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COMPARISON BETWEEN -6 dB and -12 dB AMPLITUDE DROP 
TECHNIQUES FOR LENGTH SIZING 

 
 

Peter Ciorau, Ontario Power Generation, Pickering, Canada , peter.ciorau@opg.com 
 
 
ABSTRACT: The paper presents experimental results for conventional ultrasonic probes of 2.25 MHz 
and 12.7 mm diameter / 45° and 60° refracted angles in ferritic steel on EDM notches, weld implanted 
flaws and turbine components cracks for length sizing. It was found the -12 dB technique is oversizing 
by 3-7 mm the length of EDM notches compared to -6 dB drop technique. The oversizing trend 
increases with ultrasonic path. Another experiment was performed to assess the influence of frequency 
(2.25 MHz, 3.5 MHz and 5 MHz) on length sizing of 5-, 10- and 15-mm EDM notches. It was found 
the higher frequencies reduce the oversizing length sizing error only on small target of 5 mm by 2-3 
mm. Examples of field sizing on turbine components concluded the -12 dB technique is closer to 
reality and almost identical with min-max technique (saturated amplitude). A comparison between 
PAUT probes of different frequency and similar active area is presented for -6, 12 and mix-max 
techniques. Amalgamated results (conventional-both angles and PAUT on weld flaws) are compared to 
length measured on RT films. As a general recommendation: small flaws with length 10 mm should be 
sized by -6 dB technique. Flaws with length > 10 mm should be sized by -12 dB or -6 dB from the 
edge. If the flaw amplitude response is uneven and the edge of the flaw (namely SCC in turbine 
components) is difficult to be displayed in B-scan, use -12 dB or min-max techniques. All three 
techniques (-6, -12 dB and min-max) size the flaw length within the acceptable tolerances for 
performance demonstration / inspection qualification procedure.  
 
 
KEYWORDS: EDM notches, -6 dB drop technique, - 12 dB drop technique, min-max technique, flaw 
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PROBLEM STATEMENT 
 
It is a well-known practice to size length based on probe movement along the flaw and to stop the 
probe when the amplitude drops at half value. The -6 dB drop technique is a classical tool of UT length 
sizing. However, the flaw response in real world is far from an ideal Gaussian bell, and the amplitude is 
uneven (sometimes saw cut) along the flaw length. In two previous papers [ref.1-2] we presented some 
cases when data were acquired with high sensitivity and the flaw length is measured by min-max 
technique of saturated amplitudes, or using the soft gain to analyze the flaw characteristics, namely 
where the flaw response is week in specular, and diffracted signals are stronger in the B- and S-scans. 
There are situations when flaw is characterized either behind the geometric echo, or in the geometric 
echo (see Figure 1) or when the flaw is small but long and has a “diffracted” orientation versus the 
beam main angle (see Figure 2).  
 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=1
11

75



CIORAU 6DB VS 12 DB LENGTH1.doc.doc                                                                                                                                                                   2 

 
Figure 1: Examples of length sizing in the geometric echo or behind it (top); crack end is irregular, 

which leads to an undersizing trend (bottom). 

 
Figure 2: Example of length sizing of a lack-of-fusion (LOF) side wall -“diffracted” position in the 

beam (left) by min-max technique using soft gain. 
 

The -6 dB drop may not be the final decision on flaw length measurement, and alternative techniques 
shall be used. There are technical justification and procedure in place [ref.3-4], which employs -12 dB 
technique (80% to 20% FSH amplitude drop-see Figure 3).  
 

 
Figure 3: Principle of length sizing by -6 and -12 dB based on amplitude drop at the flaw edge.  
 
What might be the difference between -6 dB and – 12 dB drop techniques? By how much -12 dB is 
oversizing the flaw length? This paper is trying to answer this question and to present experimental 
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data to quantify the difference between the two techniques. A comparison with min-max technique is 
also presented. Examples from the field inspections consolidate the lab results.  
 
EXPERIMENTAL PROGRAM 
 
Experimental program was performed with OlympusNDT OmniScan 16/128, which has possibility to 
use conventional and phased array probes with the same hardware module. GEIT probes of 2.25 MHz, 
3.5 MHz and 5 MHz with active crystal of 12.7 mm (MSW-QC) in combination with 45° and 60° shear 
waves wedges were used to size the length of EDM notches on the following blocks (see Table 1) 
 

Table 1: Experimental blocks with EDM notches used for length assessment 
 

Block ID 
EDM notch length 

[ mm ] 
Depth 
[ mm ] Remarks 

6-step 0L 3, 6, 12, 18 20, 40, 40, 80, 100, 120 Elliptical notches 
5-step 0L 5, 10, 15 20, 40, 60, 80, 100 Elliptical notches 

Specular 30 mm 12, 24 See remarks Rectangular notch; UT path 
30 and 80 mm 

Specular 50 mm 12, 24 See remarks Rectangular notch; UT path 
50 and 120 mm 

IQ-REF BLK 1 11 18 Elliptical notch on pipe  
IQ-REF BLK 2 24 38 Elliptical notch on pipe 
IQ-REF BLK 3 18 60 Elliptical notch 

L-0 STEEPLE PDI 12, 24 45, 70 Crack-like elliptical 
 

Weld flaws were sized on IQ mock-ups. The piping diameter x schedule were: 6” sch 80 (11 mm), 8” 
sch 100 (15 mm), 14” sch 100 (24 mm), 20” sch 100 (38 mm), 24” sch 100 (38 mm), 24” sch 160 (60 
mm).  Stress corrosion cracks were found in L-0 blade roots and their length was compared to the 
length measured by fluorescent magnetic particle NDT method. 
The phased array probes are listed in Table 2. 

 
Table 2: 1-D Linear Phased Array Probes  

 
Probe ID Fc [ MHz ] Pitch [ mm ] / nr.el. Active area [ mm x mm ]  Remarks 
P32-45T 5 0.45 / 20 11 x 11 On 6-step block 
P43-60T 7.5 0.6 / 16 10 x 7 same 
P66-45T 6 0.4 / 25 10 x 7 same 
P71-45T 6 0.4 / 16 6.4 x 5 same 
P100-45T 3.5 0.5 / 20 10 x 7 same 
P101-45T 2.25  0.8 /12  10 x 7 same 

P 2 10 0.31 / 20 6 x 6 On L-0 blades and IQ welds 
P36-45T 4 0.6 / 16 10 x 6 On L-0 blades 

P30 10 0.31 / 32 10 x  7 On IQ welds 
P 43-45T 7 0.6 / 16 10 x 7 On IQ welds 
P43-52T 7 0.6 / 16 10 x 7 On IQ welds 

P9-30REX 6 0.55 / 32  On IQ welds 
The scans were encoded with an encoder step of 0.2 mm for EDM notches and 0.5 for IQ mock-ups 
(welds) and L-0 blades. 
 
RESULTS  
 
The results on EDM notches for mono-crystal probes are presented in Figure 4 to Figure 7. 
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Figure 4: Oversizing values for 2.25 MHz -45T-13 mm probe on 6-step block. 

 
Figure 5: Oversizing values for 2.25 MHz for elliptical EDM notches on IQ REF BLKs. 

 

 
 

Figure 6: Oversizing value for elliptical EDM notches on 5-step block for three frequencies and two 
refracted angles. 
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Figure 7: Comparison data for six phased array probes on four EDM notches. 

 
Data analysis on EDM notches concludes: 
 

- oversizing is increasing with UT path; value is ranging from 3 mm to 6.5 mm 
- accuracy of length sizing is dependent of notch length (beam width); small notches are 

better sized with -6 dB technique; larger notches are better sized with -12 dB technique 
- increasing the probe frequency has little influence in oversizing value 
- for PAUT probes, the -12 dB and min-max are better for longer EDM notches (12 mm and 

18 mm). 
 
DATA ON TURBINE COMPONENTS 
 
Figure 8 and Figure 9 illustrate the length comparison on complex EDM notches and on an L-0 blade 
crack. It may conclude the -6 dB technique undersized the flaws, while -12 dB and min-max are 
providing better results. 
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Figure 8: Example of length sizing of complex EDM notches on L-0 Steeple PDI block by -6 dB (left), 

-12 dB (middle) and min-max techniques (right). 
 

 
Figure 9: Example of crack length sizing on L-0 blade by three techniques. 

 
DATA ON IMPLANTED FLAWS IN IQ MOCK-UPS 
 
Figure 10 and Figure 11 presents examples of different weld flaws. Length sizing by three techniques 
concluded the -6 dB has a trend to undersize the flaw length by 1 to 4 mm. It is recommended to detect 
and size the weld flaw at high sensitivity (DAC curve + 14 dB), move the probe along the flaw length 
to evaluate the last significant amplitude drop from flaw edge [ref.2]. Use -6 dB drop for that position. 
Results are almost identical (within ± 1 mm) with min-max and -12 dB techniques.  
Figure 12 presents the combined data from 45°, 60° conventional probes of 2.25 MHz/13 mm active 
crystal, and PAUT probes in shear and L-waves combination. Most of the scans were performed from 
up- and down stream of the weld. Weld cap was dressed to pipe level, so the direct contact PAUT 
probe (P2 or P30) collected data for center line, -10 mm (upstream), and +10 mm (downstream) on the 
weld. 
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Figure 10:  Example of length sizing for LOF (top) and intermittent slag (bottom) by three techniques. 

 
Figure 11: Example of length sizing for porosity (top) and crack (bottom) by -6 dB (left), -12 dB 

(middle) and min-max  techniques (right). 
 

    
 

Figure 12: Length comparison between RT and UT for: -6 dB edge (left) and -12 dB (right)-all 
methods / angles. 
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The all methods results concluded the -6 dB technique is closer to RT value, in spite the crack tips are 
visible and -12 dB sized better the crack edge. The -12 dB is oversizing by 2-4 mm, but RT values 
can’t be taken as a bench mark. There are events on IQ mock-ups when 27 implanted flaws were 
missed by RT [see ref.5], while all four techniques/methods/angles detected them.  
 
CONCLUDING REMARKS 
 
The experimental study regarding the comparison between -6 and -12 dB techniques for length sizing 
concluded: 
 

- the average oversizing value for EDM notches is between 3-6.5 mm 
- variation of specular amplitude due to irregular flaw shape along its length may lead  -6 dB 

technique to undersize the length  
- the oversizing value is smaller on implanted flaws in the weld (between 2-5 mm) 
- it is recommended to combine the flaw characteristics with the best technique; if a flaw has 

a length < 10 mm, apply -6 dB technique; if the flaw has a length >10, apply -12 dB 
technique or size with -6 dB drop from the edge [ref.2];  

- length values for min-max and -12 dB techniques are almost identical. 
 
With few exceptions, all three techniques provide a reliable length sizing within the acceptable 
tolerances for procedure qualification (± 10 mm vs ± 18 mm as required). 
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