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Abstract: In this paper, C200 ultra-high performance con-
crete (UHPC) containing coarse aggregate was prepared.
Firstly, four different maximum size and three different
type of coarse aggregate having significant differences in
strength, surface texture, porosity and absorption were
used to prepared the mixtures. Secondly, the effect of max-
imum size and type of coarse aggregate on the workability
of the fresh UHPC and the mechanical behaviour of harden
UHPC were investigated. Finally, a series micro-tests in-
cluding mercury intrusion porosimetry (MIP), scanning
electron microscope (SEM), X-ray diffraction (XRD) were
conducted and the mechanism of the C200 UHPC were dis-
cussed.

The results show that the type and maximum size of coarse
aggregate have significant effect on the workability and
mechanical properties of C200 UHPC. The basalt coarse
aggregate with maximum size of 10mm can be used to pre-
pare the C200 UHPC. The compressive strength and flexu-
ral strength of the C200 UHPC is 203MPa and 46MPa at 90
day, respectively. Besides, the micro-tests data show that
the C200 UHPC has a compacted matrix and strong inter-
face transition zone (ITZ), which make the aggregate po-
tential strength fully used.
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1 Introduction

Reactive powder concrete (RPC) is an advanced cement
based material, which can be divided into RPC200 and
RPC800 [1-4]. The compressive strength of RPC200 is be-
tween 150MPa and 200MPa, flexural strength ranges from
20MPa to 50MPa and fracture energies varies between
15,000]/m? and 40,000]/m? [1, 2]. Obviously, RPC possess
the ultra-high mechanical properties, which has a great po-
tential prospect in the fields of civil, pavement, bridge and
protective shelter of military engineering [5, 6].

It is well known that the RPC is composited of a high
dosage of cement (generally over 800kg/m?), very fine
powder (such as crushed quartzite and silica fume) and
steel fiber [1, 2]. Obviously, these expensive raw materials
are responsible for the high production cost. In addition,
the rigorous curing regimes usually employed in the fabri-
cation of RPC (200°C autoclave curing or 90°C heating cur-
ing) result in a low production efficiency and high energy
consumption. Moreover, for the enhancement homogene-
ity, the coarse aggregates are eliminated in RPC [1]. How-
ever, the coarse aggregate is the main composite part in
normal strength concrete, which is up to approximately
40 percent of the total volume. The elimination of the
coarse aggregate means the much higher amount of ce-
mentitious dosage in the RPC. This may leads to sharp
increase in shrinkage, creep, hydration heat and the pro-
duction cost of the RPC. Furthermore, increased shrinkage
characteristics and high sensitive microcracking may re-
duce its early age and hardened performance. Therefore,
how to reduce production cost and energy consumption,
simplify the manufacturing process, eliminating the neg-
ative effective caused by the high amount of cementitious
dosage are the key problems for the application of RPC in
practical engineering.

Our previous studies [6-10] have been discussed the
preparation of C200 ultra-high performance (UHPC) as the
following methods. Firstly, a large amount of Portland ce-
ment (PC> 50%) was replaced by a cheap industrial min-
eral admixture of fly ash (FA), slag (SL) and silica fume
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Table 1: Chemical composition and physical properties of cementitious materials
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Chemical composition (%) PC SF FA SL
Sio, 20.6 94.5 55.0 34.2
Fe,03 4.4 0.8 5.9 0.4
MgO 5.0 0.3 31.3 14.2
Al,O; 5.0 0.3 31.3 14.2
CaO 65.1 0.5 3.9 41.7
SO; 2.2 0.8 1.5 1.0
LOI 1.3 1.0 1.0 1.7
Specific surface area (m?/kg) 417 2200 686 766
Specific gravity (k/cm?) 3.08 1.84 2.61 2.63

Table 2: Properties of coarse aggregates

aggregate Compressive Relative density  Porosity (%)

Maximum size (mm) water absorption (% of dry mass)

Granitic 144 2.64 0.13
Basalt 203 2.90 0.45
Basalt 203 2.90 0.45
Basalt 203 2.90 0.45
Basalt 203 2.90 0.45
Basalt 203 2.90 0.45
Iron ore 192 4.80 0.26

10 0.28
10 0.54
5 0.54
10 0.54
15 0.54
20 0.54
10 2.20

(SF). Secondly, the natural river sand with the maximum
diameter of 3mm was substituted for the costly ultra-fine
quartz sand. Finally, the standard curing (20 and 100%
relative humidity) took the place of 200 autoclave curing
or 90 heating curing. According to the above method, the
C200 UHPC with lower energy consumption, lower produc-
tion cost and easier operation was successfully prepared.
In this paper, production of C200 UHPC containing
coarse aggregate without any performance loss compared
to the conventional RPC was investigated. Firstly, four dif-
ferent maximum size and three different type of coarse ag-
gregate having significant differences in strength, surface
texture, porosity and absorption were used to prepared the
mixtures. Secondly, the effect of maximum size and type
of coarse aggregate on the workability of the fresh UHPC
and the mechanical behaviour of harden UHPC were inves-
tigated. Finally, a series micro-tests including mercury in-
trusion porosimetry (MIP), scanning electron microscope
(SEM), X-ray diffraction (XRD) were conducted and the
mechanism of the green C200 UHPC were discussed.

2 Experimental

2.1 Raw materials

Four types of cementitious materials were used in this
study: Portland cement (PC) with 28 days of compressive
strength of 68.9MPa, silica fume (SF), fly ash (FA) and slag
(SL). Their chemical compositions and physical properties
are shown in Table 1.

The natural river sand with the maximum size of 3mm
was used to replace the ultra-fine quartz sand, which is
a necessary component to produce RPC reported by pub-
lished literatures. Three different types of coarse aggregate
were used: crushed granitic (CG), crushed basalt (CB) and
crushed iron ore (CI). These aggregates were selected be-
cause they present significant differences in strength, sur-
face texture, porosity and absorption and bond strength.
The CG presents irregular shape, rough texture, and low
absorption. The CB also has an irregular shape and rough
texture. The CI has a rough surface texture and the highest
density. The same particle size distribution was adopted
with a maximum aggregate size of 10mm. Compressive
strength, relative density, porosity and water absorption
ratio index of the aggregate rocks were presented in Ta-
ble 2.
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Table 3: Mixtures proportions (kg/m?)
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MixNo  water Cement Silica Fly Slag Sand Coarse Steel SP Maximum of aggregate
fume ash aggregate fiber size (mm)

RM 164 512 102.4 204.8 204.8 1024 300 25.6

AT-G 128 400 80 160 160 800 728 234 20 10

AT-B 128 400 80 160 160 800 800 234 20 10

AT-l 128 400 80 160 160 800 1335 234 20 10

AS-10 128 400 80 160 160 800 800 234 20 10

AS-15 128 400 80 160 160 800 800 234 20 15

AS-20 128 400 80 160 160 800 800 234 20 20

2.2 Mix-design

Seven mixtures, one reference mixture (RM) without
coarse aggregate and six mixtures with different coarse ag-
gregates were designed. The water-binder ratio and sand-
binder ratio of all mixtures was 0.16 and 1.0, respectively.
For cementitious binder, 50% of Portland cement was re-
placed by ternary mineral admixtures composited of 10%
silica fume, 20% fly ash and 20% slag. A polycarboxylic
type superplasticizer with water reducing ratio of 40% was
adopted to ensure the workability. The dosage of super-
plasticizer was kept at 2.5% weight of total binder. To avoid
brittle fracture, 3% by volume brass coated steel fibers
with 6mm length and a diameter of 0.15mm were used; the
tensile strength of the fibers is 2200Mpa. The mixture pro-
portions are shown in Table 3.

The AT-G, AT-B, AT-I were designed to investigate the
aggregate type (AT) on the influence of the ultra-high per-
formance cementitious materials. The AS-10, AS-15 and AS-
20 were used to study the effect of aggregate size (AS). The
three different maximum aggregate size of 10mm, 15mm
and 20mm were investigated. As the aim of the study is the
effect of aggregate type and maximum aggregate size, the
volume fraction of coarse aggregate has to remain constant
and has been chosen to a value of 27.5%.

2.3 Specimens preparation

The cementitious materials (Portland cement, silica fume,
fly ash and slag) and river sand were first dry-mixed for 1
minute. Then the mixture of water and surperplasticizer
was added and mixed for 3 minutes. After that, the steel
fiber was sprinkled slowly into cementitious mixture and
mixed for another 3 min to make the steel fiber homoge-
nously distributed through the fresh mortar. Finally, the
coarse aggregates were poured into cementitious mixture
and mixed for another 1 minutes. Then, the fresh C200

UHPC was cast into steel moulds and compacted by a vi-
brating table. The specimens were de-moulded after 24
hours, and then cured in the condition of 20°C and 98%
relative humidity.

2.4 Testing methods
2.4.1 Slump tests

Fresh UHPC mixture properties were determined using the
slump test for workability in accordance with China code
of GB/T 50080-2016 [11]. The testing apparatus consisted
of a normal slump cone and a steel plate with dimensions
of 1000mmx=1000mm.

2.4.2 Static tests

A closed-loop servo-controlled material testing machine
(MTS) was used to conduct compressive and flexural
test. The compressive strength test was performed on
100x100x100mm cubic specimens and the loading rate
was 1Mpa/s. Flexural strength test was performed on
100x100x400mm prismatic specimens by using third-
point loading and the span length of the specimen was
300mm , which is in accordance with China code of GB/T
500812002 [12].

The compressive strength and flexural strength of
C200 UHPC were conducted on 7, 14, 28 and 90 days age.
Three specimens of each batch were tested and the aver-
age value was served as the final compressive strength and
flexural strength.
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2.4.3 Microscopic test

In order to investigate the detail of the interfacial transi-
tion zone (ITZ) between the aggregate and paste, the MIP,
SEM and XRD measurement were conducted. After the
static test, the sample were obtain from the broken spec-
imens. The hydration reaction of the cement paste was
stopped by crushing the specimens into pieces of about 3-
5mm size, and then immersing them in acetone for 24h. Af-
ter that the paste sample was dried at 40°C for 3h, and next
placed in vacuum desiccators for 2 days, and then used for
testing.

The specimens for SEM were mounted onto alu-
minium stubs using double-sided adhesive carbon discs
and coated with gold. To ensure that electrical charge sur-
faces, a line of silver paint was applied connecting the
specimen sides to the stub.

3 Results and Discussion

3.1 Workability

The slump of the ultra-high performance cementitious
composite with different type of aggregate are shown in
Figure 1. It clearly can be seen in Figure 1 that the AT-B
and AT-G has a slump of 195mm and 200mm, respectively.
However, AT-I mixture which containing iron ore showed
the lowest slump of 160mm. This may be attributed to the
fact that iron ore aggregate has the highest water absorp-
tion capacity than other coarse aggregate. Just as shown
in Table 2, the water absorption of CG, CB and CI is 0.28%,
0.54% and 2.2%, respectively. Therefore, more free water
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Figure 1: Influence of aggregate type on workability
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are absorbed into iron ore aggregate, thus reduce slump of
AT-I mixture.

Besides, the density of the iron ore is 4.8g/cm3, which
is larger than the density of basalt and granitic. Therefore,
the heavy coarse aggregate of iron ore precipitated when
conducting the slump test. The precipitation of the iron ore
coarse aggregate may block the flow of the mixture.

The slump of the mixture with different maximum size
of coarse aggregate are shown in Figure 2. The Figure 2 in-
dicates that the slump values of the mixtures with smaller
maximum size of coarse aggregates is higher than that
with lager maximum size of coarse aggregate. This agrees
with the study carried out by Uysal [13] and Szczesniak et
al. [14] who investigate the self-compacting concrete (SCC).
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Figure 2: Influence of coarse aggregate size on workability

This phenomenon is reversed with the normal
strength concrete (NSC). For a given aggregate fraction in
the NSC, the workability improves as the size of the max-
imum aggregate particles increases, probably because of
the decrease in specific surface [15]. This difference may
be attributed to the different volume fraction of the paste
between the C200 UHPC and NSC. Just as shown in Table 2,
the volume fraction of paste in C200 UHPC is about 50%.
It is well known that the volume fraction of the paste in
NSCis just only 15%. Therefore, there is much excess paste
in the C200 UHPC even with the small maximum size of
coarse aggregate.

3.2 Compressive strength

The compressive strength development of UHPC mixtures
without and with various types of coarse aggregates are
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presented in Figure 3. The data in Figure 3 indicates that
the use of coarse aggregate have obvious influence on the
compressive strength of UHPC. Just as shown in Figure 3,
the compressive strength of UHPC with basalt aggregate is
203MPa, which is higher than the 196MPa of UHPC with-
out aggregate. However, the compressive strength of UHPC
with granitic and iron ore coarse aggregate is 179MPa and
175MPa, respectively. Therefore, it can be concluded that
the basalt coarse aggregate have the positive effect on
the compressive strength of UHPC. This phenomenon is
different from the normal strength concrete. For normal-
strength concrete, the effect of the type of coarse aggregate
on the compressive strength is not significant [16].
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Figure 3: Influence of coarse aggregate type on compressive
strength

It is well known that concrete is a composite, and
its properties depend on the properties of the compo-
nent phases (paste matrix and aggregate) and the inter-
facial transition zone (ITZ) between them. For the nor-
mal strength concrete, the compressive strength of paste
matrix is low and the ITZ is weak [17]. The cracks exist
in ITZ is a considerable extent before the concrete sub-
jected to any external load. Under load, these small or mi-
croscopic cracks extend and interconnect, until, at ulti-
mate load, the whole internal structure is completely dis-
rupted [16]. The aggregate had, in comparison with con-
crete, relatively high strength and their potential strength
was not fully used. Therefore, the type of the coarse aggre-
gate has not obvious effect on the compressive strength of
normal strength concrete. However, in UHPC, the strength
of paste matrix and ITZ are extremely improved because of
the very low water-to-binder ratio and the use of the min-
eral admixture including silica fume, fly ash and slag (the
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enhancement mechanism of UHPC ITZ will be discussed
in section 3.4). Under load, the cracks may extend through
the aggregate, which make use of the full strength poten-
tial of the coarse aggregate particles, just as shown in Fig-
ure 4. Therefore, the coarse aggregate presents positive ef-
fect in the strength of UHPC.

Figure 4: Fracture of the specimen

Besides, the data in Figure 3 also reveal that the type
of coarse aggregate has a significant effect on the compres-
sive strength of UHPC. The highest compressive strength of
203MPa were measured in UHPC mixture presented with
basalt aggregate while the lowest compressive strength
of 175MPa were noted in mixture prepared with iron ore
coarse aggregate at 90d. The highest compressive strength
of AT-B may attribute to the hard texture and rough sur-
face of the basalt. For the AT-I, just as the discussion in
section 3.1, it is hard to fabricate a homogenous UHPC mix-
ture when adding the iron ore aggregate because of its high
density.

The compressive strength of four UHPC with different
maximum size of basalt coarse aggregate are shown in Fig-
ure 5, the test results indicate that the maximum size of
coarse aggregate has a significant influence on the com-
pressive strength of UHPC. The UHPC with maximum size
of 15mm presents the highest compressive strength than
other size at early curing age (7d and 14d). However, the
UHPC with maximum size of 10mm shows the highest com-
pressive strength at later curing age (28d and 90d). Be-
sides, the compressive strength of the UHPC with 10mm
maximum size of coarse aggregate is 4.0% higher than the
UHPC without aggregate. But the compressive strength of
UHPC with 15mm and 20mm maximum size of aggregate
is 4.5% and 6.6% lower than reference mixture, respec-
tively. It can be concluded that the proper maximum size
of coarse aggregate is helpful for the compressive strength
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of UHPC, but too large size of coarse aggregate tends to re-
duce UHPC strength. This is in agreement with the results
of high performance concrete tests conducted by Aulia and
Deutschmann [18].
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Figure 5: Influence of maximum size of aggregate on compressive
strength

This is due to the smaller maximum size of coarse ag-
gregate that has the larger surface area that results in a
higher bonding strength in the transition zone around ag-
gregate particles when UHPC is under loading [14]. The
bond with large particles tends to be weaker than small
particle due to smaller surface area-to-volume ratios. The
increase in strength with lower diameter can probably be
attributed to a change in the stress repartition inside the
specimen. Each aggregate, which acts as a rather rigid in-
clusion inside a deformable matrix, will tend to restrain
the contraction of the matrix under compressive load, com-
paratively to a specimen without rigid inclusions. Conse-
quently, it will lead to a development of a locally non ho-
mogenous state of stresses around each inclusion, which
depends on the aggregate diameter [19].

3.3 Flexural strength

Figure 6 shows the variation of flexural strength with age
for the UHPC specimens prepared with the three types of
aggregates selected for this study. As expected, the flexu-
ral strength increased with age in all of the UHPC speci-
mens. Further, the data in Figure 6 indicate that the ad-
dition of coarse aggregate also has a significant effect on
the flexural strength of UHPC. However, the effect is neg-
ative, which is different from the compressive strength
discussed previously. Taking the 90d for example, the
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compressive strength of UHPC without coarse aggregate
is 54.5MPa, which is 15%, 22.9% and 25.3% higher than
that with basalt, granitic and iron ore coarse aggregate,
respectively. The least flexural strength of specimens is
the UHPC prepared with iron ore aggregate. This situa-
tion corresponds well with the normal strength concrete.
Popovics [20] pointed out that the higher the elastic mod-
ulus of aggregate, the lower the flexural strength. Kaplan
[21] also found that aside from texture and shape the mod-
ulus of elasticity that most affects compressive and flex-
ural strengths of concrete. This may be attributed to the
fact that too stiff an aggregate, though improving modu-
lus, may cause stress concentration and initiate more miro-
cracking causing a decrease in strength [22].
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Figure 6: Influence of coarse aggregate type on flexural strength

Figure 7 shows the flexural strength of UHPC with dif-
ferent maximum size of basalt coarse aggregate. Note that
in all cases, the flexural strength of UHPC with coarse ag-
gregate is lower than without coarse aggregate, and the
flexural strength seems to decrease as the aggregate size
increases in all curing ages. Take 90d for example, the flex-
ural strength of UHPC without coarse aggregate is 14.9%,
27.5% and 32.1% higher than UHPC with maximum size of
10mm, 15mm and 20mm coarse aggregates, respectively.
This situation is different from the effect of maximum size
of coarse aggregate on the compressive strength.

This trend, a decrease of the flexural strength with
aggregate size increase, was also observed in normal
strength concretes, as reported by Tasdemir et al. [23] and
Li et al. [24]. However, tests performed by Chen and Liu
[25, 26] on high-strength concretes show a reverse ten-
dency with tensile strength increasing with the aggregate
size.
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Table 4: Mercury intrusion porosimetry test results
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Pore size distribution (%)

Average pore sie (nm) Porosity (%)

d<20nm 20nm=d<50nm 50nm<d<200nm  d>200nm
75.06 5.41 4.15 15.38 7.2 5.24
11.82 28.13 51.37 8.68 55.2 18.7
60+ 3.4.1 MIP test
= 50+ The UHPC and NSC specimens were tested by mercury in-
% trusion porosimetry (MIP) measurement. The pore distri-
£ 404 == bution curves are presented in Figure 8 and the tests data is
2 3 H shown in Table 4. A significant decrease in porosity and av-
% 30+ H £ erage pore diameter was observed in UHPC as compared to
® £ the reference NSC concrete. The total porosity and average
; 201 ; - pore diameter of UHPC obtained is 5.24% and 7.2nm, which
i 0 H ;E is much lower than the reference NSC with the correspon-
it H dent value of 18.7% and 55.2nm. Therefore, it clearly can
ol be seen from the MIP tests that the UHPC has high dense
7 14 28 90 matrix.
Time(day)

Figure 7: Influence of coarse aggregate size on flexural strength

The decrease of UHPC flexural strength as increase
of maximum size of coarse aggregate may be explained
by the followings. Although larger aggregates require less
mixing water than smaller aggregates, the transition zone
around larger aggregate is weaker. The larger aggregates
provide larger fracture surfaces and more complicated
cracking paths. Metha et al. [15] pointed out that the inter-
facial transition zone characteristics tend to affect tensile
and flexural strength to a greater degree than compressive
strength.

Basis on the above discussion of the mechanical prop-
erties, it can be concluded that the new UHPC may be pre-
pared without any performance loss by use basalt coarse
aggregate with maximum size of 10mm.

3.4 Microstructure of the UHPC

It clearly can be seen from the above discussion that the
type and maximum size of coarse aggregate have signif-
icant influence on mechanical properties of UHPC. How-
ever, those influences are different from it in conventional
concrete. In order to reveal the mechanism of UHPC, a se-
ries of micro-tests were conducted. For the comparison be-
tween UHPC and NSC, the NSC with water-cement ratio of
0.40 was specially prepared.

0.40

0.32

—o— C200 green RPC
NSC

0.24

0.16

dV/d(logd)/(ml/g)

0.08

0.00 - S

T T T —rm
100 1000 10000

Pore diameter (nm)

Figure 8: Differential pore size distribution curve

3.4.2 ESEM test

The ITZ of UHPC and normal strength concrete were stud-
ied by SEM tests, the picture is shown in Figure 9(a) and
Figure 9(b), respectively. In Figure 9(a), the left side of
the micrograph shows aggregates and the right presents
paste matrix. The situation is reversed in Figure 9(b). It
is apparent from Figure 9(a) that the weak ITZ completely
vanishes and the bond between the coarse aggregate and
UHPC paste is very dense and strong. However, the bond
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of the coarse aggregate and NSC paste is imperfect, and a
gap with several pixels wide can be observed clearly, just
as shown in Figure 9(b).

(b) NSC

Figure 9: SEM photos of ITZ

3.4.3 XRD tests

The XRD test were conducted on the specimens of UHPC
and NSC. It can be seen that hydration products CH

(26=18.5, 32.8, 47.5) are formed in the NSC specimen. How-
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ever, obvious changes were observed in XRD spectrum of
UHPC. The intensity of CH peaks is greatly reduced. This
indicates pozzolanic reaction between CH and mineral
admixtures (fly ash, slag, silica fume) takes place. Large
amount of CH is eliminated and much C-S-H gel is formed.
This reaction leads to obvious enhancement of the matrix
and the ITZ of UHPC.

3.4.4 Mechanism discussion

Based on the micro-tests, the mechanical enhancement
mechanism of UHPC are discussed. It is known that con-
crete is a composite, and its properties depend on the prop-
erties of the component phases and the interaction be-
tween them. The ITZ of normal strength concrete is a layer
up to 50pm wide and characterized by a higher porosity
with respect to the bulk cement paste [27]. In an higher
contents of CH and ettringite with respect to the bulk ce-
ment paste, and much of the CH is considered to be pref-
erentially oriented [28]. Therefore, the interfaces are the
weakest link in concrete, playing a very important role in
the process of failure.

However, the failure process of UHPC is much differ-
ent from NSC. The coarse aggregate has much more signif-
icant influence on the UHPC mechanical properties than
NSC. This phenomenon may be attributed to the following
reasons.

Firstly, just as the MIP test results shown in Figure 8
and Table 4, the matrix of the UHPC is very dense and the
porosity is low. This because of the use of surperplasticizer,
the UHPC can be made with very low water-binder ratio
(0.16 in this study) as well as keeping well workability. Be-
sides, the particle size of the mineral admixture is small,
which present the micro aggregate effect in the matrix of
the paste. The space of the cement particle is highly com-
pacted by the mineral admixture. Therefore, the very low
porosity of the matrix leads to high strength of the C200
UHPC.

Secondly, just as the previous discussion, the ITZ are
the weakest link in normal strength concrete, playing a
very important role in the process of failure. However, the
ITZ of the UHPC are extremely enhanced, just as shown in
the SEM picture in Figure 9. The ITZ enhancement could
be attributed to the pozzolanic action of mineral admix-
ture includes silica fume, fly ash and slag. The main useful
effect of the mineral admixture in UHPC consists of poz-
zolanic effect and micro aggregate effect. The silica fume,
fly ash and slag mainly consist Al;03 and SiO, can be
activated with calcium hydroxide and water to form com-
pound with cementing properties. The two products of ce-
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ment hydration are calcium silicate hydrate (C-S-H) and
calcium hydroxide (CH). C-S-H is the major contributor to
concrete strength. The mineral admixture of silica fume,
fly ash and slag contain the amorphous silica (S) which re-
acts with calcium hydroxide (CH) to form additional C-S-H
thereby improving the strength [13, 29, 30]. The XRD test re-
sults in Figure 10 prove that the content of the CH in C200
UHPC is much lower than pure cement. Besides, the micro
aggregate effect of mineral admixture also play important
role in the ITZ strength as well the matrix discussion as pre-
vious. Therefore, the ITZ in UHPC was enhanced extremely.
The aggregate and the matrix works together and their po-
tential strength may be fully used.
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Figure 10: XRD patterns of UHPC and pure cement

4 Conclusions

Ultra-high performance concrete containing coarse aggre-
gate with compressive strength of 200MPa (C200 UHPC) is
successfully prepared in this study by utilizing composite
mineral admixtures consisting of 10% silica fume, 20% fly
ash and 20% slag to replace 50% of Portland cement, us-
ing natural river sand with the maximal diameter of 3mm
to totally replace the ultra fine quartz sand, incorporating
3% volume fraction of small sized steel fibers, addition of
the crashed basalt stone with maximum size of 10mm as
coarse aggregate, and employing low energy consumption
curing regime of 20°C and 100% RH.

(1) The C200 UHPC with coarse aggregate has many ad-
vantages over conventional C200 RPC such as the
low production cost, less energy consumption, eas-
ier preparation, and without any performance loss.
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(2) The absorption of the coarse aggregate influence the
workability of the fresh C200 UHPC. Besides, the
workability decrease with the increasing of the max-
imum size of coarse aggregate.

The type and maximum size of coarse aggregate has
significant effect on the mechanical properties of
C200 UHPC. The basalt coarse aggregate with max-
imum size of 10mm has positive effect on the en-
hancement of compressive strength. However, the
addition of coarse aggregate shows negative effect
on flexural strength.

The excellent properties of C200 UHPC are mainly at-
tributed to proper design of the mixture with quater-
nary cementitious systems containing Portland ce-
ment, silica fume, fly ash and slag. The particle pack-
ing and filling effect, pozzolanic effect and micro-
aggregate effect of the composites mineral admix-
tures result in a very compacted matrix and dense
ITZ between the matrix and aggregate with low
porosity and low CH content. The aggregate and the
matrix works together and their potential strength
may be fully used.

€)

(4)
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