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FIGURE 10 Installation of insulation with the aid of a
sky-lift.

FIGURE 12 [Installation in an opening.

number of things have been leamed in the course of those
projects.

At first 19-mm bolts fixed with a cotter key were used. In a
few cases these bolts did not hold well, which meant that the
mat hung down and caught on trains. Now 12-mm bolts, which
are anchored with a chemical substance, are used. A great

FIGURE 13 Installation in a tunnel.

TABLE 2 COSTS

Material SKr/Unit  SKr/m®
Chemical anchor (HKA 3), each 6.70 3.35
Bolt, 0.33 m with washer plate and nut,
hot galvanized, each 16.50 8.25
Ethafoam 220, 50-mm loose sheets, m* 1240 622
124
Hot-melt adhesive, 5 kg 360 1.409
2.80°
Welding mats to form sheeting factory 21‘;
42
Total per m® 964
180°
Working costs
Bonding work 7
Setting bolts and hanging mats
(3 hr/day) 145
*Normal”’ case 106
Total cost 210-2504
300-340P

450.mm insulation
100-mm insulation

advantage of these slimmer bolts is that drilling can be done
electrically.

Careful sealing around the edges of the mat to prevent the
circulation of air behind the mats also proved to be important.
In places where there is now insulation, it has seldom been
necessary to cut down ice. In those cases in which ice removal
has been necessary, only icicles have needed to be cut from
places where the insulation was not tightly mounted.

Usually the insulation has paid for itself in 4 or S years, but
the cost of reduced *“wear™ on the rock wall and the track stock
has not been taken into account.

CONCLUSIONS

The following conclusions can be drawn after installation of
approximately 15 400 m” of insulation:

1. Flexible cellular plastic can be used successfully to insu-
late tunnels and cuttings against frost.

2. The material should be ultraviolet stabilized.

3. The edges of the insulation must be carefully sealed, so
that cold air cannot penetrate behind the insulation from the
sides.



TABLE 3 CUTTINGS AND TUNNELS INSULATED BY THE SWEDISH STATE RAILWAYS

2

Railway line Place m T=tunnel Railway line Place m T=tunnel
C=cutting C=cutting
1879 Limmared-Varnamo Brandsmo 200 T/C
Kiruna-vassijaure Nuclja 200 T Boras-Limmared Aplared 200 T/C *%
Kil-Ludvika Loka 250 T/C 1984
1980 Stalldalen-Ludvika Grangesberg 35 (o]
Kiruna-vassijaure Tornehamn 30 T Fagersta-Ludvika Vad 200 c
Ludvika-Borlange Rémshyttan 170 c Stockholm-Sédertalje Rénninge 250 T
Bjarka-saby-vastervik Gamleby 40 T Sédertalje-Jarna Strém 70 T
Géteborg-Bords Landvetter 440 T/C Goteborg-Boras Hindas 400 T/C **
1380-81 Katrineholm-Aby Graversfors 80 T **
Stockholm-Uppsala Hagalund 0 2450 T/C 1985
Stockholm-Sodertédlje Sodermalm 80 T Kristianstad-Karlskrona Pengaberget 860 T
Limmared-Varnamo Gnosjo 300 /e Halmstad-Getinge Skogby 690 T
1981 Halmstad-Getinge Margretetorp 910 T/C
Harnoésand-Langsele Kramfors 720 T/C * 1986
Stockholm-Uppsala Hagalund V 250 Pt Halmstad-Getinge Skogby 1100 T **
Stockholm-Sédertalje vastberga 10 T Margretetorp
Katrineholm-Aby Graversfors 950 T & Hassleholm 260 [«
Géteborg-Boras HindAs 700 T/C Limmared-Varnamo Gnosjo 80 T %%
1982 Total 1986 16455
Alvsbyn-Boden Laduberg 200 T Planned 1987 and later
Stockholm-Sédertdlje  Liljeholmen 1500 T Goéteborg-Boras Hindas 200 T *%
Bords-Limmared Aplared 1800 T/C Géteborg-Uddevalla Six tunnels T/C
Ulricehamn-Limmared Asunden 400 T/C Halmstad-Getinge Skogby 550 T **
Uddevalla-Munkedal Karra I 350 T/C Margretetorp
Géteborg~Huddevalla Skeppsviken 170 T/C Stockholm S-Hammarby-
1983 hamnen Sodersjukhuset 800 T
Harnésand-Langsele Kramfors 80 T ** Mellerud-Kornsjé 500 &
Ludvika-Borlédnge Ramshyttan 30 C **

* = three tunnels

#* = adding work
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FIGURE 14 Sealing along the edge of the mat with
mineral wool.

4, The material is flammable, so great care must be taken
when installing it to ensure that water seepage or ice forma-
tion cannot produce a spark-over from the overhead power
line.

5. The cost of cutting ice is normally so great that the cost of
installing insulation can be amortized over a few years, which
makes the treatment economically viable.
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FIGURE 15 Measurements of the temperature in the
Hogberget Tunnel according to Saetre (2): 1. = temperature
on the rock face behind 70 mm insulation; 2. = temperature
on the rock face behind 50 mm insulation; 3. = temperature
1.0 m into uninsulated rock; and 4. = 5-day mean
temperature of tunnel air.
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