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Analysis and Calculation of Surface Settlement
in Curved Tunneling Section
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Abstract;In order to study curved tunnel and the uneven surface subsidence in the construction
process,and improve the prediction of the ground settlement in a curved tunnel, the calculation
method of ground settlement of curved tunnel is studied based on the field measurements from
shielding subway tunnels in soft ground located in Malaysia,and the relationship between factors
such as ground settlement and jacking thrust is analyzed by means of on-site test, fitting calculation
and two-dimensional numerical calculation. Based on the classical empirical formula of ground set-
tlement in tunnel construction,a modified formula is proposed, which is more suitable for predic-
ting the ground settlement of curved tunnel. The proposed formula predicted settlement with a max-
imum error of 4% . Meanwhile the relationship between the uneven ground settlement and the un-
balanced jacking thrust is given. The formula of curved tunnel proposed in this paper is superior to
the classical empirical formula, it can describe the shape of ground settlement trough more accu-
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rately.
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Table 1 Physic-parameters of soils

PRSI A TV SR BR 1 NS/

Fo
EEE/N  (N'm~3)  MPa kPa ()

A <30 18 500 <60 5 28.0
B 30 ~100 19 000 60 ~200 10 30.0
C  >100 20000 200 10 32.0

2 WL it T2

2.1 ME

SEH T BRI 4 A il e B i, o
L R 91K 300 m, 400 m, 500 m,
700 m. 4 /> X0 KT If 4 B AR AR T 40 G SB
CH1+448 .SB CH 1 +518 SB CH 1 + 960
H1SB CH 2 +400. Hb= UMM & A GSM
oo, I W SB CH 1 +448 FAYHb
U0 B W I N GSMI451, GSMI451
GSM1451 GSM1451 25, His 2 T R LI 557, (1)
AR PRE L 2.

T2 HARTUFEIN AL by

Table 2 Coordinates of observed ground settlement

points
ORI T 1T TR 5, B AL FR x/m

GSM 1451 6.5
GSM 1452 0
GSM 1453 -6.5

SB CH 1 +448(R=500 m)  GSM 1454 -13
GSM 1455 ~16.5
GSM 1456 ~18
GSM 1457 -19
GSM 1521 50
GSM 1522 6.5
GSM 1523 0

SB CHI +518(R =400 m) GSM 1524 -6
GSM 1525 -13
GSM 1526 -16.5
GSM 1527 ~24
GSM 1528 ~31
GSM 2450 30
GSM 2451 3.5
GSM 2452 0

SB CH 2 +400(R =300 m) GSM 2433 N
GSM 2434 -13
GSM 2435 ~16
GSM 2436 -19.5
GSM 2437 ~27
GSM 1961 50
GSM 1962 0
GSM 1963 ~6.5

SB CHI +960(R=700 m)  GSM 1964 -13
GSM 1965 _21
GSM 1966 _24
GSM 1967 ~34

2.2 FTREE
JE 4 (EPB) % 48044 W00 10 e BF, i 1 3ok 38
&l 3 .

Sir

S
=N

s
s

w
=}
T

DO -
82

[S]
ey
T

'8 6 4 2 0 2 4 6 8 10 12
WAE:3:EX=URINTTEZ Y S
(2)SB CH 1+448(R=500 m)

—
N



974 ThoBH A KW (H KRB o34 4
361 1.6

~ 3t 1.4}

E ]

E 26f gl.z-

] :

E 21} &0

= 16} 0.8}

U208 6 4 2 0 2 4 6 8 10
T 5% B L I TET A 5
(b)SB CH 1+518(R=400 m)

0.6 ;
-12 -10 -8 -6 -4 -2 0 2 4 6 8 10

WAE: A= N IR g
(b)SB CH 1+518(R=400 m)

36 1.80
~ 175+
T. 311
é é_"
é 26 | L1700
= 25|
% 21 3‘1_111.65 -
E 1.60 |
16t ’ R
1.55 1 L 1 1 L L '
Bk e e T S T e -10 -8 -6 -4 -2 0 2 4 6 8
T AR RN ERK 71 S BB EFF B
(¢)SB CH 1+960(R=700 m) (c)SB CH 1+960(R=700 m)
40 220
215+
%\ 35F
g ol g2.10f
: i /k\/\ /\ p [/\ \/\\
g | 12.05}
% 25 3:-11
I 2.00
E 20|
= 1.95F
| 1.90 L L - L 1 ! '

_ =
(=Y.

%2108 %6 420 2 4 6 8 1012
T % VS YR T TR 5
(d)SB CH 2+400(R=300 m)
B3 A 4 LI T e T e

Fig. 3 Advancing speed of thrust at monitoring

sections
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Fig.5 Grouting at monitoring sections
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Table 3 Jacking thrust of left and right groups

at monitoring sections

LI T J/MPa  J/MPa  J/J,
SB CH 1 +448 0. 64 0.22 2.9
SB CH 1 +518 0.81 0.21 3.9
SB CH I +960 0.79 0.47 1.7

SB CH 2 +400 1.47 0.24 6.1
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sections
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monitoring sections
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Table 4 Jacking force and ground settlement at

monitoring sections

LI T AR R/m VIV, T/,
SB CH 1 +448 500 2.41 2.9
SBCH 1 +518 400 3.33 3.9
SB CH 1 +960 700 1.35 1.7
SB CH 2 +400 300 4.19 6.1
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Fig.8 The relationship between ground settlement

and jacking thrust
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Fig.9 Diagram of forces on the upper part of
the shield shell
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Fig. 10 Trend of settlement(upheaval )at curved section
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Table 5 Physic-parameters of soils at monitoring sections

=5 M LAY S

- ] ] o FPER FHE I/ ]
LI R JELBE/m WEEHES/(°)  TARALE
(N-m~%) #/MPa kPa
b4 et 1 18 000 15 15 25 0. 40
SB CH 1 +448
(e 12 19 000 180 20 32 0.32
R+ 0.5 18 000 15 15 25 0. 40
SBCH1 +518
R+ 12.5 19 000 180 20 32 0.32
e+ 3 18 000 15 15 25 0. 40
SB CH 1 +960
A+ 10 19 000 180 20 32 0.32
SB CH 2 +400 A+ 13 19 000 180 20 32 0.32




978 Tk B B OR E eE R (A SRR )

534 4

5.2.2 HRASHEST

TEJE R B R B o 1 7 o = A o
JEFAALASAA (AR B AR, 25 i 0 9 2 I A4 42
A—E R Z AR Tie fiv %, FEANTHIA
/(1

COJG R AL 25 kit e SOL I T 1 o o 3t 3
LI PR 52 iy A g - T )

QJE BT A S — X BRI [ 35

ORI I WARAE B A, T Fr TG ToU4f
Tt 53 3 A E JE A BT AR (B TS
FBLAMINTE VARG - AT T 7 A 20 i i B
A1 m).

TR 9 A o0 05 2 K S A BIL S
(eI W R B A i g 2 g
RGN 6 PR

R 6 JEALE A UL IR T I ) PR T
Table 6 The factors of the shield machine at
monitoring sections

YV

Sy, w4y Js

L T
m rad kN kN
SBCH1+448 500 0.0028 33150 92.820
SBCH1+518 400 0.0035 31950 111.825
SBCH1+960 700 0.0021 38550 77. 100
SBCH2+400 300 0.0047 35250  165.675
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Fig. 11 Calculation model
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