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A few words about the RISSC project
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Characterisation of underground objects and threats, in particular:
= Understanding failure mechanisms: testing, modelling, interpretations
= Influence of underlying mining areas

Local solutions for reducing the risk

Technical support for local actors and populations
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RISSC

= Characterisation : in situ and in laboratory

* |dentification of the mechanical behaviour of geomaterials

i TR iy

*L'I'he rock mas%ﬁn d its

» Constitutive
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Characterisation : in situ and in laboratory
Identification of the mechanical behaviour of geomaterials
Geomechanical numerical models to investigate failure mechanisms

Particular case of underlying mining influence
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RISSC
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France-Wallonie-Vlaanderen crorest o

RISSC

S dry zone

| — tranzitional zone — | — water saturated zone —

= 1860-1963 : coal mining

4 seams N

./ Depth : about 200 to 840m RRT Aoy
. . \—Q\/\/—:'j-
- Mined out thickness: up to 15m (4- T Tuffeau

| 8m in the studied area) :F_LT":L_ o e o L _ groundwaterlovel
| = Phosphatic chalk
Whife Chalk 7\,\' \r_j_ = 1 (Ciply-Malogne Phosphatic
“ [ 1877-1925: phosphatic chalk quarrying R— TR ey = s Gl

- Room and pillar method (67ha)
- Depth:13-25m

- Geology : Mons Basin, extension
tectonics
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Large and well documented

Variety of phenomena:
= Fall of roof
= Splitting of pillars
= Diabolo pillars
= Karstification & oxydation

>~ Mapping

TR l;lardg'round = 11?1';— -
Phosphatic Chalk

~

Collapsed material
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RISSC
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RISSC

Current topography
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Structural survey in order to identify discontinuities

= ) sets of faults F1 and F2

= 2 sets of joints
0 400 m

Schmidt equatorial net )
lower hemisphere g i
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""ﬁ".ed” Rock mass characterisation

RISSC

* Rock mass quality indices (RQD, RMR, GSI)
to account for:
= Discontinuity spacing
= Rock strength (Schmidt hammer measurements)
= Nature of joints (roughness)
= Water conditions

discontinuities

o ho 20130 l4a0 50| \ | | | | || |
|24 h = L lp = | I3 = | I4 =

[ T |
RQDw = = 2 & 100 (%)

scanline lenght

NN
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Rock mass characterisation

RISSC

Mining layout

- pillar
Lithology

- oxidation

12 - hardground measurement
point

/\ g hardground thickness

‘67  isoline

- - damaged pillar

- roof slabbing

- roof scaling /‘; - normal fault
- - dome-shape structure " - joint
- - sand pocket

(paleokarstification)

Structural data features
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RISSC

= Other techniques sometimes used, mainly for Photogrammetry, July 2020
monitoring purpose in RISSC : (Cerema)

= Photogrammetry

= Scan 3D
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Studied rocks
= Phosphatic Chalk
" Hardground
= White Chalk
= Tuffeau

Petrophysics
= Density
= Porosity

Porosity (%)

55
50 T VG
3@\ v - Tuffeau
45 | Xy O - Hardground
o 0 - Phosphatic Chalk
40 + ¢ - White Chalk
35 F
30 T+
25
20 + .
“&§ o
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15 an
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10 1 R2 = 0.99 " D'E;h
oo E'%
S o s
o o
o 1 1
1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

Intact Dry Density (g/cm?3)



!rgesvgnl':-vrlagg EU'R%E“”E I—a b O r a to ry teSt i n g

RISSC
. Purpose :
[ |
Mechanical tests Describe the mechanical behaviour under
= Unconfined compression (UCS) sollicitations by a mathematical model
= Brazilian tension (BTS) > Stress-strain relationships
= True triaxial (hardground onIy) » Elastic domain — Yield/failure locus
' / 12 : : : - : .
ne. ¥
) 04 1€ 4
Young’s modulus UCS (MPa) BTS (MPa) _ P
(MPa) 120 20 %o 8 L
40000 97 _ o 2
32950 100 s o g o &
30000 80 = 4l
60 10 <
20000 o |
40
10000 5 0+ : . | | |
2100 20 § 2 - 05 0 1000 3000 5000 7000
0 Axial Strain (10-9)

1/ White Chalk = Phosphatlc Chalk [l Hardground M Tuffeau
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Mechanical behaviour

RISSC

= Data:in situ + labo + literature

= Model: isotropic, elastic perfectly plastic behaviour with Mohr-Coulomb

criterion
\ /M}{terial E (MPa) \Y R, (MPa) C(MPa) o (°)
20 0.33 0 0 30
160 0.2 0.01 0.1 30.4
16600 0.11 0.7 5.4 30.4
1140 023  0.06 0.4 30.4
1400 0.25  0.07 054  30.4
ESZIS:ZT:)O SRS o000 015 48 5.2 41
Coal 3000 0.3 1.5 1.9 48
Compacted goaf 7750 0.1 1.5 1.7 21

N\

Shear Stress T (MPa)

1 !
 FIE o S B Y Gy Dy D B b S o o

2 4

Normal Stress G, (MPa)

6

8

1 il 1 1 1
LU B B B B N B B N B B B B B B B R N
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In'&,?nredg BEE Construction of a numerical model

RISSC
1. Large model with phosphatic 2. Local model with parametric
chalk quarry and coal seams  ———p study of instabilities
Boundary |
con d |t | ons Cohesionlless Currseunrifcrsund Thl((:rlr(\r;ess
materials /
o 59
Tuffeau g
Hardground
level 1’\_'/(-).6

HOWES PR e -
model coal (m} m)

mining 25.0

wor kS ? Uppércg‘r:;rsceous

[A]
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RISSC

Bruxelles

0 25 50 km
[ I

Underground quarries of Wallonia, Nord and Pas-de-Calais and [eEIRele[alel= (613
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RISSC

Malogne

Geologica Belgica Luxemburga Scientia & Professionis Lunch & Learn ® 13th June 2023
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How to model coal mining works?

Geologica Belgica Luxemburga Scientia & Professionis Lunch & Learn ® 13th June 2023

Mining works in
Buisson inf. seam

Malogne boundary

500m search area
around Malogne
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RISSC
Coal mining

» Mining maps at 1:1000
» 500m around the underground quarry

De

| 0 Om
Lk Buisson sup. p—
N\ N (mined out parts) -180m

= Boundaries of
mined out areas
(3D)

=  Coal thickness

= Mining sequence

- : . o .

Collaboration ISSeP
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RISSC

Subsidence

/

Déformation

continue

, T — L — e —
Décollement des couches

Fractures

—ﬁV-T‘QYD — 1 !
Zone fracturée

(30 2 60 H)

Zone foudroyée

(2a 8 H)
H

-
longue taille

Panneau d

D
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slope curve for
an extraction
of critical width

slope curve
for a subcritical

S, subsidence width of extraction

= déplacement vertical
d’un point en surface

S, subsidence max.
pour un profil

S'_(rn_m}
g8 88 ¢

Subsidence,

g

subsidence
profiles

= S affaissement maximum

w (subcritical

= h, profondeur de la couche exploitée  area)

w (critical area)

= {, angle d’affaissement (typiquement 30°) wi2 = R

w (supercritical
area)

= W, largeur critique

W.=2htan(
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RISSC

* From reality to conceptualisation

= Various underground works

* In situ observations

= Which failure mechanism is likely to
occur?

* How can phenomena trigger and
propagate?

\ Geologica Belgica Luxemburga Scientia & Professionis Lunch & Learn ® 13th June 2023
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RISSC
Drillholes, maps W E

Uni

% Carriére de
craie phosphatee

Ciply Tuffeau
Hardground
Phosphatic Chalk

White Chalk
\\-; Veines de

<«— houilles exploitées

Coal host rock (sandstones
and shales

Coal

Compacted goaf

gynting for discontinuities
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FEM analysis

ainly affects Cenozoic rocks

Limited effect on surface

: mining of coal and chalk (1877-1925)

Unknown sequence in chalk

Conceptualised in 3 steps

through the interburden (caving)

Plastic zones in the interburden

= Effects propagate into chalk

Failure initiates and propagates in the roof of the seams,

Altitude (m)

Altitude (m)

Carrigre de

' craie phosphatée ! Craie Phosphatée O~ SE

v

117800 118000 118200 118400 118600 118800

Distance (m)

117200 11740 117600

Carriere de

Craie Phosphaté SE
craie phosphatée foe ToRRnaes Iﬁ"

NW Mz-Cz limite .

Pz-Mz limite

Sigma YY
_200 min: -3,41 MPa

-10.00
-300 24.00
-400
-500
-600
-700

-800

118800

117800 118000 118200 118400 118600

Distance (m)

116800 117000 117200 117400 117600
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FEM analysis

RISSC
T3

ot right below the underground quarry

Zoom on the phosphatic chalk quarry

Altitude (m)

Altitude (m)

COmere de ) Craie Phosphatée
craie phosphatée

NW Mz-Cz limite : i

iy
T

Verticol
Displacement

min: -4.80 m

t- SE

max: 0.30 m
116800 117000 117200 117400 117600 117800 118000 118200 118400 118600 118800
Distance (m)
Carriere de
50 NW L craie phosphatée ! SE

70 1

Topo 1880

Prédictions du modeéle

60
Topo 2013
50 A
30 t + + + + + + + + +
116800 117000 117200 117400 117600 117800 118000 118200 118400 118600 118800

Distance (m)
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RISSC

1. Large model with the

2. Local model with parametric
phosphatic chalk quarry and  —————p study of instabilities

coal seams Boundary
- Current ground Thickness

con d |t IoNnsS Cohesionless surface (m)

materials / i

F 20
Tuffeau g
Hardground

level :§<§.6

Chalk

Phosphatic

[A]

 ~l40~=  ~35~
-Rbmn*siz‘é‘. Pillar size
(m) (m)
Upper Cretaceous
Chalk

54.1
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Current ground Thickness
Cohesionless surface (m)
materials /
» | I
t 3.0
Y >
| Tuffeau
Hardground \ 4 4
level » 0.6
7
/' _t
-~ 4.0 |-~ s
Phosphatic I _| Vl .l > 54.1
Chalk Room size Pillar size ~
(m) (m) >

Upper Cretaceous
Chalk

Previous models provide the boundary conditions in
terms of :

Vertical displacement : -2.5 to -3m depending
on the profile

— Horizontal displacement : -1.3 to +0.6m
depending on the profile
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RISSC

()
2E
% 3 34 > 34 2
SigmaYY | 33 .L_:“:) t?:c; :&"
iNPo) 2 = 2
H : - .0 & HG HG HG
= Size of p|||arS o6 | 304 30 a0 N
5 2 T 8
25 s 2E s £E £
- g < g < 8
|is & & &
i | 25 25 25
= R =
X Shear 2 2 2
© Tension O |9} O
2 2 2
. 2 2 e
21 ] 21 ] 21 O
. LIthOIOgy (hardground) 3271T0) 23 o 432101234 3 8765432101 2345¢678 3
Distance (m) Distance (m) Distance (m)

= Discontinuities

* Combined effects
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Integrated approach from in situ and laboratory characterisation to the
numerical modelling of the behaviour of underground cavities

Better understanding of failure mechanisms

Coal mines in HDF and Wallonia = huge effects on surface and on
subsurface cavities

FEM:

= For a given rate of coal extraction, instabilities are triggered in
subsurface cavities

= |nstabilities propagate to surface

= Locally, several factors play a role on the stability of cavities
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