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Soil type SM
Saturated unit weight (KN/m?) 20
Dry unit weight (kN/m?) 16.25
Cohesion (kPa) 5
Permeability (cm/s) 10¢
Friction angle (Degree) 34
Poisson ratio 0.3
Table 1. Geotechnical specifications used for soil layer of the

model
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Fig. 1. Geological profile of Tabriz metro line 2 in the study
area.
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Compressive Young

Unit weight Poisson Tickness
strength  modules .
(KN/m3) (MPa) (MPa) ratio(-)  (m)
Tunnel lining 25 41 25200 0.2 -
Grout (fluid) 18 0 5 0.47 -
Grout
(hardened) 18 3 20 0.3 )
Over-
excavation - 0.12 0.2 0.02
layer
TBM shield - 210000 0.25 0.35

Table 2. The properties of concrete and grout in modelling
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Soil type SP-SM
Depth of tunnel (m) 18
Ground water level (m) 16
Saturated unit weight (kN/m?3) 19.65
Dry unit weight (kN/m?) 17.25
Cohesion (kPa) 30
Young modules (kPa) 50000
Frictional angle (°) 27
Table 3. Geotechnical properties of Tabriz line 2 metro at KM

+0.753
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Surface settlement (m) Surface settlement (m)

Km (instrumentation) (numerical modeling)
0+732.66 0.017 0.015
0+747 0.008 0.008
0+753.26 0 0.002

Table 4. Comparison the results of the instrumentation and
numerical modeling
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Fig. 3.Variation of face pressure- average displacement
a) GWL=0, b) GWL=27
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Table 5. Introduction of parameters and their values in
parametric study

oS agr plaalr by, obuls oo s

A= s B S m 50 58 aer plrals ol 5 pliSoes
Sl a5l sl e Sl 5 ol LIS g olrals
S g ol s Gl p aadllas ol s L sl
SOLS ager sl JLES Ol (end amt 3 5 S5
[19] 0L 5 5 oS Ja s ol slgiy Sl plralsr
sl lbae Usavg el ot elisal s Julo 5
g Bl SO ,nns Jd s ey el bl 4l o) 50
3 pb gn s 5 b s OT sl L5 5 b5 S

1 n
Ukavg = 55 2 (@it + @@ = @) (@)
i=0

O aer pbrals Sl Co 5 e Uxag i 5 Soe ol

Sl B s G 5 (G g 2



\Yavdl. /0 a)w/r.h.buhe)jé

oot Ol jes wdige o gh — oode aloe

NI P U LS VIPSI T SEVEACIA Y PRV I L

s e Sl e WY (£ 8 (e (L

220

210
P
g
S 200
g
3
w
£
8 1%
@
—
~
[

180

170

0 10 20 30 40 50
Elasticity modulus (MPa)
—e—Op, fi=25 --a@--Op, fi=30 - a— Op, fi=35
----@--- COB, fi=25 - = -COB, fi=30 —a—COB, fi=35

160

150
P
~
g 140
=2
£
H 130 =
2 P e

. SBeeeeo

& 10 ~ --a
b1 —— ek — —k— — —aA
& a
[ N

110 e

7 N
~3Z
100
0 10 20 30 40 50

Elasticity modulus (MPa)

——Op, fi=25  --8--Op,fi=30 - a— Op, fi=35
.®.COB,fi=25 - ® —COB,fi=30 —a— COB,fi=35
130

o \
110 . . . .

~
~
g B, \9\_‘)
£ 100 o
& I-———-}«\—‘—-u—-——-
g' 20 A ‘\\‘
@ N B.l
o L S
= 80 ——a— — —— — =
~ - S )
e
60
0 10 20 30 40 50
Elasticity modulus (MPa)
—e—Op, i25  --8--Op,fi=30 - a— Op, fi=35
-9 COB, fi=25 - & -COB, fi=30 —a—COB, fi=35

Fig. 5. Variation of face pressure- elasticity modulus
a) GWL=0, b) GWL= 9, c) GWL=27

S8l a5l 3t -0
s A S sl a5l s 4as (F) K23 s

&)

2 258 e 4 Jlesl SIS agr LA (7)) IS s
il Dlasio b gadis ¢l u:fvl.:.o sl L}‘L"“‘

A_P&.L_}Mb- M%}Q\M}(?)J&;J} ] nu\.i('..‘u)
&L}-ﬂ\_}l}- b\JAAA.)COB Akab)‘ ‘}&B)LIJMLJJJAJS
O 515 gl sdal s IS agr colie L2 5l Lol

.wlouﬁﬁ;&,‘;c@j\éﬂw eSS

B g Bl glralr ¥ S

Ux,yg (mm)

Tunnel diameter (mm)

10
—e—E=10, i=25-COB
—=a -E=40, fi=35- COB

-0 E=10, fi=25- Op
- & -E=40, fi=35- Op

Fig. 4. horizontal displacement at face

ozl Jke 5T —Y-0

dsde blie 3 SIS aer L3 Jlases (0) S s
aaly oS 55l e aaDe ol el esls DL an Y]
O 4 Sl (gl by aneN Jse (¢l COB
U5 g sl WS s 5,8 s s ) GLS
e 4 eV s Jiulil b 85 das e 0L ol
el 5L (8 S LIS agr JLAS
daly (oF @Vl e LGS 55 (0) (IS0 Gl
ol S 4 el (g8 L8 4 LIS Hluis COB
ager LS anext NV Jode il8l b pioman das o 451
Sl sl Sl 4 s el ol Sl ekl e LIS
Sk oV e G0 3,50 B0 Jds 4 45 s
st il b s osle & .ol COB s 2 abail o
5B oo S B ager sl LGS i 4 anzYl
Y e e Ol ) eVl e 2el)ly el 05T
Isde imesps o o S5 5 ol b ol S
dsde 5 5 das e OLL iy 1y st f;b FLNR A

COB il & d (20 LIS ager SIS oS azezl



Q‘)&M}bﬁu)w}ﬂ\

slals gl S s By )8 e ol JLES o3 g5l

Wiy plp o LB e L b (V) S s
o s an sV Jode Soslie 6l S s S
Sl b S Gilae ol ks ey 52 YV O SIS
jnami@,\{@upsm@t,\gﬁswuj
Syl Sleseaa [19] iy Oladlas
dsde 30 (A= SKhosl 4l oas xis L
Ly < COB S ager ,Lid jlie gldl Sl 55l o0
O ag LS e i o 515 8, el b ced
)‘_/,5 wL\.a Y- O 63 gd>ea 42 cOoB 4.]4_:\) )‘ e..\.nT S

ol 5 2l e 36 S 85,8 e

IS e laylis b b jLE8 5 slas 6\:., des L2 —0-0
S s (22
LS | P VY IV PR C S WP PR R S P
Lo Cllm 45 COB g o dlaly Sl ol slia L 2asy
5 el ST il 5 5ol o Jalgy 535 48 5,13
S Ll ol s slas ol ot alise 5518
S aS Sldie o)l gen (5o 5 i ST ol 5 5SSl
DL pslie cas e L) S g cnle LA 4 s
Gy lie HLAE @ Cd s Ll 5l Jools S
SLid Ll cpl &S cl W ol @ il G s el
UL LS agr s 5l @S s @l 5B o5 Bl
b s a5 oo dals, 5l SKms 3 s e
53 0 a5l sy5e LA Olgee 53 S Nl Jsiks
53 s 4 esde il WS sl siid s S L
BB etV dodke il miy bl w5 L

s e Ll o o2 Jals ) 4 s (6 52D

S Al —F
e Sl g e s ol Sl edel s S

adal) 5l Jeol LS 4 slaslis gl SOl el
05 55 e odalie &5 ) ghailen (ol sl o3l 2Ll COB
Jsdes 0,8 15 n by of 5,0 eVl sl
e SUs oty Sl i sl iyl50 U etz
al3 3 et ) oS 3,03 g3 pme gy SSke bl
CalE e e i e T sl Sl
sl S& e LS g ol polis 3 as g LB
el edalie BB Cilie sladpde 5 ool ol SISl

Sl el Sl plrals —SKasl 4l £ K2

chlz.ﬂjléj:ﬁw (oo (W

P N
3 PRSP |
7 gt : ————
ey 7 R -
=z, | i o
g o
F o1
g
b
D E
° )
T 2:'_/__/}3/ 35 20
=1

Internal friction angle

—e—E=10 ... E=20 --m--E=30 - & —-E=40

-,
- ’_:_---
S X
= 1 &F-=-=
= S -
. — (A [ v il
= D s
=
w 2 25 % = =
& -1
S
-3 ’_—_/
e Internal friction angle

—e—E=10 --#--E=20 --#--E=30 — & —E=40

Fig. 6. Variation of internal friction angle- average
displacement a) GWL=0, b) GWL=27

130
120
110

100

Face Pressure (KFPa)

Internal friction angle
—a— CO8 e E=10 ~-m--E=20 — & =E=310 = 5~ E=40

Fig. 7. Variation of internal friction angle- face pressure



\YavJle /0 e)w/r.hvb.;he_)jé

pressure, grouting pressure and TBM design in soft
ground tunneling. Tunnelling and Underground Space
Technology, 21, 160-171.

9. Chen R, Li J, Kong L., Tang L.2013 Experimental
study on face instability of shield tunnel in sand.
Tunneling and Underground Space Technology, 33, 12-
21.

10. Lambrughi A., Rodriguez L.M., Castellanza R. 2012
Development and validation of a 3D numerical model
for TBM-EPB mechanised excavations. Computers and
Geotechnics, 40, 97-113.

11. Zhang C., Han K., Zhang D. 2015 Face stability
analysis of shallow circular tunnels in cohesive—
frictional soils. Tunnelling and Underground Space
Technology, 50, 345-357.

12. Kheirandish 1., Farough hoseini M., Talebi nejad
A.R. 2014 The effect of face support pressure on tunnel
face displacement and surface settlement in EPB
tunneling method. Iranian journal of mining
engineering, 8(20), 37-48. (In Persian).

13. Ahmed M., Iskander M. 2012 Evaluation of tunnel
face stability by transparent soil models. Tunnelling and
Underground Space Technology, 27(1), 101-10.

14. Pazhoohesh Omran Rahvar engineering company.
2008 Tabriz metro line 2 geotechnical study.
15. Katebi H., Rezaei A., Hajialilue M., Tarifard A.
2015 Assessment the influence of ground stratification,
tunnel and surface buildings specifications on tunnel
lining loads (FEM). Tunnelling and Underground Space
Technology, 49, 67-78.

16. Manafi E. 2015 Static analysis of urban single
tunnels in alluvial using discrete element method
(DEM). Modares civil engineering journal, 14(4), 179-
188 (In Persian).

17. Méller S.C. 2006 Tunnel induced settlements and
structural forces in linings: Univ. Stuttgart, Inst. f.
Geotechnik.

18. Atkinson J., Potts D. 1997 Stability of a shallow
circular tunnel in cohesionless soil. Geotechnique, 27(2),
203-15.

19. Kim S.H., Tonon F. 2010 Face stability and required
support pressure for TBM driven tunnels with ideal face
membrane—Drained case. Tunnelling and Underground
Space Technology, 25(5), 526-42.

[

ote Oles udige plags = pels s
ol ol il 50 b S K 0l sba L 5o
odes L slalas sl m A 5 ood slafs, 0
S Sleia b SLaSS IS ager LS il anz Yl
e lis s goue ildue el bl s S s s
sladsds 5o LS agr olomlr Ole QLSS LS 4
(S S Olge 4l ax g LB O lyls sl
o oalS IS ap ol JLib anez VI e L0580
b
ST by omb Letel ety il bl
VoSl 2e8) oS AVl gladsds 3 5 el 2
LS agr SL23 COB el (ot planil anlllas > JSLL s
53 Al as das el conlie Gl g Cald (6 kS
Sehan S s 8 age Hlid Sl
5 L ST Gt 5 5SSl s Lauls; b alie 55 @
Dt SLs COB i dhaly ) Jols mls (olsS
Gl Sl edel s S agr b JLis L Sales

el (g34s

References =Y

1. Katebi H., Rezaei. A.H., Hajialilue-Bonab M. 2016 In
fluence of surface buildings and ground stratification on
lining loads, applying the numerical finite element
method. Sharif civil engineering journal, 31.2 (4.1), 3-
14. (In Persian).

2. Guglielmetti V., Grasso P., Mahtab A., Xu S. 2008
Mechanized tunnelling in urban areas: design
methodology and construction control: CRC Press.

3. Jancsecz S., Steiner W. 1994 Face support for a large
mix-shield in heterogeneous ground conditions.
Tunnelling, 94, 531-550.

4. Anagnostou G., Kovari K. 1996 Face stability
conditions  with  earth-pressure-balanced  shields.
Tunnelling and Underground Space Technology, 11(2),
165-73.

5. Broere W., 2001 Tunnel Face Stability & New CPT
Applications. PhD Thesis, Delft University of
Technology.

6. Pan Q., Dias D. 2017 Upper-bound analysis on
the face stability of a non-circular tunnel. Tunnelling
and Underground Space Technology, 62, 96-102.

7. Greenwood J.D. 2003 Three-dimensional analysis of
surface settlement in soft ground tunneling. Master of
engineering  Thesis, Massachusetts Institute  of
Technology.

8. Kasper T., Meschke G. 2006 On the influence of face


https://www.sciencedirect.com/science/article/pii/S0886779816300062
https://www.sciencedirect.com/science/article/pii/S0886779816300062

Modares Civil Engineering Journal (M.C.E.J) Vol.18, No.5, Sep. 2018

Optimized Face Pressure of Mechanized Tunneling in Granular
Soils by Numerical Modelling

A.H.Rezaei 1", S.Babaei 2, H.katebi 3

1- *Assistant Professor, Faculty of Engineering, Azarbaijan Shahid Madani University.
2- Ph.D candidate, Faculty of Civil Engineering, K.N. Toosi University of Technology
3-  Associate Professor, Faculty of Civil Engineering, University of Tabriz

*rezaei.ah@azaruniv.ac.ir

Abstract:

Estimating the pressure required to maintain the tunnel face is one of the most important factors regarding
safe and optimal excavation using mechanized tunnel boring machines in urban areas. Applying a pressure
more or less than the balance to the face would cause collapse and blow out in the tunnel face respectively.
This pressure depends on several factors such as soil type and its engineering specifications, underground
water conditions, excavation method, amount of surcharge and tunnel section area. In this paper, the
influence of soil elasticity modulus, friction angle and underground water condition on the optimum amount
of face pressure in granular soils were studied. For this purpose, a 3D finite element model was used
employing the ABAQUS software (Ver. 6.14). The model takes into account relevant components of the
construction process as separate components in the model (including: soil and ground water, tunnel lining
and tail void grouting). Twenty-four steps have been performed according to the real construction sequences
to achieve realistic model’s results. As regards, there are too many parameters involved in mechanized
excavation, the geometry of tunnel, lining segments, injection grout and the surrounding soil properties are
adapted from the under construction of Tabriz urban railway line 2 project. The tunnel lining and TBM
shield were simulated by S8 shell elements. The soil under the ground water level and the grout material
were modelled as saturated porous media using pore pressure elements (C3D8P). The soil behaviour was
assumed to be governed by an elastic perfectly-plastic constitutive relation based on the Mohr—Coulomb
criterion with a non-associative flow rule. Tunnel lining and TBM shield were simulated as an elastic
behaviour. The ingress of ground water into the tunnel was not considered in this study. The paper gives a
detailed description of the model components and the stepwise procedure to simulate the construction
process. More than 70 3D models were analyzed and optimum pressure in the tunnel face was determined
through measuring the amount of induced average displacement in the tunnel face. For various elasticity
modulus, internal friction angle and underground water conditions different values of face pressure were
applied in tunnel face and corresponding average tunnel face displacement were measured for each state.
Results show that elasticity modulus of soil has a remarkable effect on the amount of the optimized face
pressure and for minimize the tunnel face displacement, elasticity modulus should be considered in
calculation of the applied face pressure. As the soil elasticity modulus increase the value of optimum face
pressure decreases. Also the face pressure was calculated using analytical and experimental methods and the
results were compared with the obtained optimum pressure. The results are in good agreement with those
obtained from the COB method. In the cases with low elasticity modulus (less than 20 MPa in this study) the
COB method obtained face pressures are less than optimal pressure resulted in this study. This difference
increase with lowering of ground water level.

Keywords: Face Pressure, Mechanized Tunneling, Elasticity Modulus, Granular Soils , Abaqus.
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