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Abstract

In the recent design of high ductile fiber-reinforced ECC (engineered cementitious composite), optimizing
both processing and mechanical properties for specific applications is critical. This study presents an inno-
vative method to develop new class ECCs, which possess the different fluid properties to facilitate diverse
types of processing (i.c., self-consolidating or shotcrete processing) while maintaining ductile hardened
properties. In the material design concept, we employ a parallel control of fresh and hardened properties by
using micromechanics and cement rheology. Control of colloidal interaction between the particles is regarded
as a key factor to allow the performance of the specific processing. To determine how to control the particle
interactions and the viscosity of cement suspension, we first introduce two chemical admixtures including
a highly charged polyelectrolyte and a non-ionic polymer. Optimized mixing steps and dosages are, then,
obtained within the solid concentration predetermined based on micromechanical principle. Test results
indicate that the rheological properties altered by this approach were revealed to be highly effective in
obtaining the desired function of the fresh ECC, allowing us to readily achieve hardened properties,
represented by pseudo strain-hardening behavior in uniaxial tension.

Keywords : ECC, Cement paste, Rheology, Self-consolidating, Shotcrete processing, Tensile strain-hardening
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Fig. 1 Tensile stress-strain curve of typical ECC and
concrete. The crack width as a function of
tensile strain is also shown for the ECC
(Weimann and Li, 2003)
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Fig. 2 Typical o(8) curve for ECC. Hatched area
represents complementary enerey J, and
shaded area represents the crack tip toughness
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(b) Steady-state cracking ( [z <J,")

Fig. 3 Cracking in a composite based on the energy balance between J, and [,
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I A 24
1. 7120z

o] AFoA ECC B4 Afre KAIA A4t
3 PVA(polyvinyl alcohol) A4 (Z74 39 pm, 4
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AHERE, FEAZE FFYE 110 uimd A
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AT

(a) Stabilized micrb—structure by absorbed HPMC and MFS

Q Cemert

~ MFS
& HPMC
O ca

(b) Flocculated micro-structure by non-absorbed HPMC and CA

Fig. 4 Micro-structures developed in a cement paste by control of cement particle interactions for (a) sta-
bilized micro-structure desirable for self-consolidating; and(b) flocculated micro-structure desirable for

shotcreting
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(b) Spraying process on a vertical surface

Fig. 5 Shotcrete machine and spraying process
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(a) Deteriorated surface of the slab (b) Concrete substrate prepared for ECC pouring

Fig. 6 Patch repair site (S13 of 81103 in Michigan State of the US) for the field test on ECC self-consolidating
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(a) Schematic look

(b) Experimantal setup

Fig. 7 Test setup for uniaxial tensile test
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Hhol o] 7 mm oY wej QXY 2AL WE
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Fig. 8 The effects of fiber volume fraction, V; and fiber length, Ls on toughness ratio, J5 / /s
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Table 1 Basic mix composition determined based on
micromechanical analysis

Wgtgr—oement Sgnd-oeme;nt Fiber vglume Fiber length
ratio in weight | ratio in weight fraction (L)
(W/C) (5/C) (V)
~ 45 % 80~100 % 2 % 8~12 mm
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vfo]zg dstat #L2A Aojd o UM MHEFAR ECC(Engineered Cementitious Composite)d] thkét eld ¥4 T4
2400[
WIC = 0.45 VES ¢é
2000]. HPMC/C = 0.05% o o ¢
MFS/C= 2% ng / caic=0.1
E LGOOE J =100 L R
s 7 8 . %W
2 1,200} o = T
8 [ HPMC 2 L1 &
£ 800l Pad plrro g 10} SEAIC=0.05
mﬁg‘s #o® > o’
4001 o wtens® - o ’
pooeconsoss” " st NS R
D 2 4 6 8 10 1 10
Time (minutes) Time: (minutes)
(a) Effects of mixing sequence (b) Effects of CA particle dosage
Fig. 9 Viscosity change in cement paste over time (adapted from Kim et al., 2003)
Mix SH dry mix (C+S+FA) — W+SP — PVA fibers — HPMC — CA
Mix SC dry mix (C+S+FA) — W+HPMC — SP — PVA fibers

Fig. 10 Mixing sequences adopted for shocreting ECC (Mix SH) and self-consolidating ECC (Mix SC)
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Table 2 ECC compositions and the deformability just after mixing
Mix W/C S/C Ve (volume ratio) | FA/C MFS/C | HPMC/C CA/C r

Mix SH : 30 % 075 % 0.05 % 5% 31
— 46 % 80 % 2 %

Mix SC 15 % 2.00 % 0.01 % - 107
* W: water: C: cement: S sand. All numbers are weight ratios except for Vi
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(a) Mix SH (I" = 3.1)
Fig. 11 Deformability of ECCs obtained just after mixing
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(b)

(a) Shotcreting process

Shotcreted ECC layer

(b) Mix SC (I'" = 10.7)
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Ao et 27 45 mm9} 25 mme #E &
Ack(Fig. 12). o] FAE =T 439 4 g
3](ACI, 1990; EFNARC, 1999) 04 Fdah= ®
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A7 £39: 25 mm)of FHE golth ol5e]

TFPSFEE o] ATelA JEE ECCY &
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AN AFHAEY Fig. 130l Uehd #hgt
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(c) 25mm thickness of the layer
Fig. 12 Thickness of ECC shotcreted on an overhead surface
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38§35 ECC(Engineered Cementitious Composite)®] theFgt 814 34 18

(a) A drum mixer used for mixing
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Fig. 14 Comparison of uniaxial tensile stress vs.
strain curves obtained from ECCs cast by
diverse processing
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(b) ECC poured into the patch
Fig. 13 ECC placed by self-consolidating into the patch

{c) ECC placed by self-consolidating
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