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103 m 102 m]
1200 16.00
11.00
1500
10.00
2.00 1200
200
10.00
7.00 | s | 460
800 8.00 400
5.00
500 120
400
300 400 240
200 160
z 200
1.00 0.80
v % 000 0.00 000
Total displacements |u] Total displacements |u| Total dizplacements [u]
Maximum value = 0.01128 m Maximum value = 0.01501 m Maximum value = 7.854*10-* m
P al>yo Jol al> e
F1oam 10 m) 103 m
1.00 1200
13.00 o 11.00
:f: 200 10.00
. 2.00
10.00
000 000 00
8.00 500 700
700 800
6.00 600 5.00
500
400
4.00 400
300 300
200 200 200
100 z 1.00
000 L 000
000
" i ¥ -
Total displacements |u| Total displacements |uf * Total displacements |u| '\T,. x
Maximum value = 0.01358 m Maximum value = 0.01463 m Maximum value = 0.01144 m
e o) al> ) e )l.e;> al> »
3 m) 103 m) r1osm
56.00 56,00 5600
52.00 52.00 5200
48.00 48.00 48.00
44.00 4400 44.00
4000 000 40.00
3%.00 36,00 3600
1200
200 3200
2800
o 2800 28.00
o 2400 2400
‘G.ED 2000 2000
o 1800 16.00
o 1200 12.00
. 8.00
4.00 8.00
X 2z 400
0.00 4o 0.00
— Y, v 0.00
Total displacements |u] x Total displacements |u] X Total displacements |u]
Maximum value = 0.05272 m Maximum value = 0.05265 m Maximum value = 0.05409 m
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Total displacements u,
Maximum value = 8.094*10-3 m
Minimum value = -4 778"10-3 m

po a5

Total displacements u,
Maximum value = 0.01284 m
Minimum value = -6.587*10-3 m

MAJ?]A

Total displacements u,

Maximum value = 0.04154 m
Minimum value = -0.05169 m_

e 4l 5o

L.

102 m
1300

10 m)
1600

4,00
1200
10,00
800
800
400
200
000
200
400
600
800

Total displacements u,
Maximum value = 0.01485 m
Minimum value = -6.835*10-2 m

Py al> 5o

Total displacements u,
Maximum value = 0.01448 m
Minimum value = -8.955°10-3m

oty Al

Total displacements u,
Maximum value = 0.03950 m

Minimum value = -0.05159 m

i al> e

0

z
"\T,,x

z

10.00
¥, ®

r1osm

3800

o (.

Total displacements u,

Maximum value = 7.802°10-3 m

Minimum value = -6.715*10-3 m

Jl al>

Total displacements u,
Maximum value = 6.633*10-3 m
Minimum value = -6.400*10-3 m

f)l{% al> o

Total displacements u,
Maximum value = 0.02755 m
Minimum value = -0.05312 m

s al> o

102 m

r103m
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[kNimg
40.00

-40.00

-120.00

-200.00

-280.00

~360.00

~440.00

+520.00

600.00

Cartesian total stress o,

Maximum value = 2.576 kN/m*

Minimum value = -565.2 kN/m?*

Py Al> 5o

[N
40.00

-40.00

+120.00

~200.00

~280.00

-360.00

-440.00

-520.00

-600.00

Cartesian total stress a,,

Maximum value = 4.608 kN/m? |

6.N

Minimum value = -565.2 kN/m?
i al> 5
[
40.00

40,00
12000

-200.00

28000

-360.00

440,00

520,00

600,00

680,00

Cartesian fofal stress o, ,\T/' .

Maximum value = 13.86 kN/m?

Minimum value = -671.6 kN/m*

oo al> 5o

[
40,00

40,00

-120.00

20000

28000

360,00

440,00

52000

z 500,00

Cartesian total stress o,, Y\T/' X

Maximum value = 4.315 kN/m*

Minimum value = -585.2 kN/m*

Py al> e
IKN“TD’!UU

4000

-120.00

20000

-280.00

-360.00

440,00

520,00

z

500,00
Cartesian total stress o, Y\T/' X

Maximum value = 5.353 kN/m?

Minimum value = -565.3 kN/m*

pony al> o

v
0.00
2000
-160.00
240,00

32000

400.00

a80.00

-560.00

640.00

Cartesian total stress o, z

Maximum value = 23.19 kN/m* '\I/' 5

Minimum value = -602.7 kN/m?

i d.l>)o

ay

-120.00

-200.00

-280.00

-360.00

~440.00

520,00

500,00

artesian total stress o,

Maximum value = 95.22 kN/m*

Minimum value = -565.2 kN/m?

lkime]
4000

4000
-12000
-200.00
-280.00
380,00
-440.00
52000

60000
Cartesian total stress a,, |y

Maximum value = 3.528 kN/m?

Minimum value = -565.2 KN/m?*

ooz al> e

[kbdim?]
40,00

4000

12000

-200.00

280,00

-360.00

440,00

52000

Cartesian total stress o,, z 80000

Maximum value = 20.05 kN/m* v\T/ X

Minimum value = -566.9 kN/m*
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12000

-200.00

280,00

-360.00

-440.00

520,00

-600.00

artesian ol

stress o,

Maximum value = 6.139 kN/m?

Minimum value = -565.2 kN/m?

[N
40.00

40,00
-120.00
200,00
-280.00
-360.00
-440.00
52000
-600.00
Cartesian total stress Oy

Maximum value = 12.76 kN/m?

Minimum value = -565.2 kN/m*

s al> 1o

el
40.00

4000

-120.00

-200.00

-280.00

-360.00

-440.00

-520.00

600.00

artesian total si resso“

Maximum value = 38.90 kN/m?

Minimum value = -566.8 kN/m*

oo al> 5o

feime]
4000

12000

20000

-280.00

-360.00

-440.00

52000

\/

Cartesian total stress o,

Maximum value = 10.30 kN/m? ?_\T/' X

Minimum value = -565.2 kN/m*

Py al> e

60060

fetge]
4000

12000

-200.60

28000

-360.00

440,00

52000

\/

Cartesian total stress o,

600,00

Maximum value = 3.120 kN/m?* " x

Minimum value = -565.3 kN/m*

ey al> o

e

Cartesian total stress Oy
Maximum value = 49.32 kN/m* \L'
¥
Minimum value = -566.8 kN/m* *

i 417]4

]

40.00

40,00

-120.00

200,00

280,00

GHlis Ao o & j0 Y Cys H0 (A S dulion Hlade g by ygisls VY STl

aA

[k

120.00
40,00
-40.00
-120.00
-200.08
-280.00
-360.00

-440.00

620,00

-600.00
Cartesian total stress o,

Maximum value = 115.2 kN/m*

Minimum value = -565.2 kN/m*

NERESY

[k
40.00

40,00

-200.00

-280.00

-360.00

Maximum value = 4.276 kN/m? *,L' X

Minimum value = -565.2 kN/m*

[

-240.00

-320.00

-400.00

480,00

-560.00

640.00

artesian total stress GW

Maximum value = 18.72 kN/m*

Minimum value = -622.0 kN/m?
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TNl
100.00

000
-100.00
-200.00
-300.00
-400.00
-500.00
-600.00
700,00
-800.00
-800.00
-1000.00

100,00

(Nm?)
100.00

+100.00
-200.00
-300.00
-400.00

-500.00

Cartesian total stress 0,

z
Maximum value = 0.5458 kN/m?
Minimum value = -1023 kN/m? '\L— x
e al> 5o

artesian tof

stress o,
Maximum value = 107.6 kN/m?

Minimum value = -1147 kN/m?

oo 4l> 5o

Maximum value = 7.050 kN/m?

Minimum value = -1023 kN/m?

Py al> 5

Maximum value = 44.39 kN/m*

Minimum value = -1023 kN/m?

Cartesian total stress o,

Maximum value = 67.71 kN/m*

Minimum value = -1155 kN/m*

L 4.1>)A

it

tnin]
100.00
000
-100.00
200,00
-a00.00

-400.00
-500.00
800,00

700,00

50000
100000
-1100.00

-1200,00

A

artesian total stress g,

Maximum value = 185.2 kN/m?

Minimum value = -1023 kN/m?*

Jol 4> 5o

[shim]

100,00
-100.00
-200.00
+300.00
~400.00
-500.00
600,00
700.00
-800.00
-800.00
~1000.00
100,00

Maximum value = 0.2927 kNjm? \L'
v
Minimum value = -1023 KN/m? _ X

P)LQ% al> e

L

100,00
20000
0000
0000
0000
0000
000
<0000
I s0000
| ~1000.00
10000
20000

Cartesian total stress o,

Maximum value = 74.18 kN/m?

Minimum value = -1131 kN/m*

i al> e
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Surface Subsidence Summary

Soil Displacement Nowadays, with the increase in population and the expansion of metropolitan areas,
Finite Element Numerical Method the volume of intra-city traffic is also increasing. The development of underground
New Austrian Tunneling Method communication networks, such as subway and underway, is the most suitable option
Amirkabir Underway Tunnel for solving traffic problems in mega-cities due to the lack of interference with the

citizen’s traffic.

Introduction
In this regard, the New Austrian Tunneling Method (NATM) is the best option for tunnel excavation in shallow urban areas
and in short distances. For the successful implementation of the NATM excavating method in shallow urban environments,
it is very important to estimate and control the soil displacements at the roof, floor, and around the tunnel, and accordingly
the surface subsidence at each stage of excavation.

Methodology and Approaches

In this research, finite element numerical modeling was used in Plaxis 3D software environment to estimate the surface
subsidence and the soil displacements of the roof, floor and around the tunnel at each stage of excavation. For this purpose,
section T3 of Amirkabir underway tunnel at east of Tehran has been selected as a case study. In the numerical model, the
hardening soil behavior model (fully elastoplastic) was selected for the soil mass around the tunnel, and the elastic behavior
model was chosen for the shotcrete support system (primary support system) and the middle wall of the tunnel.

Results and Conclusions

According to the results, after the end of the ninth stage of excavation, the maximum amount of total displacement is 54
mm, the vertical displacement of the roof is 53 mm, and the floor heave is 42 mm. The highest amount of displacements is
related to the instability of the tunnel roof and the floor heave due to the increase of horizontal stresses at shallow depths.
Also, the maximum surface subsidence at the end of the nine excavation stages is estimated to be about 52 mm, and the
subsidence basin will be formed in the range of 2 to 5 meters from the middle wall of the tunnel, and will gradually reach
equilibrium with the progress of the tunnel face. Therefore, the control of overburden movement in the final three excavating
stages for excavation of the middle gallery of the tunnel will play a major role in controlling the surface subsidence.




