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Shield [ I I ]

1 Face loss

2 Radial movements towards the shield
3 Closure of the tail void

4 Lining deflection

5 Consolidation
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No. Chainage (m) Rock Type Nspt Density (gricms) € (kg/em2) LAY e v K (cm/s) | Description
from | to 7 (d) v (sat) Undrained Drained | Undrained | Drained | (K9/cm2)
1 0 2000 SM >50 | 170-175 | 1.85-205 | 015-025 | 010-0.15 27-30 30-32 | 400-550 | 0.32-0.34 | 0.000055 | EOOa,E00b
2 | 2000 | 2850 SM 30-50 | 165-170 | 1.75-20 010-020 | 0.05-0.10 20-22 28-30 | 400-500 | 0.30-0.32 | 0.000055 s01
3 | 2850 | 3200 SM, SC & ML 40-60 | 163-175 | 191-209 | 020-030 | 0.10-0.20 21-23 27-29 | 400-500 | 0.36-0.38 | 0.000025 s01
4 3200 3800 SM 30-50 1.65-1.75 1.85-2.0 0.10 - 0.20 0.05-0.10 29 -31 31-33 400 - 550 0.33-0.35 0.000550 EO1
5 3800 4600 CL,ML &SM 20 -50 1.70-1.75 1.90-2.03 0.30 - 0.40 0.25-0.35 20-22 26 - 28 300 - 450 0.34-0.36 0.000050 S02
6 4600 4925 CL,ML 25-60 1.60-1.70 1.95-2.10 0.30 - 0.50 0.20-0.30 20-22 23-25 300 - 400 0.40-0.42 0.000001 E02
7 4925 5600 CL,ML &SM 40 - 60 1.65-1.75 1.85-2.05 0.15-0.25 0.10-0.20 18-20 26 - 28 300 - 450 0.33-0.36 0.000001 S03
8 5600 6150 ML & SC, SM 20 - 50 1.65-1.75 1.95-2.05 0.25-0.35 0.12-0.27 20-22 26 - 28 250 - 350 0.38-0.4 0.000010 EO03, S04
9 6150 6450 CL,ML >25 1.70-1.75 2.05-2.10 0.40 - 0.60 0.20-0.30 13-15 24 - 26 300 - 400 0.36 - 0.38 0.000005 S04
10 6450 7700 SM, ML & CL 30-50 1.60-1.75 2.0-2.10 0.25 - 0.35 0.15-0.25 22-24 27-29 250 - 400 0.35-0.37 0.000075 E04 , S05
11 7700 8150 SM 30-50 1.70-1.75 2.0-2.10 0.10 - 0.20 0.05-0.10 27-29 29-31 350 - 450 0.32-0.34 0.000100 EO05
12 8150 8500 SM,CL & ML 30-60 1.65-1.75 1.95-2.05 0.25 - 0.35 0.15-0.25 19-21 27-29 350 - 500 0.38 - 0.40 0.000010 S06
13 8500 9500 SM, ML 40 - 60 1.60-1.75 1.95-2.05 0.15-0.25 0.07-0.16 20-22 28 -30 250 - 400 0.34-0.36 0.000051 EO06 , SO07
14 9500 11000 SM, GM > 50 1.70-1.80 1.90 - 2.05 0.10 - 0.20 0.03 - 0.06 29-32 31-34 350 - 550 0.33-0.35 0.001000 E07,S08,E08
15 11000 | 11900 SM,GM & CL > 30 1.70-1.80 2.0-2.10 0.20 - 0.30 0.10-0.20 22-24 28 -30 350 - 550 0.36 - 0.38 0.000050 S09,E09,S10
i e | e Marlstone , Siltstone >50 1.70-1.85 2.05-2.20 0.55 - 0.75 0.20-0.40 18- 22 25-27 400 - 600 0.36 - 0.38 0.000006 E10, S11
SM 1.65-1.75 1.85-2.0 0.15-0.20 0.10-0.15 28 - 30 30-32 450 - 600 0.32-0.34 0.000050 El1, S12
17 | 13500 | 14100 Marlstone , Sandstone >50 | 1.80-1.95 | 210-225 | 040-0.60 | 0.20-035 20-22 25-27 | 400-500 | 0.36-0.38 | 0.000006 E12
18 14100 | 14400 Sandstone , Marlstone & Siltstone >50 1.75-1.85 1.95-2.15 0.40 - 0.70 0.25-0.45 20-24 26 - 28 400 - 525 0.35-0.37 0.000006 S13
10 | 14400 | 14800 Marlstone >50 | 1.80-1.90 | 215-225 | 050-070 | 0.25-035 18-22 22-26 | 400-550 | 0.40-0.42 | 0.000000 E1s
ML, SM >50 | 165-1.80 | 1.95-210 | 020-030 | 0.08-0.15 21-23 26-28 | 250-400 | 0.36-0.38 | 0.000010
20 14800 | 15300 Sandstone , Marlstone & Siltstone > 50 1.70-1.80 2.10-2.25 0.30 - 0.45 0.20-0.25 22-24 26 - 28 450 - 550 0.34-0.36 0.000006 S14
21 15300 | 16000 Marlstone , Siltstone & Sandstone > 50 1.65-1.82 2.0-2.25 0.40 - 0.60 0.25-0.40 20-22 24 - 26 400 - 550 0.36 - 0.38 0.000005 E14
22 16000 | 16800 CL,SM 20 - 60 1.70-1.85 1.90-2.10 0.30 - 0.50 0.20-0.30 16- 18 26 - 28 300 - 400 0.38 - 0.40 0.000005 S15
23 16800 | 17150 Marlstone , Sandstone 20 -50 1.70-1.85 1.90-2.20 0.40 - 0.60 0.25-0.35 22-24 25-27 450 - 600 0.35-0.37 0.000006 E15
CL, SM 1.60-1.75 1.90-2.10 0.3-0.5 0.20-0.30 16-18 25-27 300 - 500 0.38 - 0.40 0.000005
24 17150 | 18600 ML, SM & CL 30- 60 1.65-1.80 1.90-2.10 0.20 - 0.30 0.10-0.20 19-21 27-29 250 - 350 0.38 - 0.40 0.000006 S16, E16
25 | 18600 | 19200 Marlstone >45 | 160-1.80 | 1.95-2.20 0.70-1.0 0.35-0.50 12-14 20-22 | 350-500 | 0.40-042 | 0.000000 17
26 | 19200 | 20600 Siltstone , Marlstone >40 | 170-185 | 205-225 | 050-0.70 | 0.25-0.40 18-22 24-26 | 300-500 | 036-038 | 0000005 | E17,S18
27 | 20800 | 20950 Marlstone >30 | 170-185 | 210-220 | 030-040 | 015-025 16-18 21-23 | 250-400 | 0.40-042 | 0.000005 E18
28 | 20950 | 22100 Marlstone , Siltstone >45 | 165-185 | 205-225 | 040-0.60 | 0.20-0.40 20-22 24-26 | 400-550 | 0.36-0.38 | 0.000005 | S19,E19,520

SM = Silty Sand (with gravel),

SC = Clayey Sand (with gravel),

GM = Silty Gravel (with sand),

f.

CL = Inorganic clays of low plasticity,

ML = Inorganic silts with slight plasticity
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Abstract

The depth of the subway directly affects the costs of tunnel excavation and the
construction of metro stations. Minimizing these costs is a goal for all tunnel project
managers. In this research, the effect of different depths has been investigated from both
technical and cost perspectives. Then, the optimal depth for constructing subway tunnels
has been determined according to both technical and cost points of view. From a
technical standpoint, ground surface settlement is considered. Accordingly, if surface
settlement is more than 25 mm, the overburden value should be increased until the
settlement reaches less than 25 mm. Tunnel excavation costs and construction costs of
metro stations also form a cost perspective in determining the optimal depth for the
subway tunnel. For this purpose, by increasing the depth of subway tunnels and the
distance of stations from each other, a comparison of the cost for constructing tunnels
and stations has been considered. From a technical point of view, the results illustrate
that the settlement exceeds the limitation in depths where the tunnel overburdens is less
than the diameter. Therefore, tunnel excavation at such depths is not suggested. On the
other hand, based on the results of increasing the depth of the tunnel, the tunnel
excavation costs initially decreased. After that, when the tunnel overburdens are more
than twice the tunnel's diameter, it increases again. Also, with the increase of tunnel
overburden, the construction costs of metro stations have increased. According to this
study, the construction costs of a one-story station is equal to 195 billion IRR.
Meanwhile, the construction costs of a four-story station are equal to 514 billion IRR.
Regarding the total construction costs of tunnels and stations, the investigation on the
outcomes of studying 17 km of the second line of Tabriz subway, which is done by
mechanized tunneling method, clarified that a longer distance between the stations
reduces the effect of depth on the total construction costs. Therefore, tunneling under
the urban area where the distance between stations is usually from 800 m to 1200 m, the
optimal depth for constructing tunnels and stations will be achieved when the
overburden is more than the tunnel's diameter but less than one and a half times of it.

Key words:
Cost, Tunnel, Stations, Optimization of depth, Numerical modeling, FLAC3D,
Ground surface settlement, metro Tabriz line 02.
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