
1 INTRODUCTION 

It was in 1995 that the first UHPC composition was introduced under the title of Reactive powder 
concrete (RPC) (Richard & Cheyrezy, 1995). Afterwards, parallel investigations were carried out 
resulting in Ductal ® as one of the known commercially available types of UHPC (Acker & 
Behloul, 2004). The first application of this material was the 60-meter span Sherbrooke footbridge 
in Quebec, built in 1997 (Blais & Couture, 1999). Some other applications of UHPC are provided 
in Table 1-1. Beside that, some structural and architectural projects made of UHPC are shown in 
Figure 1.1.  

 
Table 1-1: First applications of UHPC. 

Project year Location Reference 

Sherbrooke Pedestrian Overpass, Quebec, Precast, post-
tensioned space truss, 60 meter span 

1997 Canada (Blais & Couture, 
1999) 

World first industrial applications, Cattenom and Civaux 
power plants beams by BSI® and Ductal®

1998 France (Resplendino, 2004)

world first UHPC road bridges on the Bourg-lès-Valence 
bypass in France’s Drôme region 

2001 France (Hajar, et al., 2004)

Sunyudo (Peace) Footbridge on Han river in Seoul. 2002 South 
Korea

(Behloul, et al., 
2002) 

Akakura (Yamagata) footbridge box girder 2004 Japan (Rebentrost & 
Wight, 2008) 
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Tahara (Aichi) Footbridge 2004 Japan (Rebentrost & 
Wight, 2008) 

Mars Hill Bridge, Wapello County, IA Three 1.1- m deep 
bulb-tee beams with 33.5 m Span 

2006 United 
States

(Bierwagen & Abu-
Hawash, 2005) 

Highway 11 over CN Railway at Rainy Lake, Ontario, 
Joints between precast panels and shear connector panels

2006 Canada (Perry, et al., 2007)

Glenmore/Legsby Pedestrian Bridge, Calgary, Precast, 
post-tensioned tee-section 

2007 Canada (Perry & Seibert, 
2008) 

Highway 11/17, Sunshine Creek, Ontario, Joint fill be-
tween adjacent box beams and between precast curbs

2007 Canada (Graybeal, 2009) 

 
 

a) b)

c) d)
Figure 1.1. a) Sherbrooke Pedestrian Overpass; b) Delicate veil façade made of Ductal®, Jean Bouin sta-
dium in Paris (Lafarge, 2013); c) Mineral leaf decor for a vertical landscape, ZAC Paris Rive Gauche, 
France (Lafarge, 2009); d) The Shawnessy LRT Station, Calgary, Canada, with canopy Roof System 
(Vicenzino, et al., 2005). 
 
To obtain UHPC some basic principles should be considered such as elimination of coarse aggre-
gates and improving the packing density of the matrix (Richard & Cheyrezy, 1995). To achieve 
this, in most of known UHPC compositions, cement, silica fume, filler such as glass powder or 
silica powder, fine sand, super-plasticizer, steel fiber and water are being used as the main con-
stituent materials. Beside this, mixing method of the constituent materials should be carefully 
studied since it plays an important role in flowability and workability of the material in its fresh 
state. For instance wille et al. (2012) applied a 15 minutes mixing method including 5 minutes 
sand and silica fume, 5 minutes cement and glass powder and more 5 minutes after adding water 
and superplasticizer (Wille, et al., 2012). Since the water/binder is very low in UHPC, another 
major step is to prevent waterscape from the exposed surface. Otherwise, early-age cracking in 
dehydrated surface and its degradation-related issues would be uncontrollable (Graybeal, 2011). 
In addition to this matter and as a result of simultaneous hydration of cement particles, resulting 
in autogenous shrinkage of UHPC, access to external water through one of the water curing meth-
ods, such as fogging or water pounding, immediately after casting and finishing the concrete, 
particularly during the age of 12 hours to 7 days, would be critical (Aïtcin, 1998). Steam curing 
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also immunes UHPC to durability-related issues such as freeze-thaw and chloride ion penetration 
(Graybeal, 2006). 

The main advantages of UHPC as a high-tech architectural and structural material include: 
 Installation process of lightweight UHPC members, including handling and transporta-

tion, would be more convenient and safer. 
 By elimination of a significant part of the reinforcement bars and stirrups, considerable 

human labors, supervision tasks and quality control activities could be decreased beside 
reduction of permanent load resulting in lighter structures (Richard & Cheyrezy, 1995). 

 Improved tensile behavior compared to other types of concrete resulted from internal fi-
bers (Voo, et al., 2006) 

 Due to its higher strength rather than normal concretes, UHPC could be recycled at the 
end of its life-cycle as high-quality aggregates for new generation of concretes resulting 
in lower extraction of natural resources beside enhanced durability, which all cause longer 
service life (Aïtcin, 1998; Voo & Foster, 2010). 

 Extraordinary slim designs as the result of high strength and ductility (Acker & Behloul, 
2004). 

However due to high durability and other mechanical performances of this material it could be 
considered as an eco-friendly material in long term, more attempts to improve its cost and envi-
ronmental efficiency are required. 

2 CONSTITUENT MATERIALS 

Type I Portland cement (CEM I 42.5R according to EN 197-1 (BS EN 197-1, 2000)) and metakaolin (MK) 
with 9.3μm and 8μm of average particle size respectively were studied. The silica fume (SF) from Elkem 
Microsilica® MS 940-U with an average particle size of 0.15μm and an fly ash (FA) provided from Pego 
thermal power unit, a Portuguese coal based one, with 8.55μm average  particle size were also used in this 
research. A siliceous micro-sand, delivered from Rio Maior in Portugal, with a maximum size close to 1mm 
was also applied. Some physical properties and chemical analysis of the materials are reported in Table 2-1. 
The particle size distribution of the materials is depicted in  
Figure 2.1. A commercial superplasticizer (SP), MasterGlenium SKY 526®, with 30% of solid 
content was also used. The SP (Table 2-2) is a carboxylic ether polymer based as a brown liquid 
with properties according the definitions and requirements of Standard EN 934-2, established for 
European concrete admixtures (BS EN 934-2, 2009). The micro steel fiber applied here has a 
length/dimeter ratio of 65 with 2600MPa of tensile strength. 
 
Table 2-1. Chemical and physical compositions of cement, SF, MK and FA. 

Components wt%
CEM 42.5R MS 940-U MK FA 

SiO2 19.79 > 90 50.50 48.02
Al2O3 4.37 - 42.60 29.59
Fe2O3 3.52 - 2.28 4.48 
CaO 63.09 - 0.16 4.65 
MgO 1.67 - 0.22 1.44 
SO3 2.82 - 0.04 0.49 
Cl- 0.04 - - - 
loss of ignition 3.01 < 3 - 3.0 
Blaine surface area   (cm2/g) 4228 150000-300000 - 3848
Specific gravity  (g/cm3) 3.1 2.2-2.3 2.3 2.4 

 
 

Table 2-2.Technical characteristics of Superplasticizer MasterGlenium SKY 526®. 
Relative density (20°C) 1.07±0.02 g/cm3

pH 6.0±1.0
Chloride ion content ≤ 0.1%
Solid content 30%
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Figure 2.1.Cumulative particle size distribution of SF, MK, FA and Cement I 42.5R with average particle 
size of 0.15, 8, 8.55 and 9.3μm respectively. 

 
In the first phase of this study, metakaolin, fly ash and silica fume as three accessible pozzolanic materials 
were studied with the aim of cement substitution. It was found that metakaolin reduces workability consid-
erably while fly ash and silica fume have the ability to be applied in UHPC. Nevertheless, regarding the 
high price of silica fume, it was also replaced by fly ash to an applicable extent. The reason why fly ash 
and silica fume do not degrade the workability compared to metakaolin could be their glassy and spherical 
particles, as shown in  
Figure 2.2, which facilitate the sliding of other powders during casting while metakaolin particles 
have an angular surface with increasing the friction between particles. In addition, due to the 
smaller particle sizes of fly ash and silica fume compared to cement and sand they could fill the 
voids between sand and cement particles resulting higher packing density as well as compressive 
strength. Fly ash also plays an important role in cost efficiency of the material with respect to its 
lower price compared to cement and silica fume however, its effect regarding eco-efficiency is 
more considerable. More information regarding the constituent materials and their percentages is 
beyond the aim of this paper, which is studying the effect of two curing methods on strength-gain 
trend of the material, and could be found in other publications by authors.  

 

 
 
Figure 2.2. Low magnified SEM image of FA particles. 

792



3 MIXING PROCEDURE AND SAMPLE PREPERATION 

An effective low-energy mixing procedure was also studied during this research. It was found 
that the best flow characteristics could be acquired after adding 70% of mixing water to the dry 
material and mixing for 3 minutes. It should be followed by adding the optimum dosage of SP 
and mixing for at least 4 minutes, 6 minutes seems preferable based on visual assessment, and 
finally adding the remaining 30% of water and blending for an extra 6 minutes to reach a steady-
state consistency. The fibers are usually added at the end of this stage with continuing the mixing 
for another one minute (Ferdosian & Camões, 2016). 
After mixing, the flow-ability of the fresh concrete evaluated by means of flow table for mortars according 
to EN 1015-3 (BS EN 1015-3, 2004) (See  

Figure 3.1). Once a steady state of flow was observed, after rising up the mini-slump cone, two 
perpendicular dimensions of expanded concrete were registered. Since self-compactness of 
UHPC is a prerequisite, the average of these measurements, without dropping the table, was reg-
istered as criteria for flowability. Based on this method, the material exhibited 19 cm of flow 
diameter in average. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) b)
 
Figure 3.1. Flow table test apparatus (a) and flow diameter after test (b). 

 
All compressive tests performed in this study are according to standard test method for 50 mm 
cubic specimens (ASTM C109/C109M – 05, 2005) with a pace of 2.4 KN/S. After measuring the 
flow diameter of fresh concrete, the reminded material on the table placed back to the mixing pan 
and mixed by hand for 20 seconds. Since the concrete had enough fluidity, it directly was trans-
ferred from mixer to the molds without any tools such as scoop. The casting of all specimens was 
performed on a vibration table. They were allowed to remain on vibration table for 20 seconds. 
Afterwards, their surfaces were smoothed with a trowel and covered with a thin plastic sheet to 
prevent any water loss from the exposed surface.  

4 CURING METHOD 

In the next part of this study, two curing methods were applied. The first method is normal curing 
in 20°C water bath until the day of compression test. The second method, known as tempered-
water curing, is based on the introduced curing cycle as depicted in Figure 4.1. As can be seen, a 
delay period of 24 hours before starting the temperature rise is necessary. A delay period lower 
than concrete setting time may causes deteriorative effects as reported by other researchers 
(Alexanderson, 1972; Erdem, et al., 2003). The other significant issue in this curing method is the 
heating and cooling rate as stated by (ACI Committee 517, 1980). The final issue is to adjust the 
maximum treatment temperature. It has been stated that delayed ettringite formation, which gen-
erally starts after hardening of the concrete, is a result of concrete temperature higher than 70°C 
because of curing as well as heat of hydration in mass concretes, which finally affect the mechan-
ical properties of concrete (Taylor, et al., 2001). In this regard, 67°C was selected as maximum 
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treatment temperature in current study. To investigate the effect of different treatment time inter-
vals on the strength-gain trend, the samples were tested after 24, 48, 72, 144 and 168 hours of 
treatment. 

 

 
Figure 4.1. Tempered-water-curing cycle for specimens 

 
As shown in  
Figure 4.2, 28-day compressive strength of normal-cured samples, 152 MPa, is 88% of its final strength, 
which could be used for any design purposes. In addition, as depicted in  
Figure 4.3, 48 hours of heat curing in tempered-water method ensures an acceptable compressive 
strength higher than the 28-day strength of normal-cured specimens. Nevertheless, even 24 hours 
of treatment would be also acceptable in cases where 95% of the 28-day strength is enough for 
load-carrying purposes. After 48 hours, the increasing trend of strength-gain becomes almost neg-
ligible. Although with just 48 hours of curing in tempered water the compressive strength goes 
slightly beyond the related value for 28-day in normal curing method, its final strength remains 
lower than normal-cured ones. 

 

 
 
Figure 4.2. Compressive strength trend and the ratios of each age to maximum strength for normal-cured 
samples. 
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Figure 4.3. Compressive strength trend and the ratios of each age to maximum strength for tempered-water-
cured samples. 

5 CONCLUSION 

An overview on ultra-high performance concrete (UHPC), its applications and benefits as well as 
basic principles and methods regarding its material development was carried out in the first part 
of the current paper. Several pozzolanic materials namely silica fume, fly ash and metakaolin 
were introduced and compared with respect to their effects on UHPC. It was clarified that me-
takaolin is not a proper pozzolanic material for UHPC development since it affects the fresh be-
havior of the material beside the fact that it bears high CO2 content. On the other hand, fly ash 
has shown its ability for cement and silica fume substitution. In addition, an efficient mixing 
procedure resulting in maximum flowability of the material in its fresh state was introduced. Fi-
nally, two different curing methods were described and compared as the main goal of this paper. 
It was found that even 24 hours of tempered-water curing in 67°C and after 24 hours of delay 
period between molding time and temperature rise could results in a compressive strength of 145 
MPa which is 95% of its strength after 28 days of normal curing. This provides and energy-effi-
cient curing procedure for prefabrication industry and improves the eco-efficiency of UHPC. 
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