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Ductal® Mechanical Performances 

 
 
 
1- Range of products 
 
The Ductal® product range includes: 

·  Ductal® -FM 
·  Ductal® -AF 
·  Ductal® -FO 

 
Ductal® -FM contains metal fibers and is suitable for structural civil engineering  applications 
such as load-bearing structures.  
 
Ductal®-AF is a variation of Ductal®-FM that includes the same mechanical properties and, 
incorporates excellent standardized fire-resistance behaviour. 
 
Ductal®-FO contains organic fibers and is  suitable for architectural applications such as wall 
panels, furniture, canopies, etc. 
  
Heat treatment may be applied to Ductal® after setting; subjecting applications to 
temperatures between 60 et 90°C for 48 to 72 hours. This characteristic enables speed of 
completion and gives the material dimensional stability immediately after the manufacturing 
process. 
 
The following table shows the values that are characteristic of the material’s performance. 
These values are obtained in accordance with experimental procedures outlined in UHPC 
recommendations.   
 
 Ductal®-FM ou Ductal®-AF 

With Thermal Treatment 
Ductal®-FO 
Without Thermal Treatment 

Density 2500 kg /m3 2350 kg/m3 
Compressive Strength 150 – 180 MPa 100 – 140 MPa 
Flexural Strength (4*4*16 
cm samples) 

30-40 MPa 15-20 MPa 

Tensile Strength 8 MPa 5 MPa 
Residual tensile strength 
(0.3mm) 

8  MPa 3 MPa 

Young Modulus (E) 50 GPa 45 GPa 
Poisson Ratio 0.2 0.2 
Shrinkage  < 10 µm/m 550 µm/m 
Creep factor 0.3 0.8 
Thermal expansion 
coefficient 

11.8 µm/m/°C 11.8 µm/m/°C 
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2. Behaviour laws of the material  
 

a- In compression 
 
Ductal® reveals exceptional behaviour under compression, with resistance 4 to 8 times 
higher than conventional concretes. Compression behaviour is almost linear up to the 
maximum stress and shows that there is no damage to the material during this phase. 
 
 
 
 
 
 
 
 

b- In bending 
 
Ductal®-FM contains 2% metal fibers, representing 50 million fibers per cubic meter, giving 
the material ductility as outlined in the following graph.  (this graph needs to be translated 
also) 
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Ductility occurs when bending is the result of fibers which seam cracks. Multi-cracking can be 
observed in tensile stressed zones, as the following photo illustrates. 
  
The ductile behaviour observed in the bending test before the peak is characterised by a 
multiple cracking, without any localisation of a major crack. 
 
The following picture shows an image obtained by X-ray scanning, where it can be observed 
the high density of fibres (2 % volume) of a 40x40x40 mm cube sawed out off a Ductal® 
beam (courtesy of TOMO-ADOUR). 
  
 
 

 
 
 
The picture below shows multiple cracking in the tensile zone as observed after bending 
failure; it is noticeable that the crack openings are so small that they cannot be observed by 
naked eyes and the surface shall be wetted with alcohol to reveal the cracks; the apparition 
of the unique visible crack coincides with the peak load (“localisation“ process). 
  
 

 
 
 

Photo : Tomo Adour 
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Ductal®-FO contains between 2 and 4.3% of organic. This dosage allows to control the 
material cracking process and gives a strong bending resistance, which permits to  design 
non- structural elements without any reinforcement.  
 

 
Numerous full scale tests on beams, columns and shells have been performed. These tests 
have accessible the validation of the calculation methodology which was then chosen as 
reference by the BFUP working group. 
 
The picture and the graph below show a test done on a 13.3 meter prestressed beam with an 
X-shaped cross section of 37 cm height. The high ductility characterising Ductal® structures 
is clearly shown.  
 
 

 
 
 
3- Ductal®-FM behaviour law   
 
a – Characteristical curve tensile stress -  crack opening  
The characteristic curve of tensile stress versus crack opening has been experimentally 
determined for Ductal®-FM after heat treatment. This characteristic curve was obtained from 
3 points bending tests on notched 7x7x28 cm samples. These results were obtained by using 
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the reverse analysis method stated by the BFUP design rules. The diagram below gives a 
calculation simplified curve. 
 
 
 
Tensile stress in 
MPa 

Crack opening in mm 

s(w(0.3)) = 8 MPa 

0.3 mm lf/4 = 3.25 mm 

Ductal®-FM  after heat treatment 

 
 
b – tensile stress-strain curve 
The unique tensile stress versus crack opening curve below is used to  calculate the stress-
strain tensile behaviour law by dividing the cracking opening by a length Lc which equals 2/3 
of the bending height (Lc= 2/3 H). Here after some examples for different H values. 
It is to be noticed that the maximal tensile strain is limited to 1%. 

  
c – Calculation curve : strain-tensile stress  
For the SLS calculation, the curve ahead is divided by the K factor, which represents the 
fibres orientation. K is generally equal to 1.25 for global calculation (like shear) and it is equal 
to 1.75 for the local effects. Example of the behaviour law : 
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Tensile stress in  
MPa 

Strain 

sbt 

e0.3 elim 

sbt=  
s(w(0.3)) 

K  

Ductal®-FM  after  heat treatment - SLS 

s(w(0.3)) = 8 MPa 
K= 1.25 in general and 1.75 
for local effects 
e0.3 = 0,3 mm/Lc 
elim =Lf/4LC 

Lf = 13 mm 
Lc = 2/3 H 

Data : 

ee 

ftj 

e1% 

For the ULS calculation, a safety factor,gbf  must be added. Thus the stress limitation 
becomes : sbtu = s(w(0.3)) / K gbf 
 
 
d - The compressive behaviour law 
The diagram below shows Ductal®-FM behaviour in compression. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
BFUP calculation design rules give the shape of the compressive behaviour law. Here after 
the ULS calculation curve:  
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3 ‰ 

Compressive 
stress 

Strain 

q depending on the duration 
of the application of the load 
(BAEL) 
gb= 1.3 normal combination 

Behaviour law in compression - ULS 

0.85 fcj 

qgb 

2.35 ‰ 

 
  
For the SLS calculation, the behaviour law is linear elastic and the compression is limited to 
sbc=0.6 fcj 
After a heat treatment, Ductal®-FM compressive resistance is between 150 and 180 MPa, 
depending on the constituents provenance. 
 
 
4- Shrinkage and Creep 
 
Creep and shrinkage are probably the most outstanding characteristics of Ductal®. Creep 
was tested by Ecole Centrale de Nantes and at Laboratoire Central des Ponts et Chaussées 
(LCPC). For normal concrete the so-called creep coefficient can reach up to 3 to 4, for high-
performance concrete the creep coefficient is reduced, but the delayed strain is already 
higher than the elastic one. Creep coefficient of Ductal® is less than 0.8 and, when a thermal 
treatment is applied, the creep coefficient is as low as 0.2 as shown hereafter. For calculation 
a value of 0.3 is to be considered. 
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As the water to cement ratio is very low, Ductal® does not exhibit any drying (no weight loss 
can be measured) nor drying shrinkage.  A high autogenous shrinkage can be observed (300 
to 400 micro strain) but when a heat treatment is applied, this shrinkage is completed at the 
end of the treatment and, when this treatment is over, absolutely no residual shrinkage 
occurs as shown hereafter. 
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5- behaviour at high temperature and in fire  
 

5.1 Behaviour under fire 
 
Ductal® materials are listed in M0 class of product (non-inflammable) 
Ductal®-AF, a specific formulation of Ductal®, has been developed to be fire resistant. This 
formulation comprises steel and organic fibres. 
Fire tests under ISO 834 on columns and beams, both loaded and unloaded, have been 
made at the CSTB (Centre Scientifique et Technique du Bâtiment) and at VTT in Finland. 
These tests highlighted the great behaviour of Ductal®-AF and the quasi-absence of spalling. 
 

                         
 Before test  After 2 hours of ISO fire  
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5.2 Material properties at high temperatures 

 
A whole battery of tests have been made all around Europe, in France (CSTB of Grenoble 
and at SFC), in Germany (University of Braunchweig), in Italy (Ecole Polytechnique at Milan) 
and in England at the Imperial College. Here after a synthesis of the tests results. 
 

a- Compressive strength at high temperatures  
Both hot and residual (after cooling) compressive tests were made. The figure hereafter 
presents the obtained results. 
 

 
 
We can note that the variation in mechanical compression performances according to 
temperature comply with the specifications of the French DTU. Furthermore, with the tests 
conducted after cooling, the measured mechanical performances exceeded those measured 
hot. This can be partially accounted for by the internal overpressure resulting from the 
dehydration mechanisms that are only active when the concrete is hot. Lastly, in the case of 
the uncured Ductal®, improved mechanical performances were obtained at temperatures 
above 100 °C, which could be explained by additional hydration of the microstructure©s 
residual clinker, possibly in a hydrothermal condition, owing to the material©s very low 
permeability. 
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b- Direct tensile strength at high temperatures  

The figure hereafter presents the evolutions of direct tensile strength of versus temperature. 
A very gradual reduction in the material©s tensile capacity is noted in both the hot and 
residual performance tests. Thus, at 600°C, Ductal® still delivers 50% of its nominal tensile 
performances.  
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c- Evolution of the elastic modulus according to temperature 
The figure below shows the Young modulus evolution according to the temperature. Again, 
the observed residual performances were better than those measured while the samples are 
hot. A comparison with the curve representing the average of the French standardised 
recommended values reveals that the performances of Ductal® AF are more sustainable. 
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d- Thermal conductivity 

The figure hereafter shows the results obtained. The thermal conductivity of Ductal® is 
reflected in values higher than those recommended in the French DTU for standard 
concretes. The presence of metal fibres partially accounts for this trend. However, this 
parameter evolved with temperature according to the same profile as for standard concretes. 
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e- Specific heat   
The figure hereafter shows the measured results. The specific heat was relatively unaffected 
by the concrete©s composition, and the test produced values very similar to those given in the 
DTU. 
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f- Thermal expansion coefficient 

Dilatometric tests were used to determine the thermal expansion coefficient and the 
microstructural transformations that occur as a function of temperature. The figure hereafter 
shows the obtained results. Up to temperatures of about 500°C, extension was essentially 
linear, representing nothing more than thermal expansion. The slope in this segment was 
12e-6 /°C which corresponds to the thermal expansion coefficient. The extension curves then 
"bulge" as a direct result of the quartz©s highly expansive alpha/beta transformation (at 
573°C). 
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g- Load-Induced Thermal Strain (LITS) 
There were two groups of Load Induced Thermal Strain (LITS) results: HITECO and SFC. 
The Graph hereafter shows all LITS the results. The LITS (total strain under load minus free 
thermal strain and elastic strain) divided by the load rate (ratio of the applied force to the 
strength at 20°C) is shown along the Y-axis. 
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A simplified LITS description can be used for the calculation : 

Temperature in °C LITS in 0/00 /q 

20 0 

350 0 

1000 -80 

 

It should be noted that only LITS occurring above 350°C is considered to account for the 
differential in kinetics between material and structural tests. 

 
6- Fatigue behaviour  
 
Fatigue tests were made at CSTB on pre-loaded samples. The tests were made between 10 
and 90% of the linear elastic strength. 
The graph hereafter shows the crack opening displacement for different number of fatigue 
cycles.  
At 1.2 million cycles, there is no crack opening increase thus there is no crack propagation.  
 

 
The analysis of the rate of the increase of the deflection versus the number of fatigue cycles, 
shows that the loading is inferior to the material fatigue threshold. 
 
These results ahead show that  the use of the French BFUP design rules is very secure 
when Ductal®-FM is used. 
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