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Evaluation of the Applicability of Sediment Discharge Measurement in
Mountain Stream using the Load-cell Sensor
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Abstract Landslides occur frequently due to the effects of heavy rainfall and typhoons caused by climate change.
Erosion control measures are needed to effectively prevent landslide damage. In order to improve their efficiency, it
is necessary to quantitatively measure the sediment discharge from the mountain stream. In this study, a load cell
sensor was installed in a mountain stream and the measured values were compared according to the applicability and
load test type in the mountain stream. The result of the load test showed that the effect of the loading type (load
test 1, 2) was low at average (loadings) of 0.4kgf and 0.6kgf at sites 1 and 2, respectively. The load factor was also
derived by regression analysis to increase the accuracy of the measured values. According to the results of the load
factor (normalized) to the load-cell measurement value, the output value increased by 14.8% and 24.6% in sites 1
and 2, respectively, and was calculated to be similar to the reference value. The load cell sensor enabled us to
quantitatively estimate the amount of sediment discharge in the mountain stream through time series analysis with
the water level and rainfall information. If the monitoring is carried out for a long time, it can be used to find the
sediment discharge mechanism for the mountain stream. In addition, applying sensors such as load-cells to a mountain
stream is expected to contribute to the development of related industries, such as the manufacturing of measurement

SEnsors.
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Fig. 1. Geographical position at research site
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Table 1. A general situation of research site

Site 1 Site 2
Basin area 128 196
Country rock Metamorphic rock Metamorphic rock
F.omst Mixed forest Mixed forest
physiognomy
Age class 4 4
. 35°54°24.42" 35°55'25.14™
Coordinate 128°3'13.95" 128°6'45.90"

EAMYE BUEE AlZ=Hle)& Load-cell, Hydrophone,
FHA, FEA, A, A, CCTV 5ol A5 o]
Aom, g HXH REFE Fig 29 2ok

Fig. 2. Photograph of monitoring system
(a) Site 1 (b) Site 2

2.2 Load—cell Sensor

Load-cell> at5-7), st=4lA, 3 Alxetaz sh,
3 = dtes SA] A w24 289E A7)
Z—]Oi \J—] )\ 9‘}1‘{_ % ul-5] E]’[lz]

Load-cell> ¢ KYOWAjiL2]

BN HRE L
Stainless Steel Load-Cell& 2298 LCTS-B Series©]
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11(Fig.4(a)), AH-& 2738 Table 2, Load-Cell ) =4
g 5 7] AFYE Table 337 2t}

Table 2. Environmental characteristics of load-cell

Safe temperature range -20 to 70°C

Compensated Temperature Range -10 to 60°C

Temperature Effect on Zero Balance Within+0.003% RO/C

Temperature Effect on Output Within+0.003%/C

Table 3. Mechanical properties of load-cell

Safe Overload Rating 150%
Critical Lateral Load 10KN
Weight L10KN

(Rated Capacity)

Material Stainless steel alloy
P67

Protection Rating (Watertight type conforming to JIS C
0920)

A EANE BUE POl Fig. 39 FW sl o)
EALE 2H 28 4 & Sampler 9ol Fig. 4(b)ol A ]
& 747k BA 2o Load-cellS 1704 F 471E A X5}
Atk ZH2te] Load-cell 912171 th27] wiitel| 5] ¥
olF §A wE =gt WEE vusta, aAdE

B2 gl JRmE wolV] 8 3% AFE 4T 2
871 9
Pit sampler "2“%“““;“

Fig. 3. Conceptual diagram of sampler using the load-cell

(b)

Fig. 4. Photograph of the load-cell
(a) Used load-cell
(b) Installed load-cell sensors in sampler
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(b)

Fig. 5. Standard weights test of load-cell
(a) Used weights sizes
(b) View of standard weights test in site 1
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Load test 1 :

5 times repetition test

Load test 2 :

3 times repetition test

Direct sampler Direct sampler

-1 W Balarice Weight(kg)
7 Load cell : i
I I’ 'S

Fig. 6. Method of each load test
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Table 4. The results of standard weights test on load test 1

Weight st 2nd 3rd 4th 5th Average Enor
(kg) (kgf) (kgf) (kgf) (kgf) (kgf) (kgf) (kgf)
1 0.83 0.82 0.82 0.82 - 0.82 -0.18
5 4.10 4.93 4.10 - 4.38 -0.62
Site 1 10 9.03 9.03 8.62 9.03 8.62 8.87 -1.13
20 17.24 16.41 16.84 16.83 - 16.83 -3.17
40 33.66 33.25 33.25 33.66 32.84 33.33 -6.67
1 1.23 0.82 0.82 0.82 0.93 -0.07
5 3.29 3.70 3.70 3.70 4.11 3.70 -1.30
Site 2 10 781 7.40 7.40 7.40 7.81 7.56 244
20 13.56 15.20 14.38 15.20 14.38 14.55 -5.45
40 32.05 29.17 28.76 28.35 30.41 29.75 -10.25
Table 5. The results of standard weights test on load test 2
‘Weight 1st 2nd 3nd Average Enor
(kg) (kgh) (kgf) (kgf) (kgf) (kgf)
1 0.82 0.82 0.82 0.82 -0.18
5 3.69 3.69 3.69 3.69 -1.31
10 8.21 7.80 7.80 7.94 -2.06
15 12.32 12.32 11.91 12.18 -2.82
Site 1 20 16.01 16.83 17.24 16.69 -3.31
25 20.52 20.94 20.52 20.66 -4.34
30 25.04 25.04 25.04 25.04 -4.96
35 29.55 29.14 29.14 29.28 -5.72
40 33.66 34.07 32.84 33.52 -6.48
50 42.29 41.87 - 42.08 -7.92
1 1.23 0.82 0.82 0.96 -0.04
5 3.70 4.11 4.52 4.11 -0.89
10 8.22 8.22 7.81 8.08 -1.92
15 11.10 11.51 11.10 11.23 -3.77
20 15.20 15.62 15.62 15.48 -4.52
Site 2
25 19.73 21.78 18.90 20.14 -4.86
30 23.84 22.60 22.60 23.01 -6.99
35 26.30 26.30 27.94 26.85 -8.15
40 30.41 30.41 31.23 30.68 -9.32
50 38.22 39.04 38.22 38.49 -11.51
A SEAA(Test 1)) AT shgol W Bt 22 Sol vle) AjHo oAt AW Aow duw,
S(EATFAC BF ASEE] H8)2 Site 1914 A5 Load test 1, 25 &3l 5 Astdefol] wpe
9] 85.1%, Site 2914 74.1%= UERE oM, Bt @Ak Load-cell 3t 2folE A8 A, Site 1914 31t
&2 247 14.9%, 25.9%% UElth B3 slEAE 04kef, Site 2004 He 0.6kgfe] SA7F Lbekyitl

(Test 2)2] Hit F2E-2 Site 19141 81.7%, Site 204
79.9%% UElom B Q3-8 Z7F 18.3%, 20.1%
2 yepgtt 3k @4+ Site 1, 2 2 Load test 1, 201

A BT 5lFo] HosrE Ox}7]— Zit}. ©]= Load-cell©]
A=tulete] wjAd¥ Samplerdl] 9131, w50l Eoll F7]=
FIE & FAZE 7R v}l Aew ddd
ok &, 5ol ¥& B2 Furt A7) uid] e #
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(Table 6, Fig.7). =3}, Site 1, 2} Load test 1, 201 4]
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e Bow etk ABHEHE dEstuiets &9
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Table 6. The results of load test 1, 2 comparison

Site 1 Site 2

Weight i i
o8 Load fest 1 Load test 2 Caleulation Load test 1 Load test 2 Caleulation
(kg) (kef) (ke) difference (ke (kef) difference

(kgf) (kgf)

0.82 0.82 0.00 0.74 0.96 (0.22)

5 4.38 3.69 0.68 3.70 4.11 (0.41)

10 8.87 7.94 0.93 7.56 8.08 (0.52)

20 16.83 16.69 0.14 14.55 15.48 (0.93)

40 3333 33.52 (0.19) 29.75 30.68 (0.93)

Average 0.4 0.6
*( ) : Parentheses mean negative numbers
50 =)

A Lload test 1 |
+ Load test 2 :
” b
= N
=) ¥
3 I
T 20 +
]
o A
-
i | +
v 4
0k
1 20 3 S 6
Balance welght(kg)
(@)
o Load test 1
% Load test 2 H
40 i :
| ¥
& i !
o)
¥ 30
T 20
o
S 1
l *
5
\L *
” i
1 20 3 4 50
Balance weight(kg)
(b)

Fig. 7. The result of load test 1, 2 about common
weights ( | overlapping point)
(a) Site 1 (b) Site 2
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Load-cellol AISEE g+
asAE gt 2
el E vdE s o s AP S Load test 29] A&
o]g3l Site 1, 20 e+ Ztze] st AlFS AT

1

BEE el

—

RN

X)) AA sHE(ES

ofgfo} 22 3] 4% 747t =3k thFig.8).
(Site 1) ¥Y=120.5X+0.446, R*=0.9 (1)
(Site 2) Y=133.5X+0.321, R*=09 (2)
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Fig. 8. Simple linear regression model of site 1, 2
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Table 7. The results of correction value at site 1, 2

Site 1 Site 2
Weight

(kg) Load-cell Cormrection value Output rate Load-cell Conrection value Output rate

(KN) (kgf) (o) (KN) (kg (Yo

1 0.0080 0.96 96.4 0.0094 1.25 1255

5 0.0362 4.36 87.2 0.0403 5.38 107.5

10 0.0778 9.37 93.7 0.0792 10.57 105.7

15 0.1194 14.38 95.9 0.1101 14.70 98.0

20 0.1636 19.71 98.6 0.1517 20.25 101.3

25 0.2025 24.40 97.6 0.1973 26.34 105.4

30 0.2454 29.57 98.6 0.2255 30.11 100.4

35 0.2869 34.58 98.8 0.2631 35.13 100.4

40 0.3285 39.59 99.0 0.3007 40.14 100.4

50 0.4124 49.69 99.4 0.3772 50.36 100.7

Average 96.5 104.5

Fig. 9.
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650

40

kgf

——— Approximate line
Experimental line
.. Correction line

Measuring efficiency(%)

,‘r’
,l/
/,/
ey 4
,'/
‘
10 20 30 40 5
Weight(kg)
(a)
Experimental value
Correction value
Appoximate line
L]
. .
L] ry Y ry
.
.
n "
" [} [ [}
N
i 10 20 30 40
Weight(kg)
()

load coefficient in site 2

Fig. 10. Comparison of before and after application of

(a) Comparison of measured values
(b) Comparison of output rate
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