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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
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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

26

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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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
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Fig. Relation between the measuring diameter and
the peak to peak value measured without any hom
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Fig. Relation between the measuring diameter and
the peak to peak value measured by the help of 3cm
cylindrical homn
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Fig. Relation between the measuring diameter and
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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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Influence of wind velocity in the measurement of the roughness of the concrete agriculture

irrigation canal with the aerial ultrasonic sensor
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