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ABSTRACT

Reinforced concrete (RC) shield tunnel lining must be designed for fireproof performance because the lining is sometimes exposed to
very high temperature due to traffic accidents. Both experimental and numerical studies are carried out to evaluate fire resistance
performance of precast RC tunnel lining systems. In the experimental studies, six full-scale precast RC tunnel segments are exposed to
fire in order to examine the influence of various parameters on the fire resistance performance of precast RC tunnel lining. We used the
temperature curve of the RABT criteria, which are severe conditions of fire temperatures. The fire test showed that the explosive
spalling was not observed by substituting concrete to PP fiber reinforced concrete. A transient heat flow analysis was carried out in
consideration of the material properties that change with temperature, and the results showed good agreement with the test results.
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Table 1. Fire Temperature in Tunnels

Tunnel Type Max. fire temperature
Nihonzaka (Japan) Road Tunnel 600~1,000C
Caldecot (USA) Road Tunnel 945 (1,038)C
Mont Blanc (France) Road Tunnel 1,000 (1,832)C
Tauern (Austria) Road Tunnel 1,000C

Fig. 1. Schematic Design of Precast RC Tunnel Lining and Critical
Regions by Fire Attack (Dashed Lines Representing Prestressing
Bars)
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Specimen Fiber content kg/m’(vol.%)" In-filled mortar types” Gap between segments, mm longitudinal stress, MPa
NO1 1.50 (0.17) - - 17
NO2 1.20 (0.13) - - 17
NO3 1.50 (0.17) PPF 0.0
NO4 1.50 (0.17) PP1 0.0 -
NO5 1.50 (0.17) PP2 0.0
NO6 1.50 (0.17) - 2.0 -

D detailed in Table 3
? detailed in Table 4
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MPa mm cm % % % | Water | Cement | Sand | Aggregate | SP | fiber content
50 20 16£2.5 2.5 365 | 52 | 177 485 878 826 4.85| 1.50r 1.2%
Table 4. Properties of In-Filled Mortar
fiber contents| W/C | Slump | Table flow | Density | Temp. in | Environmental | Compressive strength, MPa
In-filled mortar fiber o 3 . e o
% wt. | cm mm kg/m’ | material C temp. C 7days 28days | 39days
PPF Fluorinated 20 018 65 | 131x130 | 1,663 33.1 2538 192 | 507 | 535
polypropylene
PP1 Polypropylene 2.7 0.13] 1.0 | 109x107 | 2.078 352 30.2 273 61.6 72.1
PP2 Polypropylene 2.5 0.15]| 6.5 151x148 | 2.273 30.9 29.7 34.6 62.7 71.5
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Table 5. Fire Test Results
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Fig. 5. Spalling Mechanism of High-Strength Concrete

Specimen NO. NO1 NO2 NO3 NO4 NO5 NO6
- Gradually exfoliated |- Gradually exfoliated |- No spalling in - Remarkable - No spalling in - No spalling in
in surface of with relatively small| infilled mortar spalling in surface | in-filled mortar concrete and interface
concrete. explosive in surface |- Small crack width | of infilled mortar |- But remarkable
Overall . .
. of concrete. and propagation - Remarkable crack | crack occurred in
behavior .. .
occurred in interface| interface between
between concrete concrete and infilled
and infilled mortar | mortar
. Area: 150x120mm
Spalling None None None thickness: 12mm None None
Crack None None 1.5~2mm 1~2mm None
photos
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Fig. 6. Internal Temperature Distribution of Specimens (continue)
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Table 6. Maximum Temperature Measured from the Fire Test
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Measured point located away from surface Maximum temperature ('C)
(mm) NOI1 NO2 NO3 NO4 NOs5 NO6
0 1,116 1,084 1,035 1,229 1,154 1,153
Cover 20 668 671 - - - 766
40 459 445 - - - 522
Reinf ¢ 60 323 - 165 261 201 376
einforcemen 65 _ 319 i i ) i
30 260 265 - - - 289
Concrete 100 202 203 - - - 224
108 - - 152 232 184 -
125 152 150 - - - 170
PS steel 150 124 122 - - - 142
155 - - 143 212 171 -
190 - - 115 155 127 -
Concrete 200 92 91 - - - 105
220 - - 100 122 109 -
245 81 - - - - -
Seal 250 - 78 - - - 88
External 300 70 67 83 78 76 74
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