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Abstract. The aim of this study is to evaluate the characteristic strength of pillars in mining
contexts, taking into account the effects of scale and shape. The characteristic strength is estimated
in terms of the probability of exceeding a certain value of pressure, when the probability of
activation of fault in the rock reaches a certain value, the rupture is magnified. An analytical
formula has been developed linking the approach, which takes into account the effects of scale with
the notion of probability of failure in the evaluation of the risk of failure. It also takes into
consideration the effect of shape and volume in order to assess the condition of pillars in the mine
without resorting to experiments at the pillar level (simple compression tests at the pillar level); this
would save effort and money. In this paper, we will use a data set from underground mine (samples
of zinc and lead) in Setif-Algeria.
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AHoTanisa. MeTo 1aHOro JOCHIIKEHHS € OLIHKA XapaKTEepPHOI MIIHOCTI CTOBMIB y TIPHUYMX
yMOBax 3 YypaxyBaHHSM iXHIX po3MipiB Ta (opmu. XapakTepHa MILHICTb PO3YMIEThCS SIK
BIPOT1JHICTh TMEPEBUILEHHS NEBHOTO 3HAYEHHS THUCKY, KOJM WMOBIPHICTh aKTHBAllli pO3JIOMYy B
MOPO/JIi JlocATae NEeBHOIO 3HAUEHHs, pO3pHB 30UTbIIyeThCs. Po3pobiena anamiTuyHa hopmyna, sika
MOB'SI3y€ MIAXIJ, [0 BpaXOBY€E BIUIMB MacIITaOHOTO e€(eKTy 3 MOHITTSIM HMOBIPHOCTI pyHHYBaHHS
IpU OLIHLI PU3MKY pyHHYBaHHA. TakoX BpaxoOBYEThCsS BIUIUB (OPMH Ta 00’e€My Il pO3POOKH
OIIIHKM CTaHy CTOBMIB y ImaxTi. J[aHWil miaxia AO3BOJIUTH BUKIIFOUUTH HEOOXITHICTH MPOBEICHHS
eKCIIEpUMEHTIB Ha piBHI CTOBIIIB y MIaXTi 1 MPOBOAMTU NPOCTI BUIPOOYBaHHS Ha CTHCK Y
naboparopii, 1[0 € MEHII KOMTOBHMM. JlaHi OTpMMaHI Ha MNPUKIAAl 3pa3KiB MAXT (LUUHKY Ta
cBuHIO) B CeTid-Amxupi.

Kurouosi cioBa: Minnicts, CtoBn, Edekr po3mipy, Edext popmu, PyiinyBanns.

1. Introduction

The influence of scale on evaluating the mechanical properties of a massif is critical for mining
structures, the management of risks linked to the exploitation of resources, particularly in mines,
quarries, shafts, tunnels, etc.

In this study, we particularly focused on the compressive strength of the pillars of underground
mines (mines or quarries) which are exploited in fractured rocks that is vital to analyze the stability
of fractured rocks and to evaluate their mechanical behavior.

The influence of the scale effect observed experimentally in solid mechanics can be attributed to
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the presence of defects in the material with increasing volume, and from this it can be concluded
that when the probability of seeing an important defect increases, mechanical properties (strength
and hardness) decrease with increasing size. Therefore, random laws and laws of probability govern
the scale effect. This approach was studied by Weibull (1939), who used the concept of probability
of failure to assess the risk of failure. Weibull introduced a failure criterion, which does not make it
possible to deduce the strength of a pillar, which is practically related to the size; but also of the
form (the ratio 1 / h is the width / height of the pillar). Hudson et al. (1972) reported that the
difference in the length / diameter ratio of a sample has a significant effect on the compressive
strength of rocks, as well as on the shape of the stress-strain curve in the post-peak segment. This is
also evident in the work of Galvin et al. (1996) where he developed an analytical equation which
takes into account the effect of the geometry of a pillar (by the w / h ratio) and the volume.

Our work aims to develop an approach to estimate the strength of pillars via grouped model
equations:

(1) Galvin (which allows to consider the shape properties and the size of the rock mass);

(2) Weibull that makes it possible to integrate the concept of probability of default in the
assessment of the risk of default.

In this work, the basic methodology of this composite approach has been identified, and has been
validated by the estimation of the compressive strength of the pillars in the case of coal. We used
the data from Australian coal case study by Galvin et al. (1996) to allow comparison of results that
gave very similar results. Furthermore, this contribution is above all a confirmation of the validity
of the basic model of the approach proposed in the study of other rocks, zinc and lead.

2. Methodology
The main proposition supposes that the strength R, of a pillar of volume is explained by the

strength k (of the intact rock), by corrective functions of shape, volume and probability of survival

(Eq. 1).
Suggestion: R, = K.H(ps).F(f).G(v) (1)

F (shape): It depends on the geometry of the pillar

G (volume): It is a function of the pillar volume

H (probability of survival): It is the probability of survival associated with an applied constraint
such as the probability of survival (Ps) = 1 - probability of failure (Pf).

K: it is the strength of specimen.

By analogy between the power formulas of resistance given by Weibull (1939) and Galvin ef al.
(1996), we can rewrite a new resistance formula by the combination of the two approaches (Back
Analysis - Probabilistic Aspect of Failure) as follows:

Galvin : R, (p.y = Ry (w / h)? Ve "
Where:

R, : It is the resistance of a 1 m 3 specimen according to Galvin;
a and b: are parameters related to the material, they are determined by the Back-analysis method.

Weibull : R, (ps) = ap(—In(B))Y™. (V)Y pi/m 3)

Or:

m: is a material parameter characterizing the dispersion of the defects within the material;

g, 1 1is the solicitation (constraint) associated with a probability of survival of 37%. Weibull
defined from its law (Eq.3). When the applied stress & = @, Ln (Ln (1/ps)) = 0 which implies ps =
0.37.

The comparison of Eq. 2 to 3 allows to suggest the expressions using the Weibull parameters for
the coefficients a and b, we will explain the method below. These coefficients a and b are estimated
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empirically in Galvin's law through tests on pillars (Back-Analysis); this will limit the use of this
law because we have to repeat tests on pillars every time whenever the material changes.
Furthermore, if there is a set of N values of compressive strength measured experimentally on
test pieces of the same material, of volume V, and of slenderness W,/Hep, it is then possible to
obtain the parameters of the Weibull's law m and o.
Equations 2 and 3 make it possible to give a physical meaning to the coefficients a and b which

would be linked to the parameter m of Weibull's law. Such as: & = — l“ and b = -,..lnl:r'.b_-fl |
These two coefficients, which characterize the pillar strength weakening functions: o
G (volume) = V&= Vm (4)
F (shape): = (H_.f;;,,_)b = (?:'”:3 Hey) 5)
In addition, from equations 2 and 3: _
Ry (peoy = Ry = 0p(—In(Ps0)) ™ (6)

As ps0 represents the probability of survival of samples with an average strength R, of 1m3
proposed by Galvin. By extension, it is proposed that :

Roips) = Uc-[_I“[PFI':'Fm (7)

Suppose now that the Galvin parameters are known. Equation 6 is necessarily associated with a
value of probability of survival Py that can reasonably be taken equal to 0.5 if R, is the mean value
observed by Galvin. The equalization of Eq. 1 and 2, taking into account Eq. 3, 4 and 5 then allow
to obtain:

in (V57

R, (ps) = Op. In(L/PJYV™ . (w/h) = Wep ol p=tim ®)
That is to say, in general form: R, = op. H(P.).G(volume).F(forme) 9)

3. Results and discussion

After having obtained the formula which takes into account both the scale and the shape of the
shape effects (Eq. 9). a validation of this approach is necessary, the study is conducted by Galvin et
al. 1996, Australian coal is used where the application of our model results in the values of the
power law constants very close to those obtained by the back-analysis in the works of Galvin et
al. 1996 (see the table 3).

We consider a set of 14 tests uni-axial compression to samples of zinc-lead (see the table 1) with
V0 (m3) = 2.159x10-4 and the length to diameter ration 1/d=0.5 allowing the different parameters of
Weibull's law to be calculated. The results are summarized in Table 2.

Tablel : uni-axial compression strength (Mpa) of zinc-lead samples Setif-Algeria

uni-axial .. .
sample compression sample | uni-axial compression
number strength (Mpa) number strength (Mpa)

1 47,4 8 43
2 82,6 9 90.5
3 159,9 10 102.3
4 92,5 11 61.1
5 40,4 12 112
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6 108 13 155.5
7 80,9 14 93.2
Table 2: Weibull parameters of zinc-lead samples
Weibull Parameters Value Geometric parameters Value
m 236 Wz, /Hg, (I/d ratio) 0.5
oo(Mpa) 103.61 Vo(m?) 2.159x10™

The strength formula of a coal pillar found using Weibull parameters is written as follows:

R

P
v Pz}

= 103.61 In(1/B)%* (w/h)>1= 10

(10)

Table 3: Power law coefficients defined by equation 2 from Salamon et al. (1996). The table is

modified.
Author Ry o b Comment Rock type
[Mpa]
Zern (1928) - 0 0,5 - -
Greenweld (1939) | 19.3 | -0,11 | 0,72 Large-scale in situ testing 'Coal'
Galvin et al. (1996) | 72 | -0.067 | 059 | A repﬁiﬂgggg;m and Coal
Cheikhaoui ef al. i -0.086 | 045 Laboratory tests. As reported 'Coal’
2019 ) ' by Galvin and al. (1996
y
Holland et Goddy ' '
(1957) - -0,166 | 0,83 Laboratory tests Coal
Cheikhaoui ef al. ‘zinc-
2019 - -042 | 5.15 Laboratory tests lead’
(2019)

In this table the values of Galvin ef al. (1996), are almost identical with those of Cheikhaoui et
al. (2019) in the case of Australian coal because we were taken the data base of uni-axial
compression strength used by Galvin to obtained the coefficients of power law a and b using the
weibull parameters . However, in all cases the coefficient a takes negative value. On the other hand,
for b coefficient we have a positive value. We also note that if a = 0 then the strength no longer
depends on the volume in these formulas.
The curve in (Fig. 1) shows a decrease in strength with an increase in volume. This phenomenon
represents the scale effect, a result that was confirmed in the works of (Zhang et al., 2011 and

others).
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Fig. 1. The effect of volume on the strength of a zinc-lead pillar with (w / h = 0.5) according to
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probability of survival Ps = 50 %. The formula developed using Weibull parameters
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Fig. 2. The effect of volume on the strength of a zinc-lead pillar with (w / h = 1) according to
probability of survival Ps = 50 %. The formula developed using Weibull parameters

Looking at curves in (Fig. 1, 2), the square pillar with (w / h ratio = 1) resists better than a less
slender pillar (w / h ratio = 0.5).
(Fig. 3) shows that there is a shape effect where the strength increases with the increase in the w /h
ratio of the pillar, which is consistent with the results of (Hudson ef al. 1972, Martin and Maybee,
2000)

Fig. 3. The shape effect on the strength of a zinc-lead pillar of a volume (10 m3) according to
probability of survival Ps = 50 %. The formula developed using Weibull parameters

4. Conclusion

The formula developed by the combination of two formulas (Weibull and Galvin) explicitly
reproduces the effect of volume and shape. It allows us to give an interpretation of the influence of
each of the two on the resistance of a pillar, based on Weibull parameters, derived from an approach
of similarity with the formula of Galvin et al. (1996).

An analysis of this formula indicates that the pillar strength decreases with increasing volume
and it increases with increasing width (a chunky pillar is more resistant than a slender pillar).
However, the influence of discontinuity in this basic formula is to be considered in our next
contributions.

One of the advantages of the probabilistic resistance measurement is its functional relation with
the deformation at the level of the pillars and the progress of the works of the mining sites. That
they have the greatest impact on the overall strength of the mine. That is to say, it is necessary to
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choose an optimal critical size of the pillars to ensure good operation and good safety.
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