- Ve

Y oo,led Q0,90 AA b Wbyl G35 (oulid ey alme T ey
% [

L (EPB) (poj jLad Jolai ppws (9 41 glBg0 sleligh 0380 (55l 0y Tas Conddd (S
(S5 a0 (pigd OdD o, =Sy Jowo 3 eolaswl

ST LI
B oLy ‘L;‘Més ,4}1:: oSy o) ,a}lc ojjf
S P Alllliac

e oL o prilo pole 0u Sl ¢ o pole 09,5
wgle pla
B oLy ‘M ,A}(;: oSy o) ,a;lc ojl.f
VFGA/ K/ P oy g b VFAV/L /1) sl g b

‘gbarzegari@tabrizu.ac.ir

S —
oS

OSoe 1 Jigh pslme sloosls (Fpd ol oMo oS A3l (e el SlaCenntS £585 s S Slalae o ladigh yi> I (U e slaony alex
e85 5 T 8l (i 5 RS b hliin (sla i Ll o5 (gt 2 45 el (g slosigy | st pimn gd A ol 3 il ke |y S
D4 go oolaul L ok 5 Jleil 051 5 (ST g5 ol ol

BF LS G g ol Jlad Jeld (e Jlad (Jol s (Bg) 4 By s lam Sl )0 (e e S i po LS eyl Sl allae ol o
(S iVl Jgoe o lailinl 3985 sae Jolis S Slastin g g Gos o o) o] geaw (il 158 Bl il aggl (ile 345 F 5 S oty wlégo
Solliws! fpm Jolios (o 505 (oy0d jlhd SO s (ol8s slo By pe 3l si5u 4 bgype S L3 Sl g S Soaee S Sis JBs
&l 3l oael s 4y ol duslie .l o ool S Tas Cais i slp 658 Blate 5 (Sotas (mac D sla e (53455 Gleie 4 1,515 B Laigs
Ol je2 Jg 058 (gl [0 Gl ed [0 Loian (hep Jde 90 o ollg 09z g LaS ols lis 00 (5500 SO e j0 ol (g S ol glacawis
R?=./3Y) suel S zolis g al oolatwl (635 5 Jow (695,9 (ylsie 4 Oy Joo g0 29,5 1 010 3525 S e Loian (hen Jaw loslaiwl b gl 5805
3,00 85t b Jas 4 cans RMSE s0us,0 VY o> zalS 51 oL (RMSE=-vA 9

e o658 laio iipaj Lid Jolei o o9, 0 (siladish S po £oimo Sig0 ( Lotmn cuas aCLD (gdadS GlolS

dodilo

gy lojlail 4 Cenl (o St el Jigs SLLI o A5 ol et 9 &l b sd pssln g pShie (2l o (aw sladiy Slasl
55 9 00d B gmms yslme slaojls (Sasscaml 5 (Ko o a5 3L Sl el s alis bl G e 5 (S 45 3580 5509, S
OB 58 g e Bee g clie e QLRIL GlF o0 (S D90 ozl Sl S 5k w5 0n0y ool 5l (86 S 5 Sl ) 5Kty
oo alS | o Fugocal ol Cliin oS 92B e )lim ploj 0 o3 lds b 5l U i 510> s (i sle laesle s (sl
.(Peck, 1969) slaghy; wdlios (55972 p3Y s B8 58 (65,1 @ sln )i Sllee
ol 53 (sole oay (S ohg ) SLbl ey S8 5 olnl> el ol &5 0l (i Sl A (e i Sl T el> 5 S 1S
slheslinul b By (g)lam ST 50 a5 bacnts ool Jlade ol (njn slo S S SR ke Ao LS ) Cents iy Sl
o bl (S glagroy o ey Lid (ol s by, 4 e ile 5 00 b st Vo) S Bas o Bdas a5 5500 sla i Slaol >y
Lyl OV ol as)le Wil o Sete a5 o)l (K goanio Julge a4y gl ol el e cnl caiss i WNad ee o Bpl slalaswe o

1- Earth Pressure Balance (EPB)
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1-Penetration rate

2-Face support pressure
3-Tail void grouting pressure
4-Pitching angle

5-Artificial intelligence
6-Artificial neural network
7-Fuzz models
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Fig. 1. Schematic diagram of different settlement steps during EPB tunneling.

1-Standard Penetration Test (SPT)
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Fig. 2. Engineering geological profile along the tunnel alignment.
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Table. 1. Factors affecting the surface settlement in EPB tunneling.

Category

Factors

Tunnel geometry Tunnel depth (m)

Tunnel diameter (m)

Geological conditions Geology (soil or rock)

Elasticity module)

Geotechnical characteristics (soil grain size, compaction, cohesion, angle of friction,

Groundwater level (m)

TBM operation factors

Face support pressure (kPa)

Tail void grouting pressure (kPa)

Pitching angle (°)

Penetration rate (mm/min)
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Fig. 3. (a) Tunnel geometry and face pressure (b) Tail void grouting pressure (c) Pitching angle.
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1- Fuzzy logic (FL)
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Fig. 5. Fuzzy logic model used for prediction of maximum settlement in EPB tunneling.
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Table 2. Results of artificial neural network modeling with different algorithms.

Algorithm R.2 R2 RM.SE RMSE
(train) (test) (train) (test)

SCG 0.9 0.72 2.03 4,74
GDA 0.88 0.82 2.18 3.99
GDM 0.88 0.7 2.16 3.05
LM 0.82 0.81 2.74 2.87

1-Scaled conjugate gradient

2- Gradient descent with adaptive learning rate
3- Gradient descent with momentum

4- Levenberg - Marquardt
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Table 3. Conventional and combined artificial intelligence results for the testing stage.

Artificial intelligence models

Atrtificial neural network

Fuzzy logic

Supervised combined model

R? RMSE
0.81 2.87
0.72 3.36
0.97 0.78

—e—Supervised combined model

Artifical neural network Fuzzy logic
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Fig. 7. Comparison diagram of predicted vs. measured maximum settlements.
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