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Flexural Characteristics of High Performance Fiber Reinforced Cement
Composites used in Hybrid Synthetic Fibers
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ABSTRACT

The synthetic fibers such as polypropylene(PP) and polyvilyl-alcohol(PVA) fiber are poised as a low cost altermative
for reinforcement in structural applications. It has been reported that synthetic fiber in cement composites can control
restrained tensile stresses and cracks and increase toughness, resistance to impact, corrosion, fatigue and durability.
High performance fiber reinforced cementitious composite(HPFRCCs) shows ultra high ductile behavior in the hardened
state, because of the fiber bridging properties. Therefore, a variety of experiments have being performed to access
the performance of HPFRCCs recently. The research emphasis is on the flexural behavior of HPFRCCs made in
synthetic fibers, and how this affects the composite property, and ultimately its strain-hardening performance.
Three-point bending tests on HPFECCs are carried out. As the result of the bending tests, HPFRCCs showed high
flexural strength and ductility. HPFRCCs made in PVA or Hybrid fiber were, also, superior to PP of singleness.
On the other hand, effect of sand volume fraction on HPFRCCs made in PP was insignificant.
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Table 1 Experimental programs and mix proportion of FPFRCCs
Soecimen W/B Volure fraction of fiber(vol.%) s/M? | FA/B Unit weight(kg/m’) Note
pec {wt) | PP(0) | PVA(100) | PYAQ00) | PVA(660) | Total | (Vol) | (wt) | ¢ | W | FA | S
No-1 30 0.0 0.0 0.0 0.25 963 | 770 | 193 | 607 PP(E0)
No-2 0.0 30 0.0 0.0 0.25 963 | 770 | 193 | 607 PVA(100
No-3 0.0 0.0 3.0 0.0 0.25 963 | 770 | 193 | 607
No-4 | 40| 20 0.0 00 1.0 30 1025 ) gop | 963 | 770 | 193 | 607 | PP(50)+PVABE))
No-5 ‘ 0.0 2.0 0.0 1.0 V102 | Y 963 | 770 | 193 | 607 PVA5100§+PVA(660)
No-6 0.0 0.0 2.0 1.0 0.25 963 | 770 | 193 | 607 |PVA(200)+PVA(660)
No-7 3.0 0.0 0.0 0.0 0.20 1024 | 819 | 205 | 486 PP(50)-5(0.20,
No-8 30 0.0 0.0 0.0 0.30 901 | 721 | 180 | 729 PP(50)-5(0.30
Note 1) S/M : Sand volume fraction to mortar
Table 2 Physical properties of used materials Table 3 Physical properties of synthetic fibers
) Type | ordmary portland cement Fiber |Diameter | Length Tensile Elastic modulus Densx
Cement Density : 3.17g/cnt’, Fineness : 3,230cm’™/g name () (mm) | strength(MPa) (Gpa) EX
ilica s ity : PP(50) 5 15 600 50 090
Sl R et 264g/erm’ VA | 00 | B 1,100 1200 130
L. - —— PVAR0)| 20 12 90 304 1.30
Fly-ash |Density : 2.13g/cm”, Fineness : 2976cm*/g  PVA(650 660 0 24 1.30
- S - P {Polycarboxylate Note PP:-Polypropylene fiber, PVA.Polyvmyl Aleohol fiber
{
LVDI
EI il
| Q, -
stj 10_{ 105 10 Ejs

(b} PVA(100) (c) PVA(200) {d) PVA(B60}

Photo 1 Shape of synthetic fiber

Fig. 1 Schematics of (a) PP(50)
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Fig. 2 Compressive strength of FPFRCCs
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Photo 2 Crack pattern of HPFRCCs under compressive load
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Table 4 Results of compression and bending test

a

Compression test Results Bending test results
Specimen | Utimate | Stin at | First crack | Displacement | Utimate | Displacerent Toughness (MPa - mm)
strength tmate stress at t crack| stress at ultimate hness hness
(MPa) strength(%6) (MPa) stress(mm) | (MPa) | stress(mm) &%te strgets &mﬁdmwaggig’?

No-1 48.13 0.42 521 0.229 5.48 1571 3.60 19.37
No-2 58.86 0.48 425 0.222 894 1.798 11.67 21.46
No-3 54.27 0.55 5.30 0.223 11.11 2.256 19.03 21.63
No-4 47.90 0.53 5.28 0.232 767 3.483 20.85 34.75
No-5 54.05 052 6.47 0.307 11.97 3.394 30.60 4351
No-6 64.97 0.56 6.11 0.210 1031 2.742 22.13 33.60
No-7 44.66 0.48 451 0.221 5.68 3935 12.54 19.16
No-8 47.01 0.43 3.47 0.210 5.64 2.882 1171 24.51
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Bending stress (MPo}
Bending stress (MPa)
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Fig. 3 Rexural response of HPFRCCs Fig. 4 Fexural response of Fig. 3 Aexural response of
with single synthetic fibers HPFRCCs with hybrid fibers HPFRCCs by sand volume fractions
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(a) No-1

(d) No-4 . (e) No-5 . (f) No-6
Photo 3 Typical formation of bending fracture
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