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LVDT -smethod

LVDT -cell method Y

A From existing excavations or shafts /

A We fOCUS on Quallty and knOWI’l Measurement niche
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LVDT -smethod

The cell

A 2d <ell, which measures four
diametric deformations with eight
LVDT sensors

A Pilot hole diameter 126 mm




LVDT -smethod

A One crown measurement gives
horizontal stress magnitudes and
orientations

PH1, LVDT: 84 cm
0C: 81/114 cm




LVDT -smethod

A Four to five measurements around
excavation profile gives full 3d
stress tensor
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Inverse solution method enables
partial stress realease - both
overcoring or si/decoring
techniques can be used

PILOT HOLE, PH PH3

FIRST SIDECORING, SC1

SECOND S/DECORING, SC2

PH1

LVDT -smethod

PHS




Depth[mvd]

Why LVDT -method
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Why LVDT -method
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Size

A Straing gauge study >

A Big 126 mm pilot gives more to
measure and is less sensitive for
heterogeneity
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Why LVDT
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-method

—-@ - tangential strain with 30 mm SG
— -4 — tangential strain with 10 mm SG
O Measurement location around 3.5 m shaft

Reference Circle

30 MM STRAIN



Size

A

Why LVDT -method

The same applies for definition of
elastic parameters needed for

stress solution

A Note that modulus defines principal
stress magnitudes in ratio 1:1

A

Effect of

IS reversed and 40%
compared to. It has
biggest effect on minor
principal stress
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Why LVDT -method

Epoxy curing time

GLUE

A Glue related problems, specially
In low rock temperatures >
A LVDT <ell is mechanically
mounted ->
A No hardening time, no drift

08:09 0824 0838 2 1023 1035 1046 1058 26 1040 1055 1 0824 08:38 085: 5 1745 18:04 1823 184
Time Time fime Time

F. Lahaie etal. 2010
CSIRO Hl cell




Why LVDT -method

Core damage

A Overcoring doesndét work in
stress -strength ratio > core disking

A Sidecoring works, —— ‘ g p—
as far as pilot is stable Jot 0)30)‘)6‘.0-6 P

Photos from LKAB Malmberget mine, Sweden



Why LVDT
Compact drill rig
A Measurements can be done from
limited spaces like shaft
A Two or more drills can be used at
the same time

C:0cm /47 ¢

o
LVDT’s 10 em =
0C:0cm /48 cm . — —~—
R6

RS

/
7 R4
LVDT's8cm ¥/

OC: 0 cm/ 45 cm

# a3 Raise bored
Shaft, f3.5m

LVDT's 8 cm |
OC: 0 cm /45 em

Pl

wors10em . R1
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OC:0cm /48 cm
LVDT’s 8 cm

B DT installation hole, @ 126 mm

OC:0cm /45 cm




verification

Verification in Aspd HRL, Sweden
-Well known stress state at 450 m depth

TASS TBM
-bearing 218  °, plunge 0.6 ° (up) -bearing 248 °, plunge8 °
-drill and blast



verification

Aspd -insitu stress orientation

TASS i inedz and deeper

SC90 cm
‘( -66 cm
SC75cm -10 cm
-46 cm

-15cm

SC80cm
-10cm
-50cm

oC
-50cm
-10cm

-12 cm
-63 cm

TBM 1 close to surface

SC40cm
-12cm

SC50cm
-24 cm

OC35cm
-6cm

OC35cm

-7cm

OC35cm
-7cm

SC50cm
-24 cm



verification

Aspd -insitu stress orientation

TASS 1 inedz and deeper TBM i close to surface
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verification

Aspd -insitu stress magnitude

Note, Vertical bars are for s 4, Sy and s , according to Christiansson & Jansson (2003)
TASS 1 inedz and deeper TBM 1 close to surface
0 10 20 30 0 10 20 30
1 1 | | |
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ESigmal @Sigma2 ®Sigma3
24.6| | peep,
Final values
Final values
Deep,
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Final values,
constrained
Surface, to be H/V
Final values
Surface, OC stop values
OC stop values

Principal stress (MPa) Principal stress (MPa)



Cases

Casel T @ 200 m depth
stress

- horizontal stress from one crow measurement vs full 3D

tensor from five measurements at the same location
- note the effect of estimated modulus (60 GPa) and measured (46 GPa)
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Cases

Case2 1T @420 m depth,

-measurements in three tunnels nearby with different orientations
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Trend 0A
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MP3 under work

Case from Posiva Oyds ONKALO f



Cases

Pohjoinen mittapaikka 1 & PH7, Mittaus
Case 3, rock cover 16 m MP1 S
A Tunnels excavated 40 years ago St
A Effects of unknown brittle fault zones

PH6, Mittaus

thrOUgh MP1 / PHo, Mittali_;/

MP2

Case from Helsinki, Finland
Hakaniemi metro station




Cases

Case 3

A Effects of unknown brittle

fault zones
through  MP1
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Reliability

Reliability

Before further use following four elements of each measurement are
reliability ranked:

1) field measurement data

2) Uniaxial test results of pilot cores

3) error of the solution

4) geology at the measurement location

In general, the overall reliability C a nh® better than for
fleld measurement  or elastic parameters



Reliability

Ranking of field data

3 2 -1 0
good | moderate rejected [RAVZA

1) Calibration, before
Deviation from 100Qum calibration value, which indicates sensor reading linearity, normally a
measurement is not started if it is not below 4.

<4qu | <501 | <10Qu | >10Qu

2) Stability before drilling
Relative amount of unreturnable or uncorrectable shift in micrometers per 15 minutes. Weightir

) I . . <5/15' | <1QW/15' | <2QW/15' | >2Qu/15'
minor as drilling is not started if the cell is unstable. S &/ * *

3) Stability during drilling, LVDT's passed by 15 cm

<10% <20% >20%

. : C . B0 <
Relative amount of unreturnable or uncorrectable shift. Weighting is high as the majority of 5% <fim <iqum | <15m | >15m

convergences take place when the LVDT-section is passed by 15 cm.

4) Stability during drilling breaks
<5% or | <10% or <20% or| >20% or

Relative amount of unreturnable or uncorrectable shift. Weighting is high because this indicate <S4m /13 <10um | <ljm | >13um
damage in the pilot hole wall and if encountered, normally leads to the rejection of the measurg ~ MiN /15 min | /15 min | /15 min

5) Stable final readings

Change in value during the last 2.5 cm of coring compared to the final value or relative amount
unreturnable or uncorrectable shift. Ranking cannot be better than ranking according to criterio| g, <Bm <10% | <20% | >20%
Weighting is high as this defines the final reliability of the values used in the inverse calculation| <1Qum | <1&um | >15um

the readings are not fully stable, more stable values that were obtained earlier can be used ins]

6) Overcoring length after LVDT-section
The majority of the convergence takes place when coring has passed the LVDT section by 15 |

. S >25 >20 >15 <15
stable values should observed after 30 cm, high weighting. om o om om

7) Order of convergence magnitudes

. . - . . . .. 0K not ok
Pilot hole deformation should always be elliptical or circular --> result either accepted or disqualified

8) Temperature change at calculation readings
magnitude error of approximately 3 MPa. The effect of an even higher temperature increase cg

. <2C <10C <20C >20C
estimated at an acceptable accuracy.

9) Calibration, after
and weighting is higher than criterion 1) as this affects the stress calculation and cannot be trac
fixed.

<40 <60u <10Qu >10Qu




Diametric deformation (micrometer)

Reliability

Ranking of field data Time Observation

16:30 sidecoring started

16:46 cell stable, ok for measurement, SC1 advance 23
17:2517:26 coring advance recording

17:2717:38 drill bit full, core removal

17:4017:57 8 * coring advance recording

17:5818:16 drill bit full, core removal

125 30 18:0718:12 2 * coring advance recording
' - _ zzi:i ZZ 18:13 SC1 finished, coring stopped
: : : J : o SCPHL: 347 18:15 logging stopped and restarted for data copying
DT .
100 | i I @' ! Lo - 28 SC-PHL: 4+8 +1d 10:50 logging stopped
i : I ‘jssmgl- __ __L__i_ — — - — - Start: 23 cm
i 1 T 13 T T T — .. —0C_End: 140 cm
i P : : ®  Values for calc.
5 - P! 2 — — T.Probe 1-5 2-6 3-7 4-8
i o L e — - —T, Rock 1) Calibration, before
P IR T s o~ Breaks 2) Stability before drilling
50 - ! : i F24 T = 3) Stability during the drilling, LVDT's passed by 15 ¢
: [ 3 % 2\|/8 4) Stability during the drilling breaks
i |T i 3 — 5) Stable final readings, can't be better than 3)
25 - i : | F22 £ 4/ L\6 6) Overcoring length after LVDT-section
| I = , 7) Order of convergence magnitudes
i g g o duonel 20 8) Temperature change at calculation readings
0 I | ':' 20 9) Calibration, after
|
. [
: 4 Convergense weighted grading
- i ] 16
| | OC_End: 140 cm LVDT-Measurement weighted grading for accepted 30
| Start: 23 cm Lol o values :
@
-50 16

1630 17.00 17.30 18.00 18.30 19.00 LVDT-Measurement quality | good |




Reliability

Meaning of internal error of stress solution
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Reliability

BEM FEM FEM 7 transversely
isotropic

Various
Inversion
modelling
approaches

BEM
- Examine3d

Others
-Midas GTS NX

FEM 71 brittle fault zone FEM -EDZ



