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Key preparation parameters affecting performance of ultra-high performance mortars
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Abstract: The problems of poor workability and short setting time of ultra-high performance mortar ( UHPM)
are the bottleneck restricting its popularization and application in practical engineering. In view of this, eleven
groups of UHPM performance tests were carried out, considering the changes of key preparation parameters
(three groups of water to binder ratio, three groups of sand to cement ratio, two groups of quartz sand gradation,
two groups of steel fibre content, one group of retarder content), and analyzing the effects of the changes of
these parameters on the consistency, water retention, workability, setting time, compressive strength and
flexural strength. Results show that: UHPM has excellent water retention performance, and the water retention
rate of each group of mortar is more than 99%; the water to binder ratio is the key parameter affecting the
consistency of UHPM, and the consistency of UHPM with a water to binder ratio of 0.16 is increased by 81%
compared with that of UHPM with a water to binder ratio of 0.14; the compressive and flexural strengths of the
UHPM with gradation quartz sand are greater than those of the UHPM without gradation quartz sand ; compared
with UHPM without steel fiber, the compressive strength of UHPM with a volume fraction of 2% of steel fiber
rose by 25% to 114 MPa, and the flexural strength increased by 104% to 29 MPa. The addition of a retarder with
a mass fraction of 0.06% prolonged the setting time of UHPM by 39% and enhanced the workability of UHPM.
The relevant research conclusions can offer references for the preparation of UHPM.
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Tab.l1 Performance indexes and chemical composition of cement!”**!

o FOTIRIE/MPa  HUEHRIE/MPa A

AKUEHRIE SR R kg - m ™ PRI/ % wyo/ % Wso/%
3d 28 d 3d 28 d

P - 042.5 3 050 =5.0 =7.5 =25 =45 2.51 <3.0 <3.0
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Tab.2 Performance indexes and chemical composition of silica powder

PEREFE bR AL 5y B/ kg - m”’ wsmz/%

wKzo/%

wNaZO/%

Wiy % TR/ Yo BEIAE/ %o THPEFREL %

T 280 93 0.4

0.13 0.41 0.98 3.97 117
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Tab.3 Ultra-high performance mortar preparation ratios

JREEER K B/ % Ta—e
%5 KK W/B W/ P Piperep/ % W/ P
Wi wgx  20~40 H  40~70 H

Al 0.14 100 30 65 55 2.5 0 0
A2 0.15 100 30 65 55 2.5 0 0
A3 0.16 100 30 65 55 2.5 0 0
Bl 0.15 100 30 54 46 2.5 0 0
B2 0.15 100 30 100 0 2.5 0 0
B3 0.15 100 30 120 0 2.5 0 0
B4 0.15 100 30 75 65 2.5 0 0
B5 0.15 100 30 140 0 2.5 0 0
Cl1 0.15 100 30 65 55 2.5 78.1 0
Cc2 0.15 100 30 65 55 2.5 156.2 0

D1 0.15 100 30 65 55 2.5 0 0.06(20°C)

T2 A2 Jbof BREH AT 4 LURD A B SR AR Bt B AR LUK 8 Bt 353 b 1 0
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Tab.4 Construction consistency of masonry mortar '’

IEIES Hi T HEHE/mm
Pesk AR IR BRI (A %) 70~90
TREE LA AR EE 1/ NS OBIP i KRR (B 28) 50~70
Pelh AL IR Bedhizs DR e R EE /N 28 o i 28 I R BE LIl (C 28) 60~ 80
A (D ) 30~50
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Fig.1 Failure mode of ultra—high performance mortar compressive members
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Failure mode of ultra—high performance mortar flexural members
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Tab.5 Test results of mortar index of each group

HUR MR BT
me PHIMPa Pl Mpa K B

/% mm
7d 28 d 7d 28 d

Al 86.5 98.0 13.8 14.6  99.95 49.0
A2 83.3 91.0 12.8 142 99.94 66.0
A3 80.0 87.4 12.2 13.0  99.89 89.0
B1 83.6 86.3 11.3 13.5 9996 77.0
B2 80.7  76.7 9.6 13.2  99.98 82.0
B3 79.6 80.7 9.7 13.3  99.96 74.0
B4 77.6 88.9 10.9 16.2  99.92 54.0
BS 72.0 88.8 10.6 14.0  99.98 69.0
Cl1 96.8 105.2 18.5 241 99.99 61.0
C2 109.5 114.0 24.8 29.0 99.99 455

D1 77.1 87.6 10.8 145 99.95 67.0
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strength of ultra—high performance mortar
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Fig.5 Effect of sand to cement ratio and gradation on

consistency of ultra—high performance mortar
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Fig.6 Effect of sand to cement ratio and gradation on

compressive strength of ultra—high performance mortar
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Fig.8 Effect of steel fiber volume fraction on cube

compressive strength of ultra-high performance mortar
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Fig.9 Effect of steel fiber volume fraction on cube flexural

strength of ultra-high performance mortar
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