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CHOICE OF SUPPORT AND ROADWAY ORIVAGE IN HARD ROCK MINING

Summary. In Polish cosl aining headings are driven at greater 
dept with the constant growth of their cross-sections. The average 
depth at which the Mining Construction Establishment performed the 
access operations reached 650 m in 1985. The approximate increase 
is 12 m per year. At great depth the growth of all types of pres
sures is accompanied by the occurrence of rock being less resisti
ve to the water effect. In such conditions, tunnelling and mainte
nance of roadways brings forth technological and economic problems. 
In many cases floor upheaval started only a few meters behind the 
face and ldid not stop even after several dinting operations. Ne
gative impact of floor rock extraction upon stability of neighbou
ring headings, especially near the shaft bottom, is observed. Ap
plication of arch support with the steel floor bar appeared as an 
effective method preventing the excessive floor upheaval. Therefo
re, a series of cloeed-profile arch supports of different strength 
has been designed. The developed selection principles base upon 
the evaluation of geotechnical parameters of rock, focusing espe
cially on the loss of strength due to the vater effect. Standard 
systems employing both roadhesders and blasting were developed.
They may employ all known types of tunnelling machinery, both wheel 
and caterpillar based. Tunnelling methods in difficult mining and 
geological conditions are illustrated by examples of roadway drl- 
vage with the proposed cloeed-proflie arch support reinforced by 
shotcrete.

1. INTRODUCTION

In Polish coal mining industry, access to new deposits is associated 
by the worsening mining and geologioal conditions. Access heading of lar
ger cross—section ere driven at higher depths; in rock of low geomechanl— 
cal parameters and often not resistive to the water effect. Therefore, 
particular sections of roadways are subject to different rock pressure 
imposed upon the support., depending on the type of rock, however growing 
constantly along with tha depth increaae. It also appears more frequently 
that it is raquired to driva roadways in the conditions of tectonic di- 
aturbancas as wall as roekburst and otuburat hazard.
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Zn such conditions obtaining satisfactory advancs with minimum maintenan- 
ca costs required a number of technological solutions, developed by the 
Mining Construction Establishment cooperating with the Research and de
velopment Centre for Mine Construction “BUDOKOP" and the Central Mining 
Institute. The recent paper describes the solutions for the proper selec
tion of support, preventing floor upheaval and ensuring the required drl- 
vage advance.

2. CHAIJACTER 1ST ICS OF MINING AND GEOLOGICAL CONDITIONS 
OF OPENING OPERATIONS

2.1. Geological conditions
The majority of opening operations is performed In the Upper Silesian 

Coal Basin, being a triangular trough touching with its basis the Carpa- 
tisn Mountains. Westernrand southern edges are characterized by the in
creasing fold dl8t|ribances along with the outcrop of older series. Apart 
from folds, numerous disturbances of fault character are preeent throug
hout the region. Some of them, often several hundred meters wide, end 
consainlng large water volumes create utmost hard conditions when sri- 
vlng through them by access headings. The strata are constituted not 
only by coal rock but also sandstone, mudstone and clays. For the sup
port selection, geotechnical parameters of carbon rock for particular 
layers of similar, llthological formation, were determined on the basis 
of statistical analysis, carried out for the depth of 1000 m. At present, 
the same parameters are being determined for strata 1000-2000 m deep.
As different to the Upper Silesian Coal Basin where excavation goes dee
per and deeper along with time, in Lublin Coal Basin operations were 
initiated already at great depth, i.e. below 900 m. In future the mining 
depth will increase. Carbon formations are composed here by the conti
nuous series of clays and mudstone with occasional and uncontinuous lay
ers of low grain sandstone. The majority of layers in which opening ope
rations are being performed represents low strength parameters (Rc »
» 20-30 MPa) and low resistivity to the water effect (r = aprox. 0.5).
It should be therefore considered that the original strength parameters 
of rock surrounding the headings will be lost due to the mine atmosphere 
effect. The calculated strata stability coefficient is characterized as:

(1)

where:
k0 - stress concsntrstlon coefficient. 
Rgi - rock compressive strength.
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£>Q - rock density,
M - depth.
The velue for the newly constructed Bines of Lublin Cgel Basin is twi

ce lower when conpared to the approximate vslues for the conditions of 
new Bines in the Upper Silesian Coal Basin.

2.2. Mining conditions
In 1985 flras grouped in the Mine Construction Corporation constructed 

Bore than 3.5 ka of shafts sunk from the surface, about 1.5 km of deepe
ned and inter-level shefts, 315 kB of roadways, including 225 kn in rock 
as well as 1 Billion a3 of chaabers. 65% of headings were horizontal 
whereas the remaining 35% either dipped or raised. 90% of faces were dri
ven in methane hazard conditions.

The average c'apth of opening operations reached 660 a in 1985 to in
crease by approximately 12 a a year. At several mines faces are driven 
at the depth of 1000 a.
It was long ago that mining construction firms had practically two types 
of support at their disposal. They were:
- open profile arch eupport of KS/KD-21 bars for roadways,
- brick lining for chambers.

It has been only during the last twenty years that the choice of sup
port available was considerably widened. At present we employ a series of 
modern arch supports of 21-44 kg/m bars and a wide ranga of sheath sup
ports. Closed-proflie supports become also more sophisticated construc
tions providing better tunnelling performance.

Rock headings are driven traditionally by blasting whereas the majo
rity of coal/rock headings employs roadheaders. Mechanization with the 
blasting technique used includes a side loader moving coal onto the scrap
per conveyor or directly for the cars as well as shockrotary manual drills 
working from e prop- or a drill jumbo. Car handling on the switching pla
tes employs windlasses. In headings of larger crose-sections roof-sus
pended self-powered platforms as well as unite for arch support setting 
pro being commonly introduced. In the conditions of soaking floor a side 
loader is often replaced by two LZK-6P back loaders.

The most popular roadheader for rock/coal headings le AM 50 manufac
tured in Poland under Voeet-Alpine licence. Purchase of the full-face 
shield for driving roadways in stonels being considered.

Oepending on the equipment and type of rock the advance per month 
ranged from 80 m with two back loaders and manual drilling to 200 a In 
faces equipped with e side loader and a drill Jumbo and 300 a for coal/ 
rock headings driven by roedheaders. At present, the averege cross-sec
tion of roadways equals:
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- 17.00 a2 (in rook).
- 16.00 a2 (in coal/rock).

2The share of rock roadways of cross-aectlon above 20 a increases per- 
aanently. Renova1 of the heaved floor employs "Niwka" floor loader.

3. DIRECTIONS OF DEVELOPMENT

3.1. Principles of support eelectlon
The increasing application of arch support, combined also with roof 

bolting and shotcrete, new types of steel profiles for arch support and 
consequently higher investment and maintenance costa made it necessary 
to develop principles of support selection appearing as s simple engi
neering procedure.
The method developed by the Research and Development Centre "BUDOKOP* ba
ses upon calculation of the load imposed on the support and selection, 
on the basis of respective nomograms, of spacing of the arch support ga
ses or arch support reinforced by shotcrete or bolts, or by both (4).

The load imposed on the support is determined through three parame
ters :
- approximate rock fimnesa - z ,
- depth - H ,
- headings width at the support cross-section - aQ
where rock fracturing and soaking around the haadlng are expressed by the 
respective rock weakening coefficient k. The values of qQ calculated 
for Zg » 2; 2.5; 3 and 4, H « 400-1100 m and sQ ■ 3-10 m have been 
listed in respective nomograms (1,4).
The nomograa for - 2 is presented on Fig. 1.

On the basis of theoretical and empirical investigations, strength of 
single gates was determined for different size and for sections of 21-44 
kg/a weight. Three types of support-rock interaction ware considered, 
i.e. for weak, stone packing, strong stone packing and mortar. The re
quired gate spacing is read out from the corresponding nomograms presen
ted in the paper (6).

Respective nomograms were prepared also for arch support reinforced 
with shotcrete and bolts (4).

3.2. Support construction
Till now maintenance of a heading where floor upheaval occurred, em- 

ploed dinting with the use of a floor loader.
With some types of rock even several dinting operation could not stop 
the heave. It wee also observed that excavation of the rock hae negative 
influence on neighbouring headings especially in the shaft bottom area.
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Fig. 1. Nomogram of characteristic load values qN for average rock
firmness zg = 2

Rys. 1. Nomogram wartości obciążenia charakterystycznego qN dla śred
niej zwięzłości górotworu zg = 2

In one of the mines excavatiion of large quantities of floor rock in the 
shaft bottom area resulted in destruction of the shaft lining above the 
level as well as destruction of the shaft bottom support. Under such 
circumstances closed-profile support has been successfully introduced.
As direct construction of the support at face reduced considerably the
advance, a series of closed-profile supports was developed being adapted»
for two-phase setting (7). Moreover, the performed underground tests in
dicated that despite significant destressing of floor rock some delays 
in setting the floor bar are not only possible but even recommended in 
certain conditions.

Gates of the cloeed-proflle support incorporate usually standard roof 
arches, extended sidewall arches end floor arches. Couplings of roof ar
ches with sidewall ones ere typical yielding joints shsreas connections
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of floor bar* with eldawall archaa are aquaria or articulated joint*. Two 
type* of cloaed-prof11* gatea are diatlngulahed:

atandard - with typical alze of roof and floor bar joint laps 
reinforced - with laps extended.
Arch construction specification and overall diaenaiona are exemplified

by:
- tPPZ-V29-S support (Fig. 2).
- tPPZw-V44-4P support (Fig. 3).

Fig. 2. Construction and overall dimensions of tPPZ-V29-S arcn support 
Rye. 2. Konetrukcja 1 wyaiary charakterystyczne odrzwi obudowy tPPZ-V29-S

3.3. Roadway drlvaoe technology with cloaed-profile eupport
Roadways with tPPZ support (heightend cloaed-proflie yielding arches) 

are driven full face with flat floor employing standard mechanization 
systeas: convertional or roadheaders. Directly at face open profile helgh-| 
tened gates are eat. Floor bars are set without prior dinting, at appro
ximate distance froa the face, regardless the face operations being per
formed. Along with floor bare setting artificial floor of the beading is 
constructed by filling the floor apace by tho axcavatad material.
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Fig. 3. Construction and overall dimensions of tPPZ-V44-4P arch support 
Rye. 31. Konstrukcja 1 wymiary charakterystyczna odrzwi obudowy tPP-V44-4P

The tunnelling technology is illustrated by two examples:
- conventional method (Fig. 4),
- roadhearders employed (Fig. 5).

The presented examples of driving roadways with tPPZ heightened clo- 
sed-proflie arch support are significantly advantageous when compared to 
tunnelling with closed-profile support set at face in one phase. It- ena
bles parallel performance of face operations employing typical machinery 
moving on the natural flat floor as well as setting floor bars and fil
ling the floor with the excavated material. Therefore, the obtained ad
vance is only slightly lower than in case of the same machinery and on 
open profile support. When closed-profile support was set at face during 
one phase, advance decreased nearly by 50*, whares one of the presented 
tunnelling methods with tPPZ support resulted in advance decrease not 
higher than 10*. The coat of 1 a of heading driven with tPPZ support is 
30-40* higher than tunelling with open-profile support.
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4. EXAMPLES OF APPLICATION OF LRPZ CLOSED-PROFILE SUPPORT

4.1. For driving roadway In the fault area

4.1.1. Mining and geological conditions
In 'Lenin'' colliery at the level of 465 ■ it was necessary to drive a 

water heading parallel to the belt conveyor heading. The heading was to 
pass the "Ksieiccy" fault of total throw h « 420 m and highly watered 
fault area of 200 ■ in length (Fig. 6). Numerous difficulties were met 
when driving the belt conveyor heading, which resulted in considerable 
delays, e.g. large floor upheaval and closure of the open-profile arch 
support occurred .already before entering the fault area. The heading had 
to be reconstructed and the finsl support setting consumed much time and 
large quantities of material. Therefore, two technological and technical 
projects were provided by the research centres of the Mine Construction 
Establishment for driving the water heading. They Included guidelines to 
follow when delving the heading outside and Inside the fault area. The 
water heading was localized in Orzesze layers mainly in mudstone. Mudsto
ne is characterized by high soaking rate (r - approx. 0.6). Avarage rock 
flrmndss at sections outside the fault araa, determined according to (l) 
equaled zg » 2.8. The designed cross-section of the water heading was 
F • 10 m2 , i.e. employing arch support of size 7.

4.1.2. Selection of support construction

Outside the fault area
Employing the methodology described in paragraph 3.1 the value of load 

imposed on the support was calculated by interpolation of nomogram values 
for Zg ■ 2.5 and z^ ■ 3, H ■ 465 m and e0 ■ 4.35 a, qc « k, 
qjj ■ 0.08 MPa.
Considering low strength of mudstone and low resistivity to water the 
adopted construction was the heightened closed-profile yielding arch sup
port made of V29 aections: type 7 LPPZ-V29-S.
The gatee spacing for qQ >0.08 MPa was read out from nomogram for 
weak, hand laid packing d ■ 0.75 a.

In the fault area
Guidelines (4) recommend individual determination of the calculated 

load in the fault zone. It has been evaluated that in a highly watered 
fault zone, rock containing mainly olaya is not firm enough to transmit 
the original pressures! it is then treated as a loose rock. It la esti
mated that in fault zonea, the height of such rock deposit above s hea
ding may reach a dozen or oo ootara. Therefore. q0 • 0.5 MPa was adop-
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tad for tha calculations. Such high load cannot ba borna by a yielding 
arch aupport, even when providing perfect cooperation with rock. There
fore, It haa been decided to use the sane heightened¡yielding arch support 
type 7 tPPZ-V29-S, as el sections outside the fault zone, however with 
the width d « 0.5 e, with ahotcrete layers of B1 0 class, g • 0.2 n 
thickness. According to the noaograa the strength of such support equals 
aproxiaately 0.6 MPa. T

It was required to drive a roadway in clay of Multiple thin layers not 
resistive to the water effect (r » approx. 0.5). Average firnness of rock 
was eetloqted as z^ » 2.0. The calculated value of load lapoeed upon 
the support of width at the inside disaster eQ ■ 4.2 a was deteralned 
on -the basis of e noaograa - Fig. 1; q^ ■ 0.27 MPa. Considering the 
eoaklng coefficient r » 0.5 and starata of Multiple thin layers the . 
value should be Multiplied by the rock weakening coefficient k « 2.

q0 - k. • 2. 0.27 « 0.54 MPa

For such conditions the selection of support pointed to the yielding 
closed-profile arch, type 7 tPPZ-V29-S of d • 0.4 a in width solid con
crete packing. The working’ ^yielding) strength, deteralned on the beele 
of noaograaa (6) equals qz » 0.60 MPa for this "type of aupport.

4.3. Beeults of the perforaed investigations
In order to evaluate the appropriate selection of the support construc

tion end aethod of its setting, aeasureaenta were carded out to indlcete 
the support dieplaceaent and yield at jointings. The concrete surface was 
observed ea well. Measureaent date for the floor bar dlsplaceaent in the 
fault zone and the date for weak cleye at great depth ere presented on 
Fig. 7.

Analysis of the perforaed aeasureaente end observât lone indicated 
that i
- after 360 days of observation the vertical convergence of the heading 

equaled 1.2% in the fault zone pnd 3.1% in weak clays at-great depth; 
the vertical closure was respectively 1.2% and 0.9%. Construction of 
the support and aethod of its setting were thus chosea properly;

- the applied floor bar of rise T • approx. 0.25 a presents the hea
dings against floor upheaval. No flexure or destruction of the floor 
bar has bean observed so far;

- at sections, were it was required to reinforce the upper part of tha 
aupport. tha steal floor bar protected tha floor against upheaval.
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Fig. 7. Measurement data of ŁPPZ support floor bar displacement
- in the fault zone: continuous line. - in weak olays: dotted line

Rye. 7. Wyniki pomiarów przemieszczeń spęgnlcy obudowy ŁPPZ w strefie
uskokowej

5. SUMMARY AND CONCLUSIONS

One of the elements making tunnelling operations and maintenance of 
roadways difficult is the necessity of dinting the floor behind the face, 
often for several times. In case of clays not resistive to the wster ef
fect, or rock with multiple thin layers, occurring in the floor, upheaval 
appears already at low depth becoming more troublesome with the dept in
crease. In many mines it was noted that multiple dinting and removal of 
large quantities of. the appearing rock imposes a negativa impact on sta
bility of the neighbouring headings, especially at the shaft bottom.
It is estimated that protection of the long-lasting headings against 
floor upheaval with the use of steel floor bars is beneficial and well 
justified when at least double floor dinting is needed. In multi layer 
rock the bar rise should equal T > 0 . 2 5  S. In coherent rock it may be 
required to increase it. The distance from the face, at which the floor 
bar was set, depended on local conditions and did not exceed 50 m. 
Decrease of drivege advance in case of two-phase setting of the eloaed- 
-profile LPPZ eupport la unslgnlfleant. Advantages of protecting floor 
with the floor bars wars observad also whan support of tha roof and side- 
walla wore reinforced by shotcrete.
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DOBÓR OBUDOWY I SPOSOBY DRĄŻENIA WYROBISK KORYTARZOWYCH 
W TRUDNYCH WARUNKACH GÓRNICZO-GEOLOGICZNYCH

S t r e s z c z e n i e
Wyrobiska udostępniające dręione sę w krajowym górnictwie węglowym na 

coraz większych głębokościach, a ich przekrój poprzeczny stale rośnie, 
średnia głębokość, na której Zakłady Robót Górniczych prowadziły roboty 
udostępniające, wynosiła w 1985 roku w polskim górnictwie węglowym 650 m. 
Rośnie ona średnio o ok. 12 a na rok. Na duZych głębokościach obok noto
wanego wzrostu wszechstronnych ciśnień, pokładom węgla towarzyszę skały 
coraz mniej odporne na działanie wody. W tych warunkach, zarówno dręZe- 
nle wyrobisk korytarzowych, jak 1 ich utrzymanie stanowię problemy tech
niczne 1 ekonomiczne. W wielu przypadkach juZ kilka metrów za przodkiem 
zaczyna się zjawisko wypiętrzania spęgu, które nawet po kilkakrotnym spę- 
gowaniu nie ustaje. Obserwuje się niekorzystny wpływ wybierania skał spę- 
gowych nś stateczność eęslednlch wyrobisk, zwłaszcza w obrębie podszybia. 
Skutecznym sposobem zapobiegania nadmiernemu wypiętrzeniu spęgu okazało 
się zastosowanie obudowy łukowej ze stalowę epęgnlcę. W tym calu zapro
jektowano typoszereg obudów łukowych zamkniętych o zróżnicowanej nośnoś
ci. Ola ich doboru opracowano zaoady projektowania, bazujęca na ocenia
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parametrów geotechnicznych skał, zwłaszcza ocenie utraty wytrzymałości na 
skutek działania wody.

Opracowano typowe układy aechanizacyjne do drążenia kombajnowego i za 
pomocą MW, w których stosowane mogą być wszystkie znane maszyny przodkowe 
na podwoziu gąsienicowym, jak 1 na podwoziu kołowym.

Sposób drążenia w trudnych warunkach górniczo-geologicznych zilustro
wano na przykładach drążenia wyrobiska korytarzowego w proponowanej obu
dowie łukowej zamkniętej oraz wzmocnionej betonem netryskowym.

nOUBOP KPEM H CnOCOBH nPOXQUKH Y3KHX BHPAEOTOK 
B TpyjlHHX rOPHO-raOJIOrHHECKHX yCJIOBHHX

P e s D u e
B noxbcxax œ ax ïax  mxpexa Bexyxca aa Ôoxbmax rjty ô aaax  c qoctoahhum  yB e- 

xaaeaaeH  nonepeaH oro c e a e a a a .  Cpexaa a  rx y ô a a a , a a  xoTopoft sejiHCb paO oiu b 
1985 roxy» cocxaBXHJta 650 aexpoB . r o x o b h U npapocx rx y ô aau  b  cpejH eu 12 u e -  

TpoB. Ha óozbmoił rx y ô a a e  yB exaaeaae xasjieHHH conyxcxByior noKBJieKae cnaji 
iieaee  ycTo#TOBhix a a  BosxeftcxBae b o a u .

npH npoxoxxe toHHeJieft a  Aopor b xax ax  y cx o saax  b osbbk& io t T e x a o x o r a q e c -  

xae  a sKOHOMaaecxae npoQ xeau. Mact o  n o x H flx ae  xpoBxa aaaaaax o cb  b a e c x o x b -  

kbx a e ip a x  oz aaOoa a  ae  oozaHaBzaBanocb xaxe nocxe aecxoxbK ax noxpuBox.
SaaeqeHO oxpaqaxexbaoe B xaaaae BHpaôoxxa Ha cxaÔ azbaocTb co cex aax  3 a -  

O o e B f  ocoO eaao b6xh3h oxanocxB oxbaoro  xsopa» B xaaecxB e 3<p$eKXH3Horo xeT o- 
x a  n p ex o x p aaeaaa  xposxa  nepex  noxB H iaea npaxeaaD Tca apoaaue noxfiopu co 
oxanbHUM cx ep x ae tt. IIosxoMy 3anpoexxapoB aaa ce pan ap o aaax  n o x n o p  p a3 JiaaH o 8  

chjih  c samcayruM npo$aaeM .
C exexaaa  ocbob o n ap aex ca  Ra opeaxe re o x e x a a a e c x a x  napaaexpoB c x a a u , o c o -  

C eaao xoaneaxpapyHOb a a  noxepa caxn  nox xeftcxBaeu b o x h .  PaaBaxu cTaHxapT- 
a a e  c a c x e u ti, a c n o x b sy n ia e  Bee asB eczaue  xanu y c ip o ftcx s  a j i h  npoxoxxa xoHHe- 
x e fl, xax K oaecEue, xax  a  ryceaaaH H e. Mexoxa npoxoxxa xoHHexe« b xpyxaax 
ro p a u x  a  r e o a o ra a e c x a x  ycxoB aax npexcxaB xeau a a  npauepe apoaaux  aupaCoxox 
e npexAoxeHHOtt noxxepxaBaJoqeft apxott c  saMxayxuu n p o $ ax ea , ycaxeaauM  x o p - 
x p e x -ô e x o a o a .


