3 ; n s \ e.f"p~ r no Ave rage Standard 
deviation 

Nn i-lo I 12 121, 126 1 ]8 1 JO 132 I 34 136 1 J8 140 kg/ml kg/mJ 

4 I, 18 0, 11 0, JO 0.29 0. 72 0,27 0 ,22 0,58 0, I 7 l ,56 0 ,42 O ,39 
0,42 0. 1 J 0, 18 0, 18 0,32 0 ,75 0 0, 15 0,55 

1, 04 0. 18 0,43 0, 34 0 , 1, I 0,37 0 ,6 J 1, 25 0, 58 I ,OS 
0,55 o, Jl 0 0 ,67 0, 3 I 0,45 0,30 0, 18 0, 53 0, 14 0,32 0,58 I, 15 

0 ,41 0, 10 O ,27 0. 10 0,55 0. 24 0, 39 0, 19 0, 74 0,26 0, 19 
0,2) 0 ,2 H 0 , 17 0, 32 0. 2J 0 ,40 0 O, 15 D, J I 

6 2 2,77 • I ,04 0, 17 0,58 0,57 O, 33 O, 32 0. 33 0,41 
0 ,6J 0 ,63 

l 1 , 22 0 1 so I ,0 5 0 , 26 0, I/ I , 45 0 0, 12 0,32 0 ,54 

s 0,9! 0, 32 0 .~2 0,70 0, 22 2. 29 0 ,29 I . 27 0, 76 I ,22 
0,68 0,54 

6 0,58 0, 34 0. J I O, J6 0, 70 I, 19 0 0,40 O, 39 I , 22 

u • rf'tent ion ,,. 0. 1 0 kg/m J . = drfect ; n S ('C L ion; no s~mpl e e xt rac tc-d , By cal c u\ation o f thc ..iverage thc s~mp \e ha~ been given the same value as 
t h~ rw i 9M1our i n9 sanip I e. . 
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APPENDIX 3 

RESULTS OF CHEMICAL ANALYSES - THE KUNGSBACKA TEST 

Five sleepers which were cut in the middle have been taken at each sampling. 

One half had been in contact with the positive rail and the other with the 

negative, with respect to the poles of the signalling current. These were 

marked with a plus and minus sign, respectively, after the number of the 

sleeper half. The halves 201+ and 202- etc, came from the same sleeper. 

Table 1. Resu 1 ts afte r 21 months 1 exposure. 

Section $,3mple Bor i c acid content, kg/m3• in s leeper no /\verage Standard 
devl <H ion 

No lfo 201+ 202· 10 3+ 204· 205+ 206· 207+ 208· 209+ 210- kg/mJ kg/mJ 

2 o. 36 o.681 0 .54 I 0,54 1 o.J7 0,98 1 0,53 1 0, 3 I I 0 I 0,62 
U,54 0. 21, J o.~11 0,54 0,29 1 0,98 1 0.,.1 0, 70 O,S8 1 0, 33 I 0,)21 O, 73 

s 0, I 81 0, 46 I 0 '1,5 I 0 , 28 0,33 1 0, 28 I 0, 18 1 0, JO I 0 ,41 0, 41 
0,36 D, 19 (, 0, 16 I 0, J8 I o.,8 1 0,89 0, 5 I I 0 • I 3 I 0, 11 1 0, 30 0 ,661 0,40 

S/4 I 0 ,4 I O. 93 0,•3 u, 3~ 0,88 0, J 1 o.45 0,75 0,41 0,59 0, 51 0, 19 0, 39 0,87 0, J', 0,57 □ • 1, I 0 ,43 0 ,111 0,39 O, 38 0 ,51 

5 0 ,24 0, )8 0, )6 0, 20 □ ,46 0 .27 C 0, 13 0. 15 0, JO 
0,33 0, 1', 6 0,25 o,s, 0,61 O,Jb 0,54 0, 11 0,35 0,39 0,44 0. 31, 

5 2 0, 21 0,62 0,)6 0 •1,6 0,40 0, 21 0 ,41 D, JO 0,63 0,70 0 , 44 3 0,66 o. 1', 0,28 0 ,42 0,59 0, 70 0 t ~4 0, JO I 0,47 0, )2 I □, 17 

6/52 2 o, 1,6 1,68 □ ,42 0,60 □, 4 I 0 ,58 0,59 O ,46 0,93 O, 79 
0.72 0, 36 3 O ,61 1, 18 0, 46 I, 16 0,62 I, 34 0,50 0,52 □ ,4 I a,6S 

5 U.43 0,51 0. 31, 1, 1 U 0, J I 0 ,60 0,)3 0, 18 O .33 0 ,48 
0,40 0,26 6 0 0 ,91, O,J3 0,47 0 '51, o. 16 0,40 0,37 0, 10 0, 15 

2 o' I , 17 1 0,67 1 0,681 0,78 I ,29 1 0, 721 01 0,5) 0 ,92 I 
l 0,32 1 I ,04 1 0 ,)3 I o,s8 1 0. )61 0 , 78 I o ,59 1 o• O ,471 0. 1,4 O .59 0,37 

5 0.281 1. 35 1 0,37 0,371 0,27 1 0,321 0,471 0, 24 I 0,)2 0 ,81 I 
0 , 44 O ,28 6 0, 18 1 0,68 1 0,351 0,81 I 0,29 1 0 • 52 I 0, )41 0 ·I 1 I □ ,441 0, 18 1 oL. 

0 " retcnt ion 0, 10 kg/m) 

1bo lt hole coincided with sample 

~leeper half from positive ra i I ( s ignal I in~ current) 

- = i lecper hal f from negative r;Jii l (signi:tl I ing current) 
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Table 2. Res u l ts af ter 32 months' exposure. 

Sec t i on Samp I e Bor j c ac id eon t e11 t , kg/ni3. in sleept:>r no Average Standard 
deviation 

No No 211+ 212- 213+ 214- 215+ 216- 217+ 218- 219+ 220- kg/1•) kg/m3 

o,so 0,27 0 ,46 0 0,64 o ,86 0, IR 0' l2 0,)7 1 , 08 
0 ,41 0, 32 1, 19 0, 16 0,47 0, 37 0, 17 0, JO 0,21 0 0 .39 0 ,48 

5/11 I O,l1l1 0. 37 0, 13 0,62 0, 16 0. 35 0,20 0, 15 o, J I 0,70 
0, 32 0, I 7 O, 31 0 .39 0,36 0,)7 0 0, 31 0,26 0, I J 0,25 0 ,',9 

s 0, 19 0, 11 0 0, 12 0,27 0, 33 0,JJ 0, 13 0, 31 0, 19 
0 ,21 0, 13 6 0 0,48 0 0, 17 0, 36 0, JO 0,2) O,JJ 0 ,20 0, 19 

2 0,28 0, 35 O,JA 0,24 0, 31 0, 26 0, 31 0,36 
0, 24 0, 15 

J 0, 5 I 0, 19 0 0, 15 O, 32 0, 19 0 ,21 0, )2 0,42 

6/52 0,52 0,60 0, 10 0 0,34 0,19 0, JO 0,23 0,40 o.~7 0 ,JO 0, 16 0,22 0,28 0 0 ,l1 I 0, 1 I 0,19 0, 32 0,26 0,47 0,44 

5 0, 12 O. ! 3 0, 19 0,27 0, 1,0 0,47 0, 14 0,26 0, 18 
0 ,21 0, 16 6 0 a, 14 0, 21 0,3) 0, l 7 0,20 0,64 0,27 0, 16 

0 0, 21 0 0 0. 51• I , 24 O, 36 0,23 o ,69 0,64 
0, 31 0, J 1 n 0, I 7 0 0 O,JJ 0,4J 0, 18 0,44 0,40 0. 38 

s 0 0, 10 0 0 0.20 0, I 4 0,22 0 0,90 0 
0, 15 0, 21 6 0 n 0 n 0,27 0, 16 0, 16 0,27 0 ,29 0,26 

0 -· rt?tf>nt ion 0, I 0 kg/mJ 

sleer,er hal f from pns i t i ve ra i I 

s !C'cpe r holf from ncga t i ve ra i I 

Table 3. Res u l ts afte r 44 months 1 exposure. 

Sect ion (;,;rn1ple Bor i r ~cfd contcnt, kg/m3, i,, s h ,ept;"r no Ave rage Stoi\nd~rc1 
deviation 

No No 22 I+ 212- 2] )+ 224 - 225+ 276- 227+ 228- 229+ 7]0- •g/m3 k9/mJ 

0, 51 0, I~ 0,32 0,92 0.111 0, 12 0, 19 0 0, 18 0, 17 
o, 34 0,42 0, 26 0 ,3 7 1 ,90 0, 10 0, 14 0, l17 0 O, 18 0, 13 0,26 

',/l11 0, 28 0 0, 12 0,49 0, 11 0, I) 0, 19 0,29 0, I J n, 12 
U,70 0, 14 0,48 0, 22 O, 36 U, 18 0 O, 15 0, 17 0,36 0, 11 0 

s 0, 19 0, 26 0. I 3 n. 19 0 0. 20 0, I 7 0, 19 0, 21 0,20 
0,21 0, I 3 6 0 , 23 0 0, ]4 0 ,40 0, I 0 O,S/ 0,35 0, 19 n. 15 0. 17 

2 0 ,29 0, l18 0, 20 0, 21, 0, l18 0, J 1 0 0, 14 0 
0, 18 0, IS J 0 0,27 0, 25 0, 1 7 0, I 0 0. 13 0, 19 0, 28 0 0 

6/52 2 0, 10 0, l S 0, IS O, 32 0, 1 4 D 0, 75 0,53 0 
0 ,22 o, 19 J 0, 22 0 ,22 o.n 0,15 0, 11 0,25 0, 16 0,45 0, 11 0,20 

5 0, 16 0, 10 0 , I J 0,20 0,26 n, 15 0 ,44 0, J I O, 19 0, 14 
0 ,28 0,24 6 0, 1 7 0,23 0 O, 39 0, 11 0,45 1, 15 0. JO 0. J 1 0, )2 

0. JO 0 0 , 311 0,)2 0, 1 J 0, 10 0, 18 0 0 ,I, I 0 , l S 
0. 20 n .23 0 0 0, I 0 0, 1 J 0 1, 01 0, 22 0, 12 0,3; O, 28 

s 0, I J 0. I] 0, 10 0, 29 0 0, 32 O, 1 f, 0. I J 0 . 1,2 0 , 1) 
O. 17 0, l I 6 o, 16 n, ,~ 0 0, 2h O. IS 0, 12 0 0, 18 0,25 0 ,24 

0 ,etentlon < 0 , 10 k~Jrn3 

s !;;- Pper half from po5 it iv~ rai 1 

~leepe.- half from ncga r_ i ve r.-=i il 
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