
 
 

 

Journal of  

Civil Engineering and 

Construction Technology  

 
 Volume 8  Number  1  January  2017 

ISSN 2141-2634 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ABOUT JCECT 
 
 

Journal of Civil Engineering and Construction Technology (ISSN 2141-2634) is published 
monthly (one volume per year) by Academic Journals. 
 
Journal of Civil Engineering and Construction Technology (JCECT)    is an open access 
journal that provides rapid publication (monthly) of articles in all areas of the subject such as 
surveying, environmental engineering, hydrology, soil mechanics, shear moments and forces 
etc. The Journal welcomes the submission of manuscripts that meet the general criteria of 
significance and scientific excellence. Papers will be published shortly after acceptance. All 
articles published in JCECT are peer-reviewed. 
 
 

Contact Us 

 

 

 

Editorial Office:                              jcect@academicjournals.org 

 

Help Desk:                                   helpdesk@academicjournals.org 

 

Website:                                   http://www.academicjournals.org/journal/JCECT 

 

Submit manuscript online           http://ms.academicjournals.me/ 

 

mailto:jcect@academicjournals.org
mailto:helpdesk@academicjournals.org
http://www.academicjournals.org/journal/JCECT
http://ms.academicjournals.me/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Editors 
 

Dr . George Besseris  
EI of Piraeus, Greece 
Argyrokastrou 30, Drosia, 14572,  
Attica Greece 
 
Prof. Xiaocong He 
Faculty of Mechanical and Electrical Engineering 
Kunming University of Science and Technology 
253 Xue Fu Road, Kunming 
China 
  
Prof. Jean Louis Woukeng Feudjio  
Department of Mathematics and Computer Science  
University of Dschang, P.O. Box 67 Dschang  
Cameroon 
 
Dr. P.Rathish Kumar 
Department of Civil Engineering,  
National Institute of Technology, Warangal 506 004 
Andhra Pradesh, India. PhNo 
India 
 
Prof.  Waiel Fathi Abd EL-Wahed 
Operations Research & Decision Support 
Department 
Faculty of Computers and Information 
El-Menoufia University, Shiben EL-Kom  
Egypt 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Prof. JM Ndambuki  
Department of Civil Engineering and Building 
Vaal University of Technology 
Private Bag X021 
Vanderbijlpark 1900 
South Africa 
 
Dr. Dipti Ranjan Sahoo 
Department of Civil Engineering 
Indian Institute of Technology  
Hauz Khas, New Delhi-110016, 
India. 
 
Dr.  Messaoud Saidani  
Faculty Postgraduate Manager 
Faculty of Engineering and Computing 
Coventry University 
Coventry CV1 5FB, England 
UK. 
 
Dr. Mohammad Arif Kamal 
Department of Architecture 
Zakir Hussain College of Engineering Technology 
Aligarh Muslim University 
Aligarh -202002  
INDIA 

 
 
 
 
 
 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Editorial Board 
 

 
Dr. Ling Tung-Chai, 
The Hong Kong Polytechnic University, 
Department of Civil and Structural Engineering, 
Faculty of Construction and Land Use, 
HungHom, Kowloon, Hong Kong. 
 
Dr. Miguel A. Benítez, 
Project Manager, 
Basque Center for Applied Mathematics (BCAM ), 
Bizkaia Technology Park, Building 500, 
E-48160 Derio,Basque Country, Spain. 
  
Dr. Shehata Eldabie Abdel Raheem, 
Structural Engineering, 
Civil Engineering  Department,  
Faculty of Engineering,  
Assiut University, Assiut 71516, 
Egypt. 
  
Dr. Zhijian Hu, 
Department of Road and Bridge Engineering, 
School of Communication,  
Wuhan University of Science and Technology,  
Wuhan, 430063, China. 
  
Dr. Mohd Rasoul Suliman, 
Prince Abdullah Bin Ghazi Faculty of Science & Information 
Technology, Al-Balqa Applied University, Jordan. 
 
Dr. Paul Scarponcini PE, 
Geospatial and Civil Software Standards, 
66 Willowleaf Dr., Littleton, CO 80127,  
USA. 
  
Dr. Rita Yi Man Li,  
Hong Kong Shue Yan University 
North Point, Hong Kong. 
  
Dr. Alaa Mohamed Rashad,  
Building Materials Research and Quality Control Institute, 
Housing & Building National Research  
Center, 87 El-Tahrir St., Dokki, Giza 11511,  
P.O.Box: 1770 Cairo, Egypt.  
  
Dr. Alaa Mohamed Rashad Abdel Aziz Mahmoud, 
Housing and Building National Research center, 
87 El-Tahrir St., Dokki, Giza 11511,  
P.O.Box: 1770 Cairo, Egypt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Dr. Nikos Pnevmatikos, 
Greek Ministry of Environment,  
Urban Planning and Public Works, 
Department of Earthquake Victims and Retrofitting 
Services, Greece. 
  
Prof. Karima Mahmoud Attia Osman, 
6 Zahraa Naser City, Cairo,Egypt.                                                     
  
Dr. Lim Hwee San, 
99E-3A-10, I-Regency Condominium, Jalan Bukit Gambir, 
11700, Penang, Malaysia. 
  
Dr. Jamie Goggins, 
Civil Engineering, School of Engineering and Informatics, 
National University of Ireland, Galway,Ireland. 
  
Dr. Hossam Mohamed Toma, 
King Abdullah Institute for Research and Consulting Studies, 
King Saud University,P.O.Box 2454, 
Riyadh 11451, Saudi Arabia. 
  
Dr. Depeng Chen, 
School of Civil Engineering, 
Anhui University of Technology, 
59#,Hudong Road, Maanshan,243002,  
China. 
  
Dr. Srinivasan Chandrasekaran, 
Room No. 207, Dept of Ocean Engineering , 
Indian Institute of Technology Madras, Chennai, 
India.   
  
Prof. Amir Alikhani,  
Ministry of Oil, Harbour organization, and minister of 
Energy Tehran, Iran. 
 
Dr. Memon Rizwan Ali, 
Department of Civil Engineering, 
Mehran University of Engineering & Technology, 
Jamshoro. 
 
Prof. Murat Dicleli, 
Department of Engineering Sciences, 
Middle East Technical University, 
06531 Ankara, Turkey. 
 
 
 
 
 
 
 
 

 



 

  

 
 
 
 
 
Electronic submission of manuscripts is strongly 
encouraged, provided that the text, tables, and figures are 
included in a single Microsoft Word file (preferably in Arial 
font). 
 
The cover letter should include the corresponding author's 
full address and telephone/fax numbers and should be in 
an e-mail message sent to the Editor, with the file, whose 
name should begin with the first author's surname, as an 
attachment.  
  
Article Types 
Three types of manuscripts may be submitted: 
 
Regular articles: These should describe new and carefully 
confirmed findings, and experimental procedures should 
be given in sufficient detail for others to verify the work. 
The length of a full paper should be the minimum required 
to describe and interpret the work clearly. 
Short Communications: A Short Communication is suitable 
for recording the results of complete small investigations 
or giving details of new models or hypotheses, innovative 
methods, techniques or apparatus. The style of main 
sections need not conform to that of full-length papers. 
Short communications are 2 to 4 printed pages (about 6 to 
12 manuscript pages) in length.  
 
Reviews: Submissions of reviews and perspectives 
covering topics of current interest are welcome and 
encouraged. Reviews should be concise and no longer than 
4-6 printed pages (about 12 to 18 manuscript pages). 
Reviews are also peer-reviewed.  
 
Review Process 
 
All manuscripts are reviewed by an editor and members of 
the Editorial Board or qualified outside reviewers. Authors 
cannot nominate reviewers. Only reviewers randomly 
selected from our database with specialization in the 
subject area will be contacted to evaluate the manuscripts. 
The process will be blind review. 
Decisions will be made as rapidly as possible, and the 
journal strives to return reviewers’ comments to authors 
as fast as possible. The editorial board will re-review 
manuscripts that are accepted pending revision. It is the 
goal of the ERR to publish manuscripts within  weeks after 
submission. 
 
 

 
 
 
 

 

 
 
 

 
 
Regular articles  
 
All portions of the manuscript must be typed double-
spaced and all pages numbered starting from the title 
page. 
 
The Title should be a brief phrase describing the 
contents of the paper. The Title Page should include the 
authors' full names and affiliations, the name of the 
corresponding author along with phone, fax and E-mail 
information. Present addresses of authors should 
appear as a footnote. 
 
The Abstract should be informative and completely self-
explanatory, briefly present the topic, state the scope of 
the experiments, indicate significant data, and point out 
major findings and conclusions. The Abstract should be 
100 to 200 words in length.. Complete sentences, active 
verbs, and the third person should be used, and the 
abstract should be written in the past tense. Standard 
nomenclature should be used and abbreviations should 
be avoided. No literature should be cited.  
Following the abstract, about 3 to 10 key words that will 
provide indexing references should be listed.  
  
A list of non-standard Abbreviations should be added. 
In general, non-standard abbreviations should be used 
only when the full term is very long and used often. 
Each abbreviation should be spelled out and introduced 
in parentheses the first time it is used in the text. Only 
recommended SI units should be used. Authors should 
use the solidus presentation (mg/ml). Standard 
abbreviations (such as ATP and DNA) need not be 
defined. 
  
The Introduction should provide a clear statement of 
the problem, the relevant literature on the subject, and 
the proposed approach or solution. It should be 
understandable to colleagues from a broad range of 
scientific disciplines. 
 
Materials and methods should be complete enough 

to allow experiments to be reproduced. However, only 
truly new procedures should be described in detail; 
previously published procedures should be cited, and 
important modifications of published procedures should 
be mentioned briefly. Capitalize trade names and 
include the manufacturer's name and address. 
Subheadings should be used. Methods in general use 
need not be described in detail. 
 

Instructions for Author 



 

  

 
Results should be presented with clarity and precision. 
The results should be written in the past tense when 
describing findings in the authors' experiments. 
Previously published findings should be written in the 
present tense. Results should be explained, but largely 
without referring to the literature. Discussion, 
speculation and detailed interpretation of data should 
not be included in the Results but should be put into the 
Discussion section. 
 
The Discussion should interpret the findings in view of 
the results obtained in this and in past studies on this 
topic. State the conclusions in a few sentences at the 
end of the paper. The Results and Discussion sections 
can include subheadings, and when appropriate, both 
sections can be combined. 
 
The Acknowledgments of people, grants, funds, etc 
should be brief. 
 
Tables should be kept to a minimum and be designed to 
be as simple as possible. Tables are to be typed double-
spaced throughout, including headings and footnotes. 
Each table should be on a separate page, numbered 
consecutively in Arabic numerals and supplied with a 
heading and a legend. Tables should be self-explanatory 
without reference to the text. The details of the methods 
used in the experiments should preferably be described 
in the legend instead of in the text. The same data 
should not be presented in both table and graph form or 
repeated in the text. 
 
Figure legends should be typed in numerical order on a 
separate sheet. Graphics should be prepared using 
applications capable of generating high resolution GIF, 
TIFF, JPEG or Powerpoint before pasting in the Microsoft 
Word manuscript file. Tables should be prepared in 
Microsoft Word. Use Arabic numerals to designate 
figures and upper case letters for their parts (Figure 1). 
Begin each legend with a title and include sufficient 
description so that the figure is understandable without 
reading the text of the manuscript. Information given in 
legends should not be repeated in the text. 
 
References: In the text, a reference identified by means 
of an author‘s name should be followed by the date of 
the reference in parentheses. When there are more than 
two authors, only the first author‘s name should be 
mentioned, followed by ’et al‘. In the event that an 
author cited has had two or more works published 
during the same year, the reference, both in the text and 
in the reference list, should be identified by a lower case 
letter like ’a‘ and ’b‘ after the date to distinguish the 
works.  
 

Examples: 
 

Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 
1983), (Usman and Smith, 1992), (Chege, 1998;  

 
 
 
 

 

 
1987a,b; Tijani, 1993,1995), (Kumasi et al., 2001) 
References should be listed at the end of the paper in 
alphabetical order. Articles in preparation or articles 
submitted for publication, unpublished observations, 
personal communications, etc. should not be included 
in the reference list but should only be mentioned in 
the article text (e.g., A. Kingori, University of Nairobi, 
Kenya, personal communication). Journal names are 
abbreviated according to Chemical Abstracts. Authors 
are fully responsible for the accuracy of the references.  
  
Examples: 
  
Chikere CB, Omoni VT and Chikere BO (2008). 
Distribution of potential nosocomial pathogens in a 
hospital environment. Afr. J. Biotechnol. 7: 3535-3539. 
  
Moran GJ, Amii RN, Abrahamian FM, Talan DA (2005). 
Methicillinresistant Staphylococcus aureus in 
community-acquired skin infections. Emerg. Infect. Dis. 
11: 928-930. 
  
Pitout JDD, Church DL, Gregson DB, Chow BL, 
McCracken M, Mulvey M, Laupland KB (2007). 
Molecular epidemiology of CTXM-producing 
Escherichia coli in the Calgary Health Region: 
emergence of CTX-M-15-producing isolates. 
Antimicrob. Agents Chemother. 51: 1281-1286. 
  
Pelczar JR, Harley JP, Klein DA (1993). Microbiology: 
Concepts and Applications. McGraw-Hill Inc., New 
York, pp. 591-603. 
 

 
Short Communications 
  
Short Communications are limited to a maximum of 
two figures and one table. They should present a 
complete study that is more limited in scope than is 
found in full-length papers. The items of manuscript 
preparation listed above apply to Short 
Communications with the following differences: (1) 
Abstracts are limited to 100 words; (2) instead of a 
separate Materials and Methods section, experimental 
procedures may be incorporated into Figure Legends 
and Table footnotes; (3) Results and Discussion should 
be combined into a single section. 
Proofs and Reprints: Electronic proofs will be sent (e-
mail attachment) to the corresponding author as a PDF 
file.  Page proofs are considered to be the final version 
of the manuscript. With the exception of typographical 
or minor clerical errors, no changes will be made in the 
manuscript at the proof stage. 

 
 

 



 

  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fees and Charges: Authors are required to pay a $550 handling fee.  Publication of an article in the Journal 

of Civil Engineering and Construction Technology is not contingent upon the author's ability to pay the charges. 
Neither is acceptance to pay the handling fee a guarantee that the paper will be accepted for publication. 
Authors may still request (in advance) that the editorial office waive some of the handling fee under 
special circumstances. 
 
Copyright: © 2017, Academic Journals.  
All rights Reserved. In accessing this journal, you agree that you will access the contents for your own personal use 
but not for any commercial use. Any use and or copies of this Journal in whole or in part must include the customary 
bibliographic citation, including author attribution, date and article title. 
 
Submission of a manuscript implies: that the work described has not been published before (except in the form of an 
abstract or as part of a published lecture, or thesis) that it is not under consideration for publication elsewhere; that if 
and when the manuscript is accepted for publication, the authors agree to automatic transfer of the copyright to the 
publisher. 
 
Disclaimer of Warranties 
 
In no event shall Academic Journals be liable for any special, incidental, indirect, or consequential damages of any 
kind arising out of or in connection with the use of the articles or other material derived from the JCECT, whether or 
not advised of the possibility of damage, and on any theory of liability.  
This publication is provided "as is" without warranty of any kind, either expressed or implied, including, but not 
limited to, the implied warranties of merchantability, fitness for a particular purpose, or non-infringement. 
Descriptions of, or references to, products or publications does not imply endorsement of that product or publication.  
While every effort is made by Academic Journals to see that no inaccurate or misleading data, opinion or statements 
appear in this publication, they wish to make it clear that the data and opinions appearing in the articles and 
advertisements herein are the responsibility of the contributor or advertiser concerned. Academic Journals makes no 
warranty of any kind, either express or implied, regarding the quality, accuracy, availability, or validity of the data or 
information in this publication or of any other publication to which it may be linked. 

 



 
Educational 

International Journal of Medicine and Medical Sciences
Journal of Civil Engineering and Construction 

Technology 
 

 Table of Contents:       Volume 8         Number 1     January  2017 

ARTICLE 

 
 
 
Qualitative analysis of fatigue crack behavior in welded connection using  
acoustic emission technique                                                                                                  1                                                                                                                                                                                                                                                                                                                       
Y. Luo and A. Marfo 
 



 

 
Vol. 8(1), pp. 1-10, January 2017 

DOI: 10.5897/JCECT2016.0407 

Articles Number: 06383BC63114 

ISSN 2141-2634 

Copyright ©2016 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/JCECT 

Journal of Civil Engineering and Construction 
Technology 

 
 
 
 
 

Full Length Research Paper 

 

Qualitative analysis of fatigue crack behavior in welded 
connection using acoustic emission technique 

 

Y. Luo and A. Marfo* 
 

Faculty of Civil Engineering and Mechanics, Jiangsu University, Zhenjiang Jiangsu, 212013, China. 
 

Received 22 June, 2016; 29 August, 2016  
 

The study of fatigue crack behavior in welded structures using AE technique during crack initiation and 
propagation is discussed in this paper. This was achieved both theoretically and experimentally using 
four point bending testing. A new averaging index known as AE intensity was used to analyze the 
fatigue crack initiation conditions in the specimen. A theoretical model based on acoustic emission 
energy rate was developed to determine the critical fatigue level and crack extension. The results were 
compared with fatigue crack growth using a non-contact non-destructive testing method known as the 
digital imaging correlation. It was realized that, AE technique was able to detect the unset of a crack at a 
length of 8 μm in welded connection and 10 μm in the base metal, this proved that, crack initiates faster 
in welded connection than base metal. 
 
Key words: Acoustic emission, fatigue, initiation, propagation, digital imaging correlation. 

 
 
INTRODUCTION 
 
A major setback in engineering structures is the early 
detection of an emerging crack to prevent progressive 
damage, monitoring the progress of a detected crack and 
predicting remaining useful life of the structure. 
Maintenance cost can be severely reduced in civil 
engineering structures if cracks are detected earlier and 
necessary remedies taken. Several methods have been 
used to determine how a crack starts, when it starts and 
how long it takes for a cracked structure to finally 
collapse. Acoustic Emission (AE) is discussed to be the 
most effective non-destructive testing (NDT) method for 
monitoring fatigue crack growth in civil engineering 
structures because of its real time monitoring system 
(Pullin et al., 2005; Boris et al., 2012; Rabiei and 

Modarres, 2013; Grosse and Ohtsu, 2008; Aggelis et al., 
2011; Khamedi et al., 2010). No universally accepted 
definition of a “small” crack, has been defined, however 
several researchers have proposed cracks less than 1 
mm long (<0.001 m) as small (Anderson, 1995; Schijve, 
1967). In this paper, the AE technique is applied in the 
detection of crack development, fatigue crack initiation 
and monitoring the propagation of structural steel and 
butt welded specimens designed from lowly stressed 
areas of a collapsed steel bridge. This was carried out 
experimentally under two peak loads. 

Acoustic emission technology has been successfully 
correlated with linear elastic fracture mechanics (LEFM) 
parameters such as crack length, crack  growth  rate  and  
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stress intensity for the evaluation and the assessment of 
remaining fatigue life in relation to load cycles (Nykänen 
et al., 2005; Biancolini et al., 2006; Han et al., 2011). In 
related literatures, the AE count rate, with respect to 
loading cycles has also been represented by a power law 
similar to the Paris–Erdogan crack propagation law 
(Singh et al., 2007; Harris and Dunegan, 1974; Shigeishi 
et al., 2001). These power laws provide a natural link 
between non-destructive acoustic emission monitoring 
and qualitative fracture mechanics methods for predicting 
the rate of crack propagation (Roberts and Talebzadeh, 
2003). A model describing the relationship between AE 
count rate and stress intensity range by relating the 
energy released rate during crack extension to AE counts 
was presented by Harris and Dunegan (1974). In other 
literatures, cumulative AE counts were used in predicting 
remaining life of steel specimens with notch (Carpinteri et 
al., 2007). The purpose of this paper is to apply AE 
technique in the early detection of cracks in real time to 
reduce maintenance cost and unforeseen catastrophe in 
civil engineering structures. 
 
 
ACOUSTIC EMISSION 
 
Crack initiation 
 
Acoustic emission parameters such as count, rise time 
and amplitude are used to characterize the crack 
initiation behavior of the specimens. The sudden release 
of high peak AE counts corresponds to crack initiation; 
however this might also be due to plastic deformation, 
micro-cracking and background noise. A new averaging 
index called AE-intensity is proposed to combine multiple 
features of an AE signal for detecting the onset of cracks 
to reduce uncertainties and determine the early abrupt 
jumps in AE events, which correspond to crack initiation 
as shown in Equation 1. Noise signals are characterized 
by higher rise times; however when the sensors are close 
to the crack, faster rising times are recorded (Aggelis et 
al., 2011). In addition, crack-related signals also comprise 
higher amplitudes as well as higher counts. Therefore, it 
can be concluded that the signals with lower rise time, 
higher amplitudes and higher counts correspond to crack 
growth rather than noise. Estimation of crack initiation 
time can be implemented by simultaneous evaluation of 
these AE features. The first appearance of a high 
amplitude, high count, and low-rise time AE signal 
corresponds to crack initiation. 
 

3
3

1 2
1

_ ( ) ( ) ( )
( )i

w
AE Intensity t wC t w A t

R t

 
   

 


     

(1)
 

 
where 
c (t) is the normalized AE count at a time t, A (t) 
represents the normalized amplitude of the signal and R 
(t) is the normalized rise time of the signal at time t. 

 
 
 
 
Weights were subjectively selected as: 
 
w1, w2=1/3, w3= -1/3                                                       (2) 
 
 
Crack propagation 
 
The AE absolute energy (U) released is proportional to 
the energy released (J) during crack propagation and 
fracture events within the plastic zone. The energy 
released rate during cracking can be expressed as: 
 

2

max

'

K
G

E


                                                                  
(3)

 

 

J G t a  
  

where E′ is equal to Young’s modulus E under plane 

stress conditions and to 2/(1 )E v   under plane strain 

conditions. v  is Poisson’s ratio, t is the specimen 

thickness, and a is the crack length. 
A relationship proposed by Yu is: 
 

2(1 )

dU K da
t B

dN E R dN


   

                                   

(4)
 

 
where B represents a proportional constant for a specific 

material, N is the number of load cycles, and  dU

dN
 

represents the AE absolute energy rate and da

dN  

 is the 

crack growth rate. 
The Paris Law, as in Equation 5 characterizes crack 
growth behavior for a material under a given set of 
loading condition for stable and unstable crack growth: 
 

( )mda
c K

dN
 

                                                     
(5)  

 
herein, c and m are Paris material constants. 

The relationship between AE absolute energy rate and 
stress intensity range is obtained by combining Equations 
4 and 5 
 

( ) ,p

e

dU
B K

dN
 

                                                       

(6)  

 
where 

/ 2

( )

(1 )
e

B t c
B

E R

 

  

 , and p = (m+1) 

 
herein Be is a material constant for component under 
specific loading. In engineering applications p is less than 
(m+1) as a result of attenuation of the AE signals in
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Table 1. Mechanical property of Q345 steel and weld. 
 

Parameter 
( )b MPa

 

( )s MPa
 

(%)
 E (MPa) 

Q345 360 560 37 206000 

Weld 294 441 31 206000 
 

b = yielding stress, s = ultimate tensile stress,  = percentage of elongation, E 
=Young’s modulus. 

 
 
 

place of the stress intensity range, Equations 5 and 6 can 

be combined to directly relate dU da
and

dN dN
 and the 

results could be expressed as: 
 

,

q
dU dU

D
dN dN

 
  

                                                    

(7)  

 

herein,  / , /q

eD c B q m p  In other to obtain the 

values of the constants; of c, Be and P, fatigue test 
combined with AE monitoring using standard specimens 
are required. 

By replacing  G N   for 
q

dU
D

dN

 
 
 

 in Equation 7, 

integration during (Nj+2 – Nj) can be performed 
numerically using Simpson’s rule expressed as: 
 

 2

2 1 24 ( ) ( )
6

j j

j j j j j

N N
a a G N G N G N



  


     

  

(8)
 

 

Equation 8 is used to estimate the crack extension in the 
specimen using Acoustic emission energy rate. 
 
 
EXPERIMENTAL DETAILS 
 
Specimens design 
 
The standard four point bending (4PB) specimens were designed 
from Q345 (Chinese code) steel and butt weld in accordance with 
ASTM E647 standards. An initial pre-crack length of 0.5 mm was 
created at the bottom of the specimen. The mechanical properties 
of the materials used for the specimens are shown in Table 1. The 
specimens had dimensions of the width (W) = 40 mm, thickness (B) 
=16 mm. A pre-crack length (a) of 0.5 mm was notched using the 
MTS machine at a frequency of 10 Hz. The E50 electrodes were 
used for welding specimen by shield metal arc welding method. The 
weld types were full penetration butt welds. The specimens’ 
surfaces were mechanically polished by grinding and buffing to 
ensure their smoothness. 

 
 
Experimental methods 
 
Fatigue tests were carried out on a servo-hydraulic testing machine 
with maximum load capacity of 250 kN at ambient temperature 
(300K). All specimens were tested under sinusoidal cyclic loading at 

a frequency of 8 Hz and load ratio (R) of 0.1 at two peak loads of 16 
and 20 kN respectively to study the effect of peak loads on fatigue 
crack propagation. The AE signals were detected by using two 
broad band piezoelectric sensors with frequency range of 10 kHz to 
2 MHz. Vaseline was used at the interface between the sensors and 
the specimen surface to obtain proper signals. A preamplifier of 40 
db gain was used to capture the AE signals. AE signals generated 
during the fatigue tests were recorded by SWAES full-
waveform acoustic. In order to make sure that the signals were 
obtained from the cracked area, the linear source location was 
applied using the pencil lead break method (Nivesrangsan et al., 
2007; Hamstad, 2007). 

Ordinary paints (black and white) were sprayed on the 
specimens’ surface as speckle patterns in a sweeping motion.  DIC 
images were captured using charged couple device (CCD) cameras 
which were symmetrically positioned at a stereo angel of 30°. The 
Images were taken after every 10 s during the fatigue loading 
period. The images were analyzed using commercially available 
image correlation software Vic-3D from Correlated Solutions 
Incorporators (Singh et al., 2007), by capturing a reference image 
from a reference cycle and deformed images at the same load level 
in later cycles. All experimental systems were triggered at the same 
time for effective comparison of results. 
 
 

RESULTS AND DISCUSSION 
 

Crack initiation 
 

Quantitative analysis of the data proved that, there was 
no AE event believed to be caused by crack initiation 
during the first 10,000 cycles of monitoring the tests, 
even though some AE signals were recorded due to 
background noise. For experiment of the base metal 
specimen at peak load of 16 kN the first jump in AE 
intensity (sudden increase of 62%) was detected at 
approximately 18700 cycles, which is an indication that 
crack initiation was taking place. Similar observation 
achieved for other tests. The numbers of cycles for crack 
initiation were 10,400 experiments for the welded 
specimen at peak load of 16 kN. Results from the crack 
tip opening displacement gauge represented a crack 
length of 8 um. Cumulative AE intensity was calculated 
for the time of crack initiation and for the entire crack 
growth duration. A linear correlation was observed 
between the cumulative AE intensity and crack sizes. As 
shown in (Figure 1), linear correlation between AE 
Intensity and small crack growth exists in the entire crack 
length range (Figure 2). 

The slopes of the lines  from  those  three  experiments
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Figure 1. Cumulative AE count and amplitude versus observed crack length. 

 
 
 

 
 

Figure 2. Correlation between AE intensity and crack size for different experiments. 

 
 
 
are apparently similar to within ±10%. The length of initial 
crack at the estimated initiation time could be quantified 
using the linear relationship between the cumulative AE 
intensity  and  crack  length.  Back  extrapolation  method 

was used to estimate the actual crack initiation length at 
the time of observation of the first jump in AE-Intensity 
event for each experiment. The results show that 
cumulative   AE   counts   as   well   as    cumulative    AE 
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Figure 3. Crack length vs. Number of cycles. 

 
 
 
amplitude have increasing correlation with the measured 
crack sizes. Obviously there is a remarkable similarity 
between the correlation of AE amplitude and AE counts 
with the small crack size. The total crack initiation length 
studied was 0.5 mm AE signals were detected at a crack 
length of about 8 um. 
 
 
Crack extension 
 
Based on the LEFM principles, the crack length vs. 
number of fatigue cycles were plotted in Figure 3 using 
Equation 9. 
 

2 3

4 5

0.999748 3.9504 2.981 3.21408
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The experiments were carried out till final fracture. As 
discussed earlier, the AE absolute energy could be 
related to the energy  released  by  the  specimen  during 

fatigue cracking. 
The AE energy accumulates as crack propagates. In 

order to predict crack extension and remaining fatigue 
life, the AE parameters like absolute energy rate, 
cumulate absolute energy and count rate are related to 
stress intensity factor, crack growth rate and crack length. 
As reported earlier by Roberts and Talebzadeh (2003), 
AE characteristics are correlated with parameters of 
fracture mechanics whose logarithms are taken as: 

 

log log( ) log( )

log log( ) log( )e

da
m k c

dN

dU
p k B

dN

 
   

 

 
   

 

                          (10) 

 
In order to determine crack growth and AE constants, AE 
data were picked below the critical level of fatigue crack 
growth. The critical levels of crack growth in the 
specimens were determined from the cumulative 
absolute energy and crack length versus load cycles 
plotted at the various peak loads (a = 16 kN, b = 8 kN) for 
both welded specimen (Figure 4) and base metal (Figure 
5) respectively. As seen from the figures, the critical level 
of fatigue crack growth for the weld at 16 kN occurred at 
crack length of 29.1 mm, for welded specimen at 8 kN the 
critical level occurred at a crack length  of  29.9 mm.  The  
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Figure 4. Critical fatigue level for welded specimens at peak loads (a) 16 kN and (b) 8 kN. 

 
 
 

 
 

Figure 5. Critical fatigue level for base metal peak loads (c) 16 kN and (d) 8kN. 

 
 
 
critical fatigue levels for base metal were also recorded at crack length of 30.6 and 31.8 mm for both  16  and  8  kN  
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Figure 6. Relationship between crack growth rate and AE energy rate for base metal 
load 16 kN. 

 
 
 

 
 

Figure 7. Relationship between crack growth rate and AE energy rate for weld at peak load 16 
kN. 

 
 
 
peak loads respectively. 
Figures 6 and 7 show the plot of crack growth rate and 

absolute energy rate versus stress intensity factor range 
for the  welded  specimens  (a and b).   The   linear   least  
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Figure 8. (a) DIC strain and (b) displacement images for base metal. 

 
 
 

 
 

Figure 9. (a) DIC strain and (b) displacement images welded specimen. 

 
 
 
square regression method was applied to obtain the 
logarithm of the above named constants, where after, the 
constants c, Be, were estimated. The constants m, and p 
indicates the slope of the line while the logs of (c and, 
Be,) determines the location of the straight line. It is 
evident from the above results that, AE absolute energy 
rate is an efficient means of determining the critical level 
of fatigue cracking in steel structures. Critical fatigue 
crack level in the welded specimen is reached earlier 
than in the base metal and at a lower AE energy rate, this 
suggest that, crack propagates faster in the welded 

specimen than in the base metal. 
Using the theoretical model developed, the remaining 

fatigue life was predicted from the critical fatigue level to 
fracture using Equation 7. 

The theoretically predicted extension was compared 
with experimental results from digital imaging correlation 
(DIC) for verification. Thorough discussion of the DIC 
technique has been reported by (Mathieu et al., 2012; 
Luo et al., 1993; McNeill et al., 1987; Carroll, 2011; Roux 
and Hild, 2006). Figures 8 and 9 show DIC strain (a) and 
displacement  (b)  images  for  base  metal   and   welded  

 

    
                                                a)                                                                                          b) 
 

 

     
                                              a)                                                                                   b) 
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Figure 10. Experimental (DIC) and theoretically predicted life for both base metal. 

 
 
 

 
 

Figure 11. Experimental (DIC) and theoretically predicted life welded specimens. 

 
 
 
specimen respectively during critical fatigue cycles at 
peak loads of 16 kN. The plots of experimental (DIC) and 
theoretically predicted fatigue crack extension for both 

base metal and welded specimens at two peak loads are 
shown in Figures 10 and 11 respectively. It is observed 
that crack  propagated  faster  in  the  welded  specimens  



 

10          J. Civ. Eng. Constr. Technol. 
 
 
 
under higher peak loads than the base metal specimens. 
 
 
 

Conclusion 

 
As discussed earlier on, crack propagates faster in the 
welded specimen than in the base metal specimen due to 
micro-structural differences. It is also evident that, AE 
absolute energy rate is a convenient way of determining 
the critical fatigue levels as compared to AE count rates 
(Roberts and Talebzadeh, 2003). Slight deviations were 
found between the AE results and the DIC results close 
to the point of fracture due to DIC image distortions at the 
point of fracture. For the DIC analyses, deviations 
possibly resulted from inappropriate application of 
speckle pattern, possibilities of dust on the specimens’ 
surface after application of patterns, and calibration 
errors. The presence of back ground noise disturbed the 
AE signals detected during crack initiation stage, 
however, AE technique was able to detect cracks at a 
length less than 8 um. 
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