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There has been increased interest, media coverage, and debate over constructing new
underground structures to replace existing at-grade rail tracks. This new scheme aims to free
up space to provide cities with room for more housing with green amenities. Due to
urbanisation, tunnel engineers have encountered greenfield ground conditions in cities on
only a few occasions. However, the new scheme provides opportunities to investigate a
unigue scenario where new tunnels are driven parallel to the existing rail tracks on the surface
with little ground cover in soft ground. This paper presents findings obtained from a
semi-empirical approach that aims to investigate the likely track irregularity associated with
tunnelling-induced ground movements. This paper presents contour maps that show track
rotation according to the relative position of the new tunnel and existing rail tracks. Tunnel
engineers would consult these maps for their tunnel route design for the scheme.

Keywords: Twin side-by-side Tunnel, Gaussian distribution theory, Track irregularity, Ground
settlement, Soft ground
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2.2E
2.1 Alold E1E &g

AF A7) izl RIEIeE 2Pt ool S5 U7] ofe Al o) 2|6k Bld-2 27d0] Blw ] ZlobA AR o
= 9lol) 115 2-8)o] 7Vl S T 0 2 A 3 B EE -8 B d T Table 1-220417] o9 2hgE| o] @A) &
| 5% =4 Aok EE o] &1 —%quzi—q. A5k} ool A A o] 7|E A= 520 ] EAH = ZHARAIS] BEE
ZAF ol A AlL]gict. B)'d W A2 vfx]o]] whet T3 = (Single-track twin side-by-side)t =-%(Double-track) |92 57}
t}. o7 |4 I EE ot Lgts] 783(3’3}%%%] P S 71 770 B do] 27} she] A =Rk Atk 735 ofnlsi,
ot shute] el do] ko & Zledoh=F 7HQ AEE BT Q6= 795 ERith(Fig. 1). B =2Eo= QIgh 2|4t
O] M2 Bl'd Th o] A7k o2t ' o] 4] B A= o] ujx|e} gt ¥heio] Qlo B = o] 5 wielel= Zlo] Fajith

Table 1. Metro tunnels

Outside Ctc

Layout diameter spacing 00:;22211 Construction method City Line Location Source
m  [m]
4.1 16.0 1906 Cut and cover London  Piccadilly Central London Cooper, 2001
7.7 18.1 1996 NATM Seoul 5 Mapo ~ Yeouido Seo et al.,2001
6.0 13.2 2004 EPB shield Shenzhen 4 Shangmeilin Jin, et al., 2018
7.8 15.8 2009 Slurry shield Seoul 9 Yeouido Lee, et al., 2011
Single ¢ 150 2014 EPBshield  Changsha 2 Yingwanzhen Chen, et al., 2018
t;irr?cslgs 7.1 18~20 2015 EPB & Slurry shield London  Elizabeth Central London Tucker, 2017
6.0 15.6 2016 EPB shield Shenzhen 9 Shangmeilin Jin, et al., 2018
6.6 - 2017 EPB shield Singapore ~ DTL3 East region Suetal., 2017
6.3 17.0 2019 EPB shield Changsha 4 Yingwanzhen Chenet al., 2018
6.2 - 2019 Slurry shield Lanzhou 1 Yellow river Caoetal., 2019
Double 12.1 - 2010 EPB shield Barcelona 9 Barcelona city Gettu et al., 2006
-track 102 - 2015 EPB shield Beijing 14 Dongfengbeigiao ~ Jingshunlu Lietal, 2016
A | AN AN | A
| [
Griund Gréund
surface surface

an

Single-track (
twin side-by-side tunnels Double-track tunnel

Fig. 1. Schematics for typical urban railway tunnel layouts
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1= Kz, “)

S = Spax €XD

_ 5_) (5)
Where, 17, : Volume loss

Vs : Volume of settlement trough per unit length

D : Tunnel diameter

Sax - Maximum settlement

i : Trough width parameter (Distance to point of inflection)

K : Soil factor

2o : Tunnel depth

S : Settlement

2.3 Ay

Ao e S 71l A2 B 71 i 0] 91 Aol T2 ] s Tl oA A
ISR ES HEJ g o]AA(Offset), B2 2] ZJo](Tunnel depth), & B2 7F2(Spacing)= <+ ‘ﬁ—’?—i 3K Table 2,
Fig. 2). o171 Bl 412.9] 433 oj A elet g Ede] iz SALoN A2 S Ajo] Aele wrete, wishe o
Z1E(D)9] 0 ~ 3.5H1= AL oAlE 501, o148 A7t oolek= A2 HEdit Faldo] A= S ?_:1;1]8}] 7]—’_‘":— A= o] s
of| A Bl'do] A= -5 orfeitt. oA Ag)7t3.5DEks 22 Hdit Sl Aw SaAleA Zo= Bd 21739] 3.5
ol ol 9l A4S eulgict, 1 AT B EldS 7R 02 Rl dEp o R ojAu 4Rk Tl Ak
ZJetet olro] B/d2 el Bd Zlol= Bl 21789 1.5 ~ 3.0 Hil= A Aok B @95 aleisf Bld A2 HE
0] 1.5 ~ 3.08= A, B'E 252 2[6H H'd A} AL Ao et 6 mE ARSSIT ESE, HE Als Fol mhE S
71517 9160 218k A Volume loss) = 97 W42 Aack, W9R 1-2%9ick, 71 A% 7142 4 me AR

Table 2. Research variable

Variable Value No. of cases
Offset (0) 0.0D, 0.5D, 1.0D, 1.5D, 2.0D, 2.5D, 3.0D, 3.5D 8
Tunnel depth (z) 1.5D, 2.0D, 2.5D, 3.0D 4
Spacing (s) 1.5D, 2.0D, 2.5D, 3.0D 4
Volume loss (V) 1.0%, 2.0% 2
Total no. of cases 256
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Track &

—
/// iOffset \\

Settlement \ Settlement
trough for : trough for Tunnel
Tunnel 1 i Tunnel 2

depth

Tunnel &

s o
NI RN

Spacing

Tunnel 2

Fig. 2. Research variable

2.4 Ak tHSo]| k2 MZ0| 9|

A A Gl A A0 832 B 9151 719 % ol&2 5 41t At ot 2L ol o) H2E st o)
= 24| SIRIoIA AR Aolke Pl Fig. 3). BT AR Q18] WS Hslake AMsh] 9181 B0l Ul A
3510, oS S, 12 1(Track 112 7202 Aol 12 219] 56115, 701 1 ] o] 1051 ol 21
A ENA(THE ST AT sty WA E(T2)2 Q190 A Aot} TARITHEG. 6). 2.2%0] 9l )
U1 S, = FUTHI 02 T Eq. 7). & A7 Lo Ao Slole MRS TASHE 249 2ol WA sl

O] 2jo] =AM 2% |L - XmgﬁygﬂiiﬂﬂﬂEﬁﬂ

o] 523 2w} FAGE Aot} whabA, 922 Felolq

R A1 G BAIGH Astake Alsto 24 S o] S1dRe AFHTkE, 8).
Sy =(Si+57) (©6)
Sp = (Sp+ Si) )
R=58,-5, ®)

Where, .S : Settlement at left rail
Sp : Settlement at right rail
S} : Settlement at left rail for Tunnel 1

Sy : Settlement at right rail for Tunnel 1
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S7 : Settlement at left rail for Tunnel 2

S7% : Settlement at right rail for Tunnel 2

R : Track rotation

-10

Track CL Turlnel CL !
Track 1 Track 2
o - .
E 10- - i 1
) 1 i
- | 1 — No tunnel
g 20 - . - —— Tunnel 1 7
0] PN— i Tunnel 2
:1 i —— Tunnel 1 + 2
ﬁ 301 Spacin (Z'OLD) B
& |
beptn(z.o;y 69 RN Y
40 ! —
Qffset (1.0D)
50 L | | L L | | | L L |
-60 -50 -40 -30 -20 —10 0 10 20 30 40 50 60 70
Distance from Tunnel 1 centreline (m)
Fig. 3. Typical settlement troughs and track settlement (o = 1.0D, z, = 2.0D, s = 2.0D, V, = 1.0%)
[=]
2.5 24 Zut

Figs. 4~5= B 2ol mE 2 g 0 =2 Qs g A =of AR A 02 o ds)= Ao 8 S-S TAlRt e 2
A Q5 AR A Bl 72 o] o)) B wish 9 At Alero) il mhe Az sheke kla 4 9t o]
/d SaAef 2719 2} sl |H Tl UE|u[E(mm)olth SRR ZH e 2 FAISHH | mmE 2F0.04°0f SIFECY. Fig.
= At 2A020] 1.0%¢] 790, Fig, 5= A5t 24120] 2,0%<1 A-0]c}, 2} Figure'= B 7H2(Spacing, 5)°1 et 47)]
Subfigure = Tt ¢llE E91, Fig. 4(a)= EI'E 7H2] E'd 21732] 1.54H(1.5D) 1 HiX[olIA] 1.0% 2] Z[5t awke WA~
+ BAR Edo] At 7% ] Bldat A2 0] =1 o] AA2|(Offset, 0) R EI'E ] Z10](Tunnel depth, z)oll w3+
A 2ol At A 0 2 ofitel= Aw 0] S]HERe HolFw Qlk mE IR 2, Figs. 4(b) ~ 4(d)= El'E 7440]2.0 ~ 3.0DY
A Aol AT A0 R oele Awo] S Hojzrt
2k 242 19%5 71798 v AR Aol e 20 2 i sle FEe] 458 S —4~ 5 mm(-0.15° ~ 0.19°9) $731 A
© 7 BIEIkFig. 4). 91714 of(+) <] F|AZS 0 22 ol 9% #| Do A et o 2 HsprhEAYRH A4S oJn|st 22 (Eq.
8) A= FAIAMSREC = SPATRE-& e, &( )] 2R 22 == A=A Rke 2 S e Liehdct. 7,
At 228k S 29, 2 71 o el S1AZHS 9 ~ 10 mm(-0.33° ~ 0.36°) 5O &(Fig. 5) A9 &4k ARlof| uka} 74
9] 3|AE AR AL 5loldt 4= 99t A 29w 2| Kol = 10 mm 2220] SBEZL 2oy 0 & JAsk 9ok
(Korea National Railway, 2022). o114 5-017|5£0]gk = .51 g oL} k0] Mg A Weich 485 0] 20 mm
of] o] 2 371 o] BRIl e AJsHE 2 513 9lr}
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Fig. 4. Track rotation for v, = 1.0%
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Fig. 5. Track rotation for v, = 2.0%
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