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First introduced by Kovacs in 1963 to describe a phenomenon 
that was later extensively studied by Struik in 1978

PHYSICAL AGING

Process by which a material’s properties gradually change 
over time as it moves toward thermodynamic equilibrium

AGING SHIFT FACTOR

Aging is NOT random

As a material ages, it may deform 
more slowly as its internal 
structure stabilizes

“MATrix LABoratory”
Programming language and numeric computing 

environment developed by MathWorks.
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Data Extraction
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Data Extraction
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Extracted data into a CSV file
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Determine the horizontal shift needed to align the aging curves with a reference curve

Reference curve as the one corresponding to 
the lowest aging time, specifically 5/16 hours

Aging shift factors for each test curve by 
minimizing the root-mean-square (RMS) error 
between the reference and each curve

Horizontal and vertical shifts

MATLAB’s fminsearch function to minimize 
the error
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Determine the horizontal shift needed to align the aging curves with a reference curve

RMS 𝑎𝑇 =
1

𝑛
⋅෍

𝑖=1

𝑛

𝑥ref 𝑖 − 𝑥shifted,𝑗 𝑖
2
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Shifted curve to validate the 
results obtained

Shift factor and shift rates plots
for the 110°C creep compliance

Isothermal

log-log plot
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Calculate the theoretical creep compliance D(t) from experimentally measured 
stress relaxation modulus E(t)

Fitted the stress relaxation modulus data for each curve 
to a quadratic polynomial

Laplace transform relationship between modulus and 
compliance

Comparison it with the experimental creep compliance 
data

𝐷 𝑠 =
1

𝑠2 ∙ 𝐸(𝑠)
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2| Relationship between Creep and Stress Relaxation
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1. Finite Time Effects
2. Viscoelastic and Aging Effects
3. Mathematical Approximation

The calculated compliance began to 
flatten out at both higher and lower times
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9

EFFECTIVE TIME THEORY Effective Time (λ):
Accounts for the cumulative effects of aging 

The theory works by transforming real time into "effective time", which reflects the material’s evolving state as it 
undergoes aging.

𝑎𝑒 𝑡 =
𝑡0

𝑡0 + 𝑡

𝜇

𝜇 = −
𝜕 log 𝑎𝑒(𝑡)

𝜕 log 𝑡

𝜆 𝑡 = න

0

𝑡

𝑎𝑒 𝑥 𝑑𝑥𝐷 𝑡 = 𝐷0 ⋅ exp
𝜆 𝑡

𝜏

𝛽

Predict the 20-hour long-term creep response using aging shift factors and effective time theory under 
isothermal and nonisothermal conditions.
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3| Long-term Nonisothermal Physical Aging

𝑦 = 𝑝1𝑥 + 𝑝2

𝑦 = 𝑝1𝑥
2 + 𝑝2𝑥 + 𝑝3
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𝜇 = −
𝜕 log 𝑎𝑒(𝑡)

𝜕 log 𝑡
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𝑎noniso =
𝑡0

𝑡0 + 𝑥

−(2𝑝1𝑥+𝑝2)

Decay too quickly 𝜆 𝑡 = න

0

𝑡
𝑡0

𝑡0 + 𝑥

−(2𝑝1𝑥+𝑝2)

𝑑𝑥

𝐷 𝑡 = 𝐷0 ⋅ exp
𝜆 𝑡

𝜏

𝛽



Thank You

Q&A
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