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ANALYSIS OF IDENTIFICATION METHODS FOR THE
VISCOELASTIC PROPERTIES OF MATERTALS

L. DIETRICH and K. TURS KT (WARSZAWA)

A complete solution of the constitutive equations for a viscoelastic material described
by Burgers model is presented under various initial conditions. Possibilities to determine
the viscoelastic properties of materials for various loading patterns of a specimen are
pointed out. Test results on asphalt mixture obtained under various loads and strain rates
are discussed. Creep, cyclic deformations and constani strain rate loading are found to
enable the viscoclastic properties to be determined in different ranges of strain rates. The
obtained results of these types of tests provide a consistent spectrum of these properties
as functions of the initial strain rates.

1. INFPRODUCTION

Experimental determination of constants or functions to characterize ma-
terials exhibiting viscosity is a very serious problem, even in the framework
of viscoelasticity. The reason is a white noise of measurements on one hand
and the problem of identification of a model suitably describing the material
behaviour on the other. Approximate nature of an assumed model together
with measurement errors, closely associated with the assumed loading pat-
terns of specimens often lead to the unacceptable values of material con-
stants, Various loading patterns and types of testpleces have been used to
determine the characteristic functions for viscoelastic materials. A survey
of the methods in use can be found, among others, in [8]. Such types of
investigations have been employed as creep test [1], loading with constant
stress rate [9], natural vibrations [10,11,13] and forced vibrations [14]. In
many situations certain advanced numerical techniques are used to optimize
the selection of tested material constants by assuming as objective functions
departures of theoretical description from an experimental curve in a con-
sidered range [12,13]. In spite of this procedure, the test results obtained
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with different loading patterns are not comparable. They are often repre-
sented in a manner characteristic for a given experimental procedure, as is,
for instance, the case with cyclic loading where the real and imaginary parts
of the complex modulus and an angle of phase between stress and strain are
determined, while the data to determine the model constants are lacking.
Sometimes the discrepancy of results obtained for various loading patterns
are too large — differ by an order of magnitude — that they can only be
assiociated with given test conditions and any comparisons with other test
data are pointless.

In the paper the tests are presented for the same material — a certain
type of asphaltic concrete — performed for three loading patterns: creep
under constant load, monotonic increase of load at constant strain rate and
cyclic tension-compression straining at a prescribed amplitude and various
frequencies.

A solution of the differential equation for an assumed four-parameter
Burgers model is given for various test arrangements with particular em-
phasis on their suitability to identify characteristic material functions. The
test results for various loading patterns and strain rates are compared. Ii is
found out that the results of creep, cyclic straining and loading with con-
stant strain rate make it possible to determine the characteristic functions
of viscoelastic material at various overlapping ranges of strain rates. The
obtained results for different loading patterns give a consistent picture of re-
lationships between Young’s moduli, viscosity coefficients and initial strain
rate, which was the maximum strain rate in the performed test.

2. ANALYSIS OF LOADING PATTERNS

To analyse and assess the suitability of various loading patterns a four-pa-
rameter Burgers model is chosen to describe the behaviour of the considered
material. The Burgers model is an in-series combination of Maxwell’s and
Kelvin’s models and makes it possible to describe an instantaneous elastic-
ity, viscous flow and viscous internal friction that causes an effect of elastic
lag. Respective moduli have subscripts K and M - for Kelvin and Maxwell
elements, respectively. '

The constitutive Burgers equation [1] has the form -

(2.1) o+ As + B3 =Cé+ Dé.
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where
Tt T, Ux
(2.2) E, kK, FE.
_ ?71( nM
(2.3) B = —WH-EK B
(2’4) C = TIM ?
e Tae
2. D = 2
inverse relationships are:
(2.6) e = C,
(2.7) E, = D/B,
2.8 = D
%) W= TBC D
D C
C
(2.9) _EK = e BC D
D C

The solution of the Fq.(2.1) introduces two unknown constants to be
determined from the boundary conditions for ¢ = 0.

Tables 1 and 2 contain eight examples of constitutive equations obtained
for various cases of controlling the stress or the strain function, resulting
from the solution of Eq.(2.1). For each case the equation {o(2) or &(¢)}
of the function forcing the process is given (underlined in Tables), initial
condition at the commencement of the process for ¢ = 0 and a response
of the material. Expressions for 7, Jy, J3 and 7y, re, Ey, E,, referring
respectively to the loading control and strain control are shown at the end
of each set of equations. '

So far as the experimental identification of viscoelastic properties is con-
cerned, only such loading patterns will be meaningful for which initial con-
ditions can be met for a given solution and maintenance of the required
controlling magnitudes during measurements can be ensured as well in such
patterns for which the response function of the model material can be rear-
ranged to reach the form enabling calculations of all the four coeflicients of
the Eq.(2.1) on the basis of acquired experimental data.

In Table 1 the solutions are presented for the four used loading patterns
in which the stress or the force (provided the cross-section changes of the
specimens can be ignored) are the control parameters.
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Table 1. Relations between e(t) for assnmed forms of o(f) and initial
conditions for { = 0.

1. oa=op; t= €=¢€p, E=€Ep
B 1 A D B bt
e=a[5+g+(g-c-p) 0=

3. o=o.sinwt; t=0: £=0, €=¢ép.

. 1 1 _
£ =04 [J; sinwit — choswt+w—c7— (;-6;—.]2) e bt]

4. g=ogcoswly t=0: e=10, €=¢p.

£=10, [J2 sinwl + Jy coswi + (% - Jl) e_bt]

_ AC—D+BDw* _ C+(AD - BC)W*

By =

" = D w(C? + D2w?)
c. 1 C d: e.
b=2=F, =l =V

The first pattern corresponds to creep of specimen under constant siress
oo. This pattern is relatively easy to realize and therefore frequently em-
ployed to determine the necessary constants for viscoelastic materials. One
of the ways [1] to calculate the four material constants on the basis of creep

curve is the determination of four characteristic values of the functions £(t)
for a given stress oo from the formula

1 1 1
2.10 = —_—t — =+ [l - i = gp J{1).
1) e=a{gm ol exp(t/7)]} = 0 1(1)
For t = 0, ¢ = €o, &= £p, We get
[2]4) . 1 1)
2.11 Eg = — tga =€, =0 (—-!——- .
( ) 0 EM‘! g » 0 nK nM

The strain rate when t — oo tends asymptotically to the value.

(2.12) € = tgf=—.
Mt
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Table 2. Relations of #(t) for assumed forms of strains (t) and injtial
conditions for ¢t = 0.

5. e=egm; t=0: o=00, &=6dp.

_ Dem A O A CY
0——B(T1_T2){ (Tz-l-B—D)e +(r1+-§——§)e ]

6. e=vt; t=0: o0=0, o=6p.

1 D
7= U{C-f- 1T — 172 [(§+CT2) erlt_ (%-}-Gn) erzt]}

7. e=¢qgsinwt; t=0: o0o0=0, o=0p.
@ D r
o= rle—rg [(Ew —E1u+E2T2) et + (—%w-l—lﬁw—l?gn) e”t]
+ea(Fy sinwt + E, coswt)
8. e=¢egcoswt; {=0: o=00, =6p.
e ¢ AD D e
=2 (G- F) (B - ) ] e
¢ AD D
- [(E — ﬁ) + (E1 — -ﬁ) r + ng] e”t} + (—Ezsinwt + E; coswi)eq
e » AC— D 4+ BDW? f. C + (AD — BC)w?
By =w ; Ey=w
A% ¥ (B —1)2° AZw? (2B — 1)
g. h. i

A A2 1
=2 2y =, — . *— . 2 2 .
rz=-—gg (23) B’ 7o =cal B B Bi+ B3

The asymptote is located at the height whose ordinate is denoted by ¢,

1 1
(213) E4f = Og (E— + E—') .

K M

These four characteristic values of the creep diagram for t = 0 and ¢t — oo
are seen in Figs.1 and 2 where the calculated functions £(¢) and £(¢) for the
Burgers model are also shown by assuming certain values of the coefficients
A, B,C, D, marked in the figure caption.

From the Eqs. (2.11)—(2.13) it follows

(2.14) E, = 2,
Eo
(2.15) = 2

Ta = @a-
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Fig. 1. Creep at constant, stress as a fanction of time a. Strain (Equation 1, Table 1),
gg == 0.0001274, £, = 0.0002296; b. Strain rate: ¢ = 0.44811-107%, o = 3.749 - 1078,
Data: oo = 1.076 kPa, A = 63745, B = 846000s%, C = 28.7 GPas, D = 7142 GPas®.

do
Ex — €0 ,
T
tga —tgf

(2.16) E, =

K

(2'17) e =

Acceptability of thus determined constants depends on the accuracy of
determination of the characteristic values of the diagram £(¢) referring to
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the measurements at an instant zero and an infinitely long time.

In the tests on real materials it is usually very difficult to assess the
instantaneous elastic strains (for ¢ = 0) since the stress in the specimen
increases gradually to a certain value g at a finite rate even when a dead-
-weight is used for applying the load. Similar difficuliies are encountered
to determine an asymptote of creep curve; its accuracy is closely associated
with the duration of creep test. From Figs.la, 1b it can be seen that the
example calculated from the creep equation of the Burgers model by using
coeficients A, B,C, D as shown in the figure requires the creep test to be
continued for at least 1500 s to determine the ordinates of the curve £(¢) and
its assymptote for £ — oo in a satisfactory manner. In another test (Fig.6)
a creep rate became constant not earlier than after 20000 s.

Accuracy of the initial portion of the diagram is vital for the determina-
tion of F,, and n, both depending on the elastic strain ¢g and angle . The
values I, and 7,, are interconnected through the rate £, the calculation
of which is rather insensitive to some imperfections of the £(t) curve.

The calculations of constants consist in a curve-fitting procedure and var-
ious methods are here employed including the multiparameter optimization
procedure [13].

Another effective method to calculate the four material constants from
the creep curve is to read four ordinates of the £(t) diagram at four evenly
spaced instants of time , such that ¢, — f,_; = const. In this case the
four relationships obtained from the Eq.(2.10) can be uncoupled and the
values I, E,,, 1., n,, calculated. However, to ensure the same accuracy
of calculations as in the previous method, the ordinates of £(¢,,) have to be
measured much more accurately which is only possible with the help of dig-
ital registration of test results. Moreover, the calculated material constants
depend on the selected range of measurements.

The second pattern in Table 1 corresponds to a monotonic loading of a
specimen with constant stress rate, corresponding to ¢ = at. The strain
rate is then equal to the creep function (see Eq.(2.10))

(2.18) §=J(1).

The procedure of calculations the coefficients remains the same as in
the case of creep except that the function (2.18) must first be determined
by differentiating the experimental function £(¢) which leads to additional
difficulties and errors in the identification of material constants. This pro-
cedure is suitable only when a testing machine is available which enables
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sufficiently accurate measurements to be registered in order to differentiate.
the test data.

The two next patterns refer to forced vibrations. The stress changes
according to the function ¢ = og sin wt result in an asymmetric strain cycle
whose mean value e,, = 0,/wn,, decreases as the frequency of loading grows.
The knowledge of the mean strain makes it possible to measure directly the
coeflicient 7,, for a given frequency w. The value of mean strain decreases as
the frequency of loading is getting larger and tends to infinity when w — oo.

When the forcing stresses follow the function ¢ = og coswi, the strains,
conversely to the previous case for £ = oo, develop according to a symmetric
sine curve independently of the frequency w. Experimental realization of
this type of loading will be only an approximation of the initial conditions
at ¢ = 0 assumed in the theoretical solution.

The solutions for four loading patterns in which the strains in the speci-
mens are the control parameters are presented in Table 2. The first pattern
that consists in an abrupt generation of a constant value of strain and its
maintenance in time does not allow to determine the material properties,
since the response equation for o(¢) contains a combination of exponential
functions in which the constants are involved. This pattern is difficult to
realize and of no value as far as the identification of material constants is
concerned.

Constant strain rate yields a linear strain increase in time and a stress
that is described by an equation in Table 2, row no.6. The () and &(t)
curves are shown in Figs. 2a, 2b. For the selected values of the coefficients
in the function o(t) a long duration of the test is necessary (more than 8
hrs) to reach a small stress rate indicating that the maximum stress is near
enough. Since the stress is proportional to the strain rate, the latter affects
only the value of load without any change in the location of its extremum
value. Thus a shift of the extremum as a function of the strain rate means
that the material properties are influenced by the strain rates.

For ¢ — 0o the stress tends to a constant value

(2.19) Ooo = VC = V0, ,

which means that an assiociated asymptote is horizontal.
For t = 0 we have

(2.20) gy = v = VE,, .
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at constant strain rate as a function of time a. Stress (Equation 2,

C = 28.7GPas, D) = 7142 GPas?,

These two equations make it possible to calculate two constants of the Burg-

ers model:
(2:21) .

(2.22)

Ny = =00

—0p .
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The remaining constants are involved in the exponents 7y (Tables 1, 2)
which means that the constants cannot be found_from experiments in a
direct manner. For ¢ = 0 a sudden drop of the stress rate & can be observed
in Fig.2b, so the value of E,, can suffer a large error. 1t is worth emphasizing
that this test programme is an only method that enables F, and 7, to be
measured experimentally at a constant strain rate.

The strain changes according to the function ¢ = &, sinwt result in the
stress variations described by the equation in Table 2, row no.7. Fort — o0
a symmetric stress cycle (Fig.3a) is observed as a response 1o the strain
sinusoid

(2.23) £ = £q48inwt, Ooo = Eq (E1sinwt + Eg coswt) ,

where Ey, E; are given in Table 2.

An influence of the remaining parameters of the equation for o(t) prac-
tically ceases to be felt after a lapse of some scores of seconds (Fig.3b) and
the stress cycle can be considered to be symmetric.

Direct calculations of the constants of the Burgers model from experi-
ments appear to be impossible due to a combined form of the function of
material response. Results of such test serve to calculate the complex mod-
ulus and an angle of phase shift that can be used to determine the Burgers
model constants [5] in the following way.

The values E, Eo are obtained from tests and then the compliances Jy,
Jo are calculated from the formulae:

El 'EZ
(2.24) JIZTE*_F’ J2—!‘ET|2'

The formulae for the compliances Ji, J2 (Table 1) can be rearranged to take
the form

‘ 1 h
2. = — 4+ =,
(2.25) N EM-+ .
(2.26) J Ly laon
. w = —+ —(1—-~h),
? Mg x
1 T
where h = = =

— T = .
14 (wr)?’ E,. :

After eliminating h a straight line equation is arrived at in the Jy, wJa —
plane:

1 1 1 1
2.27 “ftwh=—+—+—"
( ) T ! 2 TE, Ty T
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Tests curves of J1, J in the coordinate system Jy, wJy ‘enable the time 7
to be found followed by the calculation of A and disclosing the relationships
Ji(h) and wJy(h). What remains to be done is to work out a procedure
for the identification of material linear spring constants and coeflicients of
viscosity.
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In this paper we deal with a material having a very high viscosity coefhi-
cient 7, being 10 to 100 times as large as the viscosity coefficient 7,.. ‘The
method described in [5] had it that the value of 7, was determined as the
last one of the four constants; this circumstance led to large errors and even
to the negative, physically unacceptable values. That is why 1,, is assumed
as calculated from the equation for 1,,(¢) describing the creep test results
with constant strain rate and next 7, is calculated from the Eq.(2.26), E,.
_from the formula for T and E,, from the formula (2.25). This procedure
automatically ensures consistency of the calculated values Jj, Jo with those
obtained from experiments.

When the cyclic strains are forced according to the function ¢ = ¢, coswi,
it is the realization of initial conditions at ¢ = 0 that creates the basic
difficulty. This pattern is not employed in experimental investigations.

Experimental identification of the characteristics of viscoelastic mate-
rial is particularly convenient when creep test is performed under controfled
initial strain rate, when monotonic load is applied at constant strain rate
(executed in standard strength testing machines of the kinematic type) and
when, cyclic load is applied at constant strain amplitude. The last experi-
ments can be performed in hydraulic strength testing machines controlled
by a feedback loop; as a controlling parameter the deformation of the spec-
imen can be taken and even, for the considered confined range of strains,
the displacements of a traverse of the machine. Each of the above patterns
is associated with different ranges of strain rates of the specimens. These
three testing procedures are reported in this paper whose main objective
was to compare the experimental results obtained in various procedures and
under different ranges of strain rates.

3. TesTs

The presented tests were made on specimens of a modified asphaltic con-
crete whose composition and specimens preparation were described in [15]
together with the results of mesurements of material characteristics in the
temperatures ranging from +40°C to —20°C. The material served only as an
example to illustrate the behaviour of a viscoelastic material and to evaluate
different methods of identification of the characteristic material functions.
Three loading patterns were assumed. In the first pattern the creep of spec-
imen was caused by time-independent compressive load. The load values
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were chosen in such a way as not to cause the strains of specimens greater
than 5-107%. Special testing device had to be constructed as schematically
shown in Fig.4. A cylindrical specimen with the diameter of 50 mm had
both faces machined to make then perfectly parallel. Length of the cylinder
was 82mm. Both faces were glued with epidian to the metal platens 5 mm
thick, These platens slightly protruded outside the cylindrical surface of
the specimen. At the distance of 30 mm from the centre of cylinder two
induction gauges were fastened, each having the measuring base £0.2 mm.
These gauges were connected through the conditioning units (4), digital
voltmeters (5) and a suitable interface to the Commodore 128 computer (7).
The computer was programmed to control the course of readings and their
registration on magnetic tape, synchronized with the measurements of the
two induction gauges.

INTERF ACE

COMMODORE 128 | 7

Fia. 4. Arrangement of the apparatus for testing creep under compression.

The cylinder was loaded by means of a dead-weight lying on the plate (8)
which tested on a pilot bar capable of sliding inside the beering sleeve (9)
whose lower end was supported on the centre of the upper platen (2} by
means of a ball (10).

The second testing pattern consisted in the compression of the specimen
at constant strain rate. Identical specimens with similar platens were used
as in the creep test. Universal kinematically controlled testing machine
FPZ 100 was used; the velocity of cross-head changed from 1 to 10 mm/min
and the load range was 10 KN. Strains in the specimen were determined by
observing the displacements of the cross-head; strain rates were calculated
with allowance for the rigidity of loading system.
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FiGg. 5. View of a specimen and extensometer during cycling strain test.

The third pattern consisted in cyclic loading of cylindrical specimens
with the diameter 72 mm and 120 mm long. Asin the first pattern, the faces
of cylinders were machined to make them parallel, special steel grips were
glued with epidian adhesive. Such a testpiece was placed in the hydraulic
testing machine Instron 1251 which was controlled in the feedback loop. In
Fig.5 a specimen is shown together with the Denison extensometer having
the base 50 mm. Its fixing teeth rested on two metal bands enclosing the
cylinder tested, thus avoiding the extensometer teeth to he driven into a
soft material of the specimen. Measurement of strains is considered correct
in the central part of the cylinder, at a distance from the end disturbances.
Cyclic loading was realized with the frequencies ranging from 0.1 Hz to 50 Iz
and constant value of the strain amplitude amounnting to 5 - 107°. Cyclic
loading test were performed in the following manner:

¢ a function generator was activated for a given frequency at both am-
plitude and the mean level equal to zero,

o strain amplitude was gradually increased and the changes in forces and

strains were observed on a two-channel oscilloscope up to the strain value
5.1075,
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e a number of consecutive steady stress cycles and sinusoidal forced
strains of the amplitude 5-107° were registered in the digital memory of the
oscilloscope.

4., TEST RESULTS

Creep strains were registered during 20000s (Fig.6) since such a long
period of time appeared necessary to stabilize the strain rate. Initial creep
rate, observed on a number of specimens, was 3.3 4+ 4.1 - 107%1/s. For
instance, the calculations showed that an increase in initial rate by 25%
resulted in an increase in strain by 55 % during 150s. The whole curve &(t)
increased accordingly. However, it is impossible to conclude from a single
test of this type whether the growth of strains is a result of an increase in the
initial strain rate, or this rate and values of strains are simply generated in an
accidentally easier deformable specimen. Suitable explanation of this issue
can only be obtained by making some additional creep tests controlled by the
strain rate in the initial period of creep; special experimental arrangement
would have been necessary for the purpose.
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Loading with steady strain rate was registered as a stress o-time ¢ curve
for various velocities of the piston of the testing machine. The diagram
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shown in Fig.7 serves as an example for the strain rate 50 - 107°1/s which
corresponds to the velocity of compression 2.4 mm/min. The diagram was
curvilinear up to the maximum force which was accompanied by barrelling
and appearance of deep cracks on the surface.
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Fig. 7. Changes in stress at constant strain rate 0.00051/s.

Cyclic loading was applied while the amplitude of the strain sinusoid was
kept constant irrespective of the vibration frequencies. In practice, a small

400 F--- S m b L [
0.00 T !
L I Ny e '
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Fic. 8. Cyclic straining with the amplitude £ = 4.9 - 10™% and frequency 5.076 Hz and
a steady stress cycle.
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amplitude of vibrations was set first and next, observing the sinusoid on 'th.é:
oscilloscope screen, the amplitude was increased up to the assumed value
~ 5.10~% and, after a while, the constant stress amplitude was registered
(Fig.8). Vibration frequency was changed from 0.1 to 50 Hz. The shown
diagrams correspond to f = 5.076 Hz. The stress sinusoid is slightly concave
when the stress drops while the strain sinusoid has an undistorted shape.
After a series of measurements it is possible to prepare the diagrams as
functions of vibration frequency for a complex modulus |E*| and an angle
of phase ¢ (Fig.9) {1].
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FiG. 9. Test results of cyclic straining at £, = 0.00003. a, Complex modulus. Mean line
| E*] = 558.621w°*%%"; b. An angle of phase shift between the strain and stress cycles.
Mean line (= 46.8299w 70585393
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5. IDENTIFICATION OF MODULI AND THEIR RELATIONSHIPS
WITH THE STRAIN RATES

The experiments performed for various programmes made it possible to
determine the character of changes of Burgers madel constants in a wide
range of strain rates. The initial strain rate appeared to be a significant
factor in the behaviour of asphalt during its loading. That is why the me-
chanical properties of the material are diagrammatically presented as func-
tions of this initial rate. A specific asphaltic mixture was used to prepare
specimens. However, qualitatively, an influence of strain rates on the linear
spring and viscoelastic properties can be valid also for other materials of the
same type. ‘

The experiments were performed for the programmes no. 1, 6, 7 (Tables 1
and 2). Designations of experimental points are given in the figures.

0.001

IR T S T |

Yy MPaT!

2.0001 —+rrey T e —
1

10 ., 100

FiG. 10, Values of J; as functions of angular velocity w.

For the cyclic loading the calculated material constants [12] had a partic-
ularly great scatter in spite of insignificant local departures of test data from
the mean curves (Fig. 10, 11). The procedure is now improved by assuming
initial data as ordinates calculated from the mean line equation for the rate
w registered in the tests. The mean curve equations have the form:

Ji = 0.123444¢70-3%6035 [\MPa)
wly = 0.0208291%24778 [MPas].

Constants of the Burgers model were determined for two neighbouring cal-




ANALYSIS OF IDENTIFICATION METHODS FOR THE VISCOELASTIC... 519

AL 11l

wdy (MPa-g)™

0.1

I S

**x %% strain cycling

0.01 —+rrrp T T T T L e S AL ™
1 10 w s 100

F1G. 11. Values of w/y as fanctions of angular velocity w.

culated values Jy, wJy with the use of the method described in Section 2.

E,, and 7n,,, 9, — curves are shown in Figs.12a and 13 in the logarithmic
scale and the F . ~ curve (Fig.12b) in the semi-logarithmic scale. All the
test points for the elasticity modulus £, (Fig.12a) lie along one line for the
three test programmes. The test results lead to the equation

5.1 E. = 47223.2(8)%403 114 1\ pat,
M

Viscosity coefficient 7,, was determined for the three test programmes
(Fig.13): creep, loading with constant strain rate and cyclic straining. For
the last one the coordinates of points were calculated from the mean line -
equation resulting from the first two programmes. Creep tests for 7,y Were
continued up to the attainment of steady strain rate which took several
hours at the strain not larger than 5-107% and creep rate of the order of
magnitude (4 +7)-107°1/s.

The constant strain rate tests showed a large drop of viscosity #,, ac-
companying increasing strain rates. The test results can be expressed ana-
lytically in the form

(5.2) Ty = 354.07(2)7 0693557 [MPas).

The elasticity modulus F,. and. viscosity coefficient 1, were calculated for
creep and cyclic load test only. . In the former test the values of k. are
calculated from the formula (2.16) in which the value ¢, can be large in
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Fic. 12. Comparison of Young’s moduli as functions of initial strain rate for Burgers
model, obtained in various test patterns; a. Flastic Maxwell element; b, Elastic Kelvin
element.

comparison with gg. Similarly for 7, in the formula (2.17) value tge can be
large in comparison with tgf. Both formulae can be simplified to become:

Jo Jo
EK:—’ nK:@'

Comparison of the above formulae shows that the values I, and 7, are
determined from the initial shape of the £(t) - curve while ,, and £ depend
on the shape of the g(t) — curve after a long period of creep. Nevertheless,
all the moduli and coefficients are functions of the initial strain rate.
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F1e. 13. Comparison of viscosity coefficients as functions of initial strain rate for
Burgers"model, obtained in various test patterns; a. Viscous Maxwell element; b, Viscous
Kelvin element.

Variations of the modulus E, and the viscosity coefficient 7, can be
described by the equations:

(5.3) E, = —1500+ 40051.4(¢)*%%¢ [MPa],
(5.4) e = 33.446(¢)7049%05 [MPag].

The presented analysis demonstrates that the applied test programmes
are capable of determining an influence of the initial strain rate on the Burg-
ers model constants. Particular programmes enable to collect experimental
data in various intervals of the strain rates. The found moduli and coeffi-
cients can be considered constant only at steady strain rate.
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6. CONCLUSIONS

Such testing programmes are sought that make it possible to identify the
material properties to within a certain prescribed accuracy. Direct measure-
ments of those properties are impossible so appropriate loading patterns and
calculation algorithms must be selected to ensure this accuracy.

Two test programmes, listed in Tables 1 and 2 appeared useless:

e loading with constant stress rate according to the formula ¢ = at
(programme No 2) is not suitable since constant stress is too difficult to be
maintained during sufficiently long period of time,

e sudden sustained strain £,, (programme No 5) is useless since not all
of the model constants can be determined for an arbitrary time ¢.

Three test programmes are applicable:

e creep at constant stress op (programme No 1),

o loading at constant strain rate according to the formula ¢ = vt (pro-
gramme No 6); this procedure is particularly convenient for the identification
of the constants of the Maxwell model,

e cyclic strain controlled by the fanction & = &, sin wt (programme No 7).

For these three programmes there exist procedures of identification of
material properties. Comparison of the results obtained from the three pro-
cedures is useful in assessing an influence of strain rates on the values of
linear spring constants and coefficients of viscosity. The initial strain rate
should be measured very carefully since it is a decisive factor in the determi-
nation of material characteristics as fanctions of time, Accidental differences
in the initial strain rates may lead to errors and scatters of measured data.
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