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First encounter with rheology Rheology vs. slump and washout

Rheology affects ease of mixing,
pumping, flow, segregation, washout,
formwork pressure, surface finish,
microstructure development

Rio.. what.. ? Binder 100%cement & 8% silica fume

W/CM 037 0.41 047 0.47

CM (kg/m3) 450 420 400 540

Sand / agg. 0.41 0.47

Slump (mm) 190 270 scc
uwce

Welan gum (% cwt) 0, 0.05, 0.10, and 0.15
Cell. (mL/100 kg CM) 600, 900, and 1200
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Rheology of Underwater Concrete Slump=210 £ 20 mm
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Washout not a function of slump
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Effect AWA + HRWRA on g and h
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100% C 8% SF
WG Cell.

W/CM = 0.37
W/CM=0.41
W/CM = 0.47
W/CM = 0.47 SCC
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100% C 8% SF
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W/CM =0.37
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W/CM = 0.47
W/CM = 0.47 SCC
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Workability box for washout loss
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Relationship between Rheology and
Flowable Concrete Workability

* Rheology vs. washout resistance

* Rheology vs. workability of SCC

- Rheology vs. workability test methods

- Workability of fiber-reinforced SCC

- Effect of mix design on rheology of SCC
* Rheology vs. hardening properties
- form pressure
- interlayer bond of green SCC
- top-bar effect
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Rheology of matrix must be controlled

to avoid particle segregation
Lack of static stability after casting

low yield value
and viscosity

ﬁ 72 239 (p,—pm MSA
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T50 vs. h

107 . Cement content = 385 kg/m?®

4 Cement content = 500 kg/m?

Slump flow time T50 (sec)
o
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h(N.m.s)

Khayat et al. 2004
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Flow behavior of SCC is complex and must be
optimized to secure adequate performance

high passing ability (low « +
B SiiEiBRooks N R

Laboratory & field test
methods to assess SCC
workability

V-funnel flow vs. h
407, Cement content = 385 kg/m?®
4 Cement content = 500 kg/m?

V-funnel flow time (sec)
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ase of L-box and U-box flow Correlate workability characteristics to 9
times with h intrinsic rheological properties
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Viscosity vs. passing ability Viscosity vs. static stability
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Surface settlement Surface settlement vs. pp
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Slump flow = AW Ve el
§ filling capacity ) 500%
E °0 300 0.6
0 300 0.75
3 ;\'.? ©0 35006
_ 0% no fibers ; a 85 ggg 8%5
0.5% steel fibers 3 ‘5 05 250 0.75
1%steelfiers o ®x  x ¢ e ™ 8 :gg % 8‘755
E 670 . o 0.5 350 0.6
: C e T . 4R i
H ° E +1.0 250 0.75
g 610 . . o .%o i . 128 288 81?5
El X ¢ ® 1.0 350 0.6
o 1.0 350 0.75
0 20 40 60 70 90 100
Filling capacity(%)  Khayat and Roussel, 2000 h (Nm.s) Khayat and Roussel, 2000
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Filling capacity of FR-SCC Relationship between Rheology and
can be related to rheological parameters Flowable Concrete Workability
o * Rheology vs. washout resistance
r B Volume of steel fibers
v AN o os% - Rheology vs. workability of SCC
—_ — —oai \ 14 Vca=0.25-0.36 "
E 12 | o 2 . SIP = 0.6-0.754 - Rheology vs. workability test methods
g ° % - Workability of fiber-reinforced SCC
g 0® 9%59 }’7 e " - Effect of mix design on rheology of SCC
S j/ﬁ_ 4 * Rheology vs. hardening properties
FiIIin;;;/poacily 50%-75% - fOf‘m Pressure
o 5 0 15 20 p 20 - interlayer bond of green SCC
Plastic viscosity (Nm.s) Khayat and Roussel, 2000 - Top-bar‘ effect
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Variations in lateral pressure envelope Loss in-slump flowis not sufficient to
evaluate decay in lateral pressure
30 Slump flow = 650 mm
£ 25 R = 10 m/hr
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Lateral pressure (kPa) Khayat et al, 2003 Loss in slump flow after 2 hrs of rest (mm)
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Thixotropy: variation of viscosity with
time at constant shear rate (reversible)

Testing protocol of thixotropy
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Khayat et al., 2003 Time(sec)
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A, vs. lateral pressure measured initially

ot o Exc.1.08 nid 200 Fil Field validation

70ScC

2.8-m high
column

Ay, 60 — 90 min vs. K at 100 min

P(maximum)/ P(hydrostatic) (%)

A3 120 — 150 min vs. K at 200 min

50 200
Khayat and Assaad, 2005
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Breakdown area (J/m3.s)

L XD

Actual pressure is less than
hydrostatic !

Slump flow = 720 mm

S/A = 0.50

Ternary cement = 475 kg/m?
w/cm = 0.40

R=6.5-9.5 mhr

R = 6.5 mhr

Head of concrete (m)
P(maximum)/ P(hydrostatic)

800 1000

V..%“ i

(1] 20 40 60 80 100 120 1200

Time after casting (min)

L XD

Pressure developed on formwork (kPa)

Khayat et al., 2005 Khayat et al., 2005
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Structural build-up: Static yield stress at rest (T,,,,,)

Torest = Tmaxl G

Torque (N.m)

N=0.03 rps
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Time (s)
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In-situ compressive strength

150 - Vibrated

Dist. from bottom (cm)

80 85 90 95 100 105 110
f'c (core)/f' ¢ (bottom) (%)

NCHRP 628, 2009
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¢ J-Ring: 630 — 640 mm
SCC mixtures  * LDox = 075
| ¢ Filling capacity > 90%
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