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Applicability Analysis of an Improved Multistep Steel Pipe Grouting
Method in Shallow Depth Railway Tunnels in Considering Safety
and Constructability

ABSTRACT

The newly improved multistep steel pipe grouting method was applied to an existing steel pipe-reinforced grouting method. It was
applied in order to prevent a damage caused by ground failure from excessive grouting pressure in a tunnel construction. The tunnel
goes under a highway and a ramp connected to a rest area on OO highway with 11.3~12.1 m depth cover and is a part of roadbed facility
construction section ordered by OO public corporation. The improved grouting method provides pre-construction work condition
assessment technique through new water injection limit test and grouting effect assessment technique by grouting type assessment. It
also includes assessments on interval of joints, appropriate grouting pressure, and optimal operation time to be applied to current
operations. Application of the grouting method allowed the smooth road management in shallow-depth grouting construction area
located upper part of tunnel excavation. Moreover, the possibility of the application of the method not only to shallow-depth grouting
construction but also to various steel pipe-reinforced grouting constructions was confirmed.

Key words : Shallow depth, Railway tunnel, Steel pipe multistep grouting, Applicability analysis

xs
2 i 1ek-g 71de] AT 53], B4 F s Tl o)
& A S AR 27} 0] 1 ket 1eke Y BHE A e SS9k & ST 00T 0001
AP Z1EE 72 F 000 A 5 00FAL(EY) AYS S FAIE B 113-12.1m ¥4 A1) Bl Aol 43
Shgie A E FoThe Tek TR AL PATFADES o188 AT A TR W7} 1%, Hele) 1A% AR FALE B
7h A4 YR 7 FAR RN T FABAB} /1 Solek A B e Bl A0 2 HE A 5
A ) SR U £ Sl R TR 4 A0k £, B AR P20 U el B ok

o chorh EI(E2, A3, BT 5) I T2 B 289 4 S 28 SHIgsich

HMO01 1 7] 9] A%, e, ARTT e, A4 B

* 23 - Ar7|en E533h) w9 (Kyonggi University - nskiml@kyonggi.ac.kr)
** 2B - W AAR - A7 e e AR S} @il (Comresponding Author - Kyonggi University - 1982gisung@hanmail.net)
wk 2B - Ak A EA A8k} AAk (Kyonggi University - chrisk83@naver.com)

Received August 5, 2019/ revised September 3, 2019/ accepted December 10, 2019

Copyright © 2020 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




AEu] dreEdygte] ¢

=

a
>
o
o,
o

LME

Uik o g Aviet ks Vee ARt ARty Bl
=2PH0| oFY | BIIAE Sfsf gt Ak B ekl ofgh
T22 1o =2 Bdel ¢EIAS FH3l= 7]<o]tiKorea Rail
Network Authority, 2018a). o]#3t 973} @R 2gHo|A|vk

0030 T3 0003k FIERRA} T2 % 003 TSR
21 005G AN B2 Evfshe ke Evli 113121 m

7)) Aw] AwEldTTro 2] BABAINE A Fe)}
st wehy, B A7 7k $H 0w BA 2 5 Qe
AL T =gk FAU) oJgk AW s R e} B et
glo] 712 Zeicket EkeE] Slkelx] HTEp Fieke] g
g 4 3= Fig 13} o] 7iale 2ot T2k 395& 7hde)
Ak 7IdgE At 2Rk REEe 7k 3,
o] F7fslo] Fig 29} o] N2 SHAFTAIEHS o83k YA
& A A W7t Vs, AR FUAIRS s S dE

L Lo

=
A9,

=, B ARG e 5 g R FA4E Bk
AATHE W5 T 4 ke HAe) ABRARE B 2 59,

Sol= oF7A Ul-?;% faop el FAFETA mE

"Atemeatic E@routin:

SUper  @routing System ,
—

Fig. 1. lllustration of Improved Steel Pipe Multistep Grouting
Method

1. New Water Injection Limit Test

2. Fracture Aperture Assessment

3. Suitable Pressure Assessment

is the same as existing steel pipe

caulking, sealing, grouting procedure
multistep grouting method

4. Completion Time Assessment

5. Grouting Effect Analysis

Fig. 2. Improved Steel Pipe Multistep Grouting Method Composition
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Fig. 3. Analysis Method of the New Water Injection Limit Test
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Fig. 4. New Water Injection Limit Test Program
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Fig. 6. Improved Steel Pipe Multistep Grouting Method Construction
Plan
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Table 1. New Water Injection Limit Test Assessment Result

P-41 TEST Assessment Result

Result

DATA

R i A w a e
b contron burion SN SEER SRR
J»ﬂtﬂ»:::»Ll " 1100.0 %1
m 03 ] 100.0 1~ @
Soil Type * Weathered soil & Weathered rock
Examination * Hydro-fracture occurs at grouting pressure 10.1 kgf/cm®
Result  Hydro-fracture occurs at grouting amount 31.2 L/min
..  Maximum grouting pressure (per) : 10.0 kgf/cm®
Work Condition . & . ep (per) & .
* Maximum grouting amount (qcr) : 31.0 L/min

Table 2. Hydraulic Aperture of Fracture Assessment Results

Hydraulic Aperture of Fracture

NO Title Description Unit Equation Value

1 d The thickness of the formation m 1.5

2 P Density of water t/m’ 1

3 U Dynamic viscosity of water m%/s 0.000001

4 g Gravitational acceleration m/s’ 9.8

5 k Hydraulic conductivity of the Soil m/s (;'iizng;icr:ﬁ:z) 1.17E-06

6 T Transmissivity m’/s kd 1.755E-06

7 by yar Hydraulic aperture of fracture = root"3(12*T*eta_w)/(rtho_w*g) M
4 m 129.04586
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Table 3. Grouting Pressure Assessment Results

- H71A -

14

N
|

d
il
r

Assessment of Grouting Pressure

NO Title Description Unit Equation Value

1 h,, The hydraulic head m 1

2 P Density of water t/m’ 1

3 o, Density of Soil t/m’ 2

4 g Gravitational acceleration m/s? 9.8

5 H Depth below ground surface m 12.1

6 Py Groundwater pressure t/m? 1

7 I8 e Maximum grouting pressure MPa p_g<3rho rgH-2p w 0.69188
8 2 i Minimum grouting pressure MPa >3p w 0.0294

Table 4. Yield Strength Assessment Result of Grout

Yield Strength of Grout for Work Completion Time

NO Title Description Unit Equation Value
1 L, The length of the borehole m 12
2 i, Diameter of borehole mm 105
3 Dpy Resistance strength of Homo-gel KN/m? 2,000
4 Tt Yield strength of grout kPa tau>P_hr*R_b/21 b L = |
Pa 4,375
ks ok 2 @ge] Aele] 7e 129umole] B e [ —
7V 2 BT 4000 omlggiEe] Tk A9 oF 17.1mol Eool gz
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Fig. 7. Grouting Completion Time Assessment Graph

opdo] §h= o] Alse] Aekd=alar & 4= ok el Fask
Ak g g2k E ARl gk QR F B Ao sl
LT AI=E 2 MPa (Korea Rail Network Authority, 2018b),
£9] Zo] 12 m, £¢] 772 105 mm o] o]Z 7jAlE T
& Zaagd igshd 1 dskgke] BrhEEd ke
A= 4,375 Pa2 7FESIH(Table 4). 3=2] H3iel] 23k
TRpES] JEFEE AR whkg s AJsh o Fig.
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Table 5. Grouting Type Analysis Result on Grouting Hole No.41
P~q~tChart [ et const ionuay 50 Hole NO 41
J r Grouting Depth 12 m (3step)
il ik M
. l Mixing Ratio W/C=200 %
Grouting Result " Mg”m il ,
[ I Grouting Time 34~35 minute
Pvtuggnl !
Grouting Amount 2980
Stant/Ston | ¢ o451 - 163957
Camited o Cement Amount 89 kg

A Type

Pressure Max (P)

(;>/By) e
(UW))) — O

P

[—
T(min)

Grouting Type

A Type : Grouting pressure increases sharply sometime after grouting starts
(D Ideal permeation grouting in sandy soil

E Type

Pressure Max (P)

Analysis

(p1>/By) e T
(UL/]) — O

achieved.

—
T(min)

E Type : Grouting pressure increases repeating in the pattern of going up and down
(@ Ground fracture of grout material injected first occurs progressively because of the newly
permeating grout material. Thus, it can be considered that proper grouting is being
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