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E3S Web of Conferences is an Open Access publication series dedicated to archiving conference proceedings in all areas related to
Environment, Energy and Earth Sciences. The journal covers the technological and scientific aspects as well as social and economic
matters. Major disciplines include: soil sciences, hydrology, oceanography, climatology, geology, geography, energy engineering (production,
distribution and storage), renewable energy, sustainable development, natural resources management... E3S Web of Conferences offers a
wide range of services from the organization of the submission of conference proceedings to the worldwide dissemination of the
conference papers. It provides an efficient archiving solution, ensuring maximum exposure and wide indexing of scientific conference
proceedings. E3S Web of Conferences offers a wide range of services from the organization of the submission of conference proceedings
to the worldwide dissemination of the conference papers. It provides an efficient archiving solution, ensuring maximum exposure and wide
indexing of scientific conference proceedings. Proceedings are published under the scientific responsibility of the conference editors.
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Ali TARRAQ 1 year ago

Why not reconsidering it by SCOPUS ?

This conference procceding contains a collection of high quality papers.
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Melanie Ortiz

1 year ago
Dear Ali,

SClmago Team
thank you very much for your comment, unfortunately we cannot help you with your

request. We suggest you contact Scopus support: https:/service.elsevier.com
/app/answers/detail/a_id/14883/kw/scimago/supporthub/scopus/
Best Regards, SCImago Team

Elisa Julianti

1 year ago
Hello,

article.

Please consider it for scopus.

This Conference Proceeding is having more number of quality manuscript and many more funded
4 reply

Y
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\\((C%, Melanie Ortiz 1 year ago

Dear Elisa, thanks for your participation! Best Regards, SCImago Team

a Nurhadi

1 year ago
Dear Scimago Team.

Is it possible for me to submit my articles in the E3S Web of Conferences to a journal with the
index Q1/Q2/Q3/Q4, and does it not violate plagiarism? Thank you.
& reply

Sarah Pham

12 months ago
Dear Nurhadi,

| have the same question as yours. My paper was published in e3s in 2020 when it was still
schopus listed (Q3). Now it has been out listed. SO | WANt to find another Schopus listed
related authorities? Thanks

papers to submit my e3s paper. | wonder what the answer you received from E3S or other
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\\@ Melanie Ortiz 1 year ago

Dear Nurhadi,

thank you very much for your comment.

We suggest you contact E3S Web of Conferences editorial staff so they could inform you
more deeply concerning the copyright. Besides, you'll need to check the editorial policy of
the journal you'll choose and inform the editorial staff.

Best Regards, SCImago Team

TheHung 3 years ago

Dear SCImago Team

Could you tell me the E3S Web of Conferences belongs to the blacklist journals or not? Because |

got some information from my college. Please advise

Thank you very much

<+ reply
=
\’\O Melanie Ortiz 3 years ago

N\

Dear TheHung,

Thank you for contacting us.

SJRis a portal with scientometric indicators of journals indexed in Scopus. All the data
have been provided by Scopus /Elsevier and SCImago doesn’t have the authority over this
data. For more information about predatory journals or publishers, you can check the link
below:

https://beallslist.weebly.com/

Best regards, SCImago Team

Antonietta lanniello 3 years ago

Dear SCImago Team

Could you please advise whether E3S Web of Conferences has an impact factor? Because in
internet | saw that this journal has 0.52 IF. Please advise

Thank you very much

4 reply
—,:\\\ SClmago Team
\’\O Melanie Ortiz 3 years ago

W

Dear Antonietta, thank you very much for your comment. SCImago Journal and Country
Rank uses Scopus data, our impact indicator is the SJR. We suggest you consult the
Journal Citation Report for other indicators (like Impact Factor) with a Web of Science
data source. Best Regards, SCImago Team

Ezhil 3 years ago

Dear SCImago Team

E3 web of conferences journal Coverage mentioned is 2013-2020. Will it be extended.



& reply

=9 SClmago Team
© Melanie Ortiz 3 years ago
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Dear Ezhil,

thank you very much for your comment, unfortunately we cannot help you with your
request. We suggest you contact Scopus support: https://service.elsevier.com
/app/answers/detail/a_id/14883/kw/scimago/supporthub/scopus/

Best Regards, SCImago Team

e Siripen 2 years ago

Dear SCImago Team
Could youn please advise whether E3S Web of Conferences is a journal? What category it is called?
Is it a conference proceedings or journal? Because in E3S Web of Conferences, it says it is a journal

but in scopus, it is a conference proceedings. Please advise

Thank you very much
& reply

a Tag 3 yearsago

It's not a journal, it is Conferences Proceedings.

Elena 3 years ago

currently the quartile of this journal is 3

& reply
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Melanie Ortiz 3 years ago

Dear Elena,

Thank you for contacting us. This publication type hasn't a quartile assigned. We
calculate the SJR data for all the publication types, but the Quartile data are only
calculated for Journal type's publications. Best regards, SCImago Team

a Thanh Quang Khai Lam 2 years ago

Hi

Is "Lecture Notes in Civil Engineering” journal in Q4?
| don't see it in Scimago.

Thanks

<+ reply

m Madhuri Damaraju 5 years ago

Hi,
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AND MECHANICAL ENGINEERING

Preface IC-AMME

The 1% International Conference on Automotive, Manufacturing, and Mechanical Engineering
(IC-AMME 2018) has been organized by Mechanical Engineering Department and Continuing
Education Center, Petra Christian University, Surabaya, Indonesia. This event was held on
September 26-28, 2018 in Bali, Indonesia. As an effort to contribute in distributing research
outcomes especially to search for alternative energy and more efficient equipment and machines.

IC-AMME 2018 presented three international honorable keynote speakers from representative
countries: 1) Prof. Béla Pukanszky, Budapest University of Technology and Economics, Budapest,
Hungary; 2) Prof. Sunaryo, University of Indonesia, Jakarta, Indonesia; and 3) Prof. Walter L.
Bradley, Distinguished Professor Emiritus of Mechanical Engineering, Baylor University, Texas,
USA (2012), Professor Emeritus of Mechanical Engineering, Texas A&M University, Texas, USA
(2000). To reach a broader network of researchers, this event selected local researchers and
overseas fellows to share their best research works in this conference. Over 100 representatives
from 51 institutions participated in this event, involving more than 80 abstracts submitted. After a
rigorous selection process, the Scientific & Editorial Board decided to publish 42 papers in E3S
Web of Conferences, an open-access proceedings in environment, energy and earth sciences,
managed by EDP Sciences, Paris, and indexed on Scopus, Scimago, Conference Proceedings
Citation Index-Science (CPCI-S) of Clarivate Analytics’s Web of Science, DOAJ (Directory of
Open Access Journals) and the like.

Of 42 selected papers, 27 papers were the result of joint researches between Indonesia and
various countries such as Australia, England, Germany, Japan, Lithuania, Malaysia, Nigeria,
Republic of China, the Republic of Korea, Republic of Singapore, Sweden, and United States of
America. Each of the 42 papers in E3S Web of Conferences was reviewed by at least two experts
using the double-blind system. The published papers have passed all necessary improvement
requirements in accordance to the Web of Conferences standard, reviewer’s comments, SI
(Systéeme International d'Unités), similarity tests by Turnitin program (with the highest threshold
0f 20 %), 90 % of references must be at least dated from 15 years, and reflected on Google, as well
as editing procedure by professional editors from seven countries (Georgia, India, Indonesia,
Latvia, Lithuania, Malaysia, and Sweden).



We would like to express our gratitude to the official committee, scientific & editorial boards,
and organizing partners. Special thanks as well to our co-host partners: University of Indonesia,
Binus University, Binus ASO School of Engineering, Sebelas Maret University, Tarumanegara
University, and Badan Kerja Sama Teknik Mesin Indonesia (Indonesian Mechanical Engineering
Cooperation Agency) for trusting and supporting this conference.

Finally, we would like to briefly thank all presenters and attendees for their participations to
share the wonderful ideas and take creative decision to inspire further research and exchange
scientific reason. We hope this time, all papers can be compiled into scientific works as first
publication of the 2018 IC-AMME. Lastly, we hope that this conference encourage further
research collaboration. Also, everyone should be proud of this result.

Assoc. Prof. Dr. Didik Wahjudi
Conference Chair

Editor in Chief: Roy Hendroko Setyobudi (Malang, IDN)

Board of Editor: Fandi Dwiputra Suprianto (Surabaya, IDN), Maizirwan Mel (Kuala Lumpur,
MYS), Olga Anne (Klaipéda, LTU), Peeyush Soni (Kharagpur, IND), Tsitsino Turkadze (Kutaisi,
GEO), Yahya Jani (Kalmar, SWD), and Zane Vincgvi¢a-Gaile (Riga, LVA).

SCIENTIFIC & EDITORIAL BOARD IC-AMME 2018
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Danny Prabowo Sutanto, Lancaster University, GBR

Devi Dwi Siska, University of Muhammadyah Malang and RP Editage Services IDN
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Fandi Dwiputra Suprianto, Petra Christian University, IDN

Ferry Eko Sulistiyono, Merdeka University of Madiun and RP Editage Services, IDN
Hendry Raharjo, Chalmers University, SWD
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Maizirwan Mel, International Islamic University Malaysia. MYS

Ma’ruf P. Nurwantara, IPB University and RP Editage Services, IDN

Mega Dharma Putra, Jurnal Geomaritim Indonesia and RP Editage Services, IDN
M.M. Noor, Universiti Malaysia Pahang, MY'S

Novia Risa, Universitas Gadjah Mada and RP Editage Services, IDN

Olga Anne, Klaipeda University, LTU

Peeyush Soni, Indian Institute of Technology Kharagpur, IND

P. G. Adinurani, Merdeka University of Madiun and RP Editage Services, IDN
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Resmana Lim, Petra Christian University, IDN
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Sunaryo, University of Indonesia, IDN

Takashi Suzuki, Sophia University, JPN
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Probabilistic Evaluation of Fatigue Crack
Growth Rate for Longitudinal Tungsten Inert
Gas Welded Al 6013-T4 Under Various Post-
Weld Heat Treatment Conditions
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Abstract. In this study, a Monte Carlo method (MCM) was applied on the
fatigue crack growth rate (FCGR) curves to evaluate a probabilistic
assessment for the welded longitudinal Al 6013-T4 aluminum alloy under
various post-weld heat treatment (PWHT) conditions. The welded CT
specimens were manufactured by a tungsten inert gas (TIG) welding, and
the fatigue crack growth (FCG) tests were conducted by following ASTM
E647. Before conducting the FCG test, the PWHT conditions were applied
to the welded CT specimens under three different aging times of 6 h, 18 h,
and 24 h at 175 °C. The FCGR curves were generated from the FCG data
and plotted on the da/dN versus 4k curves. The constants C and m were
determined by drawing the fitting line on the FCGR curves. A sizeable
random number was generated from the obtained constants by MCM. By
plotting these constants, the probabilistic assessment of FCGR was
determined on the da/dN versus 4k curves. The results showed that the
confidence interval was appeared on the FCGR curves and limited by the
upper and lower probabilistic lines. It was found that the lower and upper
probabilistic lines were formed at 1 % and 90 %, respectively.

Key words: Lognormal distribution method, Monte Carlo method,
Paris’s equation.

1 Introduction

For particular aluminum alloy series, the 6xxx series is mostly used for the components in
the aircraft due to their superior characteristics such as high mechanical and fatigue
strength, good formability and weldability, and good corrosion resistance [1—3]. The 6xxx
series can be found mainly on the structural components in the aircraft, such as for the
fuselage skins. The welding method becomes the most straightforward and economist ways
for the manufacturing process. It has been reported that the gas metal arc welding (GMAW)
and tungsten inert gas (TIG) was the conventional welding methods used for joining

* Corresponding author: made@usd.ac.id

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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process in aluminum alloys [1]. The GMAW can be operated in the high welding speed
with good penetration depth.

Furthermore, the welding process can be performed continuously regardless of the
electrode usage for the limited length [4—5]. However, the problems such as melt through,
distortion, etc., appears due to high heat input, especially for the aluminum with the
particular thicknesses. The TIG welding tends to be preferred over the GMAW since it can
perform the joining process well for the wide variety of metals and a wide range of
workpiece thicknesses and shapes.

In general, the welding process will affect the mechanical properties of the welded
area, even though the chosen welding method has good weldability. The weld metal (WM)
and heat-affected zone (HAZ) areas tend to become harder and more fragile than the base
metal (BM) area. The risk of hot cracking appearance may increase, and some properties
such as toughness, ductility, fatigue strength, etc. may fall on a degradation [4, 6, 7]. It has
been reported that those mechanical properties of the welded material can be improved by
applying a post-weld heat treatment (PWHT) for a particular period and temperature [8, 9].

In the aircraft application, a fatigue crack growth (FCG) problem becomes one of the
main concerns since most of the components experience a fluctuation load. An accurate
assessment of a fatigue crack growth rate (FCGR) must be evaluated carefully for the
design and safety requirements. Some difficulties were found when the assessment was
only determined by a few data of the FCG test. The FCGR could not be predicted precisely
due to the data deviation. Therefore, an approach method is needed to construct an accurate
FCGR prediction from limited data of the FCG test.

In this study, the probabilistic assessment of FCGR for the welded longitudinal Al
6013-T4 aluminum alloy is investigated by a Monte Carlo method (MCM). The FCGR data
was obtained from the FCG test by following the ASTM E647 under three different PWHT
conditions. The probabilistic assessment is plotted on the da/dN versus Ak curves, and the
results are discussed.

2 Experimental procedures

The chemical composition of the base metal Al 6013 aluminum alloy is listed in Table 1.
The welded metal was manufactured by TIG welding process in a longitudinal direction, as
shown in Figure 1. The welded metal was in the plate form with 2.5 mm of thickness. The
electrode wire of Al 5356 was used as filler with the 3.2 mm of diameter.

Table 1. The chemical composition of the Al 6013 aluminum alloy (wt.%).

Materials Si Fe Cu Mn Mg Cr Zn Ti Al

Al16013 T4 0.66 0.09 | 0.80 0.39 1.04 0.07 0.06 0.02 Bal.
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Fig. 1. The welded plate by TIG on the longitudinal direction.

The contamination during the welding process was prevented by applying a shielding
gas of ultra-high purity (UHP) of 99.95 % Argon (Ar). The TIG process was conducted by
following the welding parameters as follows:

i. Polarity : DCEP
ii. Welding speed :2.5mms’!
iii. Voltage 15V
iv. Current 170 A
v. Gas flow rate :15 L min™!

vi. Aging temperature  :175 °C

The compact tension (CT) specimen was used for the FCG test. The CT specimens
were manufactured from the welded plate with the dimensions of 300 mm X 100 mm x 2.5
mm and 12 mm of the initial crack length, as shown in Figure 2. The initial crack was made
by using an electric discharge machine (EDM). The FCG tests were conducted by
following the ASTM E647 standard, and the CT specimens were initially heat-treated by
solution heat-treated (t4) method. The CT specimens were initially heated at 425 °C for two
h, and then the cold work was applied to the specimen to produce 2 % strain hardening.
Further, three different aging times of 6 h, 18 h, and 24 h were applied at 175 °C.

The MCM was applied to determine the probabilistic assessment on the FCGR curve.
This method involves a large random number to generate a prediction calculation from a
particular set of constants in the FCGR Equation. The set of constants consist of C and m
that is known as material constants in Paris’s Equation. The Equation is formulated as
follows:

da -
—=C(|AK ,
dN ( ) M

where da/dN is the fatigue crack growth rate (mm/cycles) and Ak is the stress intensity
factor (MPa m'?).
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Fig. 2. The CT specimen.

3 Results and discussion

Figure 3 shows the FCGR curves of the welded Al 6013-T4 under three different aging
times. A regression line is fitted on the combined curves by a linear square fitting method
(LSFM). Paris’s Equation is applied on the fitted line, and the constants C and m are
obtained. The obtained constants C and m are 7.71E-15 and 8.03, respectively. The LSFM
is also applied to each aging time curve, and the constant values of C and m for each curve
are summarized in Table 2. It is shown that m exponent slightly reduces at 18 h. It has been
reported that m exponent corresponded to the FCGR resistance [1]. The FCGR resistance
will decrease with a decrease in m exponent value.

The combined curve constants show a significant difference with the obtained
constants in Table 2. Since the LSFM is easily influenced by the number of data scattering
on the FCG data points, the LSFM on the combined curve tends to result in a deviation. As
a result, the constants C and m are higher than the values in Table 2. In this study, the
constants C and m are based on the values in Table 2. The average value is determined by
evaluating from the probability graph, as shown in Figure 4. The 50 % probability and
standard deviation of each constant are obtained by applying the lognormal distribution
method (LDM). The values of each constant are summarized in Table 3.

Figure 5 shows a large random number of constants C and m generated by MCM. The
random number is produced about 30 000 data points. This random number is generated by
applying random variables on a standard normal distribution. This method was first time
proposed by Box and Muller and had been previously applied to determine a probabilistic
assessment of creep crack growth rate (CCGR) for Gr.91 steel [10]. The MCM has been
reported as a method that was successful in predicting the CCGR from limited data of creep
crack growth (CCG). Figure 6 shows the confidence interval limited by the upper and lower
probabilistic lines on FCGR curve. The confidence interval corresponded to the
rational/non-rational prediction for the fastest and lowest of FCGR. Figure 6 it is shown
that the lower and upper probabilistic lines for welded Al 6013-T4 were formed at 1 %
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and 90 %. 1 % and 90 % are determined since these values can cover all of the
experimental data. The 1 % probability line is determined as the non-rational prediction,
while the 90 % probability line is determined as the rational prediction.

da/dN (mm/Cycles)

10° ¢

da/dN=7.71E-15%(K)**

A T82/6h
o T82/18h
o T82/24h

7 8

AK (MPa. m")

10

11

12 13 14 15 16 17

Fig. 3. The FCGR of welded Al 6013-T4 aluminum alloy under three different aging times.

Table 2. The constants C and m under three different aging times.

Probability(%)

Aging time (h) C m
24 1.93E-14 7.60
18 2.92E-14 7.23
6 5.02-14 7.34

| Y =-88.48355+101.18941 X

0.85 0.86

0.87
log c
()

0.88 0.89 0.90
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99.5 - Y =53.00006+3.92122 X
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0.1
-142 -140 -138 -136 -134 -132 -13.0 -128

log M
(b)
Fig. 4. The constants C (a) and m (b) in probability graph.

Table 3. The 50% probability of constants C and m obtained by LDM.

Log C Logm
50 % probability | 0.8744 | -13.5162
Standard deviation | 0.007 8 0.208 7

1E-3

[ o Monte-Calro Simulation |

1E-4 F

1E-5 F u]

1E-6

1E-7

da/dN (mm/cycles)

1E-8

1E_9 1 1 1 1 1 il il il i’ i’
6 7 8 9 10 11 12 13 14 15 16 17

AK (MPa . m"?)

Fig. 5. The FCGR data generated by MCM.
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Fig. 6. The confidence interval with the lower and upper probabilistic lines on FCGR curve.

4 Conclusions

In this paper, the FCGR of welded Al 6013-T4 has been probabilistically assessed by the
MCM. The MCM was able to predict the confidence interval with the upper and lower
probabilistic lines at 90 % and 1 %, respectively. By using these probabilities, the FCGR
lines could be probabilistically assessed using only a particular limit of FCG data. It was
found that MCM was suitable to be applied as a prediction tool for FCGR since it can
perform a rational prediction at 90 %. This rational prediction was defined as the fastest
FCGR. On the other hand, the 1 % probability was the non-rational prediction where the
lowest FCGR occurred.
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