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ABSTRACT

Hydraulic performances are greatly influenced by Surface roughness of irrigation
canal. Especially after long time use it is necessary to measure the surface roughness
to decide whether or not it will go under maintenance. A new, easy and quick
measuring technique for the surface roughness with aerial ultrasonic sensor
introduced. For confirming the accuracy of measurement of roughness by this method,
it was very essential to see the effects of air velocity and other factors on it. The
proposed experiment was performed in laboratory. An air flow tunnel was used to
flow expected air velocity. The experimental air velocity was Om/s, 2m/s, 4m/s, 6m/s,
8m/s and 10 m/s. The aerial ultrasonic sensor measured the peak to peak value from
the distance of 1m. Three types of concrete samples with different surface roughness
were used in this experiment. In all the cases, peak to peak value was same for 0-4
m/s air velocity and after that it was decreased with the increase of air velocity. Peak
to peak value can be measured by aerial ultrasonic sensor with accuracy even in
windy condition.

Keywords: Hydraulic performance, Peak to peak value, Air velocity, Surface
roughness, Ultrasonic sensor

1. INTRODUCTION

Japan has concrete agriculture irrigation canals having total length of 49,239km.
These were mostly constructed since 1954-1973 of the high economy growth. Most of
these concrete irrigation canals expired their design life. So that now it is become
essential to repair. To repairing the structure, a priority based schedule is essential for
this large volume of works. Hydraulic properties of irrigation canal greatly influence
by the surface roughness of the irrigation canal. Farm managers could decide by
measuring the surface roughness to decide whether or not it will go under
maintenance. To measure the surface roughness by the aerial ultrasonic sensor
effectively, it is essential to be confirm whether there have any effects of wind
velocity or not.

The first attempt to measure the surface roughness of the concrete wall of the canals
was made by Kato T. et al, 2008. Kato T. et al, 2008 suggested to use the moulage
gauge to measurement the arithmetic mean roughness. This method is very simple to
measure, since managers only places and press the moulage gauge on the concrete
surface. According to this medhod, the managers need to do complicated analysis that
read displacement of the moulage from one by one the moulage gauge. Nakaya T. et
al, 2008 measured the arithmetical mean roughness by using the laser displacement

40

33


k-watanabe
タイプライターテキスト
論文８


ISSN 2313-7827 ICENS January 19-21, 2017, Bali, Indonesia

sensor. Measurement range of this method is the expressed in line information of the
concrete surface. Otagaki K. et al, 2013 suggested for using the three dimensional
image processing in the measurement of the arithmetical mean roughness of the
concrete surface.

In this study, we examined of the dispersion of the measurement value. Next, we
examined the peak to peak value. Next, we examined the influence of wind velocity
on the performance of aerial ultrasonic sensor to measure the surface roughness.

2. MATERIALS AND METHODOLOGY

2.1 The Measurement Equipment:

We used LZ-EZ1 (MaxBotic, Inc) as the aerial ultrasonic sensor of transceiver type.
The sensor used designed for the ultrasonic measuring sensor. We selected a
frequency from relationship of attenuation in the air. Since ultrasonic waves higher
80kHz in frequency attenuates from distance of 2000(mm) and ultrasonic wave of the
lower 20kHz in frequency may become the audible range, we selected about the
40kHz. The ultrasonic wave of 40kHz can measure from distance of 500~2000(mm)
without attenuation.

Photol. Photographic view of the aerial ultrasonic sensor

2.2 The Measurement Principle:

Figurel shows the measurement principle of measurement of the arithmetic mean
roughness of the concrete surface by the aerial ultrasonic wave of transceiver type.
The wave of the aerial ultrasonic wave is reflected by the concrete surface. The
reflection wave was diffusely reflected by the roughness of the concrete surface. We
evaluated amount of the reflection wave with the peak to peak value. The peak to
peak value is difference between the maximum value and the minimum value of the
reflection wave value.
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Peak to peak

Fig.1 The measurement principle of the ultrasonic sensor

It is generated a uniform wind. Stepwise adjust the wind speed (0 ~ 10m / s).
Temperature and humidity was in room condition. Open-type wind tunnel was used
with laboratory equipment. Wind tunnel equipment set up according to the
specification. Discharge port diameter ¢1600mm. Wind speed: 2 ~ 20m / s.

Photo2. Photographic view of the Experiment set-up
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3. RESULTS AND DISCUSSION
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Fig.2 Effect of wind velocity to measure the peak to peak value of smooth
concrete surface
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Fig.3 Effect of wind velocity to measure the peak to peak value of concrete
surface with roughness Ra=0.32 mm
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Fig.4 Effect of wind velocity to measure the peak to peak value of concrete
surface with roughness Ra=1.04 mm

In all the three cases (concrete surface roughness 0.04, 0.32 and 1.04 mm) the effect
was almost same. There was almost no or negligible effect up to the wind velocity 4
m/s and after that the peak to peak value was decreased.

4. CONCLUSIONS

It can be concluded that aerial ultrasonic sensor could be used to measure the surface
roughness of the concrete made irrigation canal in windy condition. The accuracy of
the measurement could be lowered in high windy condition.
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The relation between reflection intensity of aerial ultrasonic wave and Manning’s
coefficient of roughness.
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Evaluation of attenuation of ultrasonic during propagation the air to measure concrete surface

roughness by the aerial ultrasonic sensor

OK @kth’, ME BB, A%

1 FL®IZ
JRFETKEE IR b e ZEA &
LCET NS, KBEORHE L TR
FuWiew, BEICBWCHES - @ - 27l
EENRAIRTHDLEZEZ LS. % T, &
[i] & (2014) 23 fifi 5 T 720 725 AT RE 72 22 R
HIHEZRE L. ;hif®ﬁmfiﬁi
MRz 7 ) — hREOHSZHET D7
D O FERERFIE & AL EAT T, ﬁéﬁﬂﬁ«@ﬁ%
REFLFH, & AR E NEm ORI A0 K
%%,Wﬁ@ﬁ/%%%ﬁ®&m%ﬁot
LavL, WEBGZME LG, RN
BEANEL D Z EREESND. B 5H(2016)1%

R L DB ERERA~DOEELIA SN LT,
Ze b E T 28 P TR AL 2 L, B3

OBEFITIRE - B « KRBT T 22 &M
MHNTWD., LaL, IS09613-1 I[ZHESh
T2 8 5A S0HZz~ 10kHz C, ARBFZECHW
7o 2kHz | ZHFASN & 70D £ 2T, 2B
=z HE L S HIE RS RS R IFET 5
B R L, WU IE TR ORRE & ARG
Hiy& L7z,

2 ZEevhiEEi e Y L E R

t »¥121E, LV-EZ1(MaxBotix.inc) % fii i L
To. "= &EETLHZLITEY, BEEOIR
N0 ZHIRL, BEHPEE AR TS,
TETTEEIEA] 2 Y, AN TSR 2 JEVH L
TR a7 ) — RV 2 V.

"D R
NAGAOKA Seiya, OKAJIMA Kenji, ISHIGURO Satoru, ITO Ryoei, WATANABE Ken,

B 1 L T

ITO Tetsu

BRI 20mm, E L72B A3 ©, SHE
1% 700X 700X 50mm T 5. HCFEH S 1T
0.04mm & 1.02mm T 5 (L%, 0.04mm % iF
ifi, 1.02mm %Ki & FESS. ).
3 ZERIIHEREIZ DV T
22 R 1 1S09613-1 12 X 0 Mk b &
TWD. BEHOFEIZR(D) L v IRk LT
TR IR & 9 2 L IR R AR S m (1/m)
TRIESIND. BB miTXQ), G)rT
L9, 3 OOWEREOFE > TS, HE
BT R, B, KRRE” BLOEEED
B E 7p > TN A,

I = Ilyexp(—ms) (1)

Q= ¢ + Aot + Ayip

@)

o

G)

- 20logype

T, Iy MIEE mV, 1 FERE mV, m:
FARE VUm, s EFEIERE m, a: BERFREL dB/m,
ag o mTHBRAREL dB/m @y o [RIEREE RO
% dB/m, ay; @ IREFEFIBERAREL dB/m

4 EERAEEE L ARETE H
TR - WA - KBS O BREESRA 2 HERR
L7012, WEIZEBNTIT-72. B —
If & T O REEE 2 1000mm & L, J8IE mis e
L CHEEFIANCFRE L2, 22 P i Kfih
FUIE mV 24 a2 a—7"CHAE L, 20 [\
DA V. 22 S E I T LT,

i

*EHERFRFBHEW AR TR Graduate school of Bioresources, Mie University
Rk 7 U — b TS Maruei concrete industry Co., Ltd.

RSt v A7 U 7 ¢ X-ability Co., Ltd.

40

To
gu
-

FEERER ML, 22 EER, 22RO


k-watanabe
タイプライターテキスト
論文１０


BE WL - RRUEATG L7, W & REET
wi%bfﬁmﬁmﬁmbfwéﬁ WD
RN DEgm AT 7R IR K DR K
Tz, IREICEREZ LT, %ﬁrﬁa%ﬁok.
FT, BRx RBEREESME T Ol KIRAUIE 2 IS
L, IS09613-1 |ZH3\ - AHiE A H LA iE
ZATo 7. WIZ, Vi &L OB &R O
BIfR AT L, MR & I O RFRIC X 208
FEREZRE L.

3 1S09613-1 (= £ % sl

e EEREIC X > TH LR KRN
W % SEHME, #ERIC X > TR B EA R E
e L7z, SEHIMENE Figurel 2R3 X 912, iR
FEDOHANTFEY, e KIRIVIEDS NS < 7g o T
D2 EDERTCE . AIEMEIE Figurel 233
io_,%@fkwmfﬁUﬁﬁ@@%ﬁmé
7o TWVD I M, ZEREIUBFEIC
BRNEL ol Z LR TE .

3500 y=-4.1311x + 30321
R2=0.0633
°
3000 N.‘:.%’U
p w» °
2500 w“ y =-23.624x + 2674.5
o RO ““m“‘ Rz = 0 7181
=) h .....
= 2000 A TA
= y = -4.8355x + 1386.8 A A
. R2=0.1622
= 1500
z
=3
1000 &
y =-12.585x + 1216.1 AL
500 R2 =0.6527
0
5 10 15 20 25 30
RECC)
® T A AjEE ERE
O Ml  fEAE AR SERINE
Figure 1 e RIRAVIR & 1REE D BIfR

The relationship between the peak to peak value and

temperature

4 HEECE LI ORIRAIC KA EEAESR
ARKFFETIE 200C &2 FEHEEE & LT, 20+
0.5 C DEFD I KIRAUIE 3 DO -HE %, FAER

FEDBRIEUIE & Uiz, SR & X IRkt
T 5 HIERE DR KIRIVIEOEI G TH 5.
[Eﬁiﬁf[g;;ﬁifj]wﬁhmﬁ] @

T &ML O ECR & Figure2 W, IR

(2 & BV &L OEEERITIFIE B LT
LI DM TE . £2 T, ISOC%ij%‘ﬁJ: L
fﬁﬁ$@ﬁm#k%<wm¢é’km%,ﬁ

St 2 DI TR AERD . HEEr &
mgtwﬁ%ﬁ%uT_mﬁ.
r=0.0013t + 1.1393 = 1.1393(6 < t < 15) (5)
r =—0.027t + 1.591 (15<t <25) (6)
ZIC, or HEEEE, t: IREE(C)
ROBLOKOG)ZH WD Z LT, BEtNID
B r 23R 5. KIS, Bl CE LI
EZ2 R CEID Z & ¢, REREORKIEN
fE~HIET D 2 ENTE D,

1.4

1.3

1.2
1.1

:é 1
i 0.9
0.8
0.7
0.6

0.5

[sot] =

O k] A MLk

5 10 15 20 25 30
ILE(°C)
Figure 2 ¥R &R DB

The relationship between the rate of increase or decrease

FL®
-E@M}li@@ﬁh@ﬁﬁ&®§xwﬂﬁ

DRBEMET D LN T,
-%ﬁ¢km§@%%ﬁ%%wfﬁﬁﬁﬁwﬁ
KABAUIE ~DOMIER DR STz,

B ADFFEIT TR 26 FEEE BOEEERT R AE
PIRFEICL MBIz WS E L.

S35 ik
1) B 52014) : ZEh@EEREEZ AW -2 27 ) — MO X
WE, BERHTLYSLERSHEESSE, pp.669-669



	論文８
	論文９
	論文１０



