Yevy WY Olisls ¥ 5 lacd coiiin Mo« edign olid s &t

sras sladsad j) oaldicul b Suh 65 90 g0 ouis

(55 grns

eolsed 5 oSews ol Sladas 3K e ¢ ol,T ST Lae
AY/E/A b pds WM @dbys 1,6

s S~

Sisss sl i ledis o siae eas gbaSd S50 5wy O

cilime gladoys b b wllas 5 4355 8 W S50 sloy S las ¢l 655 Sy b (o) somenn
s el LB a5y 5 e ) Al pul s S e slad Ly a4 alby,
Sosme oS —(le o gf)l.:;e alol - Aol 5 ook, gle povs s3led e 55 (ANNS) o yias
Sl S 3,15l plan S5 (53luand 53 s eols s Sl Vs oS o old ey
el oS ESe ) Ll b oS- (5 S (g gt Lilejl Cilie a8 0Y ols s s a, S
Lo 53 (MLP) 052 Ve W= e (o 5eme eas saaSid Wby S oS0 Al ol
e s (S 35l g s bls mb s e sli) wg 353 5 18wy MATLABY
S 53555 Sl i ol AL LT Glaesls b il 5 et slaastls 4 am 5 b5 st
0L gl ool 555 sl 555 5 Waails o311 58 ety Sasby oy s el o diSssdme 5 Lol
D05 el oy g 3ol Bes 3 eddnl (gl gla somie s o sl sl B ANNS &5 1as s
bl s el Sl Gl Slas 03,51 canss 55 (ANNS) o gims ne slaaSis bl wolsl s
Gl i S s loim o slaylis wlal 5 Llaws 5 Sl Jolis sla i Jold 5k, sla o S
SOl 1 Jn oS GlesT 3lpe o Sl 2 sn e B el bG5Bl A s

Ad B S o, en /Y MM Sl 58 S Ao )3 5 il

ANN (S edn ;AJ.:«JJ:«Sa_} wl{ﬁ.(;u“ ;Ss.:vj.?j.ay 4&‘;}1_}\5\}‘# éLA«e ‘5-4\?15 Lﬂéjb

aghaeiaraei@bhrc.ac.ir = J e sdies 5



IFAY Okl ¥ 5ylad conin dlm ¢ pdige bl B 20 YevyY

PRV

5 el Gl s ol Alas Olgea ey sba Sl Slas )
Gl 53 VW rons 5 2 grle b Gl 53 Casby s s Olanstla o dls Bl )
03 Clh,a.a S,y e s s s OIS a1 8 e esliad (G525 Jls
3 rslie sl O35 amie pumas o LB, Sl ede S lag S
Gy sdoms 4 55 b S5 550 OIIELL o (slite gla i b pllas ISCE i
e &35 s 5 oS el by sl beals 310 da LT plowil 35 & e
Lo sinails i alie folse 4 (glo s S pllas JSCE i 5 sl (gla el
Shessls (o sl Joedss Cond 5 OSLL S ((ESe5 Lyl 8 RS gl il
plowil (sl bl SL A 0T ) (s3ladie 5 5 plas g5y Shlasl plnil sy ol
s easlie o el (lo Sl glaesle galasl gla o1 b 5 Bls sl flos
ol ot s A LesT Cslie 6 Se3ll 5 aST )l cod IS S -

elod oSl e 5 (3l T oS
ol bbbl 5 e =1 b 55 el ghae JSo a5 5 eslie gla byl 3 b 5
Seosba Ll Ks b St Sosls bl Sy CodS S mls Sl S
SIS g S a8 ) il b sl s S a2y RS- A e
A Ok (8 Szt Jseme o Al b s el ke S, L (L2 055 s
Sl g &S5 L ls Lgﬂf(..mr sbosw (s S S piisw Sy B S
LSl Jols slie S ysba ool wgline WS15 byl 3 cow Sl Jols 2
el Dslite Sasl &l Ol eis (o153 Ol a5 b bl o SRl531 (ST ol
Sl &l olie oS5 Oy SRl b sad 53 o5 035 sbml pde b3 )
iS3gdome 15 Cow INAGE acle kb, sy el pll sla s (le Sl
S e S sls o sls 0L slis 2S65 Lald o ke slaeS| 5 s 00KPa
315 Sems oS LESe) 5 edd 3Se) Jal b o Klews 5 Slis Lol RS o
S e el 3865 S s Slas Lol i sl YL oS5 e JS 5 [VA]



\EA'AN j};mw&L)'LA&?.ijWa:u:w,\p&_.3}3}3)»“\.;".3v,j;i&jéj\jf)\_u_,)b;r;dw)b:)y)ﬂ

5 63k Sl wlinke () JK2) ol il oST5 5s dilany Aol 25 slie )
2 s sy (Sle s Ko o pllan (sl el ol ol 5550

ool pwdly o (sl b 5l i B Lles S a OS2 5l lode
Al 5301 S Ly e a5 et GaelesT plal b St [YY] TV ] e
sl s |y bl 331001 L 4 e i Sm A e adls Sl 5l 58 S
3 S Elas slaaise SO 1, sode g3ludde sl iz (sode o s,
sl bme sladde 51 SS o [Yr ] VAT 0] 0] ol ol 4z S S5 (glo s, K
S S—le i ST i wilsb (15 ks, elS (goleand 4 3B 5 sls alacys s
ks llas (5 e

oo anl gods gla S, (Ao gla i) ke (iledde gla S, des s
@3de sl sy s la s e DLl (s o550 Ol 25 3 5dome DL
die 55 So a0 G Bl p 3l 558 o0 n (ol 5 Sl Jelowt sla i, 5 a8l anw s
(oo sLa el ey e Al (3L Caoa ALS [V ] 4] 555 bl S
53 odd sl sl sy wBlse ol 3 &S et Allas dolae (ol 5 (S5 slap 50l
Do Sl elial L Olg o 1) S 4 SO LU lap 50l 8L e ke Ol YL
i LS IS b slan pilSa 2y ol 3 o ol pladl o gas s sl
3 oS Gl B esias oo gaaSl 5l Lol gladie i e Lad
a S 5Say ol sladle ps 5 St s Slegdge 5o L enay 550 s
Sl bl Sogline g, o gman s GaaSS Syy S sba [VE][E] Lsd e
DTV I Tlsacale (gL, sla e 811 gl 5 das e 11 S ks, g5l
Caslods a5 S 5S4 V] P lays s [VY]

3 ool s 5 (sle s s Simw wlas CU L,y ns 53 55 50 oDl aililis
Gl s o Sl ol SOl s Ladl (g3ledie 5 ulie S5 (6 oot Lot gas
—lo i O Jlzs ok Lol s ks ) gl laabl LB 5 esle i, ozl

sde s ANNS. gy (o) pmnan sla Jiilasl 55 (65 mn 35S

V. Hybrid



VAT DLl ¥ 8ok oriin Al ¢ pbige wlidon 20 Yeve

s ) b Sl 5 Ko g g ge sLhbesT wslp
ol ol Y e 3 G (3 0l ) lae lasiia Sl s
VSl s plde S st ol 3 0 &Laﬂél..m Sl ghailsy pe
Sy YMM SIS 3dS 0 pa Ao s S ol Sl 3 @ a5 el 0 401
S0 S5 pe Slaiile] Ao il 8 F R AYY 51 Gl 53 Lo st e
Blae a5 lasl @mls maren 5 SESS 55 s s sbd Jhlesl e sl ye
00 LS ¢ yazes 2 45 o ol & IS SL Cs w53 S Oledhordonns o dis
b L mlasl s e sl ol iSe) ol b oo Sy gige Siuloas]
53 0d iS5 sdoms (gloa (RS 85 5 me sl 0l oLl Y] Divay ASTM st
5 L b s ol enlods Ol badw 53 b3 55 (glaes sdoms el o cla iule
CL_.:“CA?.'L_MJ QL:SJ-;.-..,U.,\_.LUQD)U %j;ﬁu:;b'\ﬂibtl.é:)lpjﬂ&bﬁli‘h
35 Sy b e oS 5 bdgas Jiale3l 3, (S5 5 (B-Value=/a0) 03 s

ol LI V] OLen 5 2T BT i

CUS 5 550 s ialesl mli rast 6l (o8 e (g 45 51 0alitul

53 35 ge sladidos coulie LTS pdie 5 e 5 peend CLB L e o 5L
35 Gusme G5 S s gle i Ol JLis Blok Jols (55 gls o g5led e
S Sl S 2 s e e glaeSd S s e CU -
S s S ol &l ol ba iomin pl oge blE imen 5 )85 sla s
G GBS s glo i Ol Jlisalsl 5 Bl Jols 5 5 sShs Lol i
B oy S
L las 5Ly (s n Sl (Frmae as A (e 5 et S Sl e
A4 S e e baddls §3ll 5 A s e glaanls



Y'Vo e s St 3l el L S5 e 2S5 S o Ll plias 5l s

Jbe Sl by ad, ,a 4K

ol Sy Lol b o S g g e ES— A5 S (6 st ilisie iole3T OY sl
pole il s s e S s Sledbl S ol sewr (CMES-YY Hlas 5l 20)
o 25,5 U (oo RSl i Sl LS LS 5 (50 S S Ll i
Sl i o=l s las,y SlSay 9 S5l eV 5 S e Ol s Ll S
Sl Blsl - Jolis (55 gla s 5| (b s 5l S1 5 4 same G CU Ll
5 N0) sl dA0) (a5 pol (1 slael s YOOy faiie (55 pome 5 S=slo i
Slascie 45 sl oLz aliles] gl oy il sl sxlinal S (0) Jilosl
oty Susby Ao @ity adl S5e 3eSspdne 25 1 Sl s llas IS i
ol S Y s 55 s 11 Sedbl SSL 51l (IS L o o dadils 3100 35
SAIS s gdoee i ey ol o A eslinad ol ade s 2 5 (s8s0 sl rell
dosn (7)) amedls ((E1y) o5 25,5 (AN il s 55 (5.5 e (O3 S
Sy a s /Y 5 8/V0 YO/E XY Lacsl 5l asdS us s (W) o sb
Ol Lis sl ad Jlaie 5 (Q) Gosme L35 S— kol 25 Jab lis (g 1081
a4 Jue A S s s (63555 sla bl Olsea (Up) (5 5mme (55 S (sle i
$dm slac = MLPS gla =5 = .l MLPS osl > 5 5 55 Jols dlis ol o
Uni) o sme 2 S=slo i T LS BLSH 5 (Ona) Gopme SH5,5- Jdlis 25
DLid LSl 5 (6 pmme (RS —hAlE 15 (ol Sla o (S Gl A s
sLasasss slas e Ly e ol NEU 5 NEY 5 Sy (5o e 1S —(slo i

ol &SI Jsd 3 NEtU; Netq sl s > >
CalBl S o w8 L O s YA Ll Sy (e ae S0 Jb S
e Y 53 035 e 535 b st Y sl et s Sle BY (gl a5
lin ot e el il B Gl [A] O 5 TS sn o s 31 S
e o (555mmn 23 S sle i T LS WLl = LLols (5 sl (e 5l

DS Gla w5l 5 ol 53 e AV K ameD 53 S ool anw g a5 alike

\. Tansig v. Pureline v. Hornik



VAT DLl ¥ 8ok oriin Al ¢ pbige wlidon 20 ARAA

St el 5 Siisel 038 sly sl e o 53 o axis a1 s 4 S
A eslaal

oS ol 5SS gl e S el "(LM) S s n Sk Szl
35 AT s I uslie e 3 S 15 3y e Sl 2l b
SLasSaSS Sl aml p il s 53 Ll skl 3 e A sladdl- W5 sl oSS o
od el e P 5 S0 Slaesls 08 b baesls dalat 055 b sl
Sl S s e o @Ml U5 5 Ogt b Sl OF ST 1 1 0t b o G sltel
oS3l Olse sl oslinal sl 23055 5 Jyame b gla (25500 51 (615 5kr
sl o s § L ys 0/ ) 4

LIS Y Sl 158 mlan B G55 5 sla gows e els 5 sel MLPS
5 Uy =0, 0y =08 =0) ,i,5- 5 sl el g b Sl s ool a8
Il ol e 3 sl A Al e (225 Sl e 1 MILPS (6 15 S,
Sl 2lasas oS Gl i O jLis dlol 5 s glacdl s Wy sl 4
i s ey s (gl i T LS Lo 5 1 e sl i

Sl 5 Sl 5 Sl LSS 25 0 (55 Sla ot e BB e (5
eisl (PA0) a5l sl il CU (el oY sl 51 slojim O (sla sl
3 4y HLSay Jie ool eslinal NBICU b L gl 51 5 (o) (a3l 5 (AVe)
S Sl STL 51l MLPS wslu s 5 (23 5 63505 i ol dlia oy
56300 sl el Jold oS San aS cul ol d oslinwl 0 58 glad sl 53 ol
Sl Jde gla g &

deod 5 g Ssb s s i S S sl A5 el Je (3555 sla el
Ll O Mol MLPS (sla 5 = .l e Lo +/Y 5 £/V0 Y0/t LSl 5l axsdS
Ol HLzs Ll 5 Oppua s Gome 25505 o= oL wlul/ sl Slaw
sl a0 58 gladsdar Gl bs s 5 5 Wasasys glag e daes oo (glo i
el L G i Bsel s s s 0 lasiia ol

\. MATLAB7 ¥. Levenberg-Marquardt



AAA% e g St ) ealinal b i 5 pe s 2505 (SIS o Ll llan U8 s

s 2l
Sl e el s 0 5l esline Slae slals 5 b baasid 5 S fas dslie ol
s3dme o (MSE) s Sk o0 (MBE) e . Sibe (MAE) s llae ;.13
S wb Slbsl .l o oslin (I0A) Kwpr v s 5 (RMSE) s Sl
35 b Laases (llast gl ol 55 s Lot 5 nn L L1ST 31 5 LaasCs sl
¥ US55 e sad Olpea oS A5 3550 bl 4o saze blie 3 sline Sle slals
Sl e Lo Y slaws ol 53 IOA 3 MSE s gla axls b 5a v 5 Al
Uas Ol 508 ¢ Slo 055 V L NEICU a8 50 o ois sl o I NEICU ¢l
oL 1, MATLAB Lo ;s NEtCU S slaws 2l Ll 2alS 1 IS5 s ls |
sl gl el s SU Yor sl 1SS sl NEICU ol axi 5 &l 53 das s
ol Ll s ialesl 5 el laesls gl U J xS b el pla oS 5585
23 el s mlesl (sissal slaesls ol 55 ol s 5e 8005 S Jas 4 a5 Lo
Olsmea 508 oz Oliee 5 g (Gmrhy 08 pdls ey Jle 055V L Sl Sl
5 RMSE MSE MBE MAE sl T Jsir .ol s Ozl NEtCU g Jus
O30 dage 3lae VY ) sl s e 0L |y Sle 03,5V LNEICU s 61, IOA
5ol Uast gla el olul o Nt 5 NetU claasls gl o ja aises Y o
s 6, So3ldsl & Jsds el cmusan S Er e e (35500 8l 1SS sl
a8, TOA slas s o €15l O3 5 aug p3lis gl 1, NEEY 5 NEtU slads
3ot TOA Gl WV Casl Sl 55 3ib 45 ol VA S o el (gl 46 gaes
53 35 ge laesls 3 sdoe 53 ) s e Sl (rastS Skl e €yl Jie /A
S,y S8
ANN I ol slie U La il 5l Lol slie fuglis 4500 oy om0 IS
VIS s s il e e B Gkl &S Aas e 0L 1 () Jsls 5 sl
Flae NEtU 5 NEtY e (slaasd b ba Jolos s b Lo tulel s anglio A Jsur
5\ KPa suiSs jume 25, CK Hlae tre kPa casssums 25 s ADBS1

‘)L_:».é uwl/wwwdhwwdjbwbwwujw&&wd



IFAY Okl ¥ 5ylad conin dlm ¢ pdige bl B 20 Y+VA

ot s sla el alie VIS Ll s 5 (5sme S Al 03 Slei O
du;d_agu.;bgwwﬁ@;lyu@up\)éjwMéu&uji
@l 0als L a5 ) ey s o=l B 20l 25 S e o Sl Sl
o b gl i O HLis Lol 5 Bley 5 Sla= Lol 25 slie e &0 juelL
o 2 e e 3 e 45 ran b6 3 015 e b 35 e s LT
RUR S QPTPT PR R

53 el BIaS) il 5 5 5,5 sla bl O35 (s sLa0s 5 51 S 0 035
e U e Gk ol 51 a8 esleds SLINBHY a0l (gl 4500 ) smar & ol
35 Gopmme i S= gl i Ol HLid ok Jols 55 gla o 5 blE il gl
S3ass Sla bl a5 s 5 o dlaly b s ge Alies g1 58 &L CU Ll s
1T e oty Sy pm
Output = pureline(w2(tansig(w1*TestDataln)+b1)+b2) )
b2 5Bl =5 5 Sle &Y e Glals s sl o Sa Ois slam L W2 s W1
el s N BIAS) 2l 5 5 s e Y (6l S 055 b Sl
S = Jols 25 gle o slie dsles (ol o 8 VL Jge 2 a5 550 S5 L

e oA gy B 3 (o gme S —(glo i ]

s S Gladde g se slaesls (555 cowlie 3 S e 55 L AS S 4SOk

Shidcas oS a5 2 5 2 s, Sl o ua @b Skl au'jf@a T
Al (6l e e e b sl i s sladis Ol ey 5 0T 55 ol
g s Slaesls alul e B0E Jds (6, Seslll S s deay sladie i 5 S Jes
S an gl WK oy P eiie o Jsl A5 e S e Sles (62555 Sl
VT T 25 e iy o5 (e S5 o i) 5l ols b s sla bl
s 88 i (et Sl (s Ol Sl (o 53 e en 1 D]
Olomtal et o s (il 1B gl (salgng o 51 (S il 3 ol sl sl o sas



AEA'A e s St 3l el L S5 e 2S5 S o Ll plias 5l s

Ol o /YMM Gl 5SS alils a5 anudls J:f(,..;a- Sl arg booss e

]y Ol pots S

s, CU s bl Tl S Sl ol g 5o Slaesls o3 gdome 4 a5
)sBAAluwe-j\@aﬁuo.u.‘SU,\mL;Lau;;&)dl:ﬁ)gilséuéuwﬁbéw
Jlow o A JSCs s ol 4B S oy Ve KPa 5 yevier otiS sgdoms i
ol L wlok Lol s oSl ol S ol sl el il caslas
sl e 5 By Ceplie 5 Sl JBWE 25 B g o (1S 03 Sle i
LR N PN PR P la ibesl @upu;ﬂ olie 5 Sl ot Sl
wb.:,\:w_wt“;_:l{ké@uMaj.sdp};_.mwi&f.zd,u«s,\m&&m
303 5 i glaesls 5 ialesl plomil & 5Ll ol bl
OS5 edd (6 - Seslll Lol (i Ol s S W, dsed Dysead IS s
la i s an il ol s lleeas Caglin 5 Sl s Lol Jos b ()5
C)lmﬁdV\JJJL;LS)}EQ.C,.w‘a.l,i6\)laﬁw)ﬁéwwd\ﬁdwam;jw
Laol sdd (6 ,Se3liil ol oid s, b (4 IKE) anedls b Lol (55 sl 033 (pes
2ol Gl (A IS8 e slaasS A s

Y MM G 5SS oS o j3 Ol puis
35 CU Lo b3l mls 55 Cambom o 35 50 glaesls 63 5udos 4 5 L
Aoy Sl 35 s Ve KPA 5 e saiS s asme s s BAAL Al
Aos ol o i Ve S8 55 48 ol 4 S Sy /Y MM 1 58 58
o (1S 53 sl i O LIS Wlok Lol 55 /Y MM 1 5SS
glie 5 S s SKasl &5l mes 5 Sy Conslie 5 ST Jols i
MM 51 5SS Ao 03,5 3 5dowe e sl 0l 3l OLES s 2alesT =L Lol



AT Olli T 55l ot Al ¢ pailige gl ey By 20 YA

@Ju«gmvouﬁ;@udl.wm@wpﬂ\ﬁz/vomm@Nnou;gm
21 gl e 02 rlie ColB o an nae

S B )y S 53 el (S elal ol 25 IS sy 1) IS s
Sydmmae (RS 3 /Y MM 51 S8 Aoy ol 53 Blews Coglie 5 Sl Lo
Sl aeddS as s Gl Bl L S sha sl ol €l o) 2 3550 llae (gl il oS
sla el Ol s Ay, ol ralS ol A ol s S W, /Y MM Gl
o L (e J88) calire sla bl sl m s laaSid Al st ol 035 (e
3l Sletaa (1) JS8) ol s (S 3Iil Ol s

Sl SLsl Y MM S 568 S tws Sl Sl s Y S0
odiS 3sde 5,5 BAAL é@ﬁ\bywwﬁﬁhdjw oS 53 slo i
PR DRI RS S PR PP I uﬂuj@upwmﬁuﬁjvn KPa 5 +»
s o 0L | cilse las 1ee-ve s kP

S S Aoy 3l i B ol (6 S eIl (gl i Ol Hlad ailsl Ws;y Ay e e
Ol Hlzs Wlal S ais ws 82  opl Sl el 53] e 5 25 Y MM )

Ldils a5 L s 4 s Lsls 4 (glo o

S S om 5 ks per

s edis 5805 )Ly 2550 53 25 e gl &S dan e 0L 3 Sl ey
5 5 e d Sl (0515 Ol 5 03305 Aoy S 4 4 5 b Sl

fl oty gean ae Glaasd eslind L CU sla ilesT gsled e
PG S b O Y e bRy e e ISE e -
Y 53 055 ol @3 b s WY Gl b s Gle Y Gl 85K
Ao Sl i Jlas Bl - (LSl A5 slie e Gl e

el il s

Sl g e 5 gleand 53 ANNS 2p) is Gl s wlul -
e 3l e Sl Hllas (o) e S S-sle i T LS Lok Lol



YA e s St 3l el L S5 e 2S5 S o Ll plias 5l s

Sl slalis blol 5 Bles 5 Sl Jols 25 Jols b oo ol pge bLE
S, 5,50 i 508 55 (gle e

ol Sl wlsl 5 sla= Jols i pslie K5, ANN L g5leds 2 Glae -
Ao b s 53 Bie ol Ssline il pllae s andls (il L (sl i
Sl WLl fals 5 Sl ol 0 Bl o adls SIS Kl
3l Sl en Slas ol 0 2 e Sl b LS sk e (sl i

Y MM S asdS do s il ‘ANNQWL,.}J?L%;@\;; ol -
o o e s gle i Ol Sl wlol a5 Jols i el e
g

&j&w&}m%@acu@lﬁjswdudﬁ&dméshaw@u -
b ek s 3l g Sl 8 s e 1 pend Sl 1 05 e Lo 3l
53 edd Ll e 5 end okl aesls Sl sl 4 a5 L b 235 e
2l bl s 5L S B laesls o3 5dmes o=

P{EPET
3G ol il lbaesls oS (la e 5 (S ol Dlides S e SUSS 55 i
535 S 5 B L a3 L0
@L:.a

1. Aghaei Araei. A., Soroush A., Hashemi Tabatabaei S., Ghalandarzadeh A.,
"Consolidated Undrained Behavior of Gravelly Materials”, Scientia
Iranica, under press (2012).

2. ASTM D4767, "Standard test method for consolidated undrained triaxial
compression test for cohesive soils" (2004).

3. Banimahd M., Yasrobi S. S., Woodward P.K., "Artificial Neural Network
for Stress—strain Behavior of Soils: Knowledge based verification",

Computers and Geotechnics, ELSEVIER, 32 (2005) 377-386.



AT Olli T 55l ot Al ¢ pailige gl ey By 20 Y AY

4. Baziar M. H., Jafarian Y., "Assessment of Liquefaction Ttriggering using
Strain Energy Concept and ANN Model: Capacity Energy, Soil Dynamics
and Earthquake Engineering”, VVol. 27 (2007) 1056-1072.

5. Duncan J. M., Chang C. Y., "Nonlinear Analysis of Stress and Strain in
Soils", Journal of the Soil Mechanics and Foundation Division, ASCE, 96,
SMB5, Proceedings, Paper 7513, (1970) 1629-1653.

6. Ellis G. W., Yao C., Zhao R., Penumadu D., "Stress-strain Modeling of
Sands using Artificial Neural Networks", ASCE J Geotech Eng., Vol.121
(5) (1995) 429-35.

7. Hashem S. "Sensitivity Analysis for Feedforward Artificial Neural
Networks with Differentiable Activity Functions", International
conference on neural network, Baltimore: IEEE, Vol. 1 (1993) 419-429.

8. Hornik K. M., Stinchcombe M., White H., "Multi-layer Feedforward
Networks are Nniversal Approximator”, Neural Networks, Vol. 2(5)
(1994) 359-366.

9. Jing L., Hudson J. A., "Numerical Methods in Rock Mechanics", Int. J.
Rock Mech. Mining Sci., 39 (2002) 409-427.

10. Jing L., "A Review of Techniques, Advances and Outstanding Issues in
Numerical Modeling for Rock Mechanics and Rock Engineering”, Int. J.
Rock Mech. Mining Sci., 40 (2003) 283-353.

11. Lu M., AbouRizk S. M., Hermann U. H., "Sensitivity Analysis of Neural
Networks in Spool Fabrication Productivity Studies", ASCE J Comp Civil
Eng, Vol.15(4) (2001) 299-308.

12. Najjar Y., Zhang X. C., "Characterizing the 3D Stress-Strain Behavior of
Sandy Soils: a Neuro Mechanistic Approach”, In: Filz GM, Griffiths DV,
editors, Numerical methods in geotechnical engineering; Geotechnical
Special Publications, No. 96, ASCE (2000) 43-57.



Y AY e g St ) ealinal b i 5 pe s 2505 (SIS o Ll llan U8 s

13. Penumadu D., Zhao R., "Triaxial Compression Behavior of Sand and
Gravel using ArtificialN Networks (ANN)", Comput Geotech., 24 (1999)
207-230.

14. Sakellariou M. G., Ferentinou, M. D., "A Study of Slope Stability
Prediction using Neural Networks", Geotechnical and Geological
Engineering, 23 (2005) 419-445.

15. Salim W., Indraratna B., "A new Elastoplastic Constitutive Model for
Coarse Granular Aggregates Incorporating Particle Breakage”, Can.
Geotech. J., 41 (2004) 657-671.

16. Shahin M. A., Indraratna B., "Modeling the Mechanical Behavior of
Railway Ballast using Artificial Neural Networks", Can. Geotech. J., 43
(2006) 1144-1152.

17. Smith G. N., "Probability and statistics in civil engineering"”, London:
Collins (1986).

18. Tatsouka F., "Importance of High Backfill Compaction for Better
Performance of Soil Structure”, TC29 meeting, ISSMGE, 7th October
(2009) Alexandria, Egypt.

19. Varadarajan A., Sharama K. G., Venkatachalam K., Gupta A. K.," Testing
and Modeling two Rockfill Mareials”, Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, March (2003) 206-218.

20. Varadarajan A., Sharma K. G., Abbas S. M., Dhawan A. K., "Constitutive
Model for Rockfill Materials and Determination of Material Constants",
International journal of Geomechanics, ASCE / July/August (2006)
226-237.

21. Varadarajan A., Sharma K. G., Abbas S.M., Dhawan A. K., "The Role of
Nature of Particles on the Behavior of Rockfill Materials, Vol. 46 (5)
(2006) 569-584.



VAT DLl ¥ 8ok oriin Al ¢ pbige wlidon 20 YeAL

22. Venkatachalam K., "Prediction of Mechanical Behavior of Rockfill
Materials”, PhD thesis, Indian Institute of Technology, Delhi, India

(1993).
(JL«.} 3 LAC«&_,:.;

800 T T T T T
® Peak
B Residual L4
600 - ° B
g
= m =
§ 400 1
o
[ ]
[ ) ]
]
200 - °
n
86 88 90 92 94 96 98 100

D... (%)

o5 e INAgH IV wle (1515 0150 b bl 5 810 ol s Ol is ) 08
([V\] [R" C)\vé‘) oduid ‘;.‘;Saj Jag}ﬂg".:daﬂ:éudué‘; BE o-kPa RULEPREN

100 "E;n e
89 4] BRI MR IR — Faiedanl
L )
80 "",7“’ ._:a
70 { ——BABS
*— BAA1
F60 +-- AADY2
= - AADY1
£50 { % ASSC
2 AASK
840 1 -o-ADBS1
o ADBS2 ||
30 aAAs 3
———CMES £
20 CK © |
- CSC [=]
04 _ csv n |
N il
0.01 01 1 10 100
Grain Size (mm)

Sop 8 oo am sl 55 0dd T plas gaudls Y JSs

160
1.0
1.40
0.9 =
- 08 # 120
£ o7 3 1.00
S o
@ 06 2
Y c 0.80
§ 04 £ 060
: 03 & 040
S 0.2 =
01 0.20
0.0+ 0.00
0 1 2 3 4 5 6 T 8 9 10 1 12 13 0 1 2 3 4 5 6 T 8 98 10 11 12 13
No. of Hidden Layer No. of Hidden Layer

(o MSE (il NetCU (gl Sla i slaaY sl plp 5 Uas glajasla ¥ S
I0A



Y'AO e s St 3l el L S5 e 2S5 S o Ll plias 5l s

Performance is 0.00330098, Goal is 0

Training-Blue
=)

0 20 40 60 80 100 120 140 160 180 200

Siop Traiing 200 Epochs
Lo 53 ANN i eslizal b odd azd g dube (g1 S sldas Jil531 b Uas fals & Ko
netCU s, MATLAB

3500
q (kPa)
3000 %
y =0.9352x 57
L R’ = 0.8671 5 b
2500 24
W [ s
2000 A - L
z K 8 .
Z . TR
1500 5
.
. > .
W
1000 ’ G
3 2 ¢
b 354
500 [ g
0 . . . . . . )
0 500 1000 1500 2000 2500 3000 3500
Test
Netq 51 Joolo uslio b b talesl 51 Jols pslis avylio 0 S5
2500 500 -
500 -
2000 —e— Test-ECP=400 kPa-ADBS1
—o— ANN-ECP=400 kPa-ADBS1 400 -
—+— Test-ECP=600 kPa-C.K
1500 | iANN-ECE:BOOWa-CK 300 F
g L AN ECh1208 i MES 7 S 200 L =~ Test-ECP=400 kPa-ADBSL
3 a —=— ANN-ECP=400 kPa-ADBS1
= = e et
1000 -+ > 100 -= Test-ECP=1200 kPa-C.MES-17
0 . . h I .
500 100 0 6 9 12 15
-200 -
0+ 1 1 1 1 | a0 L
0 3 6 &) O 12 15 o ()

Flas NEtU 5 NetY e slaass b b los s b bbbl mls glie 1 JSo
‘9-\" kPa a.\SJS.:j..\:u u;..? BL CK é\.\,@a G kPa o kiS EEEE) U;': B ADBSl
VYoo KPR ssiiSs g 25 53 C.MES-17 wlas



ATAT Dlisls ¥ 65led (i A« ndige ol e & 25

30 - €1 Apeak) (%) 70 - ¢ @peaiy (°)
60 -
24 A
2 _
= R?=0.8252 550 - Ri=09081
Z z
18 NS
° _040
2 3
5 ©
—_— —30 -
312 1 3
® ©
o O20 -
6 -
10
O T T T T 1 O T T T T T T 1
0 6 12 18 24 30 0 10 20 30 40 50 60 70
Measured (Test) Measured (Test)
4000 - Qpeak (kpa) 1000 - u (qpeak) (kPa)
A
R? = 0.9423 R? =0.9446
3000 - o £
= = A A
z Z 500 - N
= < A
22000 - 9
I g N
= < A
(&) >
< ©
U 0
1000 - 8 Dua ‘ !
-500 [0 500 1000
0 T T T )
0 1000 2000 _ 3000 4000 -500 -
Measured (Test) Measured (Test)
A
R?=0.9463
3000 R? = 0.9359 N A‘
z z 500 -
& z A
22000 3 A
< < s A
© o
8 3 p
1000 e Apdla ‘ ‘
-500 q 500 1000
[0} T T T )
(o] 1000 2000 3000 4000 -500 -
Measured (Test) Measured (Test)

NEtCU 5 Jool jislis b b obosi 51 ool pslis dlin v S



YAV st s SRSt S el U K55 5 pm 05 S5 (SIS 3 ot e S e

40 -
70 A BAAL, at Qpeax
W ECP: 100 kPa, ANN
60 | @ ECP: 300 kPa, ANN
O AECP: 700 kPa, ANN
L] L " om - 30 1 OECP: 100 kPa,Test
©ECP: 300 kPa, Test
~ 501 9 ') AECP: 700 kPa, Test
Z * * o * =
< 4 A £
5 A A j(\:zg 7 A
= g
2 30 4 A s A
g W ECP: 100 kPa, ANN .
z ECP: 300 kPa, ANN
20 1 A AECP: 700 kPa, ANN 10 A ¢
DO ECP: 100 kPa, Test * o *
10 A ©ECP: 300 kPa, Test ] 8
AECP: 700 kPa, Test - n§ [
o 0 . . . . . ,
20 205 21 215 _ 22 225 23 20 205 2 25 2 25 =
¥4 (kN/m®) o (KN/m?)
3000 800 -
A BAAL, at gpeax
W ECP: 100 kPa, ANN
2500
A 600 -
A
220907 ¢ ECP: 700 kPa, Test
Z o @ = A : a, Tes!
< Z 400 -
I =z
& 1500 - . < a
< =
< L g
g =3
L = | < 200 -
S 1000 - - " >
a mECP: 100 kPa, ANN a
# ECP: 300 kPa, ANN A
500 4 AECP: 700 kPa, ANN o
AECP: 100 kPa, Test " " y y X
© ECP: 300 kPa, Test 2p 205 21 215 22 285
O ECP: 700 kPa, Test
o] T T T T T ] n 5 L @ ‘
20 205 21 215, 2 225 23 200 -
¥ (KN/mM®) ¥4 (kN/m®)
1000 -
3000 - BAAL, at Qresigual
a A
= 800 -
z A AA
<Z( A W ECP: 100 kPa, ANN
< 2000 - S ECP: 300 kPa, ANN
= O @ 600 -
I + * = AECP: 700 kPa, ANN
o * z
3 z O ECP: 100 kPa, Test
~ <
= x = 400 - ©ECP: 300 kPa, Test
5 1000 - (. c A )
2 = = WECP: 100kPa, ANN | [ < AECP: 700 kPa, Test
Q ®ECP:300kPa,ANN | | =
o AECP: 700 kPa, ANN 200
DECP: 100 kPa, Test
GECP: 300 kPa, Test
AECP: 700 kPa, Test A
O T T T T T 1 &
0 . . . . . ,
20 205 21 215 22 225 23 2 25 21 215 22 2A5 23
3 200 ] LI S ® '
¥a (KN/m®) ya (kN/m®)

Blok Jolis 5 Slas sl Siavl &gl p dtmdls J Comlas Jlod ol A JS3
BAAL plas tilomy cuoslin 5 jSTa> Lol 205 il gy gm0 J5,5 55 le i of LE3
a3l s b ol aylie s NETCU 31 Jool> Ver KPa 5 Voo ife s oS s gdome 25 55



AT Olli T 55l ot Al ¢ pailige gl ey By 20 Y AA

W qpeak A qresidual
3500 7| — — Linear (g residual) Linear (q peak)
i n
3000 - .
. A
2500 - a a : n
. =
1 A
z 2000 y=286.66x-4244.1 W& ,’/
< R?=0.171 u
© 1500 | [
n
1000
y = 264.86x - 3869.6
s04 ® u " R2-01626
n
| ]
0 . . . — 1 ‘ ‘
16 17 18 19 20 21 22 23
¥ (KN/m®)

9 S ol i 0 g S s edd (6 S0l Lol i Ol e A JSKS
ok w)ﬁc‘\.ﬁﬁl@d‘ﬁgil&now;}w GBS o andls pl g 5 Koy S glie

25 4
60 1, 0 BAAL, at Qpeax
- A
- W ECP: 100 kPa, ANN
50 1 20 4 AECP: 700 kPa, ANN
- A O ECP: 100 kPa.Test
AECP: 700 kPa, Test
Z 40 MA 4 1 4 A A
Z A A n =15 A
: 4 A
S <
< 30 = A » 1
e < A A
5 510 4 n
g
5 20 4
W ECP: 100 kPa, ANN L
AECP: 700 kPa, ANN 5
10 DECP: 100 kP, Test Uu
AECP: 700 kP, Test [
|}
o om
O 3 6 9 12 15 18 21 24 27 30 33 36 39 0 3 6 9 121518 21 24 27 30 33 36 39
Passing #0.2 mm (%) Passing # 0.2 mm (%)
400 - B ECP: 100 kPa, ANN
2500 4 R AECP: 700 kPa, ANN
A A A A . O ECP: 100 kPa, Test
AECP: 700 kPa, Test
A N 200 14
2000 N
z Ogm— &1 T T T
élsco 4 g k| BEQ 12 15 18 21 24 27 30 33 36 39
T n [ ] < n A
< [ ] - [ ] n = 200 4
< a n
¥ 1000 A [ ] < A
g El
=
-400 ] A
B ECP: 100 kPa, ANN
500 4 AECP: 700 kPa, ANN ]
O ECP: 100 kPa, Test 600 4 -
AECP: 700 kPa, Test
0 L e S S
0 3 6 9 12 15 18 21 24 27 30 33 36 39 -800 -
Passing #0.2 mm (%) Passing #0.2 mm (%)




Y'AQ

s ae Gl Sl eslinal b G5 e el 2S5 Sl 53 et llas Sl e

3000 -
A A
z
=z
< 2000 A
T
o
<
K]
§ 1000 = =
s
0 T

2V

B ECP: 100 kPa, ANN
A ECP:700 kPa, ANN
O ECP: 100 kPa, Test
AECP:700 kPa, Test

BAAL, at Qresidual

W ECP: 100 kPa, ANN 300 q
AECP: 700 kPa, ANN a
DECP: 100 kPa, Test 200 4
AECP: 700 kPa, Test A
100
A A
A a 0
2100
B b
=200 b
" &
" =
- 5-300
-400
-500
T T T T 600

0 3 6 912151821242730333639
Passing # 0.2 mm (%)

— T T 77—
FSIB 9 12 15 18 21 24 27 30 33 36 39
4 A

Passing # 0.2 mm (%)

A

u}f‘-\;- S Ko :U_Jljﬁ'/* mm J‘JS‘S":'JS M).Sf:" CWL&M@LQ AK JS«'&
u"&“’;SLx,. ‘;L‘bwu:;jﬂk}‘sj‘,:uuﬁ;)é 6‘6,5:- ;.AJL.:J’ éL@‘—&Wﬂ
La i3l gl b ol dwglie 5 Ver KPA 5 Vv oaiS sgaos 25 55 BAAL wllas ilewy

3500
® qpeak
I A q reslthaI
— — Linear (q residual)
3000 —— Linear (q peak)

2500

i .

. 2000
6 y=-19.773x+2041.1
< R®=02592
< 1500
u
1000
500 u

.

B w y-18x+10322
2

o ‘ l‘l _RP=02392

0 10 20 30 40 50 60 70 80 90 100

Passing #0.2 mm (%)

9 Sl Qo s 08 g S s edd (S el Lol s ol i VY S
é\«a.n ‘_gb.jhﬂ;':'ue.&'.s :}ij..'\.?): /Y mm );&.3‘,5 MJ.\,:‘;}J) .\JL@.....; (;.A}LE.A

°“‘"‘:'d")ﬁ

W ECP: 100 kPa, ANN

400 ~
AECP: 700 kPa, ANN
BAAL at dpeak| 0 ecp: 100-200 kPa, Test
A ECP: 600-700 kPa, Test
200 A
AN
A 4
0 g A
= M6 9 12 15 18 21 24 27 30 33 36 39
: him
< A
= -200 R
£ 2.
El
400 L] A
|
600 n
800 -

Passing #200 (%)

2l O LS BLS1 5 /Y MM 51 58 58t ps 1 Sl o s N Y S0
Voo KPa g\ e oaiSsgams 23 53 BAAL mlas Sl Jols i i g 0w S5 S
Neeave KPa 5 VoY oduSs s sla i 55 i)l gl b ol dwglie



WAY Ol ¥ & ke s Ao uige wlidpne & 25

CU sta sl plxil sl ) S 4 mlas Slasiie ) g

YeQo

. Passing | Passing | Passing |Passing| va (10%) . Rate of
Material Dam vy mmpross mmgve mim Y mmgGm) Wopt (%), Ioadm_g Symbol
mm/min
Andesibasalt Sabalan 40 VY v 3 YA/ £/0 v/ BABS
Blasting Avdoghmosh
Andesite Y 0%\“’“ - Q1 At v A | FYVA ] e .o BAA\
Gy | av/e a9 1 \e Yoo | ase .0 AADYY
Andesi-Dacite Yamchi
Gy Ar \Q Yo v Yoo | w0 .0 AADY\
Alluvium-river Shahr Chi ag | AT | ed | e | vva | oA | e | Assc
Alluvium | Andesite-Basalt Sattar Khan 40 Ao oy YY Y 4 v /0 AASK
Deurite-Basit Sahand- G\ v 4 Y i ./0 ADBS)
Ye/0 q
Deurite-Basalt Sahand- GY LN AL v A .o ADBSY
Andesite Aydoghmosh-G¥ AY \an Yo \ YY/N¥ V/§ ./0 AAA
YA C.MES-\v
Masjed-e-Soleyman(LL=¢, PI=x¥) Voo qv/e | 4Y/o AV WV Yo
«/v§ | C.MES-v.
Core Karkheh(LL=1-, PI=r) Voo Q. 14 oy VAY \Y/0 ANS CK
Shahr Chi (LL=YaA/, Pl=yy/e) q) A Ty A Yo YA YAl c.sC
High Weathered - e . .
Sandstone ‘ Vanyar(P1=x7) A ay 4 v Yo/ a/0 /N Cc.sv
kPa¥++ kN/cm?® for Effective Confining Pressure (ECP)="Y Yy, =
Netu 5 Netq Jus saas |55 MLPS gla 5 5 5 g9, .Y Jg
Netwo Outpu
rks Inputs tg
g,
netq ol Ag| & 74 w |Passing va/v| Passing Passing ¢/vePassing /YRate of loading
et | (kPa) kN[ (B | mm YORMM | mm mm (mmfs) 1,
n
un+\
netu , netq sl MLPs sl oS s sy sye ¥ Jyu>
Inputs Outputs
Limits| o Aep, & V4 | W [Passing ra/assing vess) Passing ¢ve [Passing /¥ Rate of I;Jading G| U,
(kPa) N/ @) mm mm mm mm (mm/s) TN+
Min.| Yer | o [ ] Ve | g0 Ar/r Ve/s Yo/ \/s VA% v breave
Max.| Yeor | o/F YA XYY Y] Ve v/ qy/0 AV/+ +/0 YYie | A\A




ARER] e s St 3l el L S5 e 2S5 S o Ll plias 5l s

NetCU (go5,5 sl el £ gur

o, 7 W, Passing vo¢ Passing ¢/vo | Passing «/v

(kPa) | (kNim®) | (%) mm (%) mm (%) mm (%)

Yo YA/ $/0 VY % §
BABS e YA/ $/0 vy Yv ¢

L YA/ $/0 vy v ¢

Yoo YA/ $/0 VY v 3
BABS- [ 1. . ¢/ VY v ¢
re

ARE A §/0 vy v ¢

Voo YV/A /0 AL A0’ A

Yoo Y\V/A /0 AL Yv A
BAA1

O YA/A /0 AL v A

Voo YV/A /0 AL v A
BAA1- Yoo A /0 AL v A
re

Yoo Yi/0 q Ve Yo \
AADY Lo Y /0 q Ve Yo \
2

Voo Ye/0 q Ve Yo \

Yoo e /0 q q) A\ Ve
AADY | .. Yoo 4 a 1 Ve
1

Ve Ye/0 q a) i\ Ve

\ /0 q q) i\ Ve
AADY | ;.. Ye/0 q 4\ 1 \e
1-re

Ve /o q q) A\ Ve

Yoo VA oA AY 04 Ve
5.5C O YV /4 oA AY 04 Vo

Avs YV /4 oA AY 04 Ve

O YV /4 oA AY 04 Vo
S.SC-re

Avr YV /4 oA AY 04 \
ADBS1 A\ Ye/0 q Q) Y \




VAT DLl ¥ 8ok oriin Al ¢ pbige wlidon 20

AERN ]

oy 74 W, Passing vo/¢ Passing ¢/vo | Passing /v
(kPa) | (kN/MY) | (%) mm (%) mm (%) mm (%)
fo Ye/0 q q) A\ D
Ve Ye/0 q q) A\ D
Yoo Y0 q AL An% A
ADBS2 Lo Y /0 q AL v A
Ver Yo /0 q AL A0’ A
Yoo \AZAN A2 A Yo \
AAA ort \ATAs Vit s Yo 3
Voo YY/¥ (&3 vy Yo \
Yoo Yo 4 A0 oy YY
AASK 0 e 4 A0 oy YY
Are Yo 4 A0 oy YY
Yoo Yo 4 A0 oy YY
AASK- Oen Y. q AO oy YY
re Are \t 4 AS or Ty
Are AN 4 AO oy YY
Yoo Y Yo qv/o 4Y/0 AV
e WV AN av/o av/o AV
C.MES
-17 IASE W Y. av/o ave AV
Yeer WV AR qv/e av/e AY
C.K e VALY \Y/0 4. 9 oy
Yoo Yo Yo/ A1 v £
c.sc 0 Yov Vo /) A A\ £y
Avs Yo Vo /) A h\y &)
Voo YA 4/0 qy 0q A%
c.sVv Toe Yo /A 4/0 q¥ 04 TV
e Yo /A 4/0 ay 04 v
min Voo \V L/0 Ve Yo \
max YEoo Yy/NX Yo qv,0 4y,0 AV




YL Qv e s St 3l el L S5 e 2S5 S o Ll plias 5l s

netCU d’-’)’ 6L§J:A‘JL: .0 J_gJ.>

& (A ) Uax [ max” U(G ) Oresidual U(Oesiquar)
(%) (kPa) (kPa) (kPa) (kPa)
g VA4S £9,6 VY- VAT Yot
BABS Yol YoYe YAA Ve Yovs N
10,1 YEAA Y0,0¢ YAO YEAA YAO
AN VAYY EAN Yoo- VAYY “Yeo
BABS-re ERE 14vo YAL0 Y.L 1avo Y,
VAV YA A AERE Y STV
YA AR OAY « -\YY vy -\oY
0,8 VAY . EAA -\Ye. Wi EARA
BAAL
AR YYE. LY,V -A,0 YA -Vt
Vo, YYVe Y4, £4 YV £4
BAALl-re Ve,0n VAT EAA SR\ VA -\ay
Vo, Yovy oY,tn -YYY Vovy -YYY
AADY?2 Vo, VYo IARK -oY VYo -oY
vo V4 AR VY V9 VY
V0,1 vy oF A -¥\A %y -¥\A
AADY1 IRE VY AN AL v -veY
0\ YOYA AAR -vy Y140 -YVA
VY,80 Ye0 01,4+ -YyY Yeoo SYEALL
AADY1-re 4.4, Your 9.7 -\VA Yous -Yio
VA YY§e A -140 Y. -YV.
AN VEQV oY\ -\ 144 -Y\
S.SC V0,1, YAV D (FAN3 YAAY (FAN3
e YooY YV A YiYo ¥
Vo, YAV £4,0+ £0.4 TAVe ARY
S.SC-re
Ve,00 VAYO Yy, 010 YVAA 0Vo
Yoo V4t 00,V -YVWY \FAYZ -YAV
ADBS1 0\ YYY. EA -YYo YAAO -Yto
0,60 Yav. EY A -140 Yods -YY»
YV 14 . 0O A -YVs VEVo -YAA
ADBS2
Yo YYY. AR -\4. \ayo =YY




VAT DLl ¥ 8ok oriin Al ¢ pbige wlidon 20 AERY3

&1 (Ao Uiax U max” U(G) Uresidual U(Oresiduar)

(%) (kPa) (kPa) (kPa) (kPa)

A YoA fe e -1y Yov. -y

o Wre £V,4n BT Vo -1y

AAA Y YEEA g0 -4 Yol e
1 A4 £Y.40 BT Yo -yoy

VY v, Yl 144 Y. 144

AASK VLY Yar Ve yax Yar yax
Ly o¥A Ve g O¥A g

V0 Vo ARNE ARR Yo ARR

1y gro VA Yai £e0 Yai

AASK-re

Y aAr YY.8e tay aAr say

14 ooV Vo, s 1o o0V 1o

VA A YYY A Y4 YYvY Y4

VeV orv VA 1) oV 1)

C.MES-17

Vo d VYAQ Y00 $ro VYA $ro

VA A Yeva V4,7 YA AfANY QA

CK VA o WA £ ors =
Y B VLY Vi L0 V1 Vi L0

c.SC e sav 14 v sav e
4 aov YW, 140 qov a0

Vo, vy Vo vy VY vy

c.sv Vo, Y. Yot o . o
Vo, VYou o Ty VYoo Ty
Min Yy VY Ve A vy YEAS
Max VA YYE oA A YIve A




AERY:] s s St ) o3liial b S5 ge okt S5 IS 5o ot s s, e

NEtCU (sl s 095 V b 4k o gla o ld 4 ol Jbo 5,8 Jos 1 J

\- Hidden layers Training subset Testing subset Validation subset
Total Error IOA AN IAAAT LAY Y
Error I0OA /AN AT LAY
Total Error MAE ARRA! /FVOA LYoo
Error MAE AR XYY Y8
Total Error MBE AR —+/FY0A Y00
Error MBE AR SAAR AT
Total Error MSE AR /YAAY AT
Error MSE AW AN Ry
Total Error RMSE +/00Y4 +/0¥4 VFEVY
Error RMSE RNV Y YY e

Netuy Netq sl bas gla jasls 4 Cond b Jdo 3 S Jas V Jgi

Training subset | Validation subset | Testing subset

netu +/444¢0 +/444¢4 +/44450
TotErrorlOA

netq +/44400 +/444v¢ +/444Y¢

netu JANEYY NN VARREA
TotErrorMAE

netq VARN-ARE VAR AN VAV LY

netu EAFARA VAT 0N VARREA
TotErrorMBE

netq VAR —e /v ENYY —+/\AVAE

netu v/Ea0LV o/ fovY C/eYOEA
TotErrorMSE

netq +/YVEY0 ERVARY +/YY 08

netu DATAR CJYIFAY VARTRY:
TotErrorRMSE

netq +/0YYVA LVAREA-LY */YEAO




WAY Ol ¥ & ke s Ao uige wlidpne & 25

NetCU L b Jlos pmls b L bl Bl Al A dur

TR0

& (U Orex U(G) Uresidual U(Dyesiquar)
ADBS\, 6", =t » Test 0/\ YYY. -Yvo \AAO -Yto
kPa netCU YYY YYYY YA 14Y4 —Yo)
CK, o' =1+ Test Ya/A ors £ ors £
kPa netCU 14/41 0VA/OA iy a £¥)
\WC.MES- Test vo/q YYAQ ivo YYAQ ivo
o’=1v.-kPa netCU VE/YY VYAV £4A/E % oY

CU sla zsle3l gl NEtCU ol 3,08 5 L0y palie A g

(ZAR AN A VIR R S A VALY
YL =V/4AA §/00V
—VAYYeTE —g/ve

V/AV+ \Y/YYO £/4A1

+/0Vo —AY/ALA -£/47v

VAL £/70n —\/o\Y

—/EAY = FOA =YY

0/V\4 om\E Yi/Y80

—v/ALE V/VA VeV

— VA £/VV /04

VaS TR} VAVN-BE F A P

—/V88 A/ V8780

VALE  S\Y/FVY S\ Y/EYY
by=netCU.b{ o} by=netCU.b{ v}
Bias hidden layer  Bias Output layer
-YY/Voo Y/FQWN

0/AYY -v/8va

-1/Y10 VALY

i\ -T/\VAY

VALY ALY

=V -r/vYan

-+/Y04

YA/0A
-10/14)
VYY)
EAARAN
—AL/+ VY
/AN

et

wh= netCU.iw{\1a}

YA/QNY
VV/AY
EARVCARE
\Y/4Y0
04/YY0
-Y/000

—+/YYE

wy=netCU.lw{\.}

WA
£/YY
YIAVE
SV A
VYLY

HJAANS

4104
S\/YVY
-1/

Y/0qv

AV

Y/

—$/A'
+/oY0

-V/tod
Y/

-—4/EAs
V/YYo

VeV

LVARNY Y/VY
ATY =Y/VIA
= AV =y
VAR S ¥ VR
AV -Y/vel

VARV SAANY




