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The so-called Swedish Method for rock-drilling and 
tunnelling was developed in close collaboration between 
research institutes and manufacturers of machine equip- 
ment, steel-works and contractors. Ingvar Janelid, pro
fessor of Mining at the Royal Institute of Technology 
in Stockholm is the author of the following paper, 
devoted to this fairly recent development in the history 
of technology.



The Swedish Method

For nearly two decades the expression “The Swedish Method” has 
been the slogan for the drilling method in tunnelling, drifting and 
mining, which has applied the principle one man—one machine. It is, 
however, not only the actual method of drilling which is of decisive 
importance for the success of the method, but the fact that with the 
drilling is combined a number of factors which have all jointly re- 
sulted in an economical and efficient method of rock excavation. 
Before these points are discussed more thoroughly, a few words will 
be said about the earlier drilling technique and the development which 
lead to “The Swedish Method.”

It might be of interest to give a retrospective survey of the rock 
drill development in Sweden:

Machine drilling was tried out at an early stage in some of the 
Swedish mines (Persbo and Persberg in 1863, Stripa in 1873). Under 
the auspices of the Iron Masters’ Federation, a series of experiments 
were carried out during the years 1876-79 with different air driven 
percussion rock drills, i.e., machines of the type where the drill rod 
is firmly joined together with the piston and follows its movements. 
The air pressure at these experiments was 3.1-3.5 kg/cm2 and drilling 
performances of 0.5-0.75 m per gross hour were attained.

The introduction of the hammer rock drills implied a considerable 
advance in the development. During the years 1905-06, Nya Atlas 
manufactured for experimental purposes one specimen of a hammer 
rock drill of the so-called “Leyner type”. This machine proved, how
ever, to be too big and unwieldy for minor blasting jobs. For these 
reasons, the company designed by experiments a new type which was 
light and could be hand-held—this was the “Cyclop” series which 
subsequently became very populär. In 1910 the first machine with 
pneumatic telescope feed was introduced, which proved to be more 
economical. The telescope feed consisted of a piston and a cylinder 
which were either supported against the floor or fixed to columns 
by means of clamps. In the latter case the machine could retain its 
direction the whole time and could easily be reverted to its original 
position when changing drill steels. It was not long before a light, 
hand-held rock drilling machine with automatic rotation was also 
released. This was the well-known Bob machine which, together with 
the Cyclop machines, was sold right up to the end of the 1930’s. It114



Fig. i. Column-mounted rock drill type RWT 80.



Fig. 2. Rock drill type RH-655 with pusher feed type BMK,





Fig. 4. Rock drills witb ladder feed at the Korsselbränna Hydro-Electric Power Project.
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was not until 1930 that the self-rotary telescope machines made head- 
way. As a result of the self-rotation, the work of the rock drill oper
ator was simplified and the drilling performance could be consider- 
ably increased. Around the year 1935 this type of machine was also 
designed with automatic retraction, viz., RWT 805.

During the i93o’s rock drills with telescopic feed were principally 
used in Scandinavia for mining and tunnelling (Fig. 1). These ma
chines were clamped to columns extended between the bottom and 
the roof. The drill Steel had forged bit. In most of the European 
countries and in America the screw-fedrills, i.e. drifters, dominated.

In order to increase the drilling speed, the drills were made more 
and more powerful and heavy, also automatic rotation of the Steel was 
generally accepted. Alloy drill Steel was introduced. In some mines 
with hard ore the air pressure was raised from 6-7 kg/sq.cm to 10-12 
kg/sq.cm.

Although the telescopic type drills could be handled by one man, 
the equipment was heavy and inconvenient causing loss of time in 
setting up, tearing down and also in moving from hole to hole during 
the drilling cycle. Adequate space for the column must also be ar- 
ranged. The poor wear resistance of the forged bits made frequent 
Steel changes necessary and the feed lengths of the drills were dimen
sioned accordingly. A number of steels of different lengths had to be 
used in order to attain the desired depth of the hole.

Towards the end of the 1930’s the first pusher feed equipment was 
designed. It consists of a light, self-rotating drill which is supported 
by a pneumatic feed-cylinder. This is, as shown in Fig. 2, resting with 
one end on the floor in an inclined position in such a way that it 
carries the machine in the desired direction and at the same time main- 
tains a pressure on the Steel against the rock. The main purpose was 
to create a light equipment very easy to handle by one man also in 
awkward places such as tunnels too high for any column or in stopes 
where the floor is an uneven muck pile (as, for example, shrinkage 
stope in Fig. 3). If the equipment is to be advantageous, bit life must 
be reasonably long and consequently as long as Steel bits were used, 
the application of the pusher-feed was limited to places where the 
rock was soft.

It was, thus, logical that the pusher-fed drill got its universal ac- 
ceptance together with the Carbide tipped steels and in return it paved 
the way for the Carbide insert all over the world. 119
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In the beginning the tungsten Carbide bits were too brittle and the 
brazing of the inserts into the steels were too insecure to permit their 
use together with heavy, hard-hitting rock drills. The very promising 
future prospects for Carbide tipped steels was, however, realized and 
encouraged the endeavours to develop light self-rotating drills suit- 
able for this new type of drill steels. The already existing pusher-fed 
equipment gave them a good start.

This drilling unit was introduced abroad where heavy equipment 
was common, first in Norway and France. When, at the same time, 
the methods of application of the light drills were recommended, they 
were called “The Swedish Method.” Thus, “The Swedish Method” in 
its original version can be described as a one man—one machine sys
tem, based on the use of a light self-rotating rock drill with a pusher- 
feed and integral Carbide tipped steels of small diameters.

The main advantages of the new method were a good drilling 
speed due to the small holes drilled and to the fact that the Carbide 
tip did not get dull. Practically no rigging-up time is necessary and 
moving from hole to hole is very quick. The long feed and the ease 
by which the feed could be moved up to a new position could elimi- 
nate most of the Steel changes. Consequently, periods when the drill 
was idle could be reduced. The old hand oscillated column-mounted 
drill worked some 40 °/o of the drilling time, the self-rotated approxi- 
mately 50 %, while the pusher type drill with tungsten Carbide tipped 
steels could be kept running up to 80 °/o of the overall drilling time. 
All this resulted in a good performance per man hour. Other favour- 
able features were the facts that the holes could be collared with 
almost the same diameter as the required bottom size resulting in less 
work for the drill. At the same time the small sized holes discouraged 
the usual trend of overloading when the spacing and the burden of the 
holes could not be chosen at will. The initial cost of the complete 
installation required for the drilling of a tunnel was to the advantage 
of the light equipment.

There are many reasons why the development of the light drilling 
equipment started and made its quickest progress in Sweden. In this 
country, rock drilling is a matter of national importance. Construc- 
tion of housing and Communications usually has to start with drilling 
and blasting, and production of water power and ore depend even 
more on the success of that type of work. The one man—one machine 
system corresponds very well to Swedish mining tradition and was120
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especially attractive during the period of shortage of manpower dur
ing and af ter the war. The work always going on in Sweden to im- 
prove the drilling technique was eagerly devoted to the new idea, 
since the conventional ways did not seem to carry very far.

It is, no doubt, also appropriate to say a few words here about the 
men, firms and jobs which have efficiently contributed towards the 
development and success of “The Swedish Method/’

Behind every invention, design or method, there must be a “soul 
of fire” who has faith in the proposition and the ability to carry it 
through on a practical basis. At Atlas Copco it was Mr. Erik Ryd, 
Mining Engineer, who, in co-operation with Mr. Patrik Danielsson, 
laid the foundation of “The Swedish Method.” This method would 
not have attained its considerable importance without tungsten-car- 
bide tipped drill steels and in this connection the manufacturer of 
drill steels put down a tremendous amount of work. It was undoubt- 
edly Mr. Wilhelm Haglund of the Sandvikens Jernverk who did 
most to further this development.

The pusher-fed rock drills were first introduced in practical opera
tion by Mr. Ragnar Ahlström when driving the Järpströmmen tunnel 
in the Province of Jämtland and by Mr. Börje Hjortzberg-Nordlund 
in the Malmberget mines. A few other projects which could be looked 
upon as milestones in the further development are mentioned later.

Rock drills and feed arrangements
It has already been mentioned that the machines designed for use 

together with pusher feed were light and self-rotated. The earlier 
machines differed very little from the conventional types designed 
as hand-held rock drills; only such modifications had been made 
which were necessary because of their horizontal working position. 
The tungsten-carbide was, however, gradually improved and could 
after a few years withstand the higher stresses from more hard-hitting 
machines. It was then possible to take advantage of this improvement 
and to make the machines more efficient and faster. As a consequence 
the recoil movement increased, which, however, was absorbed by the 
air pusher and caused no inconvenience to the operator. Examples of 
the development of drills are given in Table i. It will be seen from 
this table that the drilling rate for the latest type of pusher-fed rock 
drills, BBD 90, has more than trebled in comparison with the first 
machine, RH 655, which was introduced on the market 25 years ago. 121
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Table No. i
Table giving technical data for some pusher-fed rock drills ipj8—1962

Piston diam. mm 
Stroke mm
Piston weight kg

65
59

2.1

70
55

2.1

O
O

^-
^ ^ ri

75
45
1.6

90
45
1.8

Weight 
of rock 
drill
Kg

Rock 
drill 4- 
feed
Kg

Drilling
rate
Index

Air con
sumption 
Index

Drilling
rate
Total
weight
Index

Year of
introduction

1938 RH-655 w 20 40 IOO IOO IOO

1948 RH-656 w 21 43 125 110 US
1951 RH-656-4W 22 42 130 110 125
1952 BBD 41 22 44 170 130 15 S
1953 BBC 21 28 5° 210 180 170
1955 BBC 22 30 46 2X0 170 185
1956 BBD 50 28 43 170 140 160
1957 BBC 15 25 4i I70 140 165
1961 BBC 16 27 42 180 145 170
1961 BBD 43 23 42 210 175 200
1962 BBC 24 29 44 210 175 190
1962 BBD 53 28 43 210 I75 195
1962 BBD 90 27 5i 310 210 245

At the same time the air consumption has increased, but only a little 
more than double, which implies that the utilization of the com- 
pressed air has improved considerably. The table also reveals that the 
weight of the machines has indeed increased somewhat during the 
course of the years, but it has been possible to keep this increase with- 
in reasonable limits by the use of light metals in some of the main 
component parts of the machine and the feed.

In addition to this development, the machines have been perfected 
with a view to protecting the operator as much as possible. Water 
flushing is therefore automatically put into operation as soon as the 
impact mechanism of the machine starts in order to prevent creation 
of harmful dust. This can occur especially if, by oversight, collaring 
is made dry. Considerable attention is also paid to the noise problems.

The feed has also been subjected to development. It is nowadays 
incorporated with the machine and the Controls are common for the 
feed and the machine, which considerably facilitates operation. The 
loss of time and the rather heavy work it meant to the operator to 
move the pusher leg forward to a new grip against the floor have 
also been eliminated by introducing a leg, which is retractable by 
compressed air. The operator only presses a button to move the feed.122
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Ever since the introduction of the light pusher-fed rock drilling 
equipment it has been designed for operation by one man. As a result 
of the still progressing rationalization owing to rising wages and an 
increased shortage of manpower, it became essential that one man 
should be able to operate more than one machine simultaneously. It 
has also been found possible to adapt the light rock drilling equip
ment to this development by the introduction in 1960 of the ladder 
drilling method. Fig. 4 shows ladder drilling machines used for driv
ing a tunnel at the Korsselbränna Hydro-Electric Power Project. The 
rock drill is mounted in a simple cradle, which runs along two paral- 
lel ladder beams held together by rungs. These rungs provide the 
necessary grip for the pusher-feed leg. The ladders are mounted on 
simple drilling platforms which can easily be adapted to local condi- 
tions and desired arrangement. As the rock drills only require super
vision when beginning to drill the hole and when the drilling has been 
completed, or when the pusher leg has to be moved forward to a new 
grip, one operator can keep a number of machines running. Although 
moving the pusher leg forward to a new grip is carried out very 
quickly by means of its automatic retraction device, some attention 
is nevertheless required to ensure that the timing is correct. With a 
view of eliminating this disadvantage, the auto-feed was designed 
during the last few years. It consists of a relatively short feed cylinder, 
which automatically steps forward when its piston has reached the 
fully extended position. The development from a simple pusher-feed 
to the auto-feed is illustrated in Fig. 5.

Steels and bits
When the tungsten Carbide was introduced in rock drilling in 

Sweden in the i94o’s it had to compete with almost generally ac
cepted alloy hollow drill steels having an oil-hardened 4-point or 
even 6-point bit. The most common dimensions of the rods were 1" 
hex., delivered as rolled bars from the milis to local forging shops at 
the tunnel site or the mine. In some of these shops even underground 
re-sharpening was done. To facilitate this local work the shanks were 
usually plain to be used in tappet machines. In most countries outside 
Scandinavia carbon Steel rods still dominated and they usually had 
screwed-on detachable bits, mostly of the 4-point type. These also 
began to create some interest in Sweden. Dimensions up to 1V4" 0 
were very common and the shank was usually collared or lugged. 123
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Fig. 5. The development of the light feed from simple pusher-feed to auto-feed.

As previously mentioned, the main problems to solve in order to 
make the Carbide tipped steels a practical proposition were the brittle- 
ness of the inserts and the difficulty of soldering. In order to make 
the solution of these problems easier the efforts were concentrated on 
the chisel bit type. The chisel turned out so well also in actual drilling,
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Fig. 7. The quality development de fined as the relative working life per drill Steel for 
integral drill steels with tungsten c ar hide hit insert at a mine in Central Sweden 1946— 
I9^3-

concerning wear, rate of penetration and convenience of regrinding 
that this type was adopted as standard for all integral steels. Further 
progress has been achieved by modifying the Carbide quality and 
increasing the insert volume, which has been doubled in ten years, 
as illustrated by Fig. 6.

These improvements resulted in cases turning up more frequently, 
where the bit life was longer than the rod life. Consequently, each 
improvement of the bit must be followed by a corresponding increase 
of the fatigue resistance of the rod. Special heat treament, shot peen- 
ing, corrosion protection and ample, carefully ground, fillets have 
been the means to obtain results in that respect.

The development of the quality integral steels is reflected in the 
working life per Steel, as shown in Fig. 7. At the mine in question 
which should represent a good average, the footage has now increased 
seven-fold. 125
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In order to facilitate the marketing of the steels in Sweden a 
standardization of rod lengths, bit sizes and shanks was agreed upon 
already during the war. These standards were gradually accepted 
universally and are still valid. Thus the door was definitely opened 
for the integral steels as mass produced, ready to use, production tools 
for the mining and construction industries with a big enough market 
to carry the expense of the development work indicated above. It 
may be noted that the world consumption consists of about 8o % 
7/s,/ steels, 15 % 1" steels and 4 °/o VT' steels. The picture would be 
utterly incomplete if we did not mention the tedious, but less spec- 
tacular, work by the manufacturers to maintain in a uniform product 
the progress obtained and also the work of the users and producers 
of the steels jointly to investigate, establish and keep up a good hand
ling and regrinding practice. This is the only way to satisfy the condi- 
tion for carrying through in practical work the mechanisation and 
automation of drilling rock now on the doorstep: that each single 
Steel really gives the expected footage.

Drilling platforms and types of cut
A very important and integral part of the success of “The Swed

ish Method” is the platform or rig, on which the rock drills can be 
mounted, and the actual drilling pattern used. The light rock drilling 
equipment does not require any heavy platforms or rigs, but these 
can be made relatively light and movable either on rails, rubber 
wheels or by means of a lorry. As a rule, a special platform is de
signed for a certain tunnel, but some types recur on many sites.

For driving drifts or small tunnels, simple drilling platforms which 
are transported on tracks or wheels are used. A type on rubber tyres 
will be seen in Fig. 8. In large tunnels big platforms are employed, 
such as, for example, the jumbo shown in Fig. 9 from Stornorrfors 
where 22 rock drills were in operation simultaneously. An arrange
ment, which fulfils many purposes, is the so-called “Vinstra trestle,” 
Fig. 10, from Norway. The drilling platform on this device also serves 
to switch mine cars from one track to the other. It allows the car- 
switching to take place very close to the loaders during the whole 
mucking operation. Thanks to the light and easily movable drilling 
equipment, the drilling platforms can be made in sections or as 
portals so that the loading and hauling machines can pass through.

As a consequence of the improved drill steels and drilling equip-126
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Fig. 8. Pusher-fed rock drills type RH-655 in operation, mounted on a drill wagon.

ment more footage could be drilled during the drilling cycle, an in- 
vitation to make deeper rounds. This, in its turn, made it necessary 
to devote more attention to the choice of the type of cut. With the 
earlier column-mounted equipment with Steel bits, advances in small 
tunnels of only about 1.5 m. per round were obtained as a rule, and a 
simple pyramid cut was often used because it was easy to drill and 
required only few re-riggings of the drill. When “The Swedish Me
thod,” with light movable machines and the possibility to drill longer 
holes without Steel changes even in hard rock, was successfully ack- 
nowledged, new and more efficient types of cuts could be used.

Where longer advances per round were desired, a change over to 
parallel cut-holes was made. A common cut is the so-called “Coro- 
mant Cut,” Fig. 11. This method utilizes a template for the consistent 
and accurate positioning of the cut holes and assures that they really 
get parallel.

A V-cut has become common and most economical in tunnels which 
are wider than about 4 m., because it requires fewer drilled metres and 
less explosives per cubic metre of rock excavated than the parallel cut. 127
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In the latest development of rock drilling equipment for tunnel 
driving, ladder drilling and auto-feeds are also used which, in spite 
of their simple rigging arrangements, makes it possible for one man 
to operate a number of machines and also allows the directions of the 
holes to be guided by the fixed position of the feed beams on the rig.

Performance and capacity development
Since the days of the hand-held machines, the compressed air driven 

rock drills have improved continuously and their performance has 
risen very rapidly especially during the last 20 years. Besides the 
manufacture of machines which are efficient from a drilling point of 
view, the endeavour has been to design an equipment so that the 
operator can keep a rock drill in operation for a longer period of the 
shift or even be able to operate several machines simultaneously. Fig. 
12 shows the development of drilling performance since 1905. Even 
if the 1940 result is compared with that of 1963; the rapid develop
ment made possible by what appeared to be relatively simple means 
can be noticed. In reality, the measures taken were very radieal. 
The progress made in the drilling technique has at the same time 
resulted in speeding-up tunnelling. Fig. 13 reveals how the time re
quired for drilling, charging and blasting of tunnels has decreased up 
to 1963. For the purpose of comparing the different tunnelling opera
tions, a conversion has been made of all figures to correspond to the 129
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130

Fig. 14. The total cost of tunnel driving in relation to the price development 
during the years 19—^9/7*

same area, 105 sq.m., as that of the Järpströmmen project, where the 
light equipment was first used.

The cost development of tunnel driving is shown in the diagram 
in Fig. 14. Although the average wages per hour have risen five-fold 
since 1935, the total cost for tunnelling has only increased 2V2 times. 
If the operating costs are converted into the 1935 price level, there 
has even been a decrease in the costs.

Report on different construction sites
In the foregoing has been given primarily an account of how “The 

Swedish Method” made headway by the development of new rock 
drills, drill steels and equipment, but in order to complete the picture 
some information is also required as to the results from a few repre-



Fig. 6. The development of the drill Steel from 1944 to 1963. In the last ten years the 
carbide insert volume has been doubled.



Fig. f). Movable drilling jumbo 
at the Stornorrfors hydro-elec- 
tric power project tunnel.

Fig. /o. The Vinstra trestle. 
Drilling platform with device 
for car switching used at Vinst
ra, Norway.



Fig. ii. Coromant cut, tem
plate and drilling pattern.

Fig. i j. Drilling jumbo with 
three platforms used at the 
Stockholm Underground 
Framway project.



Fig. 16. Heavy equipment on column with arms.
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sentative drilling sites in Sweden and abroad. As the working condi- 
tions at various construction sites can be very different to one another, 
it is not feasible to make direct comparisons between performance and 
results achieved. To note some facts will nevertheless be of interest.

The tail race tunnel for the ]ärpströmmen Hydro-Electric 
Power Plant

This tunnel was driven between the years 1940 and 1944. It was 
the first tunnel which was driven entirely with pusher-fed machines. 
The area was 105 sq.m. and the length 4,500 m., mainly through 
schist, so-called “Silurian,” with on the whole horizontal strata. On 
account of these horizontal strata, the type of cut used was the verti- 
cal V-cut and the hole depth 4.5 m. For the drilling operation were 
used 19 Atlas Copco RFI-67MV rock drills with pusher-feed, which 
were handled by 19 + 1 men. The number of drilled metres per 
round was 620, drilled from a movable jumbo with three decks. The 
jumbo was designed as a portal and moved on 12 m. long iron tracks. 
Sandvik oil hardened 1" hexagon drill steels with forged bits were 
used. 450 drill steels were required for each round, i.e., about seven 
tons of drill Steel. The working life of the drill Steel bit was approx. 
1.3 m. The drill steels were sharpened in a smithy by three men, viz., 
one drill Steel smith, one apprentice and one helper. The drill Steel 
was heated in a high-frequency furnace and the forging crew could 
sharpen steels for one round per day. A special charging crew, con- 
sisting of one foreman and five workmen, was available for charging 
the drill holes. Electric firing was employed. The working time for 
drilling, charging and blasting was 0.43 hr/cu.m. Loading was carried 
out with a shovel having a 1.9 cu.m. bucket, loading into ten ton 
trucks. The time for drilling, charging, blasting, loading and cleaning 
up was 0.67 hr/cu.m.

Douhle track tunnel for the Stockholm Tramway
This tunnel, which has an area of 39-52 sq.m. and a length of 

2,300 m., was driven through Flägerstensåsen during the years 1945- 
1947. The drilling was carried out from a single platform jumbo of 
portal type, made of timber and fitted with wheels, Fig. 15. It was 
moved to and from the rock face on channel irons. A fan cut was used 
with an advance per round of 2.4 m. The cut was drilled with five 
Atlas Copco RH-655W rock drills, fitted with pusher-feed. 2.02 m. 135
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per cu.m. were drilled. The number of rock drill operators was five, 
with one foreman who assisted at the collaring. This was the first tun
nel in Sweden which was entirely driven with tungsten Carbide bits 
brazed to the rods and the consumption was here 0.025 steels/cu.m., 
whereas at Järpströmmen it was about one Steel per cu.m., and 9-14 
metres were drilled per man/hour. Electric firing with one second 
short delay was used for the blasting. Loading was carried out with 
a shovel excavator with 0.48 cu.m. bucket into trackbound mine cars. 
The working time for drilling, charging, blasting and loading was 
1.05 hr/cu.m.

The main tunnel at the Måår Hydro-Electric Power Plant in Norway
Work on this tunnel, which has an area of 17-20 sq.m., a width of 

5 m. and a length of 6,200 m., started in 1943 using old type equip
ment and was suspended in 1943. When work started again in 1946 
it was carried out in accordance with new plans. The nature of the 
rock was mainly porphyry. The drilling, blasting and loading were 
carried out by six men at each face working in shifts in continuous 
driving in three shifts. A fan cut was used and the pattern included 
42 holes of a depth of 3.2 m. The round was drilled by five men and 
a foreman with Atlas Copco RH-65 5W rock drills with pusher-feeds. 
Drilled metres per round were 120. Drilling time per round was ap
prox. 175 minutes, or about three hours. Tungsten carbide tipped 
drill steels were also used on this project and one Steel was used per 
tunnel metre, i.e., approx. 120 drilled metres per Steel. The consump
tion of explosives was about 30 kg. per tunnel metre. Twin loading 
with LM 48 was used for the mucking and the car switching was 
carried out with a simple trestle which was combined with the drilling 
platform. Granby cars of 2.4 cu.m. capacity were used for the haul- 
age. The time for drilling, charging, blasting and loading was approx. 
750 minutes, resulting in an advance of about 5-6 m. per 24 hours.

The Vinstra Power Station Project
This power station was constructed during the years 1947-1952. 

The head race tunnel had an area of 30 sq.m. and a length of 23 km. 
and was driven from five adits and from one end with altogether 
eleven working faces. Lor all these and also for the 1 km. long tail 
race tunnel the same equipment, five Atlas Copco rock drills RH- 
65 5 W and two loaders LM 48, was used. Each working team consisted136
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of five men and a foreman per shift. The advance was 4 m. per 
twenty-four hours and working face.

On account of the large number of similar drilling sites at that 
time, exceptional attention could be paid to the equipment and the 
combined drilling platform and car switching traverser, since then 
known as the “Vinstra trestle,” was finally designed there. A double 
track, on which two loaders were working side by side, was laid up 
to the rock face. The trestle was built as a portal over the double 
track. A trolley was travelling on a traverse suspended in one end 
in air cylinders under the trestle. This trolley was fitted with hooks 
which could switch cars from the left-hand track, on which the cars 
were brought in, to the right-hand track where all the loaded cars 
were gathered.

T he Mori T unnel in Italy
This tunnel, having an area of 74 sq.m. and a length of 9,300 m. 

with four adits, was driven in 1952. Drilling was carried out from 
two lorry-mounted jumbos with three drilling platforms. These two 
jumbos were standing side by side at the tunnel face during drilling 
and were placed behind each other along the tunnel wall during the 
loading operation. Drilling was done with Atlas Copco rock drills 
type RH-656W and Coromant tungsten carbide tipped steels. A V- 
cut was used with a hole depth of 4.4 m. and 136 holes per round. 
Loading was carried out with a shovel into diesel driven trucks. 
Work was carried on in two shifts. When drilling was taking place 
at one end, loading was in progress at the other end. The drilling 
time was about five hours. Drilling, charging, blasting and ventila
tion took eight hours, i.e., one round in 24 hours and two shifts.

T he here T unnel in France
This tunnel was driven in 1952 with an area of 41.3 sq.m. and a 

length of 11,700 m. Drilling was carried out from a track mounted 
jumbo, having two drilling decks. The track gauge was 4 m. Driving 
took place in three 8-hour shifts with 16 Atlas Copco rock drills type 
RH-65 5W fitted with pusher-feed type BMK 41A2 at each working 
face and using Coromant tungsten carbide tipped steels. Also on this 
project one man operated one machine and the drilling capacity was 
about 15 metres per man and hour. A fan cut with a hole depth of 
3.2 m. and 73 holes was used, i.e., approx. 232 m. Drilling time per 137
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round, including moving of jumbo, was between 80 and 105 minutes 
and the consumption of explosives between 1.6 and 1.8 kg/cu.m. 
Loading was carried out as twin-loading on a double track with two 
Goodman Convey 75 with a bucket capacity of 350 L, which loaded 
into side-tipped 3.8 cu.m. mine cars. These cars were hauled by elec- 
tric and accumulator locomotives. The total advance in 24 hours was 
9-10 m. per face and the best monthly result in 27 days was 274 m., 
i.e. 10 m. per day.

The Alcan Project in British Colombia
The work on this project between the years 1952-1953 included 

the driving of a tunnel, having an area of 38 sq.m., in diorite rock. 
As an example, drilling of a round, consisting of 92 holes and a hole 
depth of 3.6 m., was carried out with 16 Atlas Copco rock drills 
RH-656 by 21 operators, including helpers. Coromant drill steels 
were used. The drilling time per round was 86 minutes and the drill
ing was carried out from a track mounted jumbo, which was com- 
bined with a Cherry Picker car switching arrangement. For mucking, 
a Goodman Convey 100 was used, which loaded into mine cars having 
a capacity of 5.4 cu.m. The advance was approximately 14 m. per 
day with a maximum weekly advance of 83 m.

The Mont Blanc Tunnel, Italian side
This tunnel, having an area of 80.6 sq.m., was driven during the 

years 1958-1962. The total length of the tunnel was 11,600 m., of 
which 5,800 m. from the Italian side, mainly driven in granite. Con- 
siderable problems were, however, caused by the rock and compre- 
hensive scaling work and reinforcements had to be carried out. In 
March 1962 it was therefore decided to temporarily decrease the area 
to 52.6 sq.m. During certain periods the time for scaling reached six 
hours per round, and longer advances than the drilling depth were 
then often attained. In the beginning of the tunnel the temperature 
rose to about 230 C, but when the crew came under the first glacier 
there was a considerable inflow of water and the temperature dropped 
to about 12° C. The maximum quantity of water flow was 1,200 
l./sec. When the glacier was passed, the temperature rose and there 
was an increase in the advance. Drilling in full area was carried out 
with 20-26 Atlas Copco rock drills type Lion BBC 22—as a rule, 21 
machines were employed. Sandvik Coromant drill steels Series 12,138



The Swedish Method

with a length up to 5.6 m. were used. The V-cut was used with an 
advance per round of 5.0 m. The number of holes was 125 and metres 
drilled per round 658. Drilled metres per cu.m. numbered 1.54 and 
the consumption of explosives per round was 600 kg, i.e. 1.40 kg/ 
cu.m. The drill jumbo was mounted on tyre wheels but the inward 
and outward transportation was carried out by a special hoist truck 
which hoisted the drill wagon and drove it up to the face. Loading 
was carried on by two Eimco 105, which twin-loaded side by side into 
trucks of 11 cu.m. capacity. Drilling for roof bolting was carried out 
with Atlas Copco BBD 46 and BBD 50. The crew per shift consisted 
of 34 men of which 21 rock drill operators. The record monthly ad
vance in full area operation was 246.6 m., i.e. approx. 10 m. per day. 
During the last few months when driving the 52.6 sq.m. tunnel area, 
monthly advances of 317, 405 and 473 m. were reached and an ad
vance during four months of 1,385 m.

In addition to the examples given above, the names of some of 
the tunnelling projects where very large volumes were excavated 
should be mentioned. They are characteristic for Swedish conditions 
and have been driven in accordance with the same method. Hjälta 
1944-1949, which was the first complete plant planned to be carried 
out entirely with tungsten Carbide tipped drill steels, had a tunnel 
with a cross-section area of 135 sq.m. and a length of 6,140 m. In 
Harsprånget (1946-1951) the corresponding figures were 190 sq.m. 
and 2,900 m. The head race tunnel of Kilforsen (1947-1953) had 
an area of 208 sq.m., whereas the tail race tunnel was 176 sq.m. and 
the overall length 6,400 m. Stornorrfors (1953-1958), with an area 
of 400 sq.m. and a length of 4,000 m., was probably the largest tunnel 
ever blasted anywhere. The three last mentioned plants were built 
by the State Power Board.

Mines in Sweden
At the same time as the light rock-drilling equipment was intro- 

duced for tunnelling, tests with this equipment were also started in 
underground mining. Malmberget was the first mine in Sweden which 
introduced pusher-fed rock drills on a large scale. The column-mount- 
ed machines were very inconvenient for shrinkage stoping, having 
an uneven muck pile to work from and varying heights to the roof. 
For these and similar places the pusher-fed rock drills turned out to 
be excellent. As the rock was easily drilled the rock drills could be 139
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used in conjunction with Steel bits. As and when the tungsten Carbide 
tipped drill steels became better and stronger and special problems 
in respect of some of the ores were overcome, pusher-fed rock drills 
were gradually introduced universally in the Swedish mines for direct 
mining as well as drifting. These machines have practically reigned 
supreme for 15 years until they recently begun to be replaced by more 
mechanized equipment, especially where it is possible to go over to 
mining methods still based on the ability of tungsten Carbide tipped 
drill steels to drill long holes. In the more confined stopes there is no 
other solution in sight. The obvious explanation as to why this new 
type of machine was introduced somewhat later in mines than in pro
ject jobs is that the mines always have a number of machines which 
are in continuous operation and are renewed successively, whereas for 
a project job it is, as a rule, necessary to procure quite new equipment 
at one time which makes the choice of the most practical model 
possible.

Mines in Canada
There are many similarities between mining practice in Canada 

and in Sweden, both in respect of mining methods and the nature of 
the rock. The first experiments with the light Swedish equipment, 
RH-655 and Coromant drill steels, were made in 1948 in the gold 
mines Lake Shore and Kerr Addison. As will be seen in Fig. 16, heavy 
3" to 4" drifters mounted on screw columns were earlier used in the 
stopes. The weight of this equipment exceeded 200 kg and it was 
necessary to have two men for their transport and mounting. Also the 
drill steels, 1" to 1.V4" in diameter, with detachable Steel bits increas- 
ed the quantity of material to be transported. The advantage of the 
new equipment was so evident that already three years later more 
than half of the underground rock drills in Canada had been replaced 
by light machines. A similar progress took place a few years later in 
the gold mines in California. Quite naturally, American firms begun 
manufacturing similar machines and the competition was therefore 
keen.

Mines in South Africa
The gold mines in South Africa, without any doubt the largest 

concentrated mining district with underground mining in the world, 
hold a unique position in respect of the introduction of light machines140
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for underground operation. It was discovered already during the 
inter-war period that the light rock drills were superior in the narrow 
gold bearing strata, even if two men still operated one machine and 
no pusher-feeds were used. What Swedish technique could offer, ex- 
cept its vast experience in building that type of drill, was thus drill 
steels of such quality that they could withstand the extreme wear of 
the reef. Within a few years the detachable Steel bits were replaced 
altogether by integral drill steels with tungsten Carbide bits.

The light equipment with pusher-feed came soon in general use 
for the high speed drifting in the gold mines.

In addition to the examples mentioned above, pusher-fed equip
ment is used in practically all countries where underground mining 
is practiced.

Development and research work
The rock blasting and mining technique in Sweden is on a com- 

paratively high technical level thanks to the research and develop
ment work which is conducted in close collaboration with manu- 
faeturers and consumers of machine equipment and also with various 
research institutions. As already mentioned, “The Swedish Method” 
is the result of such co-operation. The manufaeturers have in the first 
hand been responsible for the development of the aetual equipment 
and its component parts. As such development work in respect of the 
tungsten Carbide tipped drill steels had begun in many quarters, an 
agreement was reached, on the initiative of Atlas, with a few manu
faeturers of drill steels to further this endeavour. The machine manu
faeturers have also shown considerable interest in the best methods 
for utilizing the new means in practical applications.

A special committee of the Mining Research within the Swedish 
Mines Association undertook an investigation into the features of 
tungsten Carbide and its durability and resistance to wear when drill
ing with machines of different sizes in rock of varying hardness and 
composition. The future possibilities of the new bit was diseussed and 
their final report anticipated an encouragement for mining methods 
based on long hole drilling.

An important collaborating activity in the development work, so 
far as the practical application of “The Swedish Method” is con- 
cerned, has no doubt been carried out by the Tungsten Carbide Com
mittee. This committee was formed in 1946 under the direction of 141
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Dr. K. H. Fraenkel and the delegates consisted of representatives of 
rock drill and drill Steel manufaeturers as well as representatives of 
contractors and mines. Its primarily and most important object was 
to endevour to achieve a better and more durable tungsten Carbide. 
Comparative test drilling operations were carried out under aetual 
working conditions and the test results were diseussed at joint meet- 
ings. The committee was reorganized in 1953 and is now called the 
Rock Blasting Committee. In 1962 this committee was given a more 
compact organization, but it still continues to be an independent 
union with representatives of mines, contractors, Government and 
Municipal departments, manufaeturers of machines, drill steels and 
explosives, the Royal Institute of Technology, and 2 number of re
search institutions. In the formation of this committee, Sweden has 
acquired a mutual forum where rock blasting problems can be openly 
diseussed. In this connection it should be particularly emphasized 
that this working procedure is probably unique in the whole world 
in doing voluntary co-ordinated development work and exchanging 
experiences between firms which may well come to compete with each 
other in respect of carrying out rock exeavation operation or in the 
deliveries of the equipment for this purpose. This phenomenon has 
to a very large extent contributed the development of “The Swedish 
Method.”

Economic importance
The introduction of “The Swedish Method” was of considerable 

economic importance in many different ways.
For the carrying out of rock blasting operations of different kinds 

it was essential that the performance per man/hour should be in- 
ereased. The projects could then be accomplished with less manpower 
and at a faster rate than earlier. As the volume of building and con- 
struetion activity, after the stagnation during the war, rose rapidly 
in most countries to a then unreached level—which, as an example, 
is illustrated by the far from complete list of Swedish hydro-electric 
power projects given above—the profits per cubic metre of rock 
could be multiplied by very large figures. Although the principal aim 
of the building and construction activity may have shifted somewhat, 
it is still on a high level. This activity is caused by the universal growth 
of the population and migration to densely populated areas and the 
resultant inereased need of buildings, Communications and civil en-142
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gineering works of all kinds, which still to a large extent necessitate 
rock exeavation.

So far as the mines are concerned, the inereased performance per 
man/hour implied the possibility to lower costs, which in many in- 
stances meant prolonged mining life to the advantage of the whole 
mining community where the mines were located. In many cases 
advantage was taken of this margin to improve the conditions for 
the workers which, in conjunction with the work having been made 
easier, improved the recruitment of underground workers. In many 
instances of shortage of labour, the largest gain was probably that 
produetion could be maintained with less manpower.

The introduction of the method has, of course, been of consider
able influence to the manufaeturers of rock drilling equipment in 
Sweden. During a period from 1946 to 1962, there has been an almost 
50-fold increase of their deliveries. The international relations be
tween all relevant parties, which have been ereated by inereasing 
knowledge of Swedish working methods, are no doubt of more general 
interest. The visits to Sweden of foreign experts on mining and con
struction work are numerous. There is a corresponding flow of Swed- 
es in the other direction to work or study abroad for longer or shorter 
periods; an exchange of equipment, services and know how to mutual 
benefit of everybody.
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