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ABSTRACT

This paper presents both experimental and analytical studies for the development of an ECC (Engineered
Cementitious Composites) using ground granulated blast furnace slag(slag). This material has been focused on
achieving moderately high composite strength while maintaining high ductility, represented by strain—hardening
behavior in uniaxial tension. In the material development, micromechanics was adopted to properly select optimized
range of the composition based on steady-state cracking theory and experimental studies on matrix, and interfacial
properties. A single fiber pullout test and a wedge splitting test were employed to measure the bond properties of
the fiber in a matrix and the fracture toughness of mortar matrix. The addition of the slag resulted in slight
increases in the frictional bond strength and the fracture toughness. Subsequent direct tensile tests demonstrate that
the fiber reinforced mortar exhibited high ductile uniaxial tension behavior with a maximum strain capacity of 3.6 %.
Both ductility and tensile strength(~5.3 MPa) of the composite produced with slag were measured to be significantly
higher than those of the composite without slag. The slag particles contribute to improving matrix strength and fiber
dispersion, which is incorporated with enhanced workability attributed to the oxidized grain surface. This result
suggests that, within the limited slag dosage employed in the present study, the contribution of slag particles to the
workability overwhelms the side-effect of decreased potential of saturated multiple cracking.

Keywords : ECC, ground granulated blast furnace slag, micromechanics, steady-state cracking, strain-hardening behavior
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i Fiber-Matrix interface [

- Mechanical bond (7}
- Chemical bond (G)

Matrix

- Tensile strength (o,)
- Young's modulus (£
- Fracture toughness (X,)

Task 1 Micromecharnica!
Pzramsiers

- Length, Diameter (L,dy)
> Norminal strength (o)
- Young's modulus (£

- Volume fraction (V)

Fiber Bridging Properties
108} aooross Cracks

* Micromechanies

[

{ Steady-state cracking

T
Task 3 +  Quasibiitle
.__j .

material

Ductile fiber
reinforced mortar

Tersile Stress~Strain Rel
{0~ of composits

£

Fig. 1 Flow-chart of important elements based on
micormechanics and steady-state cracking
theory for the development of strain-
hardening fiber reinforced cementitious
composites
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Table 1 Properties of PVA fiber

. Nominal . . Young's
strength(MPa) (GPa)
39 12 1620 6 0.8 38.9
Table 2 Properties of cement and sand
Material Type 1 .
Property cement Slag Sand
Grain size(im) 11.7+14.8 11.0+3.0 110438
Specific gravity 3.15 2.90 2.60

Table 3 Properties of chemical admixtures

\w HPMC PCSP
Property

Water content 0 %(powder) 60 %(liquid)
Specific gravity 1.3 1.2

Table 4 Mix proportions

W/C(%) |Slag/C(%6)| W/B(%) | S/C(%) |PCSP(%)|[HPMC(%)
35 25 28 80 3.0 -
475 25 38 80 2.0 -

60 25 43 30 10 0.1

* W water, C: cement, S: sand,
Slag: ground granulated blast furnace slag,
B: binder(C+slag). All numbers are mass ratios
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(a) Matrix fracture toughness test (b) Direct tensile test

Fig. 4 Experimental test setup
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Fig. 5 Fiber pullout displacement vs. applied load
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Fig. 6 CMOD vs. applied load curves obtained from
wedge-splitting tests at 28 days
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Table 5 Matrix fracture toughness and fiber-matrix
interface properties in case of the 25 %
addition of the blast furnace slag
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Table 6 Matrix fracture toughness and fiber-matrix
interface properties in case of the no
addition of the blast furnace slag

Age W/C =60 %(W/B = 48 %) |W/C = 475 %(W/B = 38 %)| W/C =35 %(W/B =28 %) Age W/C=60% WC=475% W/C=3%%
(day)| % G”ﬁ K, ol T Gy K Lol B Gdz K, o (day)| Gd2 K, Lloa G“é K, Ll B Gdg K, -
(MPa)|(J/m")|[(MPa - m9)[(MPa){(J/m )|[(MPa - m “|(MPa){(J/m)|(MPa m (MP2)(J/m)iMPa - m™ NMPa)(J/m™)|(MPa - m_“)|(MPa){J/m)|(MPa-m'™)
7 1138]1.773] 0075 |1424|1.791] 0.121 }1.470{1.806] 0.169 7 11.297{1.79%( 0069 [1.397]1.923] 0.106 |1.488(1.796 0.149
14 1143411.833] 0110 |1.498/1.870| 0.153 [1.536]1.870| 0.218 14 11.361{1.809] 0.086 |1.494]1.844] 0.134 |[1.526{1.840] 0.188
28 |1.646(1.877] 0120 |1.847[1.833] 0.168 {1.942{1.864| 0.262 28 |1.617{1.819) 0.100 11.822|1.853] 0.146 [1.90311.702| 0.227
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Table 6 Toughness ratios calculated based on
micro-mechanical analysis
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e = 60 % (wib =48 %)
....... whc =475 % (wib = 38 %)
104 e e = 36 % (wib = 28 %)
84
~F
> e

Target

Age (days)

Fig. 7 Toughness ratio as a function of the
composite age for the effects of W/C and the
addition of slag particles

wic = 47.5% (wib = 38%) wic = 60% (Wb = 47.5%)

wit = 60%

Tensile stress (MPa)

0 1 2 3
Strain (%)

Fig. 8 Typical uniaxial tensile stress-strain curves of
fiber-reinforced mortar
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Table 7 Mechinical properties of fiber-reinforced
mortar

Age W/C =60 %(W/B = 48 %) | W/C =475 %(W/B =38 %} W/C=3%W/B=28%) w/C | W/B Str_ain Tensile strength FMPa)
Gyl 0| G| Ee | al G, K. | o] G K, (%) (%) |capacity(%)| First crack | Ultimate
(MPa) (J/m’) [(MPa-m")|(MPa)| (J/m®) {(MPa - m"3)|(MPa)| (J/m? [(MPa - m"® 60 48 36 40 5.3
7 |1.879]18.094) 9641 |[3.279]|19.676] 5999 |5.665(20.174] 3560 60 60 2.2 2.2 3.2
14 |2.287]18.266] 7987 ]4.900{19561| 3992 [9.205]20.343| 2.209 475 33 1.0 4.3 5.1
28 [2480{18.379] 7412 |5423(19.784] 3648 [14.51{20.452] 1407 47.5 47.5 0.9 2.8 4.1
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