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A study on the establishment of pressure limit values of management monitoring

in tunnel
Jong-Tae Woo'*

'Dept. of Construction and Environmental Design, Kyungbok University, Professor

ABSTRACT: This study analyzed a monitoring data, based on the initial limit values of monitoring in subway, of earth
pressure and pore water pressure. The data is obtained from 8 sections of the Seoul metropolitan subway line No 6, 7 and
9 inabout 5 years. Also, a research is performed to set up the limit values of management monitoring, which will be applied
to management monitoring in tunnel, through comparing the limit values of overseas management monitoring data and that
of domestic management monitoring data. And the result obtained from comparison show that the safety phase is 60% of
allowable pressure, the attention phase is 80% of allowable pressure and the precision analysis phase is 100% of allowable
pressure. Also, we presented a method of management monitoring by the absolute value which can be easily applied easily
in practical affairs.

Keywords: Management monitoring in tunnel, Pressure limit values, Earth pressure, Pore water pressure
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Table 1. Limit values of Management monitoring on Seoul subway 2nd 1-Step 5,7,8 line

Item

Limit values of management monitoring

Tunnel outside earth pressure| . .
limit value

» Earth pressure theoretically calculated in tunnel structure calculation is applicated in maintenance

Tunnel outside pore water |

pressure limit value

Water pressure theoretically calculated in tunnel structure calculation is applicated in maintenance

Tunnel convergence is applicate 0.002 x 80%

» Optical fiber sensor and electricity-resistance sensor
- Allowable strain = 0.0016(0.16%)
- 0.002(0.2%) is the maximum strain which is concrete behavior within the elastic range. so, it

» Three dimensions lightwave measurement (vertical, convergence)
- Allowable displacement = +4 mm
- Japan tokyo transportation maintenance limit value £5 mm. so, it is applicate £5 mm x 80%
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Table 2. Management operating guidelines of Management monitoring on Seoul subway 2nd 2-Step 6,7 line

Table 2.1 Tunnel outside earth pressure

Management criteria

Safety judgment

Counter measures

0~25% changed for limit value +
applicable earth pressure on design

Safety

25 ~50% changed for limit value +
applicable earth pressure on design

Caution

Administrator should be carefully observed and checking
the measurement monitering in related site.

over 50% changed for limit value +
applicable earth pressure on design

Precision analysis

Administrator should be require a qualified technician to
precisely analyze corresponding cross-section

Table 2.2 Tunnel outside pore water pressure

Management criteria

Safety judgment

Counter measures

0~50 KN/m’ changed for limit value

Safety

50 ~100 KN/m® changed for limit value

Caution

Administrator should be carefully observed and checking
the measurement monitering in related site.

over 100 KN/m® changed for limit value

Precision analysis

Administrator should be require a qualified technician to
precisely analyze corresponding cross-section
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Table 3. Analysis result of tunnel outsid earth pressure measured in the average value and limit values (unit: kN/m?)
Designed earth Earth pressure average measurement value
L. . . pressure (KN/mz) (kN/mZ) .
Monitering section location » - North bound lane South bound Tane Tunnel outside earth pressure
1€ rown Left |Crown | Right | Left |Crown | Right
consi_r(l)lf:tion 15K485 | 1250 | 125 | 6l - | 487 [ 308 | - | 228 |pegiened carth pressure dep)
section (single line| A, - Wall =Crown =125 kN/m
verage | 1250 | 1250 | 610 | - | 487 | 308 | - | 228 |\yall max ave. =61 =049 dep
parallel tunnel)
41K400 160 - (-3.5) | 11 - 13.7 | 63.5 -
.. 41K681 | 0o ] i ] ] i ] 05 .
. (double) Designed earth pressure (d.e.p)
construction 42K230 | 119 120 17 | (38)| - | 256 | 127 | - |- Wall=118.6, Crown=173.0
section (2-arch 170 o 5000 | 230 | 395 | 00 | - | 930 | 34 | - |Wall max ave.—44.1-037 dep
station double N o
rack tunnel) 42K 435 e 169 . 63 ] . ] ] Crown max ave.=26.5=0.15 d.e.p
(double) ’
Average 118.6 173.0 | 283 5.8 - 44.1 | 26.5 0.5
9-03 5K100 122.2 55.9 - 23.0 | 50.0 | 17.0 | 12.0 - |Designed earth pressure (d.e.p)
construction 5K300 122.2 55.9 - 11.0 | 66.0 [(-97.0)| 30.0 - |- Wall=122.2, Crown=55.9
section (double Wall max ave.=58.0=0.47 d.e.p
track tunnel) Average | 122.2 55.9 ) 120 | 580 | 17.0 | 21.0 " |Crown max ave.=21.0=0.38 d.e.p
Total average 1119 | 118.0 | 447 | 89 | 534 | 306 | 238 | 11.7 -

Precautions: () is error value
* Tunnel outside earth pressure measurement max average value
=(0.49+0.37+0.15+0.47 + 0.38) Designed earth pressure (d.e.p)~5=0.37 d.e.p (application on limit value)
* Calculated the limit value appling earth pressure guidelines
1) Safety : 25% changed for limit value + applicable earth pressure on design=(0.25+0.37) d.e.p=0.62 d.e.p (designed earth pressure)
2) Caution : 50% changed for limit value + applicable earth pressure on design=(0.50+0.37) d.e.p=0.87 d.e.p (designed earth pressure)
3) Precision analysis : over 50% changed for limit value + applicable earth pressure on design = (over 0.50 + 0.37) d.e.p=over 0.87 d.e.p (designed
earth pressure)

Table 4. Analysis result of measured average tunnel outside pore water pressure measured in the average value and limit values
(unit: kN/m?)

Designed Measured average pore water pressure
Monitering section location |pore water North bound lane South bound lane Tunnel outside pore water pressure
pressure Left | Crown | Right | Left | Crown | Right

6,-05 . 15K485 28.0 10.0 - 3.1 (0.00) B 64 Designed pore water pressure (d.p.w.p)
construction section - Wall = Crown =28 KN/m’

(single line parallel| Ayerage |  28.0 10.0 - 3.1 - - 64 |Wall max ave.=10=0.36 dp.w.p
tunnel)
41K400 27.0 115 [ 0.00) | - [0.00 | 000 [ -

7._24 . 41K681 27.0 - - - - 0.1 - |Designed pore water pressure (d.p.w.p)
°°“25t2‘°t1‘1°“ secion"nK230 | 280 | (0.00) | (0.00) | - 177 | 44 = |- Wall=Crown=27.6 KN/m’
turfné],rsou;tlitlfrzck 42K250 28.0 0.00) | 27 - - 0.7 - |Wall max ave.=17.7=0.64 d.p.w.p

tunnel) 42K 435 28.0 1.9 53 R R R - |Crown max ave.=4.0=0.15 d.p.w.p
Average 27.6 6.7 4.0 - 17.7 1.7 -

9._03 . SK100 45.0 - . >0 20 . ~ | Designed pore water pressure (d.p.w.p)

construction section| 5K300 45.0 R R - 15.0 - - | Wall = Crown = 45.0 KN/m?
(d():?r:iega(:k Average 45.0 - - 5.0 85 - - Wall max ave.=8.5=0.19 d.p.w.p
average 33.5 8.4 4.0 4.1 13.1 1.7 6.4 -

Precautions: () is error value
* Tunnel outside pore water pressure measurement max average value
=(0.36 +0.64 + 0.15 + 0.19) Designed pore water pressure (d.p.w.p) + 4 = 0.34 d.p.w.p (application on limit value)
* Calculated the limit value appling pore water pressure guidelines
1) Safety : 25% changed for limit value + applicable pore water pressure on design = (0.25 + 0.34) d.p.w.p = 0.59 d.p.w.p (designed pore water pressure)
2) Caution : 50% changed for limit value + applicable pore water pressure on design = (0.50 + 0.34) d.p.w.p = 0.84 d.p.w.p (designed pore water pressure)
3) Precision analysis : over 50% changed for limit value + applicable pore water pressure on design = (over 0.50 + 0.34) d.p.w.p = over 0.84 d.p.w.p (designed
pore water pressure)
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Table 5. Result of limit values on management monitoring
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Limit values of monitoring management
Item — - Remark
Safety Caution Precision analysis
Tunnel outside 0.62P 0.87P over 0.87P » P =designed earth pressure
earth pressure
Tunnel outside — deci
pore water pressure 0.594 0.84 1 over 0.84u 1t = designed pore water pressure
* Optical fiber sensor and electricity resistance
0, 0, 0,
0.10% 0.13% over 0.16% sensor allowable strain = 0.0016 (0.16%)
Tunnel convergence Three di - Tiohtw .
* Three dimensions lightwave measurement
+ +
+2.5 mm 3.5 mm over x4 mm allowable displacement = 15 m+4 mm

Table 6. Limit values of monitoring management on the construction of retaining earth

Decision method

Item Criteria Limit values of monitoring management
(safety factor)

Danger Caution Safety

Earth pressure

designed value using earth pressure

= < < F< >
Lateral pressure distributionat design ¥ measurementby earth pressure F<08 08< Fs 12 F>1.2
. Wall Estlmate?% of the F= estimation of design ‘ F<08 08< F< 12 F>12
displacement design measurementby deformation

Table 7. Typical alarm levels a guide to field instrumentation in geotechnics

Level

Typical alarm level

1 Green |Data within expected and acceptable limits (under 50%)

Blue |Data approaching (50-60%) of the upper

limit

Amber |Data approaching (70-80%) of the upper

limit

VST I )

Red |Immediate action required to assess rates of change and implement modification to procedures (over 80%).

57



3.2 Channel tunnel (Euro tunnel)

Channel tunnel2 1%} 5045 km, & Z]o| Hat-
45 m, ZTARE 355, ThH7 = 5= B A 7.6 m,
AH|Z B 217 48 m, AITIHE Fae]Edfold 9
AA71E7 e 28 MPa, 7147172 19870l A]
1994E71A] 70| AL E|Ic(Moore and Crease, 1996).

Channel tunnel®] A|ZHE Z3E glo|y o=l
& AS7I7E AR E BEERE HatdE oldgke] 50
~90%= He]7|E2 2 &85t 9 tiMoore and
Crease, 1996; Eurotunnel, Transmanche-Link, 1991).

3.3 T XA Chatalet Kot A%}

3% Wi o) 5700] oF 230ykge] Fekiz ]
AJ5¥ 771 Clalet AJ814 ojAle] A1t 1Al 24
FAA A9 QYA ol B A&H 0w W]
SI5) HHGANZ ]85 G7AS =] e
soick AZ7] AAAHE 199200 15 m FHG
BIFAAE 107440 A3k, Aok 4] A
A el Beka Aol wREA S
P2 24V 15 me 5 mmE Agslo] 2
Aoz pelsha glow, el o] FlEAE st
A 237 A5H 0 A5l Aok 2yl

TYANFAL SEE= AlxHo] A E T

Table 8. Limit value of future applied management monitoring
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Limit values of monitoring management
Item - — - Remark
Safety Caution Precision analysis
Tunnel outside 0.60P 0.80P over 0.80P * P=designed earth pressure
earth pressure
Tunnel outside 0.60 0.80 over 0.80 * 11 =designed pore water pressure
pore water pressure oon el et " & p p
* Optical fiber sensor and electricity-resistance
0, 0, 0,
0.10% 0.13% over 0.16% sensor allowable strain=0.0016 (0.16%)
Tunnel convergence
* Three dimensions lightwave measurement
+ + +
Zom 3 mol ot 4o allowable displacement =15 m +4 mm
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