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Evaluation of Dynamic Tensile Strength of HPFRCC According to Compressive

Strength Level
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Abstract: This study evaluates the dynamic tensile behavior of HPFRCC according to compressive strength levels of 100, 140 and 180 MPa. Firstly,
the compressive stress-strain relationship of 100, 140 and 180 MPa class HPFRCC was analyzed. As a result, the compressive strengths were 112,
150 and 202 MPa, respectively, and the elastic modulus increased with increasing compressive strength. The static tensile strengths of HPFRCC of
100, 140 and 180 MPa were 10.7, 11.5 and 16.5 MPa, and tensile strength also increased with increasing compressive strength. On the other hand,
static tensile strength and energy absorption capacity at 100 and 140 MPa class HPFRCC showed no significant difference according to the compressive
strength level. It was influenced by the specification of specimen and the arrangement of steel fiber. As a result of evaluating the dynamic impact tensile
strength of HPFRCC, tensile strength and dynamic impact factor of all HPFRCCs tended to increase with increasing strain rate from 10-1/s to 150/s.
In the same strain rate range, the DIF of the tensile strength was measured higher as the compressive strength of HPFRCC was lower. It is considered
that HPFRCC of 100 MPa is the best in terms of efficiency. Therefore, it is advantageous to use HPFRCC with high compressive strength when a high
level of tensile performance is required, and it is preferable to use HPFRCC close to the target compressive strength for more efficient approach at a

high strain rate such as explosion.
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Table 1 Physical & Chemical properties of materials

.. Silica Blast
0, -
Com(pn(i:lstsl;) n % Cement fume  -furnace slag Fg;Aajh
(SF) (BS)
Ca0 61.33 038 42.1 -
ALO; 6.40 025 14.50 16.60
Si0o, 21.01 96.00 33.80 3.80
Fex0s 3.12 0.12 0.01 5.58
MgO 3.02 0.10 5.80 0.82
SO; 2.30 . 1.89 0.51
Specific surface 5 415 500,000 6,240 3,850
(cm/g)
Loss
ianition (%) 1.40 1.50 0.05 3.82
Density 3.15 2.10 291 213
(g/cm)

FRCCS) 5457 Q4735 542
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Atk 140 MPaE E- A3 AB(W/B)E 25% 2 S7HA1 7] 2L =
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H o] B 7} 100 MPa v @l ARS-H Zeto] ofj Al2] &

Table 3 Mix proportions of HPFRCC (ratio in weight)
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Table 2 Properties of steel fiber

Density  Tensile strength ! fl) l f/ d fz)
T f fib ‘ :
WO kgem)  MP)  mm)  (mm/mm)
Straight fiber 7.8 2,500 19.5 97.5

Note, 1) I,: length of fiber, 2) d + diameter of fiber
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B7HE WA
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o] & A& (flow table test)S KS L 510591 whe} 33153 0
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120° 7H4 2.2 F37)9] LVDTs & A X5} 3l5A 3}l w2

Steel fiber Flow
Designation W/B Cement SF BS FA Filler Sand Superplasticizer (Volume
fraction, Vy) [mm]
HPF 180 0.2 1 0.25 0 0 0.30 (4 ) 1.10 0.02 2% 220
HPF 140 0.25 1 0.1 0.2 0 0.30 (14 m) 1.10 0.0075 2% 240
HPF 100 0.3 1 0.1 0 0.2 0.30 (14 m) 1.20 0.005 2% 245
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Fig. 1 Test method for compressive strength
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Fig. 2 Specimen for tensile test

Fig. 3 Test method for static
tensile strength
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Fig. 4 Test method for dynamic tensile strength
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Gage length = 50 mm
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Fig. 6 Compressive stress-strain relationship of HPFRCC
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Fig. 7 Static tensile stress-strain relationship of HPFRCC
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Fig. 9 Relationship between tensile strength and strain rate
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Fig. 10 Dynamic Increase Factor on the tensile strength of HPFRCC

Table 4 Test results on the tensile strength test of HPFRCC

Test | Speci | Strain rate | Post cracking|  Strain Peak
series| men (s'l) strength capacity toughness
MPa | DIF | % | DIF | kJ/m’ | DIF

HPF | SP1 | 0.000333 | 1131| - |0.64| - | 6152 | -
100 | sp2 | 0.000333 [10.54| - |095| - | 81.63 | -
SP3 | 0.000333 |10.19| - [0.75| - | 6448 | -
Average 10.68 | 1.00 | 0.78 | 1.00 | 69.21 | 1.00
SP4 35 22.01]2.10 | 0.78 | 1.00 | 45.66 | 0.70
SP5 27 16.93 ] 1.80 | 0.96 | 1.20 | 83.16 | 1.20
SP6 43 18.04 | 1.70 | 1.16 | 1.50 | 100.02 | 1.40
SP7 71 28.92 ] 2.70 | 0.68 | 0.90 | 69.23 | 1.00
SP8 67 32.86| 3.10 | 1.05 | 1.40 | 179.84 | 2.60
SP9 87 |29.84|2.80 | 1.38 | 1.80 | 241.11 | 3.50
SP10| 74  [26.07|2.40 | 1.15 | 1.50 | 185.63 | 2.70
SP11| 134 [25.52]3.30 | 1.12 | 1.40 | 152.03 | 2.20
SP12| 106 |28.56|2.70 | 1.33 | 1.70 | 271.64 | 3.90
SP13| 101  [32.92]3.10 | 2.08 | 2.70 | 350.18 | 5.10
SP14| 123  [38.52]3.60 | 1.83 | 2.40 | 382.70 | 5.50
HPF | SP1 | 0.000333 | 11.15| - | 049 | - | 4789 | -
140 | SP2 | 0.000333 | 11.97| - |050| - | 51.05| -
SP3 | 0.000333 |11.49| - [053| - | 5276 | -
Average 11.54 | 1.00 | 0.50 | 1.00 | 50.57 | 1.00
SP4 47 |2721|236|1.33|2.64|211.84]|4.19
SP5 56 |25.31]2.19 | 1.25 | 2.49 | 201.74 | 3.99
SP6 58 23.17]2.01 | 1.28 | 2.54 | 202.57 | 4.01
SP7 94 3412|296 | 1.96 | 3.88 | 335.73 | 6.64
SP8 84  |29.56|2.56 | 1.69 | 3.36 | 311.41 | 6.16
SP9 83 31.02 | 2.69 | 2.56 | 5.07 | 463.99 | 9.18
SP10| 138  [33.92]2.50 | 3.75 | 7.43 | 500.54 | 9.90
SP11| 148 |40.02|3.47 | 2.46 | 4.87 | 519.57 |10.28
SP12| 130 [33.16| 2.87 | 2.45 | 4.85 | 508.72 | 10.06
HPF | SP1 | 0.000333 | 17.55| - |0.78 | - |104.63| -
180 | sP2 | 0.000333 [16.14| - |097 | - |129.42]| -
SP3 | 0.000333 |15.89| - |0.85| - |105.18] -
Average 16.53 | 1.00 | 0.87 | 1.00 | 113.08 | 1.00
SP4 32 25241 1.53 | 091 | 1.05 | 140.59 | 1.24
SP5 31 21.92 [ 133 | 1.32 | 1.52 | 229.99 | 2.03
SP6 38 26.01| 1.57 | 1.07 | 1.24 | 181.98 | 1.61
SP7 36 |25.93|1.57]0.90 | 1.04 | 165.25 | 1.46
SP8 57 3269|198 | 1.01|1.17|183.27| 1.62
SP9 63 30.72 | 1.86 | 0.82 | 0.95 | 134.66 | 1.19
SP10| 59 34.50 | 2.09 | 1.72 | 1.99 | 339.79 | 3.00
SP11 87 35.63|2.16 | 1.14 | 1.32/|170.98 | 1.51
SP12| 99 31.85|1.93 | 1.14 | 1.32| 191.00 | 1.69
SP13| 76 34.42|2.08 | 1.46 | 1.69 | 313.21 2.77
SP14| 112 [39.62|2.40 | 1.41 | 1.63 | 283.10 | 2.50
SP15| 140  |44.72]2.71 | 1.78 | 2.05 | 455.56 | 4.03
SP16| 125 [38.62]2.34 | 1.09 | 1.26 | 254.42 | 2.25
SP17| 132 |47.08|2.85 | 1.00 | 1.15 | 272.10 | 2.41
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