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Effect of Metakaolin on Rheological Properties and Fiber Distribution of Ultra-High
Performance Concrete
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2. Jiangsu Sobute New Materials Co., Ltd, Nanjing 211103, China)

Abstract: The effect of metakaolin on rheological properties and fiber distribution in static state of ultra-high performance concrete
(UHPC) paste with the same fluidity was investigated via rheological test, structural rebuilding rate test and image analysis
technology, and the structural rebuilding rate was used to characterize the fiber dispersion properties. The results show that the yield
stress of UHPC paste with the same fluidity is basically similar, but the apparent viscosity increases gradually with the increase of
metakaolin content (i.e., 5%—10%), while the rheological behavior does not change. The addition of metakaolin can increase the
structural rebuilding rate of UHPC paste, but the effect will weaken due to the increase of superplasticizers dosage. It is also indicated
that the structural rebuilding rate is closely correlated to the fiber distribution. The higher the structural rebuilding rate is, the better
the fiber dispersion will be.
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Table 1 Chemical composition (mass fraction w) of cement and metakaolin w/%
Material CaO Si0, MgO Fe,0; AlLO; SO; Na,O K,O LOI
Cement 63.52 19.29 5.09 3.11 3.93 1.62 0.17 0.53 2.75
MK 0.42 51.00 0.02 0.89 46.94 0.25 0.08 0.19 1.24
LOI is loss on ignition.
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Table 2 Physical and mechanical properties of straight type steel fiber
Tensile strength/MPa Elastic modulus/GPa Diameter/mm Length/mm Density/(g-cm )
3000 210 0.2 13 7.9

I EEEOK R &, $52H]) UHPC 2R 14
WMBNEAER—KF, Wk 3. KA 0.18, B
T 0. 5% 8%F1 10%#5 &1 MK % UHPC it 8tk
AE(MKO-MKS10T) & 4 4 53 41 (SMKO-10) (1) 5 1

1.2 &
1.2.1 AR ZM GB/T 8077—2012 (JR#%E

A INFN AT R TR ) AT GB/T 2419—2005 /K

Ve SBHS RSN BE I J73%) € UHPC ARG ENE
TR MEREDCR F 22 45110 MCR302 e 5 i A4
A FRERES CC25 ¥ . UHPC $ R AWK
MRS FE BB TR E 0 s'-100 s'-0 s Al
0s'-60s'-0s " LA L. FEEHLE], 4
K2 fis, K 10s'-80 s A1 4 s'—40 s I TFRE
B S AT v e A S IR AR T e 0 #

%3 UHPCEALL
Table 3 Mix proportions of UHPC

Mix No. mikg Fluidity/mm
Cement LS HDC active powder MK SP Water Sand Steel fiber
MKO 700 150 150 0 10 173 0 0 250
MKS5 700 100 150 50 10 173 0 0 245
MK8]J 700 70 150 80 10 173 0 0 202
MK10J* 700 50 150 100 10 173 0 0 155
MKS8T 700 70 150 80 12 172 0 0 247
MKI10T 700 50 150 100 15 170 0 0 240
MKSO0 700 150 150 0 10 173 900 0 305
MKS5 700.0 100 150 50 10 173 900 0 300
MKS8T 700 70 150 80 12 172 900 0 305
MKS10T 700 50 150 100 15 170 900 0 295
SMKO 700 150 150 0 10 173 0 10
SMKS5 700 100 150 50 10 173 0 10
SMKS8 700 70 150 80 12 172 0 10
SMK10 700 50 150 100 15 170 0 10
Note: due to poor filling properties, MK10J* only carried out the fluidity test, and did not test the rheological parameters and structural rebuilding rate. SP is
superplasticizer.
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(a) Testing scheme of cement paste
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Fig. 2 Testing scheme

(b) Testing scheme of mortar
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Fig. 4 Rheological curves of UHPC
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Table 4 Fitting parameters in H-B model

Mix No. w/Pa (155 ")(Pass) K n R

MKO 8.06 1.70 030 150  0.9999
MK5 8.58 225 044 148  0.9999
MKS8J 12.03 3.03 053 152 09997
MKST 8.22 2.14 039 151  0.9999
MKI10T 8.89 2.94 054 153 0.9999
MKS0 14.27 11.18 523 121 0.9999
MKS5 14.90 13.35 6.03 121  0.9999
MKSST 14.36 11.52 539 122 0.9999
MKSI0T  15.65 14.10 622 125 0.9999
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