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A Case Study on Cause Analysis for Longitudinal Crack of Duct Slab in Tunnel
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Abstract

In this study, cause of longitudinal crack which is found on duct slab of road tunnel is studied. In—depth investigation,
such as visual inspection, non—destructive testing and geometrical surveying of duct slab, is carried out. In order to
perform cause analysis, the investigated results are compared to the results of numerical analysis. Many factors, which
cause longitudinal crack, are classified as constrained condition of the duct slab, location of the rebar, temperature,
shrinkage and so on. According to the classified causes of longitudinal crack, numerical analysis is performed considering
construction stage of the tunnel lining. Especially, in order to predict shrinkage stain due to discrepancy of curing date,
ACI-209 model, KCI structural design code and other researcher's shrinkage test results are compared. The results show
that shrinkage strain is one of the main factors causing longitudinal crack. Other investigated tunnels are classified along
with the construction method of duct slab and patterns of cracks. As a result, improving ways to construct duct slab are

suggested.
Keywords : Tunnel, Duct slab, Longitudinal crack, Shrinkage strain
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Table 1 Dimension of the tunnel

Table 2 Dimension of the duct slab

Upper D22@200
Lower D22@200

Space of reinforcement

300mm (Center)

Thickness of the slab 600mm (Edge of the slab)

Thickness of cover concrete 50mm

Compression Strength Lining : 21 Mpa,
of concrete Duct Slab : 24 Mpa
Method of Construction TBM , NATM
Lane 3 Lane — 2 tunnels
Width of the tunnel 13.5m
Height of the tunnel 5.1~5.4m
Ventilation system Transverse ventilation

Uupper section
lower section
(a) 1 step (b) 2 step
(c) 3 step (d) 4 step
~ Coupler D22 (DPlacing con'c after placing rubber cap and form
/
4 oupler D22 rebar

‘LH‘W =
N

Rubber Cap
Form

(@Connecting screw after removing form

E= I ~

(e) Detail “A” of 4 step

(g) 6 step

(f) 5 step

Fig. 1 Constuction procedure of the tunnel
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Fig. 2 Picture of longitudinal cracks of the duct slab
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Fig. 3 Location Image of reinforcement of the duct slab

Table 3 Crack depth of the duct slab
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No Crack depth Cover depth Tickness of Crack width
' (mm) (mm) slab (mm) (mm) o  a

1 141.2 52 300 0.3 7 4 /. 4
2 | 17 60 300 0.2 | Retar y e
3 138.4 54 300 0.4 #
4 141.2 55 300 0.3 ? /
5 120.7 46 300 0.2 “a S " . .

Rigid Link Hinge Link
6 117.3 51 300 0.3
7 157.9 48 300 0.2 Fig. 4 Constrained condition between lining and duct slab
8 127.0 40 300 0.2
9 215.2 53 300 0.4

Table 4 Property of duct slab concrete

10 198.8 61 300 0.3
11 191.8 50 300 0.3 Contents Value
12 199.1 45 300 0.3 Compressive strength of concrete (MPa) 23.3
13 213.6 49 300 0.4 Tensile strength of steel bar (MPa) 300.0
14 187.0 52 300 0.5 Modulus of elasticity of concrete (MPa) 26,964.0
15 86.9 57 300 0.4 Unit weight (kg/m’) 2,450.0
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Table 5 Load cases due to rock and joint condition
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- Joint condition
Case Rock diti Coefficient of subgrade b lini d
No, | Rock condition reaction (KN/mb) ethent mlmé% an Table 7 Relative vertical coordinate of the center slab

uct slal

1-1 Hard rock 294,200 Rigid rink Case Relative vertical coordinate of the
1-2 | Weathered rock 20,000 Rigid rink center (mm)
1-3 Hard rock 294,000 Hinge rink Span of high crack density +67~86
1—4 | Weathered rock 20,000 Hinge rink Span of low crack density +76~-80

Table 6 Bending moment and deflection

Load Location Mu oM, deflection under
case ocatio (kN-m) (KN-m) service load (mm)
Center 58.4 116.36 8
Case 1-1
Edge 102 165.72 -
Center 61.5 116.36 9
Case 1-2
Edge 104 165.72 -
Case 1-3| Center 163.1 116.36 35
Case 1-4| Center 163.7 116.36 35
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Fig. 5 Cover thickness of the duct slab
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covered depth : 50mm

symmetric boundary

(a) upper covered depth : 50mm(Case 2—-1)

covered depth : 80mm

symmetric boundary

Fig. 6 Numerical modeling for location of steel bar

(a) displacement diagram(Case 2—1)

(b) axical force diagram(Case 2—2)

Fig. 7 Result of numerical analysis (Case 2)

Table 8 Bending moment at the center(Case 2)

Table 9 Boundary condition (Case 3)

Load Case Boundary condition at the bottom end of the lining
Case 3—1 Roller + Hinge
Case 3-2 Hinge + Hinge

Bending moment diagram Axial force diagram

Maximum value : 6.2 kN

Maximum value @ 1.1 kN—m

Case 2—1 Case 2—2

Maximum bending

— ".2 kN_
moment at the center 65.2( m)

—64.9(kN—m)

Fig. 8 Result of numerical analysis (Case 3)
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Table 10 Curing process for the tunnel lining
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Table 11 Input parameter for shrinkage analysis

Relative density (%) 70
Depth of duct slab(mm) 300
Slump (mm) 120

Air content (%) 6
S/a(%) 46.3
Unit weight of cement (kg/m") 352

Table 12 Estimated concrete shrinkage

Code Estimate shrinkage 120 days after curing(X107%)
ACI 210~250
structural design 100

Table 13 Comparing test results of concrete shrinkage

Lee et al | Yang et al | Han et al

Size of specimen 100x100 | 100%100 @100

Date Curing process
‘96. 4. 30. Start date for concrete lining
96. 7. 10. Start date for duct slab
‘97. 5. 30. End date for concrete lining
97. 9. 30. End date for duct slab

(mm) %400 X400 X200
Relative density (%) 60 60 -
Slump (mm) 180 - 150
S/a(%) 45 47 46
Cement contents
(Ke/n) 410 360 378
Air content (%) 4 - 4.5
Compressive strength(MPa) 30 24 38
Estimated Test result 470~510 450 490
Shrinkage ACI 448~506 448~509 439~496
(x107% KT
~ 120 days | gyrycural 495 452 388
after curing design
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Fig. 9 Axial force and displacement due to shrinkage
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Table 14 Possibility of cause of crack

Possibility of cause

Cause of crak -
high < low

Joint condition change (fixed — hinge) O
Change location of steel bar O
Thermal change O
Shrinkage O
Short curing time before removing form O
Table 15 Construction types of duct slab
“A” tunnel ‘B’ tunnel “C” tunnel
Placing duct slab | Placing duct slab | Placing duct slab
Duct slab s . .
tvpe after finishing after finishing with lateral part
yp concrete lining concrete lining of lining
Boudary Rigid link Hinge link Rigid link
condition
/
Stage
of
i < < $
ining
construction| # \ N Y 4 \
/ A NV
Investigated . . .
Longitunial crack | Reticular crack Reticular crack
crack shape
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