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Large Amplitude Osalllations- LAOS
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Higher harmonic moduli:
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Linear viscoelasticlimit, yo—> O:
n=1and G'1= G'(y), G'l= G"(y)

Nonlinear viscoelastic constitutive equations
Many available - a few practical - none
satisfactory in both shearing and elongational
flows

Wagner's modification of Lodge's
rubberlike- liquid :

memory function can be factorized

memory function = linear viscoelastic memory
X
damping function



In LAOSthe damping function, h, isa double
periodic function of the current time and the
elapsed time (material has memory).

By developing, h, into adouble Fourier series
One obtains nonlinear har monic moduli.



G'lUwY,)= No,0Giin —|B2|COSP,

G"w,Yo) = ho,oGlin —|B2[SINB,
forn =3, odd

G’n (00’ VO) = C;—l COSY41 — B:1+1 COSBn+1

G’r']((x), VO) = C;—l Sinyn—l - B:1+1 Sian+1




Here, Gjin, and G, arethelinear dynamic moduli, and

Cn|exp(iYn) are complex

B, =|Bn|exp(-iB, ) C’ =

B,

functions generated by the double Fourier expansion of

the damping function, and hgg isthe aver aged damping

function over the domain (- T/, TWwX (- TWw, TWw).



Kazatchkov's hypothesis ( observed in some polymer
melts) :

G'1=(wY,)=G}i,(@hly,)

then it should be possibleto obtain G'1 (and G''1)
from linear viscoelastic moduli and the damping

function (usually EXp(_ O‘Vo) or 1/@"‘3\/8)) by
simple shifting.



" Spoiling" terms

G'lw,Y,)= No,0Giin _‘8*2‘00552

G"lwY,)= No,0Giin ~ ‘B*Z‘Si N,



Fourier decomposition and reconstruction of the shear
stress.
Freguency 1Hz, strain amplitude 4.
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Frequency 1Hz, strain amplitude 4
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Same asin previous Fig. except therate of strain isused, and some

pointsareinterpolated.
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Maximum shear stress. Base asphalt, T = 27C.




Maximum shear stress. Base asphalt with 4% SBS,
T =44C
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Maximum shear stress. Base asphalt with 6% SBS,

T =50C.
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Maximum shear stress. Base asphalt with 4% EVA,

T =34C.
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First harmonic modulus G'1. Base asphalt,

T=2/C.
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First harmonic modulus G''1. Base asphalt, T = 27C
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Third harmonic modulus G'3. Base asphalt, T = 27C.
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Third harmonic modulus G'' 3. Base asphalt, T = 27C.



Fifth harmonic modulus G'5. Base asphalt, T = 27C
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Fifth harmonic modulus G''5. Base asphalt, T = 27C.
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First harmonic modulus G'1. Base asphalt with 6% SBS,
T =50C.
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First harmonic modulus G'1. Base asphalt with 4% EVA,

T =34C.
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First harmonic modulus G''1. Base asphalt with 4% EVA,
T =34C.
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Exponential damping function - absolute term
In double Fourier series.




Fractional damping function of Soskey and Winter -

absoluteterm in double Fourier series.




Exponential damping subtracted from G'1. Base asphalt,
T =27C.
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Exponential damping subtracted from G'' 1. Base asphalt,
T =27C.




Exponential damping subtracted from G'1. Base asphalt

= 50C.

SBS, T

with 6%




Exponential damping subtracted from G''1. Base asphalt

with 6% SBS, T = 50C.




Comparison of linear viscoelastic master curve with

LAOS.
First harmonic modulus G'1. Base asphalt, T = 27C.
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Comparison of linear viscoelastic master curve with
LAOS.
First harmonic modulus G''1. Base asphalt, T = 27C
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Comparison of linear viscoelastic master curve with
LAQOS. First harmonic modulus G'1. Base asphalt with
6% SBS, T = 50C.
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Comparison of linear viscoelastic master curve with
LAOS. First harmonic modulus G' 1. Base asphalt with

6% SBS, T = 50C.
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