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NUMERICAL STRESS—-STRAIN MODELING
OF HONEYCOMB MINE STRUCTURES WITH
VERTICAL STOPES OF CYLINDRICAL FORM

technical approach and the concept of an alternative
convergent geotechnology for solid mineral deposits,
including the llets rock salt deposit [2, 3, 8, 9], based
on the change of the stoping front advance, i.e., transi-
tion from horizontal stoping to top-downward or bottom-
upward vertical stoping in cylindrical stopes made by
drilling. Calculation of the stability of rib pillars used the
Turner—Shevyakov hypothesis for the conventional room-
and-pillar mining systems [10-13] and for the vertical
cylinder-shaped stopes with the rib pillars with their
angles cut off by circles.
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The scientific works [1-7] described a new geo-
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The article describes the numerical modeling results of the stress—strain behavior of a room-and-
pillar stoping system in honeycomb mine design including rib pillars with their angles cut off by vertical
cylindrical stopes. The factors of safety are calculated for the pillars and enclosing rock mass with the
excessive stresses and displacement in rock mass. The authors present a selected variant of the numerical
stress—strain modeling of rib pillar with angles cut off by vertical stopes of cylindrical form in case of cel-
lular arrangement of the stopes for the conditions of mining at the depths of 400 and 1000 m. The numeri-
cal calculation of the critical depths for using honeycomb mine structures is presented as a case-study
of geological and geotechnical conditions of the llets rock salt deposit. The patterns of destructive loads
are obtained in numerical models at different ratios of minimal widths of pillars and diameters of stopes.
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Table 1. Model alternatives of vertical stopes of cylindrical form, with different structural members of extraction block for Sol-llets Mine (dimension of
model (extraction panel, block) 60x60x60 m) (see Fig. 1)

Model | Horizontal Diameter Minimum width a Number of Horizontal area of Horizontal area Width of
Model (width b_, (length d )/ stopes in . . of rock salt N Operating losses in
N volume, area of s . voids (stopes) in - perimeter .
0. 3 5 | length d) of | Maximum width A model/in » | mass in pillars, 3 pillars, L, ,%
m model, m s P model, S, , m 3 pillar, m Pm
stope, m (length D)) of pillar, m row il P s M
1 2 0.5/2.5 529/23 1661.06 1702.94 1.5 50.62
2 2 1/3 361/19 1133.54 2230.46 2 66.30
3 3 0.75/3.75 225/15 1589.625 1659.375 2.25 51.07
4 3 1.5/4.5 169/13 1193.985 2406.015 1.5 66.83
b 4 1/5 121/11 1519.760 1616.24 3 51.54
216 000 3600
6 4 2/6 81/9 1017.360 2118.64 67.56
7 5 1.25/6.25 81/9 1589.625 1716.625 2.5 51.92
8 5 2.5/7.5 4977 961.625 2063.375 5 68.21
9 6 1.5/7.5 4977 1384.740 1531.26 4.5 52.51
10 6 3/9 36/6 1017.360 2231.64 4.5 68.69

Fig. 1. 3D model of extraction block/panel
mining using honeycomb mine structure with
vertically arranged stopes of cylindrical form:
1 — vertical cylindrical stopes; 2 — well drilling rig;
3 — pilot bore; 4 — haulage level; 5 — drilling and
ventilation level; 6 — main ring roadway

Pending the further
study, the authors per-
formed the stress—strain
analysis and modeling for
mine structures including
vertical stopes of cylindri-
cal form (Fig. 1) [2, 3,
14, 15].

The numerical cal-
culus and analyses used
AutoCAD with a Midas
software for the complex
3D modeling, as well as for
the study and visualization
of pressure and deforma-
tions at stope boundaries
and in pillars at different

Tahle 3. Numerical modeling parameters

P Structural members and modeling
arameter .
conditions
Height of block, m 60
Width of block, m 60
Length of block, m 60
Stope pattern design Square
Height of stope, m 60
Initial stress field Lithostatic
Mining depth below ground surface, m 250-310m
400-460 m
600-660 m
1000-1060 m
Principal stresses at the initial lithostatic o, = yH (vertical)
stress field, kN/m? 6, = yH (horizontal)
63 = yH (horizontal)

Madel 1 Model 2 Model 3
indexes of rock mass quality [16-211. The stability criteria of the pillars and
enclosing rock mass were: the stress o, (excessive stress Ac), the factor of 888838583350
safety (FoS) and the displacement X. :: :E 22
Numerical modeling results 000088855000
For the numerical modeling, the alternative designs are developed 886388083838
(Tahle 1) and adjusted to the mining conditions of the llets rock salt deposit.
The extraction panel was selected to be a cubic rock salt block with the oooo’:}"g‘f('}ioooo Model 5 Model 6
sizes L (length) x W (width) x H (height) = 60xB0xB0 m. The height of gg80000000000] | S3BRISERIIB| [ 3333392393
the block and the diameters of the stopes are selected with regard to effi- 9090000000000] | 33933330330 838338838
cient performance of driling equipment so that to embrace the selected §§§§§§§§§§§§§ 888§2§§§§§§ 000000000
height of the block as the height of two levels 30 m high each. The geo- 9999900000000 §§§88888888 299990080
metrical parameters of the models and their structural members, with the 9000000000000! | HOOOOOCRO00 | | Q000000
i i i - 9933933333333 | 0000060000 | | 000000000
area ratio of voids (vertical stopes) and rock salt, as well as the physical and
mechanical properties of rock salt and the modeling conditions are described Model 7 Model 8 Model 9
in Tables 1-3 and in Fig. 2. QYOO 1 0000000 | | COOOOOO
S98888838| | 00000060 | | ©OOOOOO
383338333 | 06606000 | | 00000
Table 2. Physical and mechanical properties of llets rock salt 888888888 0000000 lelelelelele]e)
Parameter Value 888888888 0000000 | [OOOOOOO
Rock sl bulk volume y, kN/m? 209 000000000| | 8200000 | | QOOVOOY
1k : 000000000 | ©O00000 CO00000
Uniaxial compression strength o, kN/m? 35000
Poisson’s ratio v 0.35 Model 10
Cohesion G, kN/m2 4500 00000
- 5 000000
Al moldu!us £, Kifm SOI00000 O000O0O0O | Fig. 2. Ten models with different sizes of
Internal fr'CF'On angle ¢, -degree il O00O0OOO | structural members (widths of stopes and
GSI (geological strength index) 9 OOOOOO| pillars) in extraction panel (model size
Structural index mi 10 OCQOO0OOO | 60x60%60 m) (see Table 1)
EURASIAN MINING. 2024. No. 1. pp. 36-39 37
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Fig. 3. Numerical modeling in Midas: stress—strain behavior of honeycomb
mine structure (Table 1, Model 10) with maximal displacements in enclosing
rock mass at the depth H= 400 m (a — horizontal section in the center of
the block/model 60x60>60 m, b — vertical section). DISPLACEMENT TOTAL
T — maximal displacements at the final calculus stage: color spectrum
(displacement range) 0.000358690—0.00430428 m

Fig. 4. Numerical modeling and stress—strain analysis in Midas for
honeycomb mine structure (Table 1, Model 10) with factor of safety
determined in enclosing rock mass and in pillars at the depth H= 1000 m
(a — horizontal section in the center of the block/model 60x60x60 m,
b — vertical section). SOLID STRESS SAFETY FACTOR — factor of safety at
the final calculus stage: color spectrum (FoS range) 0.923845-20.15384

Table 4. Enclosing rock mass instability criterion for numerical modeling

_Range L Processes and events
displacements X*, m
0.000-0.075 Low praobability of deformation and failure
0.076-0.140 Mean probability of deformation and failure
0.0141-0.260 Small-volume failure is probable
0.261-0.480 Average-volume failure is probable (FoS**<1.3-1.5)
0.481->>0.65 Large-volume failure is probable (FoS**<1.2-1.3)

*Results of long-term full-scale observations
**Allowable factor of safety for pillars (in mine design) in numerical analysis at high
reliability of input data is assumed as FoS >1.5

By way of example, Figs. 3 and 4 depict the resultant calculations of the
maximal displacements X in enclosing rock mass surrounding vertical stopes
of cylindrical form in the honeycomb layout at the final calculation stage
at the depth of 400 m, and the factor of safety at the depth of 1000 m,
respectively. The maximal displacement in the model is X = 0.00430428 m,
which conforms with the displacements from the range of low probabilities
of deformation and failure (Tahle 4). The enclosing rock mass at the depth
of 1000 m occurs both in stable and in transient state (FoS = 0.923845-
20.15384; when FoS < 1 plastic deformations are recorded and rock mass
fails), which is confirmed by the high level of reliability of the model input data
since the rock mass is homogenous and uniform, the physical and mechanical
properties change slightly with depth, and the initial stress field is lithostatic.

Geotechnical design should use the results of numerical modeling with
the highly reliable input data given that FoS > 1.5. The developed graph
(Fig. 5) allows determining critical depths of 340-470 m for the application
of the honeycomb mine structures for the conditions of the llets rock salt
deposit, with rib pillars with their corners cut off by the vertical stopes of
cylindrical form when FoS >1.5, at different ratios of the minimum width of
pillars, ay and diameters of stopes, b : a, = 0.5; 0.75; 1;1.25; 1.5; 2;
2.5; 3 m conform with b, = 2; 3; 2 and 4; 5; 3 and 6; 4; 5; 6 m, with pos-
sibility to increase mining depth by means of increasing the width of pillars
and decreasing the height of levels [2, 3].

S
w

no

Factor of Safety, n

1.5

0.5

. L L — H, m
Go 100 200 300 400 500 600 700 800 900 1000

Fig. 5. Change in factor of safety in pillars, n, with depth and
allowahle application depths for Models Nos. 1-10. FoS > 1.5 —
allowable threshold of geotechnical system design at high reliability of input
data of numerical model
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bs(a/4], m bs[a‘/2], m
6(1.5) 1 6(3)
5(1.29) 5(2.5)
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2(0.5) 21
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Fig. 6. Change in destructive loads (P,, kN/m?2) in numerical modeling at
varied widths of stopes and pillars, b, and a, respectively:

1 — pillar width is half as much as stope width; 2 — pillar width is four times smaller
than stope width

The study aimed to perform the stress—strain analysis in 10 numerical
models with the stope diameters of 2, 3, 4, 5 and 6 m, and with the sizes of
rib pillars, with angles cut-off by vertical stopes of cylindrical form, 2 and 4
times smaller than the stope widths (see Table 1, Fig. 2). The found patterns
of destructive loads, or limit stresses, in the madels are described in Tahle 5
and in Fig. 6: with the increase in the stope diameters b, at the half as much
minimum pillar width &,, and with the decrease in the pillar width from 2 to 4
times as against the stope diameter, the resistance of the enclosing rock mass
and rib pillars to the limit loading decreases. At the smaller width of the pil-
lars, the destructive loads in the models regularly decrease. These results are
confirmed by the physical simulation data to be described in the other article.

Conclusions

The article describes the numerical studies on the strength of the
honeycomb mine structures including vertical stopes of cylindrical form.

Within the geotechnical design, the critical depths for the honeycomb
mine structure, including rib pillars with the angles cut off by the verti-
cal cylindrical stopes are determined as a case-study of the llets rock salt
deposit, at different ratios of the minimum widths of the pillars and diame-
ters of the stopes. The obtained values of the critical depth are confirmed by
the numerical modeling results.

The patterns of the destructive loads are obtained in the numerical mod-
els at different ratios of the minimum widths of the pillars and diameters of
the stopes.

The results demonstrate the promising nature of using the honeycomb
mine structures in underground mining of rock, polymineral, potassium and
potassium—magnesium salts and polyhalites at high safety and efficiency.
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