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2. Measurements of Vertical and Horizontal movements

Research Area A: Panel 537

Satellites

Panel 537

=

o

=

==
7

=
.

7

User

/Jlfferentlal Data Link
Station
Differential GPS —
Measurements with

3 D interpretation
in short intervals

Prof. Dr.-Ing. Michael Hegemann

ISM2016 Brisbane/ Australia

Technische
Hochschule
Georg Agricola

Research Area B: Panel 236




"0

ISM2016

[T < AT

st 3. Analysis of Measurements

Epoch No.
45 7 8911 14 15 16 18 20 23 24 25 27
\/ Panel 536 ;{ j
Panel 537

> .

P 25

Prof. Dr.-Ing. Michael Hegemann

Subsidence s

[mm]

[mm]

0
-100
-200
-300
-400
-500
-600
-700
-800
-900

-1.000
-1.100
-1.200
-1.300
-1.400

Horizontal Movementy [mm]

[ FYYYY P FYVYY FYVYY PV FYYVY FYYYY FVUVY SYYYY PN FUVYY FYVYY AVUVY IVVVY

Technische
Hochschule
Georg Agricola

ISM2016 Brisbane/ Australia

300

Horizontal Movement
-100 X [mm]




L0

ISM2016 Technische

| e 3. Analysis of Measurements Hochschule
Georg Agricola

| Y/
Epo 11 f

Epo 13 Subsidences =%
Epo 9 [mm] / 16

0 /4

_ =Epo 15[/t 50
m ]
EpO T P15 ;/ -100 3 2

0
-150 4
i —
Epo 17 ]
. Ep05 . -250 ]

-300

18

—

-350

J EpO 3 EpO 18 -400 _ 220

-450 4 180
-500 / .
Epo 22 w ]/ .., Horizontal
Epo 1 oo B/ . Movement
] X [mm]

-650

-50

Horizontal Movement y [mm]

Prof. Dr.-Ing. Michael Hegemann ISM2016 Brisbane/ Australia



0|
|M201E .. . Technische
| e 4. Position of the Focal Point of Impact Hochschule

Georg Agricola

250

500

750

4O

* Horizontal Movements
. between epoch A and B.

1.000

1.250

R [m]

1.500 * Focal Point of Impact
1.750
2.000

2.250

2'500 T T T T I T T T T | T T T T I T T T T

o
-—
=)
o
=)
)
=)
o
=)
w
o
=)
=)
I
o
o
=)

Prof. Dr.-Ing. Michael Hegemann ISM2016 Brisbane/ Australia



"0

ISM2016

| B 4. Position of the Focal Point of Impact

900

1.000

1.100

1.200

R [m]

1.300

1.400

1.500

Groundplan of Panel 537

:L «— [ o1d Panel 536 |
_: 14 18 27
] 4- 8 101 02 11 1‘5 i 2.0 203 205 2 i
] * 13 e & 5
+|- e e
—: Panel 537 | —»
r ' 11 1
1.000 1.500 2.000 2.500 3.000
H [m]

Prof. Dr.-Ing. Michael Hegemann ISM2016 Brisbane/ Australia

Technische
Hochschule
Georg Agricola

Focal Point of Impact,
epoch 4-27 with
different positions

Influence of old panel




.-
og e N Technische
4. Position of the Focal Point of Impact Hochschule
Georg Agricola
: ] 1.6 18 - i
4_._.‘1'__ K ] 12 X % - 300 Dlztahn_czd
7 ] 10 % o _ 20 | enin
. 2 g * ._'*4* S e ~* L, 24 [ .200 Longwall
1% xx (% S & X ek : [m]
. *s J * [ -100
¢ 1.2t :
? focal point of impact N
7 7 5 o
] 03 | 14 -
speedVv ,; - ® u .
[m/d] - o =
0’0 1 1 1 1 | 1 1 1 1 I 1 I 1 I | 1 1 1 1 -
0 200 400 600 800
Time [d]
* Point Number = Epoch Number ——=—=- ——— Trendlines
Prof. Dr.-Ing. Michael Hegemann ISM2016 Brisbane/ Australia



e
ISM2016 .. . Technische
| et 4. Position of the Focal Point of Impact Hochschule

Georg Agricola

-

Surface Pomt

Low speed

\

DRORRRRNN

High speed

\

PRODONNNN

_

o

Prof. Dr.-Ing. Michael Hegemann ISM2016 Brisbane/ Australia 10



L0
ISM2016 . . Technische
| 5. Time delay of Horizontal Movements Hochschule

Georg Agricola

| Undermining |
= — 200 g
- - £
g 0 - 150 S
£ -2 4 C §
: . — 100 O
5 4 . T
N 5§
S g - -
() ] [ =
2 10 3 - &
2 -10 - - E | Point 25 |
A . — -50
D 42 3 - ® °
] _ Q.
] _ )
-14 T -100 A '
0 200 400 600 800 1.000
DayS SinCe Start Of Longwa” [d] -E zlijsis;;dc‘:}e:znst’i):?::v’sl Direction ux
Prof. Dr.-Ing. Michael Hegemann ISM2016 Brisbane/ Australia

11



Technische

L0
ISM2_9‘I“&:> . .
| e 5. Time delay of Horizontal Movements Hochschule

Georg Agricola

\Undermining \ ‘Undermining \

40

2

Point 1

halfcircle L |

Subsidence Speed sr'[mm/d]
o
IIIIIIIIIIIIIIIIIIIIIIIIIIIII
]

%ﬁ
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
)

o o
Displacement ux in Panel Direction [mm]

-3,0 T T T T | T T T T | T T | T 1 1 I '1 00 (
0 200 400 600 800

Days since Start of Longwall [d] —¥— Subsidence Speed st
|:| Displacement in Panel Direction ux

Prof. Dr.-Ing. Michael Hegemann ISM2016 Brisbane/ Australia 12



"0

ISM2016 Technische

2 R 5. Time delay of Horizontal Movements Hochschule
Georg Agricola

Panel 537: Point 36

0 ] H H
= T 20 —
S -
X I
o 2 T 40 G T
g = 3 S c
c 2 x | ®
s E © o il o
2 & £ 10 o
8 8 9 s = o
s o 8 'S T
T 2 o Lo
o © !
R g 100 !
o !
N i
N i
§ T T T T I L] T T T I L] T T T I T L] L] L] I
1 0 -1 -2 -3
xR —&— Subsidence
=¥ Displacement
—— Spacetrack
10 Point 36 pacefrac
Prof. Dr.-Ing. Michael Hegemann ISM2016 Brisbane/ Australia

13



5. Time delay of Horizontal Movements

0 —

—_ = 20
S
> )
7)) o~
o £ = 40
Q Q
S E 3
T 8§ % 60
(72} © ©
2 37 5
a 2 @
2 A g 80
E 5 2
e £ “
.g 100
[
o
T 120
@ Point25

Prof. Dr.-Ing. Michael Hegemann

Panel 537: Point 25

g

tart of Panel . ... . ..

EFnd of Pane

e

S
el ~

N
X B I
5 ©

N

—=— Subsidence
«-¥.-- Displacement
—— Spacetrack

Technische
Hochschule
Georg Agricola

ISM2016 Brisbane/ Australia

14



5. Time delay of Horizontal Movements

- g
X =
2 =
0w c
o 9
e £ 3
Q O X
T 8 9
(7))

s 9 =
a o
> 5 8
g £ 9
|_N
=
o
T
Point 10

Prof. Dr.-Ing. Michael Hegemann

100

Panel 537: Point 10

: ro.

I

: |

: i

.

o

- Lo

; N | e

<) ” H H

P C . P2

i © I I'®

o v\ \ ia

2 Y\p :O

' @ 3\l P8

) L A T

v i\

AN

3E\\:

i Y--\\e

i [

i ¥

IEI T T I T T T T I T T T I H 1 T T
3 2 1 0 -1

X/R —&— Subsidence

ISM2016 Brisbane/ Australia

--¥--- Displacement
—— Spacetrack

Technische
Hochschule
Georg Agricola

15



ISM2016 . Technische
B 5. Conclusion Soche i

Georg Agricola

* [dentification of local values like influence angle and time factor are very
necessary.

* The changings of the longwall speeds cause an additional dynamic to the
position of the focal point of impact.

* An additional dynamic in horizontal movements cause more damages on
buildings.

 To avoid additional damages the panel speed should be constant, minimize
operational interruption (continuous operation).

* The time delay for all movement components is the same, but regarding
subsidence and displacements there are different relative factors depending on
the position of the surface points to the panel area.
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