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Note From The Editor

This Special Issue of the ASTM International’s Journal of Testing and Evaluation (JTE) is a first in that it is dedicated entirely
to the specific subject matter: Innovative and Sustainable Technologies and Materials in Civil Engineering Infrastructures.

This is a very timely topic since we hear on an almost daily basis of how the civil infrastructure in the United States and much
of the world needs constant attention and upgrading. Certainly the economic impact will be huge, but employment opportunities
would follow. Such improvements would obviously benefit from sustainable and innovative engineering materials and designs.
These are the jobs of the engineers and scientists dedicated to this profession and on whom the burden is placed. The future holds
many opportunities, not only in the near term for those presently in this challenging field, but for the engineering students in our
universities about to embark on their careers in their chosen profession. This Special Issue of JTE is intended to piqué the reader’s
interest on this particular subject matter.

The Editorial Staff of JTE would appreciate comments on such special publications on specific topical interests for future
editions. We welcome your responses.

Dr. M.R. Mitchell

Editor-in-Chief

ASTM International

Journal of Testing and Evaluation
e-mail: mrmitchell@illinoisalumni.org
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Overview

More than any other time, engineers are facing the challenge of designing, constructing, and preserving the infrastructure system
in a sustainable way. Economic prosperity and improved lifestyle are among the benefits of a resilient and sustainable infrastructure
system. A resilient system is one that could withstand the extreme effects of a damaging factor and one that could be brought back
to functionality in a timely manner. A sustainable system is one that is developed to last long with minimal adverse impact on social,
economic, and environmental needs. In civil infrastructures, sustainable materials play a major role in this regard. These could be
from renewable resources or materials that are abundantly available, durable, and recyclable.

This special publication of the ASTM’s Journal of Testing and Evaluation (JTE) contains 26 papers that deal with materials
used in sustainable civil infrastructure. The papers have been through rigorous peer review to be published in this special issue of
JTE. The materials covered in this publication include asphalt, concrete, soils, and steel. The publication includes both numerical
and experimental research and investigation of infrastructure materials. For asphalt, the papers tackle three dimensional discrete
element modeling of crack development, intelligent compaction, oscillation testing, and characteristics of asphalt with recycled
materials. The topics addressing sustainability in concrete deal with cracking and sustainability of fiber reinforced concrete, seismic
behavior of reinforced concrete, cement fracturing, recycled concrete aggregate in drainage systems, polymer concrete, concrete
pavements, and roller compacted concrete. In the areas of soils, foundations, and stabilization, there are innovative topics such
as caisson behavior during sinking, use of reservoir siltation for backfill applications, bearing capacity application by seismic
methods, lime stabilization of expansive soils, fly ash stabilization, properties of unsaturated soils, field versus laboratory stiffness
of soils using surface waves, and ground vibration of clay soils. For steel, evaluation of long multi-span girders during incremental
launching is presented in the publication. Other topics in the publication include tire-road interaction regarding skid resistance, and
the role of infrastructure on emergency medical services.

There are seven papers dealing with material recycling and stabilization. Use of recycled materials in pavements has always
been a hot topic. The work by Chen ef al. was focused on how the volumetric properties and performance of asphalt concrete are
influenced by complete replacement of coarse natural aggregates with basic oxygen furnace (BOF) slag, and reported this process
as a feasible option. On another front, use of recycled concrete aggregate (RCA) in exfiltration drainage systems such as French
drains was investigated by Nam et al. The authors concluded RCA No. 4 gradation does not restrict the flow of water, but the
RCA fines being generated during aggregate handling process may cause clogging buildup over time. Using fly ash, blast-furnace
slag, and silica fume in concrete has been around for many years. Lee ef al. investigated the effects of steam and microwave
curing on concrete containing these recycling materials. The microwave-cured concrete did not show an increase in permeability
relative to the concrete that was steam-cured, but showed an increase in strength. The effect of lime and the curing period on
the compressibility and durability characteristics of expansive semiarid soils was evaluated by Moghal et al. using a range of
loading periods of time, concluding that lime significantly reduces the compressibility, and that increase in duration of loading time
produces a moderate increase in the final void ratio values, and finally a considerable decrease in the concentration of calcium is
observed with increasing the curing period. Factors limiting the application of some fly ash in stabilization of soils and roadbed
materials are addressed by Mraz et al. Specifically, the researchers indicated that the limitations in usage in some cases are related
to the relatively low resistance in repetitive contact with water, volumetric changes and the risk of partly unsatisfactory hygienic
and environmental impact. Techniques to reduce these negative impacts are suggested by the authors. Treatment of fibrous peat,
which is extremely soft with high moisture content, is studied by Kazemian et al. Experimental work with special type of binder
indicated proper cementing and stabilization of peat. Finally, massive reservoir siltations (RS) have seriously disrupted the service
of many reservoirs worldwide, with adverse effects on infrastructure sustainability. Wu and Lin propose a novel approach using RS
to produce controlled low strength materials, reinforced with geobags, for storage and backfill applications.

Asphalt related topics are discussed in three papers. Cracking in epoxy asphalt concrete (EAC) used for steel bridge wearing
course has always been a major cause of structural and functional deterioration of this material, particularly in cold climate. Qian et
al. developed a three-dimensional (3-D) fracture model using a randomly generating algorithm to investigate the fracture behavior
of EAC. Intelligent compaction of asphalt concrete has been gaining considerable momentum within the last decade. In the paper
by Singh et al., a procedure for estimation of effective modulus of a multilayered HMA pavement using Intelligent Compaction (IC)
was investigated. Finally, in characterization of asphalt concrete behavior, assumptions are often made regarding the magnitude of
material’s Poisson’s ratio disregarding the impact of loading time on this important property. Zak et al. used small amplitude sine
load tests as well as relaxation tests to demonstrate how the Poisson’s ratio changes as a function of time.

Concrete and cement are discussed in four papers. Highly flowable, strain-hardening fiber-reinforced concrete has good
workability in the fresh state and high-performance in the hardened state. Through mechanical testing, Liao and Chao demonstrated
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that this type of concrete also presents a lower crack potential and excellent crack width control. Investigating fracture in roller
compacted concrete (RCC) is the subject of investigation by Cui ef al. The authors researched two groups of RCC specimens
and determined double-K fracture parameters. It was indicated that the unstable fracture toughness increases and initial fracture
toughness decreases when the crack depth ratio is increased. Yao et al. studied the mix proportion and mechanical properties of
polyethylene terephthalate (PET) concrete using an orthogonal test. Influence of various factors was considered, and it was found
that the ratio of PET/mineral aggregate had the largest impact on compressive strength. Finally, Ge ef al. studied the behavior
of concrete columns reinforced with high strength hot rolled bars of fine grains, and concluded satisfactory performance of such
columns.

There are three papers regarding bearing capacity and soil characterization. Caisson is often used as the foundation of important
structures, and its sinking process affects is performance. Zhao et al. carried numerical simulation as well as laboratory experiments
to study the macro- and meso-scale mechanical behaviors of the caisson during sinking, providing tools for better understanding
of the earth pressure on caissons. The challenge of determining the soil bearing capacity under a constructed building is tackled
by Xu et al. using the Rayleigh wave method. Rayleigh wave velocity measurements and static load capacity were measured for
several different kinds of soil, resulting in a fitting formula between shear wave velocity and soil bearing capacity under specific soil
conditions. Finally, Wang ef al. take advantage of several technologies including scanning electron microscope, energy dispersive
spectrometer, digital image processing, and triaxial testing to characterize microstructure and unsaturated properties of special types
of clay.

Construction challenges are topics of discussion in three papers. The challenge with construction of two bored tunnels passing
underneath an existing high speed rail is presented by Ni and Cheng. The authors discuss the challenges associated with long
distance horizontal wash boring through diaphragm walls, scattered with steel H-beams and accompanying grouting strategy.
The experimental work undertaken by Busch ef al. indicates the ground response of clay soils in confined conditions subjected
to explosive airblast loading. Results of the study included surface crater geometry measurements, ground vibration data and air
overpressure data. The experiment results provided a data set that could be used to predict the effects of airblast loads on clay soils.
Finally, the structural performance of steel U-shaped girder during launching construction is the subject of investigation by Wang
et al. The geometric configuration of the steel U-shaped girder was analyzed and a method was proposed to determine the girder
behavior based on a comprehensive finite element analysis of local stress characteristics as well as experimental investigation.

Seismic response of materials is discussed in three papers. Vibration response of multilayered pavement system is studied by
Yao et al. through a laboratory experimental exercise. The authors indicate how the use of geotextile interlayers reduced vibration
displacement in the system. The interlayer has the effects of damping vibration and resisting water erosion of the pavement base.
Dai et al. demonstrate the steps that one can take in conducting surface wave surveys for both small and large medium applications,
and provide two specific examples at both ends of the size spectrum. The last paper of this group regards correlating the laboratory
produced engineering properties of materials to the in-situ values, as it has always been a difficult task. Martins and Gomes present
their approach in establishing a relationship between field and laboratory moduli based on spectral analysis of surface waves for
clayey sand.

Three papers present some of the issues and concerns regarding pavements and transportation. A major factor in highway safety
is the friction between the road surface and the trafficking tires. Chen exhibits a systematic framework to predict skid resistance of
wet pavement with non-contact method in real time. Yang et al. discuss an emerging method, radio frequency identification (RFID)
technology, for locating manholes beneath the pavements. Through the program developed by the authors, the time and costs of
manhole identification can be significantly decreased. Finally, the effectiveness of emergency medical services (EMS) depends on
the existing infrastructure and allocation of medical resources. Chen et al. assessed the effect of service area of EMS after a disaster
on the transportation infrastructure, and proposed an approach for conducting such an assessment.
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Penn State University

Dr. Jia-Ruey Chang
National Ilan University

Dr. Louis Ge
National Taiwan University

Dr. Dar Hao Chen
TX Department of Transportation

Guest Editors



ai’

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

Heather Blasco

Supervisor, Peer Review Services

Journal of Testing and Evaluation Editorial Offices

J&J Editorial Services 320 North Salem Street Apex, NC 27502, USA
Tel: (919) 267-6831

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:

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

 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.

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

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

Dr. Nick Birbilis
Monash University
Clayton, Australia

Dr. Laura Bix

Michigan State University
East Lansing, M1, 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

Ms. Geraldine S. Cheok
NIST

Gaithersburg, MD, USA

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. Markus Heinimann
Alcoa Technical Center
Alcoa Center, PA, USA

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

Dr. Shin-Che Huang

Western Research Institute

Laramie, WY, USA

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

Dr. Edward J. Kikta, Jr.

FMC Corporation

Ewing, NJ, 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

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
Georgia Institute of Technology
Atlanta, GA, USA

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

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

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

Dr. Sabrina Vantadori
University of Parma
Parma, Italy

Dr. Punith Veeralinga Shivaprasad
Clemson University

Clemson, SC, USA

Dr. Cy (Chor-yiu) Sin

National Tsing Hua University
Hsinchu, Taiwan, R.O.C.

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

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

Dr. Xuexin Wang
Xiamen University
Xiamen, China

Dr. Shaopeng Wu
‘Wuhan University of Technology
‘Wuhan, China

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



326 Crack Opening Evaluation and Sustainability Potential of Highly Flowable Strain-Hardening,
Fiber-Reinforced Concrete (HF-SHFRC)
Wen-Cheng Liao and Shih-Ho Chao

336 Experimental Study of the Effect of RCC Specimen Size and Crack Depth Ratio on Double-K
Fracture Parameters
Xinzhuang Cui, Jiong Zhang, Fei Hou, Zhijun Gao, Zengtang Wang, and Wei Sui

SLOZ Ydien

344 Mix Proportion Design and Mechanical Properties of Recycled PET Concrete
Zhanyong Yao, Xiaomeng Zhang, Zhi Ge, Zhuang Jin, Jie Han, and Xianghong Pan

353 Experimental Study on the Seismic Behaviors of HRBF400 RC Columns
Wenijie Ge, Jiwen Zhang, Dafu Cao, Biyuan Wang, and Linglong Pan

363 Macro- and Meso-scale Mechanical Behavior of Caissons During Sinking
Xueliang Zhao, Jian Xu, Baogang Mu, and Bing Li

376 Bearing Capacity Estimation of Soil Under a Constructed Building by Rayleigh Wave Method
Changjie Xu, Qizhi Chen, and Qingsong Feng

385 Microstructure and Unsaturated Geotechnical Properties of Net-like Red Soils in Xuancheng, China
Mingwu Wang, Peng Xu, Jian Li, and Shuai Qin

398 Field Response of High Speed Rail Box Tunnel During Horizontal Grouting
James C. Ni and Wen-Chieh Cheng

414 Experimental Evaluation of Cratering and Ground Vibration in Clay Soils Subjected to Explosive
Airblast Loading
Courtney L. Busch, Catherine T. Aimone-Martin, and Rafiqul A. Tarefder

425 Evaluation of Long Multi-Span Steel U-Shaped Girder During Incremental Launching Construction
J.F. Wang, J. P. Lin, and X. L. Fan

—
o
=
=
>
=2,
o
=h
o'
(%]
=
3
Q
Q
>
o
m
<
&,
c
<]
=7
o
=}

434 Effect of Different Interlayers of Cement Concrete Pavements on Vibration and Anti-Erosion
of Bases
Jialiang Yao, Congshi Wu, Xianglong Liu, and Keke Feng

443 Application of the Surface Wave Survey Method on Multi-Scale Engineering Problems:
Laboratory and Field Testing Case Studies
Kaoshan Dai, Xuehang Song, Xiaofeng Li, Zhenhua Huang, and Yongdong Pan

452 Comparison Between Laboratory and Field Stiffness by Wave Measurements
Jodo Martins and A. Gomes Correia

465 From Texture to Skid Resistance: A Multi-Scale Modeling Approach
Xianhua Chen

472 ldentification of Manholes Beneath Pavements Using RFID and AR Technologies
Shu-Rong Yang, Jia-Ruey Chang, Heng-Min Lin, and Kun-Hu Lin

479 Ambulance Service Area Considering Disaster-Induced Disturbance on the Transportation
Infrastructure
Albert Y. Chen, Ting-Yi Yu, Tsung-Yu Lu, Wen-Ling Chuang, Jihn-Sung Lai, Chin-Hsun Yeh,
Yen-Jen Oyang, Mathew Heui-Ming Ma, and Wei-Zen Sun

Z 19quWInN ‘S dWn|oA

Journal of Testing and Evaluation is online.

TAKE ADVANTAGE OF THESE BENEFITS:

Search Papers and Authors
View Abstracts

View Table of Contents
Download Individual Papers
IP access is available

For information, visit: www.astm.org






