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Development of Hybrid Fiber-reinforced High Strength
Lightweight Cementitious Composite
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Jin-Wook Bang’, Jung-Su Kim~, Bang-Yeon Lee , Young-Il Jang™ , Yun-Yong Kim"

ABSTRACT

The purpose of this paper is to develop a Hybrid Fiber-reinforced High Strength Lightweight Cementitious
Composite (HFSLCC) incorporated with lightweight filler and hybrid fibers for lightness and high ductility. Optimal
ingredients and mixture proportion were determined on the basis of the micromechanical analysis and the
steady-state cracking theory considering the fracture characteristics of matrix and the interfacial properties between
fibers and matrix. Then 4 mixture proportions were determined according to the type and amount of fibers and the
experiment was performed to evaluate the mechanical performance of those. The HFSLCC showed 3% of tensile
strain, 4.2MPa of ultimate tensile stress, 57MPa of compressive strength and 1,660kg/ni of bulk density. The
mechanical performance of HFSLCC incorporated with PVA fibers of 1.0 Vol.% and PE fibers of 0.5 Vol.% is
similar to those of the HFSLCC incorporated with fibers of 2.0 Vol.%.
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Fig. 1 The schematic outline for developing HFSLCC.
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Fig. 3 Set-up for uniaxial tensile test and the specimen geometry.
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Fig. 4 Typical o-¢ curve for a strain hardening composite.
Table 1 Mixture proportions for fracture toughness test
C w S Slag GB HPMC PCSP o i v " o
0.15 0.002 0.02 (c) Glass bubble contents 25% (d) Glass bubble contents 35%
1.0 0.45 08 0.25 0.25 0.002 0.03 Fig 5 Glass bubble SEM image.
0.35 0.002 0.05
015 0.002 0005 Table 2 Result of density and fracture toughness test
Fract
1.0 0.55 0.8 0.25 0.25 0.002 0.01 wic GBIC Bulk density toughrr?:a:s:;( )
0.35 0.002 0.02 (%) (%) (kg/m’) (MPa - m")’
C : Cement, W : Water, S : Silica sand, GB : Glass bubble . 780 031 -
PCSP : Polycarboxylate super-plasticizer, ! ’
HPMC : Hydroxypropylmethyl-cellulose. 45 2 1,690 0.26
All numbers are mass ratios of cement weight. 35 1,590 0.21
15 1,700 0.28
55 25 1,620 0.20
o] 71A, VBV, B0, B} B, zbzb Aget 35 1,500 0.16
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Table 3 Physical properties of hybrid fibers

- Elastic . Tensile -
}-fl_)ébnd modulous Length | Diameter strength De;]sy‘ty
ibers (GPa) (mm) (um) (MPa) (9/err)
PVA 39 12 40 1,600 1.30
PE 75 15 12 2,500 0.97

Table 4 The combined volume fraction of hybrid fibers

Volume fraction of hybrid fibers(%)
PVA PE
Mix 1 1.0 0.5
Mix 2 1.0 1.0
Mix 3 15 0.5
Mix 4 1.75 0.25
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Table 5 Results of single fiber pull-out test

Frictional bond (7;) Chemical bond (G,)
(MPa) (I/m?)
PVA 1.83 1.85
PE 0.63 0

Table 6 Fiber bridging curve analysis

']b, a9 Ot
(/) (MPa) (MPa)

PVA 2%-PE 0% 248.4 53 2.9

Mix 1 269.1 4.8 33

Mix 2 392.1 6.7 29

Mix 3 320.5 5.9 31

Mix 4 278.2 5.7 2.9
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Table 8 Mixture proportions of HFSLCC determined based on micromechanical design

‘?&? G(E}D’)C c w s Slag GB HPMC PCSP P\/sz”d ﬁber(ly:E
HFSLCC 1 50 25 1.0 05 08 0.25 0.25 0.004 0.010 10 05
HFSLCC T 50 25 10 05 038 0.25 0.25 0.004 0.015 10 1.0
HFSLCC T 50 25 1.0 05 08 0.25 0.25 0.004 0.015 15 05
HFSLCC 17 50 25 1.0 05 08 0.25 0.25 0.004 0.015 175 0.25

C : Cement, W : Water, S : Silica sand, GB :

Glass bubble, PCSP : Polycarboxylate super-plasticizer, HPMC : Hydroxypropylmethyl-cellulose.

* All numbers are mass ratios of cement weight except for hybrid fibers(volume fraction).
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Table 9 Tensile properties of HFSLCC (average values)

First Ultimate Ultimate
Specimens cracking stress tensile stress strain

(MPa) (MPa) (%)
HFSLCC 1 29 4.2 3.0
HFSLCC I 3.0 45 2.0
HFSLCC I 2.8 4.4 25
HFSLCC IV 2.6 4.3 2.7
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HFSLCC IV 1710 58.96
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