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A Study on the Automation of Field Instrumentation and the
Analysis of MPBX Displacement

Yong-Bok Jung, Hyun-Key Jung, So-Keul Chung, Dong-Hyun Kim and Hi-Keun Lee

ABSTRACT Input data play an important role in numerical analyses. However, it is difficult to obtain
appropriate data for many reasons. In order to overcome those difficulties, an automatic MPBX(Multi-
Position Borehole Extensometer) monitoring system is developed. This system can be applied to the
analyses of measured data which include evaluation of the stability , efficiency of construction and the
validity of numerical analyses. At first, the MPBX among field measurement tools is considered in this
study. Also, 3-dimensional finite element analyses are carried out to verify the influence of geological
conditions and excavation sequence on the MPBX displacement. The effect of geological conditions on
the displacement can be estimated qualitatively from the measured data by plotting displacement vs.
depth.
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Fig. 1. Block diagram of developed MPBX monitoring
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Fig. 2. Schematic diagram of 32 channel multiplex board.




Table 1. Comparison of measurements results in Lab

Digital read Developed

out system

Channel 1 157.3 158.42

MPBX Channel 2 147.1 148.42

1 Channel 3 - 159.98

Channel 4 159.5 160.49

Channel 1 168.5 168.30

MPBX Channel 2 - 156.65

2 Channel 3 164.3 164.28

Channel 4 156.8 156.70

Channel 1 161.7 161.77

XMBX Channel 2 164.5 164.43
3 Channel 3 - -

Channel 4 164.0 162.66

175

T T T T T

Linear Regression
1704 y=.1.06295 + 210.24082°X 1

R =0.99238

165

160

155

Displacement(mm)

150 4

145 T T T T T
0.70 0.72 074 0.76 0.78 0.80 082

Reisitance(k2)

Fig. 3. Correlation chart between resistance(kQ) and
displacement.
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Fig. 8. Configuration of MPBX measurements.



Table 2. Depth of each measuring position (unit:m)
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Table 3. Preceding displacement ratio (full face ex-

A B C D E F cavation)
Roof (R) 11 34 80 140 230 - Measuring 1 2 3 4
Top-right (T) 18 56 130 222 346 - points
Side (S) 1.1 34 80 150 236 360 Preceding
Bottom-right (B) 20 59 138 245 - - displacement 279 277 29.0 26.9
Invert (I) 14 43 10.0 180 300 - ratio(%)
100

Convergence ratio(%)

T T T T T T T T T

5 4 3 2 a0 1 2 3 a s
Normalized distance(X/D)

Fig. 9. Convergence ratio (full face excavation).
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Fig. 10. MPBX displacement ratio at roof(full face ex-
cavation).
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Fig. 11. Displacement of face advance direction (full
face excavation and each position is labeled
in Fig. 8).
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Fig. 12. Behavior of two points with respect to the
face advance.
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Table 4. Preceding displacement ratio (bench cut)

Measuring points 1 2 3 4

PDR(%) Upper bench 269 114 283 13.2
Lower bench 86.1 42.1 81.2 53.7
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Fig. 14. MPBX displacement ratio at side (bench cut).
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Table 5. Properties of the model Il

Table 7. Preceding displacement ratio (bench cut)

Soil I Soil T Weak Hard Measuring points 1 2 3 4
rock  rock PDR() Upper bench 261 113 275 13.
Elastic 9.8x10° 6.86x10" 7.84x10° 1.08x10° Lower bench 876 42.0 833 544
modulus (Pa)
Poisson's 0.35 0.3 0.27 0.25
ratio o] )
Unit weight 1.7 2.1 2.3 2.6 —a— A
3 — —e—B
(g/em”) £ sl [-¢ _
= —»— D
-(% —»—E
Table 6. Preceding displacement ratio (full face ex- = 60 .
cavation) g
. 8 AOT 4
Measuring points 1 2 3 4 s
PDR(%) 282 279 293 271 8 2 1
04 4
L T e R AR AL s saas e s S S A
‘OOT 1 Normalized distance(X/D)
.
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g Fig. 17. MPBX displacement ratio at invert (bench cut).
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Fig. 16. MPBX displacement ratio at roof (full face ex-
cavation).

F40) ch2 ofelol) AH A EAN7) wh ol o2 Ho)
£ Ntk o1 B3l WA ohhel B Aoz A%
SZYE B} CHE odele 24T F ek

Fig. 162 A4ol4 8] AFH$1FHolct. ()5 ()
27t SARAsh Amel W w9lFAelch. Fig
16()% a1 Co} DASHol 4oioz Rel7t dol

¥ w9l Me] 28 (WK, concave)2 & UEbtT). o)
€ 272 Asd WSde siAahd, CHell4 DA
o7 2w B4l U 59 sphnwge s
ol &alok ghct e} BAldK et Ao F4lo] #
oFsla g ol rct sl3ko g vehd Zlolct. w2 C
A Doz AHE Wv EAo| Tdsicy 3= 3
AZagko 2 ol glolop gl et BRIl AA)
Bt o} 4 sly] ufitel Sl Eet W9zt 2 g
Zolct. welA Fig. 16(a)e} (b)ZHE] 7 Aol Cet



Fig. 18. Profile of the model IHI.
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Table 8. Properties of the model 1l

Elastic Poisson's Unit
modulus(Pa) ratio weight(g/cm®)
Weak zone 6.86X 107 0.3 2.1
The other  7.84x 10 0.25 2.4
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Fig. 19. MPBX displacement ratio at side (full face
excavation).
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