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Fig. 1 Surface image of PC specimen Fig. 2 Typical neural network architecture [4]
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BB EZarsa—4— ECEBT L Al HIRDERGEY AT A0 BENEEE S AT A7 E Ok A 72
—ZATEHIN TS, ALEIFOHF T, N\OMREZBELIc=2—F L%y NU—7 Z W[5
=TT —=27] £ HEREFE (Deep Learning) | I1ZEFEIMIMEREO R I CHEEEZEDTEY,
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% FF2O POCIZHWTH, AMORBRIZ L 272 HET 2 AlTHINAZEATHZ LT, fETHA
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— = ZNC K DR FIE A VT POC DZERROHAETE 217\, HIEMR 2R Lz,

2.1 EBRITIE

2. 1.1 BRI+ & k7t

112, REROK T LAKHEZRT, REBRTIE, POC OXFHERE, HRBRINEE O BRI
FOT 4 =TT == T DRy 78 (FEEE) 7 LA FERKFICERY BT, &EH2ERER (Vr)
0% ,15%,25%,35% D4 /KHEL L, HEFEE%Z 100X 100 px, 200X 200 px, 300 X300 px ¥
FTOV400X400 px D 4 KHEE LT, F7o, =Ry 7% 5[F, 10[E], 20 [FF LT 30 FoD 4 ki
e L7,

Table 1: Experimental factors and testing levels

Factor Level
Designed porosity (%) 0, 15, 25, 35
Pixel count (px) 100 x 100, 200 x 200, 300 x 300, 400 x 400
Number of Epochs (Times) 5, 10, 20, 30




2. 1.2 fERM BB KOG

POC O EFE LT, HUEMIZIL 6 FHeA (5~12mm), A Y MITH@EAL R T R A
FEMWEZ, £, BEAV PR=R MO T v —EEZFETT 572 DI mMERE AE BOKAl (R U LR
UlER) Wz,

#2112, POC OfERETRT, BALVIX—ZAFDOKEA LV MHIZ03 &L, BAY B2
FOWEMEIE 7 0 —EB L OEMICE Y FH Lz, FE-212, 72 —lOHIMRE RT,

Table 2: Mix proportions of PC

v Unit mass (kg/m3) HAE/C Flow value
(%) W C G (%) (mm)
0 202 | 674 0.6 —
15 129 | 431 — 186
1548
95 81 | 269 — 195
35 32 | 107 0.1 186

[Note] Vp: designed porosity; W, C, G: unit mass of water, cement, and aggregate;

HAE/C: Addition rate of high-performance AE water reducer to cement mass
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2.1.4 BERIR DR LT L OHEIGIUE

X —312, POC KO FEERT, BNT, RBRIKOITHIAAEZ FIZ L CTKFEICE
X, AX U REMMHL T (iPhone 11 pro) & BERIKD A FKMEDREICHE N T—E (R
BRI — RO L XX TOHREZ 40cm) & L7z, SIS S OFHE aTREZ 2 & > RAt
BOWNATOIE L, REREOH D X% 4801x & L=, M 15 BICIHERZE S H L= SR8k
IZBWTIREZITV, K-3b)D L7 v Ef— LIZIELE (495%495px) (28I HL D,
[Flfs « RKERAA1TH 2 & TF — 2 HEMR L., BHiAHR=a—F %y FU—2 (CNN) % Hw
BT, B % px SLICHFIL, EENDIHICAN LTV e, EHERREEEITH 2 LT
B DR A RO L 72D, FERRICEBWT, FHIC 1104, HEIZ 10 K9 > DG % v
7oo WIVEVZOER (AHOER) OfZK—4 17T, BHigRE AT 282, RiZEFEL
NOFEREZ VI THEOILT L — AT — VB A T o Tz, £, T4 =T F7—=0 712X 5%
B HEIZBWT, BEHRBIC K D HEBRICKETREL R 2720, Y10 Bo - EgOEE
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Constant distance

Mobile phone

a) Photographing of the PC image

Fig. 3 Methodology for preparing PC images for Vp =25% . Vp= 35%
Al deep learning and porosity estimation . Fig. 4 Example of images after cropping
g L: Deep learning Step 2: Estimation

Classifier

PCimage / Image for
Vo = 0% estimation
v
PCimage PCimage Estimated.
Vo =25% Vp = 35% Porosity,

Fig. 5 Flow of Deep learning and estimation
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WZ7m T AEERL, b T 4 —7 7 —=27 (Deep Learning, #EE¥E) OTFE
& oTW5, Python SifiafiH L, a7 T M37 —4% (GERFHERE L ER) Oiidiirdr, &
FHirF =2 —FFy U =2 (CNN) VK 25%H, HrLWEigs A LHE, &)L TIT
o572, CNN I, AMOEHFEEET VL LTHEY, HgEFTICKE X RET 272010, @FoO
Za—I Xy NT—7 LRI, EEERRICEE L TWDH e, ARERTITCNN 24
WD, T = A DOFIRAIDEICIE, 0%, 15%, 25%, 35% & L= 4 SO (FEt2eli R4 M)
AEEESET, FILWVEBREZD4 SO L BT A0 EHET HET LV EER LT,
=612, CNNETLVOWEEE R, TT /MIEZALE, 77— 7B L UERGEE

Keras GCJ:O'C/%HJ%AI?DJd‘f:O FIET ML > CHE SR EHEE B L 35, FH DR
T, FEHNTHEAT2EBOEFES (100x100px, 200x200px, 300x300px, 400x400px) & 43 H
% (er:Iﬁ#4 0%, 15%, 25%, 35%) , ZOfth, =& 7% (58], 10 [A], 20 [7], 30 [B]) OFRE %
TV, ThENnN7 v 77 LEFT3H7,

Coovolutiopal layer (Conv2D) H‘ Max poolipg layer (MaxP ooling 2D) ’-P‘ Conv2 |

v

w Eullvsannassed layer (Dense) <—< MaxPooling2 }4— Conv2

a) Combination of each layer

Layer (type) Output Shape Param Example of (Param)
============== === ========S== === S==SS=S=S=SS=ZSSSSS=S==S=S===S=Z=S=S===S====== =3 . | 2

conv2d (Conv2D) (None, 300, 300, 16) 60 || sonvolutionel laver (conv2d)
max_pooling2d (MaxPooling2D) (None, 150, 150, 16) 0 Ealte size: 3x3

conv2d_1 (Conv2D) (None, 150, 150, 128) 18560 Input channel 1 (monochrome)

conv2d 2 (Conv2D) (None, 150, 150, 256) 295168 Output chapoel: 16

max_pooling2d_1 ((MaxPooling2D) (None, 75, 75, 256) 0 Bias: 1 =

dropout (Dropout) (None, 75, 75, 256) 0 Number of pacamaters = Giltex size (beight.
flatteo (Elatten) (None, 1440000) 0 x width) ousohex of input chan nels pypaber
dense (Dense) (None, 128) 184320128 of output chan nels + bi

dropout 1 (Dropout) (None, 128) 0

dense 1 (Dense) (None 4) 516 dumberof output chappelsparans =3 x 3
Total%lSL 34,532 I(,a.u)a.hj.@params 184,634,532 Non-tainable.params: 0 %116 +1x16= 160

b) Model Overview
Fig. 6 Architecture of the CNN model
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Fig. 7 Comparison between the total porosity and designed porosity of PC
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Fig. 9 Probability of porosity determination
for each porosity level
(number of epochs = 10, pixel count =200 px)

Fig. 8 Example of porosity estimation for PC
using deep learning (Ve = 25%,
number of epochs = 10, pixel count =200 px)
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Fig. 10 Influence of number of epochs on accuracy of porosity determination in PC
using deep learning (pixel counts = 200 px)
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Fig. 11 Influence of pixel counton accuracy of porosity determinationin PC
using deep learning. (epoch number = 5 times)
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