
HFE - tec®

High fracture energy
for buildings structural integrity

beat the cracks with High Fracture Energy!
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... “Stresses will 
remain a theory, 
but deformations 
have been 
a physical reality 
ever since.” ...
[ D. Burlando, 1989]

HFE - tec®

High Fracture Energy - technology
High fracture energy for buildings structural integrity

Mission

Exemple: the seismic stresses 

The mechanisms of 
crack formation: 
the relation between ductility 
and fracture energy

HFE-tec® high fracture energy

medium fracture energy

low fracture energy
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The HFE-tec®hnology allows to 
control crack formation in cement 
based materials by increasing the 
material’s overall ductility which is 
referred to as fracture energy in 
material’s engineering. 
The most powerful way to realize this 
is the utilization of high modulus 
polymer fibers.

The HFE-tec®hnology, high fracture 
energy and cracks allows the cracks 
control, making them structurally 
functional.

Crack control 
Cracks are an inevitable phenomena 
of cement based materials such as 
mortars and concretes. Even though 
they will never be fully preventable 
there are possibilities to control their 
formation and characetristics such 
as their total number as well as their 
depth and width in order to exclude 
negative effects on a material’s or 
structure’s durability and integrity.

Earthquakes, for example, lead to 
deformations that inevitably cause 
cracks within stiff concrete struc-
tures. Only if there are elements that 
consume a certain amount of this 
deformation energy, for example by 
the formation of cracks without 
collapsing, the structural integrity of 
buildings can be assured.

Intensive academic research has 
been performed at leading university
institutes during the last decades. 
The results allow a deep insight into 
the mechanisms of crack formations 
even under highly complex boundary
conditions.
The main influencing parameters for 
crack formation due to volumetric 
changes such as shrinkage are given 
by a three-dimensional parametric 
room. The Young’s Modulus and the 
shrinkage behaviour of a material 
that is expected to feature a certain 
strength can only be adjusted within 
a quite narrow range. Unlike that the 
fracture energy can be increased by 
several magnitudes by the addition of 
high modulus fibers. The influence of 
fracture energy adjustments on the 
cracking behaviour become evident 
by the results of fracture mechanical 
tests (see photos and diagram).
An HFE-tec® material features unique 
ductility!



Matrix

Fibers: essential 
characteristics 

HFE-tec® THIXO 200     
HFE-tec® PAV 360

Standard HFE-tec®

TIXO 200 PAV 360

Young’s Modulus  Gpa 20 15 21

Compressive strength  MPa 35 40 55

Limit of proportionality  MPa 4,5 5,6 6,6

Fracture energy  (N/m) 85 20650 37500

te
ch

n
ol

og
y

HFE-tec® TIXO 200

HFE-tec® PAV 360

Idea: increase of the 
fracture energy
A targeted adjustment of the fracture 
energy of a cement based material 
requires a three way approach. 
The cement based matrix and the 
polymer fiber as well as their interface 
need to feature coordinated proper-
ties whose interaction provides the 
intended effect on crack control.

The mechanical properties of the plain 
mortar itself must be designed in a 
way that basically provides the possi-
bility for multiple cracking. Multiple 
cracking describes the formation of a 
high number of micro-cracks instead 
of only a few number of macrocracks.
This is as essential as a suitable and 
sufficient volume within the matrix to
optimally incorporate the high modu-
lus polymer fibers.

The fiber itself has to feature two main 
properties.
Resistance. On the one hand it has to 
be resistant against any possible 
mechanism of deterioration. 
The fibers used within the 
HFE-tec®hnology have proven this 
resistance within another application 
for a period of more than 25 years. 
Long term studies have been 
performed that underpin this property 
independently. In addition to this the 
mechanical properties of the fibers 
feature values that exceed the perfor-
mance of steel as far as the tensile 
strength is concerned. Far more impor-
tant is the ratio between the fiber’s and 
the plain mortar’s Young’s Modulus. 
Within HFE-tec® materials this ratio 
exceeds the unique value of 1.5. 
Standard polymer fiber technologies 
have not managed to increase this 
value over 0.5.

Interface between 
the fibers and the matrix 
One of the most important aspects in 
shortcut fiber technology is the bond 
strength and stiffness between the 
fiber and the matrix.
In HFE-tec® materials this property of 
the interfacial transition zone is 
optimized by a particular treatment of 
the special fibers used and by the 
particular adhesion exercised by the 
formulated matrix.

Tecnochem has already developed 
ready mixed mortars and microcon-
cretes based the existing VHDRS® 
product line that utilize HFE-tec®hnology. 
Their performance is given by load 
deflection diagrams that clearly show 
both the maintenance of the load 
bearing capacity over a wide range of 
deformation and the high value of 
fracture energy that is given by the 
area beneath the diagram.
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Application
As the concept of HFE-tec® enables 
engineers to successfully cope with 
crack formation, which is one of the 
main characteristics of cement based 
materials its utilization covers a wide 
range of applications:
• buildings in seismic areas 
• pavements
• sewage pipes
• repair mortars for:
 - cooling towers
 - bridge guidewalls
 - channels
 - silos
• cladding walls (fassades)
• crack bridging overlays
• highly abrasion resistant overlays
• patchwork repair (pavements)
• cold joints


