Downloaded from jame.iut.ac.ir at 17:21 IRDT on Wednesday September 20th 2017

S gwan cwas aaSi Gl el b ) S 5 8- S, gildue

Tl e Loy s Gl ol g Sl e des
iy gt SRS Ol s pwidige 5USESN
iy gt RSN (B g 8ASKE

A /AN ol asens by = VAV/YE tlis il )

A Sl (5l 53 00 dngd lado o jo ST (o 00l (LSR5 L s 50 |y Ly (5,5 — (AT L8, U ol a2l Ll 2
i3S s L8, (0,5 S (gl 0l g Aild ) Mo 0 (S Cugh,y (S il dgus yemes S (SO 18 Wlasine i gloslu gl yiol )by
bl 3l (6 pgoius e g Sty liylo)T el dy ASST (y9a cunsl ook 438,515 & 5 pgmodus ko3l 55 ous; S

Hooliwl b oy kS i )5 — sid jLd,) (g3ludin (5l b I3l G uas AU a5 00 0 lid ool aid )5 |15 & Jow gl
Ll SE ] (SO 3 oolv Wlasin

oy Ceoglio “5|a}é.>‘,aT)L1’..§ ‘W;—W‘G:chm‘cm AN 3 G)Wmﬁ.bﬂ‘w)«_ﬂéldv\:ls Q\s;b

Modelling of Stress-Strain Behaviour of Clayey Soils Using Artificial
Neural Network

S. M. Haeri, N. Sadati and R. Mahin-Rousta
Department of Civil Engineering, sharif University of Technology
Department of Electrical Engineering, Sharif University of Technology

Abstract: 1In this research, behaviour of clayey soils under triaxial loading is studied using Neural Network. The models have
been prepared to predict the stress-strain behaviour of remolded clays under undrained condition. The advantage of the model
developed is that simple parameters such as physical characteristics of soils like water content, fine content, Atterberg limits and
so on, are used to model the stress-strain behaviour of clays under triaxial loading, without performing exact and time-consuming
tests on samples.

Results from the network show that neural network is a good tool for prediction of stress-strain behaviour of clayey soils
using simple physical characteristics of such soils.

Keywords: Clay, Undrained, Triaxial Test, Artifical Neural Network, Stress-Strain, Pore water Pressure, Shear Strength.
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UU Gleisbosl sl aed 235500 slgesgss - Jgr

INPUTS FOR NWORKS (UU-TEST) JTRANING

NO. %< #200] %<2u | LL{%) | PI{(%) | W(%) LI ¥i{glem'3}| e. |C3kgiem*2)
k-1-3 95 35 68 33 287 | -0.25 1.89 0.74 2
k-1-5 - 85 35 68 33 287 | -0.25 1.89 0.74 5
k-1-8 95 35 68 33 26.7 -0.25 1.89 0.74 8
k-2-3 95 30 70 38 27.4 | -0.12 1.88 0.78 3
K-2-5 95 30 70 38 274 | 012 1.89 0.78 5
K-3-1 92 29 66 32 28 -0.15 1.88 0.8 1
k-3-3 92 29 86 33 28 -0.15 1.88 0.8 3
k-3-8 92 29 56 33 28 -0.15 1.88 0.8 8
k-4-1 g6 28 58 30 21.9 -0.2 1.96 0.865 1
K-4-3 96 28 58 30 216 | -0.21 1.95 0.68 3
k-4-5 a8 28 58 30 216 | -0.21 1.95 0.66 5
K-4-8 96 28 58 30 212 | -0.23 1.24 C.66 8
k-5-3 95 30 s7 30 22 -0.17 1.9 0.68 3
k-5-5 95 30 57 30 22 -0.17 1.9 0.68 5
k-5-8 g5 30 57 30 22 -0.17 1.9 0.68 8
k-6-1 a7 33 63 39 239 -0.3 1.91 0.66 1
k-6-3 87 33 63 3Q 23.9 0.3 1.91 0.86 3
K-6-5 87 33 63 30 234 | -0.32 1.91 0.66 5
K-7-1 81 18 48 22 205 | -0.25 2 0.57 1
k-7-3 81 18 48 22 207 1 -0.24 2 0.57 3
k-7-5 81 18 48 22 20,7 | -0.24 2 0.57 5
k-7-8 81 18 48 22 207 | -0.24 2 0.57 8
k-8-1 29 30 83 38 2186 | -0.09 1.97 0.62 1
k-8-3 a9 30 63 38 213 -0.1 1.98 0.62 3
k-8-5 89 30 63 38 21.1 -0.1 1.97 0.62 5
k-9-1 80 25 54 27 223 | -0.16 1.94 0.62 1
k-9-3 90 25 54 27 228 | -0.186 1.94 ¢.62 3
k-10-1 92 34 5C 22 224 | -0.25 1.93 0.68 1
k-10-3 92 34 50 22 224 | 025 1.83 0.68 3
k-10-5 92 34 50 22 22.4 | -0.25 1.93 0.68 5
k-10-8 92 34 50 22 224 | -0.25 1.93 (.68 8
k-11-1 92 33 65 38 207 | -0.17 1.94 0.62 1
k-11-5 92 33 55 38 207 | 017 1.94 0.582 5
k-11-8 g2 33 65 38 207 | -017 1.94 082 8
k-12-1 94 30 54 27 237 | 012 1.95 0.87 1
k-12-3 54 30 54 27 235 | -013 1.85 0.67 3
k-12-5 94 30 54 27 232 | -0.14 1.94 0.87 5
K-12-8 94 30 54 27 22.3 1 -0.17 1.93 0.67 ]
5.7-3 67 30 51 28 158 -0.35 1.97 0.57 3
S-7-6 67 30 51 26 158 | -0.35 1.97 0.57 6
$-7-9 &7 30 51 26 158 | -0.35 1.97 0.57 9
S-8-3 77 37 46 24 17 0210 - 2 0.55 3
S-8-9 77 37 46 24 17 -0.21 2 C.5% g
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Stresskgrem'2) For Learning Data(UU-test) -measured
No. € 1 2 4 6 8 10 12 14
k-1-3 0.5 0.9 1.7 2.3 2,58 2.65 2,685 2.5
K-1-5 0.75 1.2 i.95 2.5 2.8 3 3.2 3.2
k-1-8 1.8 2.05 3.05 3.6 3.85 4 4 4.1
K-2-3 0.7 1 1.35 1.6 1.8 1.9 2 2.1
K-2-5 0.8 1.1 1.5 1.85 2 2.2 2.35 245
K-3-1 0.4 0.6 0.8 1 1.1 1.15 1.2 1.2
K-3-3 0.55 0.8 1.15 1.35 1.45 1.55 1.6 1.65
K-3-8 1,15 1.55 2.1 2.45 2.55 2.8 2.8 3.05
K-4-1 0.35 0.5 1.1 1.5 1.75 1.85 1.9 2,05
k-4-3 3.7 1.15 1.6 1.85 2.05 2.2 2.4 2.5
k-4-5 1.2 1.8 2.3 2.6 2.75 2.85 2.9. 3
k-4-8 1.7 2.25 2.8 3.1 3.3 3.4 3.5 36
k-5-3 0.8 1.1 1.4 1.6 1.75 1.9 1.95 2
k-3-5 1.25 i.75 2.2 2.5 275 2.9 3.05 31
k-5-8 1.5 1.9 2.3 2.6 2.8 2,85 31 3.2
k-6-1 0.25 0.6 1.3 1.75 2,05 2.25 2.3 2.3
k-6-3 0.45 0.75 1.35 1.8 215 2.45 2.55 2.85
k-8-5 0.5 1 1.73 2.2 2.5 2.7 2.85 2.9
k-7-1 0.45 0.8 1.35 1.8 2.05 2.25 2.4 2.45
K-7-3 0.6 1.05 1.8 2.25 2.5 265 2,85 2.9
k-7-5 0.8 1.05 1.9 2.35 2.7 2.95 31 3.2
K-7-8 0.85 1.3 2 2,53 3 3.3 3.5 3.65
K-8-1 0.35 0.7 1.2 1.5 1.7 1.85 1.85 2
k-8-3 0.4 1 1.85 2 2.25 2.45 2.8 2.6
k-8-3 0.75 1.3 2 2.4 2.6 275 2.9 3
K-9-1 0.5 0.65 0.8 1 1.2 1.25 1.5 1.45
k-9-3 ¢.6 0.9 1.3 1.6 1.8 1.9 2 2.1
K-10-1 0.35 0.85 1.1 1.4 1.65 1.7 1.7 1.65
K-10-3 0.55 0.85 1.35 1.65 1.9 2.05 2.1 2.15
K-10-5 0.8 1 1.5 1.8 2.15 2.35 2.5 2.55
K-10-8 2.75 1.1 1.7 2.13 2.35, 2.5 2.85 2,75
k-11-1 0.35 0.65 1.2 1.5 1.7 1.85 1.8 Z
k-11-5 0.6 1.2 2,25 2.75 3.05 315 3.2 3.3
k-11-8 0.85 1.4 2.25 2.85 3.2 3.5 3.7 373
k-12-1 0.2 0.35 0.55 a.7 0.85 0.9 0.5 0.95
k-12-3 ¢.3 0.5 0.75 0.95 1.1 1.2 1.3 1.3
k-12-5 0.35 Q.55 0.9 1.15 1.3 1.4 1.45 1.55
kK-12-8 0.05 9.7 1.05 1,25 1.4 1.55 1.65 1.7
S-7-3 Q.65 1.1 1.65 2.1 2.4 2.6 2.7 2.65
3-7-§ 0.9 1.45 2.3 2.85 2.9 A 3.15 3.15
S-7-9 1.45 1.95 2.45 2.85 3.15 3.35 3.45 3.45
S-8-3 0.85 1.35 1.75 2 2.15 2.3 2.35 2.35
5-8-5 1.2 1.85 2.15 2.4 28 2.7 2.75 2.75¢
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UU letolesl s aKd (b3l (sl (omas 305 (53555 -0 >

WPUTS FOR NWORKS (UU-TEST) 7TESTING
No. %< #200| %<2p | LL(%) | PI{%) | W(%) | LI [v@em3)| e. |C3kgem2)
K-1-1- 95 35 68 23 26.7 | -0.25 1.89 0.74 1
K-2-1 95 30 70 38 274 | -012 1.89 .78 1
k-2-8 a5 3C 70 18 274 | -0.12 1.869 0.78 8
k-3-5 92 29 66 33 28 -0.15 1.88 C.8 5
k-5-3 a5 30 57 20 22 -0.17 1.9 0.68 K]
k-6-8 87 a3 83 30 234 | -0.32 1.91 0.86 8
k-7-1 81 18 48 22 205 | -025 2 0.57 1
k-28-8 g9 30 K] 38 21.4 | -009 1.84 0.62 8
k-G-5 80 25 54 27 22.8 | -0.16 1.84 0.62 5
K-9-8 30 25 54 27 22.8 | -0.18 1.64 0.62 3]
kK-11-3 92 a3 65 38 20,7 | -0.17 1.84 062 3
S-8-6 77 37 48 24 17 -0.21 2 0.55 6
UU (b5l 5 a8 03051 sl 0 (5505160 (slgebis 1 o
Stress(kgiem=2) For Testing Data{UU-test) -measured
No., E 1 2 4 B 8 10 12 14
K-1-1 0.4 Q.75 1.4 1.7 1.8 1.85 1.8 1.75
k-2-1 0.4 0.65 1 1.15 1.25 1.35 1.4 1.45
k-2-8 0.95 1.4 1.7 2.05 2.2 2.4 2.58 2.865
k-3-5 0.9 1.2 1.5 1.75 1.85 1.85 2 2.05
k-5-32 0.8 1.1 1.4 1.6 1.75 1.9 1.95 2
k-6-8 0.8 1.35 2.1 2,75 3.15 3.5 3.7 3.85
K-7-1 0.45 0.8 1.35 1.8 2.05 2,25 2.4 2.5
k-8-8 0.9 1.5 2.2 2.65 2.85 3.1 33 35
k-9-5 Q.7 1.05 1.6 1.9 215 2.3 2.45 2.5
k-3-8 1 1.45 2.05 2.25 2.55 2.95 3.05 31
k-11-3 0.4 0.85 1.5 1.85 2.05 2.25 2.4 2.5
3-8-8 1 1.5 1.95 2.2 2.4 2.5 2.55 2.55
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CU Gletslosl & by o 4 35000 (s (K38 Slasedo (35,5 -V g

INPUTS FOR NWORKS (CU-TEST} TRAINING
No. |%< #200| %<2u | LL(%) Pi(%) Ll | (giem3) e, G ifkgiem*2)
k-1-3 95 35 68 33 -0.258 1.88 0.74 3
k-1-5 95 35 68 33 -0.258 1.88 0.74 5
k-1-8 a5 35 68 33 -0.258 1.88 0.74 8
K-2-1 35 30 70 38 | -0.121 1.89 0.78 1
k-2-5 35 30 70 38 -01211 1.89 0.78 5
k-2-8 95 30 70 38 | -0.121 1.89 0.78 8
k-3-1 a2 29 66 33 | -0.152| 1.87 0.80 1
k-3-8 92 29 86 33 -0.1582 1.87 0.80 3
k-4-1 58 28 58 30 -0.200 1.96 0.66 1
k-4-3 58 28 58 30 -0.200 1.95 0.686 3
k-4-5 58 28 58 30 [ -0.200] 1.95 0.68 5
k-5-1 85 30 57 30 | -6.187| 1.80 0.68 1
k-5-3 95 30 57 30 -0.167 1.90 0.68 !
K-5-5 95 a0 57 3¢ | -0.187| 1.90 0.68 5
k-5-8 95 30 57 30 -0.167 1.20 C.68 g
K-8-3 87 33 63 30 |-0.300| 1.80 0.66 3
k-6-5 87 33 83 30 -0.300 1.91 '0.56 5
k-7-1 81 18 48 22 1-0273| 2.00 0.57 1
k-7-5 81 18 48 22 |-0273} 2.00 0.57 5
k-7-8 81 18 48 22 |-0.273] 2.00 0.57 8
k-8-1 89 30 83 38 -0.089 1.97 0.62 1
K-8-3 89 30 63 38 -0.097 1.98 062 3
k-8-8 89 30 63 38 -0.095 1.94 0.62 8
k-9-1 a0 25 54 27 -0.156 1.94 Q.62 1
k-3-3 30 25 54 27 -0.156 1.94 0.62 3
k-9-5 30 25 54 27 1-0.155] 1.94 0.62 5
k-10-1 9z 34 50 22 -0.255 1.93 0.68 1
k-10-3 92 34 50 22 -0.255 1.93 0.68 3
kK-10-5 92 34 50 22 |-0.255| 183 0.58 5
k-10-8| 92 34 50 22 |-0.2550 1.83 0.68 8
k-11-3f 92 33 65 38 1-0.166] 194 0.62 3
k-11-5] 92 33 85 38 |-0.166| 1.94 062 5
K-11-8 92 33 685 38 -0.166 1.94 0.62 8
K-12-1 94 30 54 27 |-0.122| 1.95 0.67 1
kK-12-5| g4 30 54 27 1-0141] 1.84 0.67 5
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STRESS(kg/em*2) FOR TRAINING DATA (CU-test)- measured

No. Ur s 1 2 4 8 8 10 12 14 16 18
k-1-3 0.3 1.25) 18 | 25 129 [ 315]325] 34 1345] 34 | 33
k-1-5 0.44 1.85 | 2.95 4 474 1 525({ 559 | 585|615 6.25| 8.2
k-1-8 0.58 25 136 | 51| 61| 68 |73]| 78 821845885
K-2-1 0.14 0.7 11151 +7 1 19 1185 2 2 | 195] 1.9 {185
k-2-5 0.34 1.45 | 2.1 28513235 375|1396| 404|424 5 5
X-2-8 0.43 2141 33 | 485 | 3566| 62 | 66 | 685|705 715 7.2
K-3-1 0.26 07511361 19 | 226|255 275| 285 28 2.8 2.8
K-3-8 0.3% 1.75] 25 | 335} 41 | 465] 51 545|571 5.8 5.8
k-4-1 0.2 0.88 1129166182185 189] 183|186 1.8 | 1.76
K-4-3 0.3¢ 112 | 17861 2.26 | 258 | 2771288} 299 | 302|302 299
k-4-5 0.4z 1.5 12121285 34 | 36 | 384|396 4 4 4
k-5-1 0.24 0.5 1 1451155] 186 | 16 | 186 |165]165] 18
K-5-3 0.48 0.9 1.5 1205 23 1245|255 27 | 275]| 2.8 2.8
k-5-5 0.58 1.75 | 2.7 4 4.6 5 53 55 1571|575 575
k-5-8 84 2.5 4 5751 6.7 | 736 | 785| 81 | 826 83 83
k-5-3 0.2 1291214 | 315|365 | 396 |4.05|4.05] 4 [389! 38
k-5-5 0.5% 185 29 | 4053 | 474 | 5.2 55 [ 559 566 | 566 | 505
K-7-1 0.22 0.7 | 115 ] 1.7 2 2.1 21912268 | 226 23 | 2.26
k-7-5 0.38 18513041 45 152515751 8 |615| 62 [ 621 62
k-7-8 (.84 2751 42 [ 6151 75 36 | 9.45 1¢ 10.5 | 106 [ 10.65
K-8-1 0.15 1 138 | 1.75{1.95| 202|205 207|205 202 2
k-8-2 0.7¢ 23 | 31114154891 495| 5 |505| 51 [505[ 35
K-8-8 1,52 474 1825] B | 885 93 | 96 | 9.75| 9.84 | 9.96 | 989
k-9-1 0.7€ 05 1 128114115 1.5 | 15| 1.5 | 1.5 [1.41
K-9-3 0.22 0.8 1 1.851219| 24 | 25 | 26 | 2.7 | 275] 2.8
K-9-5 g.2¢ 2.26| 35 | 505]1575|605|625[635| 6.4 | 5637 623
k-10-1 0.1¢ 0.5 09 1128} 45 | 1.75] 1.8 2 205|219 2.26
k-10-3 0.22 15 1 219] 295 3.5 4 44 1474 495|505} 515
k-10-5 Q.25 2 2.8 1405 51 6 865 705|741 765|775
k-10-8 0.28 4 5 6.56 8 915 10.1 [10.81| 11.3 111.59] 11.85
k-11-3 0.4% 165] 2261304 38 4 [425] 425|425 42 [405
K-11-5 0.5¢ 2.1 2751355 41 | 4.55 5 5251545} 566 | 5.75
k-11-8 1.27 45 | 805| 8 9.3 1102 .11 { 11.3111.59] 11.7 |11.85
K-12-1 0.18 06 108511441176 19 |194(192]189]184] 118
k-12-5 0.7 141 | 219 315|384 | 4 | 424 | 444 | 46 | 465 46

CU Gleiabsl gl ond Kaalon ialasl slgpsg,s -8 Jod
NORMALIZED INPUTS FOR NWORKS (CU-TEST) TESTING

No. <#200 ] <ip LL PrL L v e. g3
K-1-1 0.833 1 0.905 | 0.688 | 0199 | 0.077 | Q.739 0
K-2-3 | 0.933 | 0.706 1 1 0.848 | 0.154 | 0.913 ¢.286
K-8-1 0.4 |0882|0682( 05 0 0.308 | 0.391 0
K-7-3 0 0 0 0 G128 1 0 0.286
K-8-5 | 0,533 | 0.706 | 0.682 1 0.934 | 0,768 | 0.217 0.571
K-9-8 0.6 0.412 | 0.273 i 0.313 | 0.682 | 0.538 | 0.217 1
K-11-1 | 0.733 | 0.882 | 0.773 1 0635 0538 | 0217 0
K-12-3 | 0.867 | 0.706 | 0.273 | 0,313 | 0.806 | 0.615 | 0.435 0.286
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stress(kgicm*2) for testing data (CU-test)- measured
no  |ut Twee)) L 2 4 5 8 10 12 14 18 18
K-1-1 0.20 0.75 1.18 1.45 1.60 1.70 1.75 1.75 1.75 1.70 § 1.7Q
k-2-3 0.28 1.20 1.85 230 | 280 | 275 2.35 | 2.95 295 | 2.99 | 2.99
k-8-1 0.24 0.60 1.00 1.55 1,85 | 2.00 200 | 200 | 2.00 § 1.95 | 1.94-
k-7-3 0.28 1.36 219 3.15 3.55 384 | 400 | 410 | 415 | 410 | 4.0.
k-8-5 1.14 350 | 450 | 805 | 6885 | 7.50 7.85 8.26 | 835 835 | 8.3
k-9-8 0.40 2.50 3.50 5.00 | 6.05 | 695 7.55 | 805 | 850 | 8985 | 9.20
K-11-1 6.17 0.75 1.00 1.29 1.50 1.55 1.55 1.50 1.45 1.37 | 1.36
k-12-3 0.38 0.84 1.36 2.00 | 2.44 2.75 292 | 304 | 315 | 320 | 3.15
aal o3l 9
1. arificial neural network 5. remolded 9. hidden
2. Penumadu 6. feed forward 10. net
3. Ellis 7. sensory 11. back propagation learning
4. multi layer perceptron 8. responding
&l
1. Ghabussi, J., Garret, J. H.,, and Wu, X, 6. Das, B. M., Advanced Soil Mechanics, Mc Graw-
“Knowledge-Based Modeling of Material Behavior Hill, 1990.
with Neural Networks,” Journal of Engineering e ladlae ¢ B Lie oS 5 Y
Mechanics, ASCE, Vol. 117, No. 1, pp. 132-153, = TP ol sl pedige 25
2. Penumadu, D., Jin-Nan, L., Lchameau, J., and
Armugam, S., “Rate Dependent Behaviour of Clays ATV
Using Neural Networks,” International Conference LT . L .
on Soil Mechanics and Foundation Engineering, é Sle—lol UlS g pslne i 25 2 A
Ngw Delhi, India, Vol. 4, pp. 1445-1448, 1994. AV ‘é‘)L;*” dw a3 @t.a 5 Sl
3. Ellis, W., Yao, C., Zhao, R., and Penumadu, D.,
“Strees-Strain Modeling of Sands Using Artificial slesSb i s= i Jlady o A s ) e A
Neural Networks,” Journal of Geotechnical o . o .
Engineering, Vol. 121, No. 5, pp. 429-435, 1995. sl 0Ll e san e 00 Sl el b )
4. Kung, S. Y., Digital Neural Networks, Prentice Hall, s . .
5. Klimasauskas, C., Guiver, J., and Pelton, G., Neural P R L T N S R Sl
Works Professional II and Neural Works Explorer, o < PSS S
Vol. 2, User’s Guide, 1989. ATV 5 e Ol jas 0dSKE00
\YE

VWA Ll (Y ;)L«wﬁ: AK JL\.« cdm.u\


http://jame.iut.ac.ir/article-1-231-fa.html

