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1. Problem concretelegradation andoss of structuraintegrity due to surface deterioration
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Purpose of the study
To explore an ultrasonic testing method for assessment of concrete iefite | ~5——X
and the degree of degradation of the surface laysing elements of Al —
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2. Method of ultrasonic testing of surface layer quality using surface waves

displacement vs. depth for Raylsigh wave:
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3. Experiment:

Motor-driven ultrasonic
scanning setup

Ultrasonic surface scanner and ultrasonic data acquisition

Acquisition parameters:
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Excitation signal: Modulated@eriod sine tone burst
Frequencies: 50 kHz; 100 kHz; 200 kHz in a train
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2 factorsof-interest (FOI):
o Depth of deteriorated (weak) surface layer
o0 Degree of deterioration (weakness)

3.1. Specimens design

Modelling:
o Varied thickness of weak surface layer ilayer specimen
o Degree of weakness varied by cement content and
controlled by ultrasound velocity values

Thicknesses ratio of weak (W) and strong (S) layers:
For building model: 0:40; 5:35; 10:30; 20:20; 30:10; 35:5; 40:0 (7 grade
Control cases: 3:37; 25:15

160 x 40x40 mm

Concretequality (3 grades) S w1 W2 W3
W Cement/sand ratio 1:3 1:4 1:7 1:12
S N=7x3=21 Ultrasound velocitym/s 4400 3900 3100 2200

Predicted strength, MPa 36 25 14 8
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Thickness of
weak layer
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4. Ultrasonic surface profiles inl@yer concrete specimens at 50 kHz:
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5.1. Signals conversion to frequency domain using Digital Fourier Transform and calculation F max an
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5.2. Calculation of statistical criteria

* |n the selected interval w, the values of three * Criterion #1: the number of w values that fulfill the
functions were calculated: condition: Frpgx(w) = average(F_max(w)), (cr#1);
« F_max(w) = max{M(w)}; « Criterion #2; cr#2 = Zex(fmin())

max (F_max(w))

* F_avr(w) = average{M(w)}; max|dF_max ()|

* Criterion #3: cr#3 =
max(F_max(w))

* F_min(w) = min{M (w)}
« Criterion #4: cr#4 = 2exldFavr (@)

max (F_max(w))
max|dF_min(w)|

* Criterion #5: cr#5 =

max(F_max(w))

* Critera #6, #7 and #8: F
cri#t6  Criterion #9: cr#t9 = ex(F-avr (@)
cr#7 | = max(F_max(w))
cr -1 |
w} w; w? w? - F_max(w) * Criteria #10 - #13: * where:
l l l l B FOMAX E omin(w)
i [ i i _ Smin, O w=w_min = -
s cT#10 = _S , min max{F_max(w)}
= Z Wi Z w7 Z w; - Z w; - F_max(w) o
: i i i ter#ll = sai; T eomey min F-av7 (@)
max . Savr = =
\Z a5 Z Wi  Wmax — Wmin / \ Z F_max(w) / .« cr#l12 = Smax—Savr, max{F_max(w)}
‘ L t max ’

Zw_max F

_ Savr—Smin . — Zw=omin_ -
e cT#13 = Smax Smax = max{F_max(w)}

max(w)
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5.3. Creation and use of decision rules

Specimens network according to FOI  Decision rule is a 2D function (bilinear Definition of theareaof
(thickness/depth and strength of weak  or bi-square), werex,yare FOl and z IS propable solutions for an object

layer)with a-priori knownvalues. the criterion value. with unknownEOIwithin the
Each object is described by set of 13 criteria x 3 frequencies = 39 admissible interval ofleviations

9



