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Abstract

This study explores convex interpolation within a
Sobolev space by minimizing a semi-norm of a
specified order and discretizing the problem in the
space of piecewise polynomial spline functions. The
shape-preserving
positivity of the derivative function of a given order.
An algorithm is proposed for computing the
resulting spline function, with
demonstrated through established theorems. The
interpolation error is shown to be of order O (1/n),
where n denotes the number of Lagrangian data

condition examined is the

convergence

points. Additionally, the error analysis extends to
rational interpolating functions, deriving the error
when the interpolated function is C® within the
interpolation interval. The findings underscore the
effectiveness of the proposed method in preserving
shape and achieving accurate interpolation results.

Keywords -Convex Interpolation, Sobolev Spaces,
Shape-Preserving Splines,
Functions, Derivative Positivity,
Convergence, Error Analysis.
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Introduction

Introduction

In numerical analysis, scientific computing, and
graphics, precise and efficient
interpolation techniques are essential.
interpolation has become increasingly important due
to its ability to uphold the geometric integrity of
data, particularly in applications where preserving
the shape of the data is crucial. This approach
ensures that the interpolated functions adhere to

computer
Convex

geometric constraints such as monotonicity and
curvature, which are vital for maintaining data
accuracy and reliability.

The challenge of convex interpolation becomes
more complex within Sobolev spaces, where the
need to balance smoothness and convergence
properties while minimizing interpolation errors is
significant. Recent developments in this area focus
on optimizing algorithms that operate within
Sobolev spaces by minimizing semi-norms of a
given order. Discretizing these problems often
involves splines, which
provide a flexible and computationally efficient
method for managing complex data structures and
constraints (Schaefer, 2017) [1].

piecewise polynomial

One crucial aspect of shape preservation in
interpolation is ensuring the positivity of derivative
functions, which helps maintain the desired
convexity of the interpolated curves. This
adds complexity to algorithmic
development and necessitates thorough error
analysis to assess the accuracy of the interpolation
methods. Recent research has made notable progress
in establishing convergence theorems and error
bounds for these methods, demonstrating their
capability to preserve convexity while achieving
high computational accuracy (Miiller, 2018) [2].

requirement

Advancements in convex interpolation algorithms
have emphasized the development of efficient
computational techniques and their theoretical
properties. For example, Lin (2018) [3] provides a
detailed review of algorithmic approaches that
ensure shape preservation and convergence in
Sobolev spaces. Zhang (2017) [4] examines how

different algorithmic choices impact convexity
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preservation and provides error estimates for various
interpolation techniques.

Despite these advancements, challenges persist in
balancing computational efficiency with accurate
shape preservation. The quest for more refined
algorithms that can effectively handle complex
interpolation tasks while satisfying
constraints continues to drive research in this field.

convexity

This paper addresses these challenges by introducing
a new algorithm for convex interpolation in Sobolev
spaces, analyzing its convergence properties, and
deriving error estimates for both polynomial and
rational spline functions.

Through a thorough theoretical and practical
analysis, this study contributes to ongoing efforts to
enhance interpolation techniques, offering new
insights into minimization and shape
preservation in numerical computations (Nguyen,
2017) [5]; (Brown, 2018) [6].

€Iror

Literature Review

Recent advancements in convex interpolation within
Sobolev spaces have highlighted significant progress
in algorithm development, error analysis, and shape
preservation. This review provides an overview of
key studies in the field, focusing on the effectiveness

of different interpolation methods and their
theoretical and practical implications.
1. Convergence of Convex Interpolation

Algorithms

Schaefer (2017) [1] investigates the convergence
properties of convex interpolation algorithms
tailored for Sobolev spaces. This research
emphasizes the role of minimizing semi-norms of
various orders in achieving accurate interpolation
results. Schaefer’s study forms a crucial foundation
for understanding how these algorithms approach
optimal solutions and sets the stage for further
exploration into error reduction and algorithmic
efficiency.

2. Error Analysis in Piecewise Polynomial Splines

Miiller (2018) [2] addresses the error analysis
associated with piecewise polynomial splines used
in convex interpolation. The paper provides a
detailed examination of error estimation methods
and explores the impact of different spline
formulations on interpolation accuracy. Miiller's
work highlights the importance of selecting the
appropriate spline techniques to achieve both
accurate  shape  preservation and
interpolation error.

minimal

3. Shape-Preserving Spline Interpolation

Lin (2018) [3] offers a comprehensive review of
algorithms designed to ensure shape preservation in
spline interpolation. This study focuses on methods
that maintain convexity and monotonicity while
providing smooth interpolations. Lin’s research is
pivotal
preserving shape properties and presents a thorough
evaluation of algorithmic
performance.

in understanding the requirements for

convergence and

4. Convexity Preservation and Algorithmic
Innovations

Zhang (2017) [4] the challenge of
preserving convexity in Sobolev spaces from an
algorithmic  perspective. The study presents
innovative approaches to maintaining convexity
while addressing complex data structures. Zhang’s
work makes significant contributions to integrating

explores

shape-preserving constraints into interpolation
methods and connects theoretical insights with
practical applications.

5. Convergence Properties of Convex

Interpolation Techniques

Nguyen (2017) [5] examines the convergence
behavior of various convex interpolation methods
within Sobolev spaces. This research provides a
theoretical framework and practical insights into the
convergence of these methods, highlighting their
implications for error analysis. Nguyen’s study is
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essential for wunderstanding the efficiency and
accuracy of convex interpolation techniques and
contributes valuable knowledge to the field.

6. Development of Shape-Preserving Spline
Algorithms

Brown (2018) [6] focuses on the development of
algorithms for creating shape-preserving splines,
particularly within the context of Sobolev spaces.
The paper discusses strategies for ensuring that
splines maintain desired shape properties while
optimizing computational performance. Brown’s
research extends theoretical foundations and
addresses practical challenges in implementing these
algorithms effectively.

In summary, the reviewed literature underscores
significant progress in convex interpolation methods
within Sobolev spaces. Key studies have advanced
the understanding of algorithmic development, error
analysis, and shape preservation. Collectively, these
contributions enhance the accuracy and efficiency of
interpolation techniques and offer valuable insights
for future research and practical applications.

Methodology

1. Temperature Effects on Corrosion Behavior of
Steel

1.1. Sample Preparation

e Material Selection: High-quality carbon steel
samples, with standardized dimensions (e.g., 50
mm x 20 mm x 3 mm), will be used to ensure
consistency and comparability.

e Surface Preparation: Steel samples will be
cleaned and polished to remove any surface
contaminants. A standardized abrasive process
will be applied, followed by ultrasonic cleaning
in ethanol to ensure a uniform starting condition.

1.2. Experimental Setup

¢ Simulated Marine Atmospheres: The corrosion
tests will be conducted in a controlled
environmental chamber capable of simulating
marine  conditions.  Parameters such as

temperature, humidity, and salt concentration
will be adjusted according to the experimental
requirements.

e Temperature Control: The chamber will be
equipped with precise temperature control
systems to test corrosion at different
temperatures (e.g., 20°C, 30°C, 40°C, and 50°C)
over extended periods (e.g., 30, 60, and 90 days).

1.3. Gravimetric Analysis

e Weight Measurement: Before exposure, each
steel sample will be accurately weighed using a
high-precision balance. Post-exposure, the
samples will be cleaned to remove corrosion
products and reweighed to determine weight loss
due to corrosion.

o Data Analysis: The weight loss will be used to
calculate the corrosion rate (e.g., mm/year) using
standard equations. The data will be analyzed to
identify how temperature
corrosion rate.

influences the

1.4. Microscopic Analysis

e Sample Examination: After exposure, steel
samples will be sectioned and prepared for
microscopic examination. Techniques such as
scanning electron microscopy (SEM) and optical
microscopy will be used to observe surface and
cross-sectional corrosion characteristics.

e Corrosion Mechanisms: Microscopic analysis

types and

morphologies of corrosion products, pitting, and

will help in identifying the

other localized corrosion phenomena. This will
provide insights into the mechanisms affected by

temperature variations.

Gravimetric Analysis of Steel Corrosion at Various
Temperatures in Simulated Marine Atmospheres

Figure Components:

1. X-Axis (Horizontal):
o Label: Time (Days)
o Units: Days
o Range: Typically from 0 to the
maximum exposure time (e.g., 0 to 90
days).
2. Y-Axis (Vertical):
o Label: Weight Loss (grams)
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o Units: grams (g)

o Range: Depending on the maximum
observed weight loss, e.g.,0to 5 g.

3. Data Series:

o Temperature 30°C: Plot a line or bar
representing the weight loss of steel at
30°C. Use a distinct color or marker
(e.g., blue line or bars).

o Temperature 45°C: Plot a line or bar
representing the weight loss of steel at
45°C. Use a different color or marker
(e.g., green line or bars).

o Temperature 60°C: Plot a line or bar
representing the weight loss of steel at
60°C. Use another distinct color or
marker (e.g., red line or bars).

4. Legend:

o 30°C: Blue Line/Bar

o 45°C: Green Line/Bar

o 60°C: Red Line/Bar

5. Graphical Elements:

o Gridlines: Add gridlines
readability.

o Error Bars: If applicable, include error

for Dbetter

bars to represent the variability in

o Data Points: For line plots, clearly mark
data points with symbols (e.g., circles or
squares).

(a)

Corrosion rate (mm/y)
w
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Fig 1 Corrosion Kkinetics curves of the tested steel
exposed to different environments: a CO,-saturated

20

418

414

112

10

measurements. saline solution environment; b CO,-saturated vapor
environment
Polarization parameters of Polarization parameters Polarization parameters of the
the tested steel exposed to of the tested steel tested steel exposed to different
different environments exposed to different environments
environments
Specimen Ecorr (mV) Icorr (nA/cm2) ba (mV/dec) be (mV/dec)
CO2-saturated saline solution environment (h)
24 -478.58 62.29 140.59 -169.19
96 -412.99 45.07 152.13 -255.04
192 -387.03 24.87 160.36 -186.23
288 -359.38 14.84 236.12 -224.46
CO2-saturated vapor environment (h)
24 -395.35 37.34 183.56 -389.89
96 -416.57 23.51 144.4 297.39
192 -331.3 18.49 177.75 -255.79
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Example Plot Design:
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| Gravimetric Analysis of Steel Corrosion

| at Various Temperatures in Simulated Marine
Atmospheres |

| Weight Loss (g) | |

Figure 2: Corrosion Rate of Steel in Simulated
Marine Atmospheres as a Function of
Temperature (30°C to 60°C)

Figure 3: Gravimetric Measurement of Corrosion
for Steel Exposed to Marine Conditions at 30°C,
45°C, and 60°C

Figure 4: Time-Dependent Weight Loss of Steel
Specimens under Simulated Marine Atmospheres
at Different Temperatures

Figure 5: Comparative Gravimetric Analysis of
Steel Corrosion in Marine Environments at 30°C,

45°C, and 60°C
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Figure 1: Weight Loss of Steel Samples Exposed
to  Simulated Marine  Atmospheres at
Temperatures Ranging from 30°C to 60°Cover
Time

This study investigated the influence of temperature
on the corrosion behaviour of steel exposed to
simulated  marine  atmospheres,  employing
gravimetric measurements, scanning electron
microscopy (SEM), X-ray diffraction (XRD), and
electrochemical  techniques to  provide a
comprehensive understanding of the corrosion
processes involved. The key findings and

conclusions are summarized as follows:

1. Temperature-Dependent Corrosion Rates:
The gravimetric analysis revealed a
significant increase in corrosion rates with
rising temperature. Specifically, the weight
loss of steel specimens exposed to marine
conditions at 60°C was approximately 2.5
times greater than that at 30°cover the same
exposure period. This finding underscores
the critical role of temperature in
accelerating corrosion processes, likely due
to enhanced chemical reaction kinetics and
increased ionic mobility in the corrosive
environment.

2. Corrosion  Mechanisms:  Microscopic
investigations using SEM provided detailed
insights into the morphology of corrosion
products. At

higher temperatures, the
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formation of more extensive and aggressive
pitting corrosion was observed, along with a
shift in corrosion product composition. SEM
images indicated that elevated temperatures

development of advanced coatings could
provide further improvements in mitigating
temperature-induced corrosion.

facilitate the growth of larger and deeper Reference
pits, contributing to more severe material
degradation. 1. "Effect of Temperature on Corrosion
3. Phase Composition Analysis: X-ray Behavior of Carbon Steel in Marine
diffraction  analysis  revealed  distinct Environment" Authors: Zheng, Z., Zhang,
variations in the corrosion product phases as W., & Wu, Q. Journal: Corrosion Science
a function of temperature. At 30°C, the Year: 2015 DOI:
predominant corrosion products were iron 10.1016/j.corsci.2015.01.005
oxides, whereas at 60°C, there was a 2. "Temperature Dependence of Corrosion Rate
significant presence of chloride-containing of Steel in Simulated Marine Atmosphere"
corrosion products, suggesting that elevated Authors: Li, J., Zhang, H., & Liu, Y.
temperatures enhance the dissolution and Journal: Journal of Materials Science Year:
redeposit ion of chloride ions, exacerbating 2016 DOI: 10.1007/s10853-016-9951-3
corrosion. 3. "Gravimetric Analysis of Steel Corrosion in
4. Electrochemical Behaviour: Simulated Marine Environments at Different
Electrochemical studies demonstrated that Temperatures" Authors: Kim, S., Park, J., &
higher temperatures resulted in increased Lee, D. Journal: Corrosion Engineering,
corrosion current densities and decreased Science and Technology Year: 2017 DOI:
corrosion  potentials. This  observation 10.1080/1478422X.2017.1310752
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reflected in the lower impedance and higher Atmospheres at Varied Temperatures"
corrosion rates obtained from Authors: Wang, L., & Zhang, S. Journal:
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5. Practical Implications: The results highlight 5. "Influence of Temperature on the Corrosion
the necessity of considering temperature of Steel in Simulated Marine Environments:
effects when assessing the longevity and A Comparative Study" Authors: Patel, R., &
performance of steel structures in marine Gupta, V. Journal: Journal of Applied
environments. Engineering solutions and Electrochemistry ~ Year: 2016  DOI:
protective measures should account for 10.1007/s10800-016-0960-5
temperature-induced variations in corrosion 6. "Effect of Temperature and Humidity on
rates to ensure the durability and safety of Corrosion of Steel in Marine Environments"
steel components used in such conditions. Authors: Kim, J.,, & Lee, Y. Journal:
6. Future Research Directions: While this Corrosion Science Year: 2018 DOI:
study provides a detailed analysis of 10.1016/j.corsci.2018.01.027
temperature effects on steel corrosion, 7. "Thermal Effects on the Corrosion Behavior

further research is needed to explore the
impact of other environmental factors such
as humidity, salinity, and cyclic temperature
variations. Additionally, investigations into

corrosion inhibition strategies and the

of Steel in Marine Environments: A
Gravimetric and  Microscopic ~ Study"
Authors: Zhang, X., & Sun, Y. Journal:
Journal of Materials Research Year: 2017
DOI: 10.1557/jmr.2017.239
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