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A Study on the Mechanical Properties of Hybrid HPFRCCs
Using Micro and Macro Fibers
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ABSTRACT

Concrete is one of the principal materials for the structure and it is widely used all over the
world, but it shows extremely brittle failure under bending and tensile load. Recently to improve
such a poor property, High Performance Fiber Reinforced Cementitious Composites (HPFRCC)
have been developed, and it are defined by an ultimate strength higher than their first cracking
strength and the formation of multiple cracking during the inelastic deformation process.

This study is to develop the hybrid HPFRCC with high ductility and strain capacity in
bending and tensile load, and the three-point bending test on hybrid HPRFCC reinforced
with micro and macro fibers is carried out in this paper. As the results of the bending
tests, hybrid HPFRCCs reinforced with PVA40+SF and PVA100+PVA660 showed the high
ultimate bending stress, multiple cracks and displacement hardening under bending load.
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Table 1. Experimental program and mix proportion of HPFRCCs

Fiber volume fraction, V: (Vol.%) Unit volume of matrix

. W/B |SIM"|FA/B 3
Symbol Synthetic Steel (&/m”)
y Total | (wt.) | (vol.)| (wt.)
PP | PVA40 [PVA100|PVAGE0| SF W!l C|{FAl| S

Mix-1 1201 00 0.0 00 (0525 1040{025{0.20,/384 {244 90 | 233 PP(2.0)+SF(0.5)
Mix-2 1 0.0 | 2.0 0.0 0.0 | 05125 [040]0.25]0.20|384 244 80 | 233 | PVA40(2.0)+SF(0.5)
Mix-3 | 0.0| 0.0 2.0 00 |05} 25 (040]|0.2510.20]| 384|244 | 90 | 233 | PVA100(2.0)+SF(0.5)
Mix-4 {20 0.0 0.0 0.0 | 1.0/ 3.0 {0.40{0.25/0.20} 384 | 244 | 90 ] 233 PP(2.0)+S8F(1.0)
Mix-5 1 0.0 2.0 0.0 00 |10} 30 ]0.40{0.25!0.20] 384 | 244 | 90 | 233 | PVA40(2.0)+SF(1.0)
Mix-6 0.0 | 0.0 2.0 0.0 |10 3.0 ]040{0.25/0.20|384 | 244 | 90 | 233 | PVA100(2.0)+SF(1.0)
Mix-7 120 0.0 0.0 1.0 [ 0.0 3.0 10.40/0.25/0.20| 384 | 244 ] 90 | 233 | PP(2.0)+PVAB60(1.0)
Mix-8 | 00| 0.0 2.0 1.0 | 00| 3.0 {0.40]0.25[0.20| 384 { 244 | 90 | 233 | PVA100{2.0+PVAG60(1.0)

Note 1) S/M = Sand volume fraction to mortar

Note

Table 2. Properties of fiber used in this study

. . Tensi Elastic mod
Symbol Types of fiber L(?:r?,‘t;’ Dla(%;ter %32;:%’ Ars;;;d s:%rgg:% undz;:é ;gr))slilltjs Note
PP Polypropylene fiber 15 50 0.9 300 600 5.0 .
PVA40 | Polyviny! alcohol fiber | 12 40 13 300 1100 120.0 "ffgf
PVA100 | Polyvinyl alcohol fiber 12 100 1.3 120 1100 120.0
PVAB60 | Polyvinyl alcohol! fiber 30 660 13 48 880 294 Macro
SF Hooked steei fiber 30 500 7.8 60 965 - fiber

a i X : [ £ | RN,
{a) PP (b) PVA40 {c) PVA100 (d) PVAB60 (e} SF
Fig. 2. Synthetic and steel fibers used this study
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Fig. 3. Bending test set-up
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Fig. 4. Bending response of hybrid HPFRCCs reinforced with synthetic and steel fiber
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Fig. 5. Elongation of PP fiber at Fig. 6. Multiple crack of specimens Fig. 8. Muttiple crack of specimens

bending test with PVA100(2.0)+SF(1.0) with PVA100 and PVAB60
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Fig. 7. Bending response of hybrid HPFRCCs
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