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Y. Ground Reaction Curve




Ave VAR Sl 5 5l V osled o)l M s pdige (pulidipme 0 35

S Sl 8 Y 5l 5 L sl s el s SMde 0 p8 Jlesl S
ool sy GRC oo el V_"b G385 sl 5 (gl JeoSS 5l e B ok
sl ot SIA IS5 s FLAC 2D 153l 5 5l

10 7 17 37 53 65 75 85 95

10 Sob ks > alralr VSE
-20 oAS g p e 3 fig b s

(IMNM) Caomsied

m) lsaow )l alold

spb e bame (a3l alie b O aslie 5 Jl53lp 5 51 edal sy slis 4 4z 55 L
Jedos 5 e ol s 1Y i) spls sy ook Dt uslie cpl S b oS
S prn geas a0 3 el b sgmge el oslde 31 eslanad b oclis oo G 4
B oo ki L;.).LC‘)‘P‘€JJ)" emiwsyﬂ:b&@@jbw.wl ol axstls 5
5 6l By gb b oS x5 e i 1 SYS=1-B(Z-D)) |, el
el e.LcTC,..w:Q Ay _}jiﬁ&.ija;-

w } sdal Cwwsy GRC s A S

tabel 1

| FLAC 2D i3l 5

Y. Peck



S e S B el e 3 g0 e s, JaSe Olpea o sme pae glaeSd Sl aslizd A

5 Fn e a8 Gl el b G e i
o ool pled o el DLl e L (ileand (e S gl bl
Slanil Jsay mae 805 305 glon s Coenl sl (6,550 ool (mas glaess
Lol aidS 5l as s ULy slols L Ss0 L;La(,.:.«.ﬁ.:.«,: Olgea VU 6,850 el
sshen STl S OlS o e et iy S 555k e oo 1y 3 Ll
S8 Ji5 05l o3 S sS 5 B amdis Sleosart b cnlie Gl sty
G s g 4 i ol 2l 3l Sl eslinad b5 SGSS pl 03 S0 L S
Sl i Lad ol sla el 4 a5 bl e 5o 5 anl el b
S b b5 Osel i b (S5, (s p 0 OlF 0 ST 00l Ll 51 5o 0 s
IVFI 55 06 s3ds sl o g o o
5 b Ples o G 3 e as el sl SRl Sl S
Gl VAT Jla s T ola ey 45 dies (MLP) "o s Y i slaasld o S 55
S S byme (A3 €I VA0A Lo L3 FoMS s, ahest) Oyt oS 053U
WY I MLP glaals il sis 1SK25 (050 o5ls ol 5l mae 3
ool bl slads 5 Lledd LS5 s 2 Y SO 5 e Y L b G 5205
s Doles o gums e glaaSid 55 O35 Ated b 5 O35 gLl MLP glaasls
el (S5 eSS 5o Jske aten ol oS e EU 5 oS maxr 48 pazes el
A Ol & Ly ol b3S s W03y Wl Ol b D bl eer U
b5 dmes b5 LB W 5 b gl melil osle e oSaie 055 655 1 b 3505
e W5 b sl el oS3k g s F bl bl S e Sl b f S e
Sa b 055 s s s Al &S WS s sk S s ol e
P sa el )l aas e ol L MLP oS Kbl 4 IS8 08 cilhs ol
e WIS ke LA 55 P el Ol s o 0L |y s 2 5 (53005 i

WD L s 5 0 o0 b bl alas 5o ol @UJ‘J&aﬁﬁJL;;})}.;}i@

\. Multi-layer Perceptron Y. Rummerhurt Y. Rosenblalt



ArY VAR Ol 5 5ler ) oslad ool Ao s mdige (lidin 45

EREEY] .Us‘j} f Sfu CU L;‘J'.' n u.ﬂ.“} S35, ccqz J.,al? U'l\ .J_}JL;& Cq}
Olpea Sl b A3l olg Jspame KI5 o (x5 2 D500 e (57 A

IV Sgh o o.\L&.@\ﬁ; O35 Slp o0,
T

(s Sh ol s 5 s e sl 0T L oS Sl (s, Bls 03 650k 056

Ll paia S Sl as B sl (S5 066 s Xd s ks
5 Bl e 56,85l @) S LSS s Sl ey o isel o 3 e laaSd
e $3a03 ol b blae s e oS 0T 1L 5 s o St o S Saa
el B L 6,50k (Sl f 5 on e bl s S 5o 5 Sl jasie 5 edd
GO s 5 aSd gl Gy b Sl e Ll e oS BU L (5 Sk sl Ol s
35 S s 53 15 Sy aloe 51 ol sllaxt e dals 5 05y LIS e
ssb 4l edigs Sl 53 ANNS 5 18 (S laslos o, G sl b 503 S
Sheslinal 5 GBda wl O35 pshae 4 ar s bl 00,5 mews 5 Cusl s (LB
248 35 e ot LS g sl S5l 056 (p e GBU L S50
el V] Gl o 45 S Sa Laasd 6, Sk 056 G ol s pelul ol
O3 V0 sl b e &Y S L S (G 3l il 3 skl sy age 80

sdal Cosas Uast 5 05030 L S ol TANSIG Jlist w6 O Jlast w6 cp 2 5 o



B e S bt g et e s 3 sl sy K Dlpeas o s e slaaed Sl elizad AY

ui‘Lglf’ anbL@QW}&J})‘ydLﬁfAbL_%fbi}de&d}.ﬁ}&L.w\
S e Sl S

33 uij'j»]t;l.anb uw);&.ila_wjj ol @:{&ﬁjdj:ga‘j‘.)u" @Lu'oﬁlal._:)l

RN PUREPRNTS
Gobwdde 53 Gua il 5 629,55 sl bl (B Y

2908 L e $ 3909 ol
S )
Sas! 4l Y
L5 S v
S5 e :
3'73) °
S T

dg S Olasin £ gd

et oo oo s () | Gllae sl | Gllae sl ao o) | JWesl

CYYYY ANt AY VARY-LS T-T-P

Predicted vs. Observed, R=0.9682

= (1)T+(0.0035)

Peredicted Settlement (mm) A,

Liner Fit: A

1 15 2 25 3 35 4

Observed Settlement (mm) T

S35l slaesls 45 gazms )3 gaBly Glaosls 5 s 1S I ol s Lol ) S



Art VAR Sl 5 5l V osled o)l M s pdige (pulidipme 0 35

s 4GS Sl ealiial b (gade ) 5o edd QLR CaKd lae u)

S HD) eds s b5 3 5 5 Gas doosls 035 o5lla ) slitons Gudond ol
s 6c =(2CCos®)/(1-sin) ol 3| Sl Lsl5 5 S 31 oxlizal slra
Ll s St 3l Koo G sl sl ealinal (ol (g5lid e lis saasolis
Ol s b ) oSt Sls bl oS A eslinal 4l (53505 L3 Sl
ol adS = e lre Sl B 5 gl Baeee a3 el I

© 5o Olpen 5 ad a0 al s et Al sl Sl aslsl s
23l 0 Jadr 5s S eae &S =B e 4 e el RIS R A ERTPL WY
Llodtanglie cilisie gla i, Jaw i ool o 4 ot

lises gld 5y b o okl oz s p3lis dglis 0 g

mm) el jlaie
S , ) I
RESCESTY) ) Ml e
LV/VY v \o/o £\

F gan g 1S 3 o3\l L TBM (6303 58 Oy st s
ol (5l TBM aslinad b 50 G o 50 L5 31 e L3 6 L3I O3 oS Ol
2 S Sy 5 Sl plail s SLLE S Wi (o35 Ol i i oS ol
Rl 03 5o e 31AS e (Gble ol as Odew )y Oley (2dls L) Slo s s GbLe o5
Ll ol at s o gan ae 4G 3l eslital L TBM 358 Ol o i 4 Ca3
e lbidipe) Slopar s TBM (0508, Sledbl 51 (s &g ke
ol Gaa sl bl 5 sy alies s S slasull Jels &S s e eslicd
ol a3 S 53 558 5 Ol et Sl oledis 53 ezl Gl oS el
Ol oas wals 5 s el )l ool (695 A & Ol 53 S50 Jolse Olpeay bl 0 Juls

sl ol &, s s Lol



Predicted Penerate,
Linear Fit: v= (1)T+(0.0062)

s s ol B et e s gde ety JeSe Olsea o sas e gl 5l eslizd A0

s S5lede (63955 o Y 2 on St 5 (p FeS A gk

SRe 3 s o 5eS $2909
Y£0VA Y+/AY0 KN) jlim amio 55505 G5 S50
§/Y —$/8 d) oS> oy 2513
VAA EA (Bar) jSam 305 a5 Sl
Al 0/0 (m) e3bs,
101 . (kPa) Jlim amio Jlis oo 5l2d o lie
q. \e (mm/min) 354 ke

Slrosls as ez 55 4SS A yas L i 5 0l (5 S eIl @L:j&ﬁb(?i)l\\ J

Penerate vs. Measuted, R=0.981111 .J..aug;a olis b W)L.J&\

Data Points

1 »° L;Qj'" ‘5‘.&»;‘: 3 ‘;..,4.9 ZS.:.."&
kel glaesls 42 goos

T e S
old (giludde G Colis Ol et (ledde S e elid LIl 1SS
Sl bl b ke s skieas Jpams ssba ol (3555 gbajubl 4 o
lax jlade Ol id (g35,55 sba el 5l (Sl bl s Gl (5, 2500
Sobew) 3l pslie S eta Ol sy [A] 35S e s Ol slaesls
ol Gl sl ol mls e Bl bl St b S ol (e
L daloes il sl eyl 36 Ol e
s s a ubl g BB SU 5ol Al i sl Jgens sba
WWOUSE VAT el s bl i U Sasolis A S 508 sl
BB plrals Lsl3) ol gy Bl s pmeSS LS Cslie oS ol OF Sy 0L

Sl s 5o 1 LU o 5t Sl amio i s)ls (o S (lim oSaus ) g



A WAL DLl 5 5le Y ooled cpylgr Mo s pudige (ol 4 23

Ol amio 5 3)ly Sogme S 5 g sl b 53 5ls 38 F 5 Ol 5 2505
5 glb bt 52) Jas BB (s LBS) opmmecsS (ol Cuglie byl D
B O B P o LD VD S RUow N RCIU Y (X L

S g e Ll pd bl ) Sli amio ssls o S0 s e R

1 0.937 0915
0.9 0.837
0.8
0.7 0.651 0.633
0.6
0.5 _
04 - - < B
0 Sl Cowls LT Y K2
0.2 . .
0.1 NJMGL)J.:‘SJ‘,JJ

0 T T T T

G Cuaglis olawd gy wsly  Sr9%e So )by JLS eSibe
ope S axdio p9)ly S 33,13
s>

.

S S 4o
e e Ge nl 3 GeseS lasile 0T T 5 cets Coeal 4 A g
SOl Jobo codd o Jams (SO 55 Ll pd a5 bl e gl sl
s A 5 3o SR Sl el b S st G b B S st s
:MT@:@ﬁj@t&}J&w}ﬂgM
S 3g ek ¥V o FLAC 2D Jigsle 5 5l el sy ot Sl ltda )
el (8 MM) 2315 lie b 3 LB Ol gl s
flad Ol comad ol ool sty ek V0V ol ol Sem Olse cp 5t Y
SIS 5y e Yol 3k Jl5hle 5l edel Cowsas s e 53 i i
el (2o YY) a3l lis b 53 LG ol
s oS als ool Ml (a3l e 5 Jlhle 3 31 edel sty ) S Ol X
el il oM i Ol pke (BNl Skas
L Jsb daﬁ_»)s ol s s FLAC 2D Ssle 5 ) sdal Cewsay mb ot
33 S Ol e 45 Lias o OLES (omw)ﬁdabwd,&)u)gbﬁf)

.w‘a.l.“w:)zj};s‘bQ}aﬁ@b&j)lfw)'\éﬂov:}b)>&éw



s s ol B et e s gde ety JeSe Olsea o sas e gl 5l eslizd AV

S350k e (pl Ol on Sl Fs () e 53 2 00 Aol a5
WSS 3l eslinal a8l o GLEl Ly i il A e 3 cati STus
Ol o &S el 5l e B e s Sl gday Al e gle Sl S
Bybp Ay pl 03 Sl S 5 el g S
chis oS St izmen s FLAC 2D Si5le 5 5l sdel sy GRC e 0
Slr 55 een 3l el wblie ) s i o8 Ol 030 SOLy 35
f 2l w5 L sl (RalS O e Bl | ol oS i 2als
s plamil e s |5 350 Sl cblis ool o3 i
Gos baeals 05,8 o3l jskian ceae IS L s S 5o G pl 52
S sl s skl sty i oS w8 HD) ks by 3 b
3 St Sl oslial glra pmamer Ll olgin Ly Ges edlinal 4 o
©lis Cwslie suasolis «5 6¢ =(2CCosh)/(1-sind) ik, 5| SSlaw! 4 5l;
oslizal 45 Conl 53 0LLE s eslital cod Cd 5= e CnK Jlrs el
Pl s Sl S i e S g2505 05 Sl Ll 5 (St
e S bt L Osel g Jaee Cond SAS0LES pal LRI s s oiS
Wl nd S g lne Sl 5
daly 3 P e Jluis Flac 2D Jigle 5 sdal Cowsay m=W o4 ars LY
el Y S e SO el gl S ssley
235 G a5 oK my Wsls s eSS (LS Cuslie glauelil A
TBM 356 # 5 0Olse 2 3305 Sl smbl 03 1 6 St Ol amio
Al
@\;.o
1. Peck. R.B., Deep Excavations and Tunneling in Soft Ground, state of the art

report, In: 7th Int. Conf. Mechanics and Rock Engineering, 30 (4) (1997)
207-22.



ArA VAR Sl 5 5l V osled o)l M s pdige (pulidipme 0 35

2. Kim. C. Y., Bae. G. J., Hong. S. W., Park. C. H., Moon. H. K., Shin. H. S,
Neural Network Based Prediction of Ground Surface Settlements due to
Tunneling. Computers and Geotechnics, 28 (2001) 517-547.

3. Sagaseta. C., Surface Settlements due to Defomation of a Tunnel in an Elastic
half Plane-discussion. Geotechnique, 48 (5) (1998) 709-13.

Sooladilad (S50 5 uli () sl gl GBI R ¢ 5o (e U e s €

02 VYo (VWAE) 5356 5 et b
OFAT) A o el cs e i (sla <€ i anlatl 4ali pud s s U sla O i 4lad) 0

6. Hagan. M. T., Demuth. H. B., Bael. M., Neural Networks Design, Pws
NewYork (1995) 1-50.

7. Ovi“dio. J., Santos. J. R., Tarci7sio. B., Artificial Neural Networks Analysis of
Sa’o Paulo Subway Tunnel settlement data. Tunneling and Underground
Space Technology, 23 (2008) 481-491.

8. Eberhardta. E., Steadb. D., Congganc. J. S., Numerical Analysis of Initiation
and Progressive Failure in Natural Rock Slope, Randal Rockslide, Sweden
(2003).

9. Barla. C., Continuum and Discontinuum Modeling in Tunnel Engineering,
Italian Ministry for University and Technological Research (M.U.R.S.T) as
part of the Research Program "Tunneling in Difficult Condition" (2000).

10. Jing. L., A review of Techniques, Advances and Outstanding Issues in
Numerical Modeling for Rock Mechanics and Rock Engineering, Internatio-

nal Journal of Rock Mechanics and Mining Sciences, 40 (2003) 283-353.



