A MULTIDISCIPLINARY FORUM FOR APPLIED SCIENCES AND ENGINEERING

Journal of
Testing and
Evaluation

Contents;

SPECIAL ISSUE ON SUSTAINABLE TECHNOLOGIES AND MATERIALS FOR TRANSPORTATION
INFRASTRUCTURES
Guest Editors: Julius Joseph Komba, Dar Hao Chen, Shen-En Chen, and Jinyuan Liu

Overview

1

Performance Research of a New Stabilized Rubber Modified Asphalt and Sand Anti-Fracture Mix for Semi-Rigid
Asphalt Pavement
L.-T. Geng, Q. Xu, R.-B. Ren, and C. Chazallon

Laboratory Evaluation of Pavement Performance and Burning Behavior of Flame-Retardant Asphalt Mixtures
B. Li, Y. Wen, X. Li, and X. Li

18

Impacts of Aggregate Morphological Characteristics on Asphalt-Mixture Performance During Mixing
J. Zhang, Y. Bi, H. Wang, X. Yang, and S. Liu

28

Predicting Dynamic Modulus of Asphalt Concrete From Binder Rheological Properties
A.S. M. Asifur Rahman, U. A. Mannan, and R. A. Tarefder

40

Influence of Moisture Conditioning on Linear Viscoelastic Behaviour of Bituminous Mixtures Used For Railway
Trackbeds

D. Ramirez Cardona, H. Di Benedetto, C. Sauzeat, N. Calon, and G. Saussine

51

Laboratory Testing and Numerical Simulation of a Strip Footing on Geosynthetically Reinforced Loose Sand
J. Lai and B.-H. Yang

61

Mechanical Testing and Application of Steel-plastic Geogrid Instead of Metal Mesh in Supporting Engineering
Q.-B. Wang, L. Xu, J.-X. Zhang, R.-S. Lv, T.-T. Wang, Z.-J. Hu, Y. Bai, Y.-C. Kong, F. Xie, and L.-Y. Tang

76

Laboratory Investigation of a Geosynthetic Reinforced Pavement Under Static and Dynamic Loading
D. Kiptoo, J. Aschrafi, D. Kalumba, J. Lehn, C. Moormann, and E. Zannoni

85

Using Genetic Programming to Predict Plastic Strain in Subgrade Soils Under Repeated Loading
S.-R.Yang and J.-R. Chang

94

Effect of Unit Weight on Porosity and Consolidation Characteristics of Expansive Clays
B. C. S. Chittoori, A. A. B. Moghal, A. Pedarla, and A. M. Al-Mahbashi

105

Sorptive Response of Chromium (Cr*¢) and Mercury (Hg*?) From Aqueous Solutions Using Chemically
Modified Soils

A. A.B.Moghal, K. R. Reddy, S. Abu Sayeed Mohammed, M. Ali Al-Shamrani, and W. M. Zahid

120

Volume 45, Number 1
dl I, January 2017
ASTM INTERNATIONAL Coden: JTEVAB

Characterizing Vibration Responses of Cement Pavement Slabs Atop Different Interlayers to Moving Vehicle Load
J.L.Yao, R. Guan, J. B. Yuan, and B. Liu

(Contents continued on back cover)

Published bimonthly by ASTM International | 100 Barr Harbor Drive | PO Box C700 | W. Conshohocken, PA 19428-2959



i’

ASTM INTERNATIONAL

EDITOR-IN-CHIEF

Dr. M. R. Mitchell
Mechanics & Materials, LLC
4447 Acrete Lane

Flagstaff, AZ 86004, USA

EDITORIAL OBJECTIVES

The Journal of Testing and Evaluation is published in six issues
per year by ASTM International, a nonprofit technical organization
that develops and publishes voluntary consensus standards and
related information for materials, products, systems, and services.

Some issues, in whole or in part, may be Special Issues focused on a
topic of interest to our readers.

Contributions are peer reviewed prior to publication.
EDITORIAL SERVICES—SUBMISSIONS

Sara Welliver

Supervisor, Peer Review Services

Journal of Testing and Evaluation Editorial Offices
J&J Editorial Services

201 Shannon Oaks Cir #124

Cary, NC 275511, USA

Tel: (919) 650-1459 ext. 210

E-mail: astm@jjeditorial.com

PURPOSE AND SCOPE
The editorial objectives of the Journal of Testing and Evaluation is to
serve a broad-based audience by:

o Publishing new technical information derived from the field and
laboratory testing, performance, quantitative characterization, and
evaluation of these materials, products, systems, and services.

o Presenting new methods and data and critical evaluations of these
methods and data.

» Reporting the users” experience with test methods and the results
of interlaboratory testing and analysis.

« Providing the scientific basis for both new and improved ASTM
International standards.

o Stimulating new ideas in the fields of testing and evaluation.

o Including papers, technical notes, letters to the editor, discussions
of previously published papers, and book reviews as contributions.

POSTMASTER: Send address change to ASTM International—
JTE, 100 Barr Harbor Drive, P.O. Box C700, West
Conshohocken, PA 19428-2959.

Printed in the U.S.A.

|
View our website: www.astm.org

EDITORIAL BOARD

Dr. Ali Abolmaali
University of Texas at Arlington
Arlington, TX, USA

Dr. Aziz Amoozegar
North Carolina State Univeristy
Raleigh, NC, USA

Dr. Patricia Annis

University of Georgia

Athens, GA, USA

Dr. Nemkumar Banthia
University of British Columbia
Vancouver, BC, Canada

Dr. Neal S. Berke
Tourney Consulting Group, Ltd.
Kalamazoo, MI, USA

Dr. Filippo Berto

University of Padua, Italy, and Norwegian University of

Science and Technology
Trondheim, Norway

Dr. Krishna Prapoorna Biligiri
Indian Institute of Technology
Kharagpur, West Bengal, India

Dr. Nick Birbilis
Monash University
Clayton, VIC, Australia

Dr. Laura Bix
Michigan State University
East Lansing, MI, USA

Dr. Andrew F. Braham
University of Arkansas
Fayetteville, AR, USA

Dr. Andreas Brunner
Empa, Swiss Federal Labs
Switzerland

Prof. Andrea Carpinteri
University of Parma
Parma, Italy

Dr. Wen-Ruey Chang
Liberty Mutual Research Institute for Safety
Hopkinton, MA, USA

Dr. Dar-Hao Chen
Texas Dept. Of Transportation
Austin, TX, USA

Dr. Haigiang Chen
Xiamen University
Fujian, China

Dr. Kuen-Suan Chen
National Chin-Yi University of Technology
Taiwan

Dr. Richard A. Coffman
University of Arkansas
Fayetteville, AR, USA

Dr. Tong Cui
Qualcomm Packaging
San Diego, CA, USA

John S. Dick
Alpha Technologies
Akron, OH, USA

Prof. Ying Fang
Xiamen University
Xiamen, China

Dr. Yu-Ning Louis Ge
National Taiwan University
Taipei, Taiwan

Dr. T. Russell Gentry
Georgia Institute of Technology
Atlanta, GA, USA

Dr. Meng Guo

University of Science and Technology Beijing
Beijing, China

Dr. Marcelo Hirschler

Mill Valley, CA, USA

Mr. Hui-Min Huang
NIST
Gaithersburg, MD, USA

Dr. Xiaoming Huang

Southeast University

Nanjing, China

Dr. Jiancheng Jiang

University of North Carolina, Charlotte
Charlotte, NC, USA

Dr. Tao Jiang
University of Connecticut Health Center
Farmington, CT, USA

Dr. Thomas Jones
Alcoa Howmet Corp.
Whitehall, MI, USA

Dr. Sreeramesh Kalluri
Ohio Aerospace Institute
Brook Park, OH, USA

Dr. Sivakumar Kandasami
L&T Construction
Chennai, India

Dr. Xin Kang

TerraSense Geotechnical Lab
Totowa, NJ, USA

Dr. Vistasp M. Karbhari
University of Texas at Arlington
Arlington, TX, USA

Dr. Yong-Rak Kim

University of Nebraska-Lincoln
Lincoln, NE, USA

Dr. Govindaraju Kondaswamy
Massey University

Palmerston, North New Zealand
Dr. Chaker Larabi

University of Poitiers

Poitiers, France

Dr. Robert J. Leichti

Simpson Strong-Tie Company Inc.
Pleasanton, CA, USA

Dr. Gang Li

Xi’an Jiaotong University
Shaanxi Province, China

Dr. William Luecke

National Institute of Standards and Technology

Gaithersburg, MD, USA
Douglas C. Meier

National Institute of Standards and Technology

Gaithersburg, MD, USA

Mr. Thomas F. O’Connor
Milan, MI, USA

Dr. Khim Chye Gary Ong
National University of Singapore
Singapore

Dr. William T. Riddell

Rowan University

Haddonfield, NJ, USA

Mr. John Riegel, ITI
R3 Technology, Inc.
Springfield, VA, USA

Dr. Roberto Sabatini
RMIT University
Melbourne, VIC, Australia

Dr. Rajarshi Saha
Bridgelux, Inc.
Livermore, CA, USA

Dr. Christopher G. Scott
Lubrizol Corporation
Wickliffe, OH, USA

Dr. Steven J. Shaffer
Bruker Nano Surfaces Division
San Jose, CA, USA

Dr. Ranganath K. Shastri
Plastics Solutions
Midland, ML, USA

Dr. Punith Veeralinga Shivaprasad
Clemson University
Clemson, SC, USA

Dr. Cy (Chor-yiu) Sin
National Tsing Hua University
Hsinchu, Taiwan, R.0.C.

Dr. Stein Sture
University of Colorado
Boulder, CO, USA

Dr. Sabrina Vantadori
University of Parma
Parma, Italy

Dr. Matthieu Vignes
Massey University Manawatu
Palmerston North, New Zealand

Dr. Hao Wang
Rutgers, The State University of New Jersey
Piscataway, NJ, USA

Dr. Shuying Wang
Central South University
Hunan, China

Dr. Xuexin Wang
Xiamen University
Xiamen, China

Dr. Shaopeng Wu
Wuhan University of Technology
Wuhan, China

Dr. Shenghua Wu
University of Illinois
Champaign, IL, USA

Dr. Feipeng Xiao

Clemson University

Clemson, SC, USA

Dr. Ming Xiao

The Pennsylvania State University
University Park, PA, USA

Dr. Xiong (Bill) Yu

Case Western Reserve University
Cleveland, OH, USA

Prof. Menglan Zeng
Hunan University
Changsha, Hunan, China

Dr. Xibin (Bill) Zhang
Monash University, Caulfield East
Victoria, Australia


balavs
Pencil


EXECUTIVE COMMITTEE INFORMATION FOR AUTHORS

D. Thomas Marsh, Chairman For details regarding paper submission go to http://mc04.manuscript-
Dale F. Bohn, Vice Chairman central.com/astm-jote.

Taco van der Maten, Vice Chairman The subject matter must not be of a speculative nature and the
Andrew G. Kireta, Jr., Chairman of the contents must not include materials of an advertising nature. The
Finance and Audit Committee paper must not be seriously defective as to literary form and

Ronald J. Ebelhar, Past Chairman structure, continuity of thought, and clarity of expression. The

Ralph M. Paroli, Past Chairman substance of the paper should not have been published previously in
Katharine E. Morgan, President the open literature.

DIRECTORS
Ferdinando Aspesi
Dale F. Bohn
Lawrence Carbary
Cesar Constantino
Oliver S. Delery, Jr.
Ronald J. Ebelhar
John Fletcher

James Galipeau
Andrew G. Kireta, Jr.
Laurie E. Locascio
John Logar
Christina Lomasney
D. Thomas Marsh
Katharine E. Morgan
Deryck Omar

Ralph M. Paroli

Jun Sasaki

Irving S. Scher
Arman Shakkaliyev
James Simnick
Brent Stucker

James Tann

Vicky Taylor

Taco van der Maten
Jeff Weiss

Authors preparing papers for submittal should observe the
conventions of style explained in the ASTM Style Manual. Since the
journal does not request page charges, the author is expected to
conform to these standard conventions for style and the inclusion of
complete references and high-quality figures. SI units are to be used
throughout; if data were not measured in SI units, a note should
appear to that effect and the original units should be included in
parentheses after the SI units.

IN APPRECIATION OF THE REVIEWERS

The high quality of the papers that appear in this publication is a
tribute not only to the obvious efforts of the authors represented but
to the unheralded, though essential, efforts of their reviewers. It is to
the reviewers dedication to upholding the high standards of their
profession that this note pays tribute. On behalf of ASTM
International and the authors as well, we acknowledge with apprecia-
tion their important contribution to the success of this journal.

COMMITTEE ON PUBLICATIONS
Dee Magnoni, Chairman

William J. Likos, Vice Chairman

D. Thomas Marsh, ex officio

K. Russell DePriest

Nikhil Gupta

Susan Jones

Julie Kilgore

Michael R. Mitchell

Richard W. Neu
Suzanne Pecore
Sudarsan Rachuri
George E. Totten
'W. Jason Weiss

Journal of Testing and Evaluation (ISSN 0090-3973) is published in six issues per year by ASTM International. Some issues, in whole or in part, may be Special
Issues forcused on a topic of interest to our readers. The views expressed in this journal are not those of ASTM International. The data and opinions appearing in
the published material were prepared by and are the responsibility of the contributors, not of ASTM International.

Copyright © 2017 by ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959. All rights reserved. This material may not be reproduced or
copied, in whole or in part, in any printed, mechanical, electronic, film, or other distribution and storage media without the written consent of the publisher.
Subscriptions include two formats-online access only or online access plus printed volumes. Individual subscriptions: $273.00 for 1 year online access and
$380.00 for 1year online access plus printed volumes. Institutional subscriptions (one geographic site via IP access): $422.00 for 1 year online access and $610.00
for 1year online access plus printed volumes. Single copies are $55.00. For multi-site subscription and pricing, please contact Sales or call 1-877-909-ASTM. To
subscribe, please send prepaid order to ASTM International, Customer Service, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959 or visit
www.astm.org.

Photocopy Rights: Authorization to photocopy items for internal, personal, or educational classroom use, or the internal, personal, or educational classroom use
of specific clients, is granted by ASTM International provided that the appropriate fee is paid to the Copyright Clearance Center, 222 Rosewood Drive, Danvers,
MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

Periodicals postage paid at W. Conshohocken, Pa., and at additional mailing offices.

]
Copyright © 2017 by ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, USA.



Overview

Special Issue on Sustainable Technologies
and Materials for Transportation Infrastructures

Economic and social developments of any country rely heavily on sustainable transportation infrastructures. However, engineers are
increasingly faced with the challenge of designing, constructing, and monitoring the performance of the transportation infrastructures,
due to many factors, including the effects of severe weather resulted from climate changes. Innovative technologies and materials offer
unique opportunities to solve many challenging problems regarding transportation infrastructures including pavements, bridge structures,
railways, tunnels, materials, soils improvement, excavations, and slopes stability.

This special publication of the ASTM’s Journal of Testing and Evaluation contains 30 papers that deal with sustainable technologies and
materials used in transportation infrastructures. All papers published in this special issue have undergone rigorous peer review. The materials
covered in this publication include asphalt, soils, concrete, steel, as well as technologies for characterization of materials and monitoring
the structural condition of infrastructures. The publication includes experimental research based on laboratory and field studies, analytical
modeling, and investigations on innovative technologies and materials. The papers dealing with asphalt address reflective cracking of asphalt
pavements, rheological properties of asphalt mixtures, modelling of linear-viscoelastic properties of asphalt, and investigations into the
burning properties of asphalt mixtures. For soils, the papers address the use of innovative materials, such as geotextile to improve strength,
modelling plastic strain in subgrade soils, metal contaminants, and expansive clay. The papers dealing with concrete cover plastic concrete
and pervious concrete for use on pavements and seawall utility. For steel, the method for monitoring of the internal cable force on long-
span bridges is presented in the publication. The papers dealing with the seismic response of materials and infrastructures address vibration
responses of the pavements, detection, and classification of the seismic events and the use of seismic analysis to assess the performance
of municipal solid waste. Other topics in the publication include the use of TiO, waterborne epoxy resin as fog seal, analysis of X-ray CT
images to characterize the morphological features of aggregates, analysis of crack initiation and propagation mechanism on asphalt mixtures,
dynamic stress and dynamic pore pressure in the drainage base of large stone porous asphalt mixtures, and the deformation characteristics of
sensors under load and measurement of the interface shear strength between the steel bridge deck and the asphalt concrete overlay.

Five papers discuss asphalt related topics. The work by Geng et al. focused on the use of rubber modified asphalt to tackle the problem of
reflective cracking of asphalt pavements. Fire safety is an important consideration for the selection of pavement materials used in highway
tunnels. Li et al. evaluated the effects of flame retardant on the pavement performance and burning properties of asphalt mixtures. The
authors showed that the evaluated flame retardants are effective for preventing the burning in asphalt mixtures. Zhang et al. investigated
the influence of aggregate morphological characteristics on rheological properties of asphalt mixtures. Asifur Rahman et al. developed
a regression-based predictive model to estimate dynamic modulus of asphalt concrete from the dynamic shear modulus and phase angle
of the asphalt binder. The authors demonstrated that accurate estimation of dynamic modulus of asphalt concrete can be obtained using
the developed predictive model. Finally, Ramirez Cardona et al. studied the influence of moisture on the linear-viscoelastic properties of
bituminous mixtures for use in railway track bed. The 2S2P1D rheological model was used to simulate the experimental results in light
of typical railway loading conditions, which allowed identifying the complex modulus values at specific frequencies by the train traffic.

There are six papers that discuss bearing capacity and soils characterization. Geotextile materials are widely used in geotechnical
engineering as a reinforcement to improve the strength and stability of soils and foundations. Lai and Yang studied the bearing capacity and
loading behavior of strip footing reinforced with geotextile. Laboratory tests and finite difference program were used to simulate the load-
settlement behavior of the geosynthetic reinforced footing using Mohr-Coulomb and Double-Yield models. The authors concluded that the
Double-Yield model simulates the loading behavior of strip footing better than the Mohr-Coulomb model. Wang et al. studied the tensile
strength and deflection of steel-plastic geogrid. The results showed that the steel-plastic geogrid has a potential to control deflection on the
bottom layers of pavements and sidewalls. Construction of pavements in soft soils is problematic due to their compressibility nature and
weak strength. Kiptoo et al. conducted a laboratory study to investigate geosynthetic-reinforced pavement under static and dynamic loading.
The results showed that there was a significant improvement in bearing capacity and reduction in settlement due to geosynthetic. The work
by Yang and Chang focused on the plastic strain properties in subgrade soil under repeated loading. A predictive model using a genetic
programming method was developed. The authors demonstrated that the performance of the predictive model is better than the traditional
prediction methods when applied to predict plastic strain in subgrade soils. It is well-known that clayey soils exhibit volume variations due
to moisture content fluctuations. The movement of expansive soil may cause significant damage to infrastructures. The work by Chittoori et
al. investigated the relationship between pore characteristics and unit weight of clayey soils. Finally, the work by Moghal et al. investigated
the sorptive response of two metal contaminants, namely hexavalent chromium and mercury. These chemicals from mining, refining, and
electroplating industries may cause significant damage to the natural soil system by altering its physico-chemical geochemistry.

Seismic and dynamic responses of materials and infrastructures are discussed in four papers. The work by Yao et al. focused on the
characterization of the vibration responses of cement concrete pavement surface slabs with different interlayers under a moving vehicle load.
The authors demonstrated that the rubber sheet and the geotextile interlayers significantly damp vibrations, hence improving the vibration
responses of the pavements. Seismic events can cause significant damage to infrastructures. Guo et al. investigated the coupling relationship

Copyright © 2017 by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. i
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between ionospheric variations and great earthquakes through measurements of the total electron content anomalies to improve the accuracy
of earthquake prediction. The exploration of deep resources and underground spaces may increase rock bursts and rock instability resulting
in damages to infrastructures and equipment. Using singular value decomposition technique, Li et al. investigated two types of seismic
signals often misclassified in practice, namely seismic events and quarry blasts. The authors demonstrated that singular value decomposition
technique can effectively extract signal features and better classification of seismic events may be achieved. Seismic risk characterization is
highly dependent on the shear wave velocity profile. The shear wave velocity profile is measured using various methods, such as the spectral
analysis of surface waves method. Finally, the work by Ramaiah and Ramana used seismic analysis to assess the performance of municipal
solid waste dump sites. The authors concluded that amplification potential of municipal solid waste should be taken into account while
designing the final cover system, assessment of permanent displacements, and global stability for the dumpsite during their closure plans.

Monitoring the structural condition of underground structures may be a challenging exercise due to the fact that some of the ground
areas are inaccessible for the inspection team. In this publication, six papers discussed the use of advanced techniques for infrastructure
monitoring. The work by Negi et al. investigated the possibility of using the electro-mechanical impedance technique to detect and
quantify load-induced damage in dry and saturated conditions in the underground structures. Flexible cables primarily carry loads on
long-span bridges. As such, an accurate method for monitoring of the internal cable force is critical to ensure safe functioning of bridge
structures. The work by Wang et al. proposes an accurate approach for monitoring cable force on bridge structures. The proposed approach
was successfully used to monitor a cable-stayed bridge and a special-shaped steel arch bridge. Chiu et al. studied the stability and slipping
behavior of the slopes using the particle image velocimetry method. The authors demonstrated that the particle image velocimetry method
can quickly identify the major moving zones and displacement fields when compared with traditional methods. Sinkholes are one of the
major hazards that have resulted in the loss of human lives and infrastructures. Perez et al. studied the mechanism of sinkholes formation
that is triggered by groundwater flow. The authors concluded that a pattern change of groundwater flow can be used as an input to pre-
detect sinkhole formation. The dissolution characteristics of limestone play a crucial role in the development of sinkholes. The work by
Wang et al. focused on developing a quantitative tool for evaluating the dissolution ability for sinkhole formation. Finally, Huang et al.
studied the dynamic response of pre-stressed high-strength concrete pipe-piles in liquefiable soil. It was found that the peak displacement
responses of piles in saturated soil are larger than the peak displacements in unsaturated soil.

Concrete and cement are discussed in two papers. The work of Kazemian and Ghareh focused on plastic concrete, which is commonly
used for sealing in foundations of earth and gravel dams. The authors investigated the effect of the ratio of mixture proportions, cement,
and the quality of bentonite materials on mechanical properties of plastic concrete. On the other hand, Lee et al. studied the characteristics
of pervious concrete for use on pavements and seawall utility. The authors showed that the comprehensive strength of pervious concrete
complies with the requirements of normal concrete. Pervious concrete is considered to be a green material due to its ability to keep the
runoff of rainwater, hence preserving water and reducing the effects of heating.

Pavements and other transportation infrastructure-related issues are discussed in six papers. Hu et al. investigated the feasibility
of using TiO, waterborne epoxy resin as fog seal and exhaust degradation material in asphalt pavements. The authors concluded that
TiO, waterborne epoxy resin fog seal can maintain the skid resistance and improve the impermeability of the pavements. Aggregate
morphological properties are known to influence the performance of pavements. Gong et al. developed a MATLAB-based approach for
the analysis of X-ray CT images to characterize the morphological features of aggregates including shape, angularity, and texture. Zhang
et al. took advantage of advanced technology to develop a model that combines a digital image processing technique and extended finite
element methods to analyze the crack initiation and propagation mechanism on asphalt mixtures. The developed model was validated
with laboratory test results and theoretical solutions, after which the model was successfully used to investigate the crack initiation and
propagation in the asphalt mixtures. Cui et al. studied the time histories of dynamic stress and dynamic pore pressure in the drainage base
of large stone porous asphalt mixture, under moving vehicle forces. The authors concluded that the dynamic pore pressure due to moving
vehicle forces might cause significant damages in asphalt pavements. Pavement performance monitoring involves the measurement of
parameters such as stress, strain, and temperature with sensors. To ensure accurate results, the deformation characteristics of sensors under
load must be compatible with that of asphalt mixtures. The work by Zhang et al. investigated the mechanical properties and electrical
resistivity of the polyethylene terephthalate-graphite composite. The authors concluded that the strength of polyethylene terephthalate-
graphite composite is similar to that of asphalt and is suitable for the production of sensors for monitoring the condition of asphalt
pavements. Finally, Yao et al. developed a steel-concrete interface shear test for measuring the interface shear strength between the steel
bridge deck and the asphalt concrete overlay. The repeatability of the test was found to be good, and the test was successfully used to
investigate the strength of three types of interfaces.

Lastly, the Technical Note by Tsai et al. demonstrated the use of time—frequency domain analysis for estimating the dispersion curve
of a Rayleigh wave.
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