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Tensile strength evaluation of SFRC subjected to high temperature using double
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ABSTRACT: Steel fiber-reinforced concrete (SFRC) is widely used for tunnel lining structure such as shot-crete in
NATM tunnel and segment in TBM tunnel. In tunnel fire accidents, structural performance of a lining is very important
because the lining is the structure that directly exposed to fire. In this study, the effects of high temperatures, mix ratios
and types on failure pattern, DPT tensile strength and coefficient of variation were investigated through Double Punch
Tests (DPT) of SFRC subjected to high temperatures. In the results, it is confirmed that the residual DPT tensile strength
increases as for SFRC and this is more in SFRC with higher mix ratio. But, the equation for evaluation of DPT tensile
strength does not involve the number of failure surfaces SFRC specimens subjected to high temperatures, therefore, it is
required to investigate more fracture energy in DPT tests.

Keywords: Double punch test, Tensile strength, SFRC, High temperature
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Fig. 1. Loading through double punch (Molins et. al., 2008)

o

Fig. 2. Failure surfaces by Double Punch Test (Malatesta et. al., 2012)
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Table 1. Mix proportion of concrete

Design WB S/ Unit weight of volume (kg/m3)
a

Strength Water Cement Sand Aggregate Steel Fiber
0% -
0.25% 20

24 MPa 46.7 40.1 189.4 406.1 652.8 1,005.5
0.5% 40
1.0% 80

RS 2R AAYE S 2 MPa
spalom, HQ‘—‘% Table 12} 7t} =32 E 2897}
1.1 MPa® YElith DPT A%
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Fig. 3. Test scene of DPT
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(a) Hooked fiber

(b) Twisted fiber

Fig. 4. The used type of steel fibers



Table 2. Test variables

Fiber type and Mix |Exposure Temp.| No. of Name of | Fiber type and Mix | Exposure Temp.| No. of Name of
typ P p typ p p
ratio (% Vol.) (0) specimen specimen ratio (% Vol.) () specimen specimen
Room Temp. 3 C-0-15 Room Temp. 3 C-0-15
300 3 C-0-300 300 3 C-0-300
0% 0%
500 3 C-0-500 500 3 C-0-500
700 3 C-0-700 700 3 C-0-700
Room Temp. 3 H-0.25-15 Room Temp. 3 T-0.25-15
300 3 H-0.25-300 300 3 T-0.25-300
0.25% 0.25%
500 3 H-0.25-500 500 3 T-0.25-500
Hooked 700 3 H-0.25-700 | Twisted 700 3 T-0.25-700
Fiber Room Temp. 3 H-0.5-15 Fiber Room Temp. 3 T-0.5-15
300 3 H-0.5-300 300 3 T-0.5-300
0.5% 0.5%
500 3 H-0.5-500 500 3 T-0.5-500
700 3 H-0.5-700 700 3 T-0.5-700
Room Temp. 3 H-1.0-15 Room Temp. 3 T-1.0-15
300 3 H-1.0-300 300 3 T-1.0-300
1.0% 1.0%
500 3 H-1.0-500 500 3 T-1.0-500
700 3 H-1.0-700 700 3 T-1.0-700
LU= 5]
2.4 pexE 3. uYUAR W Y
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Fig. 5. Exposure to high temperature
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(a) Room temp./0% (C-0-15)

(b) 500°C/0% (C-0-500)

Fig. 6. Failure surfaces of tested specimens
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Table 3. Test results

: Failure shape and No. of ; Failure shape and No. of
Name DPT tensile strength failure surfaces Name DPT tensile strength failure surfaces
Mean (MPa)[C.V (%)| 1 2 3 Mean (MPa)|C.V (%)| 1 2 3
3 3 3 3 3 3
C0-15 3.35 36 @ @ @ C0-15 335 36 @ @ @
2 2 2 2 2 2
C-0-300 1.94 26 @ @ @ C-0-300 1.94 26 @ @ @
3 5 4 3 5 4
C-0-500 1.36 22 QD @ @ C-0-500 136 22 QD @ @
1 3 4 1 3 4
c0-700 | 070 47 @ @ @ c0-700 | 070 47 @ @ @
1 1 1 1 1 1
H-025-15| 370 93 @ @ @ T-025-15| 3.76 48 @ @ @
3 3 4 3 3
H-0.25-300|  2.16 10.3 @ @ @ T-025-300|  2.35 27 @ @ 2@
3 3 4 3 2
H-025-500]  1.62 143 @ 5@ @ T-025-500| 147 132 @ @ @
3 3 2 2 1
H-0.25-700|  1.10 43.8 @ @ @ T-0.25-700|  0.98 53 @ @ 3@
1 1 1 1 1 1
H-05-15 | 326 73 @ @ @ T-0515 | 343 44 @ @ @
2 2 2 3 4 1
H-05-300 | 2.43 118 @ @ @ T-0.5-300 | 2.10 39 QD @ @
3 4 2 4 3 3
H-05-500 | 168 13.4 @ @ @ T-05500 | 146 125 @ QD @
3 1 4 4 2 3
H-05-700 | 0.84 24.6 @ @ @ T-0.5-700 1.17 283 @ @ @
3 3 1 1 2 1
H-1.0-15 3.38 6.5 @ @ @ T-1.0-15 311 37 @ @ @
3 2 3 2
H-1.0-300%| 267 - @ - - T-1.0-300 | 2.18 19.5 @ @ @
2 4 2 3 3 2
H-1.0-500 | 1.97 203 @ @ @ T-1.0-500 | 1.63 5.4 @ @ @
4 4 4 4 2 2
H-10-700 | 146 23 @ T-10-700 | 142 289 @ @ @
"H10300 ABAE A@ese dstel 1% 119 A@AIow BIIas
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