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Evaluation of Fire—induced Damage for Shield Tunnel Linings Subjected to
High Temperatures

of & " e
Lee, Chang Soo

(=]

2 &2+
[= 2 |

Kim, Yong Hyok

3)
295

Kim, Young Ook

Abstract

The aim of this study is to evaluate fire—induced damage for shield tunnel linings. Full—scale fire test was conducted
to evaluate fire—induced damage. Residual compressive strength was measured on the core samples of shield tunnel lining
subjected to high temperatures. Heating temperature was predicted by XRD and TG analysis. As a result, Strength
degradation of concrete with temperatures can be evaluated by residual compressive strength of core samples. In addition,
residual compressive strength can be estimated by previous studies if heating temperature is exactly predicted. It is
possible that heating temperature is predicted by XRD and TG analysis at 450C. For more accurate prediction of heating
temperature it should be performed both instrumental analysis and analytical methods with temperatures ranging from

400~600C.
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Table 1 Mix proportion

W/C Unit weight (kg/m”)
Type
@ | W | C| S| G| Steel fiber | PP fiber
Normal - -
————— 35.7 | 135 | 378 | 734 |1170
Hybrid 20 0.9

Fig. 2 Full—scale fire test

Table 2 Maximum temperatures of shield tunnel linings

Max. temperature (C)
Depth (mm) -
Normal Hybrid
25 483.0 370.3
50 280.3 255.5
75 239.5 223.2
100 156.1 169.0
250 86.2 70.9

Table 3 Compressive strength of core specimens

Specimen Comp. strength Max. temperature
P (MPa) (depth 25mm)
Normal 32.2 483.0
Hybrid 37.3 370.3
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Table 4 Residual compressive strength ratio with concrete types

Temp. KlI‘ﬂ— Shin Lie EC2
(2005) (2010) (1996) | (2004)
20 1 1 1 1 1
100 0.62 - - 1.06 1
200 0.82 0.92 0.92 1.1 0.95
300 0.79 - - 1.1 0.85
400 0.74 0.85 0.91 1.1 0.75
600 0.29 0.49 0.56 0.64 0.45
800 0.08 0.24 0.35 0.41 0.15
Des@&;jf“gm 19 40 40 35 -
Fiber - - hybrid steel -

-------

0.8 +

0.6 -
4t N I T
—4— Kim Eurocode?
0.2 7| --@--Shin(normal) ——Lie
--&--Shin(hybrid)

Residual comp. strength ratio
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Fig. 3 Residual compressive strength ratio of concrete subjected

to different temperatures
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Table 5 Results of estimated residual compressive strength

Comp. strength Residual comp.
Researcher (MPa) strength ratio
Normal Hybrid Normal Hybrid
Kim(2005) 25.9 - 0.62 -
Shin(2010) 32.7 42.5 0.70 0.91
EC2(2004) 30.4 - 0.65 -
Lie(1996) - 515" - 1.1

Y Steel fiber reinforced concrete

40

30 4

20 ~

Comp. strength(MPa)

0 i
Test(Lee, 2011) Kim Shin EC2

Fig. 4 Comp. strength of normal concrete at 483.0C
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@ : portlandite, @ : quartz, [ : feldspar, A : calcite, O : iron oxide
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(b) hybrid—fiber reinforced shield tunnel lining

Fig. 6 XRD pattern of shield tunnel linings
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