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PREFACE

The23rd Annual Conference of HKSTAM 2@®lin conjunction with the 5th JiangsuHong Kong Forum on
Mechanics and Its Application is hettlring April 13, 2019 in Hong Kong University of Science and
Technology This conference is eorganized by the Hong Kong Sogiebf Theoretical and Applied
Mechanics (HKSTAM), the Jiang Su Society of Theoretical and Applied Mechanics (JSSTAM), City
University of Hong Kong (CityU), and the Hong Kong University of Science and Technology (HKUIS).
conference aims to provide a i¢at for all scientists, engineers, and mathematicians working on mechanics
and related areas to share, communicate and exchange ideas, and to enbpacatioas within relevant
parties. This proceeding consists6&abstracts including Distinguish Lectures by ProfChristopher K.Y.
LEUNG from The Hong Kong University of Science and TechnoloByof. Qingwen REN from Hohai
University, Prof. Ben YOUNG from The Hong Kong Polytechnic Universit§rof. DingguoZHANG from
Nanjing University of Science aritechnology andProf. JohnnyC.M. HO fromGuangzhowniversity. The
conferere also containg2 parallel sessions with presentatioisyenty-five from members of JSTAM,;

Nine from researchers dbcal universities (e.g., Assistant Professors and Research Assistémegfrom
research students of universitiesMacau; andTwenty-threefrom research students of universities in HK.

The Society appreciates all the speakers and contributorsefoetforts to make this event a successful one.
Special thanks go to Ms. Xuan Wu of JSSTAM for her great help in organizing things in Jiangsu; Mr. Youht
Su and Dr. Jun Hu of City University of Hong Kong for their help in communicating various partes. Th
Society also wishes to thank the generous support from Institution Members of HKSTAM.

On behalf of and for the Executive Committee

Dr Heung Fai Paul LAM

Presidenbf HKSTAM

Associate Professor

Department ofArchitectureandCivil Engineering
City University of Hong Kong
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Distinguished Lecture |

Prof. Christopher K. Y. Leung ( o)

Dr. Christopher K. Y. Leung is Professor of Civil and Environmental Engineering at the Hong
Kong University of Science anbechnology, and was Head of the Department from 2009 to
2015. He received his B.Sc (Hon) from the University of Hong Kong, his M.S from University
of California, Berkeley and PhD from MIT. His research interests are in the general area of
construction matgals, covering fracture mechanics, composite mechanics, fiber optic sensing
and the application of composites in civil engineering. Prof. Leung has published over 150 SCI
journal papers, and delivered keynote and plenary lectures at various interrcatidastnces

in the US, Canada, Europe, China and India. He has received a number of redatedh
awards including the Best Applied Research Paper Award from ASCE Journal of Composites
in Construction (2007), the First Class Award in Natural Scienoes fine China Ministry of
Education (2015) and the Second Class State Natural Science Award from the China State
Department (2012). He served as the Honorary President of RILEM (International Union of
Laboratories and Experts in Construction Materials, édystand Structures) in 2011 and is
elected Fellow of 6 international institutions/associations, including HKIE, ICE (UK), IStructE
(UK), ASCE, RILEM and IAFraMCoS [nternational Association for Fracture Mechanics of
Concrete and Concrete Structureble has been a council member of the Hong Kong
Construction Industry Council from 2011 to 2017 and is the founding chair of the Committee
on Productivity. He has also served as Chairman of the HKIE Materials Division and Chair
of the HKAS Working Party on Cotrsiction Materials.




The23rd Annual Conference of HKSTAM 2019
The 15th Jiangsiu Hong Kong Forum on Mechanics and Its Application

Micromechanics-Based Design of Strain Hardening
Cementitious Composites

C.K.Y. Leung*#!, C. Lu?and J. Yao!

Department oCivil and Environmental EngineeringiKUST, Hong Kong China
2Department oCivil Engineering Southeast UniversifjNanjing, China
*Corresponding authoifel: +852 23588183 E-mail: ckleung@ust.hk

# Presenter: Enail: ckleung@ust.hk

Abstract: Strain hardening cementitious composite (SHCC) is a kinflbef reinforced
composites exhibiting tensile strain hardening behaviour up to several percent of strain,
accompanied by the formation of multiple cracks with very small opening. In structural
members, these properties translate into very high deformaimin energy absorption
capacities as well as excellent durability (because fine cracks will not facilitate the penetration
of water/chemicals to induce degradation of concrete and steel rebar). Also known as
Engineered Cementitious Composites (ECC), trmgaeof SHCC is based on principles of
mechanics, rather than empirical trial and error. In this presentation, the basic properties and a
few practical applications of SHCC will be described first, followed by an explanation of the
material design principl Specifically, the tensile behaviour of the material is governed by the
fiber bridging stress vs crack openirgr ¢) relation. This relation is dependent on micro
parameters of the composite, including the properties of fiber, matrix and fiber/matriacet

as well as the fiberolume fraction and geometryhrough the micromechanical modeling of
thes- drelation and fracture analysis of a crack bridged by the fibers, quantitative criteria for
the selection of micrkparameters to achieve strain hardening behaviour can be derived.
Following these criteria, SHCC has been made with fiber content as lovb das 2.0%.
However, while it is possible to design composites with hardening behavior, the actual extent
of the hardening regime and the crack width vs strain relation (which governs durability) are
still hard to predict. Moreover, in the micromechanicaddel, there is a major empirical
parameter which needs to be obtained from tedious experimental testing. Research on these
two important issues has recently been carried out at HKUST. The methodologies and major
findings of these investigations will bestribed, and improvements over existing approaches,

in both theoretical and practical aspects, will be highlighted.
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Distinguished Lecture II

Prof. Qing-wen Ren (K )

Prof. Qingwen Ren is currently the Deputy director of the Professional Committee of Hydraulic
Engineering and Hydropower Buildings, Chinese Society of Hydropower Engineering, a
special member of science and technology committee of Sinohydro Corporation and the
member of ASCE. He was the president of JSSTAM.

His research interests include hydraslicicture and system safety, failure mechanics, and the
theory and application of modern numerical analysis methods. As the first person in charge, he
has undertaken one National "973" project, four key projects and four general projects of NSFC,
nine Natonal science and technology support projects, and more than 70 provincial and
ministerial key projects. He has been carrying out scientific research on the safety of high
concrete dam, high slope and underground cavern for the Three Gorges, Xiaowambaang;
Xiluodu, Baihetan, Jinping, Soutb-North Water Diversion and other major projects. And he
participated in the revision and review of national codes for arch dam, gravity dam, hydraulic
tunnel and foundation of hydraulic structures. He has publisioed than 250 papers and won

1 national science and technology progress award and 7 provincial science and technology
progress awards. His research interests include hydraulic structure and system safety, failure
mechanics, and the theory and applicabbmodern numerical analysis methods. As the first
person in charge, he has undertaken one National "973" project, four key projects and  four
general projects of NSFC, nine National science and technology support projects, and more
than 70 provincial anthinisterial key projects. He has been carrying out scientific research on
the safety of high concrete dam, high slope and underground cavern for the Three Gorges,
Xiaowan, Xiangjiaba, Xiluodu, Baihetan, Jinping, SetgiNorth Water Diversion and other

mgor projects. And he participated in the revision and review of national codes for arch dam,
gravity dam, hydraulic tunnel and foundation of hydraulic structures. He has published more
than 250 papers and won 1 national science and technology progredsaadar provincial
science and technology progress awards.
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Crack criterion of hydraulic concrete based on structure function

Qingwen Rert, Jiafeng Gu? and Jiabin Songd
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Abstract: Hydraulic concrete structures, especially concrete dam, usually have cracks due to
various r weasons. Under the highater pressure, the cracks may be further expanded, and even
hydraulic fracturing may occur, endangering the safety of the struddawever most

cracking concrete dams are still ableojperatesafety, vhich gives rise tdhe problems of
whether or not to allowhe appearancef cracks in concrete structurdsow wide cracks that

wond cause damage, and what a reasonable index can be desdribeand judge thexdent

of concrete crackingConcrete dam as r@tainingstructure, firstly, must has the function of
preventing leakag&hus if the dam cracks are limited in a specifsdth, which cannot form

the flowchannels and can ensure tianction of preventing leakage, then these cracks can be

considered allowable and safl@. this papet he cr i teri on igflefinEal | owe
fromtheangleof ensure the function of preventing leakageit&aust be studied th#te value
of equivalentplasticstrainwhichcorresponds o t he A har mf ul sinwhlaterc k s 0 i r

According to the same permeability requirements othe crackeddam with the antt
seepageurtain the allowablepermeabilitycoefficient is found. And based on the test
relationship betweerthe tensionstrain and permeabilityoefficient for concrete inthe
relatedliteratures, thevalue of the relevantensionstrain is determined which is as the
cracking criterion of hydraulic concreté/hen the tensiostrain is lower thathis value,the
distinctflow channelscannot be formed inoncrete andthe effect on the behaviaf damis
very little. Through he numerical simulation of concrete uniaxial tensile w@bncrete
DamagedPlastic mode(CDP), theparametersf whichare determinedccording tahe design
code of concrete structurale relationshimmongcrack width equivalentplasticstrainand
principal tensile strainis established. And thequivalenfplasticstrain criterion and the
criterionrepresented by crack widtbr concrete crackingre obtainedTheappication ofthe
research resudtto the crackinganalysisof a concrete dam presentsthat the relationship
betweenequivalentplasticstrainandprincipal tensile strain is vemgonsistentvith the result
of numerical simulation of concrete uniaxial tensi@jch shows that the relevant conclusions
come from the numerical simulation of concrete uniaxial tensile can be appliggk to
complicatedstressstatesin concrete damThe above results play an important role in the
determination of the cracking region ofnooete structure.
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Distinguished Lecture I

Prof. Ben Young(  X)

Professor Ben Young is currently the Vice President (Student Affairs) of The Hong Kong
Polytechnic University. He was Associate Dean of the Graduate School, Associate Dean of

the Faculty of Engineering at Théniversity of Hong Kong (HKU)He received BSc, BEng

and PhD degrees from The Mersity of Sydney, AustraligProfessor Young is the Deputy
Chairman of the Structural Division of the Hong Kong Institution of Engineers (HKIE) and

also the VicePresident othe Hong Kong Istitute of Steel Constructiofle is a committee

me mber of the Specifi caformadnStaifless SteelhSeuctuiiaDe si g
Member sd6, American Society of Civil Engineer
Advisory Baard under the Innovation and Technology Commission, HKSAR.

His research interests include high strength steel structures, stainless steel structures,
aluminium structures and fire resistance of metal structures. Professor Young is currently a Co
Editor-in-Chief of theJournal of Constructional Steel Researete has published over 500
international journal and conference papers, of which over 230 are SCI indexed journal papers.
According to the |1 SI6s essenti al staddormanyce i no
years in the ATop 1% scholarso for highly «ci

Professor Young received the Michael G. Gale Medal for Distinguished Teaching Award in
2004 from The Hong Kong University of Science and Technolétgy.also received the
Outstanding Youg Researcher Award in 2006, the Outstanding Teaching Award in 2008, the
Outstanding Research Student Supervisor Awar@015 and the Outstanding Rasgher
Award in 2017 from HKUHe also received the Best Research Paper Award given by the
Journal of Stratures,ELSEVIERN 2016.
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Mechanical properties of high strength steel at elevated temperatures:
Experimental investigation and design recommendations

H.T. Li* ' and B. Young?

1School of Civil and Environmental Engineering, Nanyang Technolobioalersity, 50
Nanyang Avenue, Singapore (Formerly, Department of Civil Engineering, The
University of Hong Kong, Hong Kong, China)

2Department of Civil and Environmental Engineetifige Hong Kong Polytechnic
University, Hong Kong China(Formerly, Department of Civil Engineering, The
University of Hong Kong, Hong Kong, China)

*Corresponding authoifel: +65 83111643, Email: haiting.li@ntu.edu.sg

# Presenter: Enail: ben.young@polyu.edu.hk

Abstract: High strength steel (HSS) sect®rare being increasingly used in structural
applications owing to their superior strenghweight ratio, which result in material savings

and easier handling in constructidie strength and stiffness of steel structural members may
reduce under fire.Fle mechanical properties at elevated temperatures have a crucial role in fire
resistance design of steel structurkgest program has been carried out by Li and Young
(2017) to investigate the mechanical properties of-émiched HSS at elevated tempenas.

The coupon specimens were extracted from-émiched HSS square and rectangular hollow
sections with nominal yield stresses of 700 and 900 MPa. The coupon tests were conducted
through both steady and transient state test methods for temperatures 1000t °C.
Mechanical properties including elastic modulus, yield stress, ultimate strength, ultimate strain
and strain at fracture were obtained. The test results were compared with the design values in
the European, American, Australian and British séadsl. New design curves to determine the
deterioration of mechanical properties of HSS at elevated temperatures have been proposed. It
is shown that the proposed design curves are suitable for high strength steel materials with
nominal yield stresses rardjdom 690 to 960 MPa.
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Figure 1.Proposed.2% proof stress (yield stress) reduction factors for high strength steel.

Acknowledgement
The authors wish to tharikautaruukki Corporation for providing the test specimens.

Reference

Li, H.T. and B. Young (206db7mediAiMagbrsaltepgbphestieebs af
ThinWalled Structuresl15 289 299.

6 April 13, 2019, Hong Kong



The23rd Annual Conference of HKSTAM 2019
The 15th Jiangsiu Hong Kong Forum on Mechanics and Its Application

Distinguished Lecture IV

Prof. Ding-guo Zhang ( )

Dr. Ding-guo Zhang is a professor at tBehool of Science of Nanjing University of Science

and Technology(NJUST). He received the Ph.D. degree in Mechanics from NJUST in 1998.
He joined the School of Science of NJUST in Spring 1992, and was appointed the vice dean of
the School of Science in Fdl998. He was a visiting scholar at McGill University from May

2002 to May 2003, and at University of lllinois at Chicago from December 2009 to January
2011, respectively. He is the member of Council of the Chinese Society of Theoretical and
Applied Mechaics (CSTAM), and ale the vice President of Jiang Society of Theoretical

and Applied Mechanic$JSSTAM). He has been involved in multibody system dynamics
research since 1989, and authored more than 130 journal papers and more than 160 academic

conference papers, respectively.
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Application of the two-loop procedure numerical integration method in
multibody dynamics

D.G. Zhang**! and X. Guo!

1School of Science, Nanjing University S€ience and Technologianjing,Jiangsuy
China

*Corresponding authoifel: +86 8431-5185 E-mail: zhangdg419@mail.njust.edu.cn
# Presenter: Enail: zhangdg419@mail.njust.edu.cn

Abstract: The performance of the twloop implicit sparse matrix numerical integration
(TLISMNI) methods as the numericablution of index3 differential algebraic equations
(DAESs) of motion arising in stiff multibody dynamics is studied here. The original TLISMNI
method which uses the Newmark method as the implicit integration algorithm is proposed by
Shabana and Husseinhi$ integration algorithm considers the accelerations and Lagrange
multipliers as basic unknowns and its numerical accuracy is no more than order 2. In order to
have a higher integral precision, we propose a series of nevodpoprocedures which
considercoordinates and velocities as basic unknowns. The whole structure of the proposed
method is different from the traditional one due to the different unknowns, iarsdiitable for
implementation using a broad spectrum of numerical integration metlraddy, two
numerical examples, a typical febar linkage mechanism and the flexible beam modeled by
absolute nodal coordinate formulation (ANCF), are presented to demonstrate the efficiency of
the proposed TLISMNI method. Results show that the new méshgabd in generality, and

the constraints can be satisfied at position level, velocity level, and acceleration level at the
same time. Furthermore, we apply these methods to the contact and constraint problems of
flexible multibody dynamics while few stigs of TLISMNI methods have been done on these
nonsmooth problems in order to verify the effect of the proposed algorithimelly the
TLISMNI method is used as the numerical solution of the DAESs arising in the control problems.
Two simulation examplesf inverse dynamics, the rigid chain manipulator and the collision
problem related to the capture task by a flexible space robot, are computed to test the
applicability of the proposed method.

Acknowledgemens

The authors are grateful for the support fritve National Natural Science Foundation of China
(Grant Numbers 11772158, 11502113), and the Fundamental Research Funds for Central
Universities (Grant Number 30917011103).

References

A. A. Shabana, B. A. -lobpuspaseamatrix ngnzfic@tégyation firdcedurevfor the solution
of differentiall/l algebraic equlaunalofiseundaddy/pratipR24* i on t o
5), 557563.

L. Zhang, D. Z hleop grocéddr® Haged on infplikit Rurigetta method for inde-3 DAE of
constrained dyNondnedr Dyngmics850l), 268280 |,

X. Guo, D. Zhang, L. Li, -bdppradedure i hulti®ody dyndnmiqs withcoatact i on o
and c¢ o nJurnalafiSaundand Vibratiod27C, 15-27.

8 April 13, 2019, Hong Kong



The23rd Annual Conference of HKSTAM 2019
The 15th Jiangsiu Hong Kong Forum on Mechanics and Its Application

Distinguished Lecture V

Prof. Johnny C.M. Ho (v )

Dr Johnny Ching Ming HO is a Professor in the School of Civil Engingeituangzhou

University, PRCBefore joining the university in 2018, he worked as a Senior Lecturer in the
University ofQueensland in 2023018 and an Assistant Professor in The University of Hong
Kongin200/2013. Practically, Dr Ho had about 5 vy
Kong and Brisbane offices of Arup on some large scale infrastructure projects such as T
Stonecutters Bridge in Hong Kong and the Ipswich Motorway Upgiteeol to Darra) in

Brisbane.D r Hob6s research i nt er-pesfarmanca coacrete withmi x d
multi-sized fillers, rheology of cement paste and mortar, as well as théaadigm in concrete

filled-steeltube columns.
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A constitutive model for predicting the lateral strain of confined concrete

M.H. Lai and J.C.M. Ho™

School of Civil Engineering, Guangzhou University, 230 Wai Huan Xi RGaéngzhou
Higher Education Meg&enter, Guangzhou 510006, P.R.China

*Corresponding authoE-mail: johnnyho476@gmail.com
# Presenter: Enail: johnnyho0476@gmail.com

Abstract: The confining stress developed in various types of confined concrete is related to
the lateral strain othe concrete, of which the inelastic component is up to now very difficult

to evaluate. Herein, the lateral strain of confined concrete for the full-strags range from
precrack and elastic state to pa@sack and inelastic state is studied basedpoblished
experimental results, and a constitutive model for predicting the lateral strain of confined
concrete is developed by back calculation. This model is a useful tool for analysing the full
range structural behaviour of various kinds of confinectigte columns, e.g. concreiled

steel tube columns. Later the developed agitgral strain model is applied to study the
effects of confining stiffness and rupture strain FRP confined concrete. Some of the obtained
results will be presented.
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Hydro-mechanical modeling of granular soils considering internal erosion

Z.Y.YinY, J. Yand, F. Laouafe and P.Y. Hicher
! Department of Civil and Environmental Engineering, The Hong Kong Polytechnic
University, Hung Hom, Kowloon, Hong Kong

°Research Institute of Civil Engineeriagd Mechanics (GeM), UMR CNRS 6183,
Ecole Centrale de Nantes, Nantes, France

SFrench National Institute for Industrighvironment and Risks (INERISYerneuil en
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* Corresponding author: Tel. +852 340084 7&mé&il: zhenyu.yin@polyu.edu.hk
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Abstract: This paper attempts tormulate a coupled numerical model in the framework of
continuum mechanics in order to investigate the phenomenon of internal erosion and its
consequences on the mechanical behavior of soils. For this purpose,-@rfstituent
numerical approach has Imealeveloped to describe the internal erosion process. The
detachment and transport of the fine particles have been described by a mass exchange
formulation between the solid and fluid phases. The ssteam relationship of the soil is
represented by aon-linear incremental model. Based on experimental data, this constitutive
model has been enhanced by the introduction of a fines content dependent critical state, which
allows accounting for the influence of fines on soil deformation and strength. Tireahibipy

of the numerical approach to capture the main features of the internal erosion process and its
impact on the mechanical behavior of the eroded soil has been validated by comparing
numerical and experimental results of internal erosion testskKofCBIG mixtures, which
demonstrated that the model was able to reproduce with good accuracy the experimental data.

Furthermore, the inpuence of the stress stat

fines have been analyzed through nunadsemulations.
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On flow characteristics of manetorheological fluid through microchannel
under alternating gradient magnetic field
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Abstract: To investigate theflow regularity of manetorheological fluidMRF) in a
mcirochannel flow governed bjternatinggradientimagnetic fielda 3D numerical simulation

method is established based on the lattice Boltzmann method (lE&fglly, MRF is treated

as a two phase system and the motions of manetic nanoparticles (MPs) are investigated base
onthe immersed boundary meth@@M). The motions of both a single MP and a short chain

of MPs are investigated and each is found to baperpositiorof transverse oscillation and
longitudinal tanslation Secondly,a doubleepopulationLBM method is developed, where

MPs are treateds a quasi fluidSimulation results show that, affected by the alternating
gradient magnetic field, aposiderabléransverse velocity component occurs in the flow field.
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Figure 1.Filtering processindor original trajectoryof magnetic particles
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Comparative study on the definitions of norprobabilistic reliability index

and reliability
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Abstract: In view of the uncertainty problem in practicaigineering the non-probabilistic
reliability emerges when the probabilistic reliability theory developed to the bottlehleek.
non-probabilistic reliability modetan still measure the reliability of the structure in the case
of lessinformation so ithas anmportantpositionin the practical engineeringdased on the
existing research, this paper studies several majopravabilistic reliability indicator and
reliability definitions, and points out that there are-umiqueness problem in the defion of
interval reliability indicators and makes a preliminary analyBien te reliability index and
reliability of interval and ellipsoid are compared, analyzed and summarized. Finally, the non
probabilistic reliability is compared with the probaliliteliability obeying the uniform
distribution, normal distribution, and the inaccurate probability reliability obeying the triangle
distribution, which lays a foundation for the further study of-powbabilistic reliability.
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Figure 1. A sample of a fige
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Thermal effect on dynamics of rotatingfunctionally graded microbeams
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Abstract: Thermal effect on sizdependent free vibration behavior of rotating microbeams
(see Figure 1) made of temperatdependent functionally graded materials (FGMS) is
investigated. Material properties of FGMs are assumed to change smoothly alibrickiies

of the microbeam according to mowerlaw variation Considering EuleBernoulli beam

theory (EBT) and Timoshenko beam theory (TBT), Hamdrinciple is employed to derive

the governing equations and associated boundary conditions of rotating rmmsobased

upon a modified couple stress theory. These equations are numerically solved by using an
assumednode dscretizationapproach. Several comparative examples are carrigd vetify

the reliability and accuracy of thesentmodel The effectof slenderness ratio, FG index,
dimensionless angular velocity, dimensionless material length scale parameter and temperature
change on the dynamics of rotating FG microbeams are analyzed in detalil.

Pure ceramic

Pure metal

FiguTfTle l1dhmeasi onal conhf ingh®anmi omobhdam 3$wdtaem.
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An edgebased strain smoothing particle finite element method for large
deformation geotechnical problems
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Abstract: To solve large deformation geotechnical problems, a novel sfraoothed particle

finite element method (SPFEM) is proposed that incorporates a simple and effective edge
based strain smoothing method within the framework of the original PFEM. The advantage o
the novel method is to use very simple loweder triangular element without suffering from
volumetric locking via the strain smoothing method, instead of the hayier triangular
element/mixed stabilised formulation in the original PFEM, while pvasg the same
calculation accuracy with reducing calculation time. To guarantee the computational stability,
the proposed SPFEM uses an explicit time integration scheme, and adopts an adaptive updating
time step and artificial bulk viscosity of humericdmping. Performance of the proposed
SPFEM for geotechnical problems is examined by four benchmark numerical examples: (1)
bar vibrations, (2) settlement of strip footing, (3) collapse of aluminium bars column and (4)
failure of a homogeneous soil slopell Aesults demonstrate that the novel SPFEM is a
powerful and easily extensible numerical tool for simulating large deformation geotechnical
problems.
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SeismicResponses ofigh-rise I ntake Towers Considering M ultiple -
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Fundamental material research on higkentropy alloy (HEA) microlattices
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Abstract: Microlattice structure, especially the metal microlatatgacs more attention due

to its excellent mechanical properties such as high strength, lightweight. Recently, our team
together with some other scientists in the material field fabricate the microlattice structure by
coating the high entropy alloy (HBAthin film to the substrateBy the combinationof
microlattice structure enhancement effect, mechanical properties and the size effect of the HEA
thin film, it was found that the lightweight nanocrystalline HEA microlattice not only exhibits
high compresive strength but also has great compression ductility.

100 um 10 um 5um 1um 880 nm 100 nm 80 nm 20nm 5nm
I } } } L 1 Il
+

+ T T 1
_ Unitcell Major axis Wall thickness Grain

Figure 1.Multiple size figures of the nanocrystalline HEA thin film coated microlattice structure.
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Experimental and numerical investigation on the ballistic performance of
metallic sandwichplates for marine applications
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Abstract: To predict the performance of protectisgucturesof marine applicationsthe
ballistic performance of sandwich plates with steel skins and aluminum foam core, the quasi
static compressive experimental of four types aluminum foam with different density are carried
out. The failure mechanism, mechanic parameters and modifieditatims model are
obtained. The tests using numerical simulation method by using finite element cBAENSS
were conducted with different impact velocities based on egtasc experimental parameters.
Effect of projectile shape, skins thickness, ctiekiness and core densities on tesidual
velocity, plastic deformation and energ@gsorptionability of sandwich plates are discussed,
while typical penetration failure modes and deformation mechanism are presented and
analyzed. It was shown that meclwarproperties of aluminum foam with different density can
be described accurately byodified constitutive model. The failure modessahdwichplates
are different for hemisphegosed and bluntedosed projectile and the projectile shape effect
is signficant for ballistic performance when the impact velocity approaches ballistic limit. The
ballistic limit increases with the increase of thickness of skins or core, core density which shows
an approximate linear relationship.
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Aspect ratio effect onperformance of H-rotor vertical axis wind turbines in
turbulent flows via wind tunnel testing
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Abstract: In this work, the power performance of -tétor VAWTs was examined
experimentallyin turbulence of various length scales. A rangeuobulence integralength
scales were produced by wooden grdth differentmeshsizes. The power coefficientSp,

of VAWTs were measured @applyingresistance in the rotor circuit.ddsurementncertainty
wascarried out Theexperimentafesults evidently proved that turbuleresghanced the power
performancef VAWTS. Moreover, the rate@pr wasfound to banversely proportional tthe
integrallength scale, whereas it increased wfitl turbineaspect ratioThe underline reasons
for thephenomenavere addressedhis work serves the interest of the design and application
of VAWTS in urban areas.
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A probabilistic framework for the stochastic dynamic load identification on
uncertain structures
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Abstract: A stochasticdynamicload identification algorithm is proposed on an uncertain
dynamical system in which the random system parameters are represented by correlated
Gaussianrandom fields.A unified probabilistic framework based on Polynomial Chaos
Expansion (PCE) for the stioastic dynamical problem is formulated. With the orthogonality

of PCE, the stochastic load identification problem on an uncertain dynamical system is
transformed to a problem of stochastic load identification on an equivalent deterministic system.
Numericd simulations and experimental studies a cantilever beam under a concentrate
stochastic force are conducted to estimate the statistical characteristics of the stochastic load
from the stochastistructuralresponse samples.
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Incipient Damage Identification in Composite Laminates Using Multi
resolution Modal TeagerKaiser Energy
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Abstract: Incipient damage in composite laminates, ldedamination and crack, catcur

during the process of manufacturing and operating. Incipient damage can accumulate and
develop, and gradually impair the integrity and safety of laminated composite structures. Hence,
methods for identifying incipient damage in composite laminatdbeaearly stage are of
significance. For damage identification relying on mode shapes, high spatial sampling
resolution is required for precise location of incipient damage. However, noise components
contaminated in such densedlgmpled mode shapes casidy cause intense noise interference

that likely masks actual damage features. Hence, methods for incipient damage identification
are required to be sensitive to damage and robust against noise interference. This study
proposes a concept of mutésoluton modal TeageKaiser energy that is formulated from a
mode shape using the Teagfaiser energy operator and the wavelet transform, based on
which methods are developed for designating the presence and location of incipient damage in
composite laminatesnder noisy environments -A]. The proposed damage identification
methods are experimentally validated on CFRP laminates with incipient crack and
delamination, whose mode shapes are precisely acquired via treomtact measurement

using a scanning las@ibrometer. The results show that the methods relying on the-multi
resolution modal Teagd€aiser energy can effectively identify incipient damage in composite
laminates under noisy environments.
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A unified constitutive model for confined concrete

M.H. LAI
School of Civil EngineeringGuangzhowniversity, GuangdongChina

Abstract: A theoretical stresstrain model for confined concrete is proposed in this paper.
This model is obtained through a festep procedure. As the first crucial step, a new and
accurate hoop strain equation is proposed and verified based on expaliresults. Having
validated the assumption of stress path independence of confined concrete under monotonic
uni-axial compression, an actively confined concrete model is adopted. Next, thessttess

of confining material, such as steel tube, CFRBpaor GFRP tube is accurately modelled.
Lastly, by using the newly proposed hoop strain equation together with the interaction models
between core concrete and confining material, the behaviour of confined concrete can be
predicted. The validity of this nuel is subsequently verified with the published experimental
results of concretélled-steettube, FRPconfined concrete or GFRP tube confined concrete
columns.

25 April 13, 2019, Hong Kong



The23rd Annual Conference of HKSTAM 2019
The 15th Jiangsiu Hong Kong Forum on Mechanics and Its Application

A rate-dependent failure criterion based on distortion strain energy density
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Abstract: A strainrate dependent failure criterion is proposed for composites based -on rate
dependent constitutive model and the concept of distortion strain energy denaitynear

elastic orthotropic constitutive model, stresses are decoupled into two parts, static stress and
dynamic stress in which a strain rate is introduced in a form of power function. By subtracting
volumetric strain energy density from total stranergy density, the smalled dynamic
distortion strain energy density is then derived rigidly to establish saterdependent failure
criterion. According to published test data, parameters in the failure criterion established are
fitted, and dynamicdilure strain and stress are depicted versus strain rate and parameters. Some
common sense about strain rate effect is explained quantitatively.
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Figure 1. Effect of strain rates on longitudinal tension faiirain.
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Distinct Relaxation Timescales of Neurites Revealed by Indentation under
Different Loading Modes
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Abstract: It is commonly believed that the dynamic response of neurites plays a key role in
the behaviours and functioning of primary neurons. However, the physical properties of such
fingerlike structure remain poorly characterized. Here, using AFM indentation, we
systematically examined the mechanical response of neurite under three different (i.e. step,
oscillating and ramp) loading modes. To extract intrinsic material properties from the data,
FEM simulations were also conducted where the neurite was treatediscoelastic solid
consisting of multiple characteristic relaxation times. Interestingly, the initial anetéomg

elastic moduli of neurite were found to be around 800 and 80 Pa. In addition, a minimum of
three relaxation timescales, i.e. ~0.01, 0.4 dnseconds, were needed in order to explain
different experimental data. We further demonstrated that these characteristic times should
originate from thermal fluctuations of the microtubule, membrane relaxation and cytosol
viscosity, respectively.
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Figure 1.Schematic plot of AFM indentation tests on neurites with three different loading modes.
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Partitioned Genetic Algorithm Strategy for Optimal Sensor Placement
Based onStructure Features ofA High-piled Wharf
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Abstract: Health monitoring, detection, and safety assessmemgbipiled wharf structures

are key problems to be solvexgently in the field of maritime transport engineering. An
optimal method for placing accelerometers for monitoring a-pitgd wharf structure is
presented in this paper. In this method, a panttd genetic algorithm strategy is proposed
based on the frequency and vibration modes of the-pilgd wharf obtained by a modal
analysis using the finite element method. The modal assurance crifdA@) matrix is used

as an evaluation index of sengptacement results. Subsequently, the sensor placement scheme
obtained by the proposed method is applied to a reesxadd model of a highiled wharf to
validate the method. The results demonstrate that the proposed sensor optimal placement
method redues the number of accelerometers and improves the calculation efficiency by
ensuring relatively complete information on the khmted wharf structure.
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A meshfree method for dynamic analysis of rotating Mindlinplates
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Abstract: The radial point interpolation method (RPIM) is proposed for dynamic analysis of
rotating Mindlin plates. Considering the nbmear coupling deformation which means the in

plane longitudinal shortening terms caused by transverse deformation, therderst
approxi mation coupled (FOAC) dynamic model
eqguations of the second kind. The effectiveness of RPIM is first demonstrated in some static
cases and then extended for dynamic analysis of a rectangular plate urglengmroverall

motion. The simulation results are compared with those obtained by usingrdero
approximation coupled (ZOAC) dynamic model, which shows the results using FOAC are
more accurate, especially in the situation of high rotating speed. Miéenthik influence of

the radial basis shape parameters is discussed and the optimal parameters for plates are
recommended. In addition, the method to overcome the shear locking issue is also provided.
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Experimental investigation on the energy evolution for rocks during rock
deformation and failure
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Abstract: In recent years, progressive attention has been paid on the study of strain energy of
rocks during rock deformation and failur€his study investigated the failure and energy
characteristics of sandstone and coal through uniay@ic loading and unloading tests.
Monotonic loading tests were firstly carried out to determine the physical and mechanical
properties of the rocks. Relts show that bothlagic and dissipated strain energies increase
quaratically with strain, until the stage of unstable crack growth; after that, fluctuations were
observed, and mostly in the dissipated energy. In addition, coal exhibited greatetithunst

than sandstone. The brittleness of the rocks was determined based on the ratio of reversible
energy to irreversible energy, and the result agrees with that from the available method in
literature. Through the analysis of evolution of energy rabesprocesses of energy buig

and energy release, due to local crack interaction and crack coalescence, were identified; the
crack initiation and crack damage thresholds are subsequently estimated. It was found that the
energy values and energy ratesanhdstone were higher than those of coal. From the stage of
crack initiation up to the stable crack growth stage, the energy dissipation is distinct for
sandstone, accompanied by cyclic energy buicand energy release. The dissipation process

is, howeer, insignificant for coal; instead, the crack coalescence takes place more abruptly
near the failure point. This study presents a detailed procedure to investigate the evolution of
strain energies of the rock under compression, which provides insigimihdgs on the
mechanisms of rock deformation and failure.
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Control of period-doubling in varying compliance resonance for a ball
bearing
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Abstract: Varying compliance (VC) is an inevitalpp@arametricaéxcitationto rolling bearing
systemsdue to timevarying stiffness from rolling element revolutioieriod doubling
instability in the VQprimaryresonance of ball bearing ipresenteih manystudies. However,
few studies havelirectly attempted to supprefisis bifurcatinginstability. On this basisa
dynamic stiffness evaluatingiethod is presented fassessing the threshold of the period
doubling and complex motions in i@imaryresonance of ball bearing, where the elaborate
evolution of the bifurcating process is obtained by harmonic balance and alternating
frequency/time domain (HBFT) methodand using Floquet theoryOur analysis indicates
that by introducingcertain additional stiffness, the peiod doubling andcorresponding
sutharmonicinternal resonancean besuppressed
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Enhancement of the mechanical properties of the auxetic cellular materials
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Abstract: Auxetic cellular materials shown many great mechanical properties, however, the
stiffness of the auxetic materials are relatively |I®ecently, efforts were gradually focused

on the enhancement of the mechanical performance of the auxetic cellular materials. However,
enhanced mechanical properties generally lead to the decrease of the negative Poisson's ratio.
It is of great significanceéo propose novel auxetic structures with enhanced mechanical
properties and nereduced negative Poisson's ratio. Here, we like to introduce a novel auxetic
cellular structure which could have high Young's modulus and yield strength on one principle

diredion and not reduce its negative Poisson's ratio.
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Figure 1. Compression results of the novel auxetic cellular materials.
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Painlevé paradox during passive dynamic walking of biped robots
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B a)
Abstract: The walking stability problem and Painlevé paradox during the passive walking of
bipedal robots are studied by both completely rigid body model (CRBM) and completely
flexible body model (CFBM). The whole walking process can be seen as the repetitien of th
four states, i.e. left singlieg support state, doublegs support state, right singleg support
state and doublkegs support state. Based on the multiple states, a CRBM is established. The
contact constraint is treated by completely inelasticgiohi hypothesis; the initial conditions
is calculated by conservation of angular momentum. Dynamic equations for the four system
states are derived by using Lagrange equation. The relationship between té, athtime
t under initial condition oftte stable walking is obtained, and by using this relationship, region
of friction coefficient for the stable walking state is obtained. The possible singular
phenomenonPainlevé paradox problem is analysed. The critical value of the coefficient of
friction f or Painlev® paradox is specified. I n ac
responses are compared with the finite element numerical simulation. It shows that the results
from CFBM are totally different from solutions calculated by thedrigpdy model. The critical
value of coefficient of friction is smaller than those of CRBM.
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Figure 1.f, with differente during passive walking of bipedal robots: (a) CRBM solutions; (b) CFBM solutions.
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Diffraction of a Weakly Unstable Gaseous Detonation
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Abstract: Numerical simulations are performed to investigate thaitation mechanism of

a diffracted detonation wave near the critical channel width for a weakly unstable gas (
p&M v OGO ¢ 7). The authors extend the work by Arienti and Shepherd (2005) to
compare differences in diffractions of a planar detonation wave and a cellular detonation wave.
The results reveal that the critical channel width predicted using a cellulaatietowave is
smaller compared to that predicted using a planar detonation wave. For planar detonation
diffraction,dueto the large gradient of induction time of the shocked but unreacted gas, a bulge
of flame is observed at the top right portion (Figliye The reinitiation occurs through the
interactions between the flame bulge and the leading shock wave. For cellular detonation
diffraction, the continuous collisions of transverse waves (Figure 2) which generate local
explosion sites, sustain the detboa wave to propagation. The calculation in this work
suggests that the transverse waves can facilitate the successful transmission.
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Figure 1. Induction time of the shockedreacted gas for planar detonation diffraction. Red indicates short
timescaleand blue for long timescale.
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Figure 2. Formation of local owriven detonation for cellular detonation diffraction.
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A screw works better than a nail, or a wiatiotted rope better than a naive one, in fastening
solid matter. A gas or a liquid is more tameless. However, a flolivhse a physical quantity,

the helicity, measuring the screwing strength of the velocity field and the degree of the
knottedness (or linkage) of the vorticity rope(s). It is shown, in ttmeensional direct
numerical simulations of isotropic turbulentlat, the topological states of such (classical)
matter with helicity depress the compressive modes or favor the partition of energy to the
vortical modes (Zhu, 2016), compared to other the compressive relevant, suctesas the
dilatation and pressure modes, of turbulence; that is, helicity stiffens the flow, with immediate
implications for aerodynamics (such as aeroacoustics), conducting and quantum fluids,
supportive evidence for the latteapdogical quantum statis found from numerical results
(Clark di Leoni, P., 2016) of the GreBstaevskii model for the Bodginstein condensate of
Bose gas.
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Abstract: Dumon sterghave been used in the treatment of airway stenosialfoost30 years

in foreign countrie$l]. However, away restenossor even obstruction caused bycessive
proliferation of granulation tissue at both emasurs frequently after stenting. This might be
due tothe individual differences in the anatomic morpholajypatient® airway stenosis
which mightresult in thenonfully fitting betweenDumons t e nt a sarwapwali ent 0
hencethelocal stress concentratiomo verify this hypothesis, weesigred and manufactured
a series opatientspecificsilicone airway stestthrough3D printing techrology. Results of
animal experiments(canine) demorngte that ompared with commercial Dumon stgnt
patientspecific silicone airway stest can effectively suppressthe  proliferation of
granulation tissue anceduce the incidence of airway restenpas shown in Figurd. In
general,3D printing technalgy has the advantages dtientspecific,low cost and quick
production.We believe that theustomizingof individualized implantable medical devices
through 3D printing technologyauld become a research rsgotin the future.

Figurel. Bronchoscopy results (8 weeks after stentinglC Aefer to Dumon Stents;-& refer topatient
specificsilicone airway steist
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Non-equilibrium Stokes-Einstein relation via active microrheology of
hydrodynamically interacting colloidal dispersions
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Abstract: We derive a theoretical model for the nonequilibrium stress in a flowing suspension
by tracking the motion of a single embedded probe. While Stkesein relations connect
passive, observable diffusion of a colloidal particle to properties of therslisgemedium,

they are limited to linear response. Active forcing a probe through a suspension produces
nonequilibrium stress that at steady state can be related directly to observable probe motion
utilizing an equation of motion rather than an equatiastaie, giving a nonequilibrium Stokes
Einstein relation (NESER). Here that freelsaining theory is expanded to account for
hydrodynamic interactions. To do so, we construct an effective hydrodynamic resistance
tensor, through which the particle flug projected to give the advective and diffusive
componentsof a Cauchy momentum balance. The resultant phenomenological relation
between suspension stress, viscosity and diffusivity is a generalized NESER. The
phenomenological model is compared with thatistical mechanics theory for dilute
suspensions as well as dynamic simulation at finite concentration which show good agreement,
indicating that the suspension stress, viscosity, and -fodueed diffusion in a flowing
colloidal dispersion can be @wbed simply by tracking the motion of a single Brownian probe.

References

Chu, H.C.W. and R.N. Zia (2016), fAActive microrheol og

and entropi c Joarnataf Rhgology@),vs5i781ly , o

Chu, H. C. W. and R. Newtahianarhedldgyot ldradyndnilcallg interaxting colloids via
active, nonl i nkamal ohRheologyd, B54i67M4.0 gy , 0

Chu, H. C. W. and R. N. Zi a ( 2 0-Eiastein refatibiavactivedmiceorheotmgye q ui | i L
of hydrodynamically i ntJeurmalotddolloigand mterface iSdende39 888s per si o1

399.

Ho h, N. J. and R . Nnduced i didfusign 2r0 sligpgnsionsiiolF bydradgnamically interacting
¢ ol | daurdasof Fuid Mechanics795, 739-783.

Khair, A.S. and J. F. Brady (2006), #ASingle particle
nonl i near mdoarmabof Fuil Mécbagigbb®73117.

Sy, Y., H.C.W. Chu and R.N. Zia (201 , AMi croviscosity, nor mal stress

suspensions by accel erat errevew okesi an dynamics si mul
Zi a, R.N. and J.F. Brady (2012), AMicroviscosity, mi

Journal of Rheology56, 1175 1208.

37 April 13, 2019, Hong Kong

n



The23rd Annual Conference of HKSTAM 2019
The 15th Jiangsiu Hong Kong Forum on Mechanics and Its Application

Elimination of velocity defect in the wake of a circular cylinder using deep
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Abstract: Velocity defect occurs in the wake of a blunt body, which is usually employed to
calculate drag in wind/water tunnel experimemtsthis study, we present an active strategy
through deep reinforcement learniiog eliminating the velocity defect in theake of a circular
cylinder. The flow system is shown in Fig. 1. A group of blowing/suction actuators are adopted
on the leeside of the cylinder. Their individual forcing strength is automatically tuned by the
reinforcement learning agent through feedbaghals from a downstreahmot-wire rake The
simulation is conducted with a GPa¢celerated flow solver that is based on the lattice
Boltzmann method (LBM) with muHblock grid partition. From the contrttheory perspective,

the multiinput and multioutput feature of this problem makes it chadjeng to obtain an
optimum explicit control law or to explore the parameter spgeadopting two sets of deep
neural network, the reinforcement learning agent can learn from the time sequences of the
sensors, actuators and a specified reward functiosughr trials and errors, and finally
converge and become capable of determining the optimal control }pditeg current study
offers an innovative view that could potentially help underwater vehicles achieve low
detectability.
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Figure 1. Schematic of the flow system
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Dynamic Testing and Analysis of a Large SpaceFlexible Structure
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Abstract: The experimental modal analysis ofasge space truss was conducted using the
hammeing method. The modal parameters were obtained based on the test results and verified
by The MAC (Modal Assurance Criterion). The influence of suspension condition and response
test point position on the experimental results of the truss structure weresdnahgesresults

show that (i) modal coupling can be avoided by decrease added stiffness of susfigrisien;
repeatability of the modal test is improved by uniform distribution of suspension points; (iii)
the energy loss of the excitation can be redigeplacing accelerometer near the centre of the
structure, which can significantly ensure the completeness of the test results; (v) the influence
of suspension effect on low order modes can be reduced by increasing the length of suspension.
The results a beneficial to operating ground modal test of large flexible hinged structure.
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Figure 1. Comparison of frequency response funstimtween Cask(spring suspensiorgnd Caseél (elastic
rope suspension
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Abstract:

Rocks decay significantly during or after heating/cooling cycMsch can in turn lead to

hazards such as mountain landslide and stone building collapse. Here we successfully traced
the decay process of red sandstones during heating/cooling cycles by monitoring the evolution
of their Youngo6s madeataylcan take\Wace ih both hehting dndaoolirgo ¢ k
processes in several stages, and that the decay is mainly attributed to the opening and growth
of internal cracks, induced by inhomogeneous thermal expansion/shrinkage of mineral grains
and -bhp h Bsiten of quatz.

N

a

o
J

N

o

o
1

= Quartz
4 Feldspar
Calcite
Hematite

-
(€]
o
L
L]

Young's modulus (GPa)
3

[}
o
1

a-fquartz
phase transformation

o

0 200 400 600
Temperature (°C)

The changes of Youngo6és modul us of mine

Acknowledgements

This research was financially supported by the National Natural Science Foundation of China
(N0.11502282 and 5173400%h¢e independent Innovation Project for Double Hestl Construction
of CUMT (2018ZZCX04)

References

Gischig, V. S.(2016)Natural hazards cracking cliffs feel the heldat Geosci, 9: 34845

Collins, B. D. and Stock, G. M.(201@ockfall triggeringby cyclic thermal stressing of exfoliation fracturdkat Geosci, 9:
395400

Watanabe, N., Numakura, T., Sakaguchi, K.,(20B8}entially exploitable supercritical geothermal resources in the ductile
crust Nat Geosci, 10: 14044

Burnham, A. D., BerryA. J.(2017)Formation of Hadean granites by melting of igneous ¢iat Geosci, 10: 45261

Yang, S.Q., Ranijith, P.G., Jing, H.W.(2031), experimental investigation on thermal damage and failure mechanical
behavior of granite after exposure to differéiigh temperature treatment§eothermics, 65: 18097

Sun, Q., Lu, C., Cao, L.W.(2016)hermal properties of sandstone after treatment at high temperat®Rock Mech Min,

85: 6066.

40 April 13, 2019, Hong Kong



The23rd Annual Conference of HKSTAM 2019
The 15th Jiangsiu Hong Kong Forum on Mechanics and Its Application

DEM modelling of Toyoura sand considering real particle shapes

B. Srinivas Vivek** and G. Wang*?

1Department oivil and Environmental EngineeringlKUST, Hong Kong China
’Department oCivil and Environmental EngineeringlKUST, Hong Kong China
*Corresponding authoiTel: +852 23587161, Email: gwang@ust.hk

# Presenter; Enail: svbokkisa@connect.ust.hk

Abstract: Recently, Discrete Element Method (DEM) has becoming a powerful tool to
simulate complex behaviour of granular soils (e.g. Wang and Wei 2016). Yet, traditional DEM
often ignores the effect of realistic particle shapes, which might significantly influkace
density, stiffness and strength of granul ar
particles are used in DEM modelling. As shown in Fig. 1(a), 10 spheres are rigidly bonded to
approximate the realistic shape of a single sand particle. A Refatgerv/olume Element
(RVE) consisting of 2940 clumps is generated based @ayXCT scan of Toyoura sand
(Katagiriet al.2010). RVEs of different void ratios are tested to simulate monotonic undrained
simple shear behaviour, which agrees well with expenital data (Yoshimine et &998),

shown in Fig. 1(b)(c). We further investigated the effects of model parameters fgpartiete
cont act ( Yo &En gBesi snowa mrd snterpagticla foction anglet() on the
macroscopic response of &VE. It is found thate andt: have significant effect on soil
behaviour whereas has little or no effect. Work is under way to investigate liquefaction
phenomenon (e.g. Ye and Wang 2016) of Toyoura sand using DEM considering realistic
particle shapes.
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Figure 1.(a) Clumped model for a sand partigle)(c) Undrained simplehear tests by DEM vs experiments
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Abstract: This study aims to investigate the tdonensional shear stress of an interface
shearing caused by different shear orientations. The shear orientation was defined to be an

angle & between the shear direction and the texture line of the directional rough surface.
Discrete element method simulations have been successfully applied to a range of problems
encountered with interfacghear test¢Zhu et al. 2017; Jing et al. 201&)sing the discrete
element method, 3D numerical interface shear tests, under the seven shear oriéntations

b nhd ro vhg 1Y v b ¢ ‘@ 1) vere conducted. The analysis of shimaluced contact

force changes on the lateral boundaries of sheairulicates the 2D shear stress exists in the
interface. The analysis of displacement movement patterns and normal contact distributions
were further presented to explain why the normal contact force change on the lateral boundaries.
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, =150kPa: (1)t j, and(@Tt j,

Acknowledgemens

The authors wish to thank the financial support from Nteecau Science and Technology
Development Fund (FDCT) (125/2014/A3), the University of Macau Research Fund
(MYRG2017#00198FST, MYRG201500112FST).

References

X. Y. Jing, W.H. Zhou, H. X. Zhu, XK. structuraY interfae bahavibr Y . Li
usingthreE di mensi onal D Enkérnationat doluraal for lumreerjc@l and Analytical Methods in
Geomechanicg}2(2), 339357.

H. Zhu, W. H. Zhou, and Z.Y. Yin (2017), ADef or mati ol

i nt er f aActa Gebtechnical-170

42 April 13, 2019, Hong Kong


mailto:hannahzhou@umac.mo

The23rd Annual Conference of HKSTAM 2019
The 15th Jiangsiu Hong Kong Forum on Mechanics and Its Application

Ballistic testing and numerical simulation analysis of aeroengine laminated
casing
Fan Zhang™, Zhenzhong Cad, Dingguo Zhang?! and Liang Li?

1 School of SciengeNanjing University of Science and Technologiangsy China m
2 Department of Mechanical and Automation Engineering, The Chinese University of " -
Hong Kong, Hong Kong, China Mt
*Corresponding authoitel: 02584315185, Email: zhangdg41@mail.njustedu.cn A

# Presenter: Enail: 952054222@qq.com

Abstract: To study the containmemtf the outer metal structure case of aeroengine lined
reinforced composite material under the impact of bkdgedprojectiles, a smoothbore
cannon test system was used to test the target penetration process of laminated aramid fiber
composite laminates (Facing surface) andAi-4V(TC4) metal laminates. The process of
blade penetration into the target plate was ey a higkspeed camera systemorder to
studythe antipenetration performance and failure modes of different composite laminated
targets. It is found that the impact resistance of composite target increases with the increase of
the thickness of inmecomposite material, and the impact resistance of composite target with
inner composite material is stronger than that of double TC4 metal target with the same mass.
The numerical simulation results of ballistic testing are in good agreement with those of
commercial finite element software ANSYSHIB'NA. In this paper, an analytical method is
proposed to simulate the different damage modes and energy absorption mechanisms of
composite laminates and compositetal laminated target plates impacted by bfadgectiles.

The energy transfer of blade impacting target plate is described by the theory of stress wave
propagation. Considering that the kinetic energy of the biditibe absorbed or dissipated by

the conical body formed in the process of impacting,tensile fracture of primary yarns, the
deformation of secondary yarns, shear plugging, matrix cracking and delamiatilstic

limit velocity, penetration time and energy of each part can be obtained by energy conservation:

EF=EC €< £ B B E FfHilL..p
The analytical data is in good agreement with the experimental and commercial software

numerical simulation results, which verifies the universality and correctness of the analysis
model.
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Figure 1. Comparisons between analytical model resultd suwdgna results and energy changes of each part
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Abstract: Polymermetal composite, combining the high stiffness of polymer and high
strength of metal materials, has a wide application in flexible electronic device, micro lattice
metamaterials, and biomedical structure. Generally, the polgmetal composite is coposed

by the polymer subtract and metal film as basic structure. As a result, the mechanical properties
of the polymer subtract and metal film play a key role in performance and service life polymer
metal composite. In this work, veanployedmetatcoatedpolymer microfibergo simulate the
polymer subtract and metal film structure. The polymer microfibres were manufactured by
Projection MicreStereolithography which enable us to precisely control the fibre size at
microscale, while the metal film was depged by magnetron sputtering. Basically, the
mechanical properties of the metalated polymer microfibers were evaluated by tensile test.
Moreover, the influence of different sizes of polymer microfiber and different thicknesses of
metal film on the mechmcal properties was investigated. Additionally, the fracture mechanism
of the metalcoated polymer microfibers was investigated to explore the strengthening
mechanism of the metal on polymer.
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Abstract: The fastgrowing field of flexible electronics create the demand for transparent
conducting films (TCFs) with good flexibility, which should maintain good performance under
mechanical deformations. Nanowires have been demonstrated with many intrigyiedieso

which are different from their bulk counterparts, such as high strength and large elasticity
approaching their theoretical limit. Ag nanowires with high conductivity hold great potential
for the application in flexible electronics. Ag nanowire Sincan have sheet resistance
comparable with the commercialized indium tin oxide (ITO) films at the same optical
transmittance. However, metal nanowire films have low oxidation resistance, poor adhesion to
the substrate, and low stability in harsh environteeOwing to the extraordinary mechanical,
electrical and optical properties, graphene can be introduced as an oxidatsbant layer. In

this work, Ag nanowire/graphene hybrid films were fabricated. Compared to Ag nanowires
films or graphene, the Ag amowire/graphene hybrid films have improved electrical
conductivity and mechanical stability through situ bending tests at macro scale. situ
transmission electron microscope (TEM) tensile tests also show the hybrid film with increased
mechanical properties. Our work provides some new insights on the design and the mechanical
behaviour of hybrid films for flexible electronics.
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Figure 1. Thedbricated Ag nanowire/graphene hybrid films
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Abstract: In this study, the workardening behavior of micralloyed Ag microwires with
different grain sizes has been investigated. Meanwhile, the microstructure evolutions of them
have been observed andmpared by backscattered electron (BSE), electron backscattered
diffraction (EBSD) and transmission microscope (TEM) before and after tensile tests. The
result illustrated that the woitkardening rates did not change apparently for the samples with
different grain sizes, meaning that the wbikdening capacity did not weaken with increasing
grain size As a typical low stacking faults energy (SFE) material, the abundant stacking faults
and twins in Agwere observed and confirmed to play the role of the viarkiening
mechanism.This current study provides the instructive suggestion for Ag microwires
fabrication and bonding process.
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Abstract: This study investigates the failure mechanigha control the loading angknd

fixture effects on the mechanical response of fasteners by using a simple finite element bolt
model without threadahich had been validated by comparing it with experiment results, and

uses thesemtinfinite notch theoryto obtain a prediction model for the ohsé failure of

fasteners under various loading anglBlse investigation reveals that the loading arayid

fixttureef fects on fastenersd mechanical respons:s
concentrations at the contact tigsmd verifies thah reduced model of a fastener can be used

to predict its constitutive behaviour accuraté@gsing on the conclusiahatthe contact tips

are most notabl&Vi | | is@utiost 6

O'ij(?"; (9) = Kjrkrflf;‘j(g) + KHT_,\H—lfgljr(Q)

is used toobtain the stress field near the intersection of the bolt and theréxand
superpositions usedo add the solutions for tHeur stress concentratiord the contact tips
together Figure 1 presents that the stress distribution results of this analytical model are in
good agreement with the numerical results. A quial fer failure onset prediction of fasteners
under different loading angles is obtained by using this analytical model.
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Abstract:

Hypersonic boundary layers transition is a very crusgle for the development of aerospace
vehicles. For low forcing environmental disturbances, lardiodurbulent transition is ruled

by eigenmode growth, including the first and second modes, crossflow instabili&g etilwt
vortices[1]. Shaping can eliminate the perturbations induced by crossflow instability and

Gortler vortices but camot stabilize the first and second modes. For high Mach number, the
second mode commonly dominates the boundary layer instabilities, which, however, may be
changed by wall temperature, because hot wall can stabilize the second mode and destabilize
the fird mode. In term of the high frequency of the second mode (on the order of 100kHz), the
porous surface of thermal protection system (TPS) is suggested to absorb the disturbances,
which has been confirmed experimenta]B]. This work will study the effects of the
admittances gborous walls§ 09Q ) on the stabilization of the first and second modes in

a flatplane boundary layer at Mach 6. As shown in Fig. 1, the admittance maggitaded
phase—have effects on the growth ratews andfrequencyF of the first and second modes.
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Abstract: The contaminated sediment in the river and coastal have complex contaminants,
high initial water content, higbompressibility, and low shear strength, and is considered to be
potentially problematic. An effective approach for the treatment and increasing the strength is
to incorporate higiperformance nanomaterialNanoscale Zer¥alent Iron (nZVI). In the
previous researches, it is founded that the mechanical behaviour of soils, such as strength and
stiffness, was improved with the addition of nZVI through the effect of soil fabric and
interparticle bonding (Chen et al. 2019; Zhou et al. 2019). However, liatitpts have been

made to investigate the deformation behaviour of nanomaterials treated soils. In this
presentation, it is to identify the deformation behaviour of nZVI treated soils and to explore the
mechanism by several microstructure analysis.
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Figure 1. Variation of (a) the compression index and swelling index for soils under different treated conditions
and (b) the TEM image of Pb+10% nZVI.
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Abstract: The outstanding properties of grt@phene F
dimensional (2D) materialgiith remarkable electrical, mechanical and optical attributes.
However, withoutbangg ap, gr aphene canét satisfy the re
carrier mobilities. Moreover, other 2D materials especially transition metal dichalcogenides
(TMDs) have emerged with different baigdps. As a representative of TMDs, monolayer

Mo$S; possesses direct bagdp of 1.8 eV which opens the possibility of many optoelectronic
applications. As the most important properties, mechanical properties play an mhpméean

practical applications. However, experimental research about mechanical properties of MoS

is limited. Here, we developed am situ platform to investigate mechanical properties of
freestanding monolayer MeBy applying a uniaxial load, tha situ tensile tests were carried

by our platform. The elastic properties and failure mechanisms of M&® investigated. Our

platform is also applicable to other 2D materials to explore their mechanical properties.

—

iMonolayer MoS,

Figure 1.The platformof in situtensiletests
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Abstract: FeNiCoCr highentropy alloy (HEA), as one of the emerging structural alfoys
nextgeneration nuclear reactors, has shown the enhanced radiation tolerance under heavy ion
bombardment. However, the effects of helium accumulation, a product of nuclear fission
reaction, on the mechanical behavior of FeNiCoCr HEA have not beeredtudere,
deformation mechanisms, crack behavior and ssa@ss relationship of Heirradiated
FeNiCoCr HEA Chen et al2018) were systematically studied lnysitu TEM tensile and
compression testind{ng et al. 2016Zhanget al. 201%. The resultglemonstrate that helium
nanobubbles alter the stacking fault formation and substantially enhance the strength of
FeNiCoCr HEA We believe thathis workcould not only improve our understanding of'He
irradiated HEAS, but also provide a promising way teed the mechanical behavior of nuclear
materials.

In situ TEM tensile testing He" irradiated FeNiCoCr HEA In situ TEM compression testing

Push-to-pull device

5 um

Depth from surface (nm)

Figure 1. In situ TEM tensile and compression testing of FeNiCoCr HEAs with and withbintadiation.
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On the effects of modelling errors anduncertainties in structural damage
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Abstract: For structural response prediction, structural health monitoring and structural control,
identification of an accurate and representative model of the target structural system is essential.
Modelling errors and uncertainties resulting from the simplificatdf complex structures,
discretization of structural systems, inadequate theories for certain structural behaviours and
inaccurate assignment of model parameters are inevitable. To address these issues, structural
model identification and updating techoes based on measured system data have been
developed. When several classes of models are available to represent structural behaviours,
making a technical and appropriate choice is nontrivial. In this research, an MOMES
Bayesian probabilistic techyue is employed to fully consider the uncertainties in updating
model parameters, and to select the most plausible model class from available ones using the
Bayesian model class selection. Detection of ballast damage of#un Bleeper is employed

to demonstrate the proposed methodology. Impact hammer test was carried out on a sleeper of
an indoor track panel, with damage simulated in the ballast at the righhirdasection to

obtain insitu vibration measurement. The proposed damage identificatibrodotogy is then

applied to predict the location and severity of the ballast damage. Since ballast has been proven
to possess nelnear stresstrain characteristics, the effects of modelling errors and
uncertainties on the predicted structural respoasd identification accuracy is then
demonstrated by modelling the ballast using three different classes of models: (1) the linear
elastic model, (2)theneni near modi fi ed L udwindar®smgenmoodet | , an
Finally, the Bayesian modelads selection is used to identify the optimal ballast model.
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Abstract: This work is to develop a novel method tbhe heterogeneous strain measurement
of micro- and nanolattices in uniaxial compression tests. Based on scanning electron
microscopy (SEM) images or imagebtained by optical imaging systems, digital image
correlation (DIC) is carried out to determineagtrdistribution of these structures by measuring
the deformation of structs on the outer surface of the lattices. The results facilitate further
investigation of the deformation and failure mechanisnvasfous micre and nanolattices
under compression. é3ides, the overall axial and lateral strain are measured to decide the
Youngds modul us, Poissonbds ratio, el astic
these structures.
F Video
.extensome

i

P |
.
§
i

Figure 1.(a) Experimental setup for the determination of elastic properties of three novel auxetic 3D cellular
structures; (b) Marked surface of the auxetic 3D cellular structure for DIC calculation.
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Abstract: We have deVeped a novel bambebased structural material which is made of

100% bamboo and is edoendly, lightweight, and higistrength. Two steps for making
ASuper bambooo starts with the partial remo
process in alkatie chemical treatment, and then hot compression until its hierarchical structure

is fully compressed. The resulted fAsuper ban
strength, and compressive strength compared to nature bamboo. Its sireigithraio can

be above 5 times of that of | ow carbon stee
durable because parenchymal cells and vessels inside are full compressed. The process is
expected to reduce the cost of the bambased material by 35% as coaned to using existing

bamboo process methods. The efé¢ctiveness, together with its remarkable mechanical
properties and sustainability, ma k e t he i
conventional concrete, composites, and metals for certaircajhs.

Figure 1. Sc hemat i supeo damboimriderdiffarenttrbagnmattso o and 6
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Dynamic modelling and vibration analysis of rotating beams with active
constrained layer damping treatment in temperature field
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Abstract: A new rigid-flexible-thermal coupled dynamic model is developed for rotating
beams with active constrained layer damping (ACLD) treatment in eclospdand opetioop

cases. By solving the corresponding linearized vibration equations of the smart system, the
themal vibration characteristics of the system in the two cases are analyzed. Influences of
parameters such as the angular velocity, the temperature, the gains of PD control on the
frequencies and damping ratios of the smart beam are discussed. Simusatitsnsteow that

the variation of temperature can strongly affect the frequencies and damping performance of
the ACLD beam, and there are critical temperatures that can change the damping performance
of the ACLD beam in both opdoop and closedbop casesResearch in this paper will be
helpful for the dynamics of high speed rotating blades operating under thermal environment.
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Abstract: Smallscale metallic glasses have many applications in microelectromechanical
systems (MEMS) and sensors which require good mechanical properties. In this work, by
developing a micro robotic system, we investigated the torsional behaviourGi Based
metallic glass microwires inside a SEM. Benefiting from iesitu SEM imaging capability,

the fracture behaviour of metallic glass microwire has been uncovered clearly. Plastic
deformation of the microwires include both homogenous and inhomogeneous gilastic

which began with the liquitlke region, then a crack formed because of shear bands and
propagated along the spiral direction. Moreover, we found an inverse relationship between the
plastic strain and the loading rate.
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Unified theory of structures based on micropolar elasticity
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Abstract: In engineering and scientific applications, the classical continuum mechanics
represents the most adopted tool to analyse structural prollem€lassical Elasticity (CE)
theory assumes that the rotations within the continuum are a direct consequence of
displacements and the interaction between adjacent points occur only by means of translational
forces. However, in many cases, it may no longer represent an appropriate and reliable
mathematical model to describe the physical phenomena that happen wéhstructure.

When the size of the analysed structure is comparable to the microstructural scale, the body
behaves quite differently from the prediction that CE could lead to. In these cases, the
microstructure of the material must be considered and $eyemaralized continua models

have been developed in the history. Among the generalized continuum theories, there is the
Micropolar Elasticity (ME). At the end of the 19th century, the main ideas leading to the
micropolar continuum, were discussed by mauathors. One of the most important work is the

one made by Voigt [1], who suggested that the interaction of two parts of the body is
transmitted not only through the force vector but also through a moment vector. Thus, besides
a force stress vector, an gpkendent couple stress vector has also been defined. The complete
theory of asymmetric elasticity was further developed by the brothers Francois and Eugéne
Cosserat [2], who introduced the asymmetry of the foased stress tensor and deformations
tensor.This work intends to establish a unified theory of structure based on the Micropolar
Elasticity. The solution proposed is developed in the domain of the Carrera Unified
Formulation (CUF) [3], according to which theories of structures can degenerate into
generalized kinematics that makes use of an arbitrary expansion of the generalized variables.
Different types of structures have been analysed, and the results are compared and validated
with examples found in the literature. The effects of the new maperiaimeters are addressed

too, along with the capability of the proposed model to deal withedfeets. Finally, stress
analysis is given to highlight the difference between the ME and the Classical Elasticity (CE).
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Bioinspired design of liquid optical clear adhesive (LOCA) for improving
the damage resistance of touchscreen in smartphone
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Abstract: Nowadays, smartphones ar e an i ndi spe
Touchscreens in smartphones are getting larger and larger to meet the demand of dissipating
the heat generated by smartphone components as well as improving users experience when
they surf the web or play mobile games with smartphones. Meanwhile, increased size of the
touchscreen induces problems. One of the most significant problems is that the glass layer of

the larger and thinner touchscreens are easier to be cracked or shatierbdfore, which

lessens the overall damage resistance of the touchscreen. In order to tackle this problem,
chemical or physical methods have been developed to strengthen the glass layer of
touchscreens. However, these methods are expensive and enesgynicmnbecause high
temperature angrecision machining technology are required.

This talk will present a novel method to enhance damage resistance of the touchscreen of
smartphone. Instead of strengthening glass layer of the touchscreen, the adhesivhithy

bonds the touchscreen glass and phone body, is structurally modified. A multilayer beam
structure which can mimic the mechanical behaviour of a smartphone was designed with the
aid of finite element (FE) simulation and validated by comparinky thi¢ experimental results.

A novel liquid optical clear adhesive (LOCA) was fabricated based oniadpoed structure
developed by Niu et al. (2009) and utilized to construct the multilayer beam structure. Three
point bending tests were performed totamb the strength of the multilayer structure.
Experimental results showed that, compared to commercially available LOCA, 4inshii@d

LOCA was able to enhance damage resistance of the multilayer structure for 30%. FE analysis
was performed to study ehstrengthening mechanism of finspired LOCA. This work
invented a new material and a novel method to improve damage resistance of touchscreens of
smartphones. Compared to the conventional methods, the new method is more economic
friendly and convenienfThe research and design philosophy can be easily extended to the
damageresistant design of other electronic devices with large screens such as tablet, laptop,
television, etc.
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Study on mechanical properties of plastic fuel tank material after fuel soak
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Abstract: In order to further study the mechanical properties change of high density
polyethylene (HDPE) soaked in fuel, the tensile test and impact test of HDPE soaked in diesel,
B30 (30% v/v biodiesel, 70% v/v diesel), gasoline, M15 (15% v/v methanol, 70% wohngds

and E30 (30% v/v bioethanol, 70% v/v gasoline) was carried out. In order to represent real
situation of fuel soaked plastic fuel tank, all test specimens were directly cut from real plastic
fuel tank, manufactured using the HDPE pellets throughdhew blow molding process and
soaked in all test fuels. The effects of fuel soaking on different mechanical properties, the
change trend of mechanical properties with increasing soaking time and the effects of different
fuels were discussed. By compartheg test results between wet specimens and dry specimens,
the mechanism of mechanical degradation of HDPE soaked in fuels was discussed. Finally,
based on the results of tensile and impact tests, the reasons for the increase of impact strength
was discussd.
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Figure 1. Change of tensile modulus of HDPE with soaking time of dry specimens.
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Abstract: In shallow soil layers of urban landscape, soil suction is greatly affected by
vegetation and atmosphere. In this study, a field monitoring was conducted for recording
variations of soil suction, air relative humidity and air temperature at differenbcistdrom

a tree and at a constant depth under natural environmental conditions. A computational model
is built using the genetic programming (GP) method for describing the functional relationship
between soil suction and the four input variables. Baseth@rperformance analysis, the
efficiency and reliability of the developed computational model are validated. It can be
concluded that the proposed computational model based on the artificial intelligence can
sufficiently describe the relationship betwettre soil suction as a crucial parameter in
geotechnical engineering and four input variables with acceptable errors.
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Figure 1. The comparison between actual and predicted values of soil suction at three monitoring points.
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Microstructure and mechanical properties of CoCrFeNiZr high entropy
alloy (HEA) thin films
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Abstract: In this work,we systematically investigated the relationship between microstructure
and mechanical properties GoCrFeNiZrx (x= 0, 0.3, 0.5, 1) high entropy thin films. A
transition from single phase crystal to amorphous structure was obsdétkiddcreasing Zr
concentation from 0 at.% to 25 at.%. In the intermediate Zr concentraéioge spanning from

7.0 at.% to 12 at.%, Zr addition renders a peak hardness of 6.8 GPa with aarnygsfathous
dual phase structure. In the meantime, we provide reasonable insightsdestanding
behaviors above. These findings will conveyvhiiable information for designing ultrastrong
high entropy alloys for practical applications.

a—————

Figure 1. Representative cremsctional HRTEM image of dual phase CoCrFeNizZitigh entropy alloy thin
film. Inserts are the corresponding selected area diffraction pattern (SADP).
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Abstract: The performance of the twloop implicit sparse matrix numerical integration
(TLISMNI) methods as the numerical solution of ind&xdifferential algebraic equations
(DAESs) of mation arising in flexible multibody dynamics is studied here. The iteration from
the implicit integration algorithm and the iteration from the nonlinear algebraic constraint
equations construct their own loop independently. The TLISMNI method, as sEtat

based method, has notable features: no use of numerical force diffevanfia¢indliness of
sparse matrix techniques and the satisfaction of constraints at position, velocity and
acceleration levels. The original TLISMNI method was proposed for the first time by Shabana
and Hussein uses the Newmark method as the implicitratteg algorithm. This integration
algorithm considers the accelerations and Lagrange multipliers as basic unknowns and its
numerical accuracy is no more than order 2. In order to have a higher integral pregssion,
usethe extended backward differentiation formula (EBDF) scheme as the integration algorithm
used in the TLISMNI method (TLISMNI/EBDF method), which consider coordinates and
velocities as basic unknowns. The whole structure of the proposed method is diffenahie
traditional one due to the different unknowns. In order to test the applicability of the proposed
method, four kinds of simulation examples solved by the newldao method are presented
here. Results show that the TLISMNI/EBDF method can inerélas order of the original
TLISMNI method and improve the convergence characteridtigghermore the proposed
method only needs to perform less iterations to satisfy the same tolerance of error than the
traditional TLISMNI method does. Increasing thamber of iterations can increase the
calculation amount and rouadf errors with the growth of the problem size.
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Abstract: Realistic prediction of landslides is critical for the design of key infrastructure in
seismically active regions. However, present slope stability analysis generally focuses on
landdide triggering, andimited information is provided on large deformation and {iaistire
behaviourln the study, the dynamic behaviour of soil slopes is simulated using Material Point
Method (Sulskyet al. 1995), which models the materieds Lagrangiarparticles moving
through a background Euleriamesh. A MohtCoulomb model with strain softening behaviour

is developed for describing the soil behaviour at large deformationinflnence of soil
propertieon the triggering of instability and downwatdigg of the soil mass is evaluated in

a parametric study by varying peak and residual strengths. Progressive deformation in the soil
mass may cause shear strength reduction, and topographic amplification of waves is observed
along the slope surface.g.Wanget al.2018). All these factors determine the acceleration of

the sliding mass and iteavelling distance. In the end, simple Newmark sliding block analysis
(e.g., Du and Wang 2016) was used to compare with the numerical simuldtemethod

will be further developed for regional scale seismic landslide analysis (Huang and Wang 2015).
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Figure 1. (a) Initial slope geometry; (b) Distribution of deviatoric strain on sliding mass under dynamic load

Acknowledgemens

The authorsacknowledge suppoftom Hong Kong Research Grants Council thdrased
research funding No. T2203/15Nand GRF grant No. 16214118.

References

Sulsky D., Zhou S.J., and Schr eyeel, | Hmdt hdd 9t99& ) s o IAiAg |
Computer Physic€ommunications87, 236 252.

Wang G., Du C., Huang D., Jin F., Koo R.C.H. and Kwan
amplification of ground moSbiiDynamsics and EssthqdakerEngngeritfs b sur f ac
41-54.

DuW,and Wang GA ondse® Nesvinark displacement model for probabilistic seismic slope
displacement hazard analysi&ngineering Geology05 12-23

Huang D.,andWan G. (So@hasiicsimuldtion of regionalized ground motions using wavelet packets and
cokriging analysi@ Earthquake Engineering & Structural Dynami4 (5), 775794.

63 April 13, 2019, Hong Kong


https://www.sciencedirect.com/science/article/pii/S0013795216300436
https://www.sciencedirect.com/science/article/pii/S0013795216300436
javascript:void(0)
javascript:void(0)

The23rd Annual Conference of HKSTAM 2019
The 15th Jiangsiu Hong Kong Forum on Mechanics and Its Application

Simulation of fluid -structure interaction during phacoemulsification-based
cataract surgery

Zhaokun Wang*#, Chenglei Wang,Hui Tang

Department of Mechanical Engineering, The Hong Kong Polytechnic Univetsityg
Kong, China

*#Corresponding auth@nd presentezhaokun.wang@connect.polyu.hk

Abstract: Cataract is the leading cause of blindness, responsible for 33% of visual impairment
worldwide. The most effective treatment for cataracts is phacoemulsifidzdsed cataract
surgery, which has become nowadays the standard method to remoaet[ddtanvestigating

the interaction between intraocular flow and iris during phacoemulsificbiead cataract
surgery is important to understand the occurrence of intraoperative floppy iris syndrome (IFIS),
which always degrades the surgery outcomgdr@ssing this problem typically requires the
analysis coupling both fluid dynamics and structural mechanics[2]. In the work, we study the
dynamics of a simplified iris with the intraocular flow in cataract surgery using a newly
developed fluigstructure mteraction (FSI) simulation framework, as sketched in Fig. 1. The
lattice Boltzmann method (LBM) is used to simulate the intraocular flow driven by a simplified
phaco probe. The iris structure with large deformation is solved using the finite elemert metho
(FEM) based on the emtational formulation method. The immersed boundary (IB) method is
used to deal with the fluidis interaction. The dynamics of the fluids system is studied in
details. Different iris deformation states are identified. In tmii the effects of the iris
bending stiffness, mass ratio and phaco probe position and vibration frequency on these states
are examined. The simulation results reveal some physical insights into the dynamics of this
intraocular fluidiris system, whichan provide reasonable guidance to clinicians.
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Fig.1. Schematics of (a) cataract surgery (adapted: tnttpi//www.drray.co.uk/cataracurgerydiagram/) and
(b) FSI simulation settings.
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Abstract: Experiments are conducted tovestigatefluid flows in convergingdiverging
microchanned (CDMCs) A new dimensionless number related to channel geometryisG
introduced to combinwith the Reynolds number, Re, to characterize the flovsis found
that the new dimensionless numbé®e, = Re @n, is more appropriate than Re for flow

characterization in CDMCs. Flows are laminar fee; < 40 regardless of the geometry of

CDMCs. Forlaminar flowshe flow resistance model developed in the literature works well.
For transitional and turbulent flows, a general scaling law for the flow resistance is developed,
which suggests a polynomial dependence of pressure drop on the flow rate. Numerical
simulatons have also been performed to confirm experimental results.
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Figure 1. Variation of R, S, as a function ofRe,
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Abstract: In this study, a regionacale 3D Spectral Element analysis is conducted to study
topographic amplification of earthquake ground motions on steep terrain using Tuen Mun area
in Hong Kong as a testbed. It is found that ground motion amplification is fregdependent,

which can be well correlated with topographic features such as curvatures snmathad
characteristic length (Wang et al. 201B). quantify the notable difference in groumbtion
amplification along different directions, a combinatiohsmoothed curvatures along and
perpendicular to the shaking direction is pi
strong correlation with the polarized amplification pattern, as shown in Rpreover, it is

found that oblique incidence of waseeduces amplification on ridges along the wave
propagation direction; opposite trend of variation in amplification presents on two sides of the
ridges perpendicular to the wave propagation direction. Further studies are under way to
guantify the effect bwave incidence angles, as well as spatial correlation of ground motions
via time-frequency domain analysis (Huang and Wang 2015).
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Figure 1. Correlation of (a) topographic amplification factor (TAF) on steep terrain and (b) polarizetiesino
curvature
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Abstract: In this study, we investigatpressur@riven water flows in graphermated copper
nanochannels through molecular dynamics simulations. It is found that the flow rate in bare
copper nanochannel can be significantly enhanced by a factor of 45 when the nanochannel is
coated with monalyer graphene. The enhancement factor for the flow rate reaches about 90
when the nanochannel is modified with 3 or more graphene layers. The dipole relaxation time
and the hydrogen bond lifetime of interfacial water molecules show that the grapheng coatin
promotes the mobility of water molecules at the interface. The distribution of the potential of
mean force and the free energy barriers also confirm that graphene coating reduces the flow
resistance and 3 layers of graphene can fully screen the suféts. & he results in this work
provide important information for the design of graphbased nanofluidic systems for flow
enhancement.
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Figure 1. The slip length versus the number of graphene layers.
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Abstract: Concrete damaged plasticity model, being a plasticity model, is deemed
inappropriate to simulate the reduction of elastic stiffness which occurrdibar-aeinforced
polymer (FRP) regeed concrete prior to repaiHowever, with necessary modifications, the
concretedamage plasticity model is capable of predicting the dilabemaviorof repaired
concreteThis study presents a modifipthsticdamag model within the context of concrete
damaged plasticity model in ABAQUS fanodelingof a uniformly FRPconfined repaired
corcrete under monotonic loadingheproposed modifications comprise of inflictidamage,
elastic stiffness, yield criterion, flonule and a sain hardening/softening rul&@he distinct
features of the proposed model of damaged concrete, which is elastic stiffness reduction
encompassed in the modéhe dilation model is expressed as a function of the lagffaess

of the RP-jacket.The finite element predictions are shown to be in close agreement with the
obtained test results of the repaired concrete.
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Abstract: For most engineering structural materials, the attainment of both strength and
toughness is a significant necessity; in general, these properties are mutually exclusive.
Toughness improvement of inherent brittle materials has remained a challenge. Makylitio

the approach of improving the toughness of the brittle composites by incorporating relatively
softer materials balances their strength and toughness. Here, we study the mechanical responses
of co-doped and multilayered ceramic/metal nanocompositeNanolndenter. Micropillar
compression tests were performed to identify the elastic modulus, fracture strength,
deformation mechanism and failure mechanism. We believe that this work could be useful for
applications of ceramic/metal coatings in micandnanoscale devices/components, but also
have important implications for their fracture mechanisms and thus for the improvement of
ceramic/metal coating design.
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Figure 1. Typical TEM image arfdacture strength of ceramic/metal nanocomposites.
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Abstract:

This study shows a novel mandibular prosthesis design method based q@ningial
microlattices coated with titanium film, to enhance its compressive strength. Compression test
was conducted on the composite lattices, and thus established the correlations between the
porosity of the lattice and its compressive crushing stregtthe same time, mandibular

stress state under compressive condition was obtained by finite element method, and the
compressive crushing strength of the lattice and the mandibular stress were interconnected.
Thus, the correlations between the porositg@iposite microlattices and the compressive
stress state of human bones were established successfully. As a result, according to the stress
distribution of human mandible, there were nearly 20% porosity gradient difference existed
inner the human mandibleshowing the superiority of this design method for mandibular
prosthesis, as well as for other orthopaedics implants.

titanium composite ~ Gibson-Ashby
microlattice formula fitting

porosity

Figure 1. Novel mandibular prosthesis design method (under review)
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Abstract: Inspired by birds and fishes, a new energy harvesting concept has been developed
recently, where passively flapping hydrofoil is utilized to extract energy from air/water flows.
Compared with traditional techniques, it has some advantages, including better performance at
low Reynolds numbers, better filling factor, more structurally robust, bettéroamental
adaptability and less 3D losses. Past researches in this field have indicated that the power
efficiency of oscillating hydrofoils is comparable to rotary turbiBesill now, however, the
majority of existing works were focused on fully prélsed or sempassive systems, and
research on fully passive systems was very limited. To fill this gap, we designed and fabricated
a bioinspired flow energy harvester based on a fully passive, rigid flapping hydrofoil, as shown
in FIG. 1. Experiments werthen conducted to investigate its performance with various
parameter combinations and flow conditions. A high power efficiency (> 40%) was achieved.
Furthermore, we evaluated the aerodynamic forces, power extraction, and efficiency of such a
bio-inspiredflow energy harvester using a theoretical model. Motivated by existing models of
freely falling cards and insect flight, a quastady model was developed and validated by
experimental data. It was then applied in a parametric study to explore the efffeeteral

key parameters on the energy harvester performance
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Figure 1.Schematic of (a) a plate hydrofoil; (b) the experimental setup of a passively oscillating flow energy
harvester. (c) a closap view of the top part of the setup.
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Abstract: As the size of materials and structures goes down to the nanoscale, the surface to
volume ratio increases significantly and plays a central role in determining the mechanical and
electronical properties of these nanomaterials. The exact influence offdreeseifect on the
mechanical properties of low dimensional materials depends on many factors such as the
intrinsic nature of the chemical bonds, the thickness of the surface layers and so on. In this
work, we report molecular dynamics simulations on thechanical properties of one
dimensional nanowires including amorphous SiO2 and piezoelectric ZnO nanowires. Our
results show that due to the surface reconstruction, a secondary bond angle peak appears, the
value is below that of the main peak angle. Hasondary peak is mainly distributed on the
surface layer, leading to compressive surface stress, leading to abnormal relationship between
the nanowire diameter and their elastic modulus, fracture stress, etc. Surface effect is also found
to strongly modudte the piezoresistance coefficients of ZnO nanowires of various cross
sectional shapes. The uncovered mechanism is found to be useful in explaining experimental
results.
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Abstract: Based orthemicro X-ray computed tomographg@T) datathesphericaharmonic
(SH) function can bemployedto reconstruct nataft sand particle, referred to as Sknd,
whose shape is usuallyegularand whose surfadextureis usually very complexShen and
Makedon 2000, Zhou et al. 2015)hanks to these analytic functions, the closest points
between Sksands can bielentified by resorting to thgeometridteration method. To capture
the kinematis and kinetics characteristio§ the SH-sand, this study deduces the formula of
discontinuousdeformationanalysis (DDA) from principle of minimum potential energin
which the degree of freedoms and interpolation matrix are both independgudnétryof
particles. As a result, a framework for simulating the dynarb&haviourof SHsand is
established. Ourrpnary researclshows that the proposedethodologyis valid. In the rext
step some more amplex and realistic application®.g. Wang and Wei 20)6will be
investigated

Figure 1.Some random Sidands.
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