TBM b leaol g 5o ofé 93 Jigi s 1 33 uo s Commid 158 (o 25 Al
AobT i (8132 Sghums 375516y o 7 3l 300 395 ¢ oy Lo ol ¢ Mol DU (>
Ol Ol Ol g5 oy b (glaedSails s Odma g o dSE3Ns LI
Ol OLES OLELS ol ¢ g oA o 585 (g gmeiils
Ol O Sl o oKl (g5, e 5 Odme g oA alznsl’
PP TIN N PSS U N (W NN PO LUV L | E L
Ol Olgtol Ol ris sliils (Ol owdlign 0 1SCi5ls (Ll

VAP /PO iy b

VAP /0¥ /Y 8Ly b

oS>

3

g 3 W S ks J S S o i 5168 sl sl Jole 0 5 etn S0l 057 Gos 4y 4 5 L kit (5560 B 5 Jom Sl 1§ 0 St Sl e sla o8
k{‘})&ub&»@&@\@.&iﬁb‘ww"dLs‘],igih"u‘slhuof:})[)}{b.J}.i:6};}1?ﬁuﬁj}ﬁ.ﬂéuaju%ﬁijj\U@‘cﬂbbujgﬁ
L;,K;,us)ﬁafr@tdu@uﬁ;mu@\g}w\b;,y‘}mé&jsﬂqw@@j\u;:z,.;J_l,;wu,.z@g,__“z@.x;@\})}g:l,.;@u,uﬁa
‘J“L"‘)f(lzxo)‘A‘E‘Gw}(smax:Al'Az)(’“i;uw‘(s :A2+%)w)w4k{b(TBM)daurlw olim pdle g ol 93 5 e Ly i

i iyl Ol b0

g3k Ll ¢l Loy ot Ll gy o o rmy S e St oot U0 3 gl

E-mail: hbakhshandeh@ut.ac.ir

Oteo and Moya (1979) igy .Y —Y
jg:‘,a.;:\.ual):;...:do:&éﬁo&ﬂlS‘@i&ﬂ@j})e&gz))a\
&S (Cwl Peck iy, edd el s S sba ey aly B e

W ok 43 8 4 0T 6,8 5 55035 5 B Sl 60 sla sl OT s
@, =¢%‘1")2(0.85—3)EXP [—Zi} (Y
e Ji5 Gee 2y o JiF plaia, (S KL Sl E Gl 5
ol 03 el i et Cabes bl CamBge i o 20 Sl O @ (O sml

13 45 o deloue B Al 51 lkie iy,
i :a()n(1,05570.42) I

“ el g5 Sl S 0T 5 &S
O’Reilly and New (1982) gy .V —Y
0SS 53 3l g 55 355 Sldalie ) L O'Reilly and New (1982)
sl 1,0 Glails s ey g odkiva G Sl T |y 5 Yl
i=0.43Z+1.1  (1*=0.96) (f
3<Z <34m 'y
i=0.287-0.1 (*=0.78) ®
6<Z <10m &y
Attewell et al. (1986) gy .F —Y
Al Sl G el Gl 2T 4 ) S Attewell et al. (1986)
Vodaly g Sl it s o 2 sy 2l T (S s e
s e OLES SRS (gdmam b9 8L (sl 1) Olinl baw 5 o 1)) dslae

S =- Vs .EXP{J—Z}.{GX X g [ﬂ}} (¢

iA27 2i° i i

Jyu;\u;,,bwwuycy,x@f,;&uv:umsoT)Mf
3 fo 2 Sl Sl o2V o e (o b 5k b e X fi 5
5 F5 pah e b adgl Sumdpn Vi X Sl 5o )s o ol 8 i

el S, agr Cami e X

a0 llidey e 2] ghwno OM_y*

g i =
02 2050 Bb G Gl fi 050 65 38 e il o Sees 3 SS
e i O n el 5 el (11 Sl (on el o O n 03,513
ok )| s Jaus 5 (g3uxe (g4 Lailyy 5 o Lals s o Ll sy e
sl 5 hae slaoSs s 51 ol slaesls oy bl s g2 Jalsy
S Ll Cossion p S 4 T 0 s 4 Calien (6l el o alasl
3355 AL ol (i) Lt Gl Sl Gl il e
G Ol o Balsy 5SS b s sl 5o T 58 Gl
Glaess s (9ol 3w 3l s sm e slaesls lul Ly & 5 S 6 Lal Peck (1969)
4 o S i b5 S8 BB IS5 5 VL 53 s O el B 5
sla eyl Sleslazsl gPeck 5y, C)k.al L Oteo and Moya (1979) .5, 5T s
A Sl s g daly (gl o SOKGS5 Ll sda
DS 53 5le g 55 355 Slalie oy L O'Reilly and New (1982)
Attewelletal. (1986) .5 ,S" 451,51 (slails (gla e 5 g odticnar (sla s 51 il s
3 o) ol Sl Olgm e ¢l (Jails) Mair and Taylor (1993)
bl s 52 Chakeri et al. (2013) .Liles S &1, Condd  sowie (ke abdl s
Jssbl 5 015 g g 0 Fg ¥ a by o SNl o 5 3o (g5led e
Bl 87035180 (53l 5 3 53 s 5 Uo s 03357 s 40 5 sl

P8 Sl —Y
Peck (1969) gy —Y
Olgte Gl ol (il s Slessn 3L lai 3l 3 3o glaesls bl
bl b s 4 S5 JB B L OIS o) Jiy GV Cts 38 45 8
28T s 4 (oS mmte 0 g pme) oy Jlazs| omeie
ey syl ol el )l 3 Peck Law g ol @)l dlaly 3 JS 5 be
(Y alaly) yls 1y ol 21 Conti 935 (sligs 5 Smax
Sy my =S EXP(—yTZZ) Q
i JMae Sy e Fs (8,8 platn 5> o ki e S 0T s &
Sl Ji5 g 3l Cabae da® ool g fig 5 smee lakobY ST

V ,max



TBM L ylgaunl g0 918 95 395 14> 451 43 g o (5l g 225 bl

Alr ol bl h3 L s gl g i Do gl Sy, LS o
Calbes 5 2 217 Ly Jbd e VANY g 53 S 0 b S 0 alols 20 7/8
WS b L ds i o bl s Sl e Sl ¥ e
S A it s SO ESS 55 Cands 5 Slin e 53 okd i gla
5)&)b)w.:ﬁ@a~al.:¢\ st s bay¥ SG G 55 Olasi
Vor Aol s By o Goy 2 S0 Jol D3 NAKD sy ai b
23,8 el olim Olej 53 5 s S5 5 28 0B b Slassesly )3 5
Aol 53 oS (l (50508, (11 o g sladsdsr 1 4505 &K Y U
sgad VIS 3 ks 35T e e A St O13a)S ager S g e T
O Y o Sl ol (g5l oiws &S o &) S ol O oS
(Rostami, 2017) ol ol 0513

B i 3153 e St OriginLab ) 3le 3 (6515 L] Lo |
(www.OriginLab.com) 4T s 4 Ol g GU ol 5 Olgaol o5 5
Sogen ¥ U8 55 Ol y w6 el p olle s 03 ¥ Jpr SN Lo
A e 13 g0

o S e St (S =A2+S'%) et Lo ok plol (g o pld
sl o b Sl A YL Lol )3 S s (i) nbas a5 (5, =A-A)

Mair and Taylor (1993) gy .8 —Y

Shs gl L o3Il 3l 63 28 glaesls (g m &S Mair and Taylor (1993)
Al 1y ol b b St 6358 o0 bl 5 NS payp
52 F5 Vb (b s Sl e gl Calg 53 1 inls S Olaglaasl
Gl 1y Lo g e &5 Olal L3 S Aol 1y 50 (Ko Sl By 4 )
(K=0.35) W5 S o glails seS p3 s Jigs

Chakeri et al. 2013) gy .# —Y

Chakeri etal. (2013) Lo 5 ol 61l b33 4 05 oo 025 Sl ) (gt )
Wbl 5 0l gia 9,0 L5 ¥ (65,50 anllae Sl eslinal L &S 5 8 6,5l
Gl b5 53 ity s radd Al @3 (S3ledile 5 (I, glaesls
Al 1 0 5518

S = 3198-744(2%)*(( )(1 = 9)(1 —sin )" %

51 eslaal [_)T}:)l: odas C,i}»é&)i:: s sy gl o3 ey opl

yZ,+0,—(c+0.30T)
E

53 byl 3 ,a a8l sl oS Iasl wsl) 5 O gl o o gl el
b G is Wlg ez ey Cpl e )5 s | Sl sl
Olghol s50 (oo — b Lot Gl () 53 ST i 1) o sl
Olhol (5550 b Jsl Suslsl € ws @5 5 55 (63,50 anllln sl
Jaze 0T Gy 53 ate 6Ll 4 1 Ol Led b 53 058 Ll 5 Sl

—— Jatlie 41 i g jua

MJ

4o

Dhatlis s Canndid 3l 3ae

10
Eawy

e i Qi ) g lia oA 4l

(Rostami, 2017) (s, lix o &8 o a5 Comd Cons Sl i 3 g5 ) e

(Rostami, 2017) [ 5 o3 5does oSt slaa ¥ (SCSG 55 Slasein =) Jsul

Jus S | MW | SM | ML | GC | cL | 4¥é&¥ s
Y¥ Y¥ WY | g | N &IV (ydry (KN/mM?)) oo o goains 055
YE/N YEN Y. 14 Y. 14/0 (Vo (KN/MY)) 5 o uies 055
XY VALZRN YA L2 IRV 4 B INVA A2 IRV () DT g oy
AF AS X I TR A (E,(Kg/em?)) szl s 0
/0 1073 YA S VAV IRV Y- VA (C (Kg/em?)) S
4 v Y4 YF Y Y (D () Jots S 8hvl oy

) v (y()) glst salsly




O‘)&A)‘*:"‘“-’*i"“.&"

= B
n Model Boltzmann
Boltzmann Fit of Sheet13 B ; e A (RIARY( + SxpTROVE
1 Equation
Plot B
b 4 04 =y Al -0.00107 + 0.14997
A2 -8.07891 £ 0.12558
1 x0 2.50347 + 0.52759
dx 5.90275 + 0.5498
24 Reduced Chi-Sqr 0.03886
R-Square(COD) 0.99802
1 Adj. R-Square 0.99684
I
B
-8 H A m  m
T . : T . . . y .
=40 -20 0 20 40 60
X

(Rostami, 2017) ol 5 w6 ol 1 (55 oo O o b s i Sl 3 g0 Y S

s FE e e 03 edd OS5 KB, Y g

.(Rostami, 2017)
W3y | TBM (m) ;! giwcwmid dhols | Cumid o3l o
(mm)

\ B

¥ -YY

i -1 -
f -y
o o -0
5 \F -v
v YY -A
A FA -A
q 2 -A

(o ko A) (68585 D3 53 0k S s 387l S 1 grlin sl Gl
.:)\::ﬁ-}(ﬂdl._.a/\PW/\f)&ﬁﬁd}n}jla.\a]‘@:yﬁﬁhw;
e b oS Gl 55 (o Jge b Sl eeT Cows 4y Cabas o piomas
.wl}»ld\awaolx\‘ﬁifwlsj@)b)ab%ljlauﬁ)w
sl 5 Ll Olje oS Ll Ole gyl bl s 0 &)1 g 2 dlal
i 5355 2 58, TAA, Al Sl e Sl i S = 4, +SmTaX
A e 12X el 1 (Caes ala)

Spsamii —Y
BLD)‘ a}l.d:.w‘LJ.vj ‘_;JLO;- j"" BE] U’:‘) c}d.ﬂww)jﬁwuaﬁ w‘
sl ol gl Sl a3l s ok bl (S5,
VU sl 5 il NAK2 (555 3l obiel b (5,80, 5 gl &b ool 0k 1)
by DMl 5 g Ko el 53 3l oty Olej 3 mls Con 03
St 5 AT 5 ()05 Dlabs 314 03,3 YL L e ol ok

ol odaT S “ @}U@a



TBM L ylgaunl g0 918 95 395 14> 451 43 g o (5l g 225 bl

References

Attewell, P. B., Yeates, J. and Selby, A. R., 1986- Soil Movements Induced by Tunnelling. Chapman & Hall« New York.

Chakeri, H., Ozcelik, Y. and Unver, B., 2013- Hacettepe University, Effects of important factors on surface settlement prediction for metro
tunnel excavated by EPB. Ankara.

Mair, R. J. and Tailor, R. N., 1993- Surface Settlement Profiles Above Tunnels In Clay. Journal Of Geotechnique, Vol, 37. No.3, pp. 301- 330.

O’Reilly, M. P. and New, B. M., 1982- Settlements above tunnels in United Kingdom their magnitude and prediction. Tunnelling 82 symposium,
London IMM, pp.173— 181.

Oteo, C. S. and Moya, J. F., 1979- Evaluacion de Parametors Del Suelo de Madrid Con Relacion a la Construccion de Tuneles. In Proceedins
of the 7th European Conference on Soil Mechanics and Foundation Engineering. Paper f 13, vol, 3. pp. 239- 247.

Peck, R. B., 1969- Deep excavations and tunneling in soft ground. In: Proc. 7th International Conference on Soil Mechanics and Foundation
Engineering, Mexico City, State of the Art Volume, pp. 225 290.

Rostami, A. H., 2017- Estimation of settlements induced in tunneling with TBM in Urban Environments. Case study: Isfahan Subway Line 1.
Ph.D. Unpublished, Ph.D. Thesis in Mining Engineering.

www.OriginLab.com



Scientific Quarterly Journal, GEOSCIENCES, Vol. 28, No.109, Autumn 2018

Subsidence prediction for twin tunnels using empirical formula — A case study:

Isfahan, Iran
H. Bakhshandeh Amnieh™, A. H. Rostami?, K. Shahriar®, H. Chakeri* and M. Cheraghi Seifabad®
'Associate Professor, School of Mining, College of Engineering, University of Tehran, Tehran, Iran
*Ph.D. Student, Faculty of Engineering, University of Kashan, Kashan, Iran
*Professor, Faculty of Mining and Metallurgy Engineering, Amir Kabir University, Tehran, Iran
*Assistant Professor, Faculty of Mining Engineering, Sahand University of Technology, Tabriz, Iran
SAssociate Professor, Faculty of Mining Engineering, Isfahan University of Technology, Isfahan, Iran
Received: 2017 May 23 Accepted: 2017 September 16

Abstract

Metro tunnels are one of the most important urban transportation infrastructures. Due to shallow depth of drilling, the most important factors
to prevent the maximum subsidence and subsequent damage of surface and subsurface structures are deformation control and shear forces. The
various methods of estimating the subsidence are divided in three categories, namely; Empirical¢ analytical and numerical methods. In this
research, according to the geotechnical conditions of the study area using the data collected from the monitoring during the excavation of twin
tunnels of metro by TBM, the empirical methods for the subsidence (s=A4,+s, /2 ), the maximum subsidence (s, =4 -4, ) and the inflection

max

point (i=x, ) are presented by using Boltzmann function.
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