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3 Multilayer Perceptron Artificial Neural Network (MLP-ANN)
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! Gaussian process regression (GPR)
2 Multivariate linear regression (MVLR)
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2 Root Mean Square Error: RMSE
3 Mean Absoulute Percentage Error: MAPE
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ik ks O Vs Vp n 1550 k2 el P Vs Vp n 1s50
Ages G (glemd) (km/s)  (kmfs) (%) (MPa) Hges Hges (g/cm?) (km/s)  (km/s) (%) (MPa)
<1 2.60 280 427 101 300 el 1 2.70 259 512 597 270
Sas 2 263 271 433 100 290 &= 2 273 261 519 579 271
sz 3 2.70 280 429 070 300 el 3 2.80 260 515 590 268
Sas 4 2.62 284 466 100 305 &2 4 272 268 560 484 277
Sas05 255 265 407 247 283 & 5 2.65 259 489 602 270
s B 251 250 394 450 266 gl 6 261 255 473 656 260
Ses 7 2.66 268 471 080 287 el 7 2.76 2.69 566 470 275
S 8 2.60 2.70 4.09 1.01 2.89 el 8 2.70 2.56 491 6.47 2.80
<9 261 272 400 200 291 & 9 271 254 480 674 267
ses 10 2.48 249 333 1000 265 &= 10 258 252 399 697 260
wes 11 2550 240 290 1300 254 e 11 2.60 254 348 670 268
s 120 95 253 351 1300 269 & 12 262 256 422 643 268
ses 13 258 257 335 1200 274 &= 13 2.68 240 401 859 240
Ses 14 258 256 378 900 273 el 14 2.68 249 453 736 250
ses 15 2.47 245 367 1400 260 &= 15 257 252 440 697 250
s+ 16 o7 286 574 006 307 & 16 2.84 291 680 008 3.0
s 17 2.78 290 595 022 312 & 17 2.88 295 714 007 302
S 18 250 251 4.81 3.66 267 el 18 2.60 2.54 5.77 6.70 2.80
sas 19 2.68 277 519 134 300 nSile 2.69 260 502 571 270
ses 20 2.60 270 369 873 289

Ses 2 2.65 271 489 300 290

Sas 22 2.40 250 417 900 266

Ses 28 278 288 583 016  3.09

Sas 24 2.69 263 444 122 281

Ses 25 2.43 226 383 900 238

Sas 26 254 260 392 600 277
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S 28 261 272 460 600 291

ses 29 250 250 423 800 266

Ses 30 253 256 429 700 273

ses 31 241 260 417 800 277

Ses 32 2.39 235 345 800 249

Ses 33 2.61 2.71 445 700 290
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Ses 38 2.60 270 422 700 299

s 39 2.65 274 435 403 303

ses 40 247 242 398 900 267

Ses 41 263 2.73 3.97 7.50 2.98

i 42 2.69 255 399 339 282

sas 43 274 257 406 236 284

oeSilee 257 261 418 565 279
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Linear model Poly11:

f(x,y) =p00 +p10*x +p01¥y
Coefficients (with 35% confidence bounds):
p00 = -0.07089 (-0.3218, 0.18)
pl0= 0.3278 (0.2117, 0.444)
p0l= 0.6584 (0.5831,0.7336)

Goodness of fit:
SSE: 0.109
R-square: 0.9205

Adjusted R-square: 0.9178
RMSE: 0.04335

28

226
(] :

24~

29

Density

Linear model Poly11:

f(x,y) =p00 +p10*x +p01*y
Coefficients (with 95% confidence bounds):
p00 =  0.539 (0.3673,0.7107)
pl0 = 0.04534 (0.02985, 0.06082)

p0l1= 0.6743 (0.6035, 0.7451)

2.4

1s50

I1s50

Goodness of fit:
SSE: 0.1062
R-square: 0.9226
Adjusted R-square: 0.9139
RMSE: 0.04279
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Abstract

Estimation of wave velocities is very important for designing geotechnical structures and modeling deep
drillings. The purpose of this study is to estimate shear wave velocity (Vs) using Gaussian process
regression (GPR), multilayer perceptron artificial neural network (MLP-ANN) and multivariate linear
regression (MVLR) methods. In order to carry out this study, 14 rock blocks were prepared from the
northwest of Damavand city and after being transferred to the laboratory, cores were extracted from
them. In order to develop a predictive model, point load index, compressional wave velocity (Vp),
porosity and density tests were performed on 61 rock core samples. Point load index, Vp, porosity and
density were used as input parameters of models to predict Vs. The results of lithological studies showed
that the studied sandstones are feldspathic litharnite and litharnite. The results showed that the ratio of
Vp to Vs is equal to 1.70 on average. The results of the MLP-ANN showed that the highest accuracy of
the models was obtained by using the Levenberg-Marquardt training algorithm. The most accurate
models were obtained using this algorithm to estimate the Vs in neuron number 2 (optimal neuron). The
GPR, MLP-ANN and MVLR predicted Vs with correlation coefficients of 0.97, 0.96 and 0.95,
respectively. GPR method showed better performance in predicting Vs than other methods.

Keywords: Physical and mechanical properties, Sandstone rocks, Gaussian process regression (GPR),
Multilayer perceptron artificial neural network (MLP-ANN), Multivariate linear regression (MVLR).



