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A study on the establishment of stress 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 concrete
lining stress and reinforcement stress. The data is obtained from 7 sections of the Seoul metropolitan subway line No 6, 7,
and 9 in about 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 shows that the safety phase
is 60% of allowable stress, the attention phase is 80% of allowable stress and the precision analysis phase is 100% of
allowable stress. Also, we presented a method of management monitoring by the absolute value which can be easily applied
in practical affairs.
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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

Concrete lining
stress

* allowable bending compressive stress = 6.7 Mpa
(0.4f, < 80% = 0.4<21<0.8)

* bending tensile stress = 2.9 Mpa (0.63,/f, =0.63 < v/21)

Concrete lining reinforcement stress

* allowable stress=120 Mpa (0.5f, X 80% = 0.5><300 < 0.8)
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Table 2. Management operating guidelines of management monitoring on Seoul subway 2nd 2-Step 6,7 line

Table 2.1 Concrete lining stress

Management criteria Safety judgment Countermeasures
0~ 15% changed for limit value +
allowable stress Safety )
15 ~30% changed for limit value + Caution administrator should be carefully observed and

allowable stress

checking the measurement monitering in related site.

over 30% changed for limit value +
allowable stress

Precision analysis

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

Table 2.2 Concrete lining reinforcement stress

Management criteria

Safety judgment

Countermeasures

0~15% changed for limit value +
allowable stress

Safety

15~30% changed for limit value +
allowable stress

Caution

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

over 30% changed for limit value +
allowable stress

Precision analysis

administrator should be require a qualified technician
to precisely analyze corresponding cross-section
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Table 3. Analysis result of bending compressive stress of concrete lining measured in the average value and limit values

(unit: MPa)
o _ _ North bound lane South bound lane Concrete lining bending
Monitering section location X - g
Left | Crown | Right Left | Crown | Right compressive stress
6-05 construction section 15K250 0.59 1.55 1.66 0.00 3.51 0.00 £,=0.46,=0.4x21=8.4
(single track tunnel) 15K485 | 4.15 | 045 132 | 000 | 122 | 138 | Wall max ave=2.37=0.28f
6-05 construction section average 237 | 100 | 148 | 000 | 236 | 069 | Crown max ave=236=0.28f
41K400 0.84 0.12 - - 2.57 1.28
7-24 construction section f.=0.4f4=0.4x21=8.4
. 42K230 1.23 1.66 - - 3.08 1.16 ca— - Hlek—L :
(2-arch station tunnel) Wall max ave.=1.77=0.21f.,
42K250 1.97 0.76 3 - 3.61 2.86 Crown max ave.=3.08=0.37f..
7-24 construction section average 1.35 0.85 - - 3.08 1.77
9-03 construction section 5K100 - 2.84 2.78 3.50 4.32 - £,,=0.4£,=0.4x24=9.6
(double track tunnel) 5K300 - 361 | 357 | 464 | 549 - Wall max ave.=4.07=0.42f.,
9-03 construction section average - 3.23 3.27 4.07 491 - Crown max ave.=4.91=0.51f.
Total average 1.86 1.69 2.38 2.04 3.45 1.23 -

Concrete lining bending compressive stress measurement max average value
=(0.28+0.3740.51)f.s+3=0.39f.. (application on limit value)

Calculated the limit value appling concrete lining bending compressive stress guidelines

1) Safety : 15% for limit valuet+allowable stress, 0.15f;+0.39f:=0.54f,

2) Caution : 30% for limit valuet+allowable stress, 0.30f.,+0.39£,;=0.69f..

3) Precision analysis : over 30% for limit valuet+allowable stress, 0.30fu+0.39f.,=Over 0.69f.,

Table 4. Analysis result of bending tensile stress of concrete lining measured in the average value and limit values

(unit: MPa)
o . . North bound lane South bound lane . . .
Monitering section location Concrete lining bending tensile stress
Crown Side
7-24 construction section 21K400 144 127
(2-arch station tunnel) ’ ’ £=0.63 Y fu=0.63 1 21=2.89
- - Crown max ave.=1.44=0.50f;
7-24 construction section average 1.44 1.27
9-03 construction section 5K100 0.68 119 £m0.63 £=0.63 24=3.00
(double track tunnel) e k=Y =
SK300 060 107 Side max ave=1.13=0.37f;
9-03 construction section average 0.64 1.13
Total average 1.04 1.20 -

* Concrete lining bending tensile stress measurement max average value :
=(0.50+0.37)f+2=0.44f; (application on limit value)
* Calculated the limit value appling concrete lining bending tensile stress guidelines
1) Safety : 15% for limit valuetallowable stress, 0.15f+0.44£=0.591;
2) Caution : 35% for limit valuet+allowable stress, 0.30f+0.44£=0.74f;
3) Precision analysis : over 30% for limit valuetallowable stress, 0.30f+0.44f=Over 0.74f;
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Table 5. Analysis result of reinforcement stress of concrete lining measured in the average value and limit values (unit: MPa)

o . ) North bound lane South bound lane Reinforcement stress of
Monitering section location ..
Left |Crown| Rght | Left | Crown | Right concrete lining
6-05 construction section 15K250 - - 83.82 | 26.10 | -15.66 | 2244 £,,=0.5£,=0.5x300=150
(single line parallel tunnel) 15K485 | 10.70 | -2520 | 9.07 | 1596 | -10.59 | 30.10 | Wall max ave=46.45=0.31f,
6-05 construction section average 10.70 | -2520 | 4645 | 21.03 | -13.13 | 2627 | Crown max ave=25.20=0.17f,
9-03 construction section 5K100 - 13602 | 6726 | 2881 | 13.19 - £.=0.56,-0.5x300=150
(double track tunnel) 5K300 - | 6498 | 6634 | 3828 | 17.64 - Wall max ave=66.80=0.45f,
9-03 construction section average - 50.50 | 66.80 | 33.55 | 1537 - Crown max ave.=50.50=0.34f,
Total average 10.70 | 37.85 | 56.63 | 27.29 | 1425 | 26.27 -

(Remark : (-) tensile stress, compressive and tensile stress is equal)
* Reinforcement stress of concrete lining measured in the max average value :
=(0.31+0.45)f,+2=0.38f, (application on limit value)
Calculated the limit value appling concrete reinforcement stress guidelines (SD300 limit value)
1) Safety : 15% for limit valuetallowable stress, 0.15f,+0.38f,=0.53f,
2) Caution : 30% for limit valuetallowable stress, 0.30f,+0.38£,=0.68f
3) Precision analysis : over 30% for limit valuetallowable stress, 0.30f+0.38f,=Over 0.68f,
4) Allowable stresses are as follows by steel type

SD300 : f=300 MPa, f,=0.50f,=150 MPa

SD350 : £=350 MPa, f,=0.50f,=175 MPa

SD400 : f=400 MPa, f,=0.45f,=180 MPa

Table 6. Result of limit values on management monitoring

Limit values of monitoring management
Item - — - Remark
Safety Caution Precision analysis

Concrete lining bending
compressive stress

* allowable bending

054z 0.69fca over 0.69fc, compressive stress (fe=0.4fux)

* bending tensile stress
0.59f; 0.74f; over 0.74f; (coefficient of rupture)
(£=0.63 fux)

Concrete lining bending
tensile stress

Reinforcement stress of

- 0.53f;, 0.68f:, over 0.68f;, * allowable stress (f,=0.5f)
concrete lining

Total average 0.55 0.70 over 0.70 -

Table 7. Limit values of monitoring management on the construction of retaining earth

Decision method

Item Criteria Limit values of monitoring management .
T Danger Caution Safety
compres31ve and F= allowable tensde(c':ompresswe)'stress F<0.8 08<F<12 F>12
i tensile stresses measurement by tensile(compressive) stress
Wal
bending stress and
stress . ;
allowable P allowable bendmg(Ash ear ) stress F<0.8 08<F<12 12
measurementby bending(shear ) stress
shear stress
Strut axial force allowable axial P allowable axial fofce of bracing F<038 08<F<12 F>12
force of brace measurement by bending(shear ) stress
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Table 8. Analysis result of bending compressive stress of precast concrete lining measured in the average value and limit

values (unit: MPa)

Monitering section location/ Crown Invert axis Remark
convergence date Data f.  |Ratio(%)| Data f. | Ratio(%)
1 08.05.1993 3.8 112 33.9 7.6 112 67.9
2 08.05.1993 3.8 112 339 59 112 527 |* precast concrete lining
08.05.1 1.2 0 8.4 11.2 50 | [ 040428112 MPa
3 05.1993 37 : 33. . ' 75. ¢ Crown max ave.=4.6 MPa=0.41f.,
4 08.05.1993 45 112 40.2 8.0 112 714 |+ Invert max ave.=8.4 MPa=0.75f,
5 08.05.1993 37 112 | 330 6.6 112 | s89 | g‘;tg"‘; max ave.~(041+0.75)fex 2=
. ca

13 05.05.1993 6.1 112 54.5 10.9 112 97.3
14 05.05.1993 6.7 112 59.8 11.2 112 100.0

Total average 4.6 112 41.1 8.4 11.2 75.0

Table 9. Limit value of future applied management monitoring

Limit value of future applied management monitoring
Item - — - Remark
Safety Caution Precision analysis
Concrete lining allowable bending
bending 0.60xf, 0.80xf,, 1.0xf,, compressive stress
compressive stress foo = 04X fy
C te lini bending
oncrete fning tensile stress (coefficient of
bending 0.6%f, 0.80xf, 1.0xf, t(ur ot
Tensile stress rupture)
1,=0.63v [,
i allowable stressf
Relnforcement' ;tress of concrete 0.60xf,, 0.80xf,, LOxf,, W fsa
lining f50=0.5%f,
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Table 10. Result of limit values on management monitoring
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Limit values of monitoring management
Item - — - Remark
Safety Caution Precision analysis
Concrete lm.mg bending 0.54E., 0.69.0 over 0.69f, * allowable bending compressive stress
compressive stress (fea=0.4fk)

Concrete lining bending * bending tensile stress (coefficient of

tensile stress 0.59%: 0.74f; over 0.74f; rupture) (£=0.63 fux)
Reinforcement stress of * allowable stress

concrete lining 053 0681 over 0.68f (f=0.5f,)

Total average 0.55 0.70 over 0.70 -
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