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PHOTOGRAPHS

Description

Date

Right bank of the Tungnaa river at

21.7.71

Sigalda sh"owing the extension of the

grouting test. This photograph shows the
heterogenity of moberg formations:
pillow lava, breccia and tuff.
In the right-hand upper corner the site
of drilling hole E-ll can be seen.
2

2-6A

Pillow lava in the 1aft river bank, just
'downstrG3.m of the Tungnaa waterfalls at
Sigalda.
Practically vertical walls of solid and
hard rock but including many cracks and
voids bet'vecn the pillows.

3

8-SA

Detai 1 of the pi 11m-1 lava at Sigalda shown 21.7.71
en photograph !Jo.4. The rock is strongly
jointed but not loose, and is hard and
solid. The individunl particles are very
h:ll'd ~nd of siza v:n:ying from about 3 to
40 !,:m thicknc!ss. The j ointing surfaces tend
in all dir'2ctions and arc both. flat and

13.7.71

curved.
Lower right-hand Cl)rner, pi1lO'..t lava can be
SDcn grading into bl:eccia with a sandy
()"i! 11 C'Vl) tn:lt rix.
In th.~ upper half of the photograph, a
ba~;nlt:.c 'll:in (dyk~) c::.n be seen. Such veins
and intrusions \vil1 only be rippable \.zhen thin.
4

8-19A

Mass of rounded pillm'ls at Sigalda, between 21.7.71
which voids can bo seen.

5

9-l0A

Tuff brc(.~cia at Signlda, a compact and
desne rock with basalt fragments. This

21.7.71

formation can be compured wi th a we 11
contjolidat.ed conglomerate or conglotnari tic
sands tone.
6

9-9A

A solid and nearly vertical wall of tuff
.tnd tuffbrcccia at Sigalda. This face
ccntains the rock ehown in photograph
No.5 and is found nbove the site of the
gl:outing tests.

21.7.71

Photo
No.

Film
No.

Description

Date

7

9-3A

Breccia with pillo-w structures, the
matrix being hard tuff with sma~1 pillow
fragments. The Sigalda formation is
solid and hard and the edges cannot be
broken by kicking. Only in the zones
whero the pillows are not well embedded
in the matrix is the rock loose.

21.7.71

8

9-6A

Tuff and tuffbreccia with eroded caves
in vertical ,.,alls on the right river
bank at the beginning of the Tungnaa
Canyon at Sigalda. This formation seems
to be rather resistant against erosion.

21.7.71

9

1-25A

Southern side of the trench of Sigalda
ripping test No.2, showing breccia with
fragments of pillml lava. The material
has only little cementation and is
easily broken out with a hmruner. This
breccia, which is simil,ar to moraine, is
cohesive and was stable with slopes of
0
up to 60 or 70°. It can be easily ripped.

13.7.71

10

9-15A

Northern side of the ripped trench No.1 at
Sigalda, shotving details of the remaining
wall of the brecciated pillow lava with
a vein of basalt. This basalt intrusion is
rippablc as long as it is well fissured.

21.7.11

11

9-20A

Vatnsf~ll

diversion canal, a view from
control structure undor construction.
1he canal cuts il'.to tho. rather compact
tuff of the cratl!t' wall formations, and
the lmver part of the control structure
is situated in pillow breccia of the
lava flow formations.

21.7.71

12

1-29A

Canal wall near the outlet structure,
sho\ving stony tuff of the w.,ll-con
solidated crater wall formation.
Overbreak occured due to crncks and
sancly lenses at the base.

13.7.11

13

2-J3A

Moberg landscn.pt."! near Grettir looking
north north-east towards the Skafta
Tiver ncar the Sveinstindur,1090 m.a.s.l.
In thi~ moh~rg topography it is proposed
to drive tunnels for the Skafta diversion.
To the left of tho photograph is
Graenifjallgardur.

14.7.71

Photo Film
No.
No.

Description

Date

14

3-l4A

Aerial view of the Skafts river near
the future diversion dam south of
Sveinstindur, looking southwest. The
high peak on the right hand side is the
Sveinstindur. and diversion tunnel would
pass beneath the lower mountains on the
left hand side. The Skafta flows from
right to left.

15.1.11

15

K-22

Sigalda ripping test No.2 CATERPILLAR »-8
bulldozer with single shank ripper.

3.1.10

16

ZSCH
18-19

Drilling platform under a heavy rain of
26.4.65
percolating water in very permeable and
strongly jointed but stable dolomite.
Diameter of the tunnel
5.7Om,
o
. water
temperature was 4 • This photograph,
which was taken in the Val S-charl headrace
tunnel of the Engadine hydro-electric
power plant in Switzerland, shows tunneling
conditions under heavy water infiltrations
such as may be expected in moberg below
ground water level.

MOBERG AT SIGALDA

Terrace of grou t ing
test , borehole E-11

Right bank of the Tungnaa ri ver with pi ll ow
lava, breccia and tuff outcrop ping

Pi l low lava in Tungnaa left bank, downstream of the wat erfa ll s

"

MOBERG AT SIGALDA

Strongly jointed, hard and solid pillow lava
formation

Pillow lava

III
MOBERG AT SIGALDA

Tuff breccia. The upper piece of wood is 20 cm
long

Tuff and tuff breccia

IV
MOBERG AT SIGALDA

Breccia with pillow structure

Caves in the Tungnaa right bank, tuff and tuff breccia

V
MOBERG AT SIGALDA

Ripping Test II, breccia with fragments of pillow
lava. The till ite cover is visible at the top of the
photograph

Ripping Test I, brecciated pillow lava with a basalt vein

VI
MOBERG AT THORISVATN

Vatnsfel l tu ff

Pill ow breccia

@
View upstream tow ards Vatnsfell control
structure

Com pact tuff

@
The cana l wall near the outl et structure

VII

SKAFTA

Moberg landscape near Grettin, near the proposed Skafta diversion . Aerial
view NNE towards the Skafta

Aerial view of the Skafta river near the site of the proposed diversion dam

VIII

Ripping Test II, Cat. 0-8 with single shank ripper

Val S-charl headrace tunnel Engadine hydro
plant, Switzerland . Heavy rain from very per
meable dolomite, tunnel diameter is 5 .70 m
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DRAWINGS

2-01

Siga1da Project, areas of photographs

2-02

Siga1da Project, geological section

2-03

Siga1da Project, core logs

2-04

Vatnsfe11 Diversion Canal, areas of photographs

2-05

Vatnsfel1 Diversion Canal, geological sections

2-06

Scheme of ground water

2-07

Siga1da Project, grouting tests in moberg, drilling times

2-08

Ripping performance related to seismic velocity

2-09

Typical tunnel cross-sections A, Band C

2-10

Section A I,

2-11

Section A II,

2

S • 23.4 m , H
2
S· 23.4 m t H

= 5.0
= 5.0

m
m

2-12

Section A III,

2-13

Section A IV,

2
S· 23.4 m , H • 5.0 m
2
S • 23.4 m t H a 5.0 m

2-14

Section BIll,

S

2-15

Section C III,

S • 75.6 m , H • 9.0 m

2-16

Relation between lining resistance and deformation

2-17

Schematic reI"resentation of the failure of a tunnel section

2-18

Tunnel construction method

2-19

Herno1d tunneling system, longitudinal sections

2-20

Berno1d tunneling system, sections and details

2-21

Tunnel section B, sequence of construction phfises

2-22

Tunnel section C, sequence of construction phases

2-23

Tunnel section

2

a

52.2 m , H • 7.5 m
2

A,

drivingvith poling-plates

- 2 

2-24

Methods of dealing with water

2-25

Dealing with water, Hethod II

2-26

Dealing with water,

2-27

Dealing with water, Hethod IV - details

2-28

Tunnel cross section as modified for dealing with water

2-29

Modified cross section with second lining against water pressure

2-30

Cemented anchors

2-31

Injecto bolts - Atlas Copco System

2-32

In situ, anchor - S&ndvik System

2-33

Circular cross sections At Band C

2-34

Robbins Hodel 220

tunneling machine

2-35

Robbins Hodel 110

tunneling machine with rotating cutter head

~~thod

- details

III - details
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Concrete Lining in Tunnel Constructions
according to the Bernold System
Jean Bernold, Civil Engineer

I. Introduction

II. The Boarding and Reinforcing
Metal Sheet according to the
Bernold System

An ideal instance of tunnel construction would be to simul
tanecusly excavate the profile and put up the final concrete
lining. This can be realized in modern gallery- and tunnel
construction by means of new technical equipment.

1. Technical Data
a) Sizes
1200 x 1080 mm
Standard size
Sheet thickness 1, 2, 3, to 5 mm

Although excavating and concreting cannot be carried out
in one single process, the time gap between those two
operations has been so thoroughly reduced that they can
be finished while rock pressures still equal zero or at least
are very low.
In any kind of rock (with the exception of boggy rock in
which water pressure is decisive) a certain space can re
main open for some time without requiring propping, i. e.
rock pressure does not occur and the fresh 1-i01ng is not
stressed. The slackening zones around the cavity are for
ming gradually and advancing towards the inner part of
the mountain. Quick lining with closely fitting concrete
prevents or interrupts those movements. It may therefore be
said that rock pressure increases from zero on with the
progress of the excavation (Wiedermann 1948).
Kastner (1962) also writes about the subject: It takes some
time for the pressure to develop, i. e. as a rule the plastic
deformations of the rock only start some time after the
slackening caused by the excavation. If a concrete lining
of adequate thickness could be produced within this time
range, we should be able to work faster than with any
other known construction method.
Expe(ence has taught us that Wiedermann's and Kastner's
opinion on rock pressure is correct and that we can rely
upon a minimum temporary stability in any kind of rock,
except boggy rock.
Although in the course of the last 15 years steel linings
have successfully supplanted the traditional timber linings,
new experiments have been made during the last years,
trying to introduce a more economical method of tunnel
lining, the ring-construction-method. This method which
uses embedded steel arches or lattice girders, wire-mats
and sprayed mortar, has afforded good practical results
(Schwaikheimer tunnel and Autostrada tunnels). However,
it did not prove economical enough to supplant steel
linings.
It is the Bernold System, concrete lining in tunnel con
structions with boarding and reinforcing metal sheets, all
patents for wich are in the author's posseSSion, which has
first succeeded in replacing conventional building methods
as described above.

The sheets are bent to fit the tunnel radius exactly and are
locked by means of connection-rods, which guarantee a
quick assembly.
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Bernold System boarding and reinforcement sheet
TOle de coffrage et d'armature, systeme Bernold
b) Weights
Table 1
Sheet thickness

1 mm

1 standard sheet
(1.08 x 1.20
1.296 m2)

10.5 kg 21.0 kg 31.4 kg 52.4 kg

Total weight incl. con
nection rod per m2 app.

11.0 kg 21.0 kg 31.0 kg 52.0 kg

2 mm

3mm

5 mm

3

The exact weight per running meter and per ma can be
determined as soon as the cross section of the tunnel is
known.

c) Cross sections of reinforcements
The following (Fe-) steel cross sections may be considered
as conc rete-rei nforcement.
Table 2

Sheet thickness

1 mm

2 mm

3mm

Distance between
ribs

12 cm

Fe (iron) per meter
with an overlap
of 12 cm
5.3 cm:!

11.8 mm

12 cm

14.4 mm

12 cm

Load is at the base of the calculation of rock pressure. The
pressures which arise in a mountain cannot be accurately
calculated and one must. therefore rely upon estimates, as
the vibrations caused by the excavation and blastings de
stroy the balance of the rock and it is no longer homo
geneous.
In order to determine the method to be used we have clas
sified rocks as follows:

5mm

Steel cross section
of one rein
0.57 cm!! 1.09 C;~2 1.62 cm~ 2.7 cm:.!
forcement rib
Diameter of a steel
rod with the same
8.5 mm
cross Bection

III. Rock Pressure

I.

Slightly friable rock

II.

Friable rock

III.

Very friable rock

IV.

Rock under stress

18.5 mm

(Shearing strength larger than
tangential tensions in the
range of the excavation zone).

Shearing strength smaller than
the tangential tensions in the
range of the excavation zone).

12 cm
Experience and measurements show that the following
values for temporary stabilty can be safely reckoned with:

10.2 cm:.! 15.2 cm:! 25.2 cm:.!
I.

2. Use of the Sheet as Boarding
Their special shape makes the Bernold sheets suitable for
boarding. On the one hand the perforated and deformed
sheets are rigid enough to resist the boarding pressure,
on the other hand tight enough to prevent leakage of a
concrete of stiff-plastic consistency. For the concrete fil
ling in method, which has been most frequently used up to
now, the concrete should have a grain of 0-30 mm,
250 - 300 kg of cement and a water/cement ratio of 0.4 to
0.5. After filling, the concrete is· vibrated with a dip-v:brator
in order to obtain a good bond of rock, concrete and sheet.
By means of appropriate additives it is possible to produce
a concrete that is absolutely waterproof.

Slightly friable rock

24-48 hours

II.

Friable rock

8-18 hours

III.

Very-friable rock

4-12 hours

IV.

Rock under stress

0- 2 hours

As the length of excavation is determined by the quality of
the rock, the span from the last concrete vault to the dril
ling front will be such that the above temporary stabilities
may be observed.

In the spraying-mortar-through-method the sheet also acts
as perforated boarding.
Besides the sheet has proved an excellent support for
sprayed concrete. This is especially advantageous when the
Bernold sheets are being used for mechanically excavated
tunnels.

IV. The Bernold System
and it's Application

3. Use of the Sheet as Reinforcement

1. The general principle

The cross section of the longitudinal, V-shaped ribs in the
sheet may be considered as reinforcement (compare with
table 2). The EMPA (Eidgenossische Material- und Ver
suchsanstalt) in Zurich has made several tests on this
matter.
The EMPA test-reports nrs. 59392, 60410 and 67839 have
given full confirmation regarding the suitability of the Ber
nold sheets as reinforcement. Owing to the larger surface
and the good locking, the bond between concrete and
sheet is much better than with rod-irons.
In spite of maximum strain occurring in rock that is very
friable or under stress, there are no visible cracks or other
damages of any kind to be found in any of the jobs done
with the concrete lining according to the Bernold System.
Measurements show a maximum crown deflection of 1/300
of the span. These deformations are small and even desir
able for the convenient rearrangement of loads.

The concrete lining construction according to the Bernold
System consists of a concrete lining which fits the rock
and being well vibrated clings to the excavation profile
without hollows. It thus prevents further destruction of the
rock through alien influences such as air and water and it
diverts the loads from the less resisting rocks to the stron
ger rock formations. It secures the excavation zone in a
very little time and in accordance with rock pressure and
construction method.
The boarding and reinforcement sheets, which are suppor
ted by the fitting arches prevent the concrete lining from
cracking during blasting processes as often happens with
sprayed-concrete-securing for instance.
This method of putting up a concrete lining in one Single
working process on the job site itself with absorption of
rock pressures by the homogeneous structure of rock/con
crete boarding, reinforcement and fitting arches and with
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Fig. 2
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out causing the slightest interruption in the excavation pro
cess, has made a successful entry in tunneling in the
course of two years only.
During this period the method has been tested as to techni
cal, statical and economical qualities on 42 buildings sites
in Switzerland , Germany, France, Italy, Norway, Austria
and Algeria.

vantages and possibilities of this new tunneling system,
building sites may be visited all over Europe.
In Austria, Germany, Switzerland and France the first high
way tunnels and army buildings have already been tendered
for submission and inquiries from various countries have
come in for large projects in which millions could be saved
with the Bernold System.

The method has been used for the construction of:

2. Tunnel- and Shaft-Constructions

-

For securing friable and very friable rock in the excavation
zone we generally use

-

-

Road- and highway-tunnels
Large underground shelters and fortresses
Galleries for power plants
Sewage galleries for clarifying plants
Vertical and inclined shafts
Galleries for river diverting (Energie Atomique Fran<;:aise)
Tunnels for pipe-lines (Algeria)
Stream cuts and subways
and more recently in coal and oremining for:
Shaft constructions
Galleries in direction of the rock
Pit-eyes and cross-cuts

The Bernold
respect.

System has proved

satisfactory in

every

Tunneling experts are especially taken with the simple way
it can be operated and the large scale of possibilities for
application as regards handling techniques and statics.
In technical negotiations it always appears that there is a
tendency to rate the method as a complicated one, owing
to the special shape of the boarding and reinforcement
sheets. We therefore ask potential clients to visit a buil
ding site and see for themselves. This makes negotiations
much more to the point.
Owing to the fact that engineers working for contractors and
as building supervisors have recognized the essential ad

the concrete filling method
on which a well known tunneling engineer writes:
"With this sheet-concrete-rock-bond we for the first time
get a lining, which can be set up immediately after exca
vation and the putting up of which does not take more
time than that of the traditional steel lining. A final and
hollowless lining can therefore be built in immediately with
O:Jt causing any loss of time or changes in the course of
operations. Besides, owing to the fitting arches, the imme
diate bearing capacity afforded by the Bernold System is
at least as good as that of the steel lining covered with
sprayed concrete."
The concrete filling method implies the use of

Filling arches
the number of which is determined by the daily excavation
capacity, since the fitting arches should remain on their
place for approx. 36 hours . Then they can be moved on to
the drilling front. In blasting excavation the average
amounts to 12-18 arches. These are already bent to pro
file when delivered and provided with hinged joints. Owing
5

to these jo:nts it is possible to move the arches without
taking them apart on a caterpillar or tyre vehicle. This
takes about 20 to 30 minutes. The fitting arches have been
statically conceived in such a way as to absorb the rock
pressure until the concrete lining has reached it's full
bearing capacity without getting deformed or damaged by
the constant blasting to which the fitting arch approx.
0.5-1.0 m behind the drilling front is exposed .
The boardIng and reinforcement sheets are delivered bent
to profile as well . They are linked by means of overlaps and
locked together by 2 connection-rods per m'. The sheets
are shaped according to a unit-composed system . They can
therefore overlap in tangential and axial direction of the
tunnel at will and be reinforced , should rock pressure make
it necessary, without any alterations. An assembly drawing
will be set up if the tunnel profile has different radii and
the sheets identified accordingly. They allow for compact
stacking and are easy to transport.

3. Building Process
As soon as the blasting and loading work have been
finished 1-3 fitting arches will be moved depending on
the rocks pressure. As a rule the distance between the
arches is either 0.96 or 1.92 m. The fitting arches are joined
by spacing iron rods which absorb tension and pressure.
The sheets are put up one by one on both sides of the
shaft, operations starting from the floor, installed on the
fitting arches, overlapped and locked . Simultaneously the
concrete is filled between rock and sheet by means of a
concrete pump.
The filled in concrete will then be vibrated until it flows
fully through the ribs . We thus obtain a rigid bond of rock!
concrete and sheet wi,th a good bearing capacity.
We use a normal filling concrete of stiff-plastic consistency
with a grain of 0-30 mm , 250-300 kg of cement and a
water/cement ratio of 0.4-0.5.
The concrete's resistance to pressure is without exception
very high in this process.

6

Up to an angle of 100-120c approx. the concrete is filled in
from above and vibrated . The filling in between the top
sheets and the crown takes place from the front.
In this part the whole space is filled with pumped concrete
and then carefully vibrated. However it can only be fully
vibrated after a second filling. If there should still be hollows
in the top, the concrete must be shot in under pressure.
In order to prevent the concrete from flowing out between
the rock and the sheet in the direction of the drilling front ,
a front boarding of expanded metal will have to be put up.
The front boarding remains in it's place until the next
concrete ring is started. When putting up the front boarding ,
one should be careful to leave the last rib of the sheet free
to be locked with the following sheet. If the work is done
with reasonable care, the locking should be granted .
The distance to be kept between the drilling front and the
building in of the lining depends upon the rock stability
and must, for safety's sake, be determined by the engineer
in charge. When there is a danger of rock fall, the rock
should be secured by means of a thin layer of sprayed con
crete or by means of hydraulic props, if it is very strongly
fissured .
When the loading can take place very briefly after the ex
cavation and a front protection has to be put up, fore rails
shall be used. An additional roof part of the fitting arches
(as a rule 60-70° of the tunnel development) will be put
on these and brought to a distance of approx. 0.50 m from
the tunnel front.
The boarding and reinforcement sheets will then be placed
downwards from the crown, on both sides and locked with
the steel ring that had been built in during a prior concre
ting stage.
Under the protection of this safety device the hollow bet
ween the sheet and the rock will then be filled up from
both sides with pumped or sprayed concrete .
When the loading is finished with, the side parts of the
arch will be put up and the sheets placed from above,
whereafter the concrete filling method may be used.
As soon as the concreting work has been finished, the next
section may be cleared by drilling, blasting and loading and
the last fitting arch can be taken down after having been
in place for 24--36 hours and put up for the building in
of the next concrete ring.

4. Concrete Filling Method:
These two pictures show in practice the ideal case of the
building in of a concrete lining directly behind the exca
vation or the drilling front.
III one instance the building site is located in Rhine slate
with strong rock fall in the other instance in friable Grison
slate with temporary stabilities of 6-12 hours. The con
crete lining is at only 0.5 m of the drilling front.
On these building sites conventional methods were used
until the summer 1968, embedded arches, wire-mailing and
sprayed concrete in one case and steel arches, lining
plates and filling up with concrete of the surplus excavation
in the other case.

Fig . 3

Fig.4

Fig . 5

Fig.5 shows the transition to the Bernold System with 3 mm
metal sheets. It is perfectly visible that with the Bernold
System the sheets alone remain in the construction, con
trarily to the traditional steel construction, where steel
arches and lining plates remain in the construction. During
the last years the hollows behind lining plates had to be
filled up with concrete as well, because of the strong dis
tortions in the steel arches resulting from missing bond.
These steel arches had to be replaced.
7

Fig. 6

Fig. 7

For the construction of the flight-shaft for the Gotthard
road tunnel Bernold Sheets were used even for (6) the
preliminary cut.

In the case of the Chauderon highway tunnel, excavations
of 2-3 m are made in the very friable molass with 12-15 m
layers of marl and the concrete lining is brought in imme
diately (fig. 9) .

In this contact zone in the trias with partial water irruptions
enormous difficulties had to be overcome. (7)
The sheets are placed on the fitting arches from the floor
upwards and locked (fig. 8).

Fig. 8

8

Concrete of a stiff-plastic consistency (water/cement ratio
0.4-0.5) is pumped into the hollows between rock and
sheet after the putting up of 1-2 sheets (fig. 10 and 11).

.....

Fig. 9

Fig. 10

9

Fig. 11

The concrete that is between the rock and the sheet should
be vibrated in such a way as to make it flow through the
longitudinal ribs, as shown in fig. 12. Provided the con
sistency of the concrete is as required the actual loss of
concrete for a theoretical concrete thickness of 20 cm
amounts to 3'1, . It is logical that the loss in the crown should
be larger ,than on the sides, however experience has taught
us that the man who operates the vibrator soon finds out
his own method to keep it as low as possible .

It is essential that dip-vibrators should be used. Boarding
vibrators having proved only just sufficient for concrete
linings with a thickness of less than 15 cm .
In order to prevent the concrete from flowing out towards
the drilling front a simple front boarding of expanded metal
and iron rods is put up (fig. 13).
If the work is done with reasonable care, a thorough bond
of concrete and sheet can be granted for.

When the thickness of too concrete or the surplus exca
vation are larger this percent loss is consequently reduced .

Fig. 12
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Fig. 13

Fig. 14

Fig. 16

When putting up the front boarding one should be careful
to leave one rib of the sheet free (fig. 14) to ensure it's
locking with the next steel ring.

The following pictures give a view of a highway tunnel,
that was lined partly with sprayed concrete (15) and partly
with the Bernold System (fig. 16).

Fig. 14 shows that with the Bernold System even the bond
in the crown of the vault is no special problem. On various
building sites using the Bernold System, injection is left out
because it is no longer necessary. If there still are hollows
of a certain size the work has not been properly done.

With the Bernold System even a blasting excavation is cer
tain to produce a tunnel true to profile and it grants the
possibility of building it economically as a one-lining-vault,
a thing economically impossible with sprayed concrete.

Fig. 15

5. Sprayed mortar on the concrete
lining
The following process depends on what finish should be
given the tunnel. If an isolation is to be placed on the outer
concrete lining, the sheets must be sprayed with a layer of
2-3 cm of sprayed mortar. If not, the second lining vault
can be put up at a certain distance.

If the system is to be the final structure in a vault, the
Bernold sheets should be covered by a layer of profile
gunite of 4-5 cm thickness. The sheet is perfectly suited
to the gunite (fig. 17 and 18).

Fig. 17
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Fig. 18

Fig. 20
The sheets are put up and the system is applied with rock
anchors (in this case prestressed VSL anchors).

6. Various possibilities of application
in tunneling
The sheets can even be put up without fitting arches
as shown in the following examples.

Fig . 19
Application of 1 or 2 mm sheets as boarding between
steel arches during the construction of Glion Highway
Tunnel.
Fig. 21
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Fig. 22

Fig. 23

Ring construction in the sewage gallery Bietighelm, by
Baresel, Stuttgart, without fitting arches and without con
crete or gunite in sand and clay. Diameter of gallery 2.00 m.

With some practice it is possible to build clean branchings
and crossings as is done by Wagener, Essen, who builds
underground galleries for the army somewhere in Germany.
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7. Securing of the rock behind the
tunnel excavation machine
The Bernold System holds a special position in tunnel ex
cavation. During the Stini Kolloquium 1969 in Salzburg,
Austria, Dr. ing. Naber, manager of the Bodensee-Water
Supply, Stuttgart, Germany, held an extensive talk on
mechanical tunnel-excavation.
During the discussion Dr. ing. Nathau of the «Technische
Universltiit.. Clausthal-Zellerfeld said among other things:
"In addition to the already known securing methods with
steel rings, anchors and sprayed concrete, we should like
to introduce a new method that has been applied for the
first time in the Oker-Grane-Gallery in the Harz. This galle
ry is being constructed by the associated Wix & Liesenhoff
Gebr. Abt. KG and Deilmann-Haniel with Demag excavating
machine and the zones in the Wissenbacher slate and
Kahlenberg sandstone in which there is danger of rock fall
are secured by means of Bernolds sheets (fig. 1). These
specially shaped and perforated norm sheets with an
approximate size of 1m' have been developed for the simul
taneous boarding and reinforcement of steel-concrete-struc
tures (1). In this case they have proved, even without the
use of concrete, to be a securing that can be put up quick
ly, is reliable and economical. They have further advantages
such as the slight sheet thickness of 4 cm and the possi
bility of creating a safety vault of homogeneous aspect that
fits the rock closely, is sufficiently stable (fig . 2) and can

Fig. 24
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Locking of the sheets

absorb tension and pressure in all directions. It has not
yet been decided which type of final lining should be used
for this gallery. We should like to pOint out, that this pro
visional lining can be transformed into a thin-walled steel/
concrete bond lining by means of the wet concrete spray
ing method (2) . In this way the zones requiring a lining of
greater bearing capacity can be provided by degrees with
a lining that excludes the loss of building elements and can
be integrated organically in the other excavation processes
from the very first securing of the rock to the final lining ."
This article is concerned with the use of sheets in mecha
nical excavation with or without the use of s'prayed concrete.
When the excavation is done with tunneling machines in
cross sections of 30 m' and more, the sheets cannot be put
up without auxiliary tools. For such large spans the light
fitting arches must not be moved until the concrete is
sprayed on .
There is another way of building a statical steel/concrete
lining (fig. 28).
A movable boarding structure is erected on a working
vehicle. The 'I ength may vary from 2--6 m depending on
the excavation capacity and the rock stability. This steel
structure may be lifted and lowered mechanically and
matches a tunnel development of 160 0 . Tbe sheets which
are bent exactly to profile are put up on the boarding
structure in low pOSition on that side of the vehicle,
which is. away from the drilling front and then brought to
the drilling front and to their proper place.
Then the boarding structure is mechanically lifted and
pressed against the excavated rock.

Fig. 25

The sheets are staggered

We now have two possibilities for fastening the sheets.
Either by means of rock anchors and bolts . When this is
done the boarding structure may be lowered and driven
back and concrete is sprayed on . Or, the other possibility
is to leave the boarding structure until sprayed concrete or

Fig. 26

gunite with a thickness of 4-6 cm has been sprayed on
and bond is achieved . The boarding structure may then
be lowered and driven back. After a few hours another
4-6 cm of concrete are sprayed on and the hollows
caused by the boarding structure filled up.

Securing of the roof section by means of the Bernold sheets
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Fig. 27

Securing of the ring in the Oker-Grane-Gallery

With this method we also have the possibility of fastening
an appropriate isolating foil directly on the rock surface
and to integrate this auxiliary vault in the statics. There we

have another opportunity for making tunneling with mecha
nical excavation even more economical.

Fig. 28

1~t Operation I 1~reOperation
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8. Shaft-Construction with the Bernold
System
For the driving of inclined or vertical shafts, either by
blasting or with the excavating machine, the sheets are
used with or without concrete.
The method was applied for the first time in autumn 1968
in Rhine slate for driving a 12 m shaft underground (fiU. 29).
The shaft was excavated fi rst and then the sheets were
put up from the bottom to the top and concrete was filled in.

Fig . 31
Shaft construction with excavating machine, Preussag, Bad
Grund.

Fig . 29

Some weeks later work started on the 35 m Gose-shaft on
the Oker-Grane building site. This shaft of a (/J 2.10 m was
driven from the top. As soon as an excavating stretch had
been completed, the Bernold sheets were put up and con
creted with the concrete filling method (fig. 30).

Fig. 32
Some time ago a vertical shaft with a diameter of 3.0 m
has been lined with Bernold sheets in Lucerne.
In Germany the construction of a large number of shafts
with various diameters is under way.
Why are Bernold sheets used for shaft-construction?
An engineer for shaft-construction answers this question
as follows:

Fig. 30
The first use of Bernold lining in mining

"The Bernold lining is especially suited for shaft-construc
tion because it can be adapted to the rock stability. I need
not conform to certain fixed sizes because the sheets can
overlap in axial and tangential directions at will. All sheets
whether their thickness be 2 or 5 mm have the same shape
and identical connection-parts may be used for them."
Another engineer for shaft-construction declares:

Mining firms began to show interest in the new method. In
summer 1969 Preussag in Bad Grund started with two
shafts 50 and 58 m deep and with a cj) of 1.4 m and 2.00 m.
These shafts are being mechanically excavated and the
Bernold lining is being put up directly behind the excavating
machine (fig. 31) .

"So far the B.ernold lining is the most economical method
for securing excavated shafts.
The costs for excavating with an excavating machine are
approximately the same as with the traditional methods,
while the lining according to the Bernold System affords
definitive advantages."
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9. Repair work in existing galleries
A large number of galleries, which had been constructed
in solid rock some decades ago. must now be lined, since
slackening zones have formed in the course of time, which
are a potential danger for all users. In this respect the Ber
nold boarding and reinforcement sheets have stood the
test as a lining true to profile and of good bearing capaci
ty, that is most economical.

guiding arch 3 and filling arch 1 and as outer boarding for
the concrete ring . In accordance with the thickness of the
concrete vault, the radius of filling arches (1-3) is smaller,
however their size is chosen in such a way as to enable
them to absorb rock pressures which might arise. As a rule
concrete rings with a length of 1.0-3.0 m are concreted
according to the working rhythm of the lances.

10. Application of the Bernold
System in Rock under Stress
The question frequently arises whether the system can be
used in rock under stress with no temporary stability, in
sand, clay or moraines.
A.s was already stated in the account of 1967 this question
can be answered by yes, with the one difference that we
are now in possession of experimental data and have been
able to develop essential technical improvements .
In mining the question of safety and of the securing me
thods to be used always comes first before culling through
rock under stress. The method of driving under lances has
been developed to make work under protection of a steel
lining possible. This construction has been developed and
improved for more than 20 years and can cope with any
kind of difficulty occurring in rocks (except boggy rocks),
provided that geological conditions, rock pressure and un
homogeneous conditions be known to the planners.

Fig. 33

The hydraulic driving lances have been installed, after
the difficulties at the beginning, which stemmed from the
strong rock pressure, had been overcome. The normal
working rhythm had been reached after an introductory
4 days.

....

Rock securing with hydraulic driving under lances
(Drawing 35)

3 guiding arches are statically adapted to the rock pressure
to be expected . For loads of more than 25 tons/ m' a circu
lar profile is generally chosen.
The guiding arches are put up true to profile, locked with
each other and anchored.
Then the top lance which is provided with guiding rails on
both sides is fastened and the other lances are put up left
and right.
To support the lance ends a concrete ring with a length of
2 m and exactly filled to the profile of the tunnel can be
preconcreted.
Every lance is filled with a guiding rail (A) which acts as
hinge joint to assure the polygonal adaptation to the radius
of the tunnel. This guiding rail prevents deviations of more
than 5 cm from the axis of the tunnel. Deviations of
± 5 cm can easily be corrected. It is essential that the
guiding arches should be installed with accurateness.
Lances (B) have sharpened pOints in direction of the dril
ling front and are filted w ith advancing catches on a length
of 2.0-2.5 m, which are necessary for advancing the lances
with the lifting cylinder.
The end of the lance which is generally 2-4 m long, is
polished as it acts both as support of the rock between
16

.....
Fig . 34

For the front securing a device was created that consists
of cross pieces of adjustable width (A). which can be
fastened to the lances by a catch and remain there.

As the excavation is done by steps from the crown to the
bottom, the cross piece can be driven ahead with the lan
ces on both sides and then the liner plates (B) be put in to
secure the rock.
The following description of the working process will help
to elucidate further points:
When the guiding arches and lances have been set up, the
lifting cylinders are put into place and the driving starts.
As the material is being taken down at the points of the
lances, these must be pushed on together.

When the lances have passed guiding arch 1 by 1-1.20 m,
the Bernold sheets can be put up and locked on the fitting
arches 1 and 2. The front boarding will then be fastened
and the concrete pumped in between lance end and sheet
and vibrated.
The lances may not be driven forward during concreting.
when the whole concrete ring has been finished, may
the
operation start in the crown. Simultaneously
with the excavation, the hollow space which develops
between the rock and the lance end, is pressed out with
lag concrete or trass by means of a special device, in order
to avoid settlings of the soil.
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Fig. 36
While the lances are driven fo rward, the material should
be taken down as shown on the picture. If the work is to be
interrupted for some time no more than the points of the

lances should be pushed into the ground . The lances
should never be driven more than 1.20 m ahead of guiding
arch 1.

Fig. 37
Driving ahead of the lances by means of a hydraulic cylin
der with a pressure of 20-30 atmospheres between gu iding
arc hes 1 and 2. As for any systematical wo rk it takes some
practice to carry out th is operation properly. 2-3 driving
cylinders are needed depending on the size of the tunnel
c ross section.

In the crown, the lances have already been'driven so far
ahead, that no more than the polished lance ends appear
near guiding arch 2, while the lances on the sides still must
be driven ahead.
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Fig. 38
In the foreground you may see guiding arch 3 (A) and
lance end (8) resting on the concrete ring. In the back
ground appear fitting arches (1-4) with the 8ernold sheets
(C) which have been put up and concreted. Follows the
moving of guiding arch 3 to the drilling front and the ad
vancing of fitting arch 4. Then the putting up of the sheets
and the front boarding may start as well as the concreting
of the next ring. In hydrous rock the longitudinal locks of
Fig. 39
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Highway Tunnel Flonzaley

the lances should be made waterproof before concreting.
Depending on tunnel cross section and material, the daily
excavation capacity of this system ranges from 2.0 to 3.0 m.
This capacity can be doubled when there is a cover of
30 m and more, but it may also be reduced to 1.0 m and
less in the case of a permanent front securing as shown in
pictures 34 and 35.

Conrad Zschokke SA -

H. R. Schmalz AG.

v.

Mining

Special features of mining

For many years a fundamental improvement of lining
operations by mechaniLation was striven for in mining . Since
a mechanization of the construction of curved sections
seems hardly possible, the only successful attempts were
achieved with concrete lining so far.
First trials have shown that the lining of drifts and mining
tunnels with the concrete lining system and Bernold boar
ding and reinforcement sheets has a great future ahead.
These lining operations can be fully mechanized. The fitting
arches which can be reused at any time, can be moved
simply by hydraulic devices. The putting up of Bernold
sheets is as simple as could be. The concrete is brought In
by means of the concrete filling method. This process can
easily by mechanized and it is merely a question of organi
zation to facilitate the transport of concrete. The high
strength which is achieved by this method is especially
significative in mining. Thin walled concrete linings, which
are true to profile, have a bearing capacity three times as
big as that of the traditional drift lining, which costs as much.
For these reasons they will have conquered mining very
soon.
In those cases however, in which mining tunnels are to be
but short-lived and a destruction of the drifts is put up with,
conventional lining techn iques will not be dislodged so
quickly.
Fig . 40

Fig. 41

Eschweiler Bergbau-Verein, Grube Emil Mayrisch
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VI. The Mortar Spraying Through
Method
For the mortar spraying th rough method the arches are
installed in the same way as for the concrete filling method,
but the boarding and reinforcement sheets are put up and
locked on the whole development of the tunnel.
The nozzle of the wet concrete spraying machine is de
signed in such a way as to horizontally fit the outer rib of
the sheet (fig . 42 and 43). whereafter the concrete pene
trates through the sheet with a pressure of 6 atmospheres
into the empty space between the rock and the sheet.
State of the sheet directly after the spraying through, be
fore the levelling coat has been applied .
The filling of the hollows between the rock and the sheet
depends to a large exent on the routine of the man who
holds the spraying nozzle. Experience has shown, that one
can count on all hollows being filled but that the hollows
in the crown should be filled from the front as well if they
are more than 20 cm thick.
The spraying through method should only be used for con
crete linings , which have no big statical strain to resist
and the theoretical concrete thickness of wh.ich does not
exceed 1 ~25 cm. It can also be used for local securing,
the sheet being fastened with rock anchors and the hollows
filled in with the spraying through method .
One instance of application which has already proved quite
successful is the spraying through method in connection
with mechanical excavation . The Bernold sheet acting as
front protection is anchored to the rock directly behind
the excavating machine or provided with distance blocks,
put up and gunited, in order to obtain a direct bond with
the rock and a stati cal vault.
With this latter method the rock is secured directly beh ind
the dust-shield and there are no steel profiles to obstruct
the way back. Contrarily to liner plates no pressing out
with cemenVmortar is required as the sp rayed concrete or
gunite fills possible hollows.

Fig . 43

Fig. 42

Fig. 44
Fig. 45
Installation Process
View from within before the spraying
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VII. The Bernold System in the Con
struction of Underground stream
passages and Subways
As a rule the wet-spraying system is used for these con
structions after a sole of poor concrete has been put in to
match the slope.
Then the boarding and reinforcement sheets are put up
(fig. 46 and 47), which operation requires only very little
time.
The economy of this procedure for the construction of
underground stream passages depends on the diameter,
which ranges from 1.50 to 4.0 m for a thickness of the
concrete wall of 8-20 em .

Fig. 47

Fig. 46

Assembling process

View on the inside before spraying

Fig . 48
Construction of the concrete lining with the wet-spraying
method and the use of spraying concrete PC 350----400
with a grain of 0-8 or 0-15 mm .

Heavy compacting I Compression lourde

Height of filling
Epaisseur de couche
Fig. 49

/

20----:- 30 em

The following drawings inform about sections, shapes of profile and capacity of bearing.
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Fig. 50

Underground stream passage under Swiss Highway N 3
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VIII. Stati'cs

-

(Modern knowledge of tunneling statics
and the Bernold System)

-

It is not in the scope of this article to give directions about
the calculation and dimensioning of tunnel linings. But we
should like to point out the close relationship between
modern tunneling statics and the Bernold System.

1. Essential points for the static
calculation of underground buildings
A static calculation ought to enable the economical and
safe dimensioning of supporting structures with an in
tended safety degree. Owing to the knowledge of the laws
of equilibrium and of the deformation qualities of building
materials, techniques of calculation have been developed
during the past decades, which allow the building of
daring structures. Thus bridges with a span of up to 1300 m
and skyscrapers and towers of a height of 500 m have been
planned and built.
To make such calculations possible the dimensions of the
supporting structure, the loads and their reparti,tion, the
quality and stability of the building materials and the dis
position of the supporting parts must be known. The result
naturally depends on the accuracy of these values.
This now is the special difficulty in tunneling. The above
mentioned values are but estimates and affect the reliabili
ty of the results so much, that the economy and therefore
the aim of the whole calculation become doubtful.
The close correlations between the thickness of the con
crete vault, the deformation qualities of the rock and the
size and direotion of the load make it impossible even with
the use of computers to set up a reliable calculation accor
ding to the theory of elasticity. For tunneling other ways
had to be sought and found, to make economical building
possible.
The experience made with tunnel buildings, that had not
been correctly dimensioned and the corresponding load
tests, were the reason for developing new calculation
methods, which result in the following conclusions, diver
ging in part from the elasticity theory:
-

-

Thin walled tunnel linings (thickness of wall approx.
1/15 to 1/25 of the radius) are better suited for the safe
absorption of rock pressures.
The determinating cause of rupture manifestly is shea
ring rupture.
Bending ruptures are possible only if hollows have re
mained unfilled behind the lining.
Thick walled tunnel linings (thickness of wall approx.
1/5 to 1/8 of the radius) can only absorb comparatively
small loads without suffering damage: bending ruptures
and other results of destruction soon show.

We therefore know, that for the construction and calcu
lation of tunnel linings:
-

Building methods must be used, by which a slim final
concrete lining may be builtin as quickly as possible.
It is decisive, that the lining should fit the rock without
leaving hollows, adequate care is essential.
It is very important, that a profile should be chosen
that matches the rock quality. A circle is the ideal
prOfile. The sole may be slightly flatter, straight parts
ought to be avoided or limited to stable rock-conditions.

-

The statical calculation can be limited to a shearing
rupture test with ,triple security, according to the theory
of semi-stiff construction.
Nowadays differing methods are appropriate only for
uneconomical thick-walled tunnel linings.
Bending ruptures are hardly to be expected in thin
walled tunnel linings, since large normal forces reduce
possible bending-tensile stresses.
An additional inner reinforcement has the task of ab
sorbing bending-tensile stresses resulting from local
disorder in the rock.

These claims which are uncontested by modern tunnel
engineers, are all fulfilled by the Bernold System. The final
concrete vault is erected immediately after excavation with
a minimum thickness of 15 cm. The gradual filling in of
concrete behind the perforated sheets can be optically
controlled at any time. The fitting arches, wh.ich are re
usable, guarantee a lining true to profile and an undisturbed
working process.
Owing to it's compression the concrete is of a very good
and homogeneous quality. The inner .reinforcement is
achieved by the simultaneous use of boarding and rein
forcement sheets in one element and one single working
process.

2. The bearing capacity of thin
concrete linings
Some figures to illustrate what was said in the above
chapter:
Example: Circular tunnel with a radius of 5 m, wall thick
ness 25 cm, compressive strength of concrete cubes larger
than 300 kp/cm 2• In such linings bending ruptures occur
only at a load of 95 to/m2. A triple safety therefore makes
an approx. 32 to/m2 admiSSible.
When checking the ring pressure, we get a concrete com
pressive strain of 63 kp/cm 2 under a load of 32 to/m 2. As
compared with the cylinder compressive strength of con
crete, the safety is larger almost by four times. Many tests
for such calculations have been carried out or are still
under way (lit. 2).
The question of the slenderness limit, i. e. the moment
when shearing rupture is determinating or in other words
when the concrete lining does not absorb load movements
any more without being damaged, can be answered as
follows:
It is commonly known, that rock pressure does not occur
suddenly, develops slowly. The first loads arise in vertical
direction ,and occasion a slight crown deflection and as a
result a movement of the side walls towards the mountain.
Thus side forces are roused so that finally the line of pres
sure lies in the range of the lining. The slenderness de
pends on the size of the movement necessary to cause
these side forces. For elastic rocks such as slate, clay,
marl, sand and moraine the ratio wall thicknesslradius
should be approx. 1/25. For more stable rocks the limit is
1/15.
Other interesting methods of calculation are the well known
bearing stress procedures. With ,the hypothesis of so called
bending mechanisms, loads for thin walled tunnel linings
can be calculated, which lie far higher than shear breaking
loads and confirm the calculation method for semi-stiff
constructions.
There is a constant development of new calculation me
thods: for known rock conditions they are being refined as
much as is economically interesting and technically practi
cable. At the end however the tunneling engineer will al
ways have to consider new and unknown inhomogeneities
which make an exaggerated calculatory work for under
ground operations questionable.
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3. The adequate shearing reinforce
ment in connection with Bernold
sheets
Since dimensioning in tunnel construction should be de
terminated as said before by the causes of breaking to be
expected, and we know that shear breaking is responsible
for it, a strengthening of the concrete vault with a shearing
reinforcement may be required in various cases. The shear
stirrups increase the dowelling action of the Bernold
sheets, prevent detaching caused by radial deflection for
ces under high tensile stresses and absorb the tensile
forces under shearing stress that leads to shearing cracks.

The tensile strength amounted to

3820-4070 kgh
The ductile yield amounted to 8.6-9.6%0 for 3 mm-sheets
and 12.5-14.3%0 for 2 mm-sheets. In concreted ribs higher
elongations at rupture of approximately 30% were mea
sured. An exact study is under way in order to allow a
better judgement on the rotational capacity of plastic mo
ments.

b) Necessary lengths of overlapping

EMPA-test nr. 67839 deals with the sheet-overlappings.
Under bending stress alone the breaking load was only
10% less with an overlap of 9 cm (= 3 ribs) than at an over
lap of 15 cm ( 5 ribs).
At breaking point steel tension amounted to

4. Fundamental principles
for dimensioning
The fundamental principles for dimensioning are based
upon the following test reports of the EMPA:

3000

kg/cm~

(in the range of the overlap).

It depends on the condition of the building site, whether
this value should be fixed somewhat lower.
It is to be expected that 2 mm-sheets will have stronger
steel tensions in the overlap. As long as no further tests
on this point exist, the above mentioned value may be used.

1. EMPA-report nr. 69953/3 Tension tests on single ribs

2. EMPA-report nr. 59392
3. EMPA-report nr. 67 839

Plate-bending tests
with single Bernold sheets
Plate-bending tests with
overlapped Bernold sheets

4. EMPA-report nr. 60410/2 Breaking tests with simply and
doubly reinforced semi-circular
arches.
Besides the expertise of the Institute for Statics of Prof.
Dr. Ing. H. Duddeck we also call upon our own calculations
and experience with finished constructions.

c) Shear dimensioning

As a rule shearing forces in tunnel linings are small. The
bond between Bernold sheet and concrete is very good.
A test has been made in which the shearing tensile stress
was .of a good 20 kg/cm'~ although the quality of concrete
was low: 170 kg/cm~. Since we know of no further tests and
we want to give a value that is on the safe side,
1:

Br

(k P/cm

2

)= 0,75

Fw

(kP/cm 2 )

should be the basic formula for dimensioning (as for steel
concrete plates).
If shearing stirrups are ordered, this value may be doubled,
providing that the shearing forces are absorbed by stirrups.

Evaluation of the tests
a) Tensile. strength of the sheets
and measuring of bendings

d) Radial forces with tensile stress

The basic material has a tensile strength of 3500
4200 kg/cm:!, the yield pOint at 2700-3200 kg/cm2
(EMPA-report nr. 60410/2, annex 21).
By the perforating and cold
material into Bernold sheets we
of the material with a loss of
resulting reinforcement rib has
breadth.

deformating of the basic
naturally get a compacting
plasticizing capacity. The
a variable jointly carrying

I. e. under tensile stress the working line of the rib features
a slightly higher E-module of approx. 2.3-2.6 106 kg/cm:! if
the tension is related to the minimum cross section.

In the minimum cross section the tension is higher than
in the range of the rib, the flow range will therefore be
reached sooner there. This means, that the flow range of
the rib as a whole is higher and the elongations according
ly smaller.
The nominal yield point was between

3680 and 3810 kg/cm:!
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Although up to now no damages have shown in finished
constructions, an evidence of radial forces should be kept
for the dimensioning of bent steel concrete parts. If there
are no stirrups, detaching may occur through radial forces
from.
= 45 Mp/m' on.

Radial forces of such strength are rare and should be ab
sorbed by stirrups, especially in the range of overlaps.

e) Widths of cracks

Concrete, that has been reinforced with Bernold sheets,
is well secured against cracks. Tests have shown, that the
ratio between the load unde.r which the admissible width of
cracks of 0.2 mm occurs and the breaking load ranges
from 0.70 to 0.84. I. e., that under service loads no visible
cracks need be expected.
A special calculation of craCk-safety is therefore super
fluous.

Summary
The tests, that have been made so far, are
quite sufficient to justify the full use of
boarding and reinforcement sheets according
to the Bernold System. with due regard to
the fundamental principles of dimensioning
as described above. All the experiences
made in finished constructions confirm this
fact. Until today no damages of any kind
could be found. However the favourable
experiences gathered, are not simply a result
of the fact that Bernord sheets act as rein
forcers but are also based on the immediate,
hollowfree concreting of the final lining after
excavation, whereby an extremely favourable
effect on the developement of rock pressure
and the consolidation of the rock is aChieved.
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IX. Economical Advantages
of the Bernold System
To make a success, ~ new building system must not only be
advantageous from a technical point of view but also from
an economical one.
Questions to this effect were asked in the article of 1967.
In the meantime the necessary figures have been collected
and evaluated. To sum up we can say, that the indications,
which had then been given on possible cost reductions
have proved true and to some extent even exceeded all
expectations.

Special attention was given to the installation costs, since
an identical base of calculation cannot be adopted on every
building site or in every case.
The following indications are average values for a modern,
well equipped and well organized building site, Wilich have
been compiled from the figures and experience gained on
several building sites, on which the Bernold System was
used for the construction of galleries and tunnels.

Work per m1 of lining
Average tunnel developement 15.0 m

1. Transport tunnel entry
We would like to specially point out that:
Because they use the system, a large amount of tunneling
sites abandon sprayed concrete, the compressive strength
of which, as has been proved, lies far under that of filling
concrete, which is filled in between sheet and concrete and
vibrated. Post-calculations have shown, that the costs for
sprayed concrete are 5D--80% higher than those for filling
concrete PC 300.
In other cases the contractor renounces to steel or to be
more exact to centering arcs. This means a reduction in
weight of 50%.
If one calculates the actual weight of the built in center:ng
arcs, the weight is of 150% as compared to the 100% of
the Bernold sheets. These figures only comprise the actual
delivery, without higher installations costs.

Worker minutes

place of use

2.1

2. Moving and placing of a fitting arch

12.4

3. Putting up and locking of sheets
of 1, 2,3 mm

22.0

4. Putting up of the front boarding

14.3

5. Installation and operation of the
concrete conveying machine and equipment
Filling in and vibrating of the concrete

21.6

Average time: 72.4 worker minutes per m1
The total building costs including all supplements amount
to a total of sfr. 80.- to 120.- per m' , when the concrete
lining has a thickness of 20 cm.

Comparison of offers
A graphic chart of the comparison of offers shows how
economical the Bernold System is, when several methods
are genuinely competing. It is interesting that everyone of
the 5 contractors has calculated an average reduction of
1.1 million with the Bernold lining as compared to the

traditional steel linings, that means approximately 11 Dfo of
the total building costs - but approx. 38% of the lining
costs. Experience has shown that the economical ad
vantages of the Bernord System even increase with the de
gree of difficulty in the excavation.

Contractor I Entreprise
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A graph of the actual and total building expenses for two
underground bu ildings in Switzerland and in Germany,
which were built under similar ro c k pressure and working

conditions, clearly show the economi c al advantages of
the Bernold System for modern tunnel - and gallery-con
struction .

We should like to close with a few lines from the expertise
by Prof. Dr. Ing. H. Duddeck, Institut fur Statik, Tec hnische
Un iversitat Braunsc hweig :

THE BERNOLD SHEETS ARE NOT ONLY ADVANTAGEOUS

"THE BERNOlD SHEETS ARE WELL SUITED FOR THE

STRUCTURAL ELEMENT), BUT THEY ALSO MAKE POS

ARE

SIBLE THE USE OF CONSOLIDATED LOCAL CONCRETE,

FOR THE WORK AT THE DRILLING FRONT (PROTECTION
FROM ROCK FALL, SIMPLICITY OF INSTALLATION, COM
BINATION OF BOARDING AND REINt=ORCEMENT IN ONE

REINFORCEMENT

OF

CONSTRUCTIONS,

WHICH

MAINLY UNDER COMPRESSIVE STRESS.

(BETTER QUALITY AND SMALLER DIFFERENCES IN SOLI

THIS IS TRUE FOR THIN WALLED LININGS OF TUNNELS

DITY THAN WITH SPRAYED CONCRETE).

AND GALLERIES.

TESTS AND CALCULATIONS HAVE PROVED THAT CON

AS TENSILE REINFORCEMENT FOR BENDING STRESS

CRETE LININGS, WHICH ARE REINFORCED WITH BER

ONLY, THE SHEETS MAY BE EFFICIENTLY USED WITH

NOLO SHEETS, ARE PERFECTLY SUITED FROM A STATI

LARGER

CAL POINT OF VIEW FOR TUNNELS AND GALLERIES

OVERLAPS

OR

STRENGTHEN THE JOINTS .

REINFORCING

IRONS

TO

UNDER ALMOST ANY KIND OF STRESS."

31

Typenliste fur Bernold-Felssicherungsmatten
insbesondere zur Verwendung beim maschi
nellen Tunnelvortrieb

0

~0
Typ

0

v

0

Rundstahl
Durchmesser

0

v

0

0

Maschenweite

Gewicht
m2

100X100
100 x 100
100x 100
100x 100

8,25 kg
9,36 kg
10,70 kg
12,30 kg

~

(Winkeleisen 40 x 40 x 2,5 mm)
BF-4
BF-5
BF-6
BF-7

¢4mm
¢5mm
¢6mm
¢7mm

BERNOLD AKTIENGESELLSCHAFT
CH-8880 WALENSTADT
TELEFON 085 3 56 44 - 45

TELEX 74 260
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New Swiss
Tunnel Lining
System
By C. Muller

Dip!. Ing ETH/SIA
Residence Fleur de Lys, 1605 Chexbres

About three years ago Jean Bernold, Engineer of WalenstadtiSwitzerland developed a new tunnel lining
system which he patented and then placed on the market. Experience has shown that this system has
advantages over other systems now in common use. A detailed description of the process is given here,
together with a number of illustrations which refer to the driving of the Flonzaley and Chauderon tunnels
on the new Autoroute du Leman, N 9, in the canton of Vaud.

Reprinted from the Neue Zurcher Zeitung. Supplement 'Technik'
dated Monday 21st June 1971, No. 282.

THE PRINCIPLE

In the concrete shell method of construction a rock
which has a limited period of stability is under
pinned within the shortest possible time by means
of a concrete arch. To do this, single concrete rings
are installed one at a time at the same rate as the
excavation stages and immediately following the
advance into the tunnel. What is novel consists in
the fact that specially shaped perforated steel
sheets are used which are joined together to form
a shuttering and reinforcing casing. These cold
shaped sheets with V-shaped ribs are supported
temporarily on assembly arches while the concrete
hardens and then serve as permanent reinforcement
in the concrete. Because of their special shape they
are sufficiently rigid to resist the shuttering pres
sure and in addition they are sufficiently resistant
to prevent a concrete of stiff plastic consistency
from running through during the vibratory operation.
Standard sheets of more or less square size can be
bent accurately to the radius of the tunnel so that
a rapid and simple method of assembly is assured.
The Bernold system fulfils two different functions
at the same time, nameley that of the steel sup
porting frame and that of the permanent rock lining.
The consolidation of the concrete placed between
the sheets and rock face both protects the face
from the effects of air and moisture movement and
prevents the rock from further fragmentation. The
rock, the concrete and the steel linings act as a
homogeneous structure which distributes the loads
of those parts of the rock which are not so capable
of carrying a load onto layers of rock which have
a greater load-bearing capacity. The danger zone
which is immediately behind the advance in the
tunnel is eliminated in a short time. The possibility
of application of this highly promising principle is
not necessarily restricted to tunnel construction.
FIELD OF APPLICATION

In tunnel construction the Bernold system can be
used wherever one has to deal with rock which for
the most part varies from slightly crumbly to very
crumbly. The condition necessary to ensure the
economic application of the process, however, is
that this system does not possess merely the
character of a temporary support but that it be
comes part of the permanent structure and can take
-+

Fig. 2 A ribbed steel sheet.

over the function of the conventional concrete lin
ing. In the event of a marked variation of sound
and loose rock a simple comparative calculation
with other methods will define the economic limit
of the range of application. The rock is assessed
for its stability and is then classified according
to Lauffer's rock specification as given in SIA
Standard 179, table: 2.
Class 3
Very fragile

L
1m
5m
4m
3m
2m

Class 4
Crumbly

T
Limit
Mean
(months) (weeks)

Limit
(days)

Class 5
Very crumbly
T
T
Mean Limit
Mean
(hours) (mins)
(mins)

0.5

0.25

3

2

0.5

6

8

2

12
24

3.5

7
10
15
30
90

5
15
45

L

Free unsupported width from last supporting
arch to tunnel face.

T

Time interval between time of excavation and
commencement of major falls.

The length of unsupported excavation in the walls
and roof is determined by two factors (1) the nature

----

!

Fig. 1 Cross-section of
Flonzaley Tunnel. Sequence
of excavation and concreting.

1
EI

1

~I

Top bench excavation
40 square metres

1a Concrete lining 25 to 85 cm
thick, concrete BH 300,
Bernold sheets 2 mm

2

~3

--30

2

Bottom bench excavation

3

Side wall excavation to full
width

3a Concrete wall lining 25 to
70 em concrete BH 300.
Bernofd sheets 2 mm under
pinning arch concrete
4

Gunite minimum 2 cm thick
Interior secondary lining
30 cm thick with a coating
of Vandex for waterproofing

2

of the rock, and (2) the time interval 'T'. The length
determined by this method should be such that
there is sufficient time allowed for concreting this
length. On this basis the concrete shuttering
method of construction will be particularly advanta
geous for classes 3 and 4, that is to say for rock
which is very fragile down to crumbly.

INSTALLATION OF BERNOLD SHEETS ON THE
AUTOROUTE DU LEMAN.
Purpose

Four lengths of twin tunnels are being driven on the
section of Autoroute N 9 which is at present under
construction along the Lake of Geneva between
Montreux and Lausanne, namely Flonzaley (700 m),
Criblette (250 m), Chauderon (180 m) and Belmont
(340 m). The Canton of Vaud, represented by the
Bureau de Construction des Autoroutes (BAR) has
appointed to design the project and also to act as
site construction supervisors the two engineering
firms of Societe Generale de !'Industrie SA (SGI)
and the Compagnie d'Etudes de Travaux Publics SA
(CETP) as experts in the field.
Project

All four schemes are similar in design and conform
with the Federal Specification for National Roads.
Twin tunnel bores are driven more or less parallel
to one another. Width of carriageway 7.75 m, a
pavement 0.75 m wide on both sides and a clear
height for vehicles of 4.50 m in the Flonzaley Tunnel
(fig. 1). Longitudinal ventilation is by means of jet
blowers.
Geology

All four lengths of tunnel pass for the most part
through sedimentary rock which ranges from crum

Fig.3

bly to rock requiring support; a geological formation
consisting of strata of sandstone and marl of
variable thickness, ranging from a few centimetres
to a few metres. In these various strata all types of
rock are met with - hard pure sandstones, marly
sandstones to sandy marls with inclusions of clay.
The composition and strength of the individual
rocks vary even within distances of only a few
metres. The rocks are cracked and fissured. Water
occurs only in a few places where there is dripping
water and water flowing from fissures. Tests have
shown that the sediments have the following com
position:
Sandstone
Marly Sandstone
Marly Clay
Compressive strengths

15%
40%
45%
200-500 kg/cm2

In view of the geological conditions and the
restricted length of the individual tunnel projects
the length work method of construction was the
obvious choice from the start.
When tenders were invited it was envisaged that
steel ribs would be used for ground support and
that they would be concreted in when the tunnel
was lined, using conventional steel shuttering in
the ordinary way. In the summer of 1969 the two
construction schemes for the Flonzaley Tunnel and
the Chauderon Tunnel were entrusted to the con
sortium Conrad Zschokke and HR Schmalz AG of
Puidoux. Because of steel supply shortages existing
at that period, resulting in uncertain deliveries and
rapidly escalating prices, the consortium suggested
the use of the Bernold system to the clients. A
comparison of costs with the tender showed in the
case of crumbly rock a saving in construction costs
of at least 10%. Thanks to the approval granted by
the local building directorate, the sheets were used

Moving a temporary arch rib. Note that ends of rib are temporarily folded.

3

Fig. 4 Erecting a sheet.

for the first time in the Chauderon tunnel. As a
result of the excellent results achieved on this
experimental section it was decided to use the
Bernold system generally for all four lengths of
tunnel. Since the construction of all the tunnels was
similar it is proposed to deal with the method used
in the Flonzaley tunnel only.

As mentioned previously the construction comprises
twin tunnel bores of 700 metres length running prac
tically parallel to each other and with a mean
distance between centres of 35 metres. After pass
ing under the Berne-·Lausanne and Puidoux-Vevey
railway lines in the loose rock it was possible to
make a start with the actual drive in the sedimentary
rock at the end of 1970.

construction. For the first phase a top bench of
40 m 2 is pushed through the entire length of the
tunnel and then for phase 2 the balance of 38 m2
is excavated (figs. Nos. 1 and 2). When excavating
the lower bench, the hearting and sidewalls are
blasted in stages so as to prevent undermining of
the support for the arch. In order to adapt the con
struction to this method of operation it was ar
ranged to widen the abutments of the arch to 85 cm.
If the quality of the rock is poor then a secondary
concrete lining 30 cm thick can be placed con
tinuously or in lengths as required throughout the
length of the tunnel. For these operations the
Bernold sheets are first coated with gunite and then
the final internal 30 cm concrete lining is applied.
To ensure watertightness a seal is provided by a
brushed-on coating of Vandex on the inside face of
the secondary lining.

Technical data

Advance

Cross section area of rock face
Lining:
Theoretical thicknes; of concrete in
crown
25 cm
85 cm
abutments
side walls 25-70 cm
2mm
Bernold sheets -ihickness
Protective gunite
thickness
2cm
30cm
Concrete lining. Bernold sheets/rock face
Internal face of Qunite treated with Vandex
waterproofing agent.

As already explained the Bernold system of tunnel
lining follows very closely behind the tunnel face.
Depending on the stability of the rock the unsup
ported lengths usually vary between 2 and 3 metres.
When rock conditions are 'crumbly' the unsup
ported length is restricted to 1 metre. For drilling,
blasting and excavating a volume of 100 to 120 cu.
metres one requires 4 to 5 hours. This determines
also the individual lengths of the stages for thp.
concrete lengths. After the end of the excavat;ng
operation following blasting, one to three steel
arches are erected, depending upon the length of
the advance. The spacing between the arcMf'::' is
as a rule 0.96 or 1.20 metres, accordin~: :l .. : : width
of perforated sheets chosen. The~' .. .r arches are
spacer tubes
spaced at the proper centres "
(fig. 2) threaded over tie rods.

The Flonzaley Tunnel Site

Execution

Since one has to reckon with bad rock all the way,
the advance is carried out in two operational
phases, using the so-called Belgian method of
4

Fig. 5 View of cavity between the sheets and the rock face.
When fitting the sheets a concrete of stiff-plastic consistency
is poured at the same time. On the left is a flexible concrete
supply pipe.

Fig. 6 8ernold sheets showing mortar penetration which
provides an excellent key for the final finishing of the
concrete lining.

ciently to SUPPOI; the load. For the arched lining in
Flonzaley Tunnel a somewhat heavier section, HEB
180, was deliberately chosen. In the case of lighter
sections it is likely that undesirable deformations
and damage may occur due to the frequent erection
and re-erection and to the blasting operations
which are constantly having an adverse effect on
the equipment. Great importance is attached to the
accurate shape and careful moving of the tem
porary arches, because these arches are used to
determine the accuracy of the cross-section of the
rock excavation.
The number of temporary arches required depends
upon the amount of the daily advance. As a rule 8 to
12 are sufficient. The sheets are laid at both ends
of the temporary arches, starting from the floor
(fig. 4). As a rule sheets 2 mm thick should be suffi
ciently strong even for heavy rock and concrete
loads. The dimensions of the sheets are stand
ardised. At the present time two sizes are in
general use: 1.08 X 1.20 metres for distances be
tween arches of 0.96 metres, and 1.32 X 1.20 metres
for distances between arches of 1.20 metres. Half
sized sheets are also supplied. When removing the
arches, the sheets are overlapped on both sides
and joined together so that there is no distortion.
Simultaneously with the fixing of sheets the gap
between the rock and the plate shuttering is back
filled with concrete. The concrete which has been
filled in is consolidated with immersion vibrators
(fig. 5) until it emerges through the perforations in
the sheets. As a result of this one obtains a very
tight bonding between sheets and rock. The quality
of concrete and method of placing are decisive
factors as regards the load-bearing capacity and
watertightness at a later date. In Flonzaley a ready
mixed concrete BH 300 with the following particle
size distribution is used:

0- 3
3- 8
8-15
15-30

The temporary arches are bent to the radius of
the tunnel and are provided with hinged jOints
at their extremities. These jOints make it easy to
move the arch without having to dismantle it first
(fig. 3). For the moving operation a mechanical
front-end-Ioader can be used and about 10 minutes
per arch is required for this. The decisive factor in
determining the size of the temporary arch is the
rock pressure which is to be expected up to the
time when the concrete lining has hardened suffi

35%
20%
22%
23%

For transportation with lorries over 11 kilometres
125 to 130 litres of water are added per cubic metre
of finished concrete, corresponding to a waterl
cement ratio of 0.41. As the consistency is from
earth-moist to stiff plastic this makes the placing
operation difficult, so a further 15 litres of water
are added per cubic metre on arrival in the tunnel
and this is mixed in the drum of the concrete
transport truck. The wlc ratio is now 0.48. In
creasing the sand content at the expense of the
crushed stone favours close bonding of the con
crete mortar with the ribs of the sheets (figs. 6 and
7). The compressive strengths on test cubes are
reduced as a result of this, but they still reach
260 kg/cm 2 after 7 days and 380 to 400 kg/cm 2 after
28 days. Core drillings in situ gave perfect samples
with compressive strenghts of 450 to 500 kg/cm 2 ,
Thorough vibration of the concrete in the crown
cannot always be guaranteed. Consequently the den
sity of the concrete in this zone will be doubtful.
In the case of seepage water it is a good plan to
lay a perforated plastic pipe with a wool thread
insert, for example a Drainflex 65 mm in diameter
at the concrete joints, that is to say every two or
three metres along the tunnel. These pipes should
be laid behind the sheets over the entire circum
ference and then be connected up to the main
tunnel drainage system,

5

Local variations of up to 5 cm from the theoretical
line of the crown as a result of sagging in the
plates are unavoidable despite careful laying
operations.
This is a factor which must be taken into account
when determining the dimensions of the interior
ring. Factors which also influence the quality of the
concrete are the method of handling and conse
quently the type of apparatus on the concrete truck;
it should be borne in mind that it is not merely
a question of the rapid filling up of cavities but the
preparation of a construction component which is
subjected to static stress. The Spirocret S 2000 is
a suitable apparatus for this purpose. By means of
compressed air a moist stiff plastic concrete is
applied without any danger of segregation. The rates
of placing of the Spirocret S 2000 are from 15 to
18 m3 of finished concrete per hour, whilst in con
junction with the fixing of the sheets one reaches
an average concrete output of between 10 and 12 m3
per hour.
The full cycle of concreting a stage of 2 to 3 metres
length takes about 4 to 6 hours, according to the
actual volume of concrete required, this in turn
being determined by the overbreak and the length
of the stage. From this one obtains a rate of
progress of about 1.5 hours per m2 for the complete
placing operation (installation, sheets, concrete).
In the Flonzaley Tunnel the Bernold sheets are laid
throughout the entire length of the tunnel and over
the entire development of the arch. When advanc
ing the face, the sedimentary rock was found to
range from slightly fragile to very fragile; for the
most part it was dry rock of the above mentioned
classes 3 and 4. Systematic excavation is therefore
justified. The rock stability times are just sufficient
to allow for preparing and concreting a length of
from 2.5 to a maximum of 3 metres. With excavation
times of 4 to 5 hours and concreting times of 4 to
6 hours it is possible to complete two working
cycles per day with 2-shift operation. This gives
average daily outpouts of 5 metres advance or
100 metres per month. The prerequisites for such
maximum outpouts are the following factors:
Favourable rock conditions (stability time,
structure, occurrence of water);
An efficient set of equipment (with spare
equipment) ;
Good organisation and team spirit;
Expertise of the advance crews.
It should be noted that the same men have to date
erected over 15,000 square metres of sheets on this
contract.
COMPARISON WITH CONVENTIONAL METHODS
OF EXECUTION

As experience to date has shown this novel Swiss
Concrete Shuttering System brings with it a num
ber of important advantages both from the technical
and economic points of view.
Advantages from the point of view of tunnel building
technology

According to the basic principle which is gen
erally recognised today, the first requirement of a
method of excavation in crumbly rock requiring
support is that it should be supported as quickly
as possible after the rock has been exposed. This
6

Fig. 7 Temporary arches supporting t.he concrete lining
until it. has hardened sufficiently to take the loading.

prevents swelling of the rock which as a rule only
occurs a certain time after the release of pressure
and by exposure. The method of construction which
has just been described fulfils this requirement in
the best possible manner. The rapid erection of the
temporary arches, the simple handling of the sheets
and the use of efficient concreting appliances make
it possbiJe to underpin effectively any open section
of rock in the shortest possible time. The temporary
arches and sheets carry the loads until the primary
concrete lining has hardened sufficiently to take
these loads. Contrary to the conventional lining
process, the concrete while still fresh is retained
and protected from blasting damage by the sheets
which act as shuttering and as reinforcement.
Adaptability

When tunnelling in rock the tunnel builder is
reminded time and time again of the varying nature
of the geological conditions. The structure, posi
tioning and fissures often influence the behaviour
of the rock locally from one excavation section to
the next. By choosing the number of arches to be
installed in advance, the distance between the
arches and the thickness of the sheets, it is
possible at any time to arrange for the support of
any particular quality of rock. The shuttering and
the concrete can be pushed forward as far as the
face itself. The joining of the sheets in the case
of arch underpinning, the design of curves, changes
from one cross-section to another and negotiation
of cross-sections of different sizes as a result of
side galleries, widenings, branches and niches can
be carried out without any problems and without
any great expense.

Safety

The purpose of any lining or rock reinforcement
work is to give an absolute guarantee that collapses
and break-throughs will be prevented. However
it is a well-known fact that in very crumbly zones
it is precisely during the erection work that the
most immediate danger to the crew occurs. All too
often do we hear of serious accidents precisely
during the short periods of time taken by the lining
work. Here again the Bernold system shows to
advantage. The removal of a temporary arch by
means of a mechanical shovel takes only a fraction
of the time which would be necessary for the
erection of a conventional steel arch or for spraying
a thin layer of concrete onto the rock face. In
conjunction with the number of sheets laid pro
visionally the temporary arches form an effective
head protection during the actual installation work.

Economy
For the client as for the contractor the economy of
a construction method is of decisive importance.
Here we compare on a percentage basis three of
the usual methods of lining. The example is based

on rock conditions such as were encountered when
the motorway tunnel was built at Flonzaley, and due
regard should be paid to this point.
From the comparisons shown in the table it can
clearly be seen that the use of the Bernold lining
process is economic in fragile to crumbly rock and
soft ground, but on this assumption it will be found
that this system offers the lowest constructional
costs. The next more expensive process resulted in
additional costs of around 1000 Swiss francs per
linear metre of tunnel bore or 2 million francs for
a twin bore motorway tunnel 1 km in length. How
ever the economics become questionable as soon
as the crumbly zones of rock are replaced by longer
sections of sound stable rock, so that the con
tinuous use of reinforcing sheets is no longer
justified. Briefly it may be stated as follows: 'In
good rock the method is bad and in bad rock the
method is good" Furthermore there is the pre
requisite that ground water be found only in small
quantities because the containing of springs and
fissure water, which has to be done by hand if
one is to have a perfect tunnel lining, is costly and
would unduly disorganise the normal tempo of the
work.
It is precisely this working tempo which brings with

Fig.8 Chauderon Tunnel. Shown lined with Bernold sheets prior to guniting and secondary lining if necessary.
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Comparison of different Tunnel Lining Methods
Cross-sections of Excavation 78 to 87 sq. metres.
Development 22 sq. metres.

Class of Rock

Type of Work

Normal construction as %
of Bernold
Method

Fragile

Fitting BE)rnold sheets w. 25 cm thick concrete without
floor lip'ng

100

100

Medil'm-heavy fitment arches HEB 180, partly sheeted
and gl')uted concrete 16 cm without floor lining

116

148

Fitting Bernold sheets with 25 cm thick concrete,
with floor lining

112

100

Heavy fitment HEB 200 partly sheeted and grouted
concrete 18 cm with floor lining

136

166

Heavy fitment HEB 200 with outer lining 50 cm, with
floor lining

141

173

Crumbly

Rock bolting
and fixing as %
of Bernold
Method

When rock conditions permit the use of rock bolts with wire netting and possibly guniting the cost of
the lining is in the range of 50 to 80% of the cost when using the Bernold system.
it a further advantagE) of this system. The blasting
and the fixing of the lining are very closely related
when it comes to the question of timing. For
adequate organisation of the entire advance oper
ations one has to aim at a definite rhythm in the
shift and daily outputs. The unknown factor in this
rhythmic operation as between blasting and lining
is the rock itself. The filling in of cavities resulting
from rock falls is time-wasting and costly with all
the conventional construction methods. As a resu It
of the rapid installation of the concrete arch this
can often be avoided when using the Bernold
system. Any major overbreak can be rapidly filled
in due to the use of efficient concrete placing plant,
without any essential alterations being necessary
in the daily programme.

Construction Programme
In any building job the adherence to a contractual
construction programme is the first duty both of
the client G:1C of the contractor. How often have
low and vpr, low advance performances led to
delays in the construction programme. Bad rock
conditions often influence the entire progress of
the work and optimistic completion dates cannot
be adhered to. As a result of the advantages we
have referred to it is possible with this rational
method of installation to achieve quite considerable
progress even when rock conditions are unfavour
able. The degree of utilisation of the efficient
and expensive set of drilling equipment for blasting
becomes far better than with the conventional
systems. If it is borne in mind that nowadays, even
for medium sized construction sites, investments
of 2 to 3 millions Swiss francs in plant and general
installations are by no means rare, the contractor
can readily calculate what savings in interest and
depreciation can be achieved in the course of say
a month. The client should also be interested in the
comparatively lighter repercussions of labour and
materials increased costs.

Disadvantages
All construction methods are subject to disadvant
ages or at least to certain unpleasant features
which have to be borne in mind. The author of the
project should before the work is started take
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steps to find out all he can about the nature of the
rock and the threat of water which can be expected.
In the case of varying stability of the rock, detailed
preliminary studies and comparative calculations
must be carried out, covering different methods of
execution. When one comes to select the concrete
shuttering process, the design of the tunnel lining
and the method of constructing the arch are deter
mined at the same time; any changeover to
a different system during the construction op
eration - for example to a simple rock reinforce
ment with shuttering
entails technical difficulties
and additional costs. The suitability of the proposed
scheme should be thoroughly checked before a
start is made on the construction.
The engineer carrying out the planning and also
the engineer putting it into practice will always
come up against the question as to the extent to
which this shuttering method of construction can
replace the steel lining, especially the solid lining
in very fragile rock. On this point one should state
as follows: It is clear that in the case of very fragile
rock the length of advance is reduced to 1 metre
and only one arch can be installed each time. For
the installation of these short stage lengths
striking, moving and erecting one arch, moving
up the plant and backfilling - one usually requires
4 hours exclusive of any special precautions which
may have to be taken. During this minimum time,
therefore, the exposed rock should remain stable
and not break away to any extent. The driving
through of a roof gallery, the insertion of the sup
porting ribs and the concreting of the top arch
stage by stage are feasible, but the result would be
that this construction system which in itself is
economical would to a large extent lose its ad
vantages.
The question which is often posed, as to whether
temporary arches and sheets could not be replaced
by conventional shuttering hardly calls for an
answer. By doing this one would immediately lose
the advantages we have referred to of this unit
system, without at the same time achieving any
other advantages.
Practical experience to date has shown that this
novel and original lining system is making
an important contribution to progress in tunnel
construction.

•

l~Otfe

S 2000

S 1000

Spray-through method through the
BERNOLD SH EETS according to the
wet spraying method, grading of
0-15 mm and PC 300. The spray
nozzle is placed near to the beads in
the sheets. Spraying pression
approxim ately 4 atu.

SPIR~
PNEUMATIC CONTfN

OFcrr

ACCOPI
THE WET SPRJl
The beads in the BERNOLD SH EETS
which have been especially punched
out for the spraying through. Section
of spraying through 12 x 8 cm. Little
return. Void spaces completely filled up.

SPRAY CONCRETE

Surface view of the sheets sprayed
through with spraying concrete, WjC
factor 0.48-0.52, before guniting.

II
The SPIROCRET may convey on a total
length of up to a hundred meters a
concrete of stiff-plastic consistency
with a grading of 0-30 mm,
PC 200-350 and WjC factor of
0.40-0.50. The conveyance takes
place continuously by air lift with a
medium pressure of 2-3 atu. For short
distances up to 50 m use rubber
hoses 0 90 or 100 mm and for longer
distances concrete conveying tubes.
Capacity:
S 1000
8
12 m 3jh
S 2000= 18 - 24 m 3jh

CONVEY

Sprayed concrete with a grading of

~CRET
LiouS CONVEYANCE
'CRETE

0-15 mm, PC 350 and a W/C factor
of 0.42 to 0.45 in thicknesses from
3-6 cm sprayed on the bare
rock. Compressive resistance of
concrete after 7 days between 280 and
300 kg/cm 2 and between 430 and
480 kg/cm 2 after 28 days. Conveying
distance up to 80 m. Capacity 8 to

10 m 3/h.

)ING TO
YING METHOD

The special spraying nozzle of the
SPIROCRET has a good distributing
effect. The concrete which is being
conveyed with a pressure of only
4 to 5 atu therefore has good adhering
qualities and there is very little return.

APPLY GUNITE
Patented BERNOLD ROCK-SECURING
MATTING, bent exactly to profile and
fixed to the rock by anchors.

)NCRETE

Sprayed concrete through BERNOLD
ROCK-SECURING MATTING graded
o to 15 or 0 to 30 mm, PC 300 and
W/C factor 0.40 to 0.50. Owing to the
special construction of the rock
securing matting, concrete thicknesses
of 15 cm from the sole up to the
springing height can be put up in one
operation. In the roof the thickness of
the layer which is put up in one
operation shou Id not exceed 5 to 6 cm
without addition of a quick binding
substance.

TECHNICAL INSTRUCTIONS

The SPIROCRET is manufactured on a prefabricated
assembly system, so that every part of the machine
can be removed and changed quickly and without
difficulty. In addition to the spiral stirring mechanism
a special feature of the SPIROCRET is the change
able wearing lining, which is made of special quality
material which gives the machine an almost unlimit
ed life span. This is all the more important since all
concrete feed machines or concrete mixers are
subject to heavy wear from abrasion.
The pressure tank consists of a cylindrical welded
construction. The filler opening has a diameter of
350 mm, and after filling is closed by an airtight
rapid locking cover or an electropneumatic rapid
locking slide valve. This cover or slider is provided
with an excess pressure valve and gauge. The outlet
connection is situated at the front on the right, and
the discharge connection at the rear in the centre.
The top airfeed takes place by special nozzles
through the vertical wall of the filler gap, the bottom
airfeed directly into the pipeline. The pressure tank
usually operates horizontally.
The spiral delivery and mixing unit is a new inno
vation in connection with a sealed pressure tank.
The spiral feeder consists of a shaft housed in the
centre of both sections, to which the framework of
the spiral is welded. The supports are screwed and
welded to this framework, and the spiral developed
over the whole length and breadth of the pressure
tank. The supports and spiral which is developed
over the whole length and breadth of the pressure
tank, are screwed and welded to this framework.
The pressure tank is provided with an excellent
changeable wear lining 4 mm thick. ,This comes in
two parts. The rear section can be removed, so that
in the event of blockage or wear and tear on the

spiral mixing or stirring unit, and the wear sheath,
repairs can easily be carried out.
The spiral delivers the mix, which is put in at the end
of the pressure container, towards the discharge
connection.
The spiral is actuated by a 20 H P electric motor over
a reversible reduction gear.
The spiral mixing machine is suited even for quick
and strong mixing because the material is being
moved spirally forward and backward (this is not
possible with the usual mixing arms). The supports
take up the function of mixing arms and mixing
times can be kept down on a minimum.
This machine is built in two types. The first has one
container, is mounted on wheels on one axle, the
second has two containers, is also mounted on
wheels and has one axle too. The machine with the
two containers is provided with a rotating feeding
hopper which rests on a ball bearing and is easy to
operate. It can be actuated electropneumatically as
well.
There is either a chassis with rigid axle and pneu
matic tires for usage on building sites only or a chas
sis for circulating on normal roads at a top speed of
80 km/h.
Air consumption:
SPIROCRET S 1000 and S 2000 about 10 m 3 /min.
Pressure on pipe or hose end 2-4 a.a.p. according
to length of pipe.
Compressed air control:
Through unilaterally controlled plants with rapid
locking cock, venting ball cock, gauge and excess
flow safety valve.

BERNOLD AKTIENGESELLSCHAFT
CH-8880 WALENSTADT
TELEPHONE 085 3 5644 - 45

TELEX 74260
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See ....
• The Mexico City
Drainage Scheme
• The Sydney
. Waterboard Tunnels
• The Hong Kong
Harbour Tunnel
• The Polyphyton
Hydro Scheme in Greece

.... and you see

ALIVA
Mortar 
and Concrete
Spraying machines in action
Whenever durability, reliability and cost saving are deciding
factors you find ALiVA is the winner.
ALiVA machines are based on the rotor principle (dry mix) and a
wide variety of types are available to suit particular requirements:

ALIVA-400
ALIVA-400

output 4cu m/h for sprayed concrete
output 2cu m/h for gunite

ALIVA-600

output 5cu m/h for sprayed concrete

ALIVA-300
ALIVA-300
ALIVA-300

output 6cu m/h for sprayed concrete
output 4cu m/h for gunite
output 14cu m/h for conveyed concrete

ALIVA-F

special machine for steel/cement/smelter
industry (spraying of refractory materials
and for feeding of blast furnaces).

ALIVA LTD

The reconstruction from one
machine type to another can
easily be done at the job site - an
operation which does not
require any special equipment
and tools.
By the way, did you know that
ALiVA machines are capable of
conveying the mix of up to
100 metres vertically and up to
300 metres horizontally.
The maximum aggregate size for
sprayed concrete is 30mm and
40mm respectively for conveying
concrete.
There is a chain of ALiVA
AGENTS/DISTRIBUTORS
spanning the world and
therefore you can always rely on
quick and competent service and
advice wherever your site may be.
22, Mellingerstrasse,
5400 Baden, Switzerland
Telephone 22474
Telex 55449 aliva ch

For further information please enter Ref. No. 70 on reader reply card

Aktiengesellschaft
Maschinenfabrik

-

WIDE N / Mutschellen

-

Telefon 057 / 7 6394

Fabrikation von Gunit- und Spritzbetonmaschinen, Betonfordermaschinen,
Beschickungsanlagen, Silos, Perfo-Rohren und Stahlankern

SPRI,BAG-Rotor MS-05 fur Spritzbeton und Gunit

Antrieb
Luftve rbrauch
Leistung
Korngrosse
Forderlange
Gewicht

EJektromotor 6 PS oder Druckluftmotor 8 PS

8-15 m3/min bei 4-6 atu
5 m3/h Trockengemisch
0-20 mm
bis 250 m
ca. 655 kg

SPRIBAG-Kippsilo KS-6

robuste Schweisskonstruktion, fahrbar, selbstaufstellend
Antrieb
Hydraulik
Hubkraft der Hydraulikzylinder
max. Fullgutgewicht
Hubzeit
Gesamtbreite
Auskipphohe (ohne Unterlage)
Hohe aufgekippt
Licht- und Signalanlage (auf Wunsch)
Gewicht (fahrbereit)

SPRIBAG-Rotor Junior SG-08/15

Sandstrahl-, Gunitier-, Verputz- und Vordichtungsmaschine
Antrieb
Luftverbrauch
Leistung
Korngrosse
Forderlange
Gewicht

Elektromotor 3 PS
3,5-5 m3/min
0,5-2 m3/h Fordergut
bis 15 mm
bis 300 m
ca. 280 kg

Elektromotor 12 PS / 380 Volt
Zahnradpumpe mit Oeltank ca. 45 Liter
36 Tonnen
12 Tonnen
50 Sekunden
2660 mm
1585 mm
4870 mm
6,12 oder 24 Volt
3700 kg

SPRIBAG SIKA-DRAINAGERINNE

Manueller Auf trag

Maschineller Auftrag

60mm

B
85mm

Lieferbar in Rollen

a 50 Meter

Die SIKA-DRAINAGERINNE wird Oberall
dort Anwendung finden, wo Wasser von
Hand oder mit pneumatischer Vordichtung
abgeleitet werden muss.
Die Vorteile' einer raschen und zweckdien
lichen linienfUhrung der Wasserableitung
ergibt sich aus der flexiblen raupenahnli
chen Ausbildung der SIKA-DRAINAGE
RINNE und wird sich bei Unebenheiten auf
Beton oder dem Felsprofil sehr gut anpas
sen, ohne eine wesentliche Einengung des
Hohlraumprofils in Kauf nehmen zu mOssen.
Die Halbschale weist einen Hohlraum-Quer
schnitt von ca. 6 cm auf.
Ebenfalls kennen mehrere astahnliche Ver
zweigungen zu einem leitungsstrang zu
sammengefasst werden.
Wurden frOher z. B. bel Felsabdichtungen
hauptsachlich Eternit- oder Blechkanale zur
Ableltung elngebaut und spater mit Gunit
Oberspritzt, so bildet heute die mechanische
Abdichtung mit der SIKA-DRAINAGERINNE
ein wesentlich einfacheres Verfahren. Die
Praxis hat deutlich veranschaulicht, dass
mit dem systematischen Einbau der SIKA
DRAINAGERINNE wie zum Beispiel beim
nassen Sandsteln eine sehr gute Drainie
rung des Felsprofils und mit dem darOber
folgenden armlerten Gun!t und Sprltzbeton
aufbau die netige Verdrangung des Wassers
In die Ableitungen mit der SIKA-DRAINAGE
RINNE erreicht wurde.

GUNIPLAST
Pour tous problemes d'

ETANCHEMENTS et CAPTAGES en

GALERIES TUNNELS
et

GUNIMPERM S.A.

met a disposition ses specialistes pour la pose de son systeme
brevete

GUNIPLAST
Pose du revetement «GUNIPLAST» entre cintres avant gunitage-betonnage.

Renseignements :

BELLINZONA

VVERDON

COIRE

Viale Officina 6

Levant 2a

SION

q;

q;

0921 5 16 18

024/27422

En zones tres mouillees par de fortes venues d'eau en dispersion
application du

GUNIPLAST
sur la roche

Avantages:

Etanchement total par captage et drainage des eaux
Rapidite d'execution par rapport au systeme habituel
Diminution du coOt des travaux de captage

BOOMER 131
Jumbo for drifting and tunnelling

Flexible and rugged jumbo
speeds production and cuts costs
Jumbo for
drifting and tunnelling
With both four-wheel drive and
centrally articulated steering the
Boomer 131 travels easily and
swiftly adjusts to a new drilling site.
The traction engine has the power
reserve to cope with situations out
of the ordinary - the brake system
is similarly proportioned.

The wide-reaching boom system
covers large areas up to 60 m2
and features excellent alignment
facilities. The rigid booms keep
solidly to the set positions.

The operator's cab is
comfortable and the visibility good,
both for travelling and for drilling.
The operator works his full shift
effiCiently, without fatigue.

The rock drill has a high torque
and an effective impact mechanism,
a combination resulting in a high
penetration rate with a low drill
steel consumption.
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!"~,,t;f~i~fo~"rrock drills. Boomer 131
"
can
,..b§ equipp~d with the
sep~ra Iy"'rotated. silenced' rock
drill COP 90 ED.

2. Strong, aluminium-arloy feed
,.".t.dl'fj'ear.ns can be e:quipp~d for the
+
au·tomatic return of the rocl<driIJ
and dlsengagem~nt of

.

s.

TWe.zpOjNerfu~ h~draufic ;booms arEtt .;
operated by d(}uble-actj'on",
'
,cyUnders with automatic rocks.
Horizontal as well as vertical
parallel holding are always
possible,'

4. Two hydraulic jacks an:d~
¢qutriggers hold the jumbo
nanism;>~
set working position and r~~
r'·:.::,."··;;~>!«.·r~""·~'
the, articlll'ated jO~I1J; .and tne rear
':;;~;",~~~',; ;~"~'':"''::'')~~~}i~ifj~':¥;;{,~V:
pt,th:e'loatt during
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circuits. •
Thre.e air-powered turbo lamps,
type ~W 16, assure good
Ii~hting of the enti.~e,,~riltillg site,

L

Investing in production

L

Fast and safe travelling between
sites leaves more time for actual
drilling. Boom alignment and
collaring are swift and easy.
Add fast and powerful rock drills
and there is only one possible
result - the ideal ratio between
capacity and costs . The capital
investment in a Boomer 131 is the
safe basis of future profits.
Capital costs are only a small
portion of the overall costs of

7. The control panels are placed
centrally; always accessible to the
'. operator.

8. The operator's seat is mounted to
absorb vibrations and ·is adjustable
in height.
9. The flexible but robust articulated
steering has vertjcal ·bearings
which allow the unitto .pivot along
.
its own axis.

mechanised drifting and tunnelling .
If you take all phases of operations
into account, you'll find that
the Boomer 131 will reduce the
overall cost of each cubic yard of
rock .

Exceptional versatility
The Boomer 131 easily performs
any standard jumbo programme
but is far from limited to
conventional jobs. It drills tunnels
with areas ranging from 12 to 60 m2
(130-650 sq.ft) and can be used

' 10. Two double-actron .hydraulic
cylinders moun'ted at the '
articulated centre, are activated
by the movement of the steering
wheel and turn the front part
of the carrier..

11. Tne ai r lin is 3" and proVlded
with a separator for condensate.

for every type of underground
drilling - from tunnelling and
drifting to crosscut driving , roof
bolting and benching. And it still
needs only one man to operate it.
The booms can be converted to
accomodate different kinds of
work thanks to our highly
developed standard component
system . This means that you get a
full return on the capital invested
in a Boomer 131 .

Water ntake. T e 11/2" :Vater
pipe has a throttle valve for
cOQstant pressure.

13. The powerful 118 HP SA.E e.ngi[le
provides a tractive . force of
12200 kg (26900 Ib).

. 1~. Hydraulic oil tank with coJilpressed
air driven pump.
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Rock drills 
high drilling rates at low cost
Boomer 131 is fitted, as standard
equipment, with Atlas Copco
BBC 120F (Buffalo) or COP 90 ED
rock drills.
BBC 120 F
The BBC 120 F, with a powerful
impact and rotation mechanism,
is the natural choice with 1 1/ /' or
1112" drill steel equipment.
This rock drill has documented
reliability and is being widely used
for tunnelling, benching and long
hole drilling allover the world .
COP 90 ED
The COP 90 ED, for 1" drill
steel eqUipment, has a reversible,
separate rotation mechanism,
driven by a vanetype air motor.
Both the impact mechanism and
the rotation motor are housed in
the impact mechanism casing
which also functions as a silencer
hood . The height of the drill above
its centre line is only 79 mm
(3 7/6/' ), which facilitates drilling
near the roof and sides.

A choice of four

different types of feed
Screw feeds: the 10ft BMS 810,
12 ft BMS 812 and 14 ft BMS 814.
Chain feed: the 14 ft BMM 35
K 152.
The feeds can be adapted to
suit all combinations of hydraulic
booms, drills and rods. They can be
extended by 1,600 mm (5 ft 3 in)
in the feed holders of the hydraulic
booms. Equipment for the
automatic return of the drill and
automatic turn-off of the impact
mechanism can also be fitted on
the feeds.

The COP 90 ED is silenced and
has an exceptionally low air
consumption in relation to its high
drilling rate.

BBC 120 F

COP 90 ED

4

Screw feeds
The screw feed sits in a robust
but light metal sectional beam.
A double-piston, four-cylinder air
motor drives the feed screw via a
simple gear set. The front drill steel
support is fixed in place and has
a replaceable guide bush . An
intermediate drill steel support
prevents deflection of the drill
steel and the screw. This support
is advanced by the rock drill,
providing continuous support ; it
can be easily opened . The return
speed of the feeds is high.
Chain feed
The chain feed has two
reinforced U-beams welded
together. A cross-piston type motor
drives the chain through a worm
gear. A chain tensioner is housed
at the rear of the feed beam.
The solid drill steel supports are
easy to open.

-.J

The boom system 
versatility and maximum reach
The great reach and excellent
alignment properties of the boom
system on Boomer 131 allow
the coverage of a wide range of
faces and patterns without
expensive conversions or
modifications.

Boom combinations for
aI/ cross sections from
12 to 60 m2 (13~650 sq. ft)
Boomer 131 can be equipped

.....

with three BUT 14 hydraulic booms
or two such booms and one boom
carrying a charging platform.
With various combinations of
fixed-length, extension and rotary
booms, the jumbo can accomodate
all faces from 12 to 60 m2
(130 to 650 sq.ft) in area.

Fixed-length boom 
BUT 14F
A standard boom for normal
areas.

Extension

Dt)IOIII~

BUT 14E

Specially sui
when great
for instance,
reach is requi
in drilling the u
part of the face
in large tunnels
telescoping
mechanism ena
boom to be
extended by up t_~;6~10
(5 ft 3 in).

Rotary boom -

BUT 14RO

Contour holes and bottom holes
can be drilled with a minimum
deflection angle with the rotary
boom . Overbreak is sharply
reduced, improving the economy of
operations - particularly in the
case of concrete-lined tunnels.
The boom covers the whole of
the drill pattern area with no
reconnection necessary, since it
can rotate 360 0 about its
longitudinal axis.

Flexible design
As all types of boom are built
up from standard components,
the booms can be easily converted
and adapted for use on a
different tunnel area or shape.
A fixed-length boom can be
converted to an extension boom
or a rotary boom, and vice versa,
with the help of standardized
conversion sets. Spare parts
stocking and servicing are simpler
and cheaper.

Charging platform
boom for greater flexibility
With a BUT 14E on each side
and an HL 32 charging platform
boom in the middle, the jumbo can
drill large areas and be used for
charging or roof bolting
simultaneously.
The charging platform boom is
made up of rectangular beams
and is of the double extension type
with a reach of 8.3 m (27 tt).
It satisfies the most stringent safety
requirements.
The controls are mounted on
the platform, where a foot valve to
start the pneumatically operated
hydraulic pump is also located.
As additional equipment, double
controls are also available
allowing the charging platform to
be operated from normal operating
position as well.

Roof and bench drilling
All booms can as well be used
for drilling upwards or downwards.
The rotary boom allows this
without reconnection . On other
BUT 14 booms, all that has to be
done is a simple repositioning of
the tilting cylinder.

L
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Accurate and fast alignment
Rapid alignment in the desired
position is made possible by
the rigid construction of the booms,
the powerful hydraulics and
the possibilities for accuracy in
movements.
Alignment is also made much
easier by the articulation of the
jumbo. The jumbo can remain
stationary while the hydraulic
cylinders at the joint alter
the relation of front ~nd rear parts
to one another and align the booms
in the required position. Thus
repeated backing movements are
not required to bring the jumbo into
correct position for drilling.
Valuable drilling time is saved.

Suitable for crosscut driving
The movement pattern of
the booms and the articulated
jOint make Boomer 131 extremely
well suited for starting side
galleries directly from a narrow
drift where a unit with rigid chassis
would have great difficulties.

Robust booms
prolong drill steel life
The booms are made of rugged
micro-alloyed, square steel
sections. This gives stability to
the feed, increases the accuracy of
positioning and reduces the risk
of drill steel deflecting.
The consumption of drill steel is
therefore lower. A long service life
and low maintenance costs can
be expected from the sturdy
construction.

•
•

Left hand boom
Center boom
Right hand boom

Fields with mixed colours indicate
overlapping of target areas.

Three BUT 14 F booms
Area covered 30 m2 (325 sq.ft)

A = 6,2 m (20')
B = 4,8 m (16')

Two BUT 14 RO booms, one BUT 14 E boom (centre)
Area covered 40 m2 (430 sq.ft)
A = 7,5 m (25')
B = 6,2 m (20')
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Check valves increase safety
All hydraulic cylinders have

L
L
L
L

automatic check valves. The booms
therefore remain in their positions
even in the event of breakdown
or a leakage of oil.

Automatic parallel holding
The BUT 14F and BUT 14E are
equipped as standard with a
parallel-holding system (pilot
assembly). This maintains the
alignment of the feed beam
automatically, so that it moves
parallel to its previous position
when the boom is moved vertically.
This is especially important when
drilling roof contours where it
is difficult to judge boom angles
from below and where an
error causes a direct increase in
overbreak. If required, the
BUT 14 RD can also be supplied
with automatic parallel holding
in the vertical.

The automatic parallel hold ing
system enables parallel cuts to be
drilled with great accuracy, even by
an inexperienced operator.
A parallel holding arrangement
for transversal movements is
also available, an excellent
complement to the vertical parallel
holding in increasing drilling
precision .

Two BUT 14 E booms, one BUT 14 RO boom (centre)
Area covered 60 m 2 (645 sq.ft)
A = 10 m (33')
B
6,2 m (20')

=

Two BUT 14 E booms, one HL 32 charging platform boom (centre)
Area covered 60 m2 (645 sq.ft)
A = 10 m (33')
8
6,2 m (20')

=
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Excellent travelling properties
Boomer 131 moves smoothly
over rough ground, on steep
inclines, in confined spaces 
safely and speedily.

corners thanks to the articulated
joint and the flexibly mounted
booms which can be swung during
travelling.

Despite its size, the jumbo is
simply and accurately manoe'uvred
in narrow drifts. It easily rounds

The steering on Boomer 131 is
directly proportional, that is
any movement of the steering

wheel always produces a turn of
the same angle at the centre joint.
This means substantially greater
precision in steering than with
other articulated machines, where
the angular movement cQntinues to
increase as long as the steering
wheel is out of the neutral position.

J
Minimum sweep radius
(A) 5.4 m (213 in)
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Rapid in drifts
safe on inclines

The ,s ix-cylinder diesel engine,
rated at 118 HP SAE, provides high
traction power for a quick advance
in drifts and tunnels and steady
and assyred climbing on gradients
The me~hanical gearbox has
four ralios in both directions of
travel while the power transmission
has full pverload protection .
The maximum speed on level
ground is 14 km/h (8.75 mph) .

Four-wheel drive
means powerful traction
Since all four wheels are driven,
the jumbo does not easily get
stuck in soft, slippery or uneven
ground . All wheels maintain full
contact even with rough ground,
since the chassis also turns at
the pivot along the longitudinal
axis. Boomer 131 is superior in this
respect to conventional jumbos
with non-articulated frames and
independent suspension of the
wheels.

A

A = 0.3 m (12 in)

In addition, the Boomer 131 has

a differential lock on each axle.
This ensures that the wheels never
spin even on slippery ground.
L....

Thr~e brake systems
for maximum safety

two entirely separate circuits
(brown) .

All wheels are fitted with
hydraulic disc brakes incorporating
a pneumatic servo system (blue) .
The brakes are of robust design to
provide maximum braking force.
The brake system is made up of

The disc brakes on the traction
unit can be activated by the hand
brake (green) but more important,
Boomer 131 has a fail-safe brake
system - the brakes come on as

soon as the air pressure, from
the built-in compressor of the
jumbo, falls below a certain level.
This means that the brakes will
be applied if the engine should
stall - an important safety feature
on steep inclines.

._ ........
•

Double circuit brake
system

•

Hand brake system

•

Pneumatic servo system
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The power supply
reliable and safe
The electrical system
The electrical system of the
jumbo has been designed with
special reference to underground
operations in high humidity,
explosion fumes, etc. It has for this
reason been fitted with robust
screw contacts, well-protected
control boxes, encased generators
and start buttons, and so on.
The hydraulic system
Boomer 131 has a separate
hydraulic system for the operating
cylinders of the booms, the chassis
jacks and outriggers (brown).
The hydraulic pump is driven by
an air motor operated by a pedal
in the operator's cab (blue) .
As standard equipment, the
Boomer 131 is fitted with an
additional hydraulic pump which,
in conjunction with the hydraulic
system, allows the booms to be
swung sideways through 50° in
either direction during travelling.

•

Hydraulic system
Air system
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The pump is driven by the diesel
engine. Such movements of the
booms are controlled from
the driver's seat. Other boom
movements can also be operated
by this pump, e.g., raising and
lowering the booms when
compressed air is not available.
All pumps, valves and other
components are protected from
impurities by integral suction
strainers and return oil filters.

L

Air and water supply
There is a common intake for
air (blue) 'and water (green) .
A reducing valve limits the
flushing water pressure.
A 11 O-Iitrl( (24 Imp.gal) water
separator, with cleaning hatch and
drain cock, is connected to
the air system. Change-over from
water flushing to air blowing for
cleaning the drill holes is a simple
manual operation. An additional
outlet fo(water and air is also
available.
Boomer 131 is equipped with a
central lubrication system for all
rock drills and air motors.

The traction engine
The engine is a six-cylinder
direct-injection diesel engine with
118 HP SAE at 2800 rpm.
The engine yields a high torque
over a wide speed range.

The controls
Each boom has two control
units, one for all hydraulically
operated movements and the other
for the pneumatically operated
action of the feed rock drill and for
the flushing water supply.
The control valves are grouped
in a block, with common
connections.
The feed can be started directly
at the required pressure, thanks
to a throttle valve and a pressure
gauge in the air line to the feed
motor. The optimum force is
therefore immediately available.

L

L

L

•

Air system

•

Water system

13

The drilling platform 
designed for efficiency
A well planned workplace is of
prime importance for efficient
work. It also means that the
training time of the new operator
will be shorter with less risk oJ
mistakes. Boomer 131 meets all
the requirements as regards
operator comfort.
Consider the following important
points:
The drilling controls are placed
so that the operator can handle
them either silting or standing .
This means that he can himself
choose the working position .
The drilling platform is equipped
with a comfortable, sprung swivel
seat whose height can be adjusted.

14

The floor is lined with a
vibration-damping material.
The operator can move from
the drilling to the driving position
without having to climb down.
The controls for the booms are
mounted separately, but are
assembled in groups for
convenience.
The hydraulic jacks and
outriggers are also controlled from
the cab .
The cab is protected by a sturdy
roof and the drilling platform can
also be filted with an optional
roof.

Pneumatically operated lighting
for the drilling site, consisting of
three FW 16 air turbo lamps
mounted on detachable columns,
is supplied as standard equipment.
The lamps are of explosion-proof
design.

Optional equipment
Automatic vertical
parallelling system for
BUT 14RQ
But 14 F och 14 E are equipped
as standard with a vertical parallel
holding device and BUT 14RO
can on order also be equipped
with the same system. (Fig. 1)

Automatic horizontal system
for BUT 14 F, 14 E and 14 RO
The booms can be easily
modified with a conversion set to
maintain latera l parallel alignment.
(Fig . 2)
Drilling 'accuracy is then even
further increased.

Protecting roof for the driller
The drilling control platform can
be provided with a protecting roof
to shield the driller from water
and falling stones. The roof allows
the driller to stand up and can be
taken down while the jumbo is
travelling . (Fig. 3)

Automatic return of the rock
drill and disengagement of the
impact mechanism

This equipment makes it easier
for the operator to attend to three
dri lls simultaneously , and also
contributes to the reduction of
rock drill and drill steel wear.

Exhaust purifier
As an additional ·safety feature,
an exhaust purifier of the catalyst
type is available .

When the rock drill has finished
drilling the hole, it can be
automatically returned to the rear
stop position of the feed, and
the air supply to the impac t
mechanism turned off at the same
time. (Fig . 4)
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Principal Technical Data
H

Principal dlmenllons

mm
in.

A

B

C

o

E

F

G

H

J

K

L

M

12,000
472

6,000
236

2,925
115

350
14

2,700

2,300
90

1,950
77

1,700
67

850
33.5

1,900
75

2,330
92

3,400
134

106

Note: We reserve the righl to make changes without notice , in accordance with our policy of constant product improvement.

Drill rig
Overall we ight w ith three booms , feeds
and rock dri lis
We ight distribution : front axle
rear ax le
Ground clearance

6 tons 13220 Ib
17 tons 37 480 Ib
350 mm 14 in .

ChS88ls
Volvo six-cylinder water-cooled engine
Type 0 50 A
Max. output at 2800 rpm

118 HP SAE

Tractive
force
Max.
speed

Gear
Gear
Gear
Gear

1
4
1
4

Forward
9430 kg
2260 kg
3.3 kmh
14.0 kmh

Drilling equipment
Air hose connection
Water hose conneGtion
Water separator, volume
Lubricating oil tank , volume
Hydraulic system , working pressure
Hydraulic oil tank , volume
Hyd raul ic booms
Charging platform boom
Feeds :
Screw feed:
Chain feed :
Rock drills:

23 tons 50 700 Ib

20 790 Ib
4980 Ib
2.05 mph
8.75 mph

Reverse
12200 kg
2920 kg
2.6 kmh
10.8 kmh

26900 Ib
6440 Ib
1.63 mph
6.75 mph

Rock drtlls:
air consumpt ion (at 6 atg/85 psig)
with three BBC 120F
w ith three COP 90 ED
Total water consumption (at 4 atg/56 psig)
with three BBC 120F
with three COP 90 ED

3"
11/2"
110 I
24 .2 Imp.gal.
20 I
4.4 I mp .gal.
170 atg
2417 psig
70 I
15.4 Imp.gal.
BUT 14F, BUT 14E, BUT 14RO
HL 32
BMS 810 , BMS 812, BMS 814
BMM 35K 152
BBC 12OF, COP 90 ED

Tota~

30 m'/m i n
25 m' / min

1 060 cfm
880 efm

90 IImin
51 I/min

17.5 Imp.ga l.lmin
11 .1 Imp.gal.lmin

Sandvik Coromant drill steels
The Sandvik Coromant
assortment includes special
equipment for drifting. with integral
drill steels and extension steels
as well as a complete range of bits.
The drill steels are designed to
meet high demands for
performance and economy. They
are made from alloy steel and
receive specially developed
hardening and anti-corrosion
treatments. The carbide tips are
made from a patented grade of
carbide which has been shown to
possess superior hardness. impact
strength and resistance to wear.
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THE OVERBURDEN
DRILLING METHOD

DESCRIPTION OF THE MBTHOD

The Overburden Drilling Method (OD Method) re
quires special equipment, consisting of Atlas Copco
rock drills with powerful, independent rotation,
chain feeds and Sandvik Coromant special drill
pipes and standard extension steels. High pressure
water flushing contributes to a fast penetration rate.
All kinds of overburden are easily penetrated with
this type of equipment. Boulders, hard moraine,
etc., are drilled without difficulties. A typical cross
section of clay, gravel, sand, boulders, moraine and
rock is shown in Fig. 1 where the drill pipe has
been collared about four inches into bedrock.
The drill pipes are joined together with external
coupling sleeves. The first pipe down the hole has
a detachable ring bit.
Sandvik Coromant standard 1 1/4" round extension
steels are inserted in the drill pipes, the leading
steel having a tungsten carbide tipped cross bit
which projects 1" beyond the ring bit and acts
as a pilot.
The drill pipes and the extension steels inside are
drilled simultaneously through overburden including
boulders.
The percussive force from the rock drill is trans
mitted by a special shank adapter to the extension
rods and drill pipes. The powerful torque from the
separate air motor for rotation is transmitted by
the same shank adapter.
If drilling is to be continued after reaching bedrock
both the ring bit and the cross bit are collared
a few inches into the rock for secure support of
the drill pipe. The series of pipes are then disen
gaged from further drilling by disconnecting the top
drill pipe from the shank adapter. An extra rod is
added and drilling continued with the extension
steels alone.
When the hole has been drilled to a predetermined
depth in the bedrock the extension steels are with
drawn leaving the drill pipe as a lining in the
overburden section of the hole and thus forming
an open connection between the hole in the bed
rock and the surface.

Fig. 1. Principle of the method

During drilling through overburden sampling and
testing of the soil may be carried out whenever
desired.
The drill pipes and the ring bit are withdrawn after
the completion of such operations as the insertion
of plastic tubes for charging with explosives or the
entry of grouting equipment etc.
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The 00 method
in brief

1lU--
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Double drill equipment
Using a combination of percussion,
rotation and high-pressure water
flushing, a drill rod and an outer tube
are enabled to penetrate the overbur
den together.
The outer tube carries a ring bit, and
the drill rod a cross bit; both bits are
tipped with tungsten carbide. The
cross bit stands proud of the ring bit,
acting as a pilot. As drilling proceeds,
extensions are added to the rods and
tubes by means of coupling sleeves.

Independent control
of percussion, rotation, feed rate and
flushing allows the driller to select the
right combination for easy penetra
tion of any type of overbu rden. The
drilling action can be changed in
stantly, as soon as the bits hit a new
formation.
If drilling is to be continued after
reaching bedrock the drilling equip
ment is first allowed to collar a few
inches into the bedrock. The remain
der of the hole is drilled by the cross
bit and drill rods alone. It is, of course,
a/so possible to drill in rock with the
tube and ring bit.

Principal parts of the 00 equipment
Open all the way
When full depth has been reached,
the rods are withdrawn, the tubes be
ing left as a casing in the overburden
section of the hole. The result is an
unObstructed hole - from surface to
bottom, however loose and unstable
the surrounding earth strata
through which various kinds of
equipment may be introduced to
carry out a great variety of operations.

1. Hole for central flushing
2. Shank adapter
3. Head for separate flushing
4. Hole for separate flushing
5. Adapter sleeve
6. Drill rod

Some dimensions
00 e q lJI rltnent

Ring bit

2
S'le

I

outer '"
inner '"

A

B

mm

88,92
56
51

\

I

In

In

3,

\Iflm

3 15/32. 35/8 107
23/16
73
2

70

111

c)

In

If)

[11111

1[1

47/32
27/8

153
109

49132

23/4

102

4

6

outer '"

C

Coupling SleeVe} outer '"
for drill tubes
inner '"

0
E

t "
Coupling SleeVe}
for drill rods
ou er

F

43

1 11/18

55

25132

55

25/32

G

32

1 1/4

38

1 1/2

38

1 112

Cross bit

Drill rods

2

7. Drill tube
8. Coupling sleeve for drill tubes
9. Coupling sleeve for drill rods
10. Ring bit
11. Cross bit

outer '"

86

3 3/8

103
72.5

4 1/16 141
227/32 109

5 9/16
49132
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Aufbruche ohne Kompressor,
ohne Drucklufthammer~Uirm 
mit KRUPP~Hydraulik-Hammer
schnell und kostensparend.

~KRUPP

KRUPP
Hydraulikhammer
HM400-
eine umwalzende
Neuentwicklung
zur Rationalisierung
in der
Bauwirtschaft

Die geballte Kraft
am Ausleger - 
zum
Zertrummern
Knappern
AufreiBen
Abbrechen
Verdichten

Ein Allround-Gerat
mit groBer Leistung
und kleinen Kosten

I
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I
I
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wird grobes Haufwerk vom
KRUPP-Hydraulik-Hammer

HM 400
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Hydraulik 
eine moderne Technik

,
,
,
,
_
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Verstarkter Wettbewerb und
Mangel an geeigneten Arbeits
kraften zwingen die Bauwirtschaft
zu intensiver Rationalisierung.
Abbau der Kosten fur mechanisier
bare, lohnintensive Arbeiten steht
dabei im Vordergrund. In diesem
Bereich bietet die Hydraulik
Technik entscheidende Vorteile.
Sie liegen im unbestrittenen
groBeren Wirkungsgrad und der
Moglichkeit, kleinere, leichtere
Gerate mit groBer Arbeitsleistung
herzustellen. Diese Vorzuge
wurden von der Bauwirtschaft sehr
schnell erkannt und fi..ihrten zu
einem verstarkten Einsatz von
Hydraulik-Baggern und Ladern auf
den Baustellen;

----------------------------_A..
'=infacher Anbau,
L;chneller Gerate
und
-Nerkzeugwechsel
KRUPP-Hydraulik-Hammer paBt an
~den 8agger-Ausleger. (Voraus
,_t.'setzt, die Hydraulikleistung
entspricht den in der Daten-Tabelle
-ngegebenen Werten.) Mit der
ieratehalterung, die auf Wunsch
mitgeliefert wird, ist der Hammer
mit wenigen Handgriffen montiert.
lie Schllluche fUr die Hydraulik
_ind mit Schnellkupplungs
anschlOssen versehen und
. rauchen nur zusammengesteckt
J werden. Der Hammer kann mit
verschiedenen, zur Arbeit
oassenden Werkzeugen bestOckt
,erden. Spitzeisen in verschie
..enen Langen, Spaten und Stampf
fUGe stehen zur Zeit zur VerfUgUng.
)er Schaft des Werkzeuges hat
inen Durchmesser von 80 mm.
~r ist tief im Vorderzylinder gefUhrt,
"m die beim ReiBen auftretenden
10mente aufzunehmen. Soli ein
.Jerkzeug ausgewechselt werden,
so wird nur der Ouerbolzen
erausgezogen, und das Werkzeug
;t frei. Das nachste Werkzeug wird
n den unteren Zylinder eingefuhrt
'nd mit dem Ouerbolzen fixiert.

as Schnittbild gestattet einen
iick ins "Innenleben" des KRUPP
, /draulik-Hammers.
c:sonders fallt hier die tiefe
Jhrung des Werkzeugs im Halte
linder auf.
eben Werkzeuge stehen fOr den
nsatz des Hammers zur Zeit
irWahl.
ifl Stampfer, zwei Spateneisen,
',ei Spitzeisen (500 und 800 mm
itzlange) und zwei FlachmeiBel.
e auf der nebenstehenden
chnung dargestellt, werden
ateneisen und FlachmeiBel
, =h mit um 90'; versetzter
ierungsnute geliefert.

•

Technische Daten
Gewicht

kp

400

Schlagzahl

1/min

580

dldurchfluB

I/min

60

8etriebsdruck

atO

120-150

Lichte Weite der Druckleitung

mm

20

Lichte Weite der Abgangsleitung

mm

25

Zulassige dltemperatur maximal

°C

75

Technische Anderungen
im Interesse der Weiterentwicklung
vorbehalten.

nlvl,+vv

....... ,.,....,.

I

getahrllChen jjrUCtlKante und gehorcht

jeder Korrektur des BaggerfUhrers.

I
I
I
I
I
I
I
I

Vielfaltiger Einsatz
·urch Ausnutzung
er
Bordenergie

Die Nutzung der Bordenergie zum
Antrieb des Hydraulik-Hammers
erschlieBt Baggern und Ladern
eine ganze Palette neuer Verwen
dungsmoglichkeiten. 1m StraBen
ur.d Tiefbau, in Steinbruchen, bei
Ab- und Aufbruchen sowie bei
Verdichtungsarbeiten ubernimmt
die Kombination von Hydraulik
Hammer und Tragergerat die sonst
von Menschen ausgefuh rte harte
Knochenarbeit. Die Arbeitsleistung
wird gegenuber konventionellen
Geraten um ein Vielfaches
gesteigert. Nach den aus der Praxis
gewonnenen Erfahrungen kann
beim Zertrummern und AufreiBen
die Leistung von funfzehn manuel!
bedienten Geraten erreicht werden.

KRUPP~Hydraulik-Hammer

kommt Oberall hin.
Mit einer Hebelbewegung ist er schnell
in die gLinstigste Arbeitsposition gebracht.

HM400

-L. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
L,

L
l

L
L

Sic her, wendig
und
ausgesprochen
leise

Durch den Einsatz des KRUPP~
Hydraulik~Hammers verlieren
gefahrliche Auf- und Abbruch
arbeiten ihren Schrecken.
Der Hammer am langen Arm, mit
dem entsprechenden Werkzeug
bestDckt, fOhrt die getahrliche
Arbeit durch. Er wird von der
Fahrerkabine aus dirigiert,
unabhangig von der Witterung,
mit Abstand von der Bruchkante.

·.l

__. . . .- .. . . . . . . .- - - - . - -__d·_ _••________
U___________

t

Der BaggerfOhrer hat es in der
Hand, das Werkzeug in die jeweils
gunstigste Arbeitsposition zu
bringen.
Da der Knickarm eines Baggers in
der Auslegerlangsachse unter
Zusammenwirken aller Gelenke bis
zu 270 0 schwenkbar ist, kann der
Hammer auch an schlecht zugang
lichen Stellen arbeiten.
Trotz seiner hohen Leistung ist
der Hydraulik-Hammer ein
ausgesprochener "Leisetreter".
Sein Larmpegel bleibt weit hinter
dem anderer Baumaschinen
zurOck. Eine Eigenschaft, die ihn
fur den Einsatz bei innerstadtischen
Bauaufgaben pradestiniert.

___________
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1
• Zwischenkolben (4)
• Umlaufkanal (3)
• Ventil (2)
Schlagkolben (1)

• Ringnute (8)
• Steuernute (7)
• RGcklaufleitung (6)
• Druck6lanschlUf3 (5)

- _ Leitungsdruck

• Ringnute (9)
• Kolbenflache (F 2)
• Kolbenflache (F 1)
• Kolbenflache (F 0)

• Werkzeug
• Kolbenflache (F 3)
• Ventilkolbenflache (F v 1)
• Ventilkolbenflache (F v 2)

I

Abgangsdruck _

Arbeitsprinzip

Funktions-Schema des
.KRUPP-Hydraulik-Hammers
HM400

Die Bewegung (Schlaghub un_
Ruckhub) des Schlagkolbens
resultiert aus der wechselweis
Beaufschlagung der Flache (F
mit dem Leitungsdruck (ocker)

4

dem Abgangsdruck (blaU)1

1

2

Beglnn des Ruckhubs

Ende des Ruckhubs

~ach

Der Leitungsdruck (ocker) steht
dauernd auf der Flache (F 1).
Da Flache (F 2) grol3er als (F 1) ist,
wird der Schlagkolben (1) bei der
Verbindung der Fliiche (F 2) uber
das Venti I (2) mit dem Leitungs
druck (ocker) nach oben bewegt.
An einem bestimmten Punkt hat
der Schlagkolben (1) den Durch

dem Arbeitshub hat der
Sch1agkolben (1) die Ringnut (7)
nd damit die Ventilkolbenflache
(F Ii 2) mit der Druckleitung (ocker)
>'erbunden, Da die Ventilkolben
lIache (F v 2) grol3er als (F v 1) ist,
,'md der Ventilkolben (2)
-.:rngesteuert und verbindet die
C:lache (F 2) erneut mit der
Druckleitung (ocker),

3

Schlaghub
gang von Ringnut (7) nach (8)
freigegeben, d. h., der Druck auf
der Ventilstiftflache (F v 2) fallt ab,
da auf der Ventilstiftflache (F v 1)
immer der Leitungsdruck steht,
wird der Ventilkolben (2) in die
Stellung gebracht, die die Kolben
flache (F 2) mit der Abgangsleitung
verbindet.
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FIG. 2 et 3. -

Elevation et plan du jumbo abatteur et chargeur SECOMA type 225 .

• e'lflVO)'eUr a raclcnes; - 2, l)rise de courant d'alimentation genera1e;
.'I, n'lltr;t1c ci<'nro,hydrauliqlle de commande du bras de rharl/:clIll'nt ; - 4, mOleur hydrau
iqll(' de traction;
5, centrale electro-hydrauli'llie de tramlalion; - 6, vcrin dc Inage dn bras de (iJargement;
7, bras latcraux d'abattall;e JTH 1500 normaux; 
bras ,entral de chargemcnt; 9, 5Uper-m<lrteall brise ruche sur 1l1issiere; 10. (ilclUjn de fUulcmcnt dll chariut ponc·godet; - 11, chariot porte-goodet;
12. verins
Ie cnage au godet; l~, verin de levage du con\oyeur; 14. poutre arriere; F,. \erins d'a~sis<:;
16, chassis principal; 17, alimentation d'air comprime et
.;raiS'lcurs de ligne; 18. train de chenilles TP 6 Continental; 19. buitins pOrlalifs de lciccolllmamk;
20. chaine cincm.atique de convoyeur;
2)'
t'llt/.lles flectrohydrauliques de commande des bras lateraux; 22. potte de con<iuite du hras central; 23. PQSle de conduile dt' translation; - 24, commandes de
remage et de qirection; 25. armoire elcctrique; 26. resislanct:~ de demarr;q;r;e du lIlolcur;
27. filtre ;\ huile;
28, \'erin de rotation du; bras de char
'ement; - 29, "poste de commande du bras droit; 30, commande de ([ab()t~).(c de la !loite de vilesS('s;
:'II, commandc de translation; - 32, tremie de de\'erSCI1It'llt lill gOdcL
4.

v.:.'

/
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-
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* Kettenlader 955, Serie K

Schaufelbolzenhohe 3650 mm . . . Schutth6he 2900 mm .
Reichweite 1630 mm bei einer Schutth6he von 2130 mm.
Dreigang - Planeten - Lastschaltgetriebe mit Einhebelschaltung:
Max. Geschwindigkeit vorwarts 9,3 km/h und ruckwarts 11,3 km/h.

Cat-Dieselmotor mit 115 Schwungscheiben-PS.
Offener, unverbauter Fahrerstand.
Schwereinsatz-Laufwerk mit 1680 mm Spurbreite, langem Lauf~
werksrahmen und groBdimensionierten Buchsen und Bolzen.
Zwei Normalschaufeln und drei Spezialschaufeln mit Fassungs
verm6gen von 1,34 bis 1,53 m3 .
Und diese einsatzbewiihrten Merkmale: leistungsfahige Pedal
steuerung, automatische Schaufelsteuerung, abgeschlossene

Hydraulikanlage, Hydraulik61 im Hauptstrom gefiltert, 6lge
kuhlte Lenkkupplungen und -bremsen, auf Lebensdauer ge
schmierte Laufrollen, Stutzrollen und Leitrader, abgedichtete
Ketten.

AG040443 (3-70>

.

955K

F

Aile Spezifikationen beruhen auf einer Maschine die
mit einer 1,34- m :l-Normalschaufel ausgerustet ist, 'falls
nicht anders vermerkt.

I._ETTEN LADER

LENKUNG

4715 mm

Lenken und Bremsen durch je ein Pedal pro Kettc.
Drittcs Pedal nur zum Bremsen, kann zum Abstellen
der Maschine festgestelit werden.
Kupp!ungen
olgekUhlte, hoehbelastbare
Bremscn
metalll~;ch

28

pro Kupplufl9
cler K UpplUllg
hyclraulisch untersilitzt, mechanisch

3631 mm

1196 mm

KETTEN

1161 mm

'79 mm

'029

mtn

MOTOR
Motorleistung
. . . . . 115 PS bei 2185 U/min
Die Nutzleistung des Standardmotors an der Schwung
scheibe wurde unter normalen SAE-Temperatur- und
- Luftdruckverhaltnissen (29 CoC und 746 mm Hg) ge
me,;sen. Zur Standardausrustung des Motors gehoren
UHler,
Luftfilter, Wasserpumpe,
Sehmierolpumpe,
Kraftstotfpumpe und Liehtmasehine. oer Motor liefert
die volle Leistung bis 3000 m uber NN.

Technische Daten
Caterpillar- Viertakt-Vierzylinder-Dieselmotor, T yp 0330,
121 mm, Hub 152 mm, Hubraum 7 I.
Einspritzelemente und -dusen. Unanfal
'j orkammereinsp ritzung.
Vcntile stellitgepanzert, Ventilsitze aus
Leg erungsstahl, Ventildreher.
Spr.tlolgekuhlte, oval geschliffene, konische Kolben
,IUS f\luminiumlcgierung mit drei Kolbenringen. Sbhl
versUirkte Aluminiumlager, Laufflachcn der Kurbel
Iv,;.:lk· induktiv gehartet. oruckschmierung, Schmierol
1m Hauptstrom gefiltcrt und gekuhlt. Trockenluftfilter
Illit r<aupt- und Sicherheitselementen.
Dc'r Motor lauft mit jedem handelsublichen oiesel
~raflstoff mit einer Cetanzahl von mindestcns 35 ein
.v3ndfrei. Teure, hochwertige Kraftstoffe konnen ver
Neneet werden, sind aber nicht erforderlich.
:::Icktriseher Anlasser (24 Volt) in zwei AusfUhrungcn
fUr normale oder extrem tiefe Temperaturen. Gluh
kerzen zum Vorwarmen der Vorkammer
zu
bc.dc.!n AusfUhrungen.

DREHMOMENTWANDLER
einphasig

GETRIEBE
'lehai: ung unter Vollast in allen drei Vorwarts- und
Wchvartsgangen. Einhebelschaltung. Planetensatze
elrod und weich durch hydrauliseh betatigte Kupp
Schmier- und Hydraulikol untcr

AbgecJichtetc Ketten verlangern die Lebcnsdauer von
Buchsen und Bolzen bis zu 30 0!0 und reduziercn den
Verschleif3 an Kettenglieclern, Laufrollen und Stutl
rollen, Laufrollen, StUtzrolion und Leitrader sind ;1.uf
Lebensdauer geschmiert. Kettenflihrungsplatten mit
angeschraubtcn VerschleiBstreifcn gehoren zur Stan
dardausrUstung.
Laufwerksrahrnen
.
mit 6 Rollen, starr.
Zahl der Bodenplatten (je Seite)
41
Breite der Standardbodenplatte
380 mm
Tragende Kettenlange
2340 mm
Bodenauflageflache ,
1.78 me

HYDRAULIKANLAGE
Vollig geschlossen, damit Verseh~eiB verursachender
Schmutz nicht eindringen kann. Dureh Hauptstromfilter
Ein Filter in der Rucklaufleitung verhindert,
aus cler Hydraulikanlage fUr Zusatz
eintreten. Die Mcsserpurnpe mit
gleicht VerschleiB selbstiitig aus.
Doppeltrommel-Steuerventiie, durch Feder zentriert,
gut geschutzt im Tank montiert. Stahlrohre und Hoch
druekschlauehe mit Flansehverbinclungc?n.

HEBELSTELLUNGEN

mm der Hubhohe
Stcllungen des Kipphebcls
Ruckkippen, Halten, Abkippcn
(Automatiseher Sdwufeleinsteller, auf vorgewiihlten
Einstechwinkel einstcllbar.)

ZYLINDER, beidscitig wirkend
Hubzylinder, Bohrung und Hub
Kippzylinder, Bohrung und Hub

1.

:)

5,6
9,3

3.
Gl.ickwiirts
1,

0
0
0

3.
ABMESSUNGEN

4,0
6,8
11,3

0
0
0

•

mm

216 I
42 I
18,9 I
37 I
72 I
9,5 I
98 I

STANDARDAUSROSTUNG

66
112
187

reite. ohne Sehaufel
B Jdenf reiheit . . , . . .
Max, Reichweite bei 2130 mm SehLitthohe
und 45 Kippwinkel
P'anicrwinkel

127/5~0

FOLLMENGEN
Kraftstofftank
KUhlanlage
Schmieranlagen:
Kurbclgehause
Getriebe
..... .
T ellcrracl-, Lenkkupplungsgehause
unci Lenkrnechanismus
Seitcnantriebe (je Seite)

des Motors:
mimin
55
0
O~ 93
o - 155

140i830 mm

1680 mm
2060 mm
410 mm

Autornatischc
Hubencbussehaltung,
automatischer
Sch3ufeleinsteller.
Kraftstoff-EntlUfterpumpe,
War
tungsanzeiger fur den Luftfilter, verschleiBfester
l<Lihlerkern, DrucklLifter, Kurbelgehausesehutz, Motor
scitenverkleidung, Abdeckung fUr das Armaturenbrett,
fur Hydraulikfilterwechsel, Werkzeuge, Werk
verstcllbarer Sitz, Unterbrechcrsehalter
Schwereinsatz-Kuhlersehutz, hydraul i
sche Kettenspanner, KettenfUhrungspla.tten mit ange
schraubten VerschleiBstreifen.

VERSANDGEWICHT, ca.
1630 mm
75'~)

Einschl. Schmiermittel, KuhlmiHel
und 10 u/o Auftankung

12700 kg

-----~

Weiteres Zubehor fur die 955:

Schaufelzahne, warmvergUtet, Speziallegierung, an
schraubbar, mit langen und kurzen auswechselbaren
Zahnspitzen.
mit

Gegengewicht

verwendet

SicherheitsverschlUsse fUr Kraftstoff- und Hydraulik
tank.
Gegengewicht, heckmontiert, 475 und 780 kg.
Schaufeluberlaufplatte.
losem Material.

-------.-----

955-AufreiBer

Luftansaugvorreiniger mit Vorabscheider.
(Ersetzt Standard-Vorreiniger.)

Puffer, hinten (kann
werden).

..

Verhindert

VerschUtten

von

Zahl der ReiBschenkel
3 (4. und 5. wahlweise)
Abstand der ReiBschenkel:
3 ReiBschenkel innen
.
430 mm
ReiBschenkel auBen . .
510 mm
Zahnspitzen
auswechselbar, warmverguteter Legierungsstahl
Max. ReiBtiefe . . . . . . . . . "
355 mm
Gewicht . . . . . . . . . . . "
910 kg
Starres Planierschild (unten):
an den Hubarmen montiert.
Breite .
Hohe
Gewicht

2310 mm
860 mm
410 kg

Uifter, umkehrbar.
Zughaken, vorn.
Hydraulikanlage mit zusatzlichen Venti len zum Betrieb
von Kombi- oder Seitenkippschaufel, oberer Halte
klammer der Holzgabel oder AufreiBer.
Beleuchtungsan lage.
Holzgabel.
Zapfwelle.
Kaltstartanlage (mit 20-A-Lichtmaschine und groBerem
Startermotor).
Werkzeugkasten (Steckschlussel und Fettpresse).
Obere Halteklammer fUr die Holzgabel.
Laufrollenschutz, verhindert Eindringen von Fremd
korpern.
Mittelflachplatten, 380 mm.
Hyster-Zugwinde D4E.

Anderungen vorbehalten

m

CATERPILLAR

Caterpillar, Cat und

AG040443 (3-70)

msind Schutzmarken der Caterpillar Tractor Co.
Printed in W. Germany

PATENTADO. NUEVAS PATENTES EN TRAMITACION
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;ncio posterior de descarga 
)toda al comi6n 0 vog6n a corgor.
Iibre necesaria
I... equina de descarga alta
16'4"·17'7" 4980·5360 mm.
Mc.quina normal ............................... 13'2".15'9" 4015·4800 mm.
1
do;! descarga sobre el suelo (puede variarse para su adap.
;.~n a le1$ necesidades existentes)
10'3"·11'6" 3l:l5·3505 mm.
Me :juino de descorgo alto ....
7'6"·9'6" 2290·2895 mm.
M6quino nor,mal
'ud de opoyo sabre el suela de
95"
2415 mm.
(:::It/enos de oruga ................................... .
ld tolal con 10 cuchara bojada
N6:~uina de descorga alto
16'0"·18'0" 4875·5490 mm.
M6quina normal ................................ 15'0"·17'0" 4570·5180 mm.
:i,d:ld de excavocion baio 10
17"
430 mm.
lIlle
con 10 cuchara baiada
total
9'6/1
2895 mm.
Moquina de descarga alta ................... .
8'6"
2590 mm.
M6quino normal
74"
1880 mm.
de via
7'8/1
2340 mm.
10101 .......................................................
Jd minima (con 10 cuchara en
3570 mm.
posicion de tromporte) ............................ 11'8Yz"

Ancho de las zapotas ................ ...........................
Capacidad de 10 cuchara (normal)

405 mm.

16"

1Yz yardas 3 1,15 m 3 eprox
.38.500 Ibs

17.480 Kg.

Potencia en el volante del motor, 01
nivel del mar ...................................................... H.P.

125 6 143

Esfuerzo maximo de tiro sin resbala
miento de las cadenas tie oruga (al
nivel del mar) ................................

Peso de la m6quina completa (normal)

55.000 Ibs

24.970 Kg.

Esfuerza de tiro calculado can equipo
de cargo normal y zapatas planas .... 23.000 /bs

10.440 Kg.

Velocidad con 10 primera relaci6n de
transmisi6n ("beja"), hoda acta/ante
a hacia atres .................................... 0·200 pies/min

0·61 m./min.

Velocidod can 10 segundo relacion de
transmisi6n ("alta"), hacia odelante
o hada atr6s ......... _.......................... 0·480 pies/min 0·146 m./min.

j

codor de gases de escape. Equipo de arronque para tiempo
."Ias de gran resislellcia para los rodillos de orugo, luces Venti·
uspiroci6n. Barr(. de tiro. Cobino cerrada para invierno. Cu·
:wclules Dienles de cuchara. Equipo de descarga alto. Luz de
de averios. Motor diesel turboalimenlado para trobajar a

T H E
,'!'\•.~~'

•
i.'ll.

280 mm.
170 litros
19.610 cm?

altitudes de hasta 13000 pies (3962 m.) Salientes para las zapatas. Filtro
de oire doble "Dual". Dispositivos con hoja de empuje ("bulldozer"). Co
raza envolvente trasera. Equipo de arranque de aire comprimido. Equipo
de arranque hidr6ulico "Hydrostarter".

E I MCO

Salt Lake City, Utah-U.S.A.
64'''''.~I··~U.~~

Altura libre sobre et suelo ..........................
11"
Capacidad del deposito de combustible 45 galones U.S.
Superficie de contacto con el slJelo ........ 3.040 pulgadas 2

C 0 RPORATI

o

N

Export Offices: Eimco Bldg" 52 South St., New York City

-.k~\:,;\il.~J••;~~·~:.._ .. a'~¥.... ~~.J...:. , .......,.

~,.,;;••••••£~ .. ,)',;......-:~,~f'

.k';:. ~·.l~"~·.·,-ii~ .. .f"..

New York, N. y, Chicago. III, Son Froncisco, Calil. EI Paso, Te •. Birmingham. Ala. Duluth, Minn Kellogg, Ida. Baltimore, Md. Pithburgh, Po. Sealtle, Wa,h
Cleveland. Ohio Houston, Te.a, Vancouver, B. C. london. England Gateshead, England Poris, France Milon. Italy Johanne,burg, Souln Africa

1048, 2.58, 5016

Impreso en U.S.A.
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the M &C RH 20 roadheader

This versatile 130hp machine is designed to cut and 102d most of
the rocks found in normal coal measure strata. It is capable of
rapid drivage and, provided the services to the machine are well
organised, good overall advance rates can be obtained.
A 65hp air cooled elxtric motor drives the cutting head
through a two~stage epicyclic gearbox. The head can revolve at
38rpm in which case the pick speed is low--a factor necessary for
efficient cutting in stone. Higher speeds (57rpm, 85rpm) are 
available if required. This single head enables rocks to be cut
selectively if required and the concentration of power in it gives
fast effective cutting. Where rock is interlain with mineral, the
selective head allows each to be cut and loaded separately. From
one machine position, a maximum (standard) height of 1Y 9"
(4190mm) and width of 22' 3" (6780ml11) can be cut. A greater
height range is available for special application. The boom on which
the cutting head is mounted is telescopic ai1d has a stroke of 20"
(508mm). This allows the cutter to sump in while the body of the
machine remains stationary.
A 65hp air cooled electric motor drives a three-stage pump
which provides hydraulic power for all other movements: all these
operations are controlled from the operator's position. The
machine works on a 40/60 invert emulsion or mineral oil.
The twin chain gathering head can be supplied in three standard
widths to suit the tunnels. The chain conveyor through the
machine has a fixed discharge. The machine can be supplied at
voltages between 380 and 1100 volts.
The RH20 can be fitted with crawler tracks or a walking
mechanism, whichever is preferred. Two spragging jacks, olle at
each front corner, lock the Roadheader in position while cutting:
this keeps the cutting head in continuous contact with the rock and
gives a maximum cutting effect. Floor spragging jacks are available
for wider tunnels.
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PAURAT Tunnelling Machines

PAURAT Trenching Machines

for soft and medium rock up to
800 kp/cm 2 compressive strength

for any size up to 50 feet height

with single or dual cutting heads

cutting units for incorporation in tunnel
shields or in shaft-sinking frames

PAURAT
for a complete range of versatile machines
or purpose-built rigs, all using standard
basic components, all thoroughly proved
through long experience in many
countries

PAURAI GMBH
Grubenausbau Stahlbau Maschinenbau

4222 Friedrichsfeld (Ndrrh),
Western Germany,
Alte H unxer Strabe 45,
Postfach 20.

Tel: (2 81) 44 78/79/70
Telex: 081 2 880
Cable: Paurat,
friedrichsfeld n iederrhei n

For further information please enter Ref. No. 260 on reader reply card

Aktiengesellschaft - 8967 WID EN I Mutschellen
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TECHNISCHE ANGABEN Gbar PERFO-ANKER

(- Normalaus fuhrung

)

Siehe Blatt 2!
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Zementmortel:
Zement:Sand 0-2 mm 1:1
Kunststaffmortel: SIKA Haftmortel ader
SIKA Fliessmortel (mit
Zusatz von Zuscnlag
staffen bis kain Flies
sen mehr!)

Siehe Blatt 3!

Vorgespannte Anker
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TECHNISCHE ANGABEN Gber PERFO-ANKER

IAN KE R
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mm
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Blatt 2

I ANKER ¢

I

Perfo- Perfo- Theor. Bohr
Rohr
Rohr- Marte1 loch
lange bedarf
¢d
¢i

4

mm

m

1tr.

mm

30 mm

I

Perfo- Perfo Theor.
Rohr
Aohr Martel
lange bedarf
¢i
~
mm
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1tr.
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TECHNISCHE ANGABEN uber PERFO-ANKER

Blatt 3

Vorgespannte Anker

1. Bei vorgespannten Ankern ¢ 20/ ¢ 26/ ~O mm sind alle Angaben auf Blatt 1 und 2 gultig, resp.
anzuwenden, ausser dem theoretischen Mortelbedarf.
2. Bei dar Verwendung von Kunststoffmortel ist wie folgt vorzugehen (siehe Blatt 1)
-

Fullen der PERFO-Schalen auf die Strecke mit verzogertem Zementmortel
Anmachen und ful1en der PERFO-Schalen auf die Strecke mit Kunststoffmortel
Zusammenklappen der Schalen zu einem Rohr
Binden des PERFO-Rohrs alle 1 m mit 1 mm Draht
Einschieben des PERFO-Rohrs in das Bohrloch
Ankerstahl eintreiben mit Ankerschlagkopf und pneumatischem Hammer
Kittwulst erstellen ca. 5 mm stark um den Stahl beim Bohrlochmund
Ausgleichsschicht mit Kunststoffmortel, wenn notwendig
Ankerplatte aufsetzen und senkrecht zum Anker mit Mutter leicht anpressen
Nach ca. 2 Stunden ansetzen der Zugvorrichtung und gewahlte Vorspannkraft geben, sowie
Mutter von Hand anziehen.

3. Kunststoffmortel

SIKA-Haftmortel (Handmischung ca. 1 Itr.) oder
SIKA-fliessmortel (Handmischung ca. 1 Itr.) Zugabe von Zuschlagstoffen (trockener Sand)
bis Mortel nicht mehr fliesst.
- Intensives Mischen der Troekenkomponenten, alles Harz (flussig) beigeben und gut durchmischen
¢ 20 mm
¢ 27 mm

¢

26 mm
¢ 31 mm

¢
¢

Ergibt bei Verwendung von einer Hand
mischung a 1 Itr. (1 Kessel)

3 Anker

2 Anker

1 Anker

mit einer Haftlange von

ea.50 em

ea.60 em

ea.80 em

Anker ¢
PERFO-Rohr ¢i

30 mm

36 mm

Aehtung auf Temparatur !t!
4. Verzogerter Zementmortel
Den Zemantmortel (Sand 0-2 mm) 1:1 soviel SIKA-Retarder beigeben, dass die Zeit dar Verzogerung
des Abbindemausreieht um den Vorspannvorgang durchzufuhren.
Widen, im Juli 1968 KF/m
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Reed Tunneling Cutters for every formation

fJ Interchangeability

ft'

,~

rl

Reed Tunneling Cutters are de
signed for complete and easy
interchangeability. All series of
Reed Tunneling Cutter assem
blies fit in the same saddle. A
cutter may be used In any po
sition on the bit, permitting the
most efficient and economical
use of cutters. Drillers can re
place cutters quickly on the job
without long, costly delays.

CUTTER SELECTION
Determination of the type of cutter most
suited to drill a particular rock ultimately de
pends on ·trial and error results. However,
unique characteristics of each cutter design
lend themselves best to particular drilling
problems.

CUTTER SELECTION GUIDE

OK SERIES-A circumferential
tooth, kerf-type cutter for a
wide range of soft to medium
hard formations. It Is especially
designed for tunneling where
cutting removal is no problem
and larger chips are quickly
removed.

r

Typical
Formations
Encountered

Soft

6,000 maximum

Shale, clay
red beds,
mudstone.
siltstone

OK, OS

Medium

6,000-12,000

Limestone,
sandstone,
rhyolite,
marble
tuffs

OK,OH

T

1

'i

I

12,000-25,000

Dolomite,
gneiss,
granite,
graywacke,
schist,
feldspar

OKC

25,000 minimum

Diorite,
quartzite.
hornblende, '
argillite,
basalt,
chert

OC

I

.j..

Hard

OS SERIES-A tooth-type cut
ter for soft to medium hard
formations, such as soft to
medium shale. clay, limestone,
sandstone, etc.

Rock Testing

T

r
r

I

"T
Medium Hard

QC SERIES-A tungsten car
bide insert cutter universally
suited for applications in ex
tremely hard Igneous forma
tions: diorite, granite, quartzite,
basalt, chert, etc. Unique PAD
MOUNTED Inserts allow greater
penetration and better insert
retention.

Type
Cullers
Normally •
Used

Compressive
Strength
(PSI)

Description

QKC SERIES-A tungsten car
bide insert type cutter with the
circumferential kerf pattern for
medium hard formations. Prin
cipal use is for tunneling where
large chips are quickly removed
from the cut face. The OKC
affords a high rate of penetra
tion through mixed formations.

QH SERIES-A tooth-type cut
ter for medium to hard forma
tions, such as hard shale, tight
sand, lilllestone, dolomite, sand
stone, etc.

Customers have at their disposal the facilities
of the G. W. Murphy Industries' laboratory in
Houston for up-to-date drillability analysis of
rock samples. In order to receive the most
accurate recommendations for weight, torque,
R.O.P. and cutter types, customers should
send all information about the hole to be
drilled and include a sample of each type of
formation that wi" be encountered. Samples
should be hand samples the size of an orange
or core samples six inches in length.
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