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Résumé. Cet exposé présente dans une premiére partie les principaux paramétres métallurgiques et 
mécaniques qui influencent la rupture sous grande vitesse de chargement. 

Dans un deuxiéme temps, il est présenté les grandes lignes du programme engagé en France sur le 
comportement a rupture en sollicitation dynamique des matériaux. 

Abstract. This paper presents in a first part the principal metallurgical and mechanical parameters 
which are involved in high loading rate rupture. 

In a second part, we present the main orientation of the french research program on rupture behaviour 
under dynamic loading. 
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In this report, 1 would like to attempt to clarify the main 
parameters that influence fracture at high strain rate and 
point out the lines of research being explored at the pre
sent time, within the framework of the group for research 
on the dynamic behavior of materials, a group in which 
the ETCA is taking part. This group, which is supported 
by the Centre National a la Recherche Scientifique 
(CNRS) (national center for scientific research) and by 
the Direction des Recherches et Etudes et Techniques 
(DRET) (research and development management), 
consolidates the work of 16 French industrial and uni
versity laboratories working in the domain of dynamic 

examples of experimental setups that are widely used to 
characterize the fracture toughness of the materials 
under dynamic loading. The first test means, referred to 
as the "Hopkinson bar machine under traction" (fig 2) is 
used to perform tests at strain rates between 

behavior of materials. · 

Befare analyzing the majar rupture mechanisms interve
ning under dynamic loading, it is first necessary to spe
cify what is meant by "high strain rates". Figure 1 makes 
it possible to locate the range of strain rates as well as 
the main testing apparatus that can be used to characte
rize the materials at these strain rates. In the framework 
of such a report, there is no question of covering all the 
existing testing methods. Here, we will only cite two 

1 0+2s.\c·<1 03s·1• Using this type of equipment, strain 

rates of around K = 1 06MPa -Ym/s are gene rally attained. 
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Fig. 1. Flow chart of loading speed (s·1) 
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Fig. 2. High rate mechanical tensile machina 

Figure 3 shows examples of recordings allowing access 
to the value of the dynamic fracture toughness of a ma
terial. Figure 4 gives the type of test specimen used in 
the case of an extra high-strength steel. Figure 5 shows 
the static H dynamic changas in a 35NCD16 steel for a 
wide range of elastic yield stresses [1]. 1 will not go into 
detail here regarding the difficulties associated to making 
test specimen (pre-cracking) nor regarding the analysis 
and interpretation of the tests. 
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Fig. 3. Dynamic curve. Tensile load versus crack opening 

Fig. 4. Dynamic fracture specimen 
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Fig. 5. Non linear fracture mechanics global approach 

lf access to higher load rates ís desired, "plate impact• 
type tests can be used. This test is described in detail in 
the Dymat RE/001/87 test recommendations [2]. This 
test consists of using a flat impactar projected by a gas 
or powder gun to impact a target made of the material 
whose properties under shock are to be analyzed (fig 6). 
The load rates accessible using this type of test are in 

the arder of K· = 1 09 MPa~m/s. 

The plate impact test allows several variants, while still 
remaining in the state of uniaxial strain. 

According to the choice of impactar materials and the 
dimensions of the target, compression-release, com
pression-recompression, traction, etc. tests can be per
formed, allowing the following extractions: 

- Hugoniots, 
- Hugoniot elastic limit, 
- spallation stresses, 
- damage under shock, etc 
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Fig. 6. Sketch of a test with a laboratory gun 

Figure 7 gives an example of damage under shock in the 
case of an aluminum alloy [3] . Associated recordings by 
Dopler Laser lnterforometry (IDL) make it possible to ac
cess the limit stress of appearance of the spallation 
under stress of the material (fig. 8). 

The various test means available today make it possible 
to cover an extensiva range of load velocities 1 oo 
MPa<K"<1 os MPa~m/s. We will now specify the specific 
aspects of the rupture phenomena associated to these 
dynamic loads. 

- The first, which concerns in particular ductile materials, 
resides in the modifications of the constitutiva equation 
for plastic deformation of the material. Figure 9 shows 
one of the most characteristic examples of this change in 
flow stress as a function of the strain rate in the case of a 
TA6V titanium alloy [4]. This change in behavior is due, 
in this case, to an increase in strain by albit twinning in 
high-velocity tests (fig 1 0). This modification in the 
constitutiva equation leads to a modification in the 
dimensions of the plastic area at cracking points and, 
through this, it will induce a considerable modification in 
the fracture toughness of the material. 

- Another rather classic example of the change in fracture 
toughness as a function of the strain rate can be provi
ded by changing the ductile ~ brittle transition in the 
case of an A508-type tank steel [5] . In effect, an 
in crease of nearly 1 oooc in the transition temperatura 
passing from a load velocity of K· =100 MPa~m/s to 
K· = 1 06 MPa~m/s is observad. The taking into account 
of this strain rate parameter may become the sizing 
criterion for the structural calculation for currently used 
steels (impacts, earth tremors, etc.). 

- The second particularity of these rupture phenomena 
under dynamic loading concerns the structural modifica
tions that these high velocity strains cause in the mate
rial. For example, 1 would cite the case of a steel with 
''Transformation lnduite par Plasticité" (TRIP) (transfor
mation induced by plasticity) [6] . Figure 12 gives the 
modifications in the material's constitutive equation as a 
function of the strain rate. lt is interesting to observe the 
effect of such a dynamic strain at crack points (fig 13). 
Since the specific volume of the martensitic phase is 
higher than that of the austentitic phase, the crack point 
phase transformation is going to relax the stresses and 
thus considerably increase the fracture toughness of the 
material. 

- Finally, the last particularity, and certainly not the least 
of the ruptures under high strain rates, concerns their 
adiabatic nature. These adiabatic phenomena can inter
vene at different levels. 

- At the level of the plastic constitutive equation, it is 
noted that the plastic energy dissipated in heat (,90%) 
within the material can lead to a considerable heating 
of the material at crack points, and, through this, to 
modification of the extent of the plastic area and the 
fracture toughness. 1 would not insist any further on 
this point, which will be analyzed in detail in Mr. 
Roudier's conference. 

- At the leve! of the damage and localization mecha
nisms, the heat tempering phenomena can take on a 
catastrophic nature in the case of the formation of 
adiabatic shear bands (fig 14). For certain materials 
with high elastic limits and low heat conductivity, these 
phenomena can intervene for very low rates of strain 
(for example, uranium or titanium). Thus, the overall 
strain on a part under dynamic load will basically be 
controlled by the conditions for appearance of the 
shear bands, and not by the plastic constitutiva equa
tion of the material. 

- Finally, the adiabaticity conditions can control the 
phase transformation phenomena cited above and, 
through this, change the rupture conditions. In the 
case of transformations induced by plasticity, cited 
above, the percentage of transformation depends on 
the isothermal conditions of the hardeni'ng temperature 
(fig 15). Under dynamic load, the heat produced by the 
plasticity will considerably modify the plastic behavior 
of the material (fig 16). One of the majar difficulties 
cóncerning rupture under dynamic load resides in the 
fact that the various phenomena cited above intervene 
in association with each other. Any models based on 
the mechanical behavior of the rupture must therefore 
take into account these thermo-mechanic "coupling" 
phenomena. 

After this quick analysis of sorne of the characteristic 
phenomena of ruptura under dynamic loads, 1 would like 
to conclude by presenting the main paths of research 
presently being explored by the group for research on 
dynamic behavior. 1 will limit myself here to the research 
work on damage and rupture. 
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Fig. 9. Stress-strain curves (static and dynamic) 
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Fig. 1 O. Microstructure of apure titanium after 10% of 
strain ; a) w-4 s-1 (static); b) 1 (intermediate); 
e) 1 Q+3 (dynamic) 
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Fig. 11. Strain rate influence on fracture toughness of 
A508 steel 
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Fig. 12. Room temperature compression of a TRIP steel 
(Fe-Mn-Cr-C) 

Fig. 13. Process zone in TRIP steel 
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- Two "brittle" materials: a SiC enameled ceramic andan 
material of a Pyrex-type borosi-

The various research works undertaken on these mata
ríais to four majar 
themes: 
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Fig. 16. Z30MCDS1 01 O quenched steel. Static and 
dynamic compression test (room temperature : 1 o-3 s-1 
and i03 s-1) 

- Spallation theme : Research on this theme will be ba
sed on both the steels and the glass. An attempt will 
be made, in the case of glass, to deal with the pheno
mena of spallation by laser shock with a view to com
prehending the influence of the duration of the shock 
on the spallation through micro-cracking. 

- Dynamic fracture touQhness theme : This theme is clo
sely associated to that of damage and spallation. lt 
hinges around four points associated to cleavage 
rupture. 

. Local rupture criteria associated to the incubation 
time study . 

. Tearing mechanisms and their relation to fracture 
toughness on initiation. 
Brittle ruptures, approached from the probabilistic 
point of view. 
Dynamic fracture toughness, defined by the concept 
of the notch stress intensity factor. 
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- lnstability theme : Works in this domain will mainly be 
based on the conditions for formation of the adiabatic 
shear banding in extra high-strength steels. 

For each of the themes just mentioned, the research 
works will also deal with perfecting the experimental me
thods as well as deriving models for the phenomena 
being studied. A special effort will be made at the level of 
the creation of models in an attempt to associate the mi
crostructure of the material to its micro-structural charac
teristics. 

This coordinated research work should be spread out 
over a period of four years (1992 to 1995). lt will be 
added to 1993 by work on the fracture of polymers and 
composites. 
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