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1 Introduction 

Within this chapter the term órock boltingô is used in a more general way including bolts, 
cables, dowels and nails. All of them are either stiff or flexible bar-like elongated parts 
mainly made of steel or synthetics, which are placed in boreholes to stabilize the rock 
mass. Depending on rock mass conditions, stress state and task (target), quite different 
types of bolts and different bolting schemes are applied. 

2 Physical mechanisms 

In general bolting can have the following effects (e.g. Hausdorf 2006, Hossein 2006, Li, 
2017): 
 

¶ Suspension: Dead weight of overlying strata is carried by anchor, which is fixed in 
strong layer above (Fig. 2.1). 

 

 

Fig. 2.1: Suspension mechanism 

 

¶ Beam building: Several layers are clamped together, so that a thicker beam is built 
with higher moment of inertia, stiffness and strength, respectively (Fig. 2.2). 

 

 

Fig. 2.2: Beam building mechanism 
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¶ Wedging (keying) effect: Several blocks or rock wedges are hold together by an-
chors, so that friction and interlocking can develop (Fig. 2.3). 
 

 

Fig. 2.3: Wedging effect mechanism 

 

¶ Arching effect: Bolts create an arch around the opening as stabilizing element 
(Fig. 2.4). 
 

 

Fig. 2.44: Arching effect mechanism 
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3 Bolt types / classification 

In a wider context bolts can be subdivided into the following groups: 

¶ Anchors working by frictional contact along the whole anchor length (e.g. split set an-
chor or swellex anchor) 

¶ Fully grouted anchors (whole anchor length is connected to the rock mass via cement 
or resin) 

¶ Anchors, which are fixed only over a certain part of the anchor length (e.g. expansion 
shell anchors or anchors with slit, wedge or cone mechanism) 

¶ Self-drilling anchor systems (hollow self drilling anchor for grouting or with expansion 
shell)  

¶ Energy-absorbing anchors (anchors which can absorb energy from moving rock mass 
due to controlled lengthening) 

¶ Cable bolts with one or several steel or geosynthetic fibres connected to the rock mass 
via cement or resin 

4 Popular bolt types 

 Split set anchor 

Split set anchors consists of two parts: a tube and a bearing plate (Fig. 4.1 and 4.2). The 
tube is driven into a slightly smaller borehole using percussion drilling equipment. As the 
tube slides into place, its full length slot narrows, the tube exerts radial pressure against 
the rock over its full contact length. Immediate support is given. Load bearing capacity is 
between about 50 kN to 100 kN. Split set anchors are cheap and easy and fast in use.  
 

           

Fig. 4.1: Split set anchor (Int. Rollforms, company material) 
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Fig. 4.2: Split set anchor (Minova, company material) 

 

 Swellex-anchor 

Swellex anchors consist of several segments, which can be connected to reach the de-
sired length of up to several meters (Fig. 4.3). The anchor is expanded by hydraulic pres-
sure (app. 30 MPa), which creates a tight frictional contact of the anchor to the rock mass 
(Fig. 4.4 and 4.5). Swellex anchors offer immediate support (no time delay). Bearing ca-
pacity up to 200 kN.  
 
 

 
 

Fig. 4.3: Cross section of inflatable Swellex-anchors (Atlas Copco, company material 
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Fig. 4.4: Installation procedure for Swellex-anchors (Atlas Copco, company material) 

 

 
 

Fig. 4.5: Working principle of Swellex-anchors (Minova, company material) 
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 Expansion shell anchor 

Expansion shell anchors consist of anchor shaft, anchor plate, anchor nut and expansion 
shell (Fig. 4.6 and 4.7). By rotating the anchor nut the shell expands and fixes the anchor 
to the rock mass. This anchor type allows to produce a pre-tension, which can be adjusted 
by applying a torque spanner. Typical length of such anchors is 1 m to 5 m. Load bearing 
capacity from 100 kN to about 500 kN. Main application is systematic anchoring in mining 
and tunnelling. 
 

 
 

Fig. 4.6: Expansion shell anchor (DYWIDAG, company material)  

 

 

Fig. 4.7: Expansion shell anchor (Minova, company material)  
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 GRP-bolts 

GRP-bolts (Glass Fibre Reinforced Plastics) are used as an alternative to conventional 
steel anchors (Fig 4.8). The advantages are low weight, easy to cut by excavators, high 
tensile bearing capacity (tensile strength of up to over 1 GPa) and enhanced corrosion 
resistance. They are also offered as self-drilling anchors or GRP cable bolts.  
 
 
 

 

Fig. 4.8: GRP-anchor 

 

 SN-anchor 

SN-anchors (mortar embedded concrete reinforcement steel anchors) consist of rock bolt 
shaft, plate and nut (Fig. 4.9). Special mortar along the whole rock bolt shaft creates co-
hesive bonding between rock mass and rock bolt shaft. Main application is systematic 
bolting in mining and civil engineering, especially in fractured and soft rocks. Load bearing 
capacity varies between about 100 kN and up to 2000 kN. 
 

 

Fig. 4.9: SN-anchor (DYWIDAG, company material) 
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Fig. 4.10 illustrates a rockbolt with resin (two components) or cement capsules. During 
the installation the capsules will be destroyed, resin or cement fills the space between the 
anchor rod and the borehole wall and creates the tight fixation. Fig. 4.11 shows the gel 
time (setting time) of resins. The setting time has be reached before the bolt can be ten-
sioned. 

 

Fig. 4.10: Anchor with resin or cement cartridge and capsules, respectively (Minova, company material) 

 

Fig. 4.11: Gel time of resin (Minova, company material) 
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 Energy-absorbing anchors 

Such anchors are designed for yielding (squeezing) rock mass or rock burst proned en-
vironment. A special steel sliding mechanism in combination with special energy absorb-
ers and monitoring elements allows controlled rock mass deformation and energy release 
by keeping the rock mass stable. Meanwhile the absorbing energy of classical anchors 
(e.g. rebars) is in the order of just a few kJ (1-5 kJ), energy absorbing anchors can absorb 
between 25 kJ and 50 kJ. The high amount of absorbing energy is possible to the high 
strength (about 100 kN to 300 kN) and the large strain (displacements of up to 500 mm; 
see exemplary also Fig. 4.12). Fig. 4.13 to 4.16 illustrate some of the developed energy-
absorbing anchors, which play an increasing role due to mining and tunnelling at great 
depths.  
 

 

Fig. 4.12: Stress-deformation curves for energy-absorbing anchors in comparison to classical anchors 

(Li et al., 2014) 
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Fig. 4.13: Different types of energy-absorbing anchors (Skrzypkowski, 2018) 

 

 

Fig. 4.14: Roofex monitor bolt (Atlas Copco, company material) 
















































