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POSSIBILITIES OF AN INCREASED LOAD-CARRYING CAPACITY 
OF A STEEL ARCH SUPPORT BY MEANS OF ANCHORAGE

Summary: This submitted paper describes the methods o f an increased load-carrying 
capacity o f a steel arch support by means o f  anchorage. Proposed solutions are based on the 
assumption o f  an interaction o f both a steel arch support and roof bolts. The main aim o f all the 
proposed solutions is to activate rock mass in the vicinity o f a working, to prevent the 
degradation o f rock mass stability and to reach a maximum utilization o f  rock mass 
self-supporting abilities.

MOŻLIWOŚCI ZWIĘKSZENIA PODPORNOŚCI STALOWEJ OBUDOWY LUKOWEJ 

ZA POMOCĄ KOTWIENIA

Streszczenie: W pracy omówiono metody zwiększenia podpomości stalowej obudowy 
lukowej za pomocą kotwienia. Zaproponowane rozwiązania oparte są na założeniu współpracy 
stalowej obudowy łukowej i kotwi stropowych. Głównym celem wszystkich przedstawionych 
metod jest uaktywnienie górotworu w  sąsiedztwie wyrobiska, maksymalne wykorzystanie 
samonośności górotworu i zapobieżenie utraty stateczności.

B0 3 M0 >KH0 CTH ilOBblLUEHUFI OIIOPHOCTU CTAAEHOM APOMHOM KPEF1M

npn n oM o iiju  a h k e p o b a h u h

Pe3K)Me: B p a ó o ie  npeACTaBAeHbi m otoau nosbiuieHua onacHOCTu craAbHOti
apoMHOM Kpenn ripn noMouju anKepoBaHna. ripeAAoaceHHbie peneHUR 
OCCHOBbIBaKDTCfl Ha npeADOCblAKe COBMeCTHOM paÓOTbl CTaABHOH apOHHOfi KperiM 
M KpOBeABHbiX aHKepOB. r  AaBHOH DeABIO Bcex np6ACTaBA6HHblX M6T0A0B 
BSAfleTca aKTH8H3aunB ropH oro  MaccHBa, OKpywaiom ero ropt-Łie BbipaSoTKu, 
MaKCHMaABHoe ncnoAB30BaHne Hecyiąefi cnoco6hocrn  ropH oro  MaccHea u 
npeAOTBpaujeHMe n o tep n  yctokWHBOCTH.
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1. IN TR O D U C TIO N

The needs o f  working experience, associated with such a fact that the underground 
workings use to be situated in greater and greater depths, do require the support structures 
with a higher load-carrying capacity.

Load-carrying capacity o f  a steel support - similar like in the case o f  all the types o f 
supporting structures - is given by the final number o f  their parameters, i.e. static(al) 
parameters o f  a cross section, deformational and strength properties o f  materials, 
geometric shape o f  a structure, structural solution (joints, yielding, non-yielding, etc.).

The range o f  true values o f  the above-mentioned parameters is in a certain limited 
interval, and from  this such a fact follows that load-carrying capacity o f  a supporting 
structure can reach a certain limit only, which cannot be considerable exceeded.

The situation, in which load-carrying capacity o f  a support does not correspond with 
expected loading, has to be got-over by a changed access to the solution o f  a given 
problem. It is convenient to start from the NATM-principles and rules, nevertheless, to 
concentrate on perfect utilization o f  strength properties o f  rock mass and to eliminate 
factors, which lead to a groundless loss o f  rock mass stability. Suppost design should be 
aimed at a creation o f  an autostabile structure o f  rock mass. In accordance with this 
above-mentioned access, a real increase o f  own support load-carrying capacity cannot be 
reached at all, as it is given by selected technical parameters, neverthelesss, due to the 
autostability o f  rock mass, there are changes inside it, the outside phenomenon o f  which is 
a partial decrease o f  loading, which acts on a support. In accordance with this fact, 
supports can be used under such conditions,under which they could not be theoretically 
used at all without including all the influences o f  autostability o f  rock mass.

2. A C T IV  IT IE S  O F S T E E L  A R C H  SU PP O R TS

The proper practical realization is based first o f  all on usage o f  a combined types o f 
supports, the main type o f  which is a steel arch support, being lagged by means o f  a steel 
netting, with ro o f bolts and gunite. Many variants o f  various types o f  supports can be 
created, which are able to react to very specific geotechnic conditions o f  supporting.

According to their character, both gunite and roo f bolts have their own extraordinary 
abilities to contribute to the autostability o f  rock mass.

Desing o f  particular shapes and forms o f  the individual structures o f  combined supports 
has to be based on the analysis o f  the activities o f  their parts, extent o f  their mutual 
interaction, and the definition o f  their influences upon rock mass, incl. then quantification.

From the view-points o f  their forms and extent o f  their interaction, combined supports 
can be subdivided into these four below-mentioned groups:

1. Supporting steel support is underspun/upbolted by means o f  roo f bolts, which play the 
same function like the traditional supports would fulfilled. As a matter o f  fact, it is a new 
structure, which can be solved by means o f  the present methods w ithout any problem. 
Working realization o f  this type o f  a combined support has not been satisfying solved at 
present regarding its structure, as st andard steel parts and roo f bolts are used, which are
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interconnected in a way, being characterized with a considerable degree o f  improvization 
from the reason o f  mutual non-compatibility o f  both types o f  supports. A  new shape o f  a 
section o f  this support has to be developed, which would keep its present properties and 
which, at the same, would enable a simple anchorage by means o f  one roo f bolt in any 
point. A structure o f  roo f bolts has to be changed as well, ie .  first o f  all, its ending part, 
which outgoes from a borehole in that way so that it would enable both prestressing o f  a 
roof bolt and a reliable gripping o f  a support. Static solution o f  a support structure has to 
be completed with the determination o f  an expected area o f  faulted rock mass in directions 
o f  roo f bolts so that their length could be set. Other parameters o f  roo f bolts are set on the 
basis o f the intensity o f their reaction.

2 . Steel support is not connected to roo f bolts by means o f  its own structural bond. R oof 
bolts are situated in the middle o f  two frames o f  steel support. Both types o f  supports 
work separately. Their mutual interaction is realized by means o f  rock mass. Parameter 
design o f  both types o f  supports can be carried-out individually for each support 
separately. R oof bolts length is set in accordance with expected thickness o f the faulted 
area in the vicinity o f  a working, ro o f bolts pitch is set according to the pitch o f crack 
structures, which weaken rock mass in a tangential direction towards the working s 
outline, and furthermore, in accordance with roo f bolts load-canying capacity. The 
distance o f two adjacent rows o f  roo f bolts, i.e. two adjacent frames o f  a steel support as 
well, is set in correspondence with load-carrying capacity o f  steel arch support in that way 
so that balance between loading and load-carrying capacities o f  a ro o f bolt and a steel 
frame support would be kept. By means o f  a changed density o f  an- chorage, loading on a 
support can be well influenced in a certain extent.

3. R oof bolts in rock mass intersect the crack systems, surfaces o f  stratification, 
characteristic with a zero tensile strength, low shear strength being dependent upon the 
state o f  stress, which are a potential danger for both the occurrence and development o f 
open cracks and free spaces being characteristic for zones o f  a total instability. Their early 
mutual interconnection prevents from degradation of strrength properties in these places; 
artificial longer lasting interactions are created. From the view-point o f  rock blocks 
interconnection, the new structures are formed, having either a ring-shape, or a roo f bolt 
shape, going along the slope shape. These new structures can be not only self-supporting, 
but they can be able to carry certain out- side loading as well.

Ability o f  ro o f bolts also intervene in the development o f the state o f  stress and 
deformation in the vicinity o f  a working outline in these two ways:
a) In an active way, it can bring a part o f  a stabilization stress into rock mass by means o f 
prestress o f  roo f bolts,
b) In a passive way, due to roo f bolts rigidity, it can prevent from decrease o f  state o f 
stress in rock mass, which accompanies loss o f  its stability.

Loading o f  steel arch support will be lower and more equable due to a higher rigidity, 
and there will be smaller deformations o f  an artificial created ring-shaped structure, or 
roo f bolts structure.

Quantification o f  the above-mentioned factors is too difficult, nevertheless, at the same 
time, it is the basis for the expression o f  a contribution o f  roo f bolts to the autostability o f 
rock mass. Quantification o f  the autostabilization influences o f  roo f bolts within the 
activities o f  combmed supports have to be considered to be the basis o f  a possibility o f 
increased load carrying capacity o f  a combined support.
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4. Combined supports are not used at the same time (it is their characteristic sign, at which 
the autostabilization processes o f  rock mass are fully applied), i.e. their usage and 
applications are subdivided into several phases in that way so that a support, within a given 
time, would transferred a minimum o f  a stabilization reaction only, being needed for 
preservation o f  a stability o f  rock mass.

Gunit is a mean, which can flexibly react to an instantaneous situation, and step by step, 
it can increase the load-carrying capacity o f  a combined support with successive spraying 
o f  further layers o f  a gunit.

It is impossible to cover all the factors mentioned in points 1. - 4., as phenomena, which 
are their real cause, can be neither caught, expressed nor quantified by means o f  forms 
being adequate with forms in analytical methods.
Such steps have to be used and applied, which will be based on:
Monitoring, facts, which can be unambiguous determined (real deformation and a working 
plot o f  a steel frame, parameters o f  roof bolts, etc.), and their retrospective evaluation by 
means o f  the methods o f  an back analysis, to quantify the influences o f  anchorage and 
phase supporting, e.g. in form o f reduction coefficients o f  loading, or coefficients 
improving the strength and deformational properties in those parts o f  rock mass, which are 
situated within the influence o f  ro o f bolts.

The increase o f  load-carrying capacity o f  steel arch supports under such consitions, 
provided that a underground working, supported with steel arch supports, is situated within 
the influences o f  mining works, can be canied-out by the usage o f  roo f bolts. Nevertheless, 
the situation seems to be too complicated due to considerable influences o f  acting loading 
on a support, which will be dependent upon changes o f  a stress field in the vicinity o f  a 
working, which are associated with face advance and mining w orks continuation.

Steps o f  the determination o f  load-cyrrying capacity o f  combined supports under the 
conditions o f  the influences o f  mining works have to be based on a detailed analysis o f 
both time and space o f  the changes o f  state o f  stress within rock mass, which can be given 
by the methods o f  mathematical modelling and research on physical models only.

3 .C A LC U LA T IO N  D R A FT  O F A  C O M B IN ED  SU P P O R T - S T E E L  A R C H  
SU PP O R T SU P P O R TED  W IT H  R O O F B O LT S

Combined support ( in accordance with the activity 2 .) and its interaction with rock 
mass - from the view-point o f  statics - seems to be a too complicated system, the solution 
o f  which has to be based on some static simplifications and assumptions as well. 
Supporting and stabilizing function o f  ro o f bolts is combined with a supporting (passive) 
function o f  a steel frame, which - with its character, load-carrying capacity and 
deformation rigidity - creates a possibility o f  an occurrence o f  a faulted area in the vicinity 
o f  a underground working. These two static imaginations have to be well combined on a 
calculation model. To express the influence o f  ro o f bolts upon state o f  stress and fracture 
o f  rock vicinity o f  a w orking an implicite access - consisting in the determination o f 
additional parameters o f  strength o f  anchored rocks - has been selected. This step is 
advantageous as it allows to use standard algorithms for the determination o f  the intensity 
and shape o f  faulted area in the vicinity o f  a working 11/ both for the parameter
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determination o f  ro o f bolts, and for loading determination o f  the individual arches o f  steel 
support. Calculation and desing o f  a support can be characterized with these 
below-mentioned steps:

(a) Determination o f  a shape and a size o f  the faulted area in the vicinity o f  a working 
reflecting mechanical properties o f  rocks, a geologic section, rocks faults, working s shape 
and size, etc.
(b) Parameters proposal o f  an intermediate ro o f bolt in accordance with the theory o f  a 
"suspension" (o f  an arch), i.e. determination o f  the roo f bolts length, their load-carrying 
capacity, anchorage density, etc.
(c) Monitoring/checking o f  rock mass state after anchorage has been carried-out. i.e. 
implicite expression o f  stabilizing influence o f  ro o f bolts and determination o f  the faulted 
area o f  an anchored environment.
(d) Determination o f  loading o f  a complete steel arch in accordance with the arch theory 
with the consideration o f  the influence o f intermediate anchorage and static calculation o f 
an arch.
(e) Checking o f  load-carrving capacity o f  grating lagging

Fig. 1  . The working schemata o f  rock bolts endorsing the steel arch support 
Rys. 1 . Schematy robocze kotwi współpracujących ze stalową obudową kotwiową

Ghven static schemes are in Fig. 1

3.1. Determ ination of the area of faulted rocks in the v ic in ity  of a underground 
working

To cany-out this basic calculation, the MUSCH calculation system has been used, the 
basic algorithm o f which is described in [1], Program enables to determine the basic 
parameters o f  faulted area, and, the main influences, determing this area, remain to be 
respected. Fig. 4 shows the result calculation example. The size o f  a faulted area forms 
the basic information for further step o f  a calculation (see Fig. 1).
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Fig. 2.The decrease o f  vertical loading o f  a steel arch due to intermediate anchorage 
Rys.2. Spadek obciążenia pionowego łuków stalowych w  wyniku zastosowania kotwienia 

górotworu pomiędzy odrzwiami obudowy

Depth of bore  hole (m )

Fig.3 .The display o f  RQD index in rock mass bore holes around the opening 
Rys.3. Rozkład wartości wskaźnika RQD górotworu (wyniki oznaczeń dla sześciu 

otworów wiertniczych wykonanych w okół wyrobiska)

o f  measurements o f  quantitative characteristics o f  faults (e.g. RQD) o f  rocks. An example 
o f  such a step is given in Fig. 3, showing the RQD evaluations o f  six fan-shaped bore
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The failured zone around the opening
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Fig.4.The failure zone around the opening without anchorage 
Rys.4.Strefa spękania wokół wyrobiska bez obudowy kotwiowej

holes. From the curves course it is obvious that the faulted area is situated between 1.5 - 
2 . 0  meters.

3.2. Parameters draft of roof bolts

Within the first phase, roo f bolts have been designed in accordance with arch theory 
(theory o f  suspension) - Fig. 1 - in that way that its basic parameters are set:-

- Length o f a roof bolt 1,

l.= b H

lt - Length o f  a anchorage part o f  a roof bolt

b - Size o f  a faulted area

- Load-carrying capacity o f  a roo f bolt N„

1 sNs = -  7t b 3 tg  <p y +
2  tg  <p 2  tg  <p
ay | la y
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b - Size o f  a faulted area 
y - Volume gravity o f  a rock 

<p - Angle o f  inside friction o f  a faulted rock 
a - Distance between roof bolts in one row 
la - Distance o f  arches o f  a steel support

- Distance o f  ro o f bolts in a row  (a) is checked for a load-carrying capacity o f  grating 
lagging N p according to a relation:-

Np- Load-carrying capacity in the "a" direction (N = f .R ,J  
y max - Permissible deflection o f  lagging (m)

- Anchorage density (sv./m2)

3.3. M onitoring of rock mass state after anchoring

The MUSCH-program system is used again. Mechanical properties o f  rock anchorage are 
characterized with a coefficient o f  consolidation K ip, expressing the influence o f  roo f bolts 
in an implicite manner.
Anchorage strength o f  rock mass in pressure is given with this relation: - 121

s - Working s width in a height o f  1.7 m above floor 
X - Coefficient o f  lateral pressure 
ns- Anchorage density

Example o f  the solution is given in Fig. 4 and Fig. 5. Figure 4 gives the values o f  faults 
without any influence o f  roo f bolts. Figure 5 gives the values with the influence o f 
anchorage (rock consolidation).

^dm - R d m  p

b = s (0.039 s X -  0.1144 s -  0.83 X + 2.7224)
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Fig. 5 The failure zone around the opening with anchorage
Rys.5 Strefa spękania wokół wyrobiska zabezpieczonego obudową kotwiową

3.4. Determination of vertical loading of a steel arch of a support

The influence o f intermediate anchorage upon vertical loading o f  a steel arch is shown 
in Fig. 2. Decrease o f  a component o f  vertical loading qv is realized thanks to "suspension" 
(consolidation) o f  a part o f  anchored rock mass between arches, and it can be determined 
by means o f  a coefficient (p :

‘P = 1 -  h tg ^

(p - Angle o f  influence o f  roof bolt in faulted area ( (p = angle o f  inside friction o f  faulted 
rock)

Arch loading is given with this below-mentioned relation:-

t fv  = la  b y <p

3.5. Static calculation of a steel arch

After arch loading has been determined, static solution is carried-out by means o f the 
REVYZ program system (FEM - straight bars) according to static scheme in Fig. 1.

A steel arch with roof bolts, which form intermediate arch supports, - from the 
view-point o f  statics - is solved with the utilization o f  acting o f  passive resistances o f  rocks 
and result o f this solution gives all the necessary inside forces (M, N, Q) for the
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assessment o f  both a steel arch and increased ro o f bolts. Lengths o f  ro o f bolts have to  be 
checked in accordance with the height o f  a faulted area.

3.6. Checking of grating lagging

Loading o f  grating lagging is in the direction o f  a longitudinal axis o f  a working given 
with this below-mentioned relation:-

q(P) = _ [ a _ y
4  4 t g < p  '

Longitudinal force in grating is set with this relation: -

t ?  Q v  l a

F p - " 3 l 7

y - Permissible deflection o f  a lag (m)

Stress in longitudinal wires o f  lags:-

~ ¥la
fa- Surface o f  longitudinal wires o f  a lag (sq m/m)

4. CONCLUSION

The above-mentioned steps ensure the optimum design o f  a combined support o f  the 
underground workings based on an interaction o f  roo f bolts and steel arches. Software 
enables a complete automatization o f  this proposal.
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