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ABSTRACT

Sprayable high ductile fiber-reinforced cementitious composite (ECC), which exhibits tensile strain—hardening
behavior in the hardened state, while maintaining sprayable properties in the fresh state, has been developed by
employing parallel control of micromechanical design and rheological process design. Initially, micromechanical tools
were adopted to properly select the matrix, fiber, and interface properties, and also to exhibit strain- hardening and
multiple cracking behaviors in the ECC composites. Within the pre-determined micromechanical constraints, the
fluid properties were controlled by the rheological process design to develop flocculations between cementitious
particles at a proper rate. The sprayable properties of ECC mix were then developed by the controlled rheological
properties of fresh matrix and the uniform dispersion of fibers. A series of spray tests showed the excellent
pumpahility, sprayability, and rebound property of the sprayable ECC. Subsequent uniaxial tensile tests
demonstrated that the mechanical performance of sprayed ECC is comparable to that of ECC cast with external

consolidation, for the same mix design.
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Fig. 1 Crack width vs. strain relationship of typical
PVA-ECC material along with tensile stress
vs. strain curve (from Li et al”)

4  Quasi-brittle ECC
material
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(a) A comparison between the uniaxial tension
behaviors of quasi-brittle cementitious material
and of ECC
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(b) A typical o¢(8) curve for ECC .
Fig. 2 Requirements for strain hardening according
to micromechanical principles
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Table 1 Properties of PVA fibers

Diameter | Length Nominal Elongation | Oiling agent Young’s
(pm) | (mm) S(t]r&?;gat)h (%) | content (%) | modulus

39 8 1620 6 0.8 389

Table 2 Properties of cementitious binders and sand

Material Type 1 Type F
property Cement Sand F/A cA
Grain size
+ + + +
( pm) 11.7+148| 110£38 | 269%68 55%15
Specific |4 5 260 241 -
gravity
Setting B B B Initial 100 min,
time" Final 160 min,
(! Vicat setting properties (KS L 5102), - : not available)

Table 3 Properties of chemical admixtures

Admixture property HPMC SP
Water content 0% (powder) 65 % (liquid)
Specific gravity 1.3 1.2
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Fig. 3 Schematic comparison between the definitions
of the rest time in mortar deformability test
and in ECC spray processing.
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Fig. 4 Pump out test on fresh ECC mix
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Table 4 Micromechanical parameters

Matrix Interface
Kn E; Of 7 Gdz
(MPa-v m) (GPa) (MPa) (MPa) {J/m")
LVDT 0.3042 23 3.02 2.106 2094
Aluminum 6
plate S Jy =144 Jim?
> (Jofd5,= 36)
4 -0 =45 MPa
(=
§3 | bo'5ic=1.5)
Fig. 6 Test setup for d1rect tensile test %2 i
o
1 -
ojgh U =79 AFAHA} dubael whow 0 ' ' ' :
2o ehdslol vlw, 1FS 98 AgA AdE °© o om4  0m om o
Ao AAF S MTS 810 A7) % T 2719 Crack opening displacement {(mm;
LVDT(S34ol=180 mm)7F AldAe] k2o Rzlg]o] Fig. 7 ¢(8) curve obtained by micromechanical
HE S %-Zé'ET}‘}iC}(Fig. 6). Fig. 6°ﬂ = ;\]?:,—_ uhgl 7bo] analysis (Vf=2 9% in volume fraction)
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Fig. 9 Change in deformability of mortar matrix mix
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Fig. 10 Demonstration of sprayability by using spray-
on test for (a) 45mm thickness of sprayed
ECC layer on vertical surface and (b) 25mm
thickness of sprayed ECC layer on overhead
surface

s Spraved ECC

6. e CastECC
=2
[
=
B
=
2
=1
=

0 + } t t t 1

o 05 1 15 2 25 8

Strain (%)

Fig. 11 Uniaxial tensile stress vs. strain curve of
sprayed and cast ECC at 7 days.
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