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Measurement of roughness of concrete surface using airborne ultrasound
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Comparison of transmitter and receiver types in measurement of the concrete surface

roughness by the aerial ultrasonic sensor.
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MEASUREMENT OF THE ARITHMETICAL MEAN ROUGHNESS OF
THE CONCRETE SURFACE BY THE TRANSCEIVER TYPE AERIAL
ULTRASONIC SENSOR

NAGAOKA Seiya”, OKAJIMA Kenji*, ISHIGURO Satoru®, ITO Ryouei*, WATANABE Ken™ and ITO
Tesu™

*Graduate school of Bioresources, Mie University, 1577 Machiyacho, Kurima, Tsu, Mie 514-8507, JAPAN
**Maruei concrete industry Co., Ltd., 1518 Majima, Fukujyu-machi, Gifu 501-6293, JAPAN
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ABSTRACT

In the hydraulic performance malfunction of the concrete agriculture irrigation canal the roughness coefficient is
assumed one of the evaluation criteria. The arithmetical mean roughness of the concrete surface is applied to the
estimate of the roughness coefficient. In this study, we suggested the measurement method of the roughness of the
concrete surface using the aerial ultrasonic wave of the transceiver type. We examined the influence of the
dispersion of measured values, relations between the arithmetical mean roughness and the peak to peak value of
the reflection wave, influence of wet and dry of concrete surfaces and the verification about the measurement rang.
As a result, following became clear. The peak to peak value of reflection wave could estimate arithmetical mean
roughness well. In addition, the arithmetic average of 15 times measurement values was sufficient accuracy. The
peak to peak value of the reflection wave was little affected under wet condition. The aerial ultrasonic wave
measured the diameter in the approximately range 600(mm) from distance of 1000(mm). The aerial ultrasonic
wave measured the diameter in the approximately range 300(mm) from distance of 550(mm).

Keywords: aerial ultrasonic, peak to peak value, Arithmetical mean roughness, Hydraulic performance,

Functional diagnostic
1. INTRODUCTION

Japan has possessed main concrete agriculture
irrigation canals that have total length of 49,239km.
These were constructed since 1954-1973 of the high
economy growth. When canals became too old for
work, they were necessary to be repaired. Especially,
the hydraulic performance malfunction is used it as
the repair factor. However, visual inspection is often
used in the general maintenance of the roughness of
the canal. Some canals managers want to assess
quantitative of the roughness of the concrete surface
of the canal quantitative. Since main concrete
agriculture irrigation canals have enormous length,
the method is required of quantitative assessment that
is simple, short time and economical.

The hydraulic performance malfunction of the
concrete agriculture irrigation canal the roughness
coefficient is assumed one of the evaluation criteria.
However, the simple, short time and economical
measurement of the roughness coefficient is difficult.
The arithmetical mean roughness of the concrete
surface is applied to the estimate of the roughness
coefficient. Over the years, considerable attention
has been paid to the study of measurement of the
arithmetical mean roughness. The first attempt to

assess the roughness of the concrete surface of the
canals was made by reference [7]. Reference [7]
suggested using the moulage gauge in the
measurement of the arithmetical mean roughness.
This method is the simple measurement, since
managers only pushes the moulage gauge to the
concrete surface. However, managers need
complication analysis that read displacement from
one by one the moulage gauge. Reference [5]
suggested using the laser displacement sensor in the
measurement of the arithmetical mean roughness.
Measurement range of this method is line information
of'the concrete surface. Reference [4] suggested using
the three dimensional image processing in the
measurement of the arithmetical mean roughness.
Measurement range of this method is line information
without three dimensional image of the concrete
surface. However, these method is not used in the
general maintenance of the roughness of the canal.
Since the agriculture irrigation canals is long total
extension distance, managers request measurement of
wide range.

In this study, we attempted using the aerial
ultrasonic wave of the transceiver type in the
measurement of the arithmetical mean roughness.
The wave of the aerial ultrasonic wave has
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characteristic of spreading wide. Experiment date
was acquired by the oscilloscope. In addition,
measurement interval is 25 times per second. This
method can have potential of the simple, short time
and economical quantitative assessment.

In this study, first, we examined of the dispersion
of the measurement value. Next, we examined
relation between the peak to peak value and the
arithmetic mean roughness. Next, we examined the
influence of wet and dry of concrete surfaces. Last,
we verified the measurement range.

2. THE MEASUREMENT EQUIPMENT

We used LZ-EZ1 (MaxBotic, Inc) as the aerial
ultrasonic sensor of transceiver type. 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. Next, we
compared the open type (the sensitivity: min. -
80.5dB) and the waterprooftype (the sensitivity: min.
-58.2dB) in sensitivity. The open type has 13 times
higher sensitivity than the waterproof type at each
output voltage. So, we selected the open type. But
measurement of the aerial ultrasonic wave must limit
not to get wet. Other specification shows table.l.
Experiment date of the peak to peak value was
acquired by the digital oscilloscope TBS1152
(Tektronix, Inc).

Table 1 Specification the aerial ultrasonic transducer
of transceiver type

frequency 42 KHz
dimension A 16.4 mm
B 15.5
C 19.9
D 22.1
weight 43 grams
B | D
4_»5 < >
A C

3. THE MEASUREMENT PRINCIPLE

Figure4 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.

Peak to peak

Figure 1 The measurement principle
4. ARITHMETIC MEAN ROUGHNESS
4.1 The Moulage Gauge and Determination

In this study the arithmetic mean roughness was
measured by the moulage gauge. The length of the
moulage gauge is 147(mm). The number of steel
sticks is 183. Measurement interval is 0.8(mm).
Figure2 shows the measurement surface of the
arithmetic mean roughness 0.30(mm).

Figure3 shows the image of the arithmetic mean
roughness. The formula f,y is the roughness curve of
the concrete surface. The formula Y () is liner
approximation that is calculated from the roughness
curve.

R, is calculated by ration between the integral value
of | foo — Y(x)| and the length of the moulage gauge.

1 1
Ro=7folf o —Ywld M

R,: The arithmetic mean roughness
fx: The roughness curve

Y(x: The Formula of liner approximation
I: The length of the moulage gauge



Figure 2 The measurement surface of the arithmetic
mean roughness in 0.30(mm)
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The length of the moulage gauge (mm)

Figure 3 The image of the arithmetic mean roughness
4.2 Selected Measurement Surface

Reference [7] indicated the relationship between the
arithmetical mean roughness and the number of years
of the agriculture irrigation canals. The agriculture
irrigation canal used 40 years, the arithmetical mean
roughness becomes approximately 0.7(mm). We
were selected in consideration of soundness of the
canal. Table2 shows examination items and the
arithmetical mean roughness.

Table 2 examination items and the arithmetical mean
roughness

Ra (mm) Dispersion Application Wet
0.00 O
0.30 O O O
0.37 O
0.45 O O O
0.67 O

5. EXAMINATION ITEM
5.1 The Dispersion of The Measurement Value

Measurement of the aerial ultrasonic wave has the
dispersion of the measurement value. Therefore, the
dispersion of the measurement value needs to be
decreased by the average of times. This experiment of
purpose that decides the average of times of the
measurement value.

We measured the peak to peak value. We measured
119 times. We got 100 sample of the moving average
of 1~20 times. We evaluated ration between the
standard deviation and the mean value of the moving
average. The aerial ultrasonic measured from distance
of 1000(mm) and 550(mm).

Figure4 indicated that the dispersion of the
measurement value decreased so that the arithmetic
average increased. The dispersion of the
measurement value in 550(mm) tended to be larger
than in 1000(mm). However, the arithmetic average
of 15 times restrained the dispersion of the
measurement value in 550(mm) and 1000(mm). The
15 times of average of measurement value is
sufficient accuracy. In this study measurement value
defines it as the average of 15 times.

0.12
—O—Ra=0.30(1000mm)

e
=

—@— Ra=0.45(1000mm)

o
=)
&

—0—Ra=0.30(550mm)

—8— Ra=0.45(550mm)

o
[
E

the standard deviation(mv)
/the meanvalue(mv)
(]
[
N

<
=)
el

0 5 10 15
the average of times(s)

Figure 4 The dispersion of the measurement value

5.2 The Application of Measurement of The
Arithmetical Mean Roughness

We measured the peak to peak value. The aerial
ultrasonic measured from distance of 1000(mm). We
measured five concrete surfaces that is 0.00~0.67
(mm) in the arithmetical mean roughness.

It is clear from figure5 that the peak to peak value
was decreased with increasing the arithmetical mean
roughness. In addition the formula of liner
approximation had high correlational relationship.
The formula of liner approximation is used to

20



estimate the arithmetic mean roughness from the peak
to peak. Measurement of the transceiver type aerial
ultrasonic wave can estimate the arithmetical mean
roughness well.

900
B |
5 00 & e, y=-490.31x + 840.13
3 R2=0.9191
>
<700 w2 e
(] *e
o ce..
2
@ .,
2 600 ..
=9
2 500 -
400

0 01 02 03 04 05 06 07
the arithmetical mean roughness(mm)

Figure 5 The relationship between the peak to peak
value and the arithmetical mean roughness

5.3 Influence of Wet and Dry of Concrete
Surfaces

When managers measure agriculture irrigation
canals, we expected that many canals can be wet
condition of the concrete surface. We evaluated the
effect of the measurement value by the concrete
surface condition. We compared and examined the
measurement value of wet and dry of concrete
surfaces.

When we reproduced wet condition of the concrete
surface, we noted to be water pocket in the roughness
depression. The aerial ultrasonic measured from
distance of 1000(mm).

Table3 shows the measurement value of wet and dry
of concrete surfaces. The measurement value of wet
was a little larger than dry. We were able to guess that
water filled the roughness depression of the concrete
surface. Therefore, the arithmetic mean roughness
was decreased. However, figure3 indicates that the
standard deviation of the arithmetic average of 15
times from distance 1000(mm) was =+ 15.7(mv).
Since the difference of the measurement value was
within the range of the standard deviation, we
concluded that whether wet or dry of concrete

surfaces do not have influence the measurement value.

Fig6 shows reflected waveforms from wet and dry of
concrete surfaces. Waveforms were not different
from wet and dry. Here those can be seen that the peak
to peak value of the reflection wave was little affected
under wet condition.

Table 3 The Measurement value of wet and dry

wet (mv) dry
Ra=0.30 (mm) 717.6 704.4
Ra=0.45 601.5 590.1
26
2
] 24
=
> 22
4
g 2
g
S 1.8
é —wet
(]
p 1.6 dry
T 14
0.0055 0.006 0.0065

measurement time (s)

Figure 6 Reflected waveforms from wet and dry of
concrete surfaces in Ra=0.30(mm)

5.4 The Verification of The Measurement Range

Measurement of the aerial ultrasonic can measure
the wide range. However, the measurement range that
has inference on the measurement value is uncertain.
To calculate the correct measurement range is almost
impossible. The purpose is to clarify the measurement
range that has inference on the measurement value.

Figure7 shows the experiment principle. We
examined measurement range by widening diameter
of the grave on the flat board. The flat board is
0.00(mm) in the arithmetic mean roughness. The
grave of particle size is 2mm. Figure8 shows the used
grave. The aerial ultrasonic measured from distance
of 1000(mm) and 550(mm).

Figre9 and 10 indicate that the peak to peak value
was decreased with widening diameter of the grave.
Fig9 shows the relationship between peak to peak
value and diameter of grave from distance of
1000(mm). When the grave diameter is 200(mm), the
peak to peak was largely decreased. When the grave
diameter is 200~400(mm), the peak to peak was few
decreased. After 600(mm) in diameter of the grave,
the peak to peak was not changed. Since 600(mm) in
diameter of the grave presumably exceed
measurement range, the upper limit of the
measurement range is approximately 600(mm) in
diameter.

Figurel0 The relationship between peak to peak
value and diameter of grave from distance of
550(mm). When the grave diameter is 200(mm), the
peak to peak was largely decreased. When the grave
diameter is 200~300(mm), the peak to peak was few
decreased. After 300(mm) in diameter of the grave,
the peak to peak was not changed. Since 300(mm) in



diameter of the grave presumably exceed
measurement range, the upper limit of the
measurement range is approximately 300(mm) in
diameter.

The dominant range of measurement is
approximately 200(m) in diameter from distance of
550~1000(mm). The measurement range was large in
proportion to the measurement range and in
proportion to square of the measurement distance

Figure 7 The basic form of the measurement

Figure 8 The used grave
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Figure 9 The relationship between peak to peak value
and diameter of grave from distance of 1000(mm)
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Figure 10 The relationship between peak to peak
value and diameter of grave from distance of
550(mm)

6 CONCLUDION

We examined influence of the dispersion of the
measurement  values, relation between the
arithmetical mean roughness and the peak to peak
value of the reflection wave, influence of wet and dry
concrete surfaces and the verification of the
measurement rang. As a result, following became
clear. The peak to peak value of the reflection wave
could estimate the arithmetical mean roughness well.
The average of 15 times of measurement values were
sufficient accuracy. The peak to peak value of the
reflection wave was little affected under dry condition.
The aerial ultrasonic wave measured the diameter in
the approximately range 600(mm) from distance of
1000(mm). The aerial ultrasonic wave measured the
diameter in the approximately range 300(mm) from
distance of 550(mm). The dominant range of
measurement was 200(m) in diameter from distance
of 550~1000(mm). Measurement range was large in
proportion to measurement range and in proportion to
square of the measurement distance.

The results of this study reveal that measurement of
the arithmetical mean roughness of the concrete
surface can using the aerial ultrasonic sensor of
transceiver type.

It remains a challenge for future research to
verification of the measurement in various weather
such as temperature and wind velocity, and
measurement of the canal on field.
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CEEEE COWREEY L' 35, Fh, RENT VAT 2—
P—MEZE T VAT 22—V —F TOBFHE OKEHE
WERHIOE SIZ2Y, ZOLEDREE R T VAT 2 —Y—
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LD A% L 95E, cos 81F L' 400mm T 0.9995 &
RV, AL BRI I EMNRTE D, O, R TIXZE
FRARTE I E 2% & P B £ COMRIERESE LY 400mm LAk
ERDEOITRE L.

Table1 HEHFE b7 2 AT 2 —H—DfEE
Specifications of the aerial ultrasonic transducer
FRC AR 40 kHz
HELVL 115 LAk dB
R EE -64 Ll I dB
-6 dB fRIAIPE 50 deg
. 16.2
STk
12.2 mm
(FRZR)
10.0
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3. FRAENHMSEREARADRETE

AWML TIE, METER & L TR =01 62%, O,
QEEERIZ OV T OXMEEIL, 27 U — Ml L
ORBENHIEE L. BE L3> 7 U— MEIZOWTIT,
UUTOFETHEMEIH S R, & TP FHBAE R &
AR L. ZHREHEHFBE S R, AHAIED S O
® Kirchhoff &7 /L2 BV CTHW .

3.1 FRAIE DM S IRE

AT, MiME O S 2RTHEL LCFERASNT
WD B S ZREE IR X 2R 701,
’Grlienary ) — NMEMEIC Fig. 2 (IR 3TRIERD 7
—UEB T ERGE L., IMZERBE LWL —Y
DEMROE S % Fig. 2 O X 9 ICERICHIRMRZ B\ 7]
B OFAB -T2, FABD OFHE » FIXMBEOIETH
% 0.8mm & L7z, Ziaio il m S % Y(x) & LT, Fig.
3DOEDIT YD 1 WiLLERAERR LTz, BUERY 7 —
FOFEEOE x IZBT D, WD 1 FERIER SFEY
=T OMMARET R E COBNME f(x)& L= & % (Fig.
4), BIFEHH S RAZ, (1) RTER®DLNS.

& = ol 0

Tz, EREERE AW ABAERH TEDA DS
TR R EF IR E Ry 3 d D, (2) A X HITES
no.

(2)

el le
— e,

LR 7P — Y oRE (mm), fE)EWiE o th
MTHDH., ABETITIZIE S OmICR LT, BF
WREMRE T O 7 U— MNEIZ LT 1 &Frd &l
BHE, ZREEHFRMEEHEIL, ZomoEss L
7.

3.2 REEDREE

NS (2008) 1A STV B KEORIFEXH & &
FHAIL, LA 40 FE 0 2 KEEIZ DV T Ri=0.4~1.0mm,
0.3~1.0mm OFFH & L, A% 10 FDKEE TIE R, =0.0
~0.3mm O & HE L TN B.
ZZTARBEETIE, O, QOmEFEE OEMTEEHE R,
DHiFHZ 0.05~0.79mm OFiFH T 8 DD RE & IRE LT-.
O, OOEFHEHE & x40 OBtR % Table 2 (27”7,

@O EFERIZBEI T 2 HFTIE, R =026 O3 7Y —
b B AV & B FTRRICERE L, & OfEga ik LT
< Z & CRIEmBEER A fREt L7z,
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Fig. 1 ZEilE & I I E 28 OBLEX
The diagram of measuring instrument with aerial ultrasonic transducer

Fig.2 D 77— 60 Mih DR Y
Roughness read by profile gauge
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A sample of roughness read by profile gauge
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|f ()| and arithmetical mean roughness

1_235

19



BERNIZRHXE |IDRE Journal No.303(84-3), pp. I 233-1 240 (2016.12)

4, BEIEBOAIEHER Table 2 HRFIE A & %140 O BAPEEE S

Arithmetical mean roughness and examination items

4.1 52 =05

BIER RO 1 5% OREIE, L/ 128 Y OB T, B lom) R (om) QHEOE ORK
BT E R,=0.05, 0.50, 0.72mm ¢ 3 -> O & ¥R 0.05 0.06 @) O
Tolz. ENENOXGHE T, BEKHESRLEEK N 0.07 0.09 @)
VAT a—P—Rnar s V— FEMS 1,000mm & 550mm 0.15 0.18 O
DOFHIFEREL 722 L OITRRE L, 1 @Ak Y 125 Eokk 0.21 0.24 @)
FARAUIEZ 7=, = ORI REE % B8 L @ & Ly 026 032 o
DXL > E OREFRERFHL 7. 0.50 0.63 o o

125 AOBIERBRITH LT, 1EID 25 BOBEN T E 0.72 0.83 @) @)
FREL, £ O LEMEEKIZoE 100 Y2 7 LV OBETE 0.7 0.96 o

PIMBEZET-. K x O LI EEICSVWT 100 -2 7 Lo
BENEHEOEEE (mV) & 100 2 7 L OBENEHEIC
DI (mV) &3 L7z, Fig. 5 (75 Lk 0.05
L 100 ¥ P OBENESEO SEEEIC T S 100 2
NOBENEREIC 5T BB REORIA EZ R L.

Fig.5 L 0, 100 ¥ > 7V OB EEIEIC 5T 2 EHERZ
DEEIE, FHELESRa 7 U — FEOREMTESH S I
Ko TR 2HMENEAR D LOD, BfFEHH S 234 <
RDIFERELL D Vo E@RAIXRA N 2T, FL
T, A CEMEEH S OETiE, WE B mW TS, 1F
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)
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N "1,—{.'.| 1
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N - N 0.01
LOENREFTEL RHBRMNARAGNT. TS ntatel (T
AYAT, A ‘.‘QAQ:“: 3 '@ & 2
UL, WEREE 1 SROREICSE 1 SORERE B T R R AR RAAAARN
T 100 ¥ PV ORIERROFEMED 4% E OIEHE(R 0.00 L 3 5 7 9 11 13 15 17 19 21 23 25
ZUNICNED Z BN E o, £z, 1 HERTOBEIE T LR RO ()
(2o X 10 fELL LOBIEKROF %2 L L, ZOfEIE 100
BTN OBEFEEEOFELIMED 1%L T OFEHERZIZH Fig.5 WEMEOBEIFELOIXHox
ZBTEINTEXB LR Ial. Z DD, AT The standard deviations of moving average of measured values
PUF ORIERE ST 10 HOBER RO FHE THm Lo, A
FRZE TR L7 85 IR E R 0 R (BRI 0.0255 TH Y, 2,000 = 550mh
| BIIC 40 EOWEN T THS. ME-RE 1%EED 1,800 ® 1.000mm
EHEFEICNZ 57010 10 FOEIERBEL TS L, " s 41,500mm
5 RE o I TN Y 1,600 | M e I (550mm)
0.25s B L DRERFH & 725 Z Lo T, Z 2% (1ooomm)
1,400 | T N e % (1,500mm)
4.2 FEREDIRET =~ y=-757.61x+1,706.3 @
e n ” ) - g 1,200 R?=0.9195
FREEORMEHE, FFVETIZE Y OESVT, Table2 TR T =
BN E Ra=0.05mm 205 0.79mm £ TO 8 DO T % 1,000
NTERRE LTI o7, ARRIODEHE RT3 .o o, OSSO
Fa—H—OREFNT VAT 2a—P—LZE LT AT 2 = 800 ~. F099ss
— ORI 25.0mm Th . ERICHOTHEIORE 600 L AN
PS5 LD I hBEHMERE = U — ME L Lt e
DRI REREDR 400mm B & 725 X 5 1CakiE U7 . I B 0
L 1=-351.41x+539.66 i A
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S A 2 ORI TE RO e RIRAUIE & L7,
BRI & & B KIEAUVIE O BIf% % Fig.6 |2/~ 7. Fig.6 Fig. 6 R KIEIVIE & RIFFEEH S OB
I v, BIEFEEE 550mm, 1.000mm, 1.500mm I E R R The relationship between peak to peak value and arithmetical mean
’ > T w roughness
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BT LEONHERTE . £, TORKIENE & HEF
SEEH S OBEfRIL, MEIEEIT R2ME 0.8 L EOE W ERE &
FOZ LR CE . O PIEROME X 13H1E R
WL R DIZOoNT/hEL 2ot

4.3 RIEEB DR

AFFECHEA LI F T AT 22— —0 6 dB JHERMN
AL 50 EThDH. 6dB HEEBHAITTOEFES LTS
AETHY, IBEID 1,000mm HNZBIH F T 2T
22— —DEE, AREICBVWT NI VAT 2 ——ETF
DB 933mm OREME L 725, LvL, fBafgiEar s
U— MAZRIZIZB T AREERELR L TV D HO TR
V. FIC, ABFZE T Fig. 7 1R & O ICHIEERIC S
WChI VAT a—Y—ETO=2 7 U — M EICif &
EOLPPRICERE L, 2 OBEEA LR S5 2 & Tint Lz,

i U720 RIhi% 9.5~ 19mm, BRI 2~4.75mm, RifE
850 » m~2mm @ 3 fEFH & L (Fig.8), HMIE L 7= EiFEHH
&% Ra=2.35mm, R,=0.89mm, R,=0.33mm T >7z. WF
ERETLRIWAEOR S E—E L T A0, WFID
BT DERORNEDICKRE L, BRIOELHAOKRE S
1%, E£200mm, 400mm, 600mm, 800mm, 1,000mm & L
2. Rl = > 7 U — NE A S OFEEE 1,000mm DAL E B
T NI AT a——%RE L.

Fig. 9 |ZHIEFEIR O BER & Rk KIENVIROBGRZ =, Ml
TEREIRNILL 72 512oN T, EORFNICBWT LR KIENR
&S A EE S R SZ. Z LT, R,=235mm & R,
=0.89mm TR E IR O BERDY 600mm LA E T, R,=0.33mm
TIRENEER OB 200mm LLETIFIE—EDOMEICILHR
Lic. ARFFICHWZEBER T VAT 2 —3 —OJIEH
WL, B FHH IR RE K 2D TILK T 5 "lRENE
3® 50, R, =2.35mm LA O SIIZEWTIE 1,000mm O
PREES O OFH CEAZ 600mm LA T OfEZFHE L TW5
EEZLND.

5. Kirchhoff ETJL & DHER

ML 2> & ORBF I HEELIRE 23+ 27 L & LTS
I EAENBHET/VIC Kirchhoff EF AR H 5. ZOET
Ui, HEMARERE D EICERES N TTRY, BN
ERGLE L2 O ORKEREOFHFEICBNTHHBRED
AIMEBHER SN TWD (- 27 <7, 2008) . Kirchhoff
BT, KIABRE [ 1Zabt — L2 MRS Leoherom & A ¥
Tt — VL MRS Lncoherem DFIE L TIRITEREND.

1= Leonerent™ Linconerent (3)

NG & RO A gimicxt L CR’RE L R H5E, 2t
— L2 MRAIE, R RE D D ORKEEORE Iy & O
%C, XEREO ZFEEEHFBME Ry, AFHEOWEI k
ZHAWTKRADO LS IcRENS.
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The diagram of experiments for searching the measuring range
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Gravels applied for searching the measuring range
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The relationship between peak to peak values and measuring
ranges
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1,000mm {ZFWC, B 200mm 2> 5 E R 600mm OFFH &
WZ D F 2T, HIEREE 1,000mm O & X i R,=0.05mm O
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2T, MYOKEHMOERERET H2HER 1 250X
L%, 7277 L, Kirchhoff £5 /WiZ, REOMMOZEAL
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The relationship between peak to peak values and calculated results
by Kirchhoff theory
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Measurement of the Roughness of the Concrete Surface by the Peak to Peak Value
of the Aerial Ultrasonic Wave

OKAIJIMA Kenji*, NAGAOKA Seiya*, ISHIGURO Satoru*, ITO Ryouei*, WATANABE Ken** and
ITO Tetsu***

* Graduate School of Bioresources, Mie University, 1577 Machiyacho, Kurima, Tsu, Mie 514-8507, JAPAN
** Maruei Concrete Industry Co., Ltd., 1518 Majima, Fukujyu-machi, Hajima, Gifu 501-6293, JAPAN
**% X-Ability Co., Ltd., 4-1-5 Hongo, Bunkyo-ku, Tokyo 113-0033, JAPAN

Abstract

The hydraulic performance decline of the concrete agriculture irrigation canal often depends on roughness
coefficients the evaluation criteria. The arithmetic mean roughness of the concrete surface is applied to the estimate of
the roughness coefficient. In this study, we focused on that the aerial ultrasonic reflection wave has the feature of the
peak to peak value varies according to the roughness of the wall surface. We suggested the measurement method of the
roughness of the degraded concrete wall surface using the aerial ultrasonic wave. We conducted a series of experiments
about relation of arithmetic mean roughness with the peak to peak value of the reflection wave. Next we verified about
the measuring range. As a result, following became clear. The peak to peak value of reflection wave could estimate
arithmetic mean roughness of concrete surface well. In addition, the calculated results by Kirchhoff theory predicted
the peak to peak values well. We can get the root mean square surface roughness and the correlation length of the wall

surface by applying Kirchhoff theory to the peak to peak value.

Key words : Aerial ultrasonic, Peak to peak value, Arithmetical mean roughness, Kirchhoff theory, Root mean square

surface roughness
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EFFECTS OF HAND MADE PLASTIC HORN TO MEASURE THE
ARITHMETIC MEAN ROUGHNESS OF CONCRETE SURFACE BY
TRANSCEIVER TYPE AERIAL ULTRASONIC SENSOR

Mohammad Raihanul Islam*, NAGAOKA Seiya, OKAJIMA Kenji', ISHIGURO Satoru’, ITO Ryouei’,
WATANABE Ken" and ITO Tesu™

*Graduate school of Bioresources, Mie University, 1577 Machiyacho, Kurima, Tsu, Mie 514-8507, JAPAN
“Maruei concrete industry Co., Ltd., 1518 Majima, Fukujyu-machi, Gifu 501-6293, JAPAN
'%X—ability Co., Itd., 4-15 Hongo, Bunkyo-ku, Tokyo 113-0033, JAPAN

ABSTRACT

In the present study was conducted to select one or more pattern of horn to measure the arithmetical mean
roughness of concrete surface by transceiver type aerial ultrasonic sensor. The plastic made different types of
horn was used to control the measuring range of the sensor. Total three types and nine patterns of horn were used
in this study. One cylindrical type and two circular-tapered-conical shape types’ horns were used. Height of the
cylindrical horns and the slant height of the circular-tapered-conical shape horn were 2, 5 and 7 cm. The
individual horn was placed in front of the measuring side of the aerial sensor. A digital oscilloscope was used to
measure the measurement value and to get the measurement in wave form. The sensor was placed at 1m height
from the measuring surface. We evaluated the amount of the reflective wave with the peak to peak value. When
the arithmetical mean roughness was small, the peak to peak value was large. We considered the high peak to
peak value, considerable variation of the measured peak to peak value and clear out range data to evaluate the
performance of the used horns’. The cylindrical horn with the slant height of 7cm was preferred for the clear
outrange value and the circular-tapered-conical shape horn with Scm slant height was preferred for the high peak
to peak value. These two horns controlled the measuring range of the used sensor effectively.

Keywords: aerial ultrasonic, peak to peak value, Arithmetical mean roughness, Horn, Performance evaluation

1. INTRODUCTION roughness is difficult. Over the years, considerable
attention has been paid to the study of measurement
Japan has possessed main concrete agriculture of the arithmetical mean roughness. The first attempt
irrigation canals that have total length of 49,23%m. to assess the roughness of the concrete surface of the
These were constructed since 1954-1973 of the high canals was made by reference [1]. Reference [1]
economy growth. When canals became too old for = suggested using the moulage gauge in the
work, they were necessary to be repaired. Especially, measurement of the arithmetical mean roughness.
the hydraulic performance malfunction is used it as This method is the simple measurement, since
the repair factor. However, visual inspection is often managers only pushes the moulage gauge to the
used in the general maintenance of the roughness of concrete surface. However, managers need
the canal Some canals managers want to assess complication analysis that read displacement from
quantitative of the roughness of the concrete surface one by one the moulage gauge. Reference [2]
of the canal quantitative. Since main concrete suggested using the laser displacement sensor in the
agriculture irrigation canals have enormous length, measurement of the arithmetical mean roughness.
the method is required of quantitative assessment Measurement range of this method is line
that is simple, short time and economical. information of the concrete surface. Reference [3]
Flow velocity decreasing and water level raising suggested using the three dimensional image
are caused by the roughness of the concreate surface. processing in the measurement of the arithmetical
These hydraulic performance malfunction of the mean roughness. Measurement range of this method
concrete agriculture irrigation canal the roughness is line information without three dimensional image
coefficient is assumed one of the evaluation criteria. of the concrete surface. However, these method is
The arithmetical mean roughness of the concrete not used in the general maintenance of the roughness
surface is applied to the estimate of the roughness of the canal. Since the agriculture irrigation canals is
coefficient. However, the simple, short time and long total extension distance, managers request
economical measurement of the arithmetical mean measurement of wide range.
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In this study, we attempted using the aerial
ultrasonic wave of the transceiver type with different
types of hand-made homs to measure the
arithmetical miean rtoughness and to control the
measuring surface

2. THE MEASUREMENT EQUIPMENT

We used LZ-EZ1 (Max Botic, 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
80 kHz 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. Next, we compared the open
type (the sensitivity: min. -80.5dB) and the
waterproof type (the sensitivity: min. -58.2dB) in
sensitivity. The open type has 13 times higher
sensitivity than the waterproof type at each output
voltage. So, we selected the open type. But
measurement of the aerial ultrasonic wave must limit
not to get wet. Other specification shows table.1.
Experiment date of the peak to peak value was
acquired by the digital oscilloscope TBS1152
(Tektronix, Inc).

Table 1 Specification the aerial ultrasonic transducer
of transceiver type

42
16.4
15.5
19.9
221

4.3

KHz
mm

frequency
dimension

TCowe

weight grams

HAND-MADE HORN

Hand-made horn was used in this study. Total three
types and nine patterns of horn were used in this
study. One cylindrical type and two circular-tapered-
conical shape types’ horns were used. Height of the
horns was 2, 5 and 7 cm. The individual horn was

placed in front of the measuring side of the aerial
sensor.

-

Diagrammatic view of Diagrammatic view of
the cylindrical shape the circular-tapered-
horn

Photographic view of the Photographic view of the
cylindrical shape horn circular-tapered-conical
shape horn

Fig. Hand-made plastic horn used in this study

Prepared horns' were classified and defined
according to the following table:

Type Identical | Description of the horn
name ,
Cylindrical | 3 cm Height of the hornis 3 cm
horn 5 cm Height of the horn is 5 cm
7 cm Height of the homn is 7 ¢cm
Conical 20-3 em | Slant height of the horn is
hom 3cm
20-5cm | Slant height of the horn is
Scm
20-7 cm | Slant height of the homn is
7 cm
60-3 cm | Slant height of the horn is
3ecm
60-5cm | Slant height of the horn is
S cm
60-7 cm | Slant height of the horn is
7 cm
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Basis of the present study

In our previous study we found that the dominant
measuring range of the used sensor is about 200mm.
to measure the mean arithmetic mean within the
dominant range, decided to use the homn in front of
the measuring side of the sensor.




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:

Peak to peak

Fig. 1 The measurement principle of the ultrasonic
Sensot

ARITHMETIC MEAN ROUGHNESS
The Moulage Gauge and Determination

in this study the arithmetic mean roughness was
measured by the moulage gauge. The length of the
moulage gauge is 147(mm). The number of steel
sticks is 183. Measurement interval is 0.8(mm).
Figure2 shows the measurement surface of the
arithmetic mean roughness 0.30(mm).

Figure3 shows the image of the arithmetic mean
roughness. The formula f, is the roughness curve
of the concrete surface. The formula ¥, is liner
approximation that is calculated from the roughness
curve.

R, is calculated by ration between the integral

value of ‘f{x) - %’{x)% and the tength of the moulage .

gauge.

1 AL
Ra=7[|fy ~Ymldn 1)
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R,:  The arithmetic mean roughness
f: The roughness curve
Y(x): The Formula of liner approximation

L The length of the moulage gauge

s

H

Fig. 2 The gx‘ieasurement surface of the arithmetic
mean roughness in 0.30(mm)

The lehgth of the moulage gauge (mm)

Fig. 3 The image of the arithmetic mean roughness

5.2 The Application of Measurement of the
Arithmetical Mean Roughness

We measured the peak to peak value. The aerial
ultrasonic measured from distance of 1000(mm). We
measured five concrete surfaces that is 0.00~0.67
(mm) in the arithmetical mean roughness.

It is clear from figure5 that the peak to peak value
was decreased with increasing the arithmetical mean
roughness. In addition the formula of liner
approximation had high correlational relationship.
The formula of liner approximation is used to
estimate the arithmetic mean roughness from the
peak to peak. Mensurement of the transceiver type
aerial ultrasonic wave can estimate the arithmetical
mean roughness well.
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Fig. 3 The relationship between the peak to peak
value and the arithmetical mean roughness

Experimental Program

Measurement -of the aerial ultrasenic can measure
the wide range. However, the measurement range
that has inference on the measurement value is
uncertain. To calculate the correct measurement
range is almost impossible. The purpose is to clarify
the measurement range that has inference on the
measurement value.

Figure7 shows the experiment principle. We
examined measurement range by widening diameter
of the grave on the flat board. The flat board is
0.00(mm) in the arithmetic mean roughness. The
grave of particle size is 2mm. Figure8 shows the

used grave. The aerial ulirasonic measured from

distance of 1000mm.

Fig. 7 The diagram of experiments for searching the

measuring range
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RESULTS

No Horn

G 2
g g

Peak to Peak Value in mV
g

Measuring diameter inom

Fig. Relation between the measuring diameter and
the peak to peak value measured without any hom

Peak to Pegk Value in mV
£
S

60
Measuring diameter in cm

0 20 40 80 160

Fig. Relation between the measuring diameter and
the peak to peak value measured by the help of 3cm
cylindrical homn
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the peak to peak value measured by the help of 26-
7em circular-tapered-conical shape horn

Fig. Relation between the measuring diameter and
the peak to peak value measured by the help of 7em
cylindrical horn
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Fig. Relation between the measuring diameter and
the peak to peak value measured by the help of 60-
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Fig. Relation beiween the measuring diamteter and
the peak to peak value measured by the help of 20-
3cm circular-tapered-conical shape horn
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The cylindrical horn with the slant height of 7cm
was preferred for the clear outrange value and the
-circular-tapered-conical shape horn with Scm slant
height was preferred for the high peak to peak value.
Other horns were rejected for unclear outrange, low
peak to peak value and the presence of confusing
data range.

s CONCLUSION

30

We examined influence of the dispersion of the
measurement  values, relation between the
arithmetical mean roughness and the peak to peak
value of the reflection wave, and the verification of
the measurement rang. As a result, following
became clear. The peak to peak value of the
reflection wave could estimate the arithmetical mean
roughness well. The average of 15 times of
measurement values were sufficient accuracy. The
dominant range of measurement was 200(m} in
diameter from distance of 1000{(mm). The
cylindrical horn with the slant height of 7cm and the
circular-tapered-conical shape horn with Scm slant
height was preferred for measuring peak to peak
value and to control the measuring range.

When manager estimate the arithmetical mean
roughoesy; only evaluate the peak tuo peak of the
reflection wave. We think of measurement range is
wide. The results of this study reveal that
measurement of the arithmetical mean roughness of
the concrete surface can using the aerial ultrasonic
sensor of transceiver type.

I remains a challenge for future research to
verification of the measurement in various weather
such as temperature and wind velocity, and
measurement of the canal on field.
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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
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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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roughness by the aerial ultrasonic sensor
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under operation by aerial ultrasonic method
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