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Abstract

In order to evaluate the impact of ground subsidence and superstructures that are
inevitably caused by tunnel excavation, a total of seven major influencing factors of
surface subsidence and structural soundness reduction were set, and a Parameter Study
using numerical analysis was conducted. Stability analysis was performed using
scheme of Boscardin and Cording method and the maximum subsidence amount and
the angular displacement, and correlation analysis was performed for each major
influencing factor. In addition, it was applied that used the mutual behavior of the
ground and the structure by parameter analysis in the site of the OOO tunnel located
in Hwaseong-si, Gyeonggi-do, and the applicability of the site was analyzed. As a
result, the error was found to be 1.0%, and it could be used as a basic material for
determining the appropriate tunnel route under various conditions when evaluating the
stability of the structure according to tunnel excavating at the design stage.

Keywords: Structure damage evaluation, Parameter analysis, Correlation analysis,
Numerical analysis
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Fig. 1. Ground settlement curve (Gaussian normal distribution)
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Table 1. Allowable settlement (Sower, 1962)

Type of movement Structure type Maximum settlement (cm)
Drainage 15~30
Access 30~60
Total settlement Masonry walled structure 2.5~5
Framed structure 5~10
Smokestacks, Silos, Mats 7.5~30
Smokestacks, Towers 0.004S
Overturing Stacking of goods 0.01S
Crane rail 0.003S
High continuous brick walls 0.0005~0.002S
Reinforced-concrete building curtain walls 0.003S
Unequal settlement -
Steel frame, Continuous 0.002S
Simple steel frame 0.005S

Angular displacement &/ L
1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000
| | |
LLiIT‘IiT where difficulties with
machinery sensitive to
settlements are to be feared

Limit of danger for frames with diagonals
Safe limit for buildings where cracking is not permissible

— Limit where first cracking in panel walls is to be expected

- Limit where difficulties with overhead cranes are to be expected

“— Limit where tilting of high, rigid buildings might become visible

—— Considerable eracking in panel walls and brick walls
—— Safe limit for flexible brick walls, (L/H>4)
—— Limit where structural damage of general buildings is to be feared

Fig. 3. Limits related to angular displacements (Bjerrum, 1963)
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Table 2. Damage limit of structure (Skempton, 1955)

Condition Individual footing Mat foundation
Angular displacement (5/7) 1/300
. Cobhesive soil 44 mm (38 mm)
Maximum unequal settlement -
Sandy soil 32 mm (25 mm)
) Cohesive soil 76 mm (64 mm) 76~127 mm (64 mm)
Maximum settlement -
Sandy soil 51 mm 51~76 mm (38~64 mm)

()This is the recommended maximum.

Table 3. Description of risk (Rankin, 1988)

Risk | Maximum slope | Maximum settlement Descrintion of risk
category of building of building (cm) P

1 <1/500 <10 Negligible : superficial damage unlikely

) 1/500~1/200 10~50 Slight : pos.51bFe superficial damage which is unlikely to have
structural significance

3 1/200~1/50 50~75 Moderate : ex.pe'cted super’ﬁc1a1 damage and 30351b1§ strugtura}l
damage to buildings, possible damage to relatively rigid pipelines
High : expected structural damage to buildings. Expected damage

4 >1/50 >75 PP . - .
to rigid pipelines, possible damage to other pipelines

Boscardin and Cording (1989) &3 715 AH-S 915l Fig. 48 2o] ZFAL(S), 8 HIE(,), 71-£7]
(tilt) 78-S =5t Fig. 59 -2 W7 BE ARgote] S&4EE WIIet 4= 9l W72 Aottt

Burland (1995)+= Fig. 61 2] #3H|(deflection ratio, A/ L)}t <=H ¥ &E(horizontal strain, ¢, )= 2-85t
S5 PP 1S ARG H, Boone et al. (1999)- Fig- 73} o] FHRF JIEHPE(e ) TRIEHIE
(e,)°ll ool AFE 74 HF o] A7 2 &% B7P = AAISITh

(a) Angular displacement ( S=4,/L)  (b) Horizontal strain (e, =46,/L) (c) Tilt (6,,/ H)

Fig. 4. Displacement concept (Boscardin and Cording, 1989)
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Fig. 8. Strain damage estimation criterion (Son and Cording, 2005)
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Table 4. Condition for the parametric numerical analyses

Condition Case
Tunnel depth 10.0~40.0 m
Tunnel shape 7.5~19.5m
Ground condition II, IV, V, Weathered rock, Soil
Tunnel supports Normal, Umbrella arch method (small, large)
Structure height 12.5~70.0 m
Structure shape 10.0~40.0 m
Structure location 0.0~40.0 m

F .0~40.0m 12.5~70.0m

[10.0m/10.0m{10.0m/10.0m,

11l Classic 7p~19.8m
IV Classic =
V Classic g
Weathered rock -

Soil
- - - - - -
200.0m ‘
(a) Boundary for analysis (b) Analysis modeling

Fig. 9. Tunnel analysis boundary and modeling

Table 5. Material properties used for analysis

Rock mass class Unit weight, yt | Elastic modulus Cohesion, C Friction angle, ¢ Poisson ratio
(kN/m’) (MPa) (kPa) @) (v)
Jil§ 25 5,000 1,200 38 0.25
v 24 2,000 500 34 0.27
\4 23 800 100 30 0.29
Weathered rock 21 250 40 32 0.32
Soil 19 30 20 30 0.32

3.2 Of7Hee4~ s ZupsEM

3.2.1 AR FZE FA Sl AR

Z}zko] wli7fseo] whet e g Z&of| whE L35 P s alslal T AT B (EEA )7 U
etz 0] Aofslr2 125 25t Z1H Q7 ull$- I Yehgtt Tk B Zo] 311, 2| Hafo] 22
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TE= Aot 2L Lo ek, S35 R A0 FEE HRI(H'E AT T ElE 2T
= TEE st 4Ll Pt go sk Z o0& YRt 3E £ B Dol 712 Fol 2
5]‘6‘01 o] st} ZA YeRAIRE, ZH 919] -9 525 5 40 m O] 7-9-E Tt 30 m 732729 glol

O 2 LFERTE. Table 67} Table 7, Fig. 102> 34 Case % 555 ¢H| EX1120 m, A HYH2 -T2 E
SFEEE HY E 12m, 5= %040 m, 5= 230 mof| tiote] oot 2 9] 23k Epd Aot

MH%

Table 6. Results of the angular distortion according to structure location

Rock macs claSSLocam’n (m) 0m 10m 20m 30m 40m
i 0.92 0.58 0.23 0.06 0.004

N 2.19 138 0.54 0.16 0.03

v 5.73 3.61 1.49 0.53 0.20

Weathered rock 18.40 10.88 438 1.65 0.79

Soil 167.68 91.44 31.76 10.58 5.44

Table 7. Results of the maximum settlement according to structure location

Rock mace ClassLoca“on (m) 0m 10m 20m 30m 40m
i 2.1E-05 1.7E-05 7.4E-06 1.7E-06 1.7E-08
v 4.9E-05 4.0E-05 1.7E-05 5.0E-06 3.6E-07
A 1.2E-04 9.8E-05 4.2E-05 1.3E-05 1.6E-06
Weathered rock 3.8E-04 2.9E-04 1.1E-04 3.0E-05 1.7E-06
Soil 3.8E-03 2.5E-03 8.0E-04 1.7E-04 2.1E-05

(a) Structure location 0 m (b) Structure location 20 m

Fig. 10. Results of the vertical displacement
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Fig. 11. Results of the damage assessment (Boscardin and Cording method)
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Fig. 12. Results of the parametric analyses (angular distortion vs. maximum settlement)
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