Type of support

Rock bolting Combination support Steel, timber and
shotcrete support

»Mechanical Rockbolts « Rockbolts and shotcrete

* Timber
*Grouted Rockbolts * Rockbolts and steel « Steel
* Combinations *Rockbolts and timber « Shotcrete

> Active support

> Small material expense

> |nstallation of support can be mechanized

> Small amount of manual work = small risk of accident
> Flexibility, adaptable

> No space lost because of support

> Longwall working: advantages at the longwall entrance




Bolt shank
j: / "

| Face plate and nut | Anchoring

@& Hang up and nailing concept

&= Beam concept

& Rock arch concept













Tensioning (pretensioning, not pretensioned)
Length (Long bolt, short bolt)
Anchormechanism (mech. anchor, resin anchor)

Length of anchor (in the whole borehole, in the end of the borehole)

i 9 9 S

Bolt material (steel bolt, plastic bolt)




expansion- shell block

expansion shell anchor

Bolt shank

Nut
Face plate

advantages : disadvantages :

. 'relatlve'ly ESEERERD ' ) « limited to use in moderately hard to hard rock
. |mmed|.ate support action aftgr msta.llatlo"' « looses ist reinforcement capacity as a result of
« by rotating the bolt, a torque is applied to the bolt blasting

et e vt s Ui ELES (ell « can only be used for temporary reinforcement unless
high bolt loads can be achieved corosion protected and post-grouted
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Steel quality designation: 700 N/mm?
a Steel diameter: 16 mm
g 1w Yield load, steel: 140 kN
T Ultimate load, steel: 180 kN
©
9 - Ultimate axial strain, steel: 14 %
weight of bolt without face plate and nut: 2 kg/m
- Recommended borehole diameter: 35-38 mm
- -
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Deformation [mm]

Twin steel strand cable bolt

Face plate

R ETEEES - dlsac{vantages : ) )
+ using standard cement requires several days curing
before the cable can take full load
« quality of grouting is difficult to check

« inexpensive
« competent and durable reinforcement system
« can be installed to any lengthin narrow areas




Load (kN)
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Deformation (mm)

Face plate

Nut

advantages :

properly installed, it is a durable reinforcement
system

provides high load bearing capacity in hard rock
conditiones

gives rapid support action after installation

Steel quality designation: 1950 N/mm?2
Cable diameter: 2 x15,2 mm
Yield load, cable: 500 kN
Ultimate load, cable: 500 kN
Ultimate axial strain, cable 48
%Wweight of cable 2,1 kg/m

Recommended borehole diameter: 48-64 mm

disadvantages :

+ borehole diameter is crucial to the proper mixing
and setting of the resin

« difficults with resin cartridges in underground
enviroment

resin ncan be messy and hazardous to handle

« resin has a limited shelf life
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- Steel quality designation: 570 N/mm?
- Steel diameter: 20 mm
Zm Yield load, steel: 120 kN
T e Ultimate load, steel: 180 kN
S - Ultimate axial strain, steel: 15 %

Weight of bolt without faceplate and nut: 2,6 kg/m

- Recomended borehole diameter: 35+ 5 mm
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Deformation (mm)

Expanded steel tube

Domed face plate

advantages : disadvantages :

« rapid and simple installation « relatively expensive

+ gives immediate support action after installation + long term installation requier coated Swellex
« can be used in a variety of ground conditiones « requiers a pump for installation
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Load (kN)
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Deformation (mm)

Face plate

advantages :

« simple installation

« gives immediate support action after installation

+ no hardware other than jackleg or jumbo boom for
installation

« easy application of wire mesh

Tube diameter: 26/ 36 mm
Ultimate load, expandedsteel tube: 215 kN
Ultimate axial strain, steel: 15 %
Weight of bolt without face plate: 2- 4 kg/m
Recommended borehole diameter: 31-52 mm

e S —
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Split steel tube

disadvantages :

relatively expensive
borehole diameter is crucial in the prevention of
failure during installation

successful installation of longer bolts can be difficult
cannot be used in long term installationes unless
protected against corrosion (the steel is sensitive to
corrosion both at ist inside and outside surface)

11



=

T80T

Le0

200 Tube diameter: 39/ 46 mm
Sl Yiels loa, steel tube: 136 kN
i/m_ Ultimate axial strain, steel tube: 16 %
g Weight of bolt without face plate: 1,8- 2,8 kg/m
=™ Recommended borehole diameter: 35-45 mm
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Quelle: B.Stillborg, Professional Users Handbook for Rock Bolting, Schweden 1994
=
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Quelle: Hoek, Support of Underground Excavation in Hard Rock, Rotterdam 1997
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B1: semimechanised process, drilling with boomer,
setting manuel

B2: semimechanised process, drilling with boomer,

setting manuel from the lifting platform

= - = B1: semimechanised process, drilling with boomer,

setting manuel

Dimensioning:

n number o rockbolts
W weight of wedge

v safety factor 2<y <5
F load bearing cacacity

Stabilising of an vertical wedge

16



Q e M= 23
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n

number of rockbolts
weight of the wedge

safety factor 2<y <5

yield load of anchor

angle of friction of the sliding surface
dip of the sliding surface

angle between the plunge of the bolt
and the normal of the sliding surface

cohesive strength
base area

_ W *(y*sin f—cos f*tan f)—c* A

Stabilisation of a horizontal wedge

B*(cosa*tang+ f *sina)

Stabilisation of an unstable layer of
horizontal bedding plans overlayed
by solid rock

=

weight of rock

safety factor 1,5<y <3
yield load of the anchor
bolt spacing

bolt spacing

wedgesite

rock density

acceleration due to gravity

g ol =
=

@ o > o0

W =S*c*h*p*g

_rW
F

n
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Reinforcement of a horizontally- bedded
roof in weak rock to form a beam or slab

xS T T ®© 0 n

dimensioning:

anchor distance in cross- direction s<3*e
anchor distance in longitudinal- direction
thickness of the stratum

width of the roadway

yield load of the anchor

length of the anchor

number of anchors each row
reinforcement factor k>2

Natural arch

Loose zone

dimensioning:
anchoring the loose zone in the natural

curb ring of the arch

L=1,40 +0,184*a

a  width of the roadway
L length of the anchor

18



Loose zone

Reinforced
rock arch

o

Building a new curb ring. By the load-
bearing capacity of the anchor the rock is
compressed and is able to hold himself
and the loose zone above

L/s>2

s < 3*e

s bolt spacing

L  length of the anchor

e thickness of the stratum

| Timber support| | Steel support | | Concrete support|
* pol t « steel road h
polygon suppor s eel roadway arc e CONTICIE S nDoTt
«one leg * ring support
; . « concrete block support
« frame timbering « polygon support

« concrete paneel support

19
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' -e— German, Swedish frame support:
- : :
' " - load- bearing capacity in horizontal

direction is possible

| German frame support |

|

Polish frame support:

- load- bearing capacity only in

vertical direction

Swedish Polish

frame support
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Timber chock Timber crib

cross timber longitudinal timber '

- oldest support used in the mining branch

- can only be used by low rock ressure and
availabillity of wood

- can only be used for temporary reinforcement

Present applications:
RSA goldmining, longwall face, mining parallel heading
USA hightech longwall face, against front abutment pressure
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+ low wight, easy transportation
unproblematic handling
indicating overload by cracking noise

- Short lifetime under wet conditions
can not be used after salvage
flammable
skilled workforce

riggid support
* load- bearing capacity

yielding support
« load- bearing capacity
* movement capacity
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Hinged steelarch support
-

2\

Hinged polygon support

AN\
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Rail profll

Rail profile
W, = 5*W, R

Pit steel profile - | - profile or GI - rpofile
W, = 4*W,,

TH - profile or u- channel section %
TH = Toussaint and Heintzmann (1932) .
W, =W,

buckle proof yielding

Bell profile
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used by importance of immediate support action

Nozzle

%

A

no immediate support, as a result of the building material
characteristics

vacurm helps to restore .
pumping mbe to normal shape 21 and accelerator
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