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ABSTRACT

The objective of this study is to develop a high ductile fiber reinforced mortar, ECC(Engineered Cementitious
Composite) with using raw material commercially available in Korea. A single fiber pullout test and a wedge
splitting test were employed to measure the bond properties in a matrix and the fracture toughness of mortar
matrix, respectively, which are used for designing mix proportion suitable for achieving strain—hardening behavior
at a composite level. Test results showed that the properties tended to increase with decreasing water-cement
ratio. A high ductile fiber reinforced mortar has been developed by employing micromechanics—based design
procedure. Micromechanical analysis was initially performed to properly select water-cement ratio, and then basic
mixture proportion range was determined based on workability considerations, including desirable fiber dispersion
without segregation. Subsequent direct tensile tests were performed on the composites with W/C's of 475% and
60 9% at 28 days that the fiber reinforced mortar exhibited high ductile uniaxial tension property, represented by a
maximum strain capacity of 2.2%, which is around 100 times the strain capacity of normal concrete. Also,
compressive tests were performed to examine high ductile fiber reinforced mortar under the compression. The test
results showed that the measured value of compressive strength was from 26 MPa to 34 MPa which comes under

the strength of normal concrete at 28 days.
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Table 1 Properties of PVA fiber

Nominal QOiling Young's
Diameter| Length tensile |Elongation| agent g
modulus
strength content
39um | 12mm | 1620 MPa 6 % 0.8% |389GPa

Table 2 Properties of cement and sand

Material

Type I cement Sand
property
Grain size (um) 11.7£14.8 130+38
Specific gravity - 3.15 2.60

Table 3 Properties of chemical admixtures

Material

property

HPMC

PCSP

Water content

0% (powder)

- 60 % (liquid)

Specific

gravity

1.3
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Table 4 Mix proportions

W/C (%) S/C (%) PCSP (%) | HPMC (%)
35 80 3.0 -
475 80 2.0 -
60 80 1.0 0.1

* W: water, C! cement, S: sand,
All numbers are mass ratios
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Fig. 4 Specimen geometries (unit : mm)
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Fig. 5 Experimental test setup
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Fig. 6 Fiber pullout displacement vs. applied load curves obtained from single fiber pullout tests at 28 days
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Fig. 7 Typical CMOD vs. applied load curves obtained from wedge-splitting tests
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Table 5 Matrix fracture toughness and fiber-matrix
interface properties

W/C - 60% | W/C = 4715% | W/C - 3%
KIc KIc KIC
Age | © ) Gatop,| o | Galop,| B | Galqmp,

d
(MPa)(J/m’) " it (MP2) (J/md)| i) (MPa)| (J/n’) | iy

7days | 1.297 11.795{ 0.069 | 1.397 | 1.923 | 0.106 | 1.488 | 1.796 | 0.149
14days| 1.361 ]1.809) 0.086 ) 1.494 | 1.84410.134]1.526 | 1.840 0.188
28days| 1.617 {1.819/0.100 1 1.822 | 1.853 | 0.146 | 1.903 | 1.702 | 0.227

Table 6 Toughness ratios calculated based on
micromechanical analysis

W/C = 60% W/C = 475% W/C =35%

Age | Juo | Jo | T/ | Jw | J% [ JW [ Juw | Jb | TV

(days) /e /mD| Jw /M U/mD]| Ju (/o 0/mD] T
7 11.631{17.605[10.790|2.783]18.196|6.539 |4.762|18.799 3.948
14 {2.149]18.099| 8.423 14.137[18.309{ 4.425 |6.368[17.388( 2.730
28 12.675(17.150] 6.411 [4.413[16.895 3.828 |8.588(18.227| 2.122
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