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8. Development of the Short Pipe Strain Transducer (SPS) Comprising a Screw End and
Experimental Analysis on its Applicability for Safety Monitoring in Slope Works.

by Satoshi TAMATE* and Akira ENDO**

Abstract: Slope failures frequently cause labour accidents in construction sites. It is also known that even a
small collapse can cause serious injury to workers. In particular, vertical cuts at the toe of slope are carried out
to build retaining walls for expansion of load width, and unstable slopes appear even short term. Slope failure
must be avoided for safety. Consequently, temporary constructions are needed to support slopes. However, this
process is sometimes omitted because of difficulties resulting from a lack of sufficient lateral reaction force.
Since many slope works are going on, finding methods are needed to ensure safety for workers in slope works.
One of the solutions considered is the provision of a warning system that provides the time required to escape
through accurate monitoring. A slip surface appears at slope failures, and then major deformations develop
along the slip. However, shallow deformation arises at the same time even though higher sensitivity is required
to measure its small values. The Short Pipe Strain transducer (SPS) was developed, and then its applicability
was investigated by Centrifuge model tests and Prototype model tests. It is compact in size with a length of 1m
and a diameter of 15mm. SPS outputs the strain based on the response of bending deformations. Since the SPS
penetrates by itself without pre-borings, installation into ground is easily conducted by a hand operated drill.
Moreover, SPS strongly contacts with surrounding soil and this contributes to high sensitivity.

Prototype model tests were carried out in several sets of the model slopes, which were composed of loose
sand, less compacted loam and compacted loam. 45 degrees of inclination and 5m of height were given in the
model slopes. SPS was set into the shallow section of slopes near the shoulder. Vertical cuttings were carried out
from the toe of slopes to simulate failure. Centrifuge model tests were also conducted by giving the equivalent
conditions of prototype model tests to provide an additional test of SPS.

Clear increases in the responses of strains () were measured with progress of slope cuttings in both prototype
tests and centrifuge tests prior to failure. Sensitivity of », depends on distance between SPS and failure parts.
In loam ground, creep strain curves were observed. A couple of minutes could be provided by monitoring the
2nd or 3rd creep. In sand ground, a liner relationship between 7, and settlement by conventional displacement
transducers was observed.

Accordingly, it was confirmed that SPS does not only measure the slope movement but also senses an increase
of the potential risk of slope failure. Slope inspections must be conducted to ensure safety during works, and
SPS is applicable for subsidiary warning systems to saves workers’ lives.

Keywords: Slope failure, Labour accident, measuring the potential of failure, Development of compact sensor,
Prototype model test, Centrifuge model test, Warning system
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Fig. 8 Process of the vertical cutting and position
of SPS.
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Fig. 9 Overall relationship between response of
strain(rs) by SPS and elapsed time(tg) in Cs1.
HIEEROBREICHITIREOTASTDE
% (Cs1)

op =58.6(pe/mi
% —%} . |V,758 6(ue/min)
(1125 7, =49Ge) _'%
’g -50 g t,,=6(min)
IO I —A e Y
‘g II“,E t,=2(min) \ /I'
-100 ¢ I \
by ~ \
Ko / REVTHE
5 -150 ¢
= 8 o \I
11:22 (TEXBE+3 A LIRE)
i |
N .
| i
~1000 EEL — i

60 63
#ZBEFRE t, (sec)
Fig. 10 Expanded view of relationship between rs

and t. before failure in Cs1.
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Photo 4 Process of slope failure in Cs1
(Left: 2 minutes before (BP1), Right: Just
in failure).
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Table 3 Definitions of interpreted variables prior to failure
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Fig. 11 Relationship between rs and te prior to
failure in Cs2.
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Table 4 Comparison of interpreted variables prior

to failure.
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(Left: 4th stage, Right:5th stage).

Cs3Ic BT BENLDEF # Mark II) TH 29, ZOEEEHBEHY 4 XTH Y
(ZE:SRAERRE, 4 5E5ERFE) B HORMBEEBLADT Ty b T+ — L2 THY,

KB D FEERE 250 K H I E OB RS TRETH 5, £
72, ¥— A OWmICIZBINERM & BRI B
FEN2ODT Ty b7 — 2o THY, TR
BIIRDE — L2352 5hTwb,

Fig. 13138 L H B W 725 0 I 2 8 2 7R,
MoOHJL BT 57— F3IAF Yy Er 7 E—%—|C
X OBAT L ABEAWHETH 5o T DB ITS0gHITHB W
TEIETRERMEREZ AT 519, AEBRTIZIZOTL—F
% IR L CHIM R E MRy LA T L 72,

Fig. 1413 R MR O MRS 2 /R 37 #4HI A BL 3 92 K8
BEFUCLASETH o MHOE S13200mmTdH Y,

Photo 7 Slope failure after the cutting of 6th

- R iy

stage FEY D252 — VT 5. Photo NIRRT /NEIFENE O
(Left: main failure, Right: delayed failure). FHEF (mini SPS) (3&E DEBHICEMEL 723D TH 5,
Cs3DFORE)LRICFE L 1L BHROBTF mini SPSI3E £0.3mmo #H K % IESmm, & 235mm

EERR AR ST L, 20X E B0 Ry — 3 2 W L b

— 116 —



FHH THIC BT 2R B LERMOIZDD AV ) 2 —H ARG Hat OhiFE & Z OB % BRI

DThHbBo HHIIZP AL I N TS, rdiri
9 BB AW O T A (O (%)) i D 11340.004
TH D1,

KBOTAHFNIEE £ Y 30mmoOEICiE Lz,
7o KA DT 22202 (LVDT) TRH L7z, il
WHF1E Y729 E20mme L, 7B EEmg e L
720 2B, BEBEOYHBIII20OBERMEZ5 272,

Table 5 Ground conditions in centrifuge model

tests
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Fig. 13 Schematic view of an in-flight excavator
and model ground in the testing container.
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Fig. 14 Vertical cuttings in centrifuge model test
and installation of mini SPS and LVDT.
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Photo 9 Plan view of mini SPS.
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Photo 10 Slope failure simulated by centrifuge

model in Cs4.
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Fig. 15 Time history of both the response of
strain(rs) and the settlement (s;) prior to the

failure in Cs4.
HIEREICH T RREVTA () &EXimx
T & (s) OREEFZEAL (Cs4)

FeTRRRIE S Y JNIOSH-SRR-NO.35 (2007)

200~ / EXEA B e
NG ./
T Z ’ |lar/as,|=2.5 ’_Z -
q‘ﬁ -20 1.6]
A ; ' - [394 \
1 —40
_soﬁg aggguigri & , \ iz IF
-85 0? & l] ; —a '
o T T AR

000510 35 40 45 50 55 6.0
L TF=LVDT(No.1) sn(mm)

Fig. 16 Relationship between rs and s; in Cs4.
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Photo 11 Slope failure simulated by centrifuge
model in Cs5.
BORRTHEIW-SIEHEOETF
(Csb)

= 8

£ L ‘

£ e iEEBIE , %

& Gflgiléggﬁgyy {W‘ LVDT(No.1)
; ‘ Fo5t1+ o

|]|||E{ A e L] g PO 2)]

5, Jogan] | o \ |

=

S 0

S

‘;'ﬂ

i

S

for

5

o

12

0 5 10 15 ‘ 2I0 ‘ 25
@R ¢ (min)

Fig. 17 Time history of both the response of
strain(rs) and the settlement (s;) prior to the
failure in Cs5.
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Fig. 18 Relationship between rs and s; in Cs5.
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Fig. 19 Vertical cuttings in centrifuge model test
and installation of mini SPS and LVDT in
Cs6.
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Photo 12 Slope failure simulated by centrifuge
model in Cs6.
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Fig. 20 Time history of the settlement (s;) prior to
the failure in Cs6.
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Fig. 21 Time history of the response of strain(rs)

prior to the failure in Cs6.
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