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Abstract: As an objective necessity of restricting the scope of the metal support used 
nowadays to the implementation of the current underground mining works resulting from the 
mismatch of symmetrical construction support system with maximum expression vector uneven 
pressure, as well as economic reasons, generated by higher metal costs and workmanship 
registered for machining and acquisition rolled sections by applying the additional treatment 
provider and improving the quality improvement becomes increasingly necessary to introduce 
and generalize submissions anchored to strengthen the rocks. Given the beneficial 
contribution of anchored support in strengthening and increasing the rock resistance to shear 
and tensile forces with training and involvement in taking requests consolidated area very 
shortly after the execution of excavations, the paper analyzes the conditions of sedimentary 
rocks of Jiu Valley the possibility of introducing and generalization of anchor process fixation 
rods based on the principle of friction in the surrounding rock of Split Set and Swellex types, 
which have seen lately a wide range of distribution in various other sectors of construction for 
fixation and consolidation of rock massifs . 
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1. INTRODUCTION 
  In the spirit of promoting and 
applying specific criteria of 
competitiveness, supporting the mining 
works, whose necessary volume for 
execution represents over 75% of all 
existing work in topology 
characteristic of a mine, acts, together 
with the surrounding rock massif, as 
subsystems into continuous 
collaboration (interaction) influence 
each other, because of the external 
forces and actions that they generate. 

To ensure the support and lift 
of the rock, with beneficial effects in 

achieving stability and durability of 
underground mining works in terms of 
their execution efficiency it is 
considered appropriate to continue the 
theoretical and experimental research, 
the implementation of the results 
achieved so far in improving 
construction existing types of 
allegations metal used in mining and 
design implementation of new 
solutions, safer and more efficient than 
current use, namely the introduction 
and generalization anchored 
allegations that have the capacity to 
strengthen their involvement in taking 
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over rocks and mining pressure [1 ], [2 
], [3 ], [4 ], [5 ], [5 ], [7 ], [12]. 

On the other hand, since the 
metal support sliding, which 
construction by symmetrical 
arrangement of the composing 
elements it is designed for taking the 
maximum demands acting mainly in 
mining horizontal ceiling and therefore 
the asymmetric redistribution of state 
voltage on the outline of the paper, the 
current system does not meet the 
requirements supporting data, it is 
necessary that the choice of an 
appropriate support options to show 
diverse conditions around mining 
tasks, in addition to the need to 
allocate the costs of materials and 
labor consumption as low as possible 
to consider the capitalization lift itself 
rocks surrounding it possible to 
achieve by using the anchored support 
[ 2], [7 ], [ 8], [9 ], [10 ], [11]. 

In this context, in most 
countries with developed mining 
industry there is a diversification and 
expansion of anchor rock phenomenon 
considered as one of the most 
important achievements in technology 
and engineering of mining support in 
the postwar period. The growing 
interest shown by the mining industry 
in Western Europe, USA, Australia, 
South Africa etc for anchored support 
to the allegations, resulting primarily 
from the economic situations of mines 
and was made great efforts to improve 
the efficiency of extraction of useful 
mineral substance.  

Although many mining 
countries have developed a wide 
variety of possible synthetic resins 
used to anchor by full fixation, 
however due to technical advantages - 
the economic benefit gained 
widespread anchoring a friction 
process, process which will be the 
great interest for coal mines in our 
country, namely for the coal mines in 
the Jiu Valley. 

From this group of rocks 
anchoring process, the paper presents 
methods of anchoring Split Set and 
Swelex which have a wide range of 
applicability in a number of countries 
with similar conditions of deposit with 
the ones from our country. 
 
2. SPLIT SET ANCHORING 

PROCEDURE 

In principle, the Split Set 
method of anchoring is based of using 
two basic components, namely the 
metal tube and the truncated cone 
surface and the support plate (figure 1). 

To fix the support plate on the 
surface of the working face, Split Set 
anchor is provided with a bearing ring, 
which in turn supports the upper end of 
the rod fitted with collar [2 ], [7]. 
 

 
 

Fig. 1 Split Set metalic anchor (rod, 
bearing ring and bearing plate / 

support) 
 

Metalic rod (metalic tube) of 
anchoring is a truncated cone shape, 
being split over the entire length and 
having a thickness of 2,5 mm and a 
maximum diameter of  45 mm. 
For the implementation and 
generalization in our country of Split 
Set anchors were made and 
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standardized five sizes of rods (table 1) 
correlated with support plates having a 
thickness of 3  5 mm and 150x150 
mm size. Implementation rods are 
made of carbon steel narrowband N ¾ 
t - MT 112 x 2.5, STAS 1945-80, with 
brand OL 32 or OL 37, according to 
STAS 500/2-80. The supporting ring, 
which may be fixed by welding to the 
upper end of the rod and arranged in 

the free position, is made of round 
steel mark OL 37, according to STAS 
333-87. As the rod, round steel plate 
runs score OL 37, according to STAS 
333-87. As rod bearing plate runs 
through cold drawing steel sheet STAS 
437-87 with brand OL 37, according to 
STAS 500 / 2-80. The supporting plate 
is provided in the center with a  47 
mm hole. 

 

Table 1 Types of anchors and features 
Crt. 
no. Symbol of anchor Rod length [mm] Anchor mass [kg] 

1. D 45-750 750 1,65 
2. D 45-1000 1000 2,20 
3. D 45-1500 1500 3,30 
4. D 45-2000 2000 4,40 
5. D 45-2300 2300 5,10 

 
The principle of this type of 

anchor fixing in the rock massif 
consists of reducing the original 
diameter of the rod to measure the 
forced introduction into the mine hole, 
from the size "D" to "d" (figure 2). 
 

 
Fig. 2 The variation of diameter 

closure of the anchor bolt on entry into 
the boreholes 

 
This is made possible by the 

presence of longitudinal cleft, which 
also changes the size of the initial 
value S to S1 or reduced almost 
completely. 

Once inserted into the 
boreholes, rod compresses to the entire 
length, becoming a dynamic system 
when mounting support due to radial 

pressure exerted by the return stroke of 
the rod to its original diameter. This 
compression develops a radial force, 
which increases the resistance of the 
rock and its attachment to the depth 
(figure 3). On the other hand, the base 
plate provides the rock support by the 
front contact with the walls of the 
mining work, thereby ensuring 
compression stress relieved area with a 
force of about 25 kN. 

In relation to the rod length and 
type of intercepted rocks, capacity of 
this type of anchor is between 65  85 
KN range with the possibility of its 
increase over time by up to 20%, as the 
movement and caused massive 
fracturing rocks mining pressure 
activation (figure 4). 

Therefore, the anchoring 
system by fixing with cement or 
synthetic resins, which suffer loss of 
bearing capacity of destroying the 
mounting material extent and shear 
displacement of rock, Split Set method 
and generally all methods based on 
implantation friction rods are 
appreciated for their performance to 
take orders shear rock when their 
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transverse displacement, without 
destroying the rod, but to adapt its 
shape to specific movements of rocks 
(figure 5), thereby ensuring effective 
interaction and a stable equilibrium to 
the mining work contour. 
 

 
Fig. 3 Action of the supporting forces 

in the Split Set method: 1-metallic rod; 
2-support plate; 3-fixing ring; 4-

borehole 
 

 
Fig. 4 Increasing bearing capacity 

over time of tubular anchor Split Set 

 

Fig. 5 Taking shear stresses when 
traveling cross the transversal rocks 

 
3. SWELLEX ANCHORING 

PROCEDURE 

This anchoring process was 
conducted for the first time by the 
ATLAS COPCO company in Sweden, 
with a growing application in the 
world. Swellex anchors are designed 
with bore diameters ranging between 
35  52 mm [2], [7], [11].   

The fixing principle of Swellex 
anchors in the rock massif is made by 
the expansion (swelling) of the flexible 
tubular metal rods through the 
discharge pressure of a hydraulic oil or 
water (figure 6). 

Elastic swelling of Swellex rod 
is achieved by discharging hydraulic 
fluid into the tight space inside the rod 
to produce the effect of compression 
on the walls of the borehole. Like Split 
Set anchors through training and 
development of radial fixing forces, 
during expansion anchors compresses 
Swellex anchors compress during the 
expansion of boreholes and adapt to 
the transverse movements of the rocks. 
In this way, the pulling force is high, 
as there is a combination of 
mechanical and frictional fasteners that 
occurs along the entire length of the 
rod. 

From the pull-out tests carried 
out for this type of anchor resulted 
carrying capacity of up to 140 kN, with 
higher values in the case of strongly 
fissured rocks and pronounced 
stratification (figure 7). 
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Fig. 6 Mounting principle of Swellex anchor in the rock massif : free introduction of 

anchor into the borehole; b- elastic rod dilation by reaching the maximum pressure of 
the hydraulic fluid; 1-borehole; 2-anchor rod; 3-tensioning plate; 4- injection hole of 

hydraulic agent 
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Fig. 7 Effect of Swellex anchor fixation for strong cracked rocks: a-rock movement 
and expression of their increased consolidation; b-development efforts by radial 

swelling of rod 
 

By the special design form that 
presents Swellex anchors are modular. 
Anchorage length of each anchor 
module is 1,500  1,800 mm (figure 8 
a). By assembling with modules each 
stud bolts, Swellex anchors can be 
applied to holes with lengths up to 8  
10 m (figure 8, b), the advantage of 
strengthening rocks on higher depths, 
without registering any mounting 
difficulties due to size section and 
planning of mining works. 
 

 
a) 
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b) 
 

Fig. 8 Swellex metallic tube anchor 
(construction and parts): 

a – module anchor; b – multi module 
anchor 

 
As Split Set anchors, although 

they maintain constant increasing load 
capacity and show some characteristic 
to the rigid pullout test phase, Swellex 
anchors also records after installing 
specific adaptations bearing lateral 
movement of rocks, develops resisting 
requests  to shear in such situations 
(figure 9). 

 
Fig. 9 Working features of  Swellex 
anchors in stage of axial strength 

 
4. WORKING REGIME AND 

APPLICATION FIELD 

 
Taken as a whole, tubular 

anchor which works on the principle of 
friction presents a number of technical 
advantages, which explains a much 
wider field of application thereof as 
compared with the other processes of 

the anchor (figure 10), being designed 
to reinforce a wide variety of rock, 
particularly weak cohesive rocks and 
relatively low mechanical strength, 
most specific sedimentary rocks from 
the Jiu Valley [2], [7], [8], [9], [10]. 

It is estimated that these types 
of anchors, although not rigid, as 
confirmed by their characteristic curve 
B - P (figure 11), however due to 
quality automotive fastener tightening 
the entire length of the rod, which 
adapts to various mining conditions, 
managing to balance the demands of 
rock massif and control of a 
continuous rock dilated until the 
support reaches a new equilibrium, 
becoming self-supporting. 

If these types of anchors are 
mounted at the appropriate time, it fails 
to ensure equilibrium with the 
surrounding rock marked the point P 
on the graph, after some relaxation of 
rocks, but before reaching the 
subsidence of the working vault. 

Conversely, in the case of 
anchor fixed with cement or synthetic 
resin, their characteristic curve 
indicates more pronounced degrees of 
stiffness, points to achieve balance in 
the "rock-support" in this case is 
located on a higher position for tasks 
large deformation. For example, in 
figure 12 are shown the anchors curves 
of different lengths, fixed with 
synthetic resins, considering the work 
environment enhancing rocks clay type 
having compressive breaking strength rc = 40 MPa. 

Under this situation, although 
these types of anchors take higher 
loads during installation, however due 
to time action requests of the rock 
massif in the transverse direction, 
setting cement / resin relationship 
between rock and rod tends to 
destruction and a pronounced 
weakening obvious generating reduced 
lift support. 
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Therefore, as stated, the scope 
of fixed anchors with cement or 
synthetic resin for mining working 
operations in stratified rocks and lack 
of cohesion has a limited range of 
applicability. 

Generalizing the working mode 
of anchor support with friction-fit 
anchor, in combination with different 
conventional methods support (gunite, 
rebar, concrete), their working 
characteristic (curve 1, figure 13) 
indicate the termination of the 
deformation to obtain balance and 
rocks at the point 2 after a longer 
relaxation rocks, but similar sizes 
requests. 

Based on the interaction graph 
presented is found that although the 
initial phase of mounting for Split Set 
and Swellex anchors have lower 
bearing capabilities, showing a 
relatively rigid feature work, however 
in combination with metal support and 
support in concrete, they participate in 
the formation of consolidated pillar 
and managed to take the shear stresses 
and provide the necessary balance of 
rocks from the mining work  for stress 
contours of the rock in much higher 
quantities than if it would apply only 
support classical confirmed  by the 
right line 4 of figure 13. 

 
 

Fig. 10 Field application and working 
features of anchor system by friction 

fixing  (Split Set and  Swellex anchors) 
 

 
Fig. 11 Working features of Split Set 
and Swellex anchor support, with the 
influence of mounting time against of 

surrounding rock 
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Fig. 12 Working feature of resin 
anchors fixed in clay: 1- relaxation 
curve of the rock; 2- characteristic 

curves of anchors; AD - elastic 
behaviour of the rock; AE - inelastic 
behaviour of the rock; E - crushing 

(breaking) of rock 
 

 
Fig. 13 Working feature of combined 

support (modular) „anchors with 
friction-gunite-metallic reinforce 

fixing” 
 

5. CONCLUSIONS 

Options for selecting and 
adopting an appropriate support 
conditions with diverse manifestations 
of tasks around the underground 
mining works, in addition to the need 
to allocate the costs of materials and 
labor consumption as low as possible 

will have to consider the capitalization 
of rocks lift itself and surrounding 
rocks, being possible by enhancing 
them with anchored support. 

Taken as a whole the tubular 
anchors which work by the friction 
principle have some technical 
advantages, which explains the much 
broader applicability of these 
compared to all other methods of 
anchoring being used for strengthen a 
wide variety of rock, especially weak 
cohesive rocks and relatively low 
mechanical strength, most specific 
sedimentary rocks in the Jiu Valley. In 
terms of purchasing and implementing 
their labor, it is estimated that these 
types of anchors can be purchase with 
own local resources, in this case the 
Split Set type, for which there is a 
related execution facility. 

This paper was realized 
through the program „Parteneriate în 
Domenii Prioritare — PN II, 
 developed by  MEN – UEFISCDI, 
project no. 51/2014 ” 
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