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A study on the treatment of extermal water pressure for the water pressure tunnel

at the structural analysis of concrete lining
Hyeon-Sub Lee'*, Young-Joon Lee', Seung-Woo Seo', Young-Chul Hwang1

lKoreal, Yooshin Engineering Co, 8, 4Gil, Yeoksam-ro, Gangnam-gu, Seoul

ABSTRACT: When the structural analysis is performed for the concrete lining of the water pressure tunnel, many parameters
are considered such as relaxed ground loads, internal water pressure, external water pressure, the shrinkage of the concrete
lining, grouting pressure, etc. But, there are no standards and manuals for the structural analysis for the concrete lining of
the water pressure tunnel. Above all, the external water pressure has an much effect on the stability of tunnel. So, in case
that permeability of ground is large, the external water pressure should be decreased by installation of weep hole, or
reinforced ground by ground improvement grouting should be pressed by the external water pressure instead. But, when
weep hole is installed to reduce the external water pressure, the many problems may me occurred. Thus, reasonable approach
for treatment of the external water pressure is necessary if weep hole is not installed. Therefore, the purpose of this study
is to analyze design cases and studies for treatment of the external water pressure in performing structural analysis for the
concrete lining of the water pressure tunnel, and to find reasonable method for tunnel lining modeling which is the treatment
of the external water pressure according to permeability of ground and consequently the design of ground improvement
grouting.

Keywords: Water pressure tunnel, Weep hole, Concrete lining modeling, External water pressure, Internal water pressure
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Table 1. Economic efficiency and construction period of water conveying tunnel

Economic efficiency

Construction period

25,000,000

20,000,000 NATM

PN

15,000,000
TBM

10,000,000

cost (1,000won)

5,000,000

20 25 30
excavation distance (km)

35 4.0 45

advance speed (m)

NATM
D

2 3 4 s 6 7 8 9
excavation diameter (m)

* When excavation distance is over 1.4 km, OPEN TBM is more
economical
- When below 1km, NATM is more economical

¢ When excavation diameter is 3.0 m, NATM is about 155 m/
month (two way excavation) and OPEN TBM is about 300 m/
month
- Advance speed of OPEN TBM is twice as fast as NATM
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Table 2. The cases of design and construction about application of weep hole at water conveying tunnel

. The location and the | Application of external
1059 [ SIS number of installation water pressure
@ Watejr conveying tunnel 1,23 in Dacchung-Dam (step 2) Installed Shoulder, 1EA No structural analysis
multi-regional water supply system
(b) 2nd water conveying tunnel in Han-river downstream Installed Shoulder, 1EA Applied
(c) Water conveying tunnel connecting Gwangju city to the o - .
Donbok lake Installed 120° interval, 3EA Applied
(d) Water conveying tunnel of multi-regional water supply )
system in the southern part of Jeon-Nam Installed Shoulder, 1EA
(e) The step 5 project of capital area multi-regional water Not installed ) ApPlled
supply system (Only grouting pressure)
(f) Yangsan region of Nakdonggang River riverbank filtrate Not installed - Not applied

Weep Hole (250)
Longitudinal C.T.C 3.0m

of Tunnel

3,850
3,000

3,185

(a) Water conveying tunnel 1,2,3 in
Daechung-Dam (step 2) multi-regional
water supply system

Weep Hole (250)
Longitudinal C.T.C 3.0m

€ of Tumnel

2,650
5,610

(d) Water conveying tunnel of multi-regional
water supply system in the southern
part of Jeon-Nam

Weep Hole (250)
Longitudinal C.T.C 3.0m

@ of Tunnel

3,000 | l

(b) 2nd water conveying tunnel in
Han-river downstream

5,000

(e) The step 5 project of capital area
multi-regional water supply system

Weep Hole (250)
/ Longitudinal C.T.C 3.0m

€ of Tunne!

2,600

2,600
(c) Water conveying tunnel connecting

Gwangju city to the Donbok lake

€ of Tumnel € of Tunnel

3,500

3,500 |

(f) Yangsan region of Nakdonggang River
riverbank filtrate
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Fig. 1. External water pressure at concrete lining of drainage
or undrainage tunnel
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Fig. 2. Joint water pressure at watertight lining (Seeber, 1999)

Table 3. Estimate water pressure by permeated water at Joint

The inflow type of underground water at joint Water pressure (kg/cm’) Remark
(1) Dry excavation or little permeated water under 1.0
(partial occurrence and permeated water below 5¢ /min) ’
(2) Middle sized inflow and water pressure condition 1.0-2.5
(the state that filled materials at joint is washed) o L. §3)N(6) are
inaccurate
(3) Water pressure and inflow magnitude are large, and much inflow is occurred at 25-10 estimated value
joint that has no filling ' 2. There is no
(4) Water pressure and inflow magnitude are large, and filling is washed by inflow 2.5~10 consideration for
- - - the effect of
(5) In excavation, Wa?er pressure and inflow magnitude are large-scale, and those over 10.0 freezing
are decreased as time passed
(6) In excavation, water pressure and inflow magnitude are large-scale, and there are over 10.0
no decrease as time passed ’
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Table 4. Grouting proifle of water pressure conveying tunnel

Division Backfill grouting Contact grouting Consolidation grouting
»  Consolidation
Contact grouting (©50) /]\ grouting (®50)
1=1.0n,C.T.C=2.0n /L one T oz 0n
Backfill grouting (®50) - N
X 7
7N \ ,,
Outline ,/ s \

// 4 N
Y '

Characteristics | zone

* Gap filling for lining crown |* Cracks filling around tunnel ground
* Gap filling for ground-lining interval
* Water-proof and water-stops

* Stiffness increase for soft rock
* Gap filling for ground-lining interval
* Water-proof and water-stops

Installation CT.C30m

L=10m, CT.C 20 m

L=20m, CT.C 20 m
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(a) Internal water pressure transfer at interface
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R Ratius to inner surface of lining (m)

. Allowable tensile strain of lining (£,,=1.0E-4)

concrete lining (MPa)
. Distribution water pressure of concrete lining
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R
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(b) Distribution of internal water pressure according to characteristic curve
of rock-concrete lining

. . Ratius to outer surface of lining (m)
. Internal water pressure (MPa)

: P, + R /R, Internal water pressure at interface between rock and E,:
.

By

Deformation modulus of rock (MPa)
Deformation modulus of concrete (MPa)

Fig. 3. Rock-concrete lining interaction for internal water pressure
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Condition Lining type Application
1 | P/ < (Pyt+Pp) plain concrete lining -
2 | B/ > (PgtPp) reinforced concrete lining or consolidation grouting for ground improvement -
3 P' > P, consolidation grouting for ground improvement o
4 Hydro jacking steel tube or reinforced concrete lining -

Table 6. Grouting plan according to coefficient of water permeability for rock mass quality

Division

Impermeable layer

Permeable layer

O O O O O

Coefficient of water permeability (cm/s)| 1.0 x 107 4.5x% 10 1.9x10° 8.0x 107 34x 10"

Design application

cutoff grouting is unnec

essary cutoff grouting is necessary

O the criteria of impermeability layer :
2011)

1.0 x 107 cm/s (Criteria and
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Table 7. stability evaluation of concrete lining-ground for water conveying tunnel acting internal water pressure

Rock quality O

Rock quality O

Rock

0.5
Pe
0.0 ===T
Pgo]

0.5

Pressure(MPa)

e :

20

Strain(x10+4)

2}

Lining

+Ps_q o

1.0

0.5

Pe

0.0 t

Strain(x109)
20 25

Pressure(MPa)

Pg

-0.5

Lining

+Ps_10

P, =0.203 MPa (Internal water pressure)

P/=P « R/R =0203x24 m/27 m=0.180 MPa
P,=(R*~RY)/(2R*) X Eyxe,, = 0252 MPa
Pp=E,, Xe, =1225 MPa

Py+P,=1477 MPa> P=0.180 MPa

P, = 1225 MPa> P, = 0.180 MPa

P, =0.203 MPa (Internal water pressure)

P'=P +R/R =0203x24 m/27 m=0.180 MPa
Py=(R*~ RY)/(2R?) X By x e, = 0252 MPa
P,=E, Xe, = 0315 MPa

Py+P,= 0567 MPa> P, = 0.180 MPa
P,=0315MPa> P, = 0.180 MPa

Rock quality O Rock quality O
1.0 10
+Pe +Pe
0.5 0.5
_ Grol)tln_g ______ = Grouting ___—===~
g L e T A S ——
% g‘; _____________ Rock  strain(x104)
5 t Strain(x107) 5 00 : Py ’ !
@ P 15 20 2p @ op 1p 15 20 25
4 - ¢ ol T Ly
o o
05 = 05 Lining
Lining
+Pg_1 0 +Ps10

P, =0.203 MPa (Internal water pressure)

P/=P «R/R =0203x24 m/27 m=0.180 MPa
Py=(R'— RY)/(2R?) X Eyxe, = 0252 MPa

P, =E, Xe, = 0.140 MPa

Py+P,=0392 MPa > P, =0.180 MPa

P,=0.140 MPa < P, =0.180 MPa

P, =0.203 MPa (Internal water pressure)

P'=P, +« R/R =0203x24 m/27 m=0.180 MPa
Py=(R*—RY)/(2R?) X Eyxe,; = 0252 MPa
P,=E, Xe, = 0007 MPa

Py+P.= 0259 MPa > P, = 0.180 MPa

P, =0.007 MPa < P, =0.180 MPa

(a) Grouting assessment according to coefficie

nt of water permeability for rock mass quality

Rock mass quality Pa' (MPa) P (MPa) Assessment Reinforcement assessment Permeability assessment
O 0.180 1.255 P/ < P | cutoff grouting is unnecessary impermeability
O 0.180 0.315 Pa’ < Pp cutoff grouting is unnecessary permeability
O 0.180 0.140 P/ > Py cutoff grouting is necessary permeability
O 0.180 0.007 Pa’ > Pp cutoff grouting is necessary permeability

(b) Results for grouting assessment according to coefficient of water permeability for rock mass quality
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