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ABSTRACT 

This study addresses the development of ultra-high performance concrete (UHPC) suitable for a mass 

production in conventional ready-mix and prefabrication concrete plants. In order to facilitate the 

production process, curing regime and to minimize the costs, no additional treatments (e.g. thermal or 

steam curing) are applied to the concrete. The concrete composition is optimized using the modified 

Andreasen & Andersen packing model. Fine and coarse aggregates in the size range of 0-6 mm are used. 

Steel fibres are added to increase concrete ductility. Silica fume and limestone powder are applied to 

improve concrete fresh behaviour, mechanical properties as well as durability. The developed concrete 

has self-compacting properties. The mixtures are designed and tested in the laboratory, yielding at very 

high mechanical properties as well as high durability. Subsequently, one concrete composition is 

produced in a ready-mix concrete plant (three batches of 1.5 m
3
 each) and another one in a prefab plant 

(two batches of 0.22 m
3
). A number of test samples are prepared and analysed from each batch. The 

developed concretes have very high compressive strength (200 MPa), elastic modulus (70 GPa) as well as 

superior durability indices (e.g. chloride ingress and carbonation resistance). Moreover, for 

demonstration, two concrete bridge-deck slabs (5 m x 3 m, 45 mm thick) are cast from the ready-mix 

concrete and one small bridge (3 m x 1.4 m, thickness of 45-55 m) is cast in the precast plant. The two 

concrete bridge slabs are proof-loaded under static and dynamic conditions, demonstrating a great 

performance of UHPC. The presented findings show that UHPC can be successfully produced in 

conventional concrete plants and the obtained results prove the outstanding potential that UHPC has for a 

more common application in the construction practice. 

 

Key-words: UHPC, compressive strength, ready-mix concrete, prefab 

 

 

INTRODUCTION 

Ultra-High Performance Concrete (UHPC) is the subject of a steadily increasing number of 

publications. The flood tide of scientific contributions is almost not manageable anymore. In the focus of 

research are the superior mechanical properties, alternative ingredients and curing regimes in order to 

achieve more or earlier high strength, and, increasingly more often, the outstanding durability which 

further opens a number of other applications. However, there are also critical opinions addressing the high 

amount of embodied energy in UHPC mixes owed to their high binder and admixture content as well as 

their energy consuming mixing and, most of all, curing procedures. 

Although the superior properties of UHPC are commonly recognized and even though the concept is 

known for more than 25 years, large scaled application of the material remains scarce. Reviews on the 

application of UHPC in real structures always refer to the same showcase structures. Mostly they are 

made of proprietary systems such as the Ductal® technology. These include among others pre-stressed 

hybrid pedestrian bridge in Sherbrooke, Canada [1], Seonyu Pedestrian Bridge in Korea [2] or Mars Hill 

bridge in Wapello County, USA [3]. Other commonly mentioned showcase UHPC applications are the 
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Gärtnerplatz bridge in Kassel, Germany [4] and precast beams of Cattenom and Civaux power plants in 

France [5]. 

On the way to a more broad application UHPC a number of hurdles have to be cleared. The most 

evident ones are the lack of underlying design codes or recommendations (engineering side), high cost 

prices and elaborate curing regimes in order to reach high strength (commercial side) as well as a lack of 

experience in industrial scaled production, handling and casting of UHPC (production side). The previous 

three categories of hindering factors again can be summarized to one which Pierre Richard describes in 

his closing words to P.C. Aïtcin well known book “High-Performance Concrete” (1998): “…One might 

wonder why it takes so long for such an advanced material to be universally accepted. Because of its 

qualities – durability, resistance to natural and industrial attack, ease of placement and enhanced 

appearance – it should be used more often. In my opinion, the main obstacle to the greater use of high-

performance concrete is simply inertia…” [6]. 

The present article describes a study that started where most of the literature ends, namely the 

transition of the laboratory or small scaled tests to industrial scaled tests with subsequent application. If in 

the literature larger applications of UHPC are addressed, then mostly precast structures are produced in 

order to operate under more controlled conditions in a precast plant and to apply curing treatments such as 

steam, heat or combined treatments under elevated pressure conditions. In the present paper this idea is 

picked up but realized without any laborious curing scheme. Moreover, an UHPC mix is designed and 

extensively tested, which is produced in a ready-mixed plant and subsequently transported to a job side by 

means of a truck mixer. It will be demonstrated that such mixes can achieve ultra-high strengths 

combined with outstanding durability. 

 

MATERIALS AND CONCRETE COMPOSITION 

In a preliminary laboratory research, two UHPC composition were optimized aiming at the 

compressive strength of about 200 MPa and self-compacting properties (good stability, flowability and 

sufficient open time). Fine and coarse aggregates in the size range of 0-6 mm were used. For both 

UHPCs, two different Portland CEM I 52,5 R cements were used (grey and white, provided by ENCI and 

CBR, HeidelbergCement Benelux) as well as different silica fumes (dark colour in a slurry and white 

powder), together with limestone powder, white pigment (for one UHPC composition) and short steel 

fibres. The characteristics of the ingredients is presented in Table 1. 

 

Table 1. Characteristics of the used materials 

Material Characteristics Specific density [kg/l] 

CEM I 52,5 R Portland cement (grey) 3.18 

CEM I 52,5 R Portland cement (white) 3.11 

Limestone powder - 2.75 

Silica fume (slurry) 50 m.% (dark) 1.98 

Silica fume (powder) White silica fume  

Fine aggregate 0-1 mm Calcined bauxite 3.49 

Fine aggregates 1-3 mm Calcined bauxite 3.39 

Coarse aggregate 3-6 mm Calcined bauxite 3.44 

White pigment  TiO2-based 3.94 

Steel fibres ø 0.3 mm x 12 mm 9.32 

Superplasticizer 35 m.-% 1.07 

Setting retarder - 1.25 

 

In the developed mixtures a polycarboxylate-based superplasticizer was used to adjust workability 

together with a setting retarder to extend the open time. Mix A comprised of 845 kg/m
3
 binder (grey 

Portland cement and dark silica fume), had the water/binder ratio 0.21 and the volumetric fibre content of 

1.5%. About 9% of the cement was replaced by silica fume. Mix B was developed aiming at white colour 
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(aesthetic reasons) and contained 815 kg/m
3
 binder (white Portland cement and white silica fume), white 

pigment (1.7% by binder), had the water/binder ratio 0.20 and the volumetric fibre content of about 1%. 

About 8% of the cement was replaced by silica fume. The grading curves of UHPC mixtures were 

optimized for both recipes applying the modified Andreasen & Andersen particle packing model [7], 

following the approach described earlier, e.g. in [7,8]. The optimized particle packing results in a 

minimized void fraction, i.e. lower porosity, thus higher mechanical properties as well as reduced water 

demand of the mixture. The particle size distribution of the dry ingredients as well as the target and 

optimized grading curves for the developed mixtures are presented in Fig. 1. 

 

  
Figure 1. Particle size distribution of individual granular materials, 

target and optimized mixture grading curve for UHPC: a) Mix A and b) Mix B 

 

 

PRODUCTION OF UHPC ON AN INDUSTRIAL SCALE 

Theoretically, UHPC can be produced by every concrete mixer, assuming that a sufficient mixing 

energy is available. This criterion applies to most mixers used in the industry, with the exception of free 

fall drum mixers, which are widely used for dry batching in North America. One issue often mentioned 

regarding the UHPC production is the number of ingredients and, as a result of that, a limited number of 

material storage silos for binder and powder additions. However, this seems not to be a problem 

specifically related to UHPC but more of a general nature, associated in particular with ready-mix 

concrete plants. It would also hold for the production of SCC or any other concrete containing 5 or more 

solid (in particular powder) ingredients. However, the mixing regime for UHPC needs to be carefully 

evaluated and pre-testing in small batches is recommended. In general, it is advisable for UHPC 

production to downscale batch volumes in order not to exceed the mixing energy capacity of mixers. 

Another issue that requires special attention is the mixing time. In general, UHPC mixes need notably 

longer mixing times as the large amounts of powder in combination with very low water contents require 

more time to be sufficiently homogenized. On top of that, admixtures require long mixing times in order 

to be activated. The mixing time however can be adjusted by changing the water and/or superplasticizer 

dosages. This may be needed in the case when UHPC requires too long mixing time or develops too high 

temperature due to the long or energy-intensive mixing process. Moreover, by adjusting the water and 

admixture dosages, all kinds of UHPC consistencies are possible to be obtained, from earth-moist to self-

compacting. 

This study presents the production and properties assessment of two different self-compacting UHPC 

mixtures, both prepared in the industrial scale. The first UHPC mixture was produced in a ready-mix 

concrete plant (Mebin, Utrecht, the Netherlands), using a twin-shaft mixer, in two batches of 1.5 m
3
 each. 

The two batches were prepared on two different days, and due to some technical issues with the dosing 

unit, with different types and dosages of the setting retarders. Immediately after mixing for about 8 
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minutes, the charges were loaded into concrete mixing trucks, from which samples of about 120 l were 

collected for laboratory tests on fresh and hardened concrete. Fig. 2a-d shows pictures taken during the 

UHPC production and casting, including the silos, conveyor unit, loading of the concrete mixing truck 

and a UHPC sample collected for further testing. Subsequently, the concrete mixing truck departed to the 

site where the bridge decks were cast. The second UHPC mixture presented in this study was produced 

using a planetary mixer in two batches of 220 l each, in a prefabrication concrete plant (De Jong’s 

Betonbedrijf, Maarssen, the Netherlands). This UHPC was used to cast a convex-shape UHPC pedestrian 

bridge (3 m x 1.4 m x 45-50 mm thickness). Here, the batches were mixed for about 7 minutes and 

collected into a skip, from which fresh concrete was poured into the mold. Fig. 2e-g shows pictures taken 

upon the UHPC pouring as well as the final element. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. UHPC production in a ready-mix concrete plant (a-d) and in a prefab plant (e-g) 

 

 

MECHANICAL PROPERTIES OF INDUSTRIALLY PRODUCED UHPC 

Compressive strength and elastic modulus 

The compressive strength development of both UHPC mixtures was determined following EN 12390-

3 [9]. The test were done on 15 x 15 x 15 cm
3
 cubes stored in water (20 °C). Mix A was cast in two 

batches, on two different days, and with different types and dosages of retarders. Therefore, the strength 

development of botch batches was investigated independently (batch 1 was tested up to 28 days and batch 

2 up to one year). Mix B was tested up to one year of curing. The elastic modulus for both UHPC 

mixtures was also analysed in this study up to a period of one year. The tests were performed following 

EN 12390-13 [10] on cylinders (diameter 15 cm and height of 30 cm) cured in water (20 °C). The 

compressive strength and elastic modulus developments for both UHPC mixtures are presented in Figs. 3 

and 4, respectively. 
 

a) b) 

c) 

d) 

e) 

f) 

g) 
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        Figure 3. Compressive strength      Figure 4. Elastic modulus development  

development of UHPC         of UHPC 

 

It can be observed in Fig. 3 that the setting of Mix A concrete from batch 1 was much faster compared to 

batch 2. The 1 day strength of concrete batch 1 was about 107 MPa while the concrete batch 2 reached 

only 4 MPa after 3 days. This difference is caused by the different type and dosage of setting retarders, as 

mentioned earlier. The compressive strength of concrete batch 1 reached 188 MPa after 28 days. Despite 

the delayed early strength development, batch 2 concrete reached 194 MPa of the compressive strength 

after 91 days, and over 200 MPa after 1 year of water curing. Mix B showed a fast early strength 

development (127 MPa after four days) and reached 170 MPa after 28 days. The 1 year strength of this 

mix amounted to 194 MPa. It is worth emphasizing that such outstanding compressive strengths have 

been obtained by producing concrete in ready-mix and prefab concrete plants, using conventional 

equipment and concrete mixing trucks to transport the concrete. Moreover, the concretes were cured 

without using any additional treatments such as vacuum mixing or steam/heat curing. This demonstrates 

that the commonly available methods/equipment for concrete mixing, casting and curing, can be 

successfully used in practical conditions to produce UHPC, which is a big advantage compared to the 

labour and cost intensive methods described in most research papers. On top of that, the results reported 

in this study were measured on standard 15 x 15 x 15 cm
3
 cubes, which distinguishes them from the 

majority of the available literature, in which much smaller samples are tested. 

The elastic modulus development is shown in Fig. 4 for UHPC Mix A (batch 2) and Mix B. The 

elastic modulus for conventional types of concrete amounts to 20-40 GPa, strongly depending on the 

cement paste composition, paste content, aggregates type and w/c ratio. The elastic modulus of UHPC is 

in general much higher, and amounts to 45-55 GPa. The values measured in this study are higher 

compared to the elastic modulus reported in the literature for UHPC. It can be seen in Fig. 4 that for Mix 

A the elastic modulus reaches about 71 GPa at 91 days, and after that does not increase further. The 

elastic modulus for Mix B amounts to about 64 GPa after 91 days but increases further in time, reaching 

about 69 GPa after 1 year of curing. Such a high stiffness corresponds well with the high compressive 

strengths presented earlier, as a less porous concrete matrix results in concrete of a higher stiffness. 

Moreover, coarse aggregates are used here in UHPC in contrary to typical UHPCs described in the 

literature, in which fine sand is usually the coarsest particle size fraction. Thus, the coarse aggregates 

applied here, having themselves a high elastic modulus, contribute to a the elastic modulus of concrete as 

composite material. 
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Bending strength 

The bending strength of UHPC is analyzed following EN 14651 [11] on 10 x 10 x 50 cm
3
 beams, with 

three point loading on a notched beam. Two beams are tested per both UHPC mixes developed in this 

study (Mix A – batch 2 and Mix B), after 28 days. Hereby, the (bending) strength and, after cracking, the 

residual strength can be plotted against the load crack-mouth-opening response (CMOD) or, like in this 

study, against the load deflection. The stress-deflection curves obtained for both UHPC mixes are 

presented in Fig. 5, in which the evaluation parameters determined for Mix A are also indicated. 

 

Figure 5. Stress-deflection curves obtained for UHPC Mix A and B, determined under three point bending 

load at 28 days. All evaluation parameters according to EN 14651 are indicated for Mix A 

 

EN 14651 prescribes a number of relationships between the residual strength measured at different load 

deflections, which determine whether a concrete can be used for structural purposes. According to this fR,1 

> 0.4fLOP and fR,3 > 0.2fLOP and fR,4 > 1 MPa. As can be seen in Fig. 5, these conditions are clearly fulfilled 

for both investigated mixes. Moreover, fLOP, the flexural tensile strength at the limit of proportionality 

(LOP), can be considered as approximately the tensile strength of the material which in this case amounts 

to 11.7 MPa for Mix A and 12.9 MPa for Mix B. As can be clearly seen in Fig. 5, the stress-deflection 

curves for the both investigated UHPC mixtures are having very different characteristics beyond the LOP. 

For Mix A, after the LOP is reached (first cracks occur), the stress in the material still increases and the 

residual flexural strength is higher than the flexural strength at LOP and amounts to about 16.5 MPa. This 

represents the strain (deflection)-hardening behaviour of concrete under loading. The strain-hardening 

behaviour of concrete is reflected by generation of multiple and dispersed fine cracks in the material 

under high loads (beyond the LOP), instead of a single and wide crack. This is caused by the fibres, which 

bear the tensile/bending forces by bridging after the concrete matrix is broken. In general, this behaviour 

can be obtained in concrete with high volumetric content of fibres (normally above 2 vol.%) and often 

hybrid reinforcement. Besides the benefit of an improved mechanical response of the material to high 

loads, materials with strain-hardening characteristics are also considered more durable, as the transport of 

aggressive substances through the fine cracks is much slower than through the otherwise wide cracks. As 

can be observed in Fig. 5 for Mix B, the stress in the material is reduced beyond the LOP, which 

characterizes strain (deflection)-softening behaviour. In this case, the fibres also take over the load after 

the concrete matric becomes broken, but the generated cracks become much wider. The difference in the 
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strain-displacement behaviours of both UHPCs presented here can be explained by the fibre dosage. In 

Mix A, about 1.5 vol.% of short steel fibres was used, whereas in Mix B the fibre volumetric content 

amounts to 1%. Moreover, the beams were tested at an age of 28 days, and as presented above, the 

mechanical properties (compressive strength and elastic modulus) of Mix A at that age were significantly 

higher compared to Mix B. Nevertheless, the results obtained here for Mix A demonstrate that it is 

possible to produce UHPC with strain-hardening behaviour at much lower fibre dosages and using only 

short steel fibres, whereas most literature suggests fibre dosages above 2% and using hybrid fibres 

(combination of short and long hooked steel fibres). 

 

 

DURABILITY OF INDUSTRIALLY PRODUCED UHPC 

A number of durability indicators have been quantified in this study for the UHPC Mix A, including 

the freeze-thaw resistance chloride bulk diffusion and accelerated chloride migration (RCM) tests. 

Moreover, for both developed UHPC mixtures the carbonation resistance was also determined. The 

samples were cast in the concrete plants upon concrete production, except for the RCM test samples, 

which were prepared in the laboratory without using steel fibres (the RCM test cannot be performed on 

concrete containing steel fibres). The test samples comprised of two beams (10 x 10 x 50 cm
3
) per each 

mix for carbonation tests and seven concrete cubes (15 x 15 x 15 cm
3
) for all the other tests performed on 

Mix A. After demoulding, the cubes samples were cured in a water bath (20 °C) until the test age, 

whereas the beams were wrapped in plastic foil. The carbonation was determined up to 1 year on two 

beams per mix. The freeze-thaw resistance test was performed following EN 12390-9 [12] for 56 cycles, 

using sodium chloride water solution. The chloride bulk diffusion test was performed following NT Build 

443 [13] up to 1 year of exposure to sodium chloride solution. The RCM test was performed after 28 days 

following NT Build 492 [14]. The carbonation test results are shown in Fig. 6. 

 

 

 

 

 

 

 

 

 

 

       Figure 6. 1 year carbonation in UHPC      Figure 7. 1 Freeze-thaw resistance of UHPC Mix A 

 

As can be noticed in Fig. 6, the carbonation resistance of both developed UHPC mixtures is excellent, 

showing no measureable carbonation front in the samples after 1 year exposure period to the air (0.035% 

CO2). This can be attributed to the very dense microstructure, which is typical to UHPC due to very low 

water/binder ratios. 

Fig. 7 presents the freeze-thaw induced surface scaling of UHPC samples (Mix A) after 56 freeze-thaw 

cycles. In general, concrete can be classified as having good resistance against freeze-thaw attack when 

the surface scaling is less than 0.5 kg/m
2
 [15]. The surface scaling values obtained for the UHPC 

developed here are over 10 times lower than this limit (average of 0.04 kg/m
2
), which reflects that this 

material has an excellent freeze-thaw attack resistance even in presence of de-icing salts. The scaling 

values reported here correspond well to the literature, as e.g. [16] showed a scaling of 0.06-0.17 kg/m
2
 for 

UHPC. 
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   Figure 8. Chloride concentration profile in Figure 9. Chloride penetration depth measured in the 

     UHPC  after 1 year of chloride exposure  UHPC sample (white precipitation, in the top side) 

 

Fig. 8 presents the chloride bulk diffusion test results for concrete Mix A. It can be found that the chloride 

penetration profile after 91 days of exposure was not possible to be accurately determined due to a 

shallow chloride penetration depth (only about 1.5 mm). Therefore, the 91 days chloride diffusion 

coefficient was not determined. After 1 year of exposure to the chloride solution, the penetration of 

chloride into the concrete sample reached about 3 mm in depth. This was sufficient to estimate the 1 year 

chloride diffusion coefficient Dapp, which amounted to 0.05 ·10
-12

 m
2
/s. Such an excessively low value 

demonstrates the excellent UHPC resistance against chloride ingress. For normal strength concrete the 

Dapp holds in the range of 5-50·10
-12

 m
2
/s, as reported in [16] and a Dapp of about 0.23·10

-12
 m

2
/s after 3 

months of exposure to chlorides was reported for UHPC [16]. 

The chloride penetration front determined in concrete (28 days) after the RCM test is presented in Fig. 9. 

The very shallow chloride penetration measured after the application a voltage of 60 V during 7 days on 

concrete samples (Mix A) resulted in a very low chloride migration coefficient of 0.11 ·10
-12

 m
2
/s, which 

corresponds well with the Dapp values. Therefore, it can be concluded here that the developed UHPC has 

an excellent resistance against chloride penetration and the obtained chloride diffusion coefficients are 

about 10-20 times lower compared to conventional concretes. 

 

 

MECHANICAL PERFORMANCE IN THE LIGHT OF EXISTING DESIGN CODE 

Legally binding design codes for UHPC are not existing at present, however, guidelines are available. 

One of the most applied ones is arguably de French AFGC guideline [17]. Nevertheless, there are 

discussions whether this guideline is not too conservative, in other words whether UHPC structures 

designed following this guideline will not be underestimated. In order to verify this an experiment was 

conducted applying aforementioned UHPC Mix A. Two thin bridge-deck-like elements (dimensions: 5 m 

length, 3 m width and 45 mm thickness) were produced and, after hardening, proof-loaded. Firstly, the 

slab was loaded under dynamic conditions by a concrete truck mixer. A small vertical deformation was 

then observed. Nevertheless, after the truck left the slab, it returned to its original state. Then, the slab was 

loaded under static conditions until the bending failure. The slab was fixed on the edges and subsequently 

heavy concrete blocks of about 1.8 t each were placed on the slab, one by one, and the mid-point 

deflection was recorded. Several pictures showing the loading are presented in Fig. 10. Subsequently, the 

real deflection was compared with values calculated using the AFGC guideline and the Eurocode. The 

whole test as well as the calculation results are described in detail in [18]. It is concluded in [18] that the 

current design codes cannot accurately predict the UHPC behaviour under loading. As can be found in 

Fig. 11, the predicted Ultimate Limit State is much lower compared to the measurement, indicating the 

inaccuracy of the current design codes for UHPC and showing that UHPC can perform much better under 

loading compared to the theoretically calculated values. 
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Figure 10. Proof loading of a UHPC slab: a) concrete truck mixer – dynamic loading, b-d) static 

loading with massive concrete blocks. Photos a), c) and d) by Peter Buitelaar 
 

 
Figure 11. Vertical deflection of UHPC slabs (Mix A) upon static loading –  

measurements vs. the theoretical calculation of the Ultimate Limit State [18] 

 

 

CONCLUSIONS 

Although UHPC is a research topic already for over two decades, the actual applications and field 

trials with this material are still very limited. This is due to several factors, including among others the 

technical issues with production, high material’s costs, additional treatments and installations needed, 

required strict control, lack of experience and lack of guidelines. This study tries to tackle several of these 

factors and to demonstrate that UHPC with outstanding properties can be produced in conventional 

concrete ready-mix and precast plants, without using “exotic” materials, special equipment or 

complicated and laborious treatments. Two different self-compacting UHPC mixtures are developed, 

produced and tested in this study, one in a ready-mix concrete plant and another one in a precast factory. 

The concretes are mixed using conventional mixers in larger volumes (charges of 1.5 m
3
 in the ready-mix 

plant and 0.22 m
3
 in the precast plant), transported to the casting site with concrete truck mixers, poured 

and cured at regular temperatures. In this way, the UHPCs are produced and cured in the most simple 

way, without any special and costly post-placing treatments. At the same time, a number of test samples is 

cast for laboratory investigations on the properties. All the results presented here are obtained on full size 

samples, as described in the standards, while most of the literature on UHPC presents the results on 
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down-scaled samples. The presented results demonstrate that the produced UHPCs have outstanding 

mechanical properties, reaching a compressive strengths in the range of 170-188 MPa after 28 days of 

curing in water (20 °C) and 200 MPa after 1 year, elastic modulus of about 68-71 GPa after 1 year and 

flexural strengths of up to 16.5 MPa after 28 days. It is worth emphasizing that such a flexural strength 

and accompanying strain (deflection)-hardening behaviour under bending are obtained at a relatively low 

volumetric fiber content of 1.5 %, which is much lower compared to the dosages suggested in the 

literature. The outstanding mechanical properties of UHPC are relatively well recognized already, but 

there is still no widespread knowledge about the material’s durability, which in many cases could be even 

more important than just the mechanical performance. Therefore, the aim of this study is also to 

demonstrate the durability performance of UHPC produced in a real scale. The analysed properties show 

that the carbonation resistance, accelerated and natural chloride diffusion as well as freeze-thaw resistance 

of UHPC are exceptional. All these durability performance indicators are by far better than for 

conventional and high strength concretes, indicating a great service lifetime potential and no need for 

maintenance of the UHPC elements. Finally, the cast UHPC slabs are proof loaded under dynamic 

(concrete truck mixer) and static conditions (static load with heavy concrete blocks). It is concluded that 

the current design codes cannot accurately predict the UHPC behaviour under loading and demonstrated 

that UHPC performs much better under loading compared to the theoretically calculated values. 
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