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Abstract

An analysis of covariance and Pearson correlation coefficient were performed to
identify the relationship between both variables: traffic volume and crack. For this, it
was carried out to analyse 216 tunnel inspection/diagnosis results with respect to the
traffic. As aresult, it has been proven that traffic volume and cracks in concrete linings
are highly correlated. Therefore, it is recommended to consider traffic volume in plan-
ning of preemptive maintenance such as crack repair, etc.
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Correlation analysis of traffic and crack in concrete lining
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Tunnel V Crack @ Crack length per ©
length (m) length (m) unit length of tunnel (m)
OO tunnel 630 793.2 1.259
LI tunnel 1,500 827 0.551
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Fig. 1. Status of sampled tunnel
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Table 2. 12 vehicle classification

Classifi- . Classifi- .
. Representative sample |  Axle arrangement . Representative sample |  Axle arrangement
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Table 2. 12 vehicle classification (continued)

Classifi- . Classifi-
. Representative sample Axle arrangement .
cation cation

Representative sample

Axle arrangement
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Table 3. Example of traffic data (unit: vehicles/day)
Vehicle classification
1 2 3 4 5 6 7 8 9 10 11 12
OO tunnel | 1,813 | 602 868 740 808 179 159 109 92 265 32 0
U tunnel | 31,080 | 410 7,010 | 1,544 833 1,217 133 26 0 64 0 10
I EE 2167140 WER 24 1,000THoll 4] ol 81,8273 A2 ZAE| G 0™ WEwF RE A2 Fig.

29F gt

Number of tunnel

24
11 1Z I
4 3
. . 0 0 | ]
S &© & & & &
N o N N3 O Q'
S & 8 Q A & 8
SR S R S Y O
l><z> u/‘\\{b /7\@ & & &
F & &S &S
N S T R S

Fig. 2. Traffic distribution
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TR = Cov[ X, Y] =E[(X—X)(Y— YY) =04y = - (1)
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(a) Positive relationship (b) Negative relationship (©) No relationship

Fig. 4. Covariance
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1 | Crack length per unit length of tunnel (m) Traffic (vehicles/day)
2 0.03900463 2411 covariance Column 1 Column 2
0237580645 4554 Column 1 0.118524
4 0068277946 1248 Column 2 4178865 3.18E+08
0.148036254 1248
0096818182 1349 Pearson Correlation Coefficient Column 1 Column 2
7 0079090909 1349 Column 1
0175932203 1000 Column 2 0681042 1
9 00225 2375
10 030625 9418
an 05025 9418
0207149758 9418
13 0624 8425
0492849858 12068
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2 0336536313 9557
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30 0296160878 24m

Fig. 5. Example of crack/traffic data and analysis results
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Table 4. Covariance of crack length and traffic

Traffic classification
1~12 5~12 8~12
Covariance 4,178.9 284 81.8
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331 AR wEEF
B AW s (1~125) g do], Fdteatold(5~12%) AFFe] w'sF 9 thdalzxtold(8~12%) At

Table 5. Pearson correlation coefficient of crack length and traffic

Traffic classification
1~12 5~12 8~12
Pearson correlation coefficient 0.681 0.718 0.699

332549 9%

F2A R o WS ==EE 216714 5 978 1,000 m o1 B'E2 65714, 971,000 m 1R EfE2 15171
ol

7 1,000 m oV EfEe] tiste] Ht L w57 7]
25 R E8ANE2 Bolx] efont, 941,000 m

ATAGE 0711 2 22 TAKS 7H= 710 2 Lepdth

—

3.3.3 3895
xR 3 g SEEY 216704 5209 oY 38521 Bj'E-2 177]40|1 AHPddd 9 Aok

Journal of Korean Tunnelling and Underground Space Association 353



Gyu-Phil Lee

Ao Vehrt

A5} 50|

| met 239 E 2old Al

&

=7

mJ
Ru

etk

=i}
=

Z

el w53
T meb wE 22 E 2ol o] Bk w2

)

Fords~12%

Z

), TFehE

=
[

_E,.o e} 1"‘12

o]
=

[e] 1
S 7k=

) A

=
<)

FolAh(5~12

oz

9

)

=
<)

E'O]JT_ o O 1~12

A

P E 2holidol F

=
g

2+Z}0.681, 0.718, 0.699= 1-g=t

7
L

) A

=
[

told(s~12

2

1 Td=k=

==
=i

Uebiet

o=

Ad= 2t A

Res

o|]
A
o|]
B
gl
mﬁ

Ile]

<
k-

AG=0.519%

e
o= A

H1~12%) 7]

o

|

—

iy

ﬁo

(e}

o
3T

0.711%

A
T

"

L, 71,000 m 7]

oo
w___

Holz]

0.669, 2014

AL
T

Jof wol= i

S

le)

| ot

&

A=

A
T

o

0.82721 o2 Lepton, ufeba] 7 3-8

AL
.

1 E9] mjol A

T Q =z
[eNe) pi

g

o]

Q.
O O

.;L

om], 5de] g 2

o et
sl 7102 Uehgth, njebd 29 54 5

ol

=

!

E

A

ALl =

Journal of Korean Tunnelling and Underground Space Association

354



Correlation analysis of traffic and crack in concrete lining

22} 7|01
ol Ee AT Y W AA, Hlole] £4 L B4, A1 A 2 PES sheiek

References

1. An, J.W., Kim, H.K. (2016), “Developments of performance-based assessment technique for existing
tunnels”, Journal of Korean Tunnelling and Underground Space Association, Vol. 18, No. 6, pp. 525-533.

2. Bae, G.J., Lee, S.W., Cho, M.S., Lee, K.H. (2001), “Study on investigation and analysis about damage of
tunnels”, Journal of Korean Tunnelling and Underground Space Association, Vol. 3, No. 3, pp. 31-43.

3. Chen, Y., Gao, Y., Shi, S., Xu, F., Zhao, W. (2022), “Characteristics of transient pressure in lining cracks
induced by high-speed trains”, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 228, pp.
1-11.

4. Korea Expressway Corporation (2012), A study on the minimization of longitudinal cracks of tunnel lining
concrete in the roof, pp. 1-5.

5. Traffic Monitoring System Home page, https://www.road.re.kr (July 20, 2023).

Journal of Korean Tunnelling and Underground Space Association 355



