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Transverse strength of a hybrid carbon/polyethylene composite 
D ~ Bro kken 

Introduction. 

Use of carbon reinforced composites has grown Considerably in automotive and 

aircraft manufacturing due to its high strength and msduluc and good fatigue 

resistance. it is however a very brittie composite. peyc et a/' showed ahat hybrid- 

sation with high performance polyethylene composite reduces the brittleness, 

improving the damage tolerance. Chamis et af and Bathia3 already showed that 

hybridisation offers a means of reducing impact-vulnerability, still keeping other me- 

chanical properties high. Uni-directional 

composites are extremely anisotropic, 

having low strength and modulus in di- 

rections other than the fiber-direction. 

Practical use of these materials de- 

mands the use of stacked-plies. Failure 

initiation in these plies in transverse 

direction will start at much lower loads 

than in fiber-direction weakening the 

matrix and lowering the effective stren- 

gth. Consequently, knowledge of the 

transverse properties of these composites is of interest. Kalnin4 investigated unidi- 

rectional glass-graphite composites, finding a linear decline of most transverse pro- 

perties upon progressive hybridisation. Kretsis5 mentioned 5 different types of 

hybrid composites, two of which will be distinguished here : Intraply (where tows of 

different fibers are mixed) and interply or laminated (where alternate layers are 

stacked in one composite). The first type can be considered as a series model of 

the two parent composites. Consequently, strength will be dominated by its wea- 

kest link. This could be described by a weakest link' model (WLM) with the HE- 

(High elongation) end LE(Low elongation) composites acting in series. The second 

type of hybrid behaves more like two composites in parailel, leading to a Constant 

Strain Model (CSM), following Manders and Badet" and Chou and Kelly7. 

I 
Fig. 1 , Itraply and interply hybrids. 
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Catastrophic failure in the LE-phase is expected at : 

' hybrid - u HE- 'HE 

If there is enough HE-phase present strength will be dominated by the HE-fibers af- 

?er faiiure of the LE-phase : 

- 
hybrid - L E m  'LE LEmax EHE 'HE 

Thus the CSM leads to an ultimate composite strength formed by two lines in a 

strength vs. hybrid composition graph. The rule of mixtures could also be used to 

predict the strength of interply hybrids. Figure 2 gives the predictions for inter- and 

intraply composites according to the WLM,ROM and CSM, using the following 

values : qEmax = 1 O MPa, &LEmax = 0.3 %, E,, = 6 GPa, oHEmax = 70 MPa. In this 

study only the strength of intraply hybrids will be investigated. 
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Fig. 2 Transverse strength vs. hybrid composition 
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Materials. 
Uni-directional test-specimens were fabricated using an epoxy resin from Ciba- 

Geigy (Araldite LY-556 / HY 91 7 /DY070 ) reinforced with carbon-fibers from AKZO 

(Tenax HTA 51 31) and HPPE-fibers from DSM (Dyneema). 

Table 1, The available fibers and their properties. 

Mass/Le n gt h 

200 Tex 

800 Tex 

3x1760 dTex 

1760 dTex 

3x440 dTex 

440 dTex 

sort of 

fiber 
Aiiber(m m2> 

0.1 124 

0.4494 

0.5443 

0.1814 

0.1 361 

0.0453 

Carbon 

Carbon 

HP-PE 

HP-PE 

HP-PE 

HP-PE 

Density (g/cm3) 

1.78 

i .7a 

0.97 

0.97 
~~ 

0.97 

O. 97 

Fabrication. 
The fibers were wound on a frame after passing through a bath of pre-heated 

epoxy and several guiders. A cycle counter registrated the number of fibers wound 

on the frame so the number of fibers in the composite was exactly knowrt. The 

fibers were wound parallel over a width of 161 mm, being the width of the mould, 

until the correct number of fibers was reached to obtain a fiber-volumefraction of 50 

%. Afterwards the frame was placed in a vacuumoven for 15 minutes at 70°C and 

400 mm Hg to reduce voids. The frame was then placed in the mould in which it 

was cured at 80°C for 2 hours under pressure. Pressure was increased slowly the 

first 15 minutes up to 1 O kN, which was then maintained for 1.75 hours. The thic- 

kness of the composite was adjusted by placing copper plates between the halfs of 

the  mould. Fu;ther curing was doae for 20 h w r a  in an oven at 80°C. From the 

resulting plates (1 6 1 ~ 2 0 0 ~ 1 . 5  mm) specimens'were cut using a diamond saw. After 
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cutting the specimens were grinded and polished to minimize the flaws on the 

edge. The specimen-range had to cover the region from 100% carbon fibers up to 

100 % HPPe-fibers. The number of points in this range was chosen 6, which 

resulted in one specimen every 20%. Since there was only a limited number of 

fiber types available, some matching was necessary to get the correct 'pairs'. The 

available fibers and their characteristics are given in table 1. Combining these 

fibers leads to a set of combinations, where ths number of fibers needed ia calcu- 

lated from the cross-section of the mould : 161x1.5=241.5 mm2. Using 50% of 

fibervolume this results in fibre cross-section of 120.75 mm2. The different com- 

positions are presented in table 2. 

%Carbon 

1 O0 

76.75 

62.3 

38.3 

17.1 

O 
- 

Carbonfi ber H P -P e fiber Arlberc( m m2) Number of 

fibers needed 

800 Tex none 0.4494 269 

800 Tex 3x440 dTex 0.5855 206 

2x200 Tex 3x440 dTex 0.3608 334 

200 Tex 1760 dTex 0.2938 41 I 

200 Tex 3x1760 dTex 0.6567 183 

none 3x1760 dTex 0.5443 221 

Test i ng . 
Two types of testing were performed : 3-point bending and tensile experiments. 

The bending experiments were performed according to ASTM standard 790M, the 

tensile tests according to ASTM D 3039. This resulted in bending specimens of 

51 XI 2.5 mm and tensile specimens of 160x25 mm. Both tests were performed on 

a Frank type $1565 tensile machine. Bending tests were performed with a support 

span of 25 mm which resulted in an L/d of 16. 
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Tensile experiments were done with a gage length of 80 mm, leaving 40 mm on 

each side for contact with the grips. Instead of using the more conventional tabs, 

grinding paper was used between grip and specimen. The test speed was 0.01 

min-' for tensile as well as bending tests. This resulted in a crosshead speed of 0.8 

mm/min for tensile and 0.71 6 mm/min for bending experiments. After testing, the 

depth and width of the specimen were measured ai the point of fracture thus giving 

a reliable stress-output. During testing al data was monitorsd by a cornputer! giving 

easy access to forceldisplacement diagrams. 

Transverse strength of a hybrid 
HP-Pe and carbon composite 

-*- Flexural -.O-. Tensile 

Fig. 3,Tranverse strength vs. hybrid composition. 
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Results. 
The measured average strengths are displayed in table 3. 

Table 3 : measured average strengths. 

Examining these results we see that the strength drops rapidly even if a small 

amount of HPPE-fibers is added to the carbon composite (Fig. 3). Adding more 

HPPE does not significantly influence the strength further. We can also see that the 

flexural strength behaves similar to the tensile strength however at a higher overall 

strength. Overall quality of the plates seems to be good, the measured strengths of 

the plain composites being normal to high. Errors in the calculated strength due to 

measurement and rounding errors have an upper bound of 7 Yo for flexural testing 

and 5 Yo for tensile testing. 

Conclusions 
The transverse strength of a hybrid carbon/HPPE composite is strongly dominated 

by the poor transverse properties of the HPPE-composite. Tensile strength is deter- 

mined by the weakest link, which is in this case formed by the HPPE-composite. 

The flexural strength is higher because of the stress-concentration in a smaller 

are2 i.e. , size vffects, resu!ting in !ess 'weakest links' being tested. It should be 

noted that the flexural strengths were measured with an L/d of only 16, not totally 
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excluding shear effects. In fig. 4 a comparison of the measured tensile strengths to 

a WLM (Weakest Link Model) is made, showing that transverse loading of this in- 

traply hybrid composite is in fact a worst case scenario. Practical use of this car- 

bon/HPPE in epoxy hybrid demands the use of stacked-plies or multi-directional 

laminates because of the poor transverse properties of the uni-directional com- 

posite. Further investigation on this subject is needed to discover the real potential 

crf these interply hybrids. 

E , 

O '  I 
I I I 

O 20 40 60 80 1 O0 

Volume % HP-PE 

W.L.M. --e- - Measured - 

Fig.4, Weakest Link Model and results for tensile tests. 
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