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ABSTRACT 

This study focuses on the finite element analysis 
of the residual mechanical properties of 316 EN 
1.4401 cold-worked austenitic stainless steel reinforc-
ing bars, compared to experimental results. The study 
assessed the influence of user-defined material proper-
ties on an isotropic elasticity model and a multilinear 
isotropic hardening model, evaluated under different 
conditions to validate against experimental observa-
tions. This study demonstrated a strong correlation be-
tween experimental results and numerical simulations, 
showing only slight differences in the residual 
mechanical response across various cooling methods. 
The investigation revealed a high correlation between 
total maximum strain (mm/mm) and user-defined 
(the total elastic and plastic strain). The variation in 
ultimate tensile strength (𝑓𝑓ᵤ) between the experimental 
and numerical results is less than 2% except for one 
case which involving slow cooling inside furnace at 
500°C (2.5%). Likewise, the difference in 0.2% proof 
strength (𝑓𝑓0.2p) is below 2.5%, except for three cases 
involving rapid water cooling at 500°C (3.2%) and 
intermediate air cooling at 500°C (3.3%) and 500°C 
(3.8%) respectively. Therefore, the numerical methods 
can enhance the precision of experimental results for 
assessing structural characteristics. 
 
 
 

 
 
     

 

INTRODUCTION 
Over the past century, the durability and aes-

thetic qualities of stainless steel have inspired archi-
tects and designers to utilize this material in a diverse 
array of both practical and imaginative applications. 
Apart from the minimum 10.5% chromium required 
for stainless steel's corrosion resistance, it may contain 
various other alloying elements, such as carbon, nickel, 
manganese, molybdenum, copper, silicon, sulfur, 
phosphorus, and nitrogen as defined by (Amanat, 
2025). The incorporation of different alloying 
elements into stainless steels significantly improves 
their structure and properties in five essential areas: 1) 
Enhanced corrosion resistance, 2) Elevated strength at 
elevated temperatures, 3) Improved formability, 4) 
Increased ductility, and 5) Superior properties at high 
temperatures (Järvenpää et al., 2020). In addition, the 
incorporation of these alloying elements is essential 
for enhancing the performance and adaptability of 
stainless steel across various applications as clarified 
by (Sun et al., 2022). 

The metallurgical composition of stainless steel 
is influenced by these alloying elements, resulting in 
the classification of stainless steels into five categories 
including austenitic, ferritic, austenitic–ferritic (du-
plex), martensitic, and precipitation hardening stain-
less steels as depicted in Figure 1(Shen & Chacón, 
2019). The first three types exhibit extensive and 
varied applications within the construction sector, 
including building exteriors, facades, and pedestrian 
bridges. The last two categories are designated for spe-
cialized applications as explained by (Baddoo, 2013). 

For instance, austenitic stainless steel contains 
17 to 18% chromium and 8 to 11% nickel, character-
ized by a face-centered cubic atomic structure as 
defined by (Meza et al., 2024). Austenitic stainless 
steel (ASS) is available in a wide range of grades, with 
the predominant types being 316 EN 1.4401 and 304 
EN 1.4301 as clarified by (Moore & Steels, 2010) and 
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it can be fabricated into a diverse array of forms, in-
cluding sheets, plates, and bars (rebars), among others. 
Consequently, ASS reinforcing bars are commonly 
utilized in structural applications. 
 

 
Figure 1. Types of stainless steel and their typical 
chemical compositions. 
 

316 EN 1.4401 is often called marine-grade 
stainless steel due to its excellent performance in harsh 
seawater environments and it has molybdenum which 
makes it to be more resistant to pitting and crevice 
corrosion, higher tensile strength and maintaining 
strength and corrosion resistance at temperatures up to 
925°C compared to other grades of austenitic stainless 
steel(Gudić et al., 2023). Therefore, it has been used in 
many areas such as in the river forth bridge in Scotland 
and in pedestrian bridge in Ortisei in Val Gardena, Italy. 
In addition, Hardman bridge Ottawa, built in 2014 
with the use of grade EN 1.4401 austenitic stainless-
steel reinforcement rebars. 

Due to the excellent characteristics of EN 
1.4401 ASS reinforced rebars, this has led to an in-
creasing interest to utilize it across various study 
scenarios. For example, (Zapała et al., 2022), 
performed a static tensile test on EN 1.4401 using an 
instron 5566 device equipped with a heating furnace. 
The tests were conducted at temperatures of 200°C, 
400°C, and 700°C. Each sample was held in the fur-
nace for 15 minutes, and subjected to cooling in water 
and the result showed that as the testing temperature 
increased, both tensile and yield strengths significantly 
decreased, by around 60% and 38%, respectively. 
Elongation varied with temperature, showing higher 
ductility at 700°C than 200°C, though it was lower at 
400°C. Furthermore, (Lv et al., 2022) performed 
tensile tests on EN 1.4401 utilizing an RDL-50 
mechanical testing machine, maintaining a constant 
cross-head speed of 2 mm/min at temperatures of 20°C, 
350°C, 450°C, 550°C, and 750°C. Specimens were 
maintained at the specified temperature for 15 minutes 
prior to testing to ensure a steady-state temperature 
and following by water cooling. This study found out 
that yield strength decreased gradually from 600 MPa 
at 20°C to lower values at 750°C and UTS exhibited a 
plateau between 350°C and 550°C, followed by a sig-
nificant drop beyond 550°C. Moreover, (Rehman et al., 

2022), examined the structural behavior of EN 1.4401, 
1.4301 and 1.4436 austenitic stainless-steel reinforc-
ing rebars before and after fire scenario, then 
compared with B500B conventional carbon steel. The 
materials were subjected to temperatures ranging from 
100°C to 900°C for a duration of one hour while 
increasing at a speed of 10°C per minute. 
Subsequently, they underwent three different cooling 
conditions: fast cooling in water, gradual cooling in air, 
and furnace cooling as shown in Figure 2 which shows 
the stress-strain response for EN 1.4401 austenitic 
stainless steel reinforcement bars before and after 
being subjected to different temperatures and cooling 
modes. The study found that austenitic stainless-steel 
reinforcing rebars maintained their mechanical prop-
erties better than conventional carbon steel after expo-
sure to high temperatures and subsequent cooling. The 
mechanical characteristics of the stainless-steel bars 
showed limited variation across repeated samples, and 
they retained their strength and ability to deform under 
different cooling conditions. Furthermore, metallurgi-
cal analysis revealed changes in the phase and grain 
structure of the stainless-steel bars. 
 

 
Figure 2. Stress-strain behavior of EN 1.4401 stainless 
steel reinforcement bars after being exposed to 
different temperature values (500°C, 700°C, and 
900°C) using diverse cooling modes. 
 

This study aims to investigate the residual me-
chanical performance of cold-worked EN 1.4401 aus-
tenitic stainless steel reinforcement bars through finite 
element analysis and validates the findings using 
experimental data. The conventional experimental 
methods for evaluating structural properties are com-
plex and need extensive experimental effort. The ac-
curacy of the results is uncertain, and validation of the 
findings can be accomplished via numerical methods. 
Thus, the numerical approaches used in this study will 
enhance the accuracy of the experimental results. 
 
Experimental Testing Details 

The experimental study, conducted by research-
ers and reported in the literature (Rehman et al., 2022)  
which examined the residual mechanical characteris-
tics of cold-worked EN 1.4401 austenitic stainless-
steel reinforcing bars after exposure to elevated tem-
peratures. In this study, the mechanical tensile tests 
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were performed with an instron 5584 electromechani-
cal testing frame with a load capacity of 150 kN. The 
samples were subjected to a preload of 10 kN before 
applying strain. The initial strain rate was 0.00007 s⁻¹ 
until 1% strain was attained, after which the strain rate 
increased to 0.00025 s⁻¹ until fracture occurred. 
Samples were heated to target temperatures ranging 
from 100 °C to 900 °C with the heating rate of 10 

°C/min, maintained for 1 hour, and subsequently 
cooled using three methods as rapid cooling in water, 
gradual cooling in air, and furnace cooling, prior to 
tensile testing to evaluate residual mechanical proper-
ties. The chemical composition and diameter of the 
bars are shown in Table 1(EN, 1995). 
 

 
Table 1. The chemical composition (%) of 316 

Material bar and diameter %C %Mn %Si %S %P %Ni %Cr %Mo %N %Cu %Ti %V 

Cold-worked316(⌀ 12 mm) 0.023 1.438 0.366 0.027 - 10.54 16.685 2.049 0.046 - - - 

 
Table 2. Comparison between finite element analysis and experimental testing results 

Samples FE model Experimental (Rehman et al., 2022) 

 
Ultimate tensile 
strength (𝑓𝑓ᵤ) 

(MPa) 

Proof strength 
(𝑓𝑓0.2p) 

(MPa) 

Ultimate tensile strength (𝑓𝑓ᵤ) 
(MPa) 

Proof strength (𝑓𝑓0.2p) 
(MPa) %Difference in 𝑓𝑓ᵤ & 𝑓𝑓0.2p 

Virgin 717.5 592.6 723.6 604.0 0.8% & 1.8% 
500◦C-Q 742.6 604.1 746.5 624.4 0.5 & 3.2% 

700◦C-Q 687.2 502.9 685.8 498.6 0.2% & 0.8% 

900◦C-Q 581.7 307.5 577.7 308.5 0.6% & 0.3% 

500◦C-A 718.3 627.7 722.4 606.9 0.5% & 3.3% 

700◦C-A 677.35 507.6 687.7 527.7 1.5% & 3.8% 

900◦C-A 593.8 306.7 586.2 309.1 1.2%&0.75% 

500◦C-S 742.6 646.6 741.7 630.0 2.5% & 0.1% 

700◦C-S 704 553.3 705.2 542.1 0.1% & 2% 

900◦C-S 593.9 295.2 589.2 297.4 0.7% & 0.7% 

 
Numerical Finite Element Model 

A computational investigation was carried out 
using the ANSYS Workbench platform to study the 
properties of an austenitic stainless steel reinforcement 
bar. A finite element model was generated to represent 
grade 316 (also referred to as Grade EN 1.4401), with 
specifications of 12 mm in diameter and 300 mm in 
length as illustrated in Figure 3. The samples were 
initially at ambient temperature and then subjected to 
a range of elevated temperatures from 500°C, 700°C 
to 900°C. Subsequently, three distinct cooling proce-
dures were implemented: rapid quenching in water, 
gradual cooling within the furnace, and natural air 
cooling until reaching room temperature. These 
cooling methods were specifically designed to 
simulate the potential variations in cooling rates that 
could occur following a fire event, including scenarios 
of self-extinguishing firefighting efforts involving 
water. 

The primary objective of this investigation was 
to assess the impact of these different cooling methods 
on the remaining material properties of this bar. This 
study also involved evaluating user-defined material 
properties for an isotropic elasticity model and a 
multilinear isotropic hardening model across different 

distinct scenarios, with the aim of validating the 
findings against experimental data.  

 
(a) 

 

 
(b) 

Figure 3. Finite element analysis was conducted on 
316 austenitic stainless steel reinforcement bar, (a) 
including a coarse mesh model and (b) boundary 
conditions with one end fixed and the other end 
subjected to a 40 mm displacement load. 
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Due to the elastic and plastic behavior of 
austenitic stainless-steel bars, isotropic elasticity 
model which indicates the linear elastic behavior of 
austenitic stainless-steel bars. This model defines that 
the properties are same in all directions, with identical 
elastic modulus and Poisson’s ratio. Table 2 contrasts 
the mechanical characteristics derived from the finite 
element analysis with the experimental findings 
presented in the literature (Rehman et al., 2022) . On 
the other hand, the multilinear isotropic hardening 
model for austenitic stainless-steel bar employs a 
piecewise linear function to represent the material's 
non-linear strain hardening behavior, effectively 
illustrating the stress-strain relationship until the onset 
of necking, while excluding the segment of the curve 
that exhibits a negative slope. This model assumes that 
the yield surface expands uniformly throughout plastic 
deformation, indicating that the material's strength 
increases consistently in all directions, while 
maintaining the shape of the yield surface. 

The samples of 316 alloy were categorized 
based on their initial high-temperature exposure and 
the subsequent cooling method. The study investigated 
the 0.2% proof strength (𝑓𝑓0.2p) and ultimate tensile 
strength (𝑓𝑓ᵤ) of the material. These material properties 
were determined using experimental engineering 
stress-strain data, which was then converted to true 
stress-strain using standard equations.  

σT = σ(1 + ε)                                                    (1) 
εT = ln(1 + ε)                                                   (2) 
These are standard conversions between 

engineering and true stress and strain during uniaxial 
tensile testing, assuming volume constancy (no 
necking yet), where the true stress is denoted as σT and 
the engineering stress is denoted as σ, while the 
engineering strain is denoted as ε and the true strain is 
denoted as εT, so: 

𝜎𝜎 =  Load (Force) 
 Original cross-sectional area (𝐴𝐴0)

                          (3) 

𝜀𝜀 =  Change in length (Δ𝐿𝐿)
 Original length (𝐿𝐿0)

                                      (4) 

Both of equations 3 & 4 are used to evaluate the 
extent of material elongation and the resistance it 
offers to applied force, under the assumption that the 
material maintains its shape without significant 
alteration. Whereas: 

𝜎𝜎𝑇𝑇 =  Load 
 Instantaneous (current) cross-sectional area (𝐴𝐴)

      (5) 

Therefore, equations 1, 2 & 5 are accurately 
representing the actual state of the material as it 
deforms, including plasticity, necking and reflecting 
what the material is truly experiencing and providing 
a more accurate representation of material behavior, 
particularly under large strains. especially when shape 
changes are large. Therefore, this is the reason behind 
converting engineering stress-strain into true stress-
strain. However, engineering stress-strain data is 
simple but becomes physically wrong when large 

deformations happen (because area and strain 
evolution are nonlinear). 

The true stress-strain data was then utilized to 
create the finite element model through the following 
summarized steps: 

1- After converting engineering stress and strain 
into true stress and strain values, access the 
Engineering Data module, initiate the creation of 
a new material and name it as 316, and specify its 
elastic properties, including Young’s modulus, 
which calculated in the experimental work 
(Rehman et al., 2022) and Poisson’s ratio of 316 
is 0.3. The 316 stainless steel reinforcement bar 
possesses a measured density of 7980 kg/m3. 

2- Select Multilinear Isotropic Hardening in the 
Plasticity section and enter the true plastic strain 
against true stress data.  

3- Add Temperature-Dependent Data by clicking 
the "Temperature" column and inputting data for 
each temperature (e.g., 500 °C, 700 °C, 900 °C). 

4- Assigning the material to geometry in the Model 
module by double-clicking the model cell and 
selecting the part/body under geometry, and then, 
set in the details pane, the material which is 
created. 

5- Next, Setting the simulation parameters by  
a) A model Setup: using static structural, 

assigning geometry and refining the mesh. 
b) Assign the material: assigning a new material 

to the part. 
c) Use suitable elements: Use 3D solid which 

supports plasticity and large deformation. 
d) Analysis settings, enable large deflection and 

use automatic time stepping and ensure the 
load application is gradual to capture the 
material’s plastic response accurately.كThe 
austenitic stainless-steel bar is fixed at one 
end, while the opposite end undergoes 
displacement loading at predefined sub steps 
as depicted in Figure 3(b). The displacement 
load was 40 mm across all temperature 
conditions for 316, except for 500 °C (fast 
cooling in water) where the displacement load 
increased to 45 mm. The finite element 
analysis utilizes an isotropic hardening model 
comprising multiple linear components and 
integrating the mesh elements into the finite 
element model is essential for achieving 
accurate results, as illustrated in Figure 3(a). 

6- In reference to Figure 3(b), the coordinate system 
for the displacement is defined based on the 
displacement load value along the x-axis, with the 
y-axis and z-axis maintained at (0,0). As a result, 
the z-axis is determined by the Global x-axis. As 
previously indicated, the other bar end undergoes 
loading with displacement at designated sub-
steps. 
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7- To achieve accurate results for the nonlinear 
properties of the bar, it is crucial to allow large 
deflection. Consequently, the subsequent 
parameters are derived: total deformation (mm), 
normal stress (MPa), equivalent stress (MPa), 
force reaction (N), EPTOX (mm/mm) which 
represents total plastic strain in the X-direction, 
EPELX (mm/mm) representing total elastic strain 
in the X-direction, EPPLX (mm/mm) indicating 
equivalent plastic strain in the X-direction, along 
with a user-defined result that is the sum of 
EPELX and EPPLX. 

Ultimately, the ultimate tensile strength (𝑓𝑓ᵤ) 
(MPa) can be derived first from extracting the force 
reaction value (N) and total deformation value (mm) 
from FEA. Stress-strain data as shown as blue curve in 
Figure 4, this data can be obtained from equations 3 
and 4 and then plotting it to find the ultimate tensile 
strength (𝑓𝑓ᵤ) (MPa) which is the maximum stress, 
which is 677.3531 MPa, which occurs at a strain of 
0.042227. as shown as black dot in Figure 4, which 
depicts stress-strain curve with UTS and 0.2% proof 
strength for 700 °C in intermediate air cooling. Proof 
strength is the stress at which the material exhibits a 
permanent strain of 0.2% (i.e., 0.002 strain). It's used 
to define the yield point for materials without a clear 
yield plateau. It can be determined by the following: 

a) First, creating the offset line by drawing a line 
parallel to the initial plastic portion of the 
stress-strain curve which in red dashed line in 
Figure 4, starting this line at a strain of 0.002 
(which is 0.2% strain) and this line is called the 
0.2% offset line.  

b) Then, determining slope of plastic region (E) 
by choosing two points in the initial linear 
portion of the curve (usually where strain ≤ 
0.005) and computing the slope by: 
𝐸𝐸 = Δ𝜎𝜎

Δ𝜀𝜀
                                                            (6) 

where Point 1: (0.004445, 507.60 MPa) and Point 2: 
(0.00889, 557.25 MPa) 

𝐸𝐸 =
557.25 − 507.60

0.00889 − 0.004445
=

49.65
0.004445

 

≈ 11,169.83MPa 
c) Next, defining 0.2% offset line equation, by 

line starts at (0.002,0), slope is E (from above) 
and the equation is  
𝜎𝜎 = 𝐸𝐸 ⋅ (𝜀𝜀 − 0.002)                                       (7) 

d) Finally, obtaining intersection with actual 
curve by going through the stress-strain data. 
For each strain value, calculate the offset stress 
using the above equation. Next to that, finding 
the first point where the actual stress is equal to 
or just exceeds the offset stress. That stress 
value is the 0.2% proof strength. 

e)  At strain = 0.004445, stress = 507.60 MPa. 
This is also where the offset line intersects the 

curve, so 0.2% Proof Strength = 507.60 MPa at 
shown is green dot in Figure 4. 

 
Figure 4. Stress-Strain Curve with UTS and 0.2% 
Proof Strength for 700 °C following intermediate air 
cooling. 
 

RESULT 
This study examined the stress-strain character-

istics of a finite element model that incorporated rein-
forcement bars exhibiting multilinear isotropic hard-
ening. It evaluated the mechanical behavior of 316 
alloy samples subjected to different high-temperature 
exposures and three cooling approaches. 

The study indicated that the total maximum 
strain and user-defined parameters are closely 
correlated for the virgin material and across the 
various heating temperatures and cooling modes, as 
indicated in Figure 5(a-c) under heating temperature 
of 500°C, 700°C, and 900 °C, with rapid cooling in 
water. Additionally, it established the maximum 
equivalent stress values for this heating temperature 
under rapid cooling in furnace, as depicted in Figure 6 
(a-c). The reliability of the finite element model is 
assessed by comparing it against experimental 
findings. Table 2 presents a comparison of the ultimate 
tensile strength (𝑓𝑓ᵤ) and proof strength (𝑓𝑓0.2p) results 
obtained from both finite element analysis and 
experimental testing for 316 austenitic stainless steel 
reinforcing bars subjected to diverse conditions, 
including the percentage differences between the two 
approaches. This table concluded that the variation in 
ultimate tensile strength (𝑓𝑓ᵤ) between the experimental 
and numerical results is less than 2% except for one 
case which involving slow cooling inside furnace at 
500°C (2.5%). Likewise, the difference in 0.2% proof 
strength (𝑓𝑓0.2p) is below 2.5%, except for three cases 
involving rapid water cooling at 500°C (3.2%) and 
intermediate air cooling at 500°C (3.3%) and 700°C 
(3.8%). The stress-strain response demonstrates 
substantial variability depending on  the type of  
cooling methods after heating, as shown in Figure 2. 
Furthermore, Figure 7(a-c) presents the stress-strain 
properties of 316 austenitic stainless-steel bars using 
finite element analysis under heating temperatures of 
500°C, 700°C, and 900°C with rapid cooling in water. 
The result from this figure showed that elevated 
temperatures result in lower strength and the samples 
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exhibit greater stress at lower temperatures of 500°C 
than at elevated temperatures of 900°C. 

The simulated data from the finite element anal-
ysis correlates well with the data prepared for input 
into the engineering data at virgin and all temperatures 

and cooling modes, as presented in Figure 8(a-c) and 
Figure 9 indicated the cooling method of rapid cooling 
in water and intermediate air cooling at 500°C showed 
better mechanical performance than slow cooling 
inside furnace. 

 
(a) (b) (c) 

   

   
Figure 5. The correlation of total maximum strain(mm/mm) and user defined (the total elastic and total plastic 
strain) of 316 austenitic stainless steel reinforcing bar at (a) 500°C, (b) 700°C and (c) 900°C following rapid 
cooling in water. 
 
 (a) 

 
(b) 

 
(c) 

 

Figure 6. Equivalent stress Maximum (MPa) =742.68, 
687.24 and 581.7 for (a) 500 °C, (b) 700 °C and (c) 
900 °C respectively following fast cooling in water for 
316 austenitic stainless steel reinforcing bar 
 

 
Figure 7. Equivalent stress Maximum (MPa) and 
maximum plastic strain(mm/mm) response of 316 
austenitic stainless steel reinforcing bar for 500°C, 
700°C and 900°C following rapid cooling in water. 

(a) 
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(b) 

 
 
(c) 

 
Figure 8. The correlation of total true stress-plastic 
strain from FE and experimental for 316 austenitic 
stainless steel reinforcing bar for a) 500 °C, (b) 700 °C 
and (c) 900 °C following rapid cooling in water. 
 

 
Figure 9. The stress-strain response for 500 °C in 
three different cooling modes. 
  

The numerical results obtained are consistent 
with the experimental findings for samples heated to 
approximately 700°C, indicating minimal changes in 
strength or ductility across different cooling methods.  
Based on experimental findings in table 2 which 
reveals a slight increase of 1-6% in proof strength 
(𝑓𝑓0.2p) and an increase of 1-3% in ultimate tensile 
strength (𝑓𝑓ᵤ) compared to the initial values. Upon 
reverting to normal temperatures following exposure 
to higher temperatures, the samples either maintained 
their strength and ductility or showed a decrease 
(Rehman et al., 2022). Any samples heated to 600°C 
or higher displayed significant changes in behavior, 
including a more rounded response, and reduced 
strength. There was no discernible variance in 
effectiveness after being subjected to temperatures of 
600°C and 900°C; the material's strength performance 
stayed constant compared to that at lower temperatures 
and heating caused a decline in the material's strength. 

Further heating up to 700°C led to an approximately 
10-17% decrease in proof strength (𝑓𝑓0.2p) and a drop of 
3-5% in maximum tensile strength (𝑓𝑓ᵤ)  (Rehman et 
al., 2022). 

In comparison with the original, the proof 
strength (𝑓𝑓0.2p) underwent a significant decrease of 49-
51% when heated to 900 °C, while the ultimate tensile 
strength decreased by 19-20% (Rehman et al., 2022). 
Samples heated to 500 °C then cooled were able to 
regain their cold working effect; however, exposure to 
higher temperatures permanently eliminated this effect. 
A slight alteration in behavior was noted in the 
samples that underwent different cooling methods. 
The result of the cooling processes displayed minimal 
differences in behavior. Bars of Grade 1.4401 that 
were cooled by air exhibited the least malleability at 
all temperature conditions, while bars exposed to 
medium-high temperatures and rapidly quenched with 
water showed reduced strength compared to other 
methods (Rehman et al., 2022). 
 

DISCUSSION 
There were no notable variances in cooling rates 

detected between the three investigated cooling 
conditions. The material response of austenitic grade 
1.4401 can be divided into three classifications based 
on the temperature it experiences. Exposing the 
material to temperatures up to 500 °C did not result in 
significant changes in either the proof strength (𝑓𝑓0.2p) 
or ultimate tensile strength (𝑓𝑓ᵤ) of the samples. The 
inclusion of molybdenum enhances grade 1.4401's 
ability to withstand temperatures as high as 500 °C. 

The results indicated that samples subjected to a 
temperature of 700 °C displayed greater strength 
compared to those not exposed to heat, although the 
strength was lower than those heated to 500 °C and 
then cooled. The results showed consistent behavior in 
samples heated to 700 °C. Samples heated above 700 
°C demonstrated higher malleability but lower 
strength. Complete recrystallization was not 
accomplished in stainless steel because of inadequate 
temperature or exposure time, while samples exposed 
to 900 °C fulfilled the conditions for effective 
recrystallization. The mechanical properties of 
austenitic stainless-steel reinforcement were not 
significantly affected by various cooling methods or 
rates, as verified by numerical findings. 

The results displayed in Table 2, Figure 7 and 
Figure 8(a-c) demonstrated a strong correlation 
between experimental data and numerical modeling 
outcomes.  

In Figure 9, the samples subjected to higher 
elevated temperatures, the quenched samples 
exhibited greater ductility compared to those cooled 
more gradually, although the strength levels remained 
comparable. Under all temperature exposure 
conditions, the slow-cooled samples exhibited the 
lowest ductility after the heating and cooling process, 
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compared to the samples that were either quenched in 
water or allowed to cool naturally in air. 

To sum up, at 500 °C, material properties remain 
relatively strong, with only minor reductions in 
strength, at 700 °C, strength decreases, and at 900 °C, 
the material loses substantial strength, making it 
unsuitable for high-stress applications. In addition, 
quenching is the best cooling method for maintaining 
mechanical strength, while annealing and slow cooling 
result in softening. 
 

CONCLUSION 
The simulations were created to evaluate the 

effectiveness of advanced numerical models in 
representing the behavior of cold-worked austenitic 
stainless-steel reinforcing bar with post-fire 
mechanical properties. It was observed that accurately 
depicting the material model and boundary conditions 
had a considerable impact on the overall response. A 
cross-comparison could enhance the assessment by 
providing further broadly applicable insights. The 
reference values, established through comprehensive 
testing, showed excellent agreement for all models 
used. In summary, our investigation yielded these key 
findings: 

The 316 austenitic stainless-steel reinforcing 
bars retained most of their mechanical characteristics 
even when subjected to temperatures as high as 700 °C. 
This study focused on utilizing numerical simulations 
to evaluate the mechanical response of 316 austenitic 
stainless-steel reinforcement under different 
temperature conditions. The stress–strain curves 
presented in this paper can help the designer in 
determining the most suitable curves and parameters 
for various applications. The FE model accurately 
predicts tensile and proof strength with minor 
deviations, validating its reliability for further analysis. 
and this information is essential for applications 
involving materials subjected to elevated temperatures, 
including fire safety in structural engineering and 
high-temperature industrial processes.  Eventually, the 
numerical methods can enhance the precision of 
experimental results for assessing structural 
characteristics, which are otherwise uncertain and 
require extensive efforts using conventional 
techniques. 
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