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A Study on the Development of Tunnel Soundness Evaluation System
Using Artificial Neural Network

Hyun-Woo Kim, Young-Geun Kim and Hi-Keun Lee

ABSTRACT One of the major roles of concrete lining is the supplementary support of ground load.
Therefore, if there are cracks or deformation found in the lining, the causes should be carefully
examined. Tunnel Soundness Evaluation System (DW-TSES) was developed to meet such requirements.
Main facility of the system was intended to find the probable causes on the basis of the apparent
changes in lining and the environmental conditions. It also includes facilities for evaluating the soundness
of a tunnel and indicating the method for repair or reinforcement. The characteristic feature of damages is
used for reasoning in case of deterioration and leakage, and artificial neural network is used in external
pressure. This process depends on the results of the case analyses and FDM, which have a collection of the
typical features of different types of damages as well as the unusual changes caused by the external
pressure. The comparison of the outputs of this system with those of expert's diagnoses draws the following
conclusions. 1) Artificial neural network was a suitable tool to find the causes of damages by external
pressure. 2) The environmental conditions improved the accuracy in reasoning. 3) The result of finding
causes and evaluating soundness was helpful to suggest effective methods concerning tunnel maintenance.

Key words : tunnel lining, artificial neural network, deformation or crack, soundness evaluation, repair
and reinforcement
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Table 1. Appearance for each cause of deformation (partial)

Horizontal crack Diagonal crack
Arch Arch  Side Side Arch Arch Side Side
Vault Shoulder Shoulder Wall Wall |Vault Shoulder Shoulder Wall Wall
(Left)  (Right) (Left) (Right) (Left)  (Right) (Left) (Right)
Earth pressure loosening G O O 0 o
Cross sectional unsymmetric O O O o) O
earth pressure
Cross sectional land sliding o} ®) o O o) o} o o
(tunnel crossing sliding plane)
Cross sectional land sliding 0 0 o 0 o o} o] 0
(tunnel beneath sliding plane)
Longitudinal unsymmetric
earth pressure - land slidng
Plastic earth pressure O o O @)
(Cross sectional) Poor
supporting capacity of ground 0 o] 0 C O
(Longitudinal) Poor supporting
capacity of ground O O [0} o) C
Water pressure O O 9! o
Frozen earth pressure O o o O
Tunnel settlement caused by
ground surface settlement




Table 2. Input data for deformation or cracks in tun-
nel-external pressure

Appearance

(D) Characteristic cracks
- Phenomena : horizontal crack
(cross sectional crack),

Vault vertical crack(longitudinal crack),
Arch diagonal crack, irregular crack
Side wall - Width of crack(mm),
length of crack(m)

(® Compressive failure

3@ Shear failure
Side Convergence
wall g

(@ Raising or settlement
Pavement (2) Cracks
Mnvert (3 Discrepancy between side wall and

invert
Tunnel
cross  Rotation, slide, or settlement of lining
section
@ Opening cracks at construction joint
Ete @ Tilt of or cracks of adit

(® Settlement of structure near tunnel
(@ Movement of tunnel

Table 3. Output of reasoning on causes of deforma-
tion or cracks-external pressure

External pressure

Earth pressure loosening

Corss sectional unsymmetric earth

pressure

Cross sectional land sliding
(tunnel crossing sliding plane)

Cross sectional land sliding
(tunnel beneath sliding plane)

Longitudinal unsymmetric
earth pressure - land sliding

Plastic earth pressure

(Corss sectional) Poor supporting
capacity of ground

(Longitudinal) Poor supporting
capacity of ground

Water pressure

Frozen earth pressure

Tunnel settlement caused by ground
surface settlement

Natural
causes
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Fig. 3. Input module for construction control and en-
vironmental condition
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Table 4. Construction control and environmental con-
ditions-external pressure (partial)

Construction control and environmental
condition

(@ Terrain near tunnel
(2 History of failure in the slope above
tunnel
Terrain (3) Presence of water above tunnel
(@ Thickness of ground surface above
tunnel
(® Ground water near tunnel

D Kind of ground

(2) Presence of fault or fracture zone near
tunnel

(® Schistosity or stratification near tunnel

Geology @ Ground strength ratio ~ thickness of

ground surface above tunnel, density of
ground, strength of ground

® Different kind of ground under each
side wall
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Fig. 4. Module for showing result of reasoning-external
pressure (natural causes)
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Fig. 6. Module for showing the result of tunnel sound-
ness evaluation



Fig. 7. Module for showing the methods of repair
and reinforcement
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Table 5. Input data of tunnel deformation or cracks

Position and Phenomena

Horizontal erack-arch shoulder(L, R),
side wall(L)
Vertical crack-vault, arch

Crack shoulder(L, R), side wall(L, R)
Diagonal crack-arch shoulder(R),
side wall(l, R)
Compressive
failure Vault (length 7 m)
Pavement/ Raising caused by ground
Invert expansion
Deformation Convergence (maximum
displacement 15 mm/year)
Environmental Groupd expansion
condition Non-my e.rt
Thin lining
100

[ BEE Unusual Changes
80 L | Sl Environmental Con. |
--m-- Reasoning Result |

Possibility (%)

GL uUSt Lsi LS2US/LSPGS PG1 PG2 WP FP SUB

Causes of deformation or crack

Fig. 9. Result of reasoning on causes of deformation
or cracks-plastic earth pressure
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