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Development of perfformance assessment criterion for structures of shield TBM

tunnel
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ABSTRACT: In this study, the performance assessment criterion for reasonable maintenance of shield TBM tunnel was
presented. The performance assessment items such as crack, leakage, breakage, spalling, exfoliation/detachment,
efflorescence, quality condition, exposure of steel, carbonation, faulting step, bolts condition, drainage condition, ground
condition, contact section condition and conduit condition were selected by analyzing domestic and foreign performance
assessment criterions and investigating segment lining deterioration cases through the site investigation and in-depth
inspection analysis result on the shield TBM tunnel. In addition, the reasonable weight using AHP (Analytic Hierarchy
Process) were estimated.
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Table 1. The defects of concrete structures (FHWA, 2009)

Defects

Defects state

Level

Description

Scaling

The gradual and
continuing loss
of surface
mortar and

aggregate

minor

Loss of surface mortar
up to 6 mm deep, with
surface exposure of
coarse aggregates

moderate

Loss of surface mortar
from 6 mm to 25 mm
deep, with some added
mortar loss between the
coarse aggregates

Loss of coarse
aggregate particles as
well as surface mortar

severe and the mortar
surrounding the
aggregates. Depth of
loss exceeds 25 mm
A crack is a minor Up to 0.80 mm
.hnear fracture Between 0.80 mm and
in the concrete | moderate
3.20 mm
Cracking caused by
tensile forces
exceeding the
tensile strength severe Over 3.20 mm
of the concrete.
Less than 12 mm deep
minor |or 75 mm to 150 mm
in diameter.
L 12 mm to 25 mm deep
Spalling is a :
. moderate | or approximately 150
roughly circular A
. mm in diameter.
Spalling or oval
depression in More than 25 mm deep
the concrete and greater than 150
mm in diameter and
severe . .
any spall in which
reinforcing steel is
exposed.
Leaving holes up to 10
minor mm in diameter, or
These are equivalent.
conical Leaving holes between
fragments that | moderate | 10 mm and 50 mm in
Pop-Outs |break out of the diameter, or equivalent.
surface of the Leaving holes 50 mm
concrete leaving L
to 75 mm in diameter,
small holes. .
severe |or equivalent. Pop-outs
larger than 75 mm in
diameter are spalls.
The concrete surface is
This occurs on | Minor wet although there are
. no drips.
a region on the
concrete surface Active flows at a
where water is | moderate | volume less than 30
Leakage . . ,
penetrating drips/minute.
through the Active flows at a
concrete
severe |volume greater than 30

drips/minute.
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Table 2. An assortment of common damages on segments
(Georg, 2004)

Defects Description

The porosity of the surface is conditioned by number
and size of voids (determining diameter of a single
void) per rated surface area. By adherence to defined
maximum values no repair is required. Measure:
closure of voids by stopping with cement-bound
mortar and final surface smoothing.

Voids

Distinction between micro-cracks or damage-cracks.
Dominant characteristic is the measured crack width.
Micro-cracks (in general smaller 0,2 mm) within the
groove need no repair since being filled by glue.
Damage cracks within the groove may be penetrated
with epoxy resin of low viscosity.

Cracks

Spallings within the edges of the groove are
conditioned by depth and defined maximum length
respective. Repair of spalling segment edges is
necessary when > 5 mm depth and/or > 20 mm length.
‘When the bottom of the groove is intact the edges can
be postformed by stopping with cement-bound mortar
and final forming. Spalling greater 3 cm needs repair
with epoxy resin reconstructing the original geometry.

Spalling

breakages are to be distinguished as within the groove
or within the contact area or within the erector cones
and bolting gaps. Limitation of repair to size of depth
(8, 7, 6, 5 mm) and corresponding length (50, 60, 70,
80 mm). Repair measure by stopping with cement
bound mortar and final forming. Smaller breakage (<5
mm) and those which are outside areas with defined
special requirements need no repair.

Breakage

Careful check of the segment is necessary. Pockets
must get filled like breakage when they are out of the
groove basis, locally limited and do not reach the
reinforcement.

Repair measure by cleaning the structure reaching the
intact concrete zone and filled with cement bound
mortar. Segments with more than one pocket are to be
sorted out.

Pockets

Staggered joints and lateral off-set of segments after
finishing of ring application.

No dismantling of segments is possible.
measure by widening and filling the joints.

Joints Repair
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Table 3. Summary of sites

No. Sites Summary of sites
Seoull Sub.way Line 7 Length = 3,178 m
1 |(Chunui Station ~ Bucheon Excavation width = 7.37 m
City Hall Staition) ;
Bundang line _
2 (Wangsimni Station ~ Le.ngt h . 84? m
. . Excavation width = 8.06 m
Apgujeongrodeo Station)
Busan Subway Line 2
3 (Minrak Station ~ Length = 840 m
Centumcity Station)
Seoul Subway Lme 9 Length = 3,614 m
4 (Dangsan Station ~ Excavation width = 7.80 m
Yeouido Station) xeav W ’
5 | Namgwangi Sation ~ | Leneth = 1425 m
gwang) . Excavation width = 7.50 m
Geumnamrosaga Station)
Incheon International
6 Airport Railroad Length = 1,075 m
(DMC station ~ Gimpo |Excavation width = 7.85 m
International Airport Station)

[ Other Deteriorations
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@ Efflorescence

[ Leakage

B Leakage
I:‘ Efflorescence

Crack

. Other Deteriorations

Fig. 2. Main Deterioration
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(a) Leakage

(d) Exfoliation

(e) Bolt Defect (f) Faulting step

Fig. 3. Representative deteriorations at sites
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Table 4. The proposed Evaluation Items of Shield TBM AZSE 4= Q)= vl o] QlojA] HriaTlke] AlZA)e-
NATM Proposed Shield TBM =Y 4 UtHJung and Park, 2002).

Crack Crack = Qo= AHP 7S 4835 <= TBM Bd
Leakage Leakage B7E o] ASTEE Fig 59 o] 793130tk
Breakage Breakage o] Tt BrPlEolei F4el AZ of) 274
Spalling Spalling (—5-]__1_?1_ 75“_7:_& _‘rL/HQ(ﬂ OILq] o]‘— 7} 7;]]___01] .&:—5}]

Desdhnent Desdiment e S ve 14 1 gelng 590 24 A
Efflorescence Efflorescence dE guse) AU 7eAE A Hk
Exposure of Steel Exposure of Steel ﬁ]ZEE‘ H]'E]’——E MH:H}:ll nE ‘r‘]?‘ﬂ }C——:!"E’r:x]
Carbonation Carbonation £ Agdste], AA- AlE 2ok 107, A+ =oF 10
ftems ™ faterial Segregation Quality Condition At Jof 119, f-A|¢e] Eof 21 233t %
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Portal condition Contact Section Condition 37 ofat ATk | _/‘]:( Consistency Index, a= Aot
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Special conditions - 6]—1 01 O]O]—%‘ 76]% tﬂ»ﬂx‘}o 013"—_]‘/\3% ;(HE Z—]\E

7| $f3l ehs2AFEE 71 <l AHP (Analytic Hierarchy
Preocess: A5} 24 7HE S8k AHP 79
& Thomas Saaty7} 75 702 2 gHlo] Go)
st A ko] ntet HEAM, 717 A
B} olgAom ol Wyl glon, 7} Hof
of xlkola APAARIO R Hugieh] 28
Il ck(Satty, 1996). AHP 7|2 AE7H=9] A
RS AR 4 Sl= g eR oArEd
AE AR 5 F Al k= B7F a4
oA sk A 8459 iy TaEs
A wlae]] s S7geity olfet {AlE F3l AHP
e gRH0E sl Agel gl tise] 7
A Bl 9498 73 4 QLES B ety
AHPE= Ak o] QAmul olljgl AAZ0 94T
FAlo] AR 4 glom], Hr stol ATl
2 Eall4 shol] B4 vlaeiA) doz WS 44
S sheek. Edt HpRe] ool Tt ABAS

R

I
U

of gl

558

A_tstaict. olef] & Aol A= Feedback ¥}78-&
AZ] Folle dybdo] FE537t 5o A AikE A9
gk A A5=7E 0.1 o]l 4778 9] A Ak
ARgste] ZREAE ARSIk

AHP 54 ZAx), Table 59} Fig. 60|42} 7o) Qut

Assessment Criteria of Shield TBM tunnel

|
l l

Lining Circumstance
Crack,
Leakage,
Breakage,
Spalling, . "
Exfoliation and Detachment, Drainage congllf:lon,
Ground condition,
Efflorescence,

Contact section condition,

Quality condition, Conduit condition

Rebar exposure,
Carbonation,
Faulting step,
Bolt condition

Fig. 5. Hierarchy Model of AHP
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Table 5. Results of Weights Analysis using AHP

Evaluation Items Weights
Crack 0.113

Leakage 0.145
Breakage 0.090
Spalling 0.033
Exfoliation and Detachment 0.048
Eftlorescence 0.032
Exposure of Steel 0.097
Carbonation 0.047
Quality Condition 0.054
Drainage Condition 0.055
Ground Condition 0.067
Contact Section Condition 0.072
Conduit condition 0.029
Faulting step 0.067

Bolts Condition 0.051
Total 1.000

Leakage 0.145
Crack

Rebar exposure

Breakage

Contact Section condition
Faulting step

Ground condition
Drainage condition

Quality condition

Deterioration

Bolts condition
Exfoliation / Detachment
Carbonation

spaliing

Efflorescence

Conduit condition

Fig. 6. The Weights by the Priorities
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Table 6. The Relative Importance for Initiation Section

Evaluation Initiation Relative
Items Section Importance
Mid-span of segment 0.390
Edge of segment and
Crack Bolted Connectors 0610
Total 0.39
Leakage of Penetratlng 0479
location
Seepage Leakage of damaged
. 0.521
location
Total 0.869
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Table 7. A Comparison of evaluation ltems score of NATM
and Proposed Shield TBM

AHP | Proposed

Evaluation Items NATM | Shield Shield

TBM TBM
Crack 13 5 12
Leakage 5 6 6
Breakage 3 4 2
Spalling 1 1 1
Exfoliation and Detachment 3 2 2
Eftlorescence 1 1 1
Exposure of Steel 4 4 4
Carbonation 3 2 2
Quality Condition 3 2 2
Drainage Condition 2 2 2
Ground condition 3 3 2
Contact Section Condition 1 3 2
Conduit condition 1 1 1
Faulting step - 3 2
Bolts Condition - 2 2
Total score 43 43 43
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