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Design of Fiber Reinforced Cement Matrix Composite Produced with
Limestone Powder and Flexural Performance of Structural Members

Jung-Hwan Hyun*, Yun-Yong Kim*'

ABSTRACT: The purpose of this study is to develop fiber reinforced cement matrix composite (ECC) produced with
limestone powder in order to achieve high ductility of the composite, and to evaluate flexural performance of
structural members made with ECC. Four kinds of mixture proportions were determined on the basis of the
micromechanics and a steady state cracking theory considering the matrix fracture toughness and fiber-matrix
interfacial characteristics. The mechanical properties of ECC, represented by strain-hardening behavior in uniaxial
tension, were investigated. Also, strength property of the composite was experimentally evaluated. Two structural
members made with ECC were produced and tested. Test results were compared with those of conventional concrete
structural members. Increased limestone powder contents of ECC provides higher ductility of the composites while
generally resulting in a lower strength property. ECC structural members exhibited higher flexural ductility, higher
flexural load-carrying capacity and tighter crack width compared to conventional structural members.
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Fig. 1. Stress-strain curve and crack width-strain relationship of
ECC under uniaxial tension [3]
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curve for a strain hardening composite [3]
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Fig. 3. Specimen geometry of fiber pullout test [12]

= R T :
35+ T} Fig. 4. Experimental setup for fiber pullout test
Table 1. Properties of PVA fiber
Fiber Density Length Diameter Tensile strength Young’s Elongation
(g/cm?) (mm) (m) (MPa) modulus (GPa) (%)
Polyvinyl
1. 12 1,62 . -11
alcohol (PVA) 30 39 620 38.9 3-113
Table 2. Mix proportion of ECC
Mix W/B S/B LP/C Unit weight (kg/m”)
(%) (%) (%) w C LP S SP HPMC | Deformer | PVA Fiber
E-0 45 80 0 390 865 0 694 3.8 1.6 1.6 25.8
E-10 45 80 10 390 779 85 694 3.8 1.6 1.6 25.8
E-20 45 80 20 390 692 172 694 3.8 1.6 1.6 25.8
E-30 45 80 30 390 604 260 694 3.8 1.6 1.6 25.8

*W : Water, B : Binder, C : Cement, LP : Limestone powder, S : Silica sand, SP : Super plasticizer, HPMC : Hydroxypropyl methyl-cellulose,

PVA : Poly-vinyl alcohol
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Fig. 5. Specimen geometry of fracture toughness test
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Table 3. Interfacial properties obtained from fiber bridging curve

Chemical bond (Gg) | Friction bond (t,)
E-0 1.867 1.957
E-10 1.854 1.832
E-20 1.872 1.734
E-30 1.864 1.645
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Fig. 7. Pull-out procedure of fiber in matrix [12]
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of ECC

Table 4. Fracture and strength properties of ECCs

Kic Jip Ty ( ]Vbljiip) G, O
E-0 1.053 50.4 266.2 53 6.2 59
E-10 0.815 31.6 258.3 8.1 6.0 52
E-20 0.723 26.1 269.8 10.3 6.0 4.8
E-30 0.645 21.9 280.7 12.8 5.8 4.5
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Fig. 10. Specimen and setup for uniaxial tensile test

Table 5. Result of uniaxial tensile test

Mix Initial cracking|  Ultimate | Ultimate strain
stress(MPa) stress(MPa) (MPa)

E-0 3.9 4.7 2.7

E-10 3.8 4.5 3.1

E-20 3.5 4.2 34

E-30 3.4 3.9 4.3
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Table 6. Mechanical properties of rebar

. Yield strength| Diameter Nominal
Classification .
(MPa) type diameter (mm)
Longitudinal rebar 400 D13 12.7
Shear rebar 400 D6 6.35

Fig. 12. Experimental setup for 4 points bending test
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Table 7. Results of flexural test

Initial crack Re-bar yielding | Ultimate load
Specimen| Deflection| Load |Deflection| Load | Deflection | Load
(mm) | (kN) | (mm) | (kN) [ (mm) | (kN)
RC-1 9.5 29.5 27.2 74.6 83.4 82.8
RC-2 8.3 294 25.7 75.7 77.5 80.4
ECC-1 11.5 34.2 31.3 83.3 121.2 89.4
ECC-2 10.3 327 29.2 81.8 118.3 914
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