
Missouri University of Science and Technology Missouri University of Science and Technology 

Scholars' Mine Scholars' Mine 

International Conference on Case Histories in 
Geotechnical Engineering 

(2013) - Seventh International Conference on 
Case Histories in Geotechnical Engineering 

02 May 2013, 7:00 pm - 8:30 pm 

Amirkabir Natm Tunnel — A Case Study of Design Challenges in a Amirkabir Natm Tunnel — A Case Study of Design Challenges in a 

Mega Project of Tunnel in Soft Ground Mega Project of Tunnel in Soft Ground 

Aliakbar Golshani 
Tarbiat Modares University, Iran 

Ehsan Moradabadi 
Tarbiat Modares University, Iran 

Follow this and additional works at: https://scholarsmine.mst.edu/icchge 

 Part of the Geotechnical Engineering Commons 

Recommended Citation Recommended Citation 
Golshani, Aliakbar and Moradabadi, Ehsan, "Amirkabir Natm Tunnel — A Case Study of Design Challenges 
in a Mega Project of Tunnel in Soft Ground" (2013). International Conference on Case Histories in 
Geotechnical Engineering. 3. 
https://scholarsmine.mst.edu/icchge/7icchge/session05/3 

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0 License. 

This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 

http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/icchge
https://scholarsmine.mst.edu/icchge
https://scholarsmine.mst.edu/icchge/7icchge
https://scholarsmine.mst.edu/icchge/7icchge
https://scholarsmine.mst.edu/icchge?utm_source=scholarsmine.mst.edu%2Ficchge%2F7icchge%2Fsession05%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/255?utm_source=scholarsmine.mst.edu%2Ficchge%2F7icchge%2Fsession05%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/icchge/7icchge/session05/3?utm_source=scholarsmine.mst.edu%2Ficchge%2F7icchge%2Fsession05%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:scholarsmine@mst.edu


 

Paper

 
 

A

Aliak
Soil a
Civil 
Tarbi
Tehra
 
 
ABST
 
In spi
const
interp
condi
advan
inves
projec
 
The w
(i.e.,n
the d
perfo
projec
and a
 
Simil
the un
hybri
for ge
to sim
settle
appro
 
Key W
 
INTR
 
In spi
inves
uncer
under
 
These
measu
prope
natura
the p

r No. 5.04 

AMIRKAB

kbar Golshani
and Foundation
and Environm

iat Modares Un
an, Iran  

TRACT 

ite of enhance
truction of und
polation of spat
itions relevant 
nce rate and ex
tigation data a
ction of tunnel

work reported
north and south
ifficulty of ex
rmed by diffe
ct. Deformatio

as a result any p

lar to other par
ncertainty in li
d model, PHEM
enerating the A
mulate the unce
ment of tunnel

oach introduced

Words:probab

RODUCTION 

ite of enhancem
tigation metho
rtainty seriousl
rground structu

e uncertaintie
urement error
erties, and ex
al analogue stu
roject(You et 

BIR NATM
MEG

i    
n Engineering D

mental Engineer
niversity, P.O. 

 

ement in mode
erground struc
tially geologic
to the project. 
xcavation meth
and uncertainti
l stability or ec

d in this paper
htubes).It is on
cavating throu
rent methods 

ons and settlem
possible failure

rt of the projec
ning design of
M, consisting t

ABAQUS-base
ertainty existed
l excavation an
d has had an ap

bilistic hypothe

ment in modeli
ods (to predic
ly exists in th
ures in soft soil

es arise from
rs, interpolati
xtrapolation o
udies over tim
al. 2005). Rob

M TUNNE
GA PROJ

       
Department, 
ring Faculty,   
Box 14115-15

  

ling technique
cture in soft soi
al properties, a
Robust and op

hod. However
ies related to t
onomic loss. 

r specifically 
ne of the impo
ugh a heteroge
i.e., Undergrou

ments have been
e. 

ct, a probabilis
f a horseshoe sh
two essential p

ed parametric m
d in the system
nd lining phase
ppropriate pred

etical elasticity 

ing techniques
ct the settlem
e process of c
ls.  

m limited geo
on of spatial
f experimenta
es and conditio
bust and optim

EL- A CAS
ECT OF T

         Ehsan M
 Soil and

          Civil an
59       Tarbiat M

Tehran, I

es as well as si
ils. These unce
and extrapolati
ptimize design
r, quantitative 
them. Furtherm

dealt withAm
rtant projects e
neous sedimen
und excavation
n monitored du

stic hypothetica
hape NATM(N

parts is used to 
model in one ha
m on the other h
es. In comparis
diction in surfa

modulus appr

s as well as site
ments induced)

construction of

ological data
lly geological
al results and
ons relevant to
mize design of

SE STUDY
TUNNEL 

 
Moradabadi
d Foundation E
d Environment
Modares Unive
Iran 

ite investigatio
ertainties arise 
on of results o
 of tunnel supp
definition of t
more, erroneou

mirkabir highw
excavating bel
ntary basin ma
n, Cut and Co

uring and after 

al elasticity m
New Austrian T

evaluate the p
and; and a Mon
hand are applie
son with the m
ace settlements

oach, NATM T

e 
, 
f 

, 
l 
d 
o 
f 

tunne
inclu
quan
of re
to the
 
Furth
affec
loss(Y
reliab

Y OF DES
IN SOFT

 
Engineering De
tal Engineering
ersity, P.O. Bo

on methods, un
from limited d
f experiments 
port pattern con
these paramete
us evaluation 

way tunnel wit
low one of the
ainly compose
over and Top/D
construction in

odulus (PHEM
Tunneling Met
erformance of 
nte Carlo algor
ed to produce 

monitoring data
, improved the

Tunneling, unc

el supports pat
uding advanced
ntitative definit
stricting in site
em.  

hermore, erron
ct in incorrect 
You et al. 2
bility) approa

SIGN CHA
T GROUND

epartment, 
g Faculty,  
x 14115-159 

ncertainty exis
data of geologi
and natural an
nsists many im

ers is difficult 
in these param

th approximate
e highest traffic
d of recent all
Down method
n order to avoi

M) approach ha
thod) tunnel in 
f the system. A 
rithm (Latin H
the probabilist
, the numerica

e classical deter

certainty manag

ttern consists o
d rate and ex
tion of these pa
e investigation 

neous evaluati
projection of 

2005). Meanw
ach, as a mo

 

ALLENG
D 

ts seriously in
ical data, meas
alogue studies 

mportant param
because of re

meters can affe

ely 1.5Km lon
c region of Te
luvial. Constru

ds in different 
id unpredictabl

as been employ
T4 section of 
MATLAB int

Hyper Cube Sam
tic density func
l results show 
rministic appro

gement, reliabi

of many import
xcavation meth
arameters is di
data and uncer

ion in these p
tunnel stabilit

while, the pr
ore reasonable

1 

ES IN A 

n the process o
urement errors
over times and

meters including
stricting in sit
ect in incorrec

ng in eachtub
hran, including

uction has been
sections of th
le deformation

yed to evaluat
the project.Th

terface program
mpling method
ction of surfac
that the PHEM

oaches. 

ility analysis 

tant parameter
hod. However
ifficult becaus
rtainties related

parameters can
ty or economi
robabilistic (o
e and realisti

of 
s, 
d 
g 
e 

ct 

e 
g 
n 
e 

ns 

e 
e 

m 
d) 
e 

M 

rs 
r, 
e 
d 

n 
c 

or 
c 



 

Paper

treatm
curren
years
possib
leads 
geom
costs(
 
The 
withA
thehig
1). 
 

 

 
Using
settle
Carlo
been 
the pa
 
For b
faced
deal w
differ
repor
could
settle
 
PROJ
 
Amir
(north
Imam
into 
Doroo
Kerm
Amir
 
Geolo
 
The 
comp

r No. 5.04 

ment for the u
nt requiremen
(Su et al. 20
ble to have su
to better under

mechanical zon
(Oreste 2005). 

work report
Amirkabirhighw
ghest populatio

Fig 1  

g different me
ment in differ

o simulation alg
employed to e
art T4 of the pr

better understa
d in varioussub
with the overv
rent method of
rted that how t
d help in pred
ment.    

JECT OVERV

kabir tunnel w
h and south) is

m Ali highway
two branches

odian Street 
man Street. Fig

kabir project. 

ogy and Materi

study area is
posed of rec

uncertainties, h
nts in many 
11).A probabi
fficient data on
rstanding of th
ing; and a mo

ted in this 
way tunnelex
on density and 

Location of Am

ethods of exca
rent part, a pr
gorithm (Latin
evaluate the un
roject. 

nding the diff
bdivisions of t
view of the wh
f excavation m
turning to a pr
dicting the exc

VIEW 

with approxima
s located betw

y. In Kerman s
s. The north
and the sout

gures 2 shows 

ial Characteris

s located on 
cent alluvial. 

has been invok
fields of geot
ilistic approac
n the quality o

he project risks
ore reliable est

paper spec
xcavating be
traffic region 

mirkabir projec

avation to avo
robabilistic app
n Hyper Cube 
ncertainty in li

ficulties in des
the project, th
hole project, co
ethods and at l

robabilistic me
cavation-induc

ately 1.5Km lon
ween 17 Shahri
square, the tun

h branch is 
th branch is 

plan of differ

tic of The Site

sedimentary 
Based on 

ked to achieve
technics these

ch, when it is
of the material
;more efficient
timation of the

cifically dealt
low one of
of Tehran (Fig

 

ct 

oid worse case
proach, Monte
sampling), has

ining design of

sign challenges
he next section
ontinuing with
last it has been

ethod in design
ced transversal

ng in each line
ivar Street and
nnel is divided
located under
located under
rent sectionsof

 

basin mainly
stratigraphical

e 
e 
s 
, 
t 
e 

t 
f 
g 

e 
e 
s 
f 

s 
n 
h 
n 
n 
l 

e 
d 
d 
r 
r 
f 

y 
l 

prope
intof
 
A is 
with 
Mud
 
On th
sortin
comp
 
This 
youn
 

F

Furth
form
outcr
objec
with 
the ro
are p
 
Stand
inves
layer
were
logs 
drilli
Acco
inves
coars
The g
is low
goals
 
Unce
 
A ra
Stand
test, 

erties of the 
four different se

the oldest dep
interbeded l

stone compose

he contrary, B 
ng of grains; 
posed of homo

unit is stiffe
ngest unit made

Fig 2  Plan of 

hermore, accor
mations of A an

ropped near t
ctives, 12 bore
depth of 49 m

oute of tunnel.
presented in Fig

dard Penetratio
stigate the stre
rs. Required sa
e sent to labor

have been pr
ings, grain size
ording to the 
stigations, sub
se grain soils a
groundwater ta
wer than the d
s.  

ertainty in the S

ange of in-sit
dard Penetratio
permeability t

site, these s
eries namely A

osits and D is 
layers such a
ed A formation

formation is a
and C is mai
genous conglo

r than both o
e of recent allu

different divisi
 

rding to the ge
nd D as well 
this area.In o
eholes with de
meters and 13 
. The location 
gure 3a.  

on tests (SPT) 
ength and com
amples were t
ratory to perfo
epared based 

e analyses and c
field and lab

bsurface layer
and consist of 
able is differen
depth that migh

Soil Model of T

tu and labora
on Test (SPT), 
test (Lefrunc),

 

sediments we
A, B, C and D. 

the youngest. 
as Sandstone, 
n.  

a heterogeneou
inly from rece
omerate.   

of B and D f
uvial. 

ions of Amirka

eological map
as alluvial fan
rder to achiev
pth of 40 met
test pits have 
of the borehol

were done in a
mpressibility of 

taken during th
orm different 
on field obser
classification o
oratory test r
rs conditions 
f very dense gr
nt in the boreho
ht be importan

The Site  

atory experim
in-situ density

, in-situ shear

2 

ere categorized
  

Conglomerate
Siltstone and

us unit with low
ent alluvial fan

formations, th

bir project 

 of study area
n deposits hav
ve the projec
ers, 1 borehol
been drilled in

les and test pit

all boreholes to
f the subsurfac
he drilling and
tests. Borehol
rvations during
of the samples.
esults and sit

are generally
ravel and sand
oles, whereas i

nt to the projec

ments including
y,Pressuremete
r test and plat

d 

es 
d 

w 
n 

e 

a, 
e 

ct 
e 
n 
ts 

o 
e 
d 
e 
g 
  
e 
y 
d. 
it 
ct 

g 
er 
e 



 

Paper No. 5.04    3 

load test at the location of the boreholes had been performed.  
 
Considering the field and laboratory test results, on the whole, 
the soil of the area is composed of dense sandy gravels and 
dense sand, which both contains silt and clay (GC, GM, SC 
and SM). Sometimes these materials contain 5 to 50 percent of 
fine-grained soils. Moreover, silty and clayey inter layers have 
been observed rarely. Figure 3 illustrates the variation of four 
different soil parameters visualizing in 3D and 2D diagrams. 
 
Excavation Methods 
 
Construction has been performed by different methods i.e., 
Underground excavation, Cut and Cover and Top/Down 
methods in different sections of the project depending on the 
soil overburden and mechanical properties of the soil.At the 
locations with minimum required soil overburden, 
underground excavation method (NATM) has been performed 
(Figure 4). Rest of project has been constructed by either Cut 
& Cover method (where there is no limitation for blocking the 
road; Figure 5) or Top/Down method (where there is 
limitation for blocking the road for some time and 
construction shall be performed with minimum blocking time 

of the road; Figure 6). 
 
 In Cut & cover method stabilization of the trenches has been 
performed by either Nailing (Figure 7) or Bored piling 
method.  Deformations and settlements have been monitored 
during and after construction in order to avoid unpredictable 
deformations and as a result any possiblefailure. 
 

 
 

Fig 4 NATM excavation method in T4 section 
 

 
 

 

 
  

a-1)Variation in Cohesion 
Value of Boreholes(x105Pa) 

b-1)Variation in Friction Angle of 
Boreholes 

c-1)Variation in Young Module of 
Boreholes(x105Pa) 

d-1)Variation in Wet Density Value 
of Boreholes(x103Kg/m3) 

  

a-2)3-D Model  Diagram of 
Cohesion Value(x105Pa) 

b-2) 3-D Model  Diagram of 
Friction Angle 

c-3) 3-D Model  Diagram of 
Young Module(x105Pa) 

d-3) 3-D Model  Diagram of Wet 
Density(x103Kg/m3) 

a-2)Cross Section through 
Tunnel Axis o indicating 

variation of Cohesion 
Value(x105Pa) 

b-2) Cross Section through 
Tunnel Axis indicating variation 

of  Friction Angle 

c-3) Cross Section through 
Tunnel Axis indicating variation 

of  Young Module(x105Pa) 

d-3) Cross Section through Tunnel 
Axis indicating variation of  Wet 

Density(x103Kg/m3) 

 Fig 3 Variation in soil characteristic of the site area 
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Fig 5 Cut & Cover method in T2 section 

 
 

Fig 6 Top/Down method inT4 section 
 

 
 

Fig 7 Nailing at TU Portal area 
 
Instrumentation 
 
Large numbers of surface settlement markers were installed to 
measureground settlements during excavation. Arrays of 
surfacesettlement markers were arranged approximately at 
intervals of30 m along the tunnel alignment. The Wild NA2 
Automatic Engineers’ Level was used for the measurement. It 
permits direct readings to 0.1 mm and estimated readings to 
0.01 mm. 
 
GENERAL APPROACH TO MANAGE UNCERTAINTIES 
OF THE TUNNEL: PART T4 OF THE PROJECT 
 
In this project, a probabilistic hypothetical elasticity modulus 
(PHEM) approach has been used to evaluate the uncertainty in 
the initial lining design of NATM tunnels in soft 
ground.Figure 1 shows the main elements and flow of the 
proposed approach, which used to reliable design of 
tunnels.The approach consists 4 principal elements (Fig 8): 
 

1. 3D modeling of tunnel using time dependent sprayed 

shotcrete 
2. 2D  modeling of tunnel using Time dependent 

hypothetical elasticity modulus    
3. Stochastic model of the system 
4. Monitoring 

 
The stress redistribution and the deformations occurring 
during tunnel face advance can be more properly simulated 
only if 3D numerical models are applied.However, in many 
cases, especially when reliability analysis is considered, 
performing of a 3D model in conjunction with a stochastic 
model to simulate the uncertainty of system is time consuming 
and often impracticable.   
 

 
Fig 8 Concept of PHEM approach 

 
3D tunneling effect can be derived from the comparison 
between 3D model with 2D model.According to (Chang 
1994), a modified empirical exponential model, appropriate 
for both of the 2D and 3D time-dependent finite element 
models, was proposed for this research to model the changing 
of elasticity modulus of the sprayed concrete during the 
construction phases:  
 

7.0,/446.0
28 /062.1 jiT

jij eCREE  (1) 

 
where ijE and ijT  (day) are the elasticity modulus and the 

average age of shotcrete of the parti of lining in phase j of 
excavation process, respectively and 

28E  is the 28-day 

elasticity modulus of concrete. In addition, jCR ,is the 

calibration ratio derived from the comparison between 3D 
model with 2D models(this averagely was equal to 1.25 for T4 
section). 
 
The PHEM approach is based on limit state function, the type 
of limit state (i.e. Service Limit State, Strength Limit State, 
Extreme Limit State, or Fatigue Limit State) should be defined 
to characterize the applied loads. With regard to the case in 
this paper, performance of the initial lining of the tunnel has 
been considered. Accordingly, the loads of the service 
condition have been defined stochastically (Table 1). 
A finite Element analysis was conducted using the ABAQUS 
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random variables. For the Service Limit State, f is 

characterized as(FHWA 2001, Hung et al. 2009): 
 

inXfy   )(     (3) 

 
where

i is the estimated displacement and
n is tolerable 

displacement established by designer. 
 
 

 

 
 

Fig 10 NATM Excavation Stages 
 

Latin Hyper Cube Simulation (LHCS) Results 
 
Performing 1000 LHCS for each model, a set of stratified 
probabilistic distribution function (PDFs) of maximum surface 
settlement was derived for each.  
 
The statistical results indicated that the settlements of the  

model A were in the range between 19mm and 51mm, with 
the mean-value and standard deviation(STD) of 31mm and 
5mm, respectively, whereas the mean-value and STD of the 
outputs of model B were 41mm and 5mm, respectively.  
 
Meanwhile, the maximum of settlements reached a pick-value 
of 58mm; and its minimum value was 31mm. 
 
Stochastic Results 
 
As the results of Monte Carlo simulation (MCS), Figure 11 
shows the surface plots of 5 principle variables of the system 
which were compared two by two versus maximum 
transversal settlement (MINDIS) of two different models. 
 
Regarding the changing trends of variables versus the output, 
it can be seen that the model is more sensitive to the variable 
of the soil as well as active loading, excepting the load of 
building, than the factors depending to the structure. 
 
More investigation in Monte Carlo simulation, not included in 
this paper, shows that the proposed sequential excavation 
method is numerically certain enough throughout the length of 
the tunnel in order to limit the surface settlements induced. 
 
Monitoring Feedbacks 
 
Based on the measurement of settlement pins installed on the 
pavement of road above the tunnel, the monitored transversal 
settlements of surface road during the construction phase are 
illustrated in Figure 13. 
 
Regarding the measured settlement, it is crucial to import that 
none of the cases surveyed have indicated serviceability 
failure. This emphasizes the fact that the construction method 
was safe enough, having adopted by the MCS results. 

 
 
 

2

Table 3 Probabilistic parameters of the system 
Parameter Symbol Mean STD Lower Bound Upper Bound Distribution Unit Variable' s Name 

Soil Parameters Distribution 
Cohesion Csoil 3.12E4 6.21E3 2.7e4 1.19E5 logN Pa CSOIL 
Friction angle φsoil 32.45 1.72 29 35.3 N Degree PHISOIL 
Young’s  
modulus Esoil 8.41E+7 2.90E+7 1.68e7 9.66e7 N 

Pa ESOIL 

Poisson ratio υsoil 0.3 0.03 0.285 0.315 Beta - POSOIL 
Density γsoil 1960 120 1720 2090 N Kg/m3 DENSOIL 

Lining Parameters Distribution 
Density γcon 2400 240   N Kg/m3 DENCON 

Young’s modulus E28= cfE 67.4      Pa ELBEAM 

28-day Compressive 
Strength cf   2.5E7 4E+6 1.4E7  N Pa COMPST 

Poisson ratio υcon
 0.2 0.02 0.18 0.22 Beta - POIBEAM 

Thickness t 0.27 0.03 0.24 0.30 U m TBEAM 
Loading Parameters Distribution 

Road Load LL 30000 7500   N Pa ROADLOAD 
Building Load DL 20000 5000   N Pa BUILLOAD 
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CONCLUSION 
 
The work reported in this paper specifically dealt with 
Amirkabir highway tunnel which is one of the important 
projects excavating below one of the highest traffic region of 
Tehran, including the difficulty of excavating through a 
heterogeneous sedimentary basin mainly composed of recent 
alluvial.  
 
Construction has been performed by different methods i.e., 
Underground excavation, Cut and Cover and Top/Down 
methods in different sections of the project. Deformations and 
settlements have been monitored during and after construction 
in order to avoid unpredictable deformations and as a result 
any possible failure. Using different methods of excavation to 
avoid worse case settlement in different part, a probabilistic 
approach, Monte Carlo simulation algorithm (Latin Hyper 
Cube sampling), has been employed to evaluate the 
uncertainty in lining design of the part T4 of the project.  
 
The MCS results of section T4 showed that regarding 
uncertainties related to the system, the model was more 
sensitive to the variable of the soil as well as active loading 
than the factors depending to the structure and also advance 
rate. 
 

  Model A Model B 

 

C
oh

es
io

n 
vs

. E
la

st
ic

it
y 

 

 

C
oh

es
io

n 
vs

. P
hi

 

 

 

E
la

st
ic

it
y 

vs
. R

oa
d 

lo
ad

 

 

 

C
oh

es
io

n 
vs

. R
oa

d 
L

oa
d 

  

 

C
om

p.
 s

tr
en

gt
h 

of
 c

on
cr

et
e 

vs
. R

oa
d 

lo
ad

 

  

 
Figure 11 Surface plots of 5 principle variables of the 

system based on Monte Carlo simulation output 
 

Comparing monitoring data with stochastic outcomes of the 
model demonstrated that the method used in this research to 
simulate the uncertainty of the system gave real judgment on 
the consequences of the excavation phase of the project. On 
the whole, turning to a probabilistic method in design could 
help in predicting the excavation-induced transversal 
settlement, having treated uncertainties related to the 
excavation rate and soil properties. 
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Figure 13 North tunnel longitudinal profile (numbers marked by red circles and blue rectangulars indicate the monitored transversal 

settlements of surface road and the values of overburden in each station, respectively) 
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