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Abstract
Principal purpose of this research is to study the eﬀect of atomic number and atomic
weight on behavior of time-dependent inelastic deformation in metals. For achieving this
purpose, analytical and semi-analytical methods are used for analyzing the behavior of the
deformations. The elements such as silver, aluminum and nickel are selected for validation
of the presented method and obtained results. The eﬀect of other important parameters is
investigated for predicting time-dependent behavior of creeping metals. As a result, we can
control creep behavior in metals in order to prevent creep rupture. Finally, good agreement is
found between presented method and available experimental results.
K e y w o r d s : creep, metals & alloys

1. Introduction
Dependence of inelastic deformation rates, such as
creep strain rate, on the atomic properties is one of
the interesting and important problems in the material science, mechanics and physics. The relation of
some important parameters, such as creep strain rate
(ε̇creep), with natural and organic properties such as
atomic number (Z ) has not been determined yet. This
relation between plastic time-dependent deformation
and atomic number is very prominent for plasticity
problems. This research attempts to ﬁnd the relation
for predicting creep strain rate behavior. Diﬀerent insight is introduced by developing relations between the
atomic properties and the mechanical behavior.
The creep deformation is an important phenomenon in physics and mechanics, in which materials
deform under elevated temperatures and loads change
continuously over the time. In this article, the eﬀect
of ten factors on the creep behavior in metals is investigated.
Many researchers studied some related subjects
such as creep, relaxation and plastic deformation [1–
10]. For example, pulling out and extraction of a stainless steel wire inserted into an epoxy resin have been

analyzed as a function of the embedded length using shear lag model [1]. In addition, creep exponential
Dorn law was used for predicting creep behavior of
the composites [4]. Also, the aim of the work presented in reference [7] is to ﬁnd how the creep applied at
diﬀerent temperatures inﬂuences the reversible structural relaxation of the Ni-rich amorphous alloy. Zhang
et al. [8] analyzed experimentally viscous creep occurring in perpendicularly aligned carbon nanotubes
(VA-CNTs). Nanoindentation experiments were performed to illustrate the creep behavior of nanotube
materials. Newly, steady state creep behavior of the
ﬁbrous composites has been studied using the mapping, logarithmic functions (MF) and dimensionless
parameter (DP) techniques with considering creep exponential law (Dorn law) [9].
Moreover, a novel analytical method has been
presented to investigate the steady state creep in the
short ﬁber polymer matrix composites using complex
variable method, in which both the ﬁber and matrix
creep under low stresses and temperatures in a state of
plane stress [10]. Positron annihilation in steel samples
deformed by uniaxial tension and structural changes in
deformed soft magnetic Ni-based metallic glass studies have been performed [11, 12]. For instance, ACAR
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method was applied to investigate changes in annihilation parameters during deformation (by uniaxial tension) of the ST2 SAL steel samples [11]. Furthermore,
the relations between atomic number and composition
weight ratio in smart material have been investigated
[13]. Important studies on eﬀective atomic numbers
have been extensively performed in some materials
by many researchers [14–21]. Novel, trustworthy and
practical semi-empirical equation based on the total
interaction cross sections (σt ) was proposed to obtain
the values of the eﬀective atomic number (Zeﬀ ) of the
3d transition metal alloys [21].
For calculation of the results, references [22–24]
have been used for extracting required values such as
elastic modulus, atomic number, etc. In addition, different kinds of research on plastic-elastic deformation
have been carried out [25–28]. For example, second
stage creep behavior of pure aluminum has been analyzed using constant structure creep experiments performed in the 2nd stage creep over a wide temperature
interval from 523 to 773 K [25]. An experiment with
a new device to determine torsion deformation as a
function of applied torque has been done and analyzed, which permitted construction of the hysteresis
cycle for a rubber hose and various tubes [28]. Recently, some important behavior types such as radial,
circumferential, axial, shear and equivalent stress behavior have been predicted using an approximation
of creep constitutive equations ACCE and Dorn law
[29]. In addition, inelastic time dependent behavior
of the short ﬁber composites has been studied using
special functions and an exponential creep Dorn law
[30]. Novel models such as quasi shear-lag and semi-analytical models have been presented for predicting
the creep behavior of the short ﬁber composites [31].
As observed, it is necessary to present a new
method for predicting the creep strain rate behavior
using atomic and mechanical properties without using
complex approaches and diﬃcult experimental methods. In this way, a simple approach is proposed for
predicting the time-dependent behavior in metals using some parameters such as atomic number, atomic
weight and elastic and shear modulus, etc. The atomic
number, atomic weight, Poisson’s ratio, elastic and
shear modulus, ultimate tensile strength, density and
melting point are the eﬀective parameters for obtaining the small time-dependent deformations.
Presented method can be useful and applicable
for designing purposes including mechanical design
based on the creep criterion and behavior. Therefore, inelastic time-dependent behavior is predicted
by weighted calculus, meta-calculus (computer codes)
and available experimental results in the same metals.
In other words, the proposed method is similar to
the nonlinear regression and neural network approach.
The results of the novel work are validated through
comparison with available experimental results for the

elements of silver, aluminum and nickel. So, the main
objective of the presented research is to predict the
creep strain rate behavior using atomic and mechanical properties.

2. Materials and methods
In this section, materials and methods are introduced for predicting the time-dependent behavior using related eﬀective parameters of metals. In this way,
the general form of the creep strain rate is given as
follows [32]:
ε̇ |general = f (σ, t, T ),

(1)

where σ, t and T are respectively applied stress, time
and temperature. In this work, the above general formulation (Eq. (1)) is extended to the following forms:
ε̇ |particular = f (Z, W, σ, t, T, E, G, υ, Sut , ρ),

(2)

ε̇ |particular = f1 (Z)f2 (W )f3 (σ)f4 (t)f5 (T ) ·
· f6 (E)f7 (G)f8 (υ)f9 (Sut )f10 (ρ), (3)
where Z, W, σ, t, T, E, G, υ, Sut , and ρ are respectively atomic number, atomic weight, applied stress
(MPa), time (s), temperature (including melting (Tm )
and exerted (Te ) temperatures (K)), elastic modulus
(GPa), shear modulus (GPa), Poisson’s ratio, ultimate
tensile strength (GPa), and density (g ml−1 ).
In what follows, a weighted function is considered
for each parameter using numerical methods, weighted
calculus (computer coding: Matlab codes), meta-calculus and available results with considering nonlinear regression and neural network approaches.
General formulation for determining the creep
strain rate is given below in the form using Dorn law:
ε̇ |particular = D exp(ασ |particular ).

(4)

Equation (4) is converted to the following form:
log(ε̇ |particular ) = Ψ + χσ |particular ,

(5)

where

Ψ = a1 ln

χ = b1 ln

Tm
Te
Tm
Te


+ a2

EZυ
W Sut
+ a3
,
G
ρ

(6)

+ b2

EZυ
W Sut
+ b3
.
G
ρ

(7)



In Eqs. (6) and (7), ai ’s and bi ’s are the particular
weights. They are determined using analytical, semi-analytical and numerical approaches such as weighted
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calculus (computer coding and simulating) or meta-calculus along with nonlinear regression and neural
network approaches. The mentioned time-dependent
formulations are to predict the creep strain rate behavior in the steady state creep using atomic and mechanical properties.
Tm and Te indicate the melting point and applied
temperature, respectively. In this way, physical, chemical and engineering visions are beneﬁcial and eﬀective for obtaining these parameters by the mentioned
methods correctly. Available experimental results are
also used for validating the presented research results.
The time-dependent small deformation behavior of silver (Ag), aluminum (Al) and nickel (Ni) is considered
for verifying the obtained results. After exact calculating, coeﬃcients ai ’s and bi ’s are obtained by the
mentioned methods. Here, the meaning of the weight
functions are the weight coeﬃcients (i.e., numbers of
–16.71, –0.0201, 0.0421, –0.3803, 0.0099, 0.0488 are
the mentioned coeﬃcients). It accordingly yields:


Tm
W Sut
EZυ
∼
Ψ = −16.71ln
+ 0.0421
,
− 0.0201
Te
G
ρ
(8)


Tm
W Sut
EZυ
χ∼
+ 0.0488
.
− 0.0099
= −0.3803 ln
Te
G
ρ
(9)
For example, for silver (Ag), some mentioned parameters presented in Eqs. (8) and (9), such as atomic
number, atomic weight and density, respectively, are
Z = 47, W = 107.87 and ρ = 10.5 g ml−1 [22–24].
Therefore, the presented method can be used for predicting the steady state creep behavior without performing diﬃcult and complex experimental, numerical
and analytical methods. As mentioned before, the unknown coeﬃcients ai ’s and bi ’s are obtained using the
analytical, semi-analytical and numerical approaches
such as weighted calculus (computer coding and simulating), or meta-calculus with considering nonlinear
regression and neural network approaches.

3. Results and discussion
In this section, the obtained results of the present
work are compared with the available experimental
results [2–6]. In this way, the elements such as silver (Ag), aluminum (Al) and nickel (Ni) are chosen
for comparing the obtained results. As mentioned before, the properties of the mentioned materials and
elements are also available in various references [22–
24]. The creep tensile test specimen used in reference
[3] for analyzing the steady state creep behavior is
shown in Fig. 1.
Comparison of two methods (presented and experimental one) for obtaining the small time-dependent
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Fig. 1. Tensile test specimen for analyzing the steady state
creep behavior.

Fig. 2. Comparison between the present work and experimental results [5] for Ag at 773 K.

deformation behavior (permanent or second stage
creep) is shown in Figs. 2–4. In the presented ﬁgures
(Figs. 2–4), interesting results are observed for better comparison of the obtained results, and suitable
and proper compatibilities are also seen. The mentioned suitable compatibilities are arising from the
correct and exact analytical and semi-analytical computations.
Then, the obtained results of the analytical and
semi-analytical approaches and available experimental
results [3, 5] are compared together for validating the
presented method (see Fig. 2 for Ag).
Afterwards, the creep strain rate with respect to
applied stress is obtained and predicted for Ni at
1073 K (see Fig. 3 for Ni).
The mentioned creep behavior of unreinforced
metals was tested in the references [3, 5] experiment-
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Fig. 3. Comparison between present work and experimental results [3] for Ni at 1073 K.

with considering the mentioned coeﬃcients.
As an application, the presented method can be
employed for the creep analysis in composite materials, visco-elasto-plastic engineering problems and
mechanical design subjected to high temperature and
stress because of its high performance for predicting the creep behavior. Furthermore, the gradient and
slope of σ |applied − ε̇ |general curves and diagrams may
help us to predict creep rupture domains in the second
stage creep. In other words, we can control the slope
and gradient of the obtained creep curves in order to
prevent fast creep rupture. In these cases, high slopes
and gradients for σ |applied − ε̇ |general curves and diagrams are unfavorable for the designing purpose, because with the slope increasing, the creep strain rate
extensively increases at low stresses, and this state is
resulting in the fast creep rupture. So, presented formulation can help us to control the mentioned slopes
and gradients in order to enhance the factor of safety.

4. Conclusions

Fig. 4. Comparison between present work and experimental results [3] for Al at 561 K.

ally at various temperatures and constant stresses using the specimen shown in Fig. 1. The overall creep
strain rates remain very small in all creep tests (see
Fig. 4 for Al).
Figures 2–4 show good agreement between two
methods (presented and experimental [3, 5] methods).
As considered, gradients of all curves presented in
Figs. 2–4 are very smooth, because these time dependent small deformations are in the steady state
and permanent creep. Linear behavior of the creep
deformations is arising from the stepped and smooth
deformations over the time under constant stress and
temperature.
Accordingly, the proposed method can be used for
predicting the permanent and steady state creep behavior of metals using the mentioned parameters such as
atomic number, atomic weight, elastic modulus, etc.

In this research work, an eﬀect of the atomic number, atomic weight and other related important parameters on inelastic time-dependent deformations was
studied, and the steady state creep behavior of the
metals was investigated. In this new insight, the analytical and semi-analytical methods such as weighted
and meta-calculus were used. Nonlinear regression,
neural network approaches and available results were
employed for the creep analysis. According to the obtained results, it is concluded that all material properties and natural characteristics such as atomic number, atomic weight and elastic modulus aﬀect the creep
behavior in metals. Moreover, the analytical and semianalytical approaches were introduced for predicting
the time-dependent behavior of the creeping materials using weighting functions, computer codes (simulations), nonlinear regression and neural network approaches. One of important applications of the presented method is in the control of the creep phenomenon
and mechanical design based on the creep criterion.
Finally, an unknown behavior can be determined by
the atomic properties and characteristics.
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