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Abstract. The water binder ratio is a key parameter in the mix design of ultra-high performance concrete.
Aiming at the high sensitivity of ultra-high performance concrete to water consumption, the influence of
water consumption on the performance of ultra-high performance concrete was studied in a narrow range.
The compatibility ratio of raw materials of ultra-high performance concrete can be adjusted, but the space is
small, so we try to improve the fluidity of concrete by physical and chemical means. The experimental
results show that the fluidity of concrete increases slightly with the addition of glass beads, but the flexural
properties of the concrete are adversely affected. With the addition of viscosity reducer, the workbility of
concrete increases, but the compressive strength decreases.

1 Analysis of Mix Proportion Charac
teristics of Ultra-High Performance Co
ncrete
Ultra-high performance concrete (UHPC) is a kind of
UHPC with excellent performance and good durability. It
has ultra high toughness and strength, which is far
beyond ordinary high performance concrete. Thanks to
the unremitting efforts of scientific researchers, UHPC
has been gradually applied to such occasions as high-rise
buildings, long-span bridges, military projects, water
conservancy projects, special structures and prefabricated
component nodes.
Different from the conventional concrete mix
proportion, the mix proportion of UHPC carries the
following features: ultra-low water binder ratio[1] [2],
ultra-high cement content, adding nano mineral
admixture (silica fume) and eliminating defective
aggregate (stone). Nano silica fume improves the particle
size distribution of cementitious materials and makes the
UHPC paste in a dense state, which serves as the main
reason to explain why its strength is far higher than that
of ordinary UHPC. The traditional strength design
formula of Bowromi Water Binder Ratio was put forward
when the ordinary concret is in the state of multi hole
hardened mortar, so it is not suitable for UHPC paste
whose hardened paste is in a dense state. Because there is
no defective aggregate (stone) in the mix proportion of
UHPC, and the surface area of sand is quite different
from that of stone particles, so the method of determining
the fluidity of concrete according to stone particle size

and water content in the existing national standard
“Specification for Mix Proportion Design of Ordinary
Concrete” (JGJ55-2011) is not feasible. The existing mix
proportion design methods of particle pie model are
based on the packing density of cementitious materials,
while neglecting the influence of the fluidity of fresh
mortar and the hydration reaction on the fluidity of
concrete.[3] At present, the UHPC used in engineering
shows poor fluidity and fast fluidity loss. These are the
main problems hindering the wide application of UHPC.
Therefore, it is necessary to optimize the mix proportion
of UHPC to form a mix proportion scheme and to meet
the needs in work.

2

Raw Materials for Experiment

The cement used in the experimentüP Ⅱ 52.5 Portland
cement, is produced by Anhui Conch Cement Co., Ltd.;
the silica fumeüdensified silica fume, is produced by
Shanghai Topken Silica Fume Co., LTD; the
superplasticizer
ü
SQⅡC803
polycarboxylate
superplasticizer (retarding type) is produced by Shanghai
Construction Building Materials Technology Group Co.,
Ltd., and its solid content is 22.57% and the water
reduction rate of concrete is greater than or equals to
25%; high strength PVA fiber is made by Changzhou
Tian Yi Engineering Fiber Co., Ltd., its basic properties
are shown in Table 1. The microfilament steel fiber is
provided by Shanghai Real Strong Fiber Co., Ltd., and
the basic properties are shown in Table 2:
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Table 1 Performance of high strength PVA fiber
Diamete (μm)
12-14

High strength PVA fiber

Diameter (mm)

Aspect ratio

Tensile strength (MPa)

Number of fibers (≈piece/Kg)

0.22

60

2850

224862

The glass beads in the experiment, a kind of glass
bead for grinding, are produced by Hebei Langfang
Daohong Glassbeads Co., Ltd. And the particle sizes are
0.15-0.16 mm, 0.2-0.3 mm and 0.45-0.6 mm respectively.

Fig. 1. Glass beads
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The viscosity reducer is Rheoplus 416 polycarboxylate
ether concrete viscosity reducer, and it is produced by
BASF SE. The appearance of glass beads, viscosity
reducer and PVA fiber can be seen in Fig. 1, 2 and 3:

Fig. 2. Viscosity reducer

3.1. Experimental Mix Proportion
The effects of water consumption, glass beads and
viscosity reducer on the workability of UHPC are
investigated. After that, the writer analyzes feasible ways
Table 3

ST(13mm)end
hook
ST(13mm)end
hook
ST(13mm)end
hook
ST(13mm)end
hook

Fig. 3. PVA fiber

to optimize the performance of UHPC.
In the experiment of water consumption, considering
that the fluidity of linear fiber reinforced concrete is
generally high, a 13mm long end hook type copper
plated microfilament steel fiber is used. The experimental
mix proportion can be seen in Table 3:

Experimental Contents

No.

Density (g/cm3)
1.30

Breaking strength (MPa)
≥ 1000

Properties of copper plated microfilament steel fiber

Table 2
Microfilament steel fiber

Elongation (%)
6.0-8.0

Experimental mix proportion of water binder ratio

Water(g)

Silica fume (g)

Cement(g)

Standard
sand(g)

Plasticizer(g)

Fiber volume
fraction(%)

Fiber contents(g)

175

50

1000

1000

40

1%

84.3

185

50

1000

1000

40

1%

84.3

195

50

1000

1000

40

1%

84.3

205

50

1000

1000

40

1%

84.3

mainly studied[4]. The fibers added are 9 mmPVA fibers.
The experimental mix proportion can be seen in Table 4:

In the modification experiment of glass beads, the
effect of glass beads with different particle sizes on the
fluidity of ultra-high toughness and strength concrete is

Table 4 Mix proportion of concrete with glass beads
Water

Silica
fume

Cement

Sand

Plasticizer

Fiber
volume
fraction

Fiber
contents

˄g˅

˄g˅

˄g˅

˄g˅

˄g˅

˄%˅

˄g˅

WZ-0

195

50

1000

1000

40

1%

14

WZ-1

195

50

1000

1000

40

1%

14

No.

2

Glass beads
Particle size
(mm)

Addition contents
(g)
0

0.15-0.16

150
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WZ-2

195

50

1000

1000

40

1%

14

0.2-0.3

150

WZ-3

195

50

1000

1000

40

1%

14

0.45-0.6

150

In the experiment of viscosity reducer modification,
the effect of typical viscosity reducer with different
contents on the fluidity of UHPC is mainly studied. The
fibers are 9 mm pva fiber, and viscosity-reducer 416 is

added by 15%, 30% and 45% of the solid content of the
admixture respectively. The experimental mix proportion
can be seen in Table 5:

Table 5 Mix proportion of concrete mixed with viscosity reducer
Water

Silica
fume

Cement

Sand

Plasticizer

Fiber volume
fraction

Fiber
contents

(g)

(g)

(g)

(g)

(g)

(%)

(g)

JN-0

195

50

1000

1000

40

1%

14

0

0

JN-1

195

50

1000

1000

40

1%

14

15%

50

JN-2

195

50

1000

1000

40

1%

14

30%

50

JN-3

195

50

1000

1000

40

1%

14

45%

50

No.

3.2. Preparation of Ultra High Performance Co
ncrete
(1) According to the experimental mix proportion, weigh
the raw materials, then pour the cement, silica fume and
standard sand into the mortar mixer, and dry mix for 3-5
minutes (without water) until they are smooth.
(2) During the mixing, slowly add the mixing water
and plasticizer, and stir them for 3-5 minutes until the
mixture flows.
(3) Keeping the mixer on. During the process, put in
fibers in batches, and mix well.
(4) After shaping the mixture, and vibrating and
compacting it with cement mortar vibration table, then
moved it into the curing box (20 ± 2) ℃.

Viscosity reducer BASF416
Contents ratio
in solid

Addition contents
(g)

175

147

4.6

11.6

185

215

12.7

43.2

195

225

14.0

45.3

205

280

2.1

5.3

The influence of water consumption on the flow
performance of UFPC can be seen in Figure 4:
fluidity of mortar˄mm˅

300
250
200

fluidity of mortar

150
100

3.3. Test Methods for Ultra High Performance
Concrete

50
0
175

(1) Fluidity of mortar: Referring to GB/T2419-2005 Text
Method for Fluidity of Cement Mortar.
(2) Bending strength and compression strength:
Referring to GB/T 17671 —1999 Method of testing
cements--Determination of strength. The bending
strength test is conducted for the sample first, and then
the compressive strength test is conducted for each
section after fracture.

185
195
205
water consumption˄g˅

Fig. 4. Influence law of water consumption on flow
performance of concrete

The influence of water consumption on the flow
performance of UHPC can be seen in Fig. 5 and Fig. 6:
16
bending strength ˄MPa˅
˅

4 Research on the Influence of Water
Binder Ratio on the Performance of
Concrete with Ultra High Toughness and
Strength
The flow performance and mechanical properties of
UHPC with different water consumption are shown in
Table 6:

1d bending
strength (MPa)

10
8
6
4
2
175

concrete with different water binder ratios
Fluidity
(mm)

12

0

Table 6 Flow performance and mechanical properties of

Water
Consumption(g)

1d bending strength

14

185

195

205

water consumption˄g˅

1d compressive
strength (MPa)

Fig. 5. Influence of water consumption
on 1d bending strength
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1d compressive strength

132
130
128
126
124
122
120
118
116
114

fluidity

WZ-0
175

185
195
205
water consumption˄g˅

WZ-1
WZ-2
sample number

WZ-3

Fig. 7. Variation of mortar fluidity with the particle size of glass
beads

Fig. 6. Influence of water consumption

The influence of the different particle sizes of glass
beads on the mechanical properties of UHPC can be seen
in Fig. 8 and Fig. 9:

on 1d compressive strength

As can be seen from the above figures, with the
increase of water content in UHPC, the fluidity of the
concrete presents an obvious increasing trend. Although
the fluidity of concrete presents an increasing trend, from
the perspective of mechanical properties, the bending
strength and compressive strength both show a trend of
increasing first and then decreasing, and the peak value is
more obvious. When there exists little moisture, most of
the cement in the concrete does not participate in the
hydration reaction, and the hydration part is
discontinuous, which is the main reason for the low
strength. When the water consumption reaches 205 g, the
mechanical properties of concrete show a significant
decline. This is related to the larger dispersion of cement
and the longer setting time after the addition of excess
water. Excess water will seriously affect the strength of
UHPC in the early stage.

bending strength ˄MPa˅

9.4
1d bending strength
9.2
9
8.8
8.6
8.4
8.2
8
WZ-0

WZ-1
WZ-2
sample number

WZ-3

Fig. 8. Variation of bending strength with the diameter of glass
beads
70
compressive strength ˄MPa˅
˅

5 Research on the Influence of Glass
Beads on the Performance of Ultra High
Performance Concrete
The variation law of various properties about UHPC with
different particle sizes of glass beads can be shown in
Table 7:
Table 7 Performance of Concrete with the Addition of Glass

1d compressive strength
60
50
40
30
20
10
0

Beads

WZ-0

WZ-1
WZ-2
sample number

WZ-3

No.

Fluidity
(mm)

1d bending
strength(MPa)

1d compressive
strength(MPa)

WZ-0

125.5

9.3

62.3

glass beads

WZ-1

120

8.6

58.8

WZ-2

130

8.5

57.0

WZ-3

130

8.7

50.3

It can be seen from the above information that after
adding glass beads into UHPC, the flow performance of
concrete increases slightly when the particle size of glass
beads is relatively large, but the improvement is not
obvious, and the concrete is in a relatively loose state.
After the addition of glass beads, the mechanical
properties of concrete decrease, while the bending
strength decrease significantly, which indicate that glass
beads produce great influence on the bending and tensile
properties of concrete. The glass beads are spherical, and

Fig.9. Variation of compressive strength with particle size of

The influence of the particle size of glass beads on
the fluidity of UHPC is shown in Figure 7:
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no obvious displacement occurs under vertical pressure
load, so they have little effect on the compressive
strength of concrete. When the concrete is subjected to
shear load, the glass beads in the shear stress
concentration area are easy to rotate or displace and
embed into the micro cracks of concrete, which is also
the main reason for the obvious decline of bending and
tensile properties.

bending strength ˄MPa˅

10
1d bending strength

8
6
4
2
0

6 Study on the Influence of Viscosit
y Reducing Superplasticizer on the P
erformance of Ultra High Performance
Concrete

JN-0

JN-1
JN-2
sample number

JN-3

Fig.11. Variation of bending strength with changing
viscosity reducer content
compressive strength ˄MPa˅

70

The variation of the properties of UHPC with the
addition of viscosity reducer can be seen in Table 8:

1d compressive strength

60
50

Table 8 Performance of concrete with viscosity reducer

40

No.

Fluidity
(mm)

1d bending
strength(MPa)

1d compressive
strength(MPa)

-1







-1







-1







-1







30
20
10
0
JN-0

viscosity reducer content

Based on the above information, we can see that with
the increase of viscosity reducer, the viscosity of concrete
decreases, but the increase of fluidity is not obvious,
which indicates that the addition of organic fiber has a
great impact on the fluidity of concrete, and the slight
reduction of concrete viscosity is not enough to change
the overall flow performance. From the perspective of
mechanical properties, the increase of viscosity reducer
has no obvious effect on the bending performance of
concrete, but has a more obvious impact on the
compressive performance, which should be related to the
retarder contained in the viscosity reducer[5].

135
fluidity of mortar

130

125
fluidity

115
110
105
JN-0

JN-1
JN-2
sample number

JN-3

Fig. 12. Variation of compressive strength with changing

The influence of viscosity reducer content on the flow
performance of UHPC is shown in Figure 10:

120

JN-1
JN-2
sample number

JN-3

Fig. 10. Variation law of mortar fluidity with the content of

7

viscosity reducer

Conclusions

(1) UHPC is very sensitive to water consumption, so the
best water consumption should be determined through
the experiment. If the water consumption is too low, the
hydration reaction will not be complete, and the strength
will be low; if the water consumption is too high, the
setting speed of cement will be slow, and it cannot be
hardened.
(2) Glass beads and polymer viscosity reducer can
slightly improve the fluidity of concrete, but the addition
of glass beads has a greater impact on its bending
toughness. Polymer viscosity reducer contains retarding
components, which will have adverse effects on the
compressive strength of concrete.
(3) At present, regulating water consumption is still
the main method to control the fluidity of UHPC.
Therefore, to ensure the quality of concrete, accurate and

The influence of viscosity reducer content on the
mechanical properties of UHPC can be seen in Fig. 11
and Fig. 12:
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real-time control of concrete water consumption is
needed in production.
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