
MODELLING OF REPEATED CREEP AND 
RECOVERY FROM LIMITED DYNAMIC

TESTING DATA

Jiri Stastna,1 Ludo Zanzotto,1 Raj Dongre2 and John 'Angelo3

1Bituminous Materials Chair, Faculty of Engineering, 
University of Calgary, Calgary, Alberta, T2N 1N4 Canada
2Federal Highway Administration/Salut, 6300 Georgetown 

Pike, McLean, VA 22101, USA
3Federal Highway Administration, 400 Seventh Street NW, 

Washington, DC 20590, USA



( ) ( )
( )∑

= ωλ+
ωλ

+=ω′
N

1i
2

i

2
i

ie 1
gGG

( )
( )2i

i
N

1i
i 1

gG
ωλ+
ωλ

=ω′′ ∑
=



( ) ∑
∞

=

λ−≈
1i

/t
i

iegtG



CREEP AND RECOVERY
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J(t) = γ(t)/τ0



THE INPUT SHEAR-STRESS

τ (t) = τ0 [U (t - 10n) - U (t -10n - 1)]

where τ0 = const. (300 Pa, in our case), 
n = 1, 2, 3,… and U is the Heaviside
step function (U(t) = 0, for t < 0, and 
U(t) = 1, for t > 0)



Then in the n-th cycle (n = 1, 2, 3, …) 
we have

Creep, 10(n - 1) < t < 10(n - 1) + 1
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Recovery, 

10(n - 1) + 1 < t < 10(n - 1) + 10

( ) ( ) ∑
−

+

Λ
−−

− 







−+

η
+−=

1N

1i

)1n(10t

i
0

ie1J1A1ntJ

where

∑
−

=

Λ
−

Λ
−











−+η=

1N

1i

109

i0
ii eeJ1A



Time Scaling
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Creep, 10(n - 1) < t < 10(n - 1) + 1
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Recovery, 

10(n - 1) + 1 < t < 10(n - 1) + 10
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TABLE 1.  ASPHALT BINDERS EVALUATED IN THIS STUDY

Asphalt Binder Performance History Available

PG64-22- Conventional Nevada D.O.T

AC20P-PMA Nevada D.O.T

Cariphalte DM-PMA Anecdotal in Europe
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Creep compliance J(t), T = 64° C. 
First ten cycles. Nevada 64-22



Storage modulus, T = 64° C. 

experimental, 

calculated from the discrete relaxation 
spectrum (4 modes). 

Nevada 64-22.



Loss modulus, T = 64° C. 

experimental,

calculated from the discrete relaxation spectrum (4 
modes). 

Nevada 64-22.



First cycle, T = 64° C. 

experimental, 

calculated from Equs. (13)-15). 

Nevada 64-22.



Cycle n=10, T = 64° C. 

experimental, 

calculated from Equs. (13)-(15). 

Nevada 64-22.



Creep compliance J(t), 

T = 64° C. First fifty cycles.

Nevada AC20P.



Creep compliance J(t), T = 64°C. 

cycle 1, ∆ cycle 10, ◊ cycle 50. 

Nevada AC20P.



Dynamic moduli, T =64C.  

Experimental: ∆ G', ◊ G'', 

calculated from the discrete relaxation spectrum (5 modes).

Nevada AC 20P.



First cycle - repeated creep and recovery test, T = 64° C. 

experimental,

calculated from Equs. (13)-(15).

Nevada AC20P.



Cycle, n = 50, T = 64° C. 

experimental, 

calculated from Equs. (13)-(15). 

Nevada AC20P.



Cycle, n = 100, T = 64° C. 

experimental, 

calculated from Equs. (13)-(15). 

Nevada AC20P.



Creep compliance J(t), T = 76° C.  First ten cycles.
Cariphalt 76.



Storage modulus, T = 76° C. 

experimental, 

calculated from the discrete relaxation spectrum (6 modes). 

Cariphalt 76.



Loss modulus, T = 76° C. 

experimental,

calculated from the discrete relaxation spectrum (6 
modes). 

Cariphalt 76.



Creep compliance J(t), T = 76° C.  First cycle,

experimental,

calculated from Equs. (13)-(15). 

Cariphalt 76.



Creep compliance J(t), T = 76° C. Fifth cycle,

experimental, 

calculated from Equs.(13)-(15). 

Cariphalt 76. 



Creep compliance J(t), T = 76° C. Cycle n = 10, 

experimental, 

calculated from Equs. (13)-(15). 

Cariphalt 76.



CONCLUSION
The Boltzmann superposition principle governs the 
repeated creep and recovery test in the linear
viscoelastic domain of small deformations. For the 
test, set to perform creep during the first one second 
followed by nine seconds of recovery, and repeated 
n-times one has:

Creep   J(t) = J(t-10(n-1)) + (n-1)(J(10)-J(9)

Recovery   J(t) = J(t-10(n-1))-J(t-10(n-1)-1) + (n-1)(J(10)-J(9))
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