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ffected by some parameters such as the ground surcharge, internal pressure, diameter,

and excavation depth.

The model shown in Figure 1 is a half-symmetry. It uses quadratic triangular elements,
TPNG6. Fixed supports restrain the model at the left, right and bottom sides of the model.

Tunnel Stability in Cohesive
A stability analysis of circular excavat

Keywords

2D,

1sa

Problem Desc
Discretisation

e

L A A L A A AR A
»}».-»bﬂq»«»ﬂ«»q»qﬁhvﬁﬂqpEﬂ»ﬂaﬁ»«»ﬁﬂﬂr‘hFﬂéi.m_-v iy
e b T e i
s & s
a.rqrq.pﬁq»ﬂiﬁ».mmﬂ.n»vﬂonﬁ»rﬁhﬁb«%a?ﬂ .ﬂm

AErAVLAVAT ¥ hﬁhﬁr«ﬁbﬁqﬁ!ﬁh&rﬂﬁfgvﬂ [
)
i

i,
k]
v
EPATRNAS
LER RS
i

o
o
o

)

s

i)
Var?
ek

ANaYAYATAYAYY

PETAYN

¥
AR

AT
Ya¥)
I
£
21
¥

T

5
%
Vv,

AR

i
CVAVAVANAY A AN WAN)

ATy

W‘b1b4i<l<b<’1’4b4

AVaXa¥A)
]
vab

-
3

(]

L

TiNATAVLT LY

T ATV

Tava

PAVANAYL
L
%
¥
LAV

PSSR X oo KRR AR )
Amhmwﬂﬂ«»ﬁﬂ«»«h&qu.-um«%ou«uﬁw‘.ﬁuﬁﬁbﬁﬂvAhEuvuwv
Fam AVATAS 2y
g s..r...iﬁ»‘vo.wi!ﬂhw»b{i%uﬂt»ﬁﬂiﬁi
T ok Ay e
Ya¥ AL ayiY £ EYAN AT
AVATAY Dy AT AV AVANAY LV N A T
s e
SO N N atLye YA
RS NS AR SREH
ATTATE R STaTaVa Vs, WV
RO S S
DR R S R A Bt RS NN
Ty LOATAVAR b s TAR AT APav i b i s
D e R R I ST
7%t ST ATANAVAAY it
i OAVATAV A TNV VAT s FAVAVAVAAY: o vy
R T P ARSI R
A B T YA AW YW X AP A AN A YLy AP A ATAS AT
A T D e N A R A R R A P R T,
LA AA K AT A WA Ta¥ AN YA AV Vo v U VAT SRV By e SOV
FAAC AR A K K RN AV A WA VAT AV AV AVAPAT s T pPAOAT iy e e I
SRRy e e e
ELOa R K0 Ay e A A YAV A AT VALY L ALV A VA ATAVATL NN VAT

Gl pereTerTrarer e e

FATATATATAGE

ENAVAYAN
oY

AFAVATAVANATAT

G

AT ATLTACLT

SVATANAY
AFAVARATL

1
3

ANAVAVLV.VLVLN
K]
s

vin
VP AEATAVATANY

PATATANATS
TS

LAY
i
AYAVAVAVAY) AVANAY

Ty
RS
s

¥
RFAY
i

TLTAVAN

CERK,
R
Xl

CPAVATAPATANAY VATAYS

vAr
%
b
X

AARAED
PATATIYAvIS

TN T AT WA AN AT AN AV

FETaTaATa

TaraTe,

1
1

a3

EANAVAYAYicta
vin

PATAY

7

FATATAVAVAYE,

FAVaVAVAYS

(TN ATANAVAY

£
rgy
0y

TATAY
i

FAT AT
g

i
5y

VATV, TATAN

)

5

TANAN
i

5L

rATAY
h
rm

FATATAY

B
ALY
FAN
YA
ol
&l
W
kv
o
Y¥aValy

i

5
V¥ XN ATATATATAT

TiTY

iy
ST VALY
FOVAVATAVAY,

5
vy
RVAT
il
f
i

T
)
c
K
v
viriy
S
URAVAYAN
PAVAVAY
[

XA
1
L

%

X
e
Vv
K

Yl
o
é"

ing supports.

te element mesh showi

ini

F

Figure 1
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Material Properties

Modified Mohr-Coulomb is used and the following properties are assigned to the model.
Table 1 gives the material properties for this example.

Table 1: material properties

Mass Density Young’s modulus, E  Poisson’s ratio, v Angle of friction, ¢~ Cohesion, ¢

2.7 t/m? 20E3 kPa 0.3 0° 10 kPa

Loading Conditions

A distribution load of 20 kPa is applied on the ground surface.

Theory
The calculation of the maximum settlement in a homogeneous body is given by the
equation 1 [1]. The safety factor has been calculated using Phi-c reduction approach as
stability indicator of the tunnel.
p 4r%Z
Smax = (1—u2)EZ2 — (H
Comparison

The maximum settlement is calculated using equation 1 is equal to 27.7 mm (Figure 2)
at the ground surface, which is the same the value obtained from LUSAS, 27.7 mm
(Figure 3). Phi-c reduction analysis is used to assess soil stability and safety factor for
soil, which is found to be 1.22. RS2 [2] also calculate a factor of safety of 1.22. Figure 5
shows the plot of maximum shear strain at failure.

- -
T i» 7

27.1 mm

Figure 2: Maximum Settlement using analytical approach
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