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Operating system Framework Language Memory GPU

Windows 11 TensorFlow 2.6.0 Python 3.7 16 GB NVIDIA GeForce GTX 1650
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Network Hidden layers Loss function Activation function Optimizer Learning rate

Generator ‘ 4 MSE Sigmoid Adam 0.0005

Discriminator ‘ 4 MSE Sigmoid Adam 0.0005
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Parameter Symbol Value Unit
‘The density of the air medium o 121 kg/m®
‘The speed of the sound G 343 ‘ m/s
‘The step size of frequency i 10 ‘ Hz
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Date_event Magnitude max [km] [Nl Classic method (M1) Proposed method (M3)
[mw] stations (N)

Mean [s] Standard Mean [s] Standard

7 deviation 7 deviation

s] s(z.) Is] s(zc)
2023.06.21_0000149 41 13 7 031 £0.13 028 0.1
2023.06.06_0000145 47 293 13 063 £0.28 0.52 *0.15
2023.02.14_0000139 55 269 2 098 £031 1 £022
2021.08.01_0000049 57 260 2 114 £0.82 113 2043
2022.11.23_0000008 61 315 30 105 £094 121 £048
2023.02.20_0000197 63 33 34 130 £095 128 £039
2023.02.06_0000011 67 430 40 145 £0.45 152 2042
2020.10.30_0000082 70 450 40 215 £0.50 208 £049
2023.02.06_0000222 7.5 480 40 342 £0.43 3.55 +046
2023.02.06_0000008 78 620 40 427 124 436 £122
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Sample Concrete WER WRA FA
PC-MI1 9.78 245 000 0.00 0.00 000
PC-M2 7.92 245 039 001 0.98 049
PC-M3 605 245 078 002 196 098
PC-M4 437 245 098 003 294 147
PC-M5 603 260 0.00 001 186 139
PC-M6 521 260 037 0.00 279 093
PC-M7 8.06 260 074 003 0.00 046
PC-M8 7.42 260 093 0.02 093 0.00
PC-M9 586 272 0.00 002 272 045
PC-M10 685 272 072 003 181 000
PC-MI1 606 272 072 0.00 091 136
PC-MI2 723 272 091 001 0.00 091
PC-MI3 699 281 0.00 003 0.88 088
PC-M14 7.09 281 035 002 0.00 132
PC-MIS 543 281 070 001 263 000
PC-MI6 570 281 088 0.00 175 044
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Performance
28-d compressive strength
28-d prismatic uniaxial compressive strength
28-d flexural strength
Effective porosity

Permeability

Test piece

Cubic

Prism

Prism

Cubic

Cubic

Specimen size

100 mm x 100 mm x 100 mm

100 mm x 100 mm x 300 mm

100 mm x 100 mm x 400 mm

100 mm x 100 mm x 100 mm

100 mm x 100 mm x 100 mm
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Sample WCR(A) DEP(B) WRA(C) FA(

GGBFS(E)

PC-M1 Al B1 c1 D1 El
PC-M2 Al B2 c2 D2 E2
PC-M3 Al B3 C3 D3 E3
PC-M4 Al B4 c4 D4 E4
PC-M5 A2 Bl c2 D3 E4
PC-M6 A2 B2 c1 D4 E3
PC-M7 A2 B3 c4 D1 E2
PC-M8 A2 ‘ B4 c3 D2 E1
PC-M9 A3 Bl c3 D4 E2
PC-M10 A3 B2 C4 D3 E1
PC-MI1 A3 B3 c1 D2 E4
PC-MI2 A3 B4 c2 D1 E3
PC-M13 A4 B1 c4 D2 E3
PC-M14 A4 . B2 c3 . D1 E4
PC-M15 A4 ‘ B3 c2 ' D4 E1
PC-MI6 A4 B4 c1 D3 E2
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WRA FA

% 5.889 6255 5073 4627 5467
T 4631 4306 5.367 5330 4168
I3 4.039 4106 3776 ‘ 4799 3991
K 3.848 4741 5.192 4.651 5782
R 2041 v 2149 1591 ‘ 0.703 1791
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K 2444 20.66 2205 18.84 21.16
K 1835 2276 2253 21.05 18.53
I 17.90 17.18 1633 1945 1617
K, 17.48 18.57 18.77 1983 2331
R 0.0710 ‘ 0.0557 | 00572 00221 0.0713
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GGBFS Effective porosity Permeability

(%) (mm/s)
PC-M1 Al Bl C1 D1 E1 27.98 7.903
PC-M2 Al B2 Q D2 E2 29.64 5.653
PC-M3 Al B3 C3 . D3 E3 14.40 3.154
PC-M4 Al B4 C4 D4 E4 2574 6.847
PC-M5 A2 Bl C2 D3 E4 23.62 7425
PC-M6 A2 B2 C1 D4 E3 18.98 3245
PC-M7 A2 B3 (e D1 E2 11.50 3316
PC-M8 A2 B4 a D2 E1 15.28 4.537
PC-M9 A3 Bl C3 D4 E2 14.08 4481
PC-M10 A3 B2 4 D3 E1 20.86 5395
PC-M11 A3 B3 C1 D2 E4 2233 5923
PC-M12 A3 B4 2 D1 E3 14.35 4.358
PC-M13 A4 Bl (e D2 B3 16.97 5.208
PC-M14 A4 B2 c . D1 E4 21.54 2932
PC-M15 Ad B3 o] v D4 E1 20.50 4.031
PC-M16 Ad B4 C1 D3 E2 18.90 3222
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FA

5 2475 2,800 2375 2675 2475
T 2,800 2550 2,500 2675 2800
I3 2750 2,550 2750 3.050 2775
K 2475 2.600 2.875 2,600 2450
R 0325 0250 0.500 0125 0350
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FA

K 16.700 20.668 17.240 20.660 18.248
K 21.448 18.663 18.198 20678 22178
I 21.905 21.040 21568 25910 21.498
K 19.863 22545 22910 19.668 17.993
R 5.205 ‘ 2378 5670 17675 4.185
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WCR GGBFS i Flexural strength

(MPa)
PC-M1 Al Bl C1 D1 El 13.61 23
PC-M2 Al B2 (o] D2 E2 15.50 24
PC-M3 Al B3 o] D3 ‘ E3 19.22 26
PC-M4 Al B4 C4 D4 E4 16.91 25
PC-M5 A2 Bl C2 D3 E4 18.32 26
PC-M6 A2 B2 C1 D4 E3 18.60 26
PC-M7 A2 B3 4 D1 E2 2732 32
PC-M8 A2 B4 c3 D2 ElL 2157 28
PC-M9 A3 Bl c3 D4 E2 27.07 32
PC-M10 A3 B2 C4 D3 E1 ‘ 2072 27
PC-MI1 A3 B3 C1 D2 E4 16.94 23
PC-MI12 A3 B4 C2 D1 E3 ‘ 21.89 28
PC-M13 Ad Bl c4 D2 B 26.70 31
PC-M14 A4 B2 C3 D1 E4 18.83 24
PC-MI15 Ad B3 (o7} D4 El 15.10 21
PC-M16 Ad B4 C1 D3 E2 17.82 23
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Level factors WCR(A) DEP%(B) WRA%(C) C GGBFS%(E)

1 025 (A1) 0(B1) o(Ccn 0(D1) 0(E1)
2 028 (A2) 4(B2) 0.1(C2) 10(D2) 5(E2)
3 030 (A3) 8(B3) . 02(C3) 20 (D3) ' 10 (E3)
4 | 032 (A4) 10 (B4) | 0.3 (C4) 30 (D4) 15 (E4)
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Compositions

oPC 221 497 294 60.22 124 272 0.56 5.14
FA 59.41 19.51 772 471 172 172 0.27 571
GGBFS, 36.52 12.87 072 4075 972 027 0.18 033
DEP 1.06 276 174 1.03 167 157 89.42 357
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Elastic modulus (GPa) 42 42
Plastic modulus (GPa) 336 - -
Tensile strength (MPa) - 50 50
Cohesion (MPa) 145 20 2
Density (kg/m?) 2,680 1,000
Friction coefficient 070 0.01
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Level factors WCR(A) DEP%(B) WRA%(C) FA%(C) GGBFS%(E)
1 025 (A1) 0(B1) o(Ccn 0(D1) 0(E1)
2 028 (A2) 4(82) 0.1(C2) 10(D2) 5(E2)
3 030 (A3) 8(83) 02(C3) 20(D3) 10 (E3)
4 032 (A4) 10 (B4) 03(CH) 30 (D4) 15 (E4)
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Sample WCR(A) DEP(B) WRA(C) FA(D) GGBFS(E)

PC-MI Al Bl c1 DI El
PC-M2 Al B2 c D2 B2
PC-M3 Al B3 c D3 B3
PC-M4 Al B4 ca D4 B4
PC-M5 A2 B1 c2 D3 B4
PC-M6 A2 B2 c1 D4 E3
PC-M7 A B3 ca DI B2
PC-MS A2 B4 c D2 El
PC-M9 A3 Bl c D4 E2
PC-MI0 A3 B2 ca D3 El
PC-MII A3 B3 c1 D2 B4
PC-MI2 A3 B4 c2 DI B3
PC-MI3 A1 B1 ca D2 B3
PC-MI4 A1 B2 c DI B4
PC-MIS A4 B3 c2 D4 El
PC-MI6 A4 B4 c1 D3 B2





OPS/images/fphy-12-1466191/inline_35.gif
AV = 4m(ru, + rout, + 5





OPS/images/fphy-12-1466191/inline_34.gif





OPS/images/fphy-12-1466191/inline_33.gif





OPS/images/fphy-12-1466191/inline_32.gif





OPS/images/fphy-12-1466191/inline_31.gif





OPS/images/fphy-12-1466191/inline_30.gif





OPS/images/fphy-12-1466191/inline_29.gif





OPS/images/fphy-12-1466191/inline_38.gif





OPS/images/fphy-12-1466191/inline_37.gif
rl





OPS/images/fphy-12-1466191/inline_36.gif





OPS/images/fphy-12-1475622/inline_27.gif
X,





OPS/images/fphy-12-1475622/inline_26.gif
X,





OPS/images/fphy-12-1475622/inline_25.gif
57X,





OPS/images/fphy-12-1475622/inline_24.gif
57X,





OPS/images/fphy-12-1475622/inline_23.gif





OPS/images/fphy-12-1475622/inline_22.gif





OPS/images/fphy-12-1475622/inline_21.gif
kd





OPS/images/fphy-12-1475622/inline_20.gif





OPS/images/fphy-12-1475622/inline_2.gif





OPS/images/fphy-12-1475622/inline_28.gif





OPS/images/fphy-12-1475622/inline_17.gif





OPS/images/fphy-12-1475622/inline_16.gif





OPS/images/fphy-12-1475622/inline_15.gif
;-





OPS/images/fphy-12-1475622/inline_14.gif





OPS/images/fphy-12-1475622/inline_13.gif
Pis





OPS/images/fphy-12-1475622/inline_12.gif
P





OPS/images/fphy-12-1475622/inline_11.gif





OPS/images/fphy-12-1475622/inline_10.gif





OPS/images/fphy-12-1475622/inline_19.gif





OPS/images/fphy-12-1475622/inline_18.gif





OPS/images/fphy-12-1468327/inline_67.gif





OPS/images/fphy-12-1468327/inline_66.gif





OPS/images/fphy-12-1475622/math_11.gif
Gp=Ms +2cs+2k

Gy =cstk

k
Gi=Gi(Ms ves+k) s+ 216, ay

'






OPS/images/fphy-12-1468327/inline_65.gif
Ym





OPS/images/fphy-12-1475622/math_10.gif
(GyGas” - Gi Gy Juy + G\ Gy
6,677 26,6y
(6,6 GG GG
R,

(10)





OPS/images/fphy-12-1468327/inline_64.gif





OPS/images/fphy-12-1475622/math_1.gif
Ms"x, + (es+ k), - x) + (es+K)(x, - x;) = 0
Msx + (s + R)(x, - %,
M, + (cs4 K)(xs - x,

[0





OPS/images/fphy-12-1468327/inline_63.gif





OPS/images/fphy-12-1475622/inline_9.gif





OPS/images/fphy-12-1468327/inline_62.gif





OPS/images/fphy-12-1475622/inline_8.gif





OPS/images/fphy-12-1468327/inline_61.gif





OPS/images/fphy-12-1475622/inline_7.gif





OPS/images/fphy-12-1475622/inline_6.gif





OPS/images/fphy-12-1475622/inline_5.gif





OPS/images/fphy-12-1475622/inline_4.gif





OPS/images/fphy-12-1475622/inline_38.gif





OPS/images/fphy-12-1468327/inline_7.gif





OPS/images/fphy-12-1468327/inline_69.gif





OPS/images/fphy-12-1468327/inline_68.gif





OPS/images/fphy-12-1475622/inline_37.gif





OPS/images/fphy-12-1475622/inline_36.gif





OPS/images/fphy-12-1475622/inline_35.gif
0=a,....a,,bg,....0,]





OPS/images/fphy-12-1475622/inline_34.gif





OPS/images/fphy-12-1475622/inline_33.gif
C(z'')=1





OPS/images/fphy-12-1475622/inline_32.gif
B(z™')





OPS/images/fphy-12-1475622/inline_31.gif





OPS/images/fphy-12-1475622/inline_30.gif





OPS/images/fphy-12-1475622/inline_3.gif





OPS/images/fphy-12-1475622/inline_29.gif





OPS/images/fphy-12-1468327/inline_87.gif





OPS/images/fphy-12-1468327/inline_86.gif





OPS/images/fphy-12-1468327/inline_85.gif





OPS/images/fphy-12-1468327/inline_84.gif





OPS/images/fphy-12-1468327/inline_83.gif





OPS/images/fphy-12-1468327/inline_82.gif





OPS/images/fphy-12-1468327/inline_81.gif





OPS/images/fphy-12-1468327/inline_80.gif
V2/2





OPS/images/fphy-12-1468327/inline_8.gif





OPS/images/fphy-12-1468327/inline_88.gif





OPS/images/fphy-12-1468327/inline_77.gif





OPS/images/fphy-12-1468327/inline_76.gif
V2/2





OPS/images/fphy-12-1468327/inline_75.gif





OPS/images/fphy-12-1475622/math_4.gif
@

Q,=kE -Kp.,





OPS/images/fphy-12-1468327/inline_74.gif





OPS/images/fphy-12-1475622/math_3.gif
o





OPS/images/fphy-12-1468327/inline_73.gif





OPS/images/fphy-12-1475622/math_2.gif
el

. e

pr—

P @

2 Hvar

T e
M+ SF - et





OPS/images/fphy-12-1468327/inline_72.gif





OPS/images/fphy-12-1475622/math_18.gif
corr(x.y) =

Z’(*- =90~

s)





OPS/images/fphy-12-1468327/inline_71.gif





OPS/images/fphy-12-1475622/math_17.gif
30 ) a7






OPS/images/fphy-12-1468327/inline_70.gif





OPS/images/fphy-12-1475622/math_16.gif





OPS/images/fphy-12-1475622/math_15.gif
=142 407"+ var?
14bz +byz?

a3






OPS/images/fphy-12-1475622/math_14.gif





OPS/images/fphy-12-1475622/math_13.gif
o






OPS/images/fphy-12-1475622/math_12.gif
26:G:.Ga
GG,

26.GGe

12)






OPS/images/fphy-12-1468327/inline_79.gif





OPS/images/fphy-12-1468327/inline_78.gif





OPS/images/fphy-12-1468327/math_16.gif
~wpyi. (6





OPS/images/fphy-12-1468327/math_15.gif
as)






OPS/images/fphy-12-1468327/math_14.gif
P(r)= Al], (k) +iY, (k)] = AH' " (k,r),  (14)





OPS/images/fphy-12-1468327/math_13.gif
ntl
tim ], (kir) — ‘j%m(k,pz ~ ln), -
)+ sl - 2L,






OPS/images/fphy-12-1468327/math_12.gif
P(r) — A" ™ = A(cos(k,r) +jsin(k,r))e ™.  (12)





OPS/images/fphy-12-1468327/math_11.gif
P(r)= Aln(k,r)"BY wlker), )
K= (K -Kk)"





OPS/images/fphy-12-1468327/math_10.gif
. lr/fkff(g)’]m:n 0





OPS/images/fphy-12-1468327/math_1.gif
wi(z, 6,

Wy, (z)cos(nf)e ™,

(1)





OPS/images/fphy-12-1468327/inline_99.gif





OPS/images/fphy-12-1468327/inline_98.gif





OPS/images/fphy-12-1468327/inline_97.gif





OPS/images/fphy-12-1468327/inline_96.gif





OPS/images/fphy-12-1468327/inline_95.gif





OPS/images/fphy-12-1468327/inline_94.gif





OPS/images/fphy-12-1468327/inline_93.gif





OPS/images/fphy-12-1468327/inline_92.gif





OPS/images/fphy-12-1468327/inline_91.gif





OPS/images/fphy-12-1468327/inline_90.gif





OPS/images/fphy-12-1468327/inline_9.gif





OPS/images/fphy-12-1468327/inline_89.gif
V2/2





OPS/images/fphy-12-1468327/math_8.gif





OPS/images/fphy-12-1468327/math_7.gif
)





OPS/images/fphy-12-1468327/math_6.gif
©)






OPS/images/fphy-12-1468327/math_5.gif





OPS/images/fphy-12-1468327/math_4.gif
w(k,,0,t1)

W,y (K. )cos(nb),

(4)





OPS/images/fphy-12-1468327/math_3.gif
p(r,z,|

(3)





OPS/images/fphy-12-1468327/math_29.gif





OPS/images/fphy-12-1468327/math_28.gif
Gy =i

Wy
nm ) agy

PGy [ o o ool
Gy [ )y oo
8






OPS/images/fphy-12-1468327/math_27.gif
R
H' (k7an(y)3"‘” el (krom, (y)m (x),
(27)





OPS/images/fphy-12-1468327/math_26.gif
(26






OPS/images/fphy-12-1468327/math_25.gif
WGlxy)
an(y)

(y)dr(y)

dx)p(x)oudl)all?*[

POr(y)

Fo(xy)
“J antyon "

- [ ctsmaiare) +af

)
nx)

a.fm 40)r(y) + p~ (0

xyel
(25)





OPS/images/fphy-12-1468327/math_24.gif
000+ [ :(y)(on(l'piy)dr(y)

G(xy), aP’ ®
on(x) on(x)

a0+

L xyel (i)





OPS/images/fphy-12-1468327/math_23.gif
cop+ [ () )

GryaMAr()+ P ). xyel (2





OPS/images/fphy-12-1468327/math_22.gif
@)





OPS/images/fphy-12-1468327/math_21.gif
)
9G(xy) r(y)= | Glxya(y)dr(y)
o0 [ gy PO |

+p™(x), yer,  (21)






OPS/images/fphy-12-1468327/math_20.gif
Vip(x)+ kK p(x)






OPS/images/fphy-12-1468327/math_2.gif
w(z,0)

=W,y (z)cos(nbt).





OPS/images/fphy-12-1468327/math_19.gif
(ko)esdk. |W,, cos (nf).

m J.N H(kr)
KHT k'™

(19)





OPS/images/fphy-12-1468327/math_18.gif
wpH, (k)
THT (a) "

T (KW, 08 (1), as





OPS/images/fphy-12-1468327/math_17.gif
WP W
KHY (ka)

a





OPS/images/fphy-12-1490012/fphy-12-1490012-t003.jpg
Test number Concrete Fly ash Water (kg/m?) Ceramsite Sand (kg/m Water
(kg/m?) (kg/m?) (kg/m?) reducing

agent (kg/m?)

1 400 0 112 645.12 522 06
2 360 40 120 645.12 522 038
3 320 80 128 645.12 522 1

4 280 120 136 645.12 522 12
5 360 40 112 55296 696 1

6 400 0 120 552.96 696 12
7 280 120 128 552.96 696 06
8 320 80 136 552.96 696 08
9 320 80 12 460.8 870 12
10 280 120 120 460.8 870 1

11 400 0 128 460.8 870 08
12 360 40 136 460.8 870 06
13 280 120 112 368.64 1,044 038
14 320 80 120 368.64 1,044 0.6
15 360 40 128 368.64 1,044 12
16 400 0 136 368.64 1,044 1
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Test number Factor

Sand rate (A) % = Water-cement ratio (B) Fly ash substitution rate Dosage of water
(C) % reducing agent (D) %
1 A,(30) B,(0.28) C,(0) D,(0.15)
2 A,(30) B,(0.30) . C,(10) D,(0.20)
3 A,(30) B,(032) C,(20) D,(0.25)
4 A,(30) B,(0.34) 1 C,(30) D,(0.30)
5 A,(40) B,(0.28) C,(10) D;(0.25)
6 A,(40) B,(0.30) C,(0) D;(0.30)
7 A,(40) B,(0.32) C,(30) D,(0.15)
8 A,(40) B,(0.34) C,(20) D,(0.20)
9 A4(50) B,(0.28) C;(20) D,(0.30)
10 A4(50) B,(0.30) C,(30) D;(0.25)
11 ' A4(50) B,(0.32) G0 D,(0.20)
12 Ay(50) B,(0.34) C,(10) D,(0.15)
13 A,(60) B,(028) C,30) D,(0.20)
14 » A,(60) B,(030) C3(20) D,(0.15)
15 A,(60) B,(0.32) C,(10) D,(0.30)
7 16 A,(60) B,(0.34) | C,(0) D;(0.25)
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Cylinder Stacking density Apparent density Aggregate size (mm) Water absorption
compressive (kg/m?) (kg/m?) rate at 1 h (%)
strength (MPa)

42 768 1,430 5-20 3
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Types of holes Simulated values W/(m? Theoretically calculated Absolute value of error (%)

values W/(m?-K)

TZ-1 1.02 098 41
TZ-2 0.96 098 20
TZ-3 0.93 098 5.1
TZ-4 1.08 098 93
TZ-5 1.00 098 20
TZ-6 1.04 098 6.1
TZ-7 1.00 092 87
TZ-8 0.94 091 33
TZ-9 081 082 12
TZ-10 ‘ 0.62 0.64 31
TZ-11 056 061 82
TZ-12 050 052 38
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Element Hot surface temperature (K)
order
2mm 3mm 10mm 15mm 20 mm

Linear ‘ 297.38 ‘ 297.38 297.37 297.36

Quadratic | 297.38 297.38 297.38
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Serial number Dry apparent density Compression Flexural tensile Thermal
(kg/m3) strength (MPa) strength (MPa) conductivity
(W/(m-K))

1909.36 5203 5.13 0.8314
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Range values A (%) C(%) D(%)

4 398 436 403 418 422
9 449 442 429 444 439
X 476 427 458 445 4.38
K, 395 4.12 427 411 4.19
R 081 0.30 055 034 0.21

A>C>D>B>E






OPS/images/fphy-12-1490012/fphy-12-1490012-t005.jpg
Range values = A (%) C (%)
K, 277 | a8 | 4161 1335 | 4471
X 1612 | 4564 | 4493 4521 | 4492
4 846 | 457 | 474 4545 | 4490
4 4189 | 4414 | 4556 4523 | a7
R 656 150 553 209 0.22

A>C>D>B>E
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Test number Combination of Dry apparent density Compression Flexural tensile

factors ) strength (MPa) strength (MPa)
1 AB,CD, 1822.26 3809 3.59
2 AB,C,D, 1789.14 4423 434
3 A,B,C;D; 1761.71 4558 448
4 AB,C,D, 1738.78 4317 35
5 A;B,C,D, 1845.78 4686 459
6 AB,CD, 1830.08 4425 425
7 ABC,D, 1818.36 4528 143
8 A,B,C,D, 1855.12 48.07 467
9 AB,CD, 1905.95 s14 503
10 AsB,C,D, 1892.38 5057 494
1 AB,C,D, 1916.75 4531 451
12 AB,C,D, 1896.36 4654 455
13 AB,C,D, 1960.36 4321 42
14 A,B,C,D, 1926.86 435 4.14
15 AB,C,D, 1935.93 4209 3.66
16 AB,C,D; 1937.36 3877 377
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