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Drift Support Estimated by " Critical
Depths" Method

"Kritik Derinlikler" Yontemi ile Galeri Tahkimati
Haxhi SAUKU (*)

ABSTRACT

In this paper, following an introduction on the coal mines and their
rift supports in Albania, the possible ways of analysing drift stability
have been treated and the "critical depths" method has been presented.
Rock mass quality and rock mass- drift support interaction have been esti-
mated by a mathematical approach. In situ stress fields and eight possible
classes of drift supports used in Albanian coal mines have been given
graphically.

It has been concluded that, for a more economical support, it is
fundamental to change the existing support structure by using more effec-
tive drift support system.

OZET

Bu bildiride, Arnavutluk'taki kémir madenleri ile galerilerde uygu-
lanan tahkimatlarin tanitimini takiben galeri durayliligini analiz yol-
lari iglenmig ve "kritik derinlikler" yéntemi sunulmustur. Kaya kitlesi
kalitesi ve kaya kltlesi- galeri tahkimati etkilegimi matematiksel bir
yvaklasimla tahmin edilmistir. Birincil gerilme alanlari ve Arnavutluk
kémir ocaklarinda kullanilan sekiz olasi tahkimat sinifi grafiksel ola-
rak verilmistir.

Sonu¢ olarak, daha ekonomik tahkimat ig¢in, mevcut tahkimat yapisinin
daha etkin galeri tahkimatlari ile degistirilmesinin 6nemi vurgulanmak-
tadar.

(*)Prof. of Mine Constructions, Technical University, Tirana
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1. DATA FOR COAL MINES IN ALBANIA

Actually, in Albania, coal mining is developed in three
zones: The south eastern, the south and the central one, all
in the Tertiary formations from Eocene to Pliocene age.

In the south eastern zone there are some coal deposits:
The older deposits of the country (Eocene - Oligocéne) near
Korca, the middle-aged deposits near Pogradec and the later
deposit near Erseka (Bezhan).

In the southern zone it is found the best quality coal
deposit of the country (Memaliaj) near Tepelena.

In the central =zone near Tirana there are some coal
deposits in different horizons of the new Tertiary field.
There are three coal mines in activity and the principal of
them is the mine of Valias.

1.1. Short characteristics of the coal mines

In each of the mentioned coal deposists it 1s applied
underground mining. The individual mines developed the
workings on two, three or more seams, horizontal extent of
which 1s from three to more then ten kilometres. The
thickness of the industrial seam is of 0.4 to upper 3 metres,
when their inclination vanes from flat bedded to edge seam.

The mines have a productive capacity of 0.2*0.6 Mt per
yvear and their exploitation fields are a few square
kilometres to more than 10 km .

Mine layouts are of wvarious sorts (shafts, drifts,
inclines) and development works in main and working levels
are compounded by haulage and development drifts, parallel
headings, cross-cuts, raises and other drifts.

The main used working system in the different coal mines
is the wall system (long and short walls) by caving and
rarely are applied room pillar caving and working in slices
systems.

1.2. Drifts and their support

Drifts, as mine layout and developement works, are the
most problematic in our underground mining. Their support and
maintenance is the object of many studies and estimations for
an economical drifting and exploitation (1).

In all the coal mines, annually are worked about 130km
drifts and so much are in maintenance and ligquidation. The
used cross sections are 4*14m , but more frequently ars the
5*¥8m" ones for single railed drifts and more then 10m" for



the double railed ones in the 15*18X of the total
prol ongati on.

The characteristics of the formations encountering dri
are variable in the different coal deposits and often in
same mne. That depends on the geological age and struct
lithological composition of the deposits and the dr
position in them

Strength data for intact rocks in uniaxial compression
(<fc)  of ~ specimens from the principal coal mnes are
graphically described in figure 1. It means that, after the
engineering classifications, they are rocks of a very |ow,
low and medium strength. Practically, in the coal deposits,
rock material is compounded by indurated or poorly cemented
materials (shales, nudstones, marls and sandstones), which
often are ver sensible against the water (plastic
deformations and swelling phenomena associate the contact
with them).
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Figure 1. ac data for characteristic rocks of coal deposits.

Lay out drifts, at ruling, are supported by concrete or
prefabricated concrete blocks lining (0.25*0.4m thickness).
There also are used drift supports with prefabricated sets
and, in very heavy conditions, full circle concrete lining or
double concrete and prefabricated rings (total thickness
0.6m. Seldom are used Dbolting, grouting and their
conbi nati on.

Devel opement drifts are supported by timbering and by

steel arch sets (opened systems). In the wunstable floors

steel elliptical or circular ring supports (closed systems)
are used.

Many problems of choice and specification in drift
support» are investigated by the Mning Research and Design
Institute (ISPM) in Ti-rana in cooperation with other
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specialized institutions and specialists of coal mnes. In
mnes are observed the l|oading and the deformations of the
applicated supports and the displacenment of the rocks around.

2. '\CA]_KAI‘ESSSIFIOATIO\IG:RCIXI\ASSESAI\DD?II—_I' STABILITY I N COAL

Mning engineering practice in various coal fields gives
us a great nunber of classifications of rock masses and drift
stability. The sinplest are based on a few parametres as the
rock strength (oc), depth (H of the workings or the |oadin
colum of the overburden rocks (?H (y- density of rocks) an
the wdth (B) or the cross section (S of the drifts. The
nost conplicated are based on geomechanics é)r.ocedures and
technical or technol ogical data for advancing drifts.

Qur mning engineering practice has accepted both forns
of classification, with our specific interpretations.

2.1. The sinple rock nasses and drift stability
classifications

A logical local generalization of the drift (rock nmasses)
stability and the agglql cated support systens is given in the
classifications of and Donbass coal fields (2). The first
is represented in table 1. As principal classifying criteria
is used the rock Iloading index RJI=Hc»o. In these
classifications are distinguished four classes of rock masses

drift stability for 4m drifts wdth). The fourth class
R > 0.45) presents a very unstable rock mass wth floor
épl acenents in the drift.

Table 1. Qassifications of drift stability in CKR

P Par anetr es - \r k
Dift's Recommended drift 5
stability| H IfH supports paranetres

de - Li ght t t Pk _kPa szlé*nm
i ght support systens
Stable |<0.8) <0.2 II\_AIgQIt arcﬁ steel sets *150 150
e support systens:
ﬁg&sg 81; 0'024; prefabricated supports 158;0 20820
: and arch steel sets
Seel ri n?s and prefabri -

Unstabl e >18 | >0.45|cated renforced concrete | >250 | >250

rings

Analysing all the drifts situated in the coal mnes of
our country and fixing their cross section in S9m, the



average index RLI is as in figure 2, but the factic index in
many nmining levels is often over YHcc=0.8. So, the above
nmentioned classifications are inconvenient and we need a nore

repr esent at ive one.
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Figure 2. The RLI distribution in different coal m nes.

2.2. The conplex rock masses and drift stability
classifications

There are many engineering and geotechnical rock

classifications and nost of them are centred on tunnel design
and construction.

In mning support problens, it widely is used Beniawski's
classification, which with sone nodifications is also used by
al bani an authors for engineering approaches in drift support
of metal mnes. Another rock nasses classification, proposed
by Beniawski for USA coal mnes, is conbined with Lauffer's
diagram to estimate the rock support for roons in- room and
pillar working system (3).

In both cases, statistical' analysis are used describing
the correlation of geomechanical paranetres with types of
rock support w thout calculating for the probable pressures
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and deformati ons of rock nmasses.

~ Through these "inproved classifications'* it is very
difficut to operate for other coal fields, which are very
different in rock characteristics and |ocated mning objects.

~Qur mning practice required also prognostic data for
mning support in different depths. A serious help in this
way our designers have found in the "Conplex nethod of
critical depths" (4), which, in the last ten years, is
corrEI eted and applied for nmany local and national research
wor ks.

3. THE "CGOMPLEX METHCD CF CR TI CAL DEPTHS' ANALYSI S

~ Mre than 30 years of systenmatic observations in coal
mning and drift Support convinced us that, for a better
know edge of all the probable situations in rock masses
stability, we must have a clear vision in:

a) rock masses structure of the coal deposits, their
natural geotechnical characteristics as laying, bending,
fracturing, alteration and water containing;

~b) single rocks physi co-nechanical characteristics (at
m ni num | aborat ory ones)’;

c) space location of mning workings (depth and
voluretric distribution);

d) technical characteristics of drifts: cross section
(shape, wdth and height), orientation in the structure,
service life;

e) technol ogi cal characteristics in construction (nethods
of construction and rhyt hmes).

~The conplex nethod, in each case of drifts stability,
esti mat e:

-The stead-fast Ilimts of rock masses a(R)gi nst the
stresses, expressed by the general Taw of Coul onb- Mhr;

-The critical stability conditions for drift roof, side
\(/j\allﬁ)and floor, each of them separately (the critical
ept hs);

-The unstable (non elastic) zones around the drifts, the
attended  "nornal pr essur es” and  "nornal cont our al
di spl acenents” in the prescribed conditions;

-The interaction rock nmasses-rock support;

-The developnent in tine of the prognosticated rock
pressures and di spl acerent s.

The whole nethod is wdely exposed in the nonographic
publication (5).
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3.1. Rock nasses critical equilibriumstate (natheratical
appr oach)

As a "quasi elastic nedia" which characterizes rock
masses, critical equilibrum state can be mnmathenaticaly
expressed by:

T =0 tgdm + Cm (1)

X, 0 - shear and nornal stresses;
On - the internal cohesion of rock nases;
$m - the angle of internal friction.

The correlations between OQn 4* of rock nasses and C $
for the conpact specimen, fromthe structural blocks of the
rock can be approached (4) by:

Cm =€/ [1+ B -In((8,h)n))] (2)

tm = K @ (3)

B, h- drift wdth or height (the greatest value), m

n - nlu_nber of interblock fractures per 1 m contoural
i ne;

Bp - weakeness coefficient: [ =0.67*7, for nornmal coal

deposits Bo=". 2*2. 8.
ko - 0.8 * 0.98.
The coefficient By can be fixed after a detailed

estimation of the eight groups of natural, technical and
technol ogi cal factors (5).

3.2. The critical depths

Anal ysing the problens of the critical stability in roof,
wal | -side and floor drifts area after the theory of limt
equilibrium in asynétrie charged areas %Prandt and arches,
three critical depths are distinguished: , H2, ,
respectively for the drift roof, wall-side and floor,
estimated as:

CI!
H.= N ; (4)
Ko Y8 ng= Mg
2 ¢ tg 90;%
H2= kt.kn-'x ’ (5)
Hoe c, Ghtadn . 2 90+ew 6
3° ZK -K_-7 tgem 8 7 (6)
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a=B2; »=v/(t-0); v - Poissons ratio;

k - near workings influence coefficient;
ki - side-wall stress concentration coefficient.
In honbgenous rocks is H < H < H3, but if the

fracturation of themchange, it can be H a H2. If the drifts
are in heterogenous rocks and the floor is on very weak ones,
it can be H3 < H2. That is also verified by nodels wth
equi val ent materi al s.

For a general view of drift stability with variability in

cross section area and depth, it is wused a graphical
resentation in parametric coordinates J—=. , LM (figure 3
P " P ] < 5o (fig )

where So=4m is an etalon mnimal cross section.
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Figure 3. Drift stability fields
[-Full stability; Il-Roof instability; |III-Roof
and wall sides instability; IV-Full instability.

By H, H2 and H3 curves (in fact they are zones), four
drift stability fields are separated:

- Full stability for H< Hi;

- Roof instability for H * H < Ha;

- Roof and wall sides instability for 2 * H < H3;
- Full instability for H* H3.

In each of instability areas, the non elastic zones are
created, which increase with the depth.

3.3. "Nornmal" rock pressures

"Rock pressure' results as an interaction between
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deformed rock masses and drift support. W have distingui shed
the "normal rock pressures" as a conventional case of the
deforned elastic =zone around the drift. This action is
controlled by the operating laws in elastic masses (4). The
formulas of normal rock pressure calculation in rectangular
drifts for the three instability fields are expressed in
table 2.

Normal rock pressures are calculated in kPa as roof
normal pressures (pr), side-wall normal pressure (ps) and
floor normal pressure (pr). |In square drift cross sections
are pr > ps > pr (for honpbgenous rocks). Usually pr is the
representative of the maximal drift normal pressure.

Table 2. The formulas of normal rock pressure in rectangul ar

drifts.
R srb: b a
H1SH<Hz 24 h R =¥B;  BE - Co
- 23 voem + 2]
u p‘_=7b1; b1= N at e
D0, | 2[x tovm + o]
< ol 7 -
H2SH<H3 219 n a1 = a + h tg 902¢m
2a, N 2 90-¢m
P, = =5 (2b1 + h) tg —5
ae
. pr=?bz; bz= = o
90, o
Z %ﬁ % g0y
H % Hs 7 ) azsal+2a e tg—é——"-
/A i 2 90-¢m
WV/ ps=—é—(2bz+h}tg =
7% A
2a2 -RtgPm , 2 90-9%m
P.=2Y(b2 + h)e tg ===

Gaphically, by isolines, we can separate the nornal

pressure fields, as are distinguished by other authors as
well. They are:

- low pressure field: pr = 0 * 50 kPa;

- mddle pressure field: pr = 50 - 150 kPa;
- high pressure field: pr = 150 * 300 kPa;
- very high présure field: pr > 300 kPa.

In figure 4 are represented the probable pressure fields
for rock masses with »=0.3, g, =2.5 and no = 2.
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Figure 4. Rock pressure fields.
[-low, 1l-middle; HI-high; |V-very high.

3.4. The interaction rock masses - drift support

As a rule, nornmal rock pressure is present in the
supports with a controlled yielding, where their reaction
(pk) is nearly equal (pk ss p;y).

By using the theory of the conpression and deconpression

in elastic nmedia (5), cont our al di spl acenrent of the
Pg_n-el astic zone "i™ " supported by a reaction "E> " is equal
u.s K- z: -'lr:k";;:'H , om (7)
Ll
K = ?—O-kpi°n-e “ (8
k| = Sp/Se, index of rock plasticity determ nated from

stress-strain cu>ve, during the specinen tests in
uni axi al conpressi on;

SP, Se - specific work for plastic and el astic deforna-
tion;
n = 2:kn-y-H/9¢

The normal contoural deformation case (u,= u ) is for
k r

pk=pr. when stiff or less stiff supports are used by u < u
is pk > pr, often several tinmes'greater.
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3.5. The devel opment of the contoural displacement in time

It is observed that the contoural displacements in tinme

, With an acceptable approximation, can be expressed by
he devel opment equati on:

_ ) _ -5t
R N [1 & ] (9)
u - the attended naxinal displacements for a reaction
max
pk;
t - time of the activity of the support system in

mont hs; .
5 - connective paraneter evaluated & & kpl°k“-—gl:_,'—

When in a drift are used two support systens (initial and

per manent supports) the formula (9) can be used to estimate
the favorable time of change.

When pk < pr, the support can resist for a tine t, in
which will be pr<t)= pk.
During the displacenment neasurenent in place are

estimated also the mean velocity of deformation and the full
time of their developnent (t = To) for a uo = o0.99unax.

4. SOME EVALUATI ONS AND CONCLUSI ONS

4.1. Observation and cal culation agreements

.Analysing- the drift support problem for each nine
separately and, in general izated way, for the country is
observed and cal cul ated that:

a. The nost aval uabl e way for drift support
classification is using the boundary values of normal rock
pressures and the rock |oading index. The nmpbst representative
interval of rock- pressure is about 20 kPa.

b. In each m ne, tw or three classes of rock support are
represented and for the whole country, in total, are eight of
them |In each class, for rock support, can be used different
systens and materials in layout and devel openent drifts.

c. The distribution of the nornmal rock pressure in drifts
with variable nedium cross sections from a nine to another

can be reflected clearly in paranetric graphics - ————go rH

Jgeo
as in figure 5. For a sinmple, -infornative representation can
be used also the oc, H graphic, in which the normal pressure

isolines are calculated for a statistical medi um cross
section. In figure 6 is represented the normal rock pressure
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Situation in all the mnes for the Sxtf cross

section.
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Figure 5. The distribution of normal rock pressure in drifts

of different coal mines.
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Figure 6. The normal rock pressure for 9m cross section

drifts.

d. The R i ndex interval s for
classification are variabble and depend fr
quality and the representative cross section.
with no=2, and 9m drifts, HR. intervals
classes are as in table 3.
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Table 3. The RLI intervals for different support classes in
drifts with 9m cross section.

Drift support |
cl ass

RLI interval |0.040/0.091 0. 136 0.226|0.331|0.451|0. 600
(TH ac)

Il M1 v \Y \Y/ Vil (VI

>0. 8

0.090|0.135/|0. 225 0. 330/ 0. 450/ 0. 600|0. 800

If n* 2, the respective intervals we can obtain also
graphically as in figure 7.
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Figure 7. Rock pressure zones for different val ues of no.

e. In layout drift where are not used yielding supports,

support system reaction (pk), for a stable equilibrium
enlarges as a multiple of normal rock pressure, wth the
grouth of RLI. In ?H<?c=0. 0.8 is observed a very inportant
reaction pk=3-*-5pr, particulary in swelling environnent.

f. In developrent drifts, where are used vyielding
supports, the grouth of the RLI causes an intensive

devel operment of rock displacenents, so as observed in other
coal fields, fromfewcmto nore than 40 cm It is associated
the grouth of the rock nmovenment velocity (fromfew mm a nonth
to many cma day) and a shortening of the time of the
def ormati on devel opnent (To), fromsonme nonths to a few days.
Based on such paranetres, we can estinmate too the influential
degree of the near exploitation and workings (kn).

4.2. Concl usions

Anal ysis of drift support point out several practical and
nmet hodi cal concl usi ons:
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a. Actual state of drift support in coal mnining of our
country is not so appropriate. As it is reflected in a
publication (6), the support structure must change i/i a nore
effective one (table 4).

Table 4. Actual and possible support structure in coal mnes.
% in conditions
Sorts of supporting systens
actual |possible
Li ght support systens: Anchori ng, 3 32
shotcrete and their conbinations
Steel arch support systens 12 34
Heavy support systems: Concrete and prefa-
bricated concrete blocs lining. Prefabri- 34 22
cated reinforced concrete sets
Ti nber sets 51 12
Table 5. The cal cul ation of roof displacenent by different

aut hors.
Ne|Author, year Calculating formula value mm for H m
200 400 500
Zaslavskij _1H‘10(0qlae)zpk
1 J.2Z. - do _ 48.61106.31173.6
1976, 1986 “r‘°"B[e ‘]
Melnikov QI  _{,,_ 17.3
2 1887 ur-{h 50GJ[0.12+ 09-2,7]k° 22.6] 95.13171.1
1.6H-pk
3y O 8R, ut=ur+ur=0.13[e 4890 -1] 61.0{137.7230.8
[+F -]
u = n1+v[p(k—1) T ]_
- v TE {k+1)
a|Wilson A.H. . (2.ert21.0]104.2[211.58
1980 -~ 1983 ' 2p - ko -1
(P + Fo)(k+1)
g = K- Pr BT L AL
Sauku H. ¥ Py Py
5 n-1 40.5]111.1{181.2
1982 - 1989
K=-%g_'kpl'n'é :, n=£§%lﬂ




mm
250
Data (also for table 5):
200-
B x h-= g X3m
Y=25KkN/m”; Gc=30MPa; v=0.3
150+ Oe=30MPa; £=0.2; kpl=2
kd=5; ko=km-k2z=1,2-0.5=0.6
1001 k = M = 3
T 1 = sing
50.

0" 100 200 300 406 500 600 Hm

Figure 8. The roof displacements in function of depth by
different authors.

b. The nethodi cal way used is a manner of proceeding wth
a wde interval. Data from other coal fields analysis in
drift support (2), (7), (8), (9), confirmthat, in this V\ﬂ%
we can treat succesfully and the support problems in the
greater cross section drifts (table 5 and figure 8).

Drift support is a dynamc process conditioned by the
passage in greater depths and by the qualitative inprovenents
in time of the support systens and support mnaterials. V¢
think that the conplex analysis by the exposed nethod is al so
suitabl e for many perspective prognostic sol utions.

The above nentioned procedure of estimating rock nasses
quality, mne workings stability and supports is traited
conpl etely by calculating prograns in EOM as PREGAL (10) and
others. In this way, at the Mning Chair of Geol ogy and M nes
Faculty (Technical University in Tirana), the scientific
research work is continuing for nore detailed sol utions.
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