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Ultrasonic beams, similar to various types of energy, attenuate 
when passing through different media. The amount of 
ultrasonic beam attenuation per unit of length in different 
isotropic materials simply refers to the attenuation coefficient 
(α). This quantity is usually expressed in dB/in. (decibels 
per inch), dB/mm (decibels per millimeter), or even dB/m 
(decibels per meter). It is an important parameter in 
performing ultrasonic discontinuity size evaluation procedures 
in accordance with the AWS D1.1 standard (AWS, 2015). 
The distance gain size method also refers to this parameter 
when sizing a reflector inside a material using an ultrasonic 
beam (Krautkramer, 1990). The loss of ultrasonic energy 
when passing through materials depends on two main 
factors: first, the microstructure properties of the material; 
and second, on the characteristics of the ultrasonic beam 
involved. With regards to the first factor, the grain sizes, 
their orientations, the presence of any impurities at the 
grain boundaries, micro-porosity, and any history of heat 
treatment on that material can all contribute to the degree 
of attenuation of the ultrasonic beam. The second important 
factor is the characteristic of the ultrasonic beam, namely, the 
frequency and the beam profile (beam divergence) along its 
propagation path. This paper provides a simple procedure to 
separate these factors, and a practical way for measuring the 
attenuation coefficient (α) of the part under test. 

When an ultrasonic beam passes through a certain 
thickness of an isotropic material (see Figure 1a), it not only 
gradually loses energy due to the material properties, but it 
experiences specific losses of energy due to the fact that the 
beam diverges as it propagates (see Figure 1b). 

Based on the double-distance law in propagation of an 
ultrasonic beam inside a material, after a distance equal to 
three times the near field distance, for each doubling of the 
distance on the near field scale (for example, between three 

and six times the near field distance), the beam undergoes a 
fixed 6 dB loss solely due to the beam divergence. This fixed  
6 dB loss, which is not related to the material microstructures, 
should be separated from the overall amount of ultrasonic 
beam attenuation when measuring the attenuation 
coefficients. 
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Figure 1.  Diagram demonstrating the travelling of an ultrasonic 
beam through a material: (a) a simple ultrasonic beam 
propagation, which begins to spread out at the end of the near 
field distance; and (b) the gradual loss of the ultrasonic beam, 
which is a combination of both material attenuation and energy 
loss due to the beam divergence. 
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As an example, let us measure the attenuation coefficient for a 
piece of low carbon steel at a specific ultrasonic frequency. Suppose 
the test part has a 20 mm (0.79 in.) thickness with two parallel 
surfaces. The transducer used for this test is a 5 MHz longitudinal 
straight contact one with 10 mm (0.39 in.) crystal diameter. Note 
that it is important to stay away from the edges of the part (see 
Figure 2a). Figure 2b graphically shows the screen of a calibrated 
ultrasonic flaw detector with an appropriate selected range with six 
reflected echoes. 

We then plug the aforementioned parameters into the formula 
for measuring near field distance in the test part:
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where
NF = near field distance (in inches or millimeters),
D = transducer (crystal) diameter (in inches or millimeters),
f = transducer frequency (in hertz),
V = material sound velocity: consider a typical value of  

5920 m/s (0.233 in./µs) for low carbon steel (for example, 
steel 1018).

This gives a near field distance of 20 mm (0.79 in.) in the 
test part for a 5 MHz longitudinal beam of ultrasonic in that 
particular piece of steel. In order to apply the double-distance 

law, first we identified the ultrasonic signal related to three 
times the near field distance. The signal labeled #3 in Figure 2b 
corresponds to three times the near field distance, and echo #6 
corresponds to six times the near field distance. Referencing the 
display in Figure 2b, the gain difference in decibels between these 
two echoes can be easily measured through the gain option, which 
in this case is approximately 14 dB. From this decibel difference, a 
6 dB loss is solely related to the beam’s divergence inside the part. 
Therefore, the actual attenuation due exclusively to the material loss 
is: 14 – 6 = 8 dB. 

Considering the round-trip distance of the beam between two 
selected echoes, #3 and #6 (Figure 2a), we get: 60 + 60 = 120 mm 
(4.72 in.).

The attenuation coefficient of the part under test using a 
5 MHz longitudinal ultrasonic beam will be the ratio of:  
8 dB / 120 = 0.06 dB/mm (1.5 dB/in.). 

Any changes in the material compositions or history of heat 
treatment on the materials will naturally have a slight variation 
in these calculations. The attenuation coefficient is expected to 
be higher when using shear waves or where higher ultrasonic 
frequencies are used. 

The outlined procedures can be summarized in five simple steps:
1. Calculate the near field distance based on the type of ultrasonic

transducer and the material under test.
2. Calibrate the ultrasonic flaw detector by selecting an appropriate

display range, and get multiple back wall reflected echoes from
the part. It is required for the part to have parallel faces.

3. Select two echoes after taking away three times the near field
distance, for example, two echoes correlated to three times
the near field distance and six times the near field distance (or
four times the near field distance and eight times the near field
distance). Find the decibel difference between these two echoes.

4. Subtract a fixed 6 dB from the amount of decibel difference
found in step 3.

5. Divide the difference found in step 4 by the round-trip distance
between two selected echoes. This ratio is the attenuation
coefficient for the material under test at that specific ultrasonic
frequency.
Following the same procedure for a piece of brass, for example,

gives a higher value of approximately 0.14 dB/mm (3.6 dB/in.). h
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Figure 2. Diagram showing simple set up and the receiving 
ultrasonic echoes: (a) an ultrasonic transducer on the part being 
tested; and (b) a graphic representation of a calibrated ultrasonic 
flaw detector display showing multiple reflected echoes.
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