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ABSTRACT 
 
The enhanced version of the damage mesomodel for laminates (DML) introduced at the LMT-Cachan is 
validated and illustrated for the intralaminar damage by using User-MATerial subroutines in Abaqus Std.  
In order to show the effectiveness of the proposed model, an identification phase is outlined followed by 
preliminary results based on an industrial test-case. The identification is carried out for basic tests like 0° 

traction/compression tests, traction on [0m/90n]s laminates, monotonic and cyclic traction tests on [±45]4s 

and [±67.5]4s laminates. The damage intralaminar mechanisms validated in this study are: fiber breaking, 
diffuse damage and matrix microcraking. The validation test is carried out for an actual industrial lay-up: 
32-ply laminate with a central open hole. It is found that the present DML succeeds in predicting the 
evolution and propagation of the above mentioned damage mechanisms until final fracture.  
 
1. INTRODUCTION 
 
The damage mesomodel for laminates (DML) has been developed over last 20 years, 
particularly at LMT-Cachan [1]. The DML is based on three key points: (i) the use of 
the mesoscale – the intermediate scale between the structure (macro) and the 
constituents (micro) – the laminate is thus assumed to be divided into two elementary 
constituents which are continuous media on the meso scale: the ply [2] and the interface 
[3]; (ii) internal variable approach using damage indicators which are assumed to be 
homogeneous throughout the thickness of the elementary ply; and (iii) method of local 
states – which relates the thermodynamic forces to the damage.  
The present DML has been improved over recent years in the light of micromechanics 
for various mechanisms of degradation, more specifically for transverse cracking and 
local delamination [4][5]. The enhanced model is compatible with classical works in 
micromechanics [6][7] and extends them to general structure computation. An 
interesting feature of that enhanced version is that there is a separate damage indicator 
for each degradation mechanism. The present DML can characterize the following 
damage mechanisms: (1) fiber fracture (2) matrix microcracking (3) matrix diffuse 
damage and (4) delamination. Furthermore, it gives the evolution of these damage 
mechanisms until final fracture keeping all calculations in the mesoscale. For 
localization and dynamic loading, the damage mesomodel with delay effect, proposed 
by [8], has been used. The mesomodel has been identified against classical tests. 
In the present study, no attempt has been made to validate the mesomodel for 
interlaminar behaviour. First, validation is leading on basic identification samples. A 
more complex comparison is then performed in the framework of a thick holed sample 
under traction. 
 



 
2. DAMAGE MESOMODEL FOR PLY 
 
The enhanced damage mesomodel is not recalled here. Detailed equations including the 
complete description of micro cracking from micromechanical homogenization can be 
found in [9][10].  
 
We just emphasize that each intra laminar mechanism of degradation is fully described 
by independent damage indicators: fiber breaking / diffuse damage (with separated 
indicators in the transverse and in the shear direction) / transverse cracking (for which 
indicators are related to the underlying micro cracking rate by using micro meso 
relations) / plasticity, which is written thanks effective quantities.  
 
The proposed mesomodel can be easily implemented within the framework of 
commercial finite element softwares. The model has been previously introduced in 
Abaqus/Std using User subroutines. Details concerning key choices for the 
implementation can be found in [9][11]. These developments are directly reused here. 
 
 
3. IDENTIFICATION 
The aim of that part is the validation and illustration of both model and implementation 
in the case of intralaminar degradation. The interlaminar behavior has also been 
introduced in the FE software but is out of the scope of that work. 
Material is for all examples a T700/M21 carbon-epoxy composite provided by EADS-
IW, which has also been in charge of the experimental characterization.  
 
3.1 00 Traction test 
Two main keypoints are reproduced correctly by the proposed model: (1) the non-
linearity with the increasing loading (2) the ultimate load. For these materials, apparent 
young modulus can indeed increase up to 20 per cent due to the alignment of the fibers 
during the traction. That point is reproduced in the model by a longitudinal modulus 
related to the longitudinal strain. As illustrated Figure 1, ultimate load is also correctly 
predicted.   

 (a) (b)  
Figure 1: Validation for fiber breaking in traction: (a) Longitudinal stress vs longitudinal strain (b) 
Longitudinal stress vs transverse strain. 

 
3.2 00 Compression test 
Similar to the traction test, the model is here validated for the fiber fracture and non-
linear behavior in compression. The longitudinal stress vs longitudinal strain and 
transverse strain are shown in Figure 2 (a) and (b), respectively. It has to be noted that 



model is validated for test for which the ultimate load is minimum. It is clear that the 
model is in reasonable agreement the experimental investigations. The difference in the 
longitudinal stress vs transverse strain can be explained by experimental difficulties and 
defects of compression test.  

   (a)  (b)  
Figure 2: Validation for fiber breaking in compression: (a) Longitudinal stress vs 
longitudinal strain (b) Longitudinal stress vs transverse strain. 

 

3.3 [0m/90n]s traction test for microcracking 
Two laminate sequences - [04/904/04] and [04/9012/04] - are studied. One investigates the 
relation between the mean traction stress and the micro cracking level which is 
quantified as for classical micromechanical analysis by a micro cracking density [6][7]. 
It should be noted that the enhanced mesomodel provides not only damage indicators 
but also relations between these damage indicators and underlying morphology. It thus 
differs and provides stronger information than classical damage approaches [12]. 

Figure 3 (a) and (b) illustrates development of cracking density and fiber damage for 
the two sequences. As far as microcracking is concerned, predictions are really 
reasonable if one considers the strong variability, which is often observed for that kind 
of experiment. Sample breaking appears at the same level for experiments and 
numerical simulation, with a microcracking density around .5 before final breaking.  

 

 (a)     (b)  

Figure 3: Validation for matrix microcracking in monotonic traction: (a) [04/904/04] (b) 
[04/9012/04]. 

 

3.4 [±45]4s cyclic traction test 
Here, the monotonic cyclic traction test is carried out on [±45]4s laminate. Such a test is 
in fact a shear experiment, which is characterized by a large level of plasticity and very 



few micro cracks except around the final breaking. Diffuse damage is the main 
degradation mechanism [13]. 

The shear stress/strain curve is provided Figure 4 (a), and a detailed view of the starting 
of the curve is given Figure 4(b). It is clear that the simulated stress/ strain curve 
overlaps the experimental one for low loads. The divergence between simulation and 
experiment for moderate and high load levels has not to be associated to a limitation of 
the model, but rather to the fact that large rotations of the fibers have not been 
considered here. Previous studies have already illustrated the major influence of fiber 
rotation during shear test investigation. 

(b) (b)  

Figure 4: Validation for shear modulus, shear diffuse damage and plasticity parameters 
in cyclic traction (a) shear stress vs shear strain (b) exploded view of (a). 

 

3.5 [±67.5]4s traction test 
That test is used for the validation of both plasticity and damage under coupled 
transverse/shear loading. Figure 5(a) provides the comparison between 
experimental/numerical curves for sample longitudinal load vs. longitudinal strain (note 
that the experimental curve is just provided until 4000N which is not the experimental 
ultimate load). The comparison is reasonable. The experimental ultimate load is given 
to be 5500 N whereas the model predicts the failure around 5700 N.  Further, the Figure 
5(b) shows the variation of global longitudinal force vs microcracking rate. The 
microcracking develops at the experimental force value of 4400 N whereas the model 
predicts the initiation of microcracking at the force value of 4700 N. An interesting key 
point is the failure mechanism of the sample, which is due to a localized and strong 
increasing of micro cracking density for the simulation. Experimentally, that kind of 
sample also fails by a localisation mechanism, since the first transverse cracks 
immediately collapse through the entire thickness of the laminates. 

 (a)  (b)  
Figure 5: Validation for (a) plasticity parameters (cyclic traction) (b) microcracking 
(monotonic traction) initiation. 



4 VALIDATION 
In this section, preliminary results of validation are presented based on an industrial 
test-case. In this regard, a 32-ply laminate of sequence [0/-45/902/45/902/-
45/90/45/902/-45/0/45/90]s with an open central hole under monotonic traction is 
studied. Due to symmetry in the thickness direction, the mesh can be reduced to one 
half of the sample. For didactical purposes, plies are numbered from 0 to 12, starting 
from the 90 central ply towards the 0 skin ply. Of course, according to the primary 
hypothesis of the mesomodel, multiple plies (as 902 for example) are considered as 
single layers with larger thickness. 
Herein, 75% of fracture load is applied in traction to the specimen. The global fracture 
of the laminate occurs at 2.3 mm of displacement loading. All the results presented in 
this section are for this load-unload cycle. The post-mortem specimen is shown in 
Figure 6 (a) and (b). 
 

(a)    (b)   
Figure 6: Fractured specimen of 32-plies laminate with an open hole under monotonic 
traction (Source: Centre D’Essai Aéronautique de Toulouse). 
 
4.1 Fiber fracture 
Several damage maps for the fiber fracture are shown in Figure 7. Figure 7(a) shows 
the fiber breaking in 00 ply near the core of the laminate (Ply No. 2). Figure 7(b) and (c) 
shows the fiber breaking in 450 (Ply No. 9) and -450 ply (Ply No. 11), respectively and 
(d) shows the fiber breaking in 00 ply at the top of the laminate. From Figure 7(a), (d) 
and Figure 6(a), (b) the present model seems to predict the fiber breaking accurately. 
Especially, effect of the orientation of adjacent plies seems to be taken into account.  

(a)  

(b)  

(c)  

(d)  

Figure 7: Validation for fiber breaking (a) Ply No. 2 (00 Ply), (b) Ply No. 9 (450 Ply) (c) 
Ply No. 11 (-450 Ply) and (d) Ply No. 12 (00 Ply). 



4.2 Matrix micro cracking 
 
The X-ray radiograph for matrix microcracking in 900 laminae is shown in Figure 8. 
This X-ray radiograph was obtained at the 90% of fracture load. The damage maps for 
microcracking rate obtained by the model at the maximum load of 75% of fracture load 
are shown in Figure 9. Figure 9(a) and (b) shows the microcracking rate in 900 ply at 
the core (Ply No. 0) and near the skin (Ply No. 10). The micro cracking shape in both 
900 laminae are in good accordance with the experimental results. The intensity of the 
microcracking and the area of microcracking are also in accordance with the 
experimental results.  
 

 

(a)  

(b)  
Figure 8: Experimental 

result for matrix 
microcracking in 900 Ply 
(Source: Centre D’Essai 

Aéronautique de Toulouse). 

Figure 9: Validation for matrix microcracking (a) Ply No. 
0 (900 Ply) and (b) Ply No. 10 (900 Ply). 

 

 

5. CONCLUSIONS 
The enhanced damage mesomodel based on underlying micro-meso relations, and 
implemented in Abaqus/Std in previous works, is validated with various experimental 
results for the material T700/M21. The key points of this validation study are: 

1. The traction and compression fracture of the fibers is correctly captured by the 
present mesomodel. The non-linear behavior both in traction and compression is 
also accurately predicted. 

2. Simple identification experiments (shear – transverse loading – coupled 
shear/transverse loading) are well predicted. Additionally, this approach 
reproduces both the correct global curve and the correct temporal and spatial 
scheme for the damage mechanism development. 

3. The current approach seems to be efficient for the simulation of industrial 
identification sample, at least for the illustration example. 

Thus, the present version of the enhanced damage mesomodel has been validated for 
intralaminar damage mechanisms. Coming further exhaustive works are related to the 
validation for industrial tests including interlaminar damage and different composite 
materials. 
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