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D.R.E.T./ARMINES

SUB-GROUP 3

* Design of glued joints

Elastoplastic adhesives

Progress report on 1st part of study

Maigret, Martin and Menrath

Aerospatiale, Devision Systemes Balistiques et Spatiaux NT 18926

(from French)

Author's summary: this report presents the purpose and the different

stages of the study as a whole. The experimental work, calculations and

software for the Ist part are described. Tests to define the properties

of the selected adhesive HYSOL EA 9628 NW and joint tests were carried

out. Calculation methods with software programmes were developed and

applied with the finite-element method. A study of the elastoplastic

field was undertaken. It will be continued along with the final

characterisation tests, during the second stage of the contract. j
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mechanical characterisation

- methods or calculation

- software

1. Object of investigation

The purpose of this study is to develop experimental methods for

defining the mechanical characteristics of adhesives with elastoplastic

properties and methods of calculation for analysing the behaviour

of and the dimensioning factors relating to bonded joints. Tests

on bonded joints, continued until adhesive failure, make it possible

to validate the general model used for this study by verifying that

the experimental results, gauge measurements and failure loads are

practically identical with the calculated results.

The elastoplastic adhesive selected by Sup-group 3 is the adhesive

IYSOL LA 9628 NW.

This study thus includes both experimental work and calculation.

- Experimental work

.mechanical properties of the adhesive:

The mechanical properties stated by the suppliers are generally

incomplete. Thus, in the hypotheses relating to pure shear

(case of tubular assembly, for example), linear characteristics,

only the tests in the ZWICK torsion meter and rupture by simple

shearing (DIN or PPEN test pieces) enable us to find, rapidly,

the shear modulus G and the breaking stress with pure shear.

S

fn the general case, the following tests are necessary:

* tensile test on 'dumb-bell' bars - measurement by gauges (

and by ox tensomfe ter (M: cl w~ (V



* compression O P (

simple shear on D.I.N. or PrEN test joints : Althof extensometer

t = g(Y)

* breaking test - 'slab' type test pieces

* loading - unloading cycles (dumb-bell test pieces)

* effect of polymerisation and temperature (different kinds of

adherend)

Also, if necessary, these characteristics should be determined as

a function of the temperature, ageing, humidity and various environ-

ments.

.mechanical characteristics of adherends

The properties of metals are generally known. On the other hand,

it is sometimes necessary to characterise the composite materials

for these have special features. Thus, in crossed fibres (45" approx)

the composite material is non-linear because of the predominance of

the matrix. These materials may peel off (1st layer near the joint).

They have edge effects. Local deterioration may occur with a sudden

decrease in rigidity.

.tests on bonded joints

In order to confirm the validity of the model used for the study we

carry out tests, continued to failure, on bonded joints. In these

tests, we vary the main adhesion parameters (thicknesses, overlap,

nature of adherends, geometry ...). If the calculated and measured

values (stretching, breaking forces) are well correlated, we consider

that the model is applicable for the dimensioning of the bonded joints.

This model involves several stages in which principal characteristics

are considered on the basis of increasing difficulties.

-Calculation

Two typos of methodo were developed:

.nethods peculiar to bonding. These allow rapid definition. Simplified

mrnthods give an analytical solution in the case of the linear



behiaviou r oW he maora1, shear stresses alone, and simple shear

(ident ical aIherends, ,or a stresses and shear stresses).

The methods relating to non-linear characteristics give numerical

solutions resolved by finite differences. The simplification is based

in the mono-dimensional sub-division.

The finite element method. The mesh is two-dimensional or three-

dimensional (lot of calculation). The difficulty in preparation,

prodcedure and application arises from the very fine mesh due to

.he very smal thickness of the joint (0.08mm) and to the effects

of the free edge.

The study peculiar to bonding, includes the following aspects:

- characteristic relationships in a non-linear, elastic material,

- plasticity conditions, loading - unloading - loading (cycles),

- criteria for failure.

This study is based, particularly, on the experimental work defined in

the previous paragraph:

(pure) tensile, compression and shear tests,

relaxation,

failure under the effect of compound stresses.

An adhesive behaves differently from the classic orthotropic metal! c

matrinl . The VON ".!S7S-il,[ laws are not applicable. Some authors

(I[SM{ , RGi[AVA) hlave established special relationships.

Sect ion 1 presents a synthesis of the objective of the study as a whole.

The fol lowing paragraphs describe the experimental work a d calculations

with the main results obtained in the course of the st'.Jy relating to

this first contract.

S;ummary off work programme and of the distribution fo functions in Sub,-

group - .'i rst cont.rac t.

The notes A,\IN No.I (, 01 of Y/O/M8 and No. ljO.,2 of 26/'8 give the work

programmes o -uh-group :



.- 1 Experimental work

.1.1. Bibliography - AEROSPATIALE-AQUITAINE (AQ).

- methods of defining physico-mechanical properties of

adhesives.

- Principal adhesives - Known mechanical characteristics

(suppliers etc...)

2.1.2. Characteristics of the adhesive.

- measurement of flow : AQ.

- adhesive alone.

making the test pieces: AQ.

complete characterisation in tension : AQ.

Measurements by D.M.A. (dynamic) of E modulus: AEROSPATIALE

LES MUREAUX (M).

- adhesive with adherendsin simple shear

I.G.C. 0426101 B : AQ.

P.r.E.n : 2243-6

Making the test pieces : AQ.

Tests : AQ-MU.

2.1.3. Test pieces studied.

Designs and experimental plan for test pieces : AQ.

. Making the test pieces : MU.

Tests : E.N.S.T.A. - AQ.

2.2 Calculations

2.2.1. Ecole des Mines se Saint-Etienne.

Development of a mixed element (stresses - displacements) of

an interface and software for application.

2.2.2. AQ.

- Methods peculiar to bonding - development of software

programmes.

- application of the classical finite - element method.

- Calculation for a test piece in common with Sub-group 3.

Method with finite elements and software LIC08.

The detailed calculated results relating to stresses in the

adhesive and extensions in the external surface of the

external ndhcrcnds nre presented in this note. The Ecole des

Mines de St Eticnne will compare them with its calculated

results and the E.N.S.T.A. with its values measured by gauges

(all in mm).



- non-linear calculation of a test piece (code N, except

L = 7.5mm). Software programmes LIC081 (Raghava's theory)

and 82 (Ishai's theory). Prclimiary results.

3. Experimental work

Adhesive selectcd : Hysol EA 9628 NW class 120-130"C.
2 2mass per m EA9628 NW (supported) : 300g/M

EA9628 UNS (non supported) : 150g/m
2

Polymerisation cycle : 1 h at 120"C.

3.1 Defining the properties of the adhesive

3.1.1 Measurement of flow

Its purpose is to determine the viscosity of the adhesive

at the start of polymerzisation and thus its characteristics

as to the wettability of the adherends. We used non-

supported film (EA9628 UNS) in accordance with I.G.C.

0426 101 B, method 6, and in accordance with the cycle

recommended by the supplier. The tests were carried out

at ambient temperatures, at the time the material was

taken out of storage: 18"C, then after 15 days, to demonstrate

the effect of aging. The results are practically identical,

ic 80% flow.

3.1.2 Adhesive alone

Sheets of adhesive were made by stacking films into a

special apparatus. After polymerisation, dumb-bell test

bars NFT 510311 were machined. The aging was studied.

The dumb-bell test pieces were fitted with mechanical

extensometers and strain gauges. They were subjected

to tensile tests (to failure). Measurements obtained

with gauges and with extensometers differ only slightly.

Although usually less precise, the measurements by gauges

are nevertheless necessary in order to measure Poisson's

coefficient. The stress-deformation curve was related

to the ambient temperature.

Section 2: definition of the test pieces, tests and

principal results obtained.



Section 3: influence of aging of the film, at ambient

temperature, before sheets are made.

Section 1: stress-deformation curve : c :4' /,. By

way of information, we include the results

obtained by the Central Laboratory of AEROSPATIALE

(DCQ/L). The AQ and DCQ/L results are comparable.

Section 5: extract from report of AQEN test No. 1101111

of 21/5/86, obtained with mechanical extenso-

meter on test bar 1-3.

For each of the 3 batches (without aging, with 5 days'

aging and with 30 days' aging, 7 test pieces were examined

ie a total of 21.

Each test piece was fitted with 2 directional gauges on

each surface and with one mechanical extensometer.

Section 6: influence of aging in the polymerised adhesive.

The aging conditions are as follows: T = 60"C,

relative humidity = 98%, test period = 450 hours.

The dumb-bell test pieces were then given a

tensile test (to failure). We compare, at

different temperatures, the results of tests

with and without aging (communicated by DCQ/L).

Furthermore, a torsion test on the polymerised adhesive was

carried out with the ZWICK torsion meter (DCQ/L). It

was found, with ambient temperature, that G = 820 MPa.

It is possible to vary the test temperture.

3.1.3 Adhesive with adherends, in simple shear

- Test piece IGC 01425101 B.

This test enables us to determine, by rupture, an average

shear stress in use (in thn conditions for the ,cst

piece). The failure is produced by the superimposition

of shearing and tensile or compression stresses. This

test enables us, economically, to check the quality or
A abufoa._it is ugod,_in industry. A bond,panel



'ot 52)13 39,11 + 2 MPa.

Tests at 802. (DCQ/[,) showed a decrease of 20%

- Test piece Pr.E.n. Test report AQEN No 11048 of 26/5/86.

This test piece corresponds with a draft European standard.

The test on it makes pure shear possible, especially if

the adhesive is ductile.

Section 7: definition of experimental results.

The values obtained are not too decisive for this test piece

is still being studied (manufacture). However, these tests

showed the effect of a rough, milled surface.

- Test piece D.I.N

This test piece, similar to the P.r.En, test piece, allows

pure shear. We intended to equip it with the Althof

extensometer developed by E.T.C.A with the collaboration

of DCQ/L. This apparatus provides the stress-deformation

more in pure shear.

Sections 8-9-10: preliminary tests (DCQ/L)

At ambient temperature t = 61 MPa the deformation at break
R

is very great.

3.2 Double lap shear test pieces, type PGQ 006/04

Their purpose is to validate the experimental methods used

for defining the properties of adhesives and the software

for the calculations. We vary the bonding parameters.

Section 11: Definition of test pieces and how they are used.

The tests on the test joints, code N (nominal test piece)

and I, (length of lap) were developed at AQ. The thickness

of the bonded joint, on each outer adherend was measured. Two

tarnin gauges were placed on each external surface of each outer



adhercnd at x and x = I (loaded 2:A cf the bonded length).

The high cost of the gauges meant that w" could not use them

throughout the entire length, especially near the free end,

with slight deformation, and thus more difficult to deal with.

(load increase at breaking point : 2mm/mn.

The following table gives the principal results. With 3 test

pieces of each type, we find very slight dispersion in the

results.

Test piece dimensions thickness surface Failure average

of bond of bond area of Load stress at

length x (mm) bond (mm2 ) (N) break (MPa)

length width (mm)

of bond No.
(mm) facel face2

N1 12.49x25.1 0.083 0.067 313.5 23200 37

12.5 N2 13.18x25.1 0.075 0.067 330.8 24300 36.9

N3 12.71x25.05 0.083 0.067 310.4 23600 37.1

LI 25.44x24.99 0.075 0.075 635.7 29000 22.8

25 L2 25.18x24.98 0.075 0.083 629 29500 23.4

L3 25.31x24.98 0.075 0.075 632.2 29000 22.9

Sections 12-13-14: extract from test report AQEN No.11104 of

17/9/86.

We see that there is very good linearity in the gauge measure-

ments, in relation to the load, up to about 80% of the break.

Thereafter, the deformations increase more rapidly than the

itress applied.

As the gauges are placed on the external surface of the

oJij V ndhCt'etIdII, we record the effects of tension and of

bending in the elIstic, and then the plastic regions of the

nrihcends.



These effects are due to the integration of the normal and

of shear stresses distributed from the bonded joint. The

joint becomes plasticised in its thickness. Micro-cracks

may appear. However, the gauge at x = 2 is linear up to

80% of the break and does not show any appreciable overall

loading of the joint from x = 0 to x

The linear calculation is shown in 1 4 (test piece code N).

In the second contract, after the complete characterisation

of the adhesive, a non-linear calculation (laws governing

behaviour of adhesive and adherends, large displacement)

will be presented in order to provide a complete

interpretation of the test results.

Calculation relating to software

The adhesives behave in a special way, compared with metallic materials.

We must establish the failure criterion and, in the most frequent case,

notably that of IIYSOL EA 9628, in the non-linear field, the law of

flow (longitudinal modulus of elasticity and Poisson's coefficient)

as a function of the stress and deformation conditions. An adhesive

presents different curves representing stress-extension in pure tension

and in pure compression. Furthermore, we must establish the law of

strain hardening, loading - unloading, for even a constant increase

in the external loads may cause local unloading. Finally the local

degradation caused by micro-cracks may be considered. These phenomena

appear systematically in the loading cycles, when the elasticity limit

is exceeded.

Ihe thickness of an adhesive is very small compared with its other

dimensions and the dimensions of the adherends. Its properties may

be influenced by this low thickness. The adhesion must be good, so

that the bond strength of the adhesive will be greater than the cohesive

strength.

The external environment may reduce the adhesive in a bonded joint

ic the humidity, corrosion in the suports, aging etc.

Hot curing with adherends that are thermally different creates a thermal

Ion(dng with a first cycle or -tress.



joint. These have a free edge and thus the stresses on the external

surface are nil (shear and normal along with x). In this region, the

stress gradients and the stresses are high.

These vwkrious remarks show that it is necessary to characterise an

adhesive completely (especially when it is very ductile (EA 9628).

Now, preliminary results obtained with pure shear tests were reported
to us on completion of this first contract. Consequently, linear methods

were developed and applied, and then the non-linear study was started

and preliminary tests were carried out.

Note on the non-linear theories relating to adhesives

The thcories of Ishai and Raghava were established on the basis of 3 tests -

tensile, compression and shear. In these theories we transpose the
compression and shear to the tensile characteristics alone, taking into
account the isotropic component, the octohedral stress and verifying

the physical measurements. At present we have no pure compression test
(tubular test piece). Furthermore, a shear test on the bulk adhesive

(torsion of a tube) would be desireable, because we are using bulk
tension data with film shear data. We obtained~ , 49.8 MPa, - 7 gQ
61 MPa. The film shear strain to failure is very high (Sections 8-9-
10). The overall tensile strain (between reference works) is much less

than the strain in the yielded part.

A supplementary investigation is therefore necessary in order to deter-

mine the reference extension at broek and in order to develop the

software.

Ishai's theory: ' < - j C,

or: 74, < 57.5 MPa. The adhcsive Ilyscl CA9628 is at the limit of this

theory's application.

In order to apply and compare the results of the 2 theories (Ishai's

and Raghawi'n), we make 17 = 56 MPa (instead of 61 MPa), We calculate

the compression stress at break by Raghava's theory ic:

C, Lr



. Metods peculiar to bonding

In these methods (apart from LICe7), the loading is mcchanical

and/or thermal. Several successive phases may be considered.

The adherends are different.

11.1.1 Hypothesis of only shear stresses in adhesives

These software calculations can be applied to tubular
bonds for the circumferential rigidity prevents deformation

perpendiculr to the joint, the normal stresses being

very slight. There are also special cases (outer

adherends of negligible rigidity in double shear).

a. Constant thickness

- linear behaviour of materials.

analytical solution. LICO very rapid procedure.

- non-linear behaviour of adhesive.

solution by finite differences: method by recurrence.

LIC02 - rapid procedure.

b. Variable thickness of substrata - non-linear behaviour

of materials. Solution by finite differences.

- without defect. LICe3.

- local fracture - test pieces S.I.N or P.R.E.n LIC04.

- with defects. LICe6.

11.1.2 Hypothesis of normal stresses and shear stresses in

adhesive

a. Double-joint bonding. Elasto-plastic behaviour

of adhesive.

Laws of flow and cold-hardening. Failure criterion.

Simplified case - LIC08.

Preliminary studies.

- Reghava's theory - LICe81.

- Isiai's theory - LIC082.

b. Single-joint bond.

- Identical adherends - linear behaviour or material -

large bending displacement - mechanical. loading

sloue - LICO.



- enr11 cas, - prcliminary theoretical study.

'.~. .\rApiLcation of the finite element method (classic elemewts)

- linear calculation - application of test, code N (software

SAMCEF)

This method is very general for we can apply it to all types

of bonding and structures. We thus find 3 types of structures

and 2 types of calculation:

- two-dimensional calculations:

plane calculations - hypotheses of plane condition of

deformation and plane condition of stresses.

axisymmetrical calculations.

- three-dimensional calculations without special conditions,

along the 3rd direction.

The finite-element method enables us to model the adjacent

zones in a single calculation or, with a 2nd successive

calculation, examine the bonded zone in fine detail.

The non-linear option available at present takes account of

large displacements and involves the laws governing the behaviour

of classic materials (the Von Mises criterion) or orthotropic

composite materials with possible deterioration. On the other

hand, the behaviour peculiar to an adhesive (Ishai, Raghava etc

criteria) are not at present available for the formulation

and data depend essentially on the characterisation tests.

The loads applied are static, dynamic, thermal. Modelling

is very precise in the zones showing stress gradients and great

stress (ends of bond). In the plasticity option, these zones

are geometrically extended and detailed modelling is more

important. Also, the free edges of the bonds create singularities

which must be limited by the modelling.

In thin first contract, a linear calculation was carried out.

}-or that, a test piece common to Sub-group 3 was developed

with Its geometrical and physical data, in order to compare

the results calcul.atod with the software of the inite-element



Also, the common test piece is the test piece for studying the

effects of double shearing (code N). Thus the theoretical results

compared with each other, are likewise compared with the experi-

mental measurements obtained with gauges (in the linear zone).

4.2.1. Definition of the common test piece.

Note AEROSPATIALE S/DT/S2 no 19042 of 13/10/86

F y

e 0

Width of test piece 25mm

Adherends: A-U4G1 plate, A5 condition T3 E = 72500 MPa

V= 0.3
Adhesive : Ilysol EA 9628 NW E = 2000 MPa \ = 0.4.

4.2.2. Modelling - conditions at limits.

Axisymmetrical, isoparametrical toric volume elements.

Plane deformation. Triangular section : no.26 - quadrangular

section : no.15.

Degree of the 2 fields of displacement 2

Number of elements : 1371

Number of degrees of freedom : 8435

Number of nodes : 1464 Number of interfaces : 2834

For reasons of symmetry, half of the sample is represented

and the data are produced on Y of the test piece.

The conditions at the limits are as follows:

- no displacements, along y, nodes and interfaces alonE x

axis.

- impaction of ends with application of force: F 50 N/mm

(total force! 100 N/mm)



plate V: modelisation - condi Lions at . imiLs

pLate 16: precise modelisation at ends of bond - :,:charzcaI

data.

computer : IBM 3081 duration CPU : 4 mn 37s

j /.2.3 Results

a. numerical

From the print-out the following values for the

bonded Joint are shown, at the surface of the central

adherend, at the surface of the outer adherend

and at the mid-plane of the adhesive:

Y 0 Z ,r 4 1

plate 17: -6.25 mm . x <0

plate 18: 0 < x < 6.25 mm

b. graphs - stresses in the bonded joint - variation

along the x-axis.

plate 19: %l/
plate 20:

c. Colour-variation of results in cross-section of Joint.

results photographs

models 1, 2, 3, 4

displacement: x, y 5

stresses: a-, '-0
joint 6, 7

adhesive alone 8, 9

11.3 Application or the method peculiar to bonding - common test piece.

l,1nenr cnlculntions - LtIC081 software.

With this software, the preparation of the data and analysis of the

numerical and graphical results are very rapid. The length or time



dIe)':fnd: ol the computer. With HP 85, the number of points is

limit d (17) and the period required for one step is 20 mn.

Plate 21 Data and results (units mm, N).

k n0 of point.x abscissa of point. Y shear stress (plane

of bonded joint).

Z tensile stress (+) or compressive stress (-), perpendicular to

the plane of the joint. 1 equivalent tensile stress (LICC81

Raghava's criterion ; LIC082 Ishai's criterion). 5 safety

coefficient.

It is evident that this is in good agreement with the finite-element

method.

4.4. Comparison of theoretical and experimental results (linear zone,

close to origin)

The test pieces subjected to double shearing were fitted with strain

gauges (direction x) on the exterior surfaces of the outer

adhcrends. The AQ test pieces had 4 gauges at x - 0 and at the

abscissa of the free end of the central adherend. The E.N.S.T.A.

test pieces had 30 gauges distributed between x = -5.89 mm and

x = 10.65 mm (code C or N). E.N.S.T.A. asked to be informed of the

theoretical values of the relative extension in order to compare

these with its experimental findings (note ENSTA/LME/GCC no 6950 of

14/11/86) The theoretical values are calculated in the middle of

each element and particularly at x = 0 and x = 6.25 mm, in order to

compare them with the experimental results.

Plate 22 : theoretical relative extensions numerical values.

-6.25(<6.25 mm (bonded zone) Ft = 100 N/mm

Special interpolated values !

x = 0 :E.= 0.02019% x - 6.25 mm : EK= 0.03843 %



Plate 23 ; vairation along x.

We compare the theoretical and experimental results obtained by AQ,

in plates 12, 13, 14. Along with the recorded test results (code

NI-N2-N3) we have drawn (graph) the theoretical relative extension

(linear with the load). There is good agreement with the test pieces

NI. With the test pieces N2 and N3, the difference with regard to

gauges Y and 9 (x = 0) is slight and the difference relating to gauges

A and 10 (x = 6.25), although slight, is more marked.

in order to analyse those slight differences, in particular the

differences between the test pieces themselves, a detailed examination

would be necessary. Measurement of E and \0 of supports,

thicknesses etc ...

The following table shows the relative extensioni for 6.25 x 12mm

(request from ENSTA). As the 1 variation is slight, the representative

curve has not been plotted.

X 6,2625 6,2875 6,3125 6,3375 6,3815 16,4625 6,675 7,125 '7,8 8,81 10,2 12

979 1029 1079 1129 1179 1229 1279 1329 1379 142 c 1479 1529

30,59 30,52 30,46 30,40 30,29 30,12 29.76 2935 29,29 29,40 29,55 29,7

9,178 9,159 9,141 9,123 9,089 9,0"1 8,93 8,8088,786 8,82 8,866 8,92,k

(1 a )

3,867 3,830 3,823 8,815 3,801 3,78 3,735 3,683 3,67Y 3,69 3,709 3,734

4.5 Method peculiar to bonding - example of non-linear' calculation.

I. CO81 - 82 software.

in order, in this first contract, to tack] " the non-linear field,

a preliminary investigation of the software was carried out. The

law of flow and the failure criterion were defined in accordance with

the theories Oif Raghava (110081) and shai (IIC082). The

destressing is cons idered to be linear with the tangent modulus in

the origin. We made U 419.8 MPa C 189 M'a. This value



appears low (unfavourable hypothesis) but the tests have not-

yet been carried out.

The theoretical test piece conforms to the common test piece

(code N) except for the length of the joint L = 7.5 mm (instead of

12.5 mm) for the number of points is limited.

Plate 24 : Deformation records, tensile stress, Poisson's coefficient

(PO : LICO81) and C TI' .(Pl : LIC082)

Plate 25 : LIC081

Plates 26-27 : LIC082

We observe plastification towards the end 3 = 0 for the shear

stress is not so great (crof tension ) as it is in the case of

x = 7.5 mm (Y-of compression). A fuller investigation should

reveal greater plastification and a higher work to failure (extension

at breaking point and c7,A both greater).

5. CONCLUSION

This first contract has enabled us to increase our knowledge of the

behaviour of adhesives and bonded joints. The great diversity in the

characteristics of adhesives enables us to use them in the most

effective way in accordance with specifications. This study, on the

subject of elasto-plasticity, with the adhesive HYSOL EA 9628 NW is

the most extensive for it involves non-linear calculations.

The experimental methods used for defining mechanical factors have

been established and a large number of tests have been carried out.

The effects of aging have been demonstrated. The variation in the

experimental results is slight.

Software programmes peculiar to bonding with their hypotheses, have

been developed and then applied with the finite-element method

(linear calculations). In the linear field, we found that there was

good agreement between the theoretical and experimental results.



.n the sceoiid investigation, the definition will be completed (Althof

eXtennSomicti,, Lekixation, failure criteria) tests will be

cn.rted oWL on bonded (adhesive) joints with adherends of

composite mactcrial and with variable thicknesses.

The software will be developed in the non-linear field with

the complcte data for defining the properties. The calculations

relating to application will make it possible to compare the

theoretical and experimental values as regards rupture.

We shall thus have experimental means at our disposal (in

agreement with DCQ/L) and also theoretical means, in order to

define and study all types of adhesives, adherends adn joints,

subjected to all the usual stresses (mechanical, thermal, cyclic,

aging etc ...
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EA9628 traction on dumbbell test piece NFT 51034 PL 2

section 10.2 x 3.2 (mm) nature of ,'ilm with support (NW) 300 g/m 2

test
ref. I :onditiori piece

IL

1 film taken from stock (-18 0 C), then plate made 7

3 film kept for 15 days at T, then plate made 7

4 film kept for" 30 days at Ta, then plate made 7

machine : Instron 1125 (cell 2000 N).Crosshead speed 2 mm/mn

increased until break occurs extensometer (base 25 mm) T = 200 C

gauge 2D (on each surface)

ref. 1 3 4

,-M (MPa) 50.5 49.6 48.8

E.T. (%) 3.2 1.5 1.1

E E. (MPa) 2140 2120 1910
0

x L/L (%) 5.25 6 7.5
... .. . . . .. . . . ......................................

E. (MPa) 2270 2260 2325

V 0  0.43 0.43 0.45

principal reauts characterinaton AQI 0



I Im H YSO L EA 2,B NW 'IVetsmn Ovit po~rnmenshon

_______PL 3
rtr t t piece (durmbh-. fP PT 1 934

ton 5ur e'rouvete t'co(Lre NFT 5-jo-L gug

E(Mb)" o

~ extensometer

period( day)
0 dlire'e Jour)

tensibe modulus (at origin)

module de tLmctibn (d (lorine')

5 j

period(day)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _s o__ _ _ _ _ _ _ d u r e (0 o u r )

QIIOn9teMent de tracton) 6 rufture (&.ten#metr9
(R MP)terui leI strin a t t'ailure exterisometer

so

L40

30

20

40

1 I, , e rigt h characterisation
AQ/EN



( : dumbbell test piece

,test p.iece

so e-proUve&b L50 I/t

etpiece

40o /\eprou,,,lte- NF7r51034 AcVEq

1'?

to

1 DOt 0,03 dO4 005 0,0,

ibtt Initial contraint de troction - allor-,en" T, 2o C,
original tensile stress - stuati

condition

, a- (MP-0) 6Cr (MFh)

0 0 0,o20l .

o, ooLi 9,23 0,0281 L3,7

o,oD60) 13" 0,0321 44,1

So, oo819 17 0,0360 4 ,,
0 , o101 20,7 0,10oD 148,&

0,o 123 24,3 0,0440 49,3

01 0160 30,? 010472 4 4-

0 2, oo 0 ,o572

mesurts ex r ,entolas
experimental measuresUl

--U--
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Ci~Iec~ put 6 ur elp rou vctte PREN P=

Cc ~ 22 L2 iUer Cie J~aque d'prouet p ressi.on 3 6xors

___U M/Tx e A I1Q/N

AO/CN M Lhine -. My5 cellule 5OajX

eX CLesorne.t re Optique

170

Iise

ca e inspection

------ con t rIOMe
thickness of fITff
epcusser du film A 0/F-N 0, 5

(MM)MLJ/T :0 0
surface condition roughly mil~led

sI ,5 ~ttc Su rface brut die fraISCIT
'4 xpyrimental results problems set

pnncip aux M5su1W eer(Mentaux. T=20!C probl~rres P06s
,riFpiral condlition kvalues esti-m-ated low)

______________________________________I manufacture of test pieces plate bonded

i. abrcat'o cis rueLes Fpb~e colkeMe r. F~ (N) IR (Mb) thenb icatioricksa :!'t test pieces
-P,G &cox (iorm)e'prtu vettLr Lesd -S.

onop ressure applied at p
6 lymerisation

4 ~ o32,8 2. pnessl~on appliqu~c 6 6 pofyme'hisation.
hickness o fin after polyme isation

AQ 2 4400 3512- 3. epvs.wr go Orm an~s fxoymeri5a{to.
surface condition

43 00 3414. 4. e'toL de stir faCC.

- ~ lay- ut for,est.

So050 4014 mnoe es
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EA 96281 dp Ouve~Le d'eded a Wbuble ciS0oillement .6p PGQ 006/4

tzL inti F= LiS6,25 N/mm PI
original condition

F

_ L ,LO , moms
holding jaw

fixed data

donn e~e 5 1

A-A.4G1/A5 6.cit T3 E .720WO MPa 0, 25

adh~~~5fso -.OOM~ ))z5 =0 L =75 7 M Pa
thickness of p layer

ep.16Seur dune covche :o,1 5 mm

standardised bond length

cc~es N. rirais C olle S iiu L: -. onqueJr

ssv establ ishmenl
n6 ,e e t J= 112 L, 1 C7 2 noni-sme (m

adhir 2.14 zt 2 .3 2, 14roes~

L=. 12fi L~ 42,5- L= 42,6
I code 5 1 CoDe: .N code:S62

mb: .3 mb6 -. Z nb: 3
L: 4Z1 5ARMIPNES

2 Code: C

n6: 3

ICode: N le0rs a v
m6b: 3

L- 2S aquitaine
code: L

LO 3Ommn cas LD 5 mm
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!' t K- 9 X- 6 2499-999999Y-- 1.,46545,404F,3 Z--

-- ---tES I 24e35k,76026E-2 1=
L ',I -3 0 .313t6164tb057

- TI 1 9 T -- 1- 10 ;<= 7.55100794139F I? ? Ef - 7250 E = 2009'y= 1.60441468128 Z=Fl0- ; [ 5 =.661794391844 1= 2.10845492715

I = I = r3 , 85201588G274% 7 : 6 - 1 9 Y = 2. 19- 624537348 Z=
k, 2F84 1.40738710624 1= 3 5191506696?

K= 12 X= 9 a7423640815
7 Y-= 3.4099?29088 Z=
I-- L L3= 1 2 1.5133342897?7 1= 4.60848169271

SK = 13 X 10.677409,781
F Y= 5.03874208693 Z =

------ .. 527505612967 1= 4.9 6921$37?5
FL''. LTRT results K= 14 X- 11.3064743902

-- - Y= 6.7287029993 Z=
-1 33457637831 1= 4.94885247334
K= 15 ,= II. 8043109497

F. 5,-- ! Y= 9 19523129442 Z=
-3.53808205828 1- 4 .8781209440F,

i= K= 16 X= 12.193e968179
1 , ,- -134* 414236 *v Y= 9.31221977564 Z-

II .- " t3' ' - 9.8582959157"9 -5.62284988327 1= 4.80271571008
W. - 0 6 3 574 7  148= K= 17 '= 12.5

9- I35 P= o Y=10.0790773422 Z =

S= 4 -7.34388239417 1=  4.721545-t955E-.4 ! 166;416"55E-4 G= ... . .4 14 2P57'1- c6 E 2.Ill ES CALCULL
-- 6 E= 2-00---d of. calculations

T 1- 0773422 =I 2-7 343F'S23?417 5= 10.5473941121 01 Al H?723 F-,r, I'l:l
P=-3 ,J-5156799E-4 U6= to

4 721545 555 5 8= .
-17. 157255963 P= 0 /
G= 714.265714286 E= 2000 Y(N+1)= 7
2.21607237143 Z.N+1)= 6

-5 .42065 135116
3

F - 5 4
Kr .I

",H1 188157770? 2= I
' - 05029591579 I= 20.5e86635747 0

2 3:= .3-6103132138 '3 2.5 ' , 7 5 " 1?
Y= 10 2435200896 2=

* 766'363475 1- 16 6849976444 -_ _

-: .- 5689050314Y= C ,53I1 .420 7? Z-- to4 02672262?6 1= 12.,,_106803721 9
I k 4 X<= 1 1'?152_560931

I 7 185350021 Z- 6 L81 Al H97 . l-4'
I 3696220362 1= 7.67390926881 1

5 :i I 8J25?93219I ,- ' B,5I. 4? e= 12
3 9 1 765379,203 1 3 99970867579-. -62576359183I-" a 4 15372433:8 999r38-2 I_.-." --

9 4 1 1705p 6  I =  I P3 77955 e371
, -3 6-1 .994 1172 1 -4

V 143 41134p Z.
-I t6412309I396 1 97066791547 - -P "-, 94e9?2P586 2\
Ye 1 56369133053 Z- 8I 4 -5

.70059-43322 1= .91780342e695
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file

FICHIE P1

Qo= I@
q- I E5= 0 Y2= 0 NS= 4 L6=

'3 . 7 :,5
Q= 2 E5= .0060? r2= 13 N5= 4
L6= 3. 795
W = 3 E5= .0101 Y2= 20 7 N5= 4

file L6- 3. 795
Q= -4 E5= .0-16 Y2= 30.7 N5= .4

FICHE P LS= :3. 795
Qm 5 E5- .0241 Y2= 40.5 N5= .4
L6= 3.795

ijri= 1, Qw 6 E5= .0281 Y2= 43.7 t15= .4
-, I .- 0 '1'2= 0 115= .4 LG.-=' 3 .7 95

2 [5 7'0609 ;2= 13 N5= .4 Qt: 7 E5= j.0321 Y2= 46.1 N5= .4
"3 S ES ; .0101 Y2= 20.7 HS= .4 L= 3 795
4= 4 E',= .- Y2= 30.7 H5= .4 Q= 8 E5= .036 Y2= 47.8 H5= .4
1.4 S E_ ,= 0241 Y2= 40.5 M -5= .4 L6= 3.795
0= E E= .K,2P1 Y2= 43.7 N5= .4 Q= 9 E5= .9-14 Y2= 49.6 H5= 4
,.1= E5= 0321 Y2= 46.1 N5= .4 L6- 3.795 -
0- S ES= c36 Y2 = 47.8 NS= .4 Q 10 E5= .0572 Y2= 49.P 115= 4

' E: .044 Y2= 49.6 H5= .4 L6- 3.793
10 E5= 0572 '2- 49.0 H4S= .4 )O= 10

09= 10 0- 'E5, P Y2- 0 N45- 4 LC-.0-- 1 E[5 F ','2- 0a 145, .4 3.795
Qt 2 E5= 00609 Y2- 13 HS- .4 ge 2 E5= .430609 Y2= 13 115= 4
P= 3 E5= 0101 Y2- 20.7 W5= .4 L6= 3.795
Q= 4 E5= 916 Y2= 30.7 N5 .4 Q= 3 ES= e, 13 Y,= 20 7 115= 4

= E- 0''41 Y2= .4e.5 4N5= .4 L6= 3.795
'1) 6 E5= 0,291 Y2= 43.7 N5= .4' G= 4 E5= 016 Y2= 30.7 15= .4
Q= 7 E= 0321 Y2=, 46.1 N5- .4 L6te 3 .795
Q= 0 E5= 036 Y2= 47.8 H5- .4 Q- S ES= .0241 Y2= 4C'.5 115= .4
.9 = 9 E5= 044 Y2- 49.6 H45- .4 L4 -3 795
Q= 19 E5= .0572 Y2= 49.8 H5= .4 Q= 6 E5= .0281 Y2' 43.7 N15= 4

L6- 3.795
Q= 7 E5= .0321 Y2= 46.1 t45= .4
L6- 3.795
0- 8 E5- .036 Y2= 47.8 N5= 4
L6- 3.795
O= 9 E5z .044 '2= 49.C- 115= 4
L6= 3.795IQ 0= 10 E5= .0572 Y2= 49.C I'!.= 4L6- 3.795

I



K= 6 X= 2 34J75
Y= 22 502173629 Z=5,57264295976 I= 25 5485321429

iAta K- 7 X- 2 8125
DOfIEE3 Y- 18.2978743759 Z=

3.60137819341 1= 19 8430916349
L 7 LO= 30 9 X 3 .28125
T 1= 1 6 T2= 1 5 Y- 15.296725333 Z = 1 6864318694
El 725Ks E2= 72500 E6= 2134.( I= 15 302729158

= q 111= 3 K= 9 X= 3 75
8 2t= 1 8= I Ye 13.8394746633 Z=

,5 4 9 = 188 -. 161865978303 1= 12 3239038620
G-= 7A4 G>= 27884 R- 10 X= 4.21375

0 K1 i= Ye 14.013732661 Z=
K2 1 .1= 1 -2 01459672912 I= 11 .396480255
,. - 1 Kn 11 X= 4.6975
F lf = 40 0 Y= 15.9394989356 Z=

Srs-3.98937982693 I= 11.4291123547
.EE3LILTATS results K= 12 X= 5.15625

Y- 19.391993361 2=
-5.81124738417 1= 13 1953765117
K= 13 X- 5.625F= Ym 23.8683188969 Z=---- -Z.76304146425 1- 15.8305826983

k- 14 X- 609375
=-.572832582443 Y- Y- 28.9355145451 Z=256' 4 P,34C Z= 2.05611509129 -9.74098596776 1= 18 9731159566
666J63 5965 7 W8= Km 15 X- 6.5625

"1 797,3J1?7965 Pm 0 Y= 34.1236824582 Z=
t17 4642546534 R= -11.6676768855 I 22.2512402172

?.5517(??5909E-5 G- Kt 16 X- 7.03125
762 373315086 E= 2134.64696223 Y 38.6772987592 Z=

-13.3763343542 Ic 25.093170a59Y= 2.9 314t4(494 Z =-1 K= 17 X- 7.5
- .Y- 42.8894637278 Z

-1 69433748345 Sm 55.0971623545 --14.7794836768 I- 27 1099799P67
9=-7.P71:e730838E-5 46- -

385760871 48we. FIll DES ,ALCy1LS
-3 95345413972 P= e - ena&'bf calculatlonsG= 762.373915086 Ert
2134 6469E.223 Y(H+I)- 45
.4466303 52?55 Z(N+l)u 40"

F-~ 110?

~1 l55360481 Y=
36 77F775125 Z- 16.4011374292;. /

W16= 4 +9.08,;492117 WS815'.
I? 2E932r6.628 P- e

3= .99?824343879 Re . . 10
7.7196?241852E-4 Ge '...IS
5 41125541125 E- 15.1515Lt15

K1< 0 I~~) $ 4 t * -4 **

. 41'e-52044 Z=-14.89664925
3= 1 83726348906 R-
-7 127n5Q.4192E-4 146w2

27 1054411433 W8 -34.75884825 / ,1 Al H?72e r 1r' , .3 liI

13= 695 3Z6876514 E-

1694 91525'24 Y(I4l,+ 10.
5.07155149961 Z(14+1)c

23257P6717,71 5

F= ' 90731909
C6= 18930334909

K= I X= 0
Y= 36.7749545091 Z-
16.395148283 1- 49. 8

I, - 2 X- .46875 . . .
Y= 36.9623847758 -- 2 A M e



L I Cu92
-.. F- 190 C6 19

[,OI411EES. data
- - - '0)= 5.0?938508592 Y=

L 7 t L 0 3= 33.427324547 Z= 15.1977284447

T= 9) TI= 1 6 T2= 1.5 WG= 49.7753969022 14=
S El 72500 E-2= 72500 E6= 21.4.6 35.461366371 F= 0
110= 4 141= 3 S= 1.0004942823 R=
pI= I C 2= I 7.18831601307E-4 G=
.r 5= 47<0 Y6: 189 5 41125541125 E= 15.1515151515
GI =7604 G2= 27e84 -

k, 1 e kuN
K7- 1 4= 1 Y= 45.9155266384 Z=

I 1 - -14.980226478 S= 1.32908906521
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