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Fig 1: An illustration of cement mortar samples with different cement contents (CC).
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Table 1: Specifications of cement mortar samples with different cement contents (CC).

(1) awlo (1) ¢slomas (1) &l (€M) diges olss! Wiges gl
80 10 10 12 x12 x 12.5 CC10
75 15 10 12'x12 x 12.5 CC15
70 20 10 1212 x 12.5 CC20
65 25 10 12x 12 x42.5 CC25
60 30 10 12 x 12'x 12.5 CC30
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Fig2: The grading curve of the sand used in the CC samples [17].
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Fig 3: An overview of the ultrasonic device.
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Table 2: Initial settings of the ultrasonic device according to the user manual [17].
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Id Name |Date&Time |MeasurementType | Velocity |Time 1

A 12678 cc30-42 07/09/2024 1:0.. Direct (default)

Ceres |

Time 2  Distance | Crack Depth | Comectiofifactor | Temperature g@@mpressive Strength | Conversion Curve | Rebound Value A

00 ps 0120 m 0.000 m

1.00

282°C

Signal curve Sestings
% 100% Pulsé fength 938
. Probe frequency: 54 kg
MO vetaes 1% \ Pulse amplitude: 5000
g - \ £
3 o—— + ¢ v 4 ' ' + ' ' s
3 \ «
3 \
H
0 5 10 15 20 5 30 40 45 50 5 60 [ 75 80 85 80 9 100
Time/Tys] ulu
Den: C 1/
Velocity 2 0 ms
Poisson's Ratio: 0.00
E-Modulus 000 MP

Figure 4:

An illustration of the recorded signal from the ultrasonic test.
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Fig 5: The method of selecting cluster centers based on the distance of five different data points [24].
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Table 3: Features and abbreviations used in the correlation matrix.

Symbol Full Text Persian Equivalent
cC Cement Content (%) Oloww (slgizee
SL Sample Length Lgos Job
DXA Distance from X-Axis X oo 5l alols
DYA Distance from Y-Axis Y jeme jlalols
Y Wave Velocity T Sy
WT Wave Time zoe oo
CsL Calculated Sample Length 00 duwlone digad Jobo
LE Length Error Jsb sl
NE Normal Error Jby sl
ST Sample Type Lges £9
Minimum Frequency in the Healthy Jos b ol 2w j0 Luils 8 Jblas
MNFH-DWT Section with Discrete Wavelet _
Transform LS S g0
Maximum Frequency in the Healthy £ 1,55 L Jlo oo 0 uilS 3 STas
MXFH-DWT Section with Discrete Wavelet _
Transform LS S g0
Energy in the Healthy Section of the B b aigai ol s j0 (55,0
EHS-DWT Sample with Discrete Wavelet 3
Transform LS S g
Minimum Frequency in the Damaged (PRSI Es SO GlS 5 Jslas
MNFD-DWT Section with Discrete Wavelet _ )
Transform WS > 90 o005
Maximum Frequency in the Damaged |, soyscanl fou j0 uilS 3 STos
MXFD-DWT Section with Discrete Wavelet _
Transform WS S&g0 1S
Energy in the Damaged Section of the J0us b diges sduden | G 48 65y
EDS-DWT Sample with Discrete Wavelet _
Transform LS S g0
Minimum Frequency in the Healthy Bas b olle idu jo uils 3 JBloo
MNFH-WPT Section with Wavelet Packet
Transform S2ge d
Maximum Frequency in the Healthy Fas b ol iso j0 wils 3 iSTos
MXFH-WPT Section with Wavelet Packet

Transform




Energy in the Healthy Section of the

W oo b diged plle w50 (655

EHS-WPT Sample with Wavelet Packet
Transform S ge
Minimum Frequency in the Damaged b odsdeam! s 38 s 3 Jslas
MNFD-WPT Section with Wavelet Packet i
Transform S ge s oo
Maximum Frequency in the Damaged b odsdeam! s 30 S 3 S Tas
MXFD-WPT Section with Wavelet Packet i
Transform S ge s oo
Energy in the Damaged Section of the o5 b diges sdudea T s 43 &5
EDS-WPT Sample with Wavelet Packet

Transform
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MIN-F-D-DWT (KHz)
MAX-F-D-DWT (KIz)
E-D-DWT (%)
MIN-F-H-PWT (KHz)
MAX-F-H-PWT (KHz)
E-H-PWT (%)
MIN-F-D-PWT (KHz)
MAX-F-D-PWT (KHz)
E-D-PWT (%)
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Fig 7: The wave propagation velocity curves for healthy and damaged samples versus the percentage of cement content used.
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Fig 8: The wave travel time curves for healthy and damaged samples versus the percentage of cement content used.
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Fig 9: The wave.velocity curve versus wave travel time for healthy and damaged samples.
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Fig 10: Comparison of the length calculated by the ultrasonic device with the actual length of the samples.
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Fig 11: Comparison of discrete and continuous wavelet transforms-in-analyzing the energy level of the frequency band
related to concrete samples<(@) healthy and (b) damaged.
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Fig 12: The energy level of the healthy frequency band compared to the damaged frequency band: (a) discrete wavelet
transform and (b) continuous wavelet transform.

Guadinb wlwl 1 adilo (6 70l 3l eoliiw! b Ldiges Judoxi -Y-F
ldises ganaid ol dolai JSiz g ool ju () Klusd G 5505 K Lol cpiile (6,50 o oSl ds a3 ol jo
IR s 0550 «Sgl gl Gialejl loosls I eadizlmal gla S5y ell » ompdcaml 5 ollo 09,8 55 4 lopwdle

O bues o S0 K \-¥-f
ovsy Gkl Kags jlade .ol oo oolatul bosls crn (o035 deslre [las (lgicds cwa 8l alold 5l oo ol jo
el sl yially el 51 K dage o (rasd pokaie 4 098 Jolo (SasS Slae (5250 b 03,5 (yrans | ablite  onies il

o oolazal (6,910l g Como das wds i

Jowe a5 ) OVerfitting ooy a5 yowie g oo ial38l e s |y Jow bl Silgile K (6l S 55 jlows laie ol
sools b Jow ]l pl ;0 098 (WS oo Jos s (Bopmexi )0 5 098 o Budaie ‘_5:;‘;)’5@] slrosls 4y v 3 iy jebay
gt job a4y Cmo g B g bl ALl wlie 0, Slas dyoz sloosls o i el Sak Lol Sl Gudaie Sels oyl
ol slosSIl 5,50l 4y 0B Jow a5 ) Underfitting el wilgs oo K gl )5 Lo ladle Sl blie jo ol 2ol58l
30 xd 0 Sl g Conod ool (o saory Ly, 650l 4 0B Juw oS L ol 4 wadi@ils gol o Shes 5 s 00ld
S8 e slaools 4 poprens

Julos cpl 5l Jeolo ol ol gy Ve BY IK polie «iagss ol o0 Overfitting o Underfitting s, 51 655 ol sl
G rdypmass g S8 o oebin Jols 51 Joo U o) S8 K aigs Jlade Slolis 4 0,5, cpl sl gt ailil$d Jga> o
bl o

! Cross Validation
\$



KNN gosainb 5 5651 5o K polie (ow)p: ¥ Joux

Table 4: Evaluation of K values in the KNN classification algorithm.

K Accuracy Error Recall Precision

1 94.00 £ 8.43 6.00 +8.43 90.62 +12.93 93.26 + 11.59
2 94.00 £ 8.43 6.00 +8.43 90.62 +12.93 93.26 + 11.59
3 90.00 £ 8.16 10.00 £ 8.16 80.62 + 16.26 86.15 + 19.46
4 90.00 £ 8.16 10.00 £ 8.16 80.62 + 16.26 86.15 +19.46
5 92.00 £7.89 8.00 +7.89 83.75+£16.72 89.28 +18.85
6 91.00 £7.38 9.00+7.38 81.25 +15.87 88.72 +18.58
7 88.00+.7.89 12.00 £ 7.89 70.00 £19.72 73.78 £29.15
8 88.00 £ 7.89 12.00 £ 7.89 70.00 £19.72 73.78 £29.15
9 88.00'+.7.89 12.00 £ 7.89 70.00 £19.72 73.78 £29.15
10 88.00 + 7.89 12.00 £ 7.89 70.00 £19.72 73.78 £29.15
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Fig 13: Changes in statistical parameters due to variation of K value in the KNN algorithm.
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Fig 14: The classification model implemented in RapidMiner software using the Random Forest algorithm.
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Table 5: The classification results obtained from each of these machine learning algorithms.

Algorith

m Accuracy Error Recall Precision True0 Truel
6 78 Predl
KNN 92.00 +7.89 8.00 +7.89 8375+ 16.72 89.28 + 18.85
14 2 Pred0
Naive 1 80 Predl
5 99.00 +3.16 1.00+7.89 97.50 +7.91 99.44 +1.76
ayse 19 0 Pred0
RF 6 80 Pred1
(Accurac 94.00+8.43 5.00 +7.07 87.50 + 17.68 92.33+18.57
y) 14 0 Pred0
. 7 80 Pred1
RF (t(.sa'” 93.00 +8.23 6.00 +.9.66 85.00 + 24.15 82.00 + 28.98
ratio) 13 0 Pred0
RF (Inf 7 77 Pred1
. 90.00 + 9.43 8.00 +9.19 83.75 + 21.08 82.65 + 24.67
gain) 13 3 Pred0
. 4 80 Pred1
RF d(g'”' 96.00 + 5.16 5.00%.7.07 87.50 + 17.68 92.33 +18.57
index) 16 0 Pred0
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Fig 15: Thedecision tree generated in the Random Forest classification model.
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