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Zusammenfassung: Ductal® ist ein ultra-hochfester faserverstärkter Beton (Ultra High Performance 

Fibre-Reinforced Concrete / UHPFRC), und eingetragene Marke der Firmen LAFARGE und 

Bouygues. Seine extrem hohe Festigkeit und Beständigkeit und die gute Formbarkeit machen ihn zu 

einem attraktiven Baustoff für sowohl tragende- als auch nichtragende Bauteile. Um die 

notwendigen nichtlinearen Berechnungen mit praktikablen Aufwand und einem ingenieurmäßigen 

Stoffmodell zu ermöglichen, wurden die Materialeigenschaften in Kooperation mit LAFARGE in 

SOFiSTiK verfügbar gemacht. Der folgende Aufsatz soll auf dieses Material sowie das 

verwendbare Stoffmodell eingehen und Anwendungsbeispiele aufzeigen. 

 

Summary: Ductal® is an Ultra High Performance Fibre-Reinforced Concrete (UHPFRC) and 

registered trademark of the companies LAFARGE and Bouygues. The very high strength and 

durability combined with very good formability make it an attractive material for both structural 

and architectural applications. To handle the necessary nonlinear calculations economical and with 

an engineering material model, the material parameters have been implemented within SOFiSTiK 

in a cooperation with LAFARGE. The following paper shall present the material, the available 

numerical material model and some reference projects and applications. 

 

1 MOTIVATION FOR USING DUCTAL® AND BASICS 

1.1 Ductal in the UHPFRC World 

Ductal® is the first developed and patented Ultra High Performance Fibre Reinforced Concrete. 

Invented and developed between 1992 and 2000 as Reactive Powder Concrete, Ductal® was 

launched commercially in 2000 and various structural applications were developed including 

footbridges and bridges.  

 

 



 V4 - 2 

With a high compressive strength (200 Mpa and lab formulation up to 800 Mpa) and a plastic 

tensile behaviour under flexure (up to 50 Mpa – measured on specimens), this material leads to a 

new approach of designing concrete precast elements: new typologies, thinner sections, slender 

elements. 
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1.2 The Technical Recommendations and Basis 

After the years of experimentations, a need for practical tool leads to Interim Recommendations [6], 

published in 2002 by AFGC- SETRA. They have shown their efficiency on various bridges and 

have been translated and employed in USA as well as Japan. A new version based on Eurocode 2 

will be published soon. 

The approach is a concrete one with a tensile behaviour which leads to plastic calculation to take 

into account the strength provided by the combination of a cementitious optimized matrix with steel 

fibres. 

 

  

 
 

 

 

 

 

 

 

 

 

1.3 The Requirement for Nonlinear Analysis and an Engineering Design Tool 

Non linear material calculations are necessary to be taken into account. From the flexural testing, an 

inverse method is applied to obtain the behaviour law in direct tension. The relation is not a direct 

stress-strain formulation but a stress/ crack opening law. The thickness is a parameter of the 

behaviour law. It is also necessary to take into account the fibre orientation dispersion with specific 

safety coefficients assumed for design and check on tested specimens. 

Typical Cross Section with Ductal® FM 
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Moreover, to carry on accurate deflection analysis with slender elements, non linear geometry is 

needed. The effects of cracked concrete, low creep, and buckling have then to be analysed carefully 

with a construction stages approach.  

 

SOFiSTiK was then chosen by LAFARGE since it is a practical design non linear tool dedicated to 

structural and design engineers. C&E Engineers, ABES, LAFARGE and SOFiSTiK merge their 

effort to implement and test the software on “benchmark” projects. 

 

2 THE IMPLEMENTATION IN SOFiSTiK 

The modelling of material nonlinear behaviour for beam and shell elements within the SOFiSTiK 

software can be done using 2D stress-strain curves to implicitly describe the material’s strength 

parameters in tension and compression and the respective stiffness. The input of the stress-strain 

curves can be done using various definition points where sigma and epsilon values are given, the 

interpolation between the points can be polygonal or with a continuous interpolation spline (AQUA 

SSLA). Using this basic input facility any material law can be defined and modified, but the 

SOFiSTiK software also provides stress-strain curves for nonlinear analysis for all standard 

materials like concrete, reinforcement and structural steel. The analysis in ASE allows that material 

nonlinear behaviour for both beam and shell (QUAD) finite elements can be performed using the 

aforementioned 2D stress-strain curves for the definition of the material parameters. 3D analysis of 

volume elements (BRIC) requires full 3D material laws and higher effort in calibration, so the focus 

will be on the engineering approach to provide a robust material model for fibre concrete in beam 

and shell elements. The technical background of the nonlinear computational approach for beam 

elements employs nonlinear sectional analysis (AQB: NSTR) with storage of resulting stiffness to 

enable a nonlinear iteration procedure. Regarding the analysis of plate, slab and shell elements the 

program ASE offers a layer material model for performing cracked concrete analysis with and 

without reinforcement, steel yielding investigations and even analysis of masonry elements. A 

specific advantage of this layer approach is the numerical stability and robustness introduced in a 

simple 2D element by introducing several material layers for the computation of the element 

stiffness in the Gauss-points. Additional information on the background can be found in the 

manuals of programs ASE and AQB[1].   

 

2.1 Material Model for Standard Grade Steel-Fibre Concrete following DBV/DAfStB 

Additional input parameters allow specifying the modified tensile behaviour of steel fibre 

reinforced concrete following the German DBV Merkblatt ‘Stahlfaserbeton’[2] without an explicit 
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input of the whole stress-strain curve. The input values CONC .. FCTD, FEQR, FEQT define the 

design tensile strength, the equivalent tensile strength after cracking and the remaining ultimate 

tensile strength. Using these options the AQUA input below defines the modification of the tensile 

behaviour for the nonlinear worklaws of a C 25/30 grade concrete acc. t. DIN 1045-1:2008 

following the examples given in [3]: 
 

+PROG AQUA  

[..] 

NORM DIN 1045-2008 

BETO 1 C 25 FCTD 1.564 FEQR 0.650 FEQT 0.466 $ cf. DBV-book no. 7 

[..]     

 

The following plot shows the material’s stress-strain curves for ULS (red), SLS (blue) and the 

calculatoric mean values (green), the modified tensile behaviour with a remaining concrete stress in 

tension can be identified. The corresponding input example file ‘steel_fibre_concrete.dat’ can be 

found in the ASE.DAT folder /nonlinear_quad. The final release of an official DAfStB guideline 

[4][5] for the application of steel fibre reinforced concrete in the near future will certainly increase 

the number of possible applications for the material in Germany.  

 

Figure 1: Stress-strain curves for normal strength steel fibre reinforced concrete (acc. t. DBV Merkblatt) 
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2.2  The Material Model for DUCTAL® UHPFRC  

Following the interim recommendations of the French association of civil engineers (AFGC) 

working group for UHPFRC (Groupe de travail BFUP)[6] and in close cooperation with the 

material specialists of LAFARGE, a new concrete material class for Ductal® was provided within 

the material input of concrete in AQUA. First applications in small projects where used to 

investigate the numerical behaviour for manually defined appropriate stress-strain curves. Since the 

beginning of 2009 the additional material was implemented in AQUA (V. 15.52-23), the first 

version was only selectable for the French design code BAEL-91 revisées 99. The current 

implementation status in version 2010 allows the selection for NF EN 1992 as well. As structural 

applications are limited to the steel fibre reinforced Ductal®-FM the organic fibre Ductal®-FO is not 

available with a default stress-strain curve. The new recommendations will extend the rules to 

organic fibres.  

 

The implemented material parameters are characterized by an ultimate compressive strength of fcj = 

150MPa with an ultimate tensile stress ftj = 9.7MPa (peak value) and a characteristic Young’s 

modulus Eij = 50GPa. The recommendations propose two characteristic stress-strain curves for 

Serviceability and Ultimate limit states (SLS/ULS). 

 

Figure 2: Stress-strain curve for SLS taken from the interim recommendations of AFGC [6] 

 The important behaviour in tension is modelled via several control points corresponding to: 
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• εe : Strain where first cracks occur (not depending on lc) 

• ε0.3: Strain where a 0.3mm crack width is obtained  

• ε1% : Strain where the crack width equals 1% of the height of the specimen 

• εlim: Limit strain 

With: lc : characteristic length (generally 2/3 h) 

The ULS curve is obtain by a divison of the strength values by the partial safety factor γbf which has 

to be set following chapter 2.1 in the recommendations [6] to: 

• γbf = 1.30 : In the case of fundamental combinations 

• γbf = 1.05 : In the case of accidential combinations 

Assuming a fundamental ULS state the important plateau value of the remaining stress in tension 

can be calculated as σbt= 4.62MPa. 

 

It should be noted well that the material law depends additionally on the two parameters lc and the 

K-factor taking into account the dispersion in fibre distribution. The characteristic length lc allows 

to formulate the material behaviour in a stress-strain i.e. σ=f(ε) rather than in a stress-crack opening 

i.e. σ=f(w) relationship, the characteristic length is usually assumed to be 2/3 of the depth of the 

section under investigation.   

 

2.3 Input Examples  

The selection of the Ductal® material is possible within the graphical input of SSD/SOFiPLUS, the 

selection is currently available for the French BAEL-91 revisées 99 and NF EN 1992 only. The 

material is currently associated with French design codes, future plans are to make Ductal® 

available as special material for at least all codes of the Eurocode family. 

 

 

Figure 3: Selection of Ductal® UHPFRC in the SSD Material Dialog Box 
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The text input of Ductal is possible for all design codes, the input record CONC in AQUA allows 

the selection of TYPE DUCT with FCN 150. Additionally the input value GF can be used to set the 

appropriate crack width / characteristic length relationship following the relationship GF = w0.3/lc  

The following AQUA input will generate the necessary worklaws for a sectional height of 0.2m: 
 

+PROG AQUA  

HEAD SOFiSTiK AG - LAFARGE SA 2010: Testproject Ductal 

ECHO MAT FULL 

NORM 'NF' NDC 'en1992-2004' COUN 33 CAT 'AN' SNOW '1' 

CONC 1 TYPE DUCT FCN 150 GF 0.0003/(0.666*0.2) 

$ Type DUCT for the UHPRFC Ductal FM. GF is taken as w0.3/lc  

With lc = 2/3*h 

END 

 

The figure below shows the resulting text output in URSULA, it should be noted that the two stress-

strain curves are overlapping in the plot, as AQUA plots the SLS curve modified with the partial 

safety factor of 1.30.                                    
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Figure 4: AQUA printout of material properties and stress-strain curves for the standard Ductal® FM 150       

The final selection of the stress-strain curve for calculation is then performed in ASE using the 

NSTR record input value KSV. ASE will plot the worklaws for nonlinear calculation with a detailed 

plot of the tensile region. These plots should be carefully checked by the analyst. 

 

SLS – QUAD System SLS – Beam System ULS – QUAD System ULS – Beam System 
 

SYST ... NMAT 

YES 

NSTR KSV SL 

 

SYST ... NMAT 

YES 

NSTR S1 KSV SL 

 

SYST ... NMAT 

YES 

NSTR KSV ULD 

 

SYST ... NMAT 

YES 

NSTR S1 KSV ULD 

 

SYST ... NMAT 

YES 

NSTR KSV SL 

 

SYST ... NMAT 

YES 

NSTR S1 KSV SL 

 

SYST ... NMAT 

YES 

NSTR KSV ULD 

 

SYST ... NMAT 

YES 

NSTR S1 KSV ULD 
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ASE Plot of tensile region in SLS with: 

ftj= 9.70 MPa (Peak Value) 

σbt = 6.00 MPa (Plateau Value) 

 

ASE Plot of tensile region in ULS with: 

ftj= 7.46 MPa (Peak Value) 

σbt = 4.62 MPa (Plateau Value) 

Table 1: ASE input selection for the different limit states and for beam or shell systems 

 

2.4 Example with Beam- and Shell-Elements 

In order to illustrate the performance of the described material model for both beam and shell 

element applications a small example shall be investigated in the following. To compare the results 

of beam and shell elements a simple supported one-span beam structure is modelled consisting of 

finite beam- and in parallel with finite shell-elements. To allow an illustrative comparison of the 

structural performance the same setup is modelled consisting of standard reinforced grade C 25/30 

with a symmetric distributed line reinforcement of 10cm²/m. The given line reinforcement satisfies 

a design check acc. t. EN 1992 with a utilization factor (rel tra) of 1.10 for an assumed MEd= 61,3 

kNm. The corresponding strain state and internal forces can be seen from the AQB printout below: 

 
Required Reinforcements 

  Beam    x[m] NoS   LC        Ni   Myi/Mzi e1/yn e2/zn  nue  rel      

As L 

                             [kN]     [kNm] [o/oo / mm]  C/S  tra   

[cm2] 

30007    0.500   2   10      -0.9     67.49 -3.50 13.37 1.50 1.10   

10.00 1 

                                       0.00 -9999   -65 1.15        

10.00 2 

 

Properties of the example system: 

Cross-Section:  

W/H 100/20cm Ductal®-FM 150 without reinforcement  

W/H 100/20cm C 25/30 w. 10cm² symmetric upper/lower reinforcement (axial distance = 3.5cm) 

Length: 7.00m  
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Slenderness Ratio: 35 

Loading: Gk = 5kN/m Qk = 5kN/m 

 

The system was generated using SSD and SOFiPLUS, the maximum element size was chosen to be 

rather fine with 0.5m. The deflection and stress results for an assumed Serviceability check have 

been calculated using the program module ASE with the following input. Both selfweight and 

assumed liveload where applied with their characteristic values. 
 

+PROG ASE  

HEAD NONLINEAR GK+QK 

ECHO 

 

SYST PROB TH3 ITER 200 TOL 0.05 NMAT YES 

NSTR S1 SL 

 

LC 10 DLZ 1.0 TITL 'NL SLS GK+QK' 

LCC 2 

LCC 3 

END        

 

Important results and stress plots of elements in midspan can be found in the table below, it can be 

observed that there is very good correspondence between shell and beam element results. Very 

impressive are the differences in deflections between the classical R/C section and the unreinforced 

Ductal® section. For a slenderness ratio of 35 the Ductal® system exhibits a deflection of 13.2mm 

which equals L/530, whereas the reinforced concrete structure deflects more than 70mm = L/100 

which is obviously not acceptable. 

 

 Ductal® – System R/C - System 

Max. uz 

Beam  
13.2mm 83.2mm 

Max. uz 

Shell  
13.2mm 76.6mm 
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Stresses 

Midspan 

Beam 

 
Stresses 

Midspan 

Shell 

  

Table 2: Important results of the example systems 

 

Figure 5: Nonlinear calculated deflections of the example systems (magnification factor: 5.0).  

 

Looking at the visualisation of the loadcase deflections with ANIMATOR  it can be observed easily 

that the upper Ductal® systems behave stiffer. 
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3 REFERENCE PROJECTS AND APPLICATIONS 

3.1 Beam Model: Arcene Canopies 

 

 

 
 

 
SOFiSTiK AG *  Bruckm annring 38 * 85764 Obers chleissheim  / GERMANYAQUP  (V11.30-23)  5.06.2008

PAGE 527

Quers chnittsspannungen

M 1 :  1.32
X

Y
Z

Y 0.15 0.10 0.05 0.00 -0.05 -0.10 -0.15 m

Z
0

.1
5

0
.1

0
0

.0
5

Cross section No 163 beam 20139 x = 0.000 construction stage 1 
Non linear Normal stress due to LC 1002 1 cm = 5.00 [MPa]

-6.22

2.34
2.34

2.34

2.34
2.34

 
 

 

 
 

 
SOFiSTiK AG * Bruckm annring 38 * 85764 Obers chleis sheim  / GERMANYAQUP (V11.30-23)  5 .06.2008

PAGE 531

Querschnittss pannungen

M 1 :  1 .26
X

Y
Z

Y 0.15 0.10 0.05 0.00 -0.05 -0.10 - 0. 15 m

Z
0

.1
5

0
.1

0
0

.0
5

Cross section No 160 beam 20136 x = 0.000 construct ion s tage 1 
Non linear Normal str ess due to LC 2007 1 cm = 2.00 [MPa]

-0.77

2.34
2.34

2.34

-0.88
-0.83
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3.2 Shell-Model: Invalides Staircase & ShredMold Project 

a) Plate elements: Invalides Staircase 
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b) Shell elements: “Shredmold” Student Project 
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