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PREFACE

The 23rd Annual Conference of HKSTAM 2019 in conjunction with the 15th Jiangsu—Hong Kong Forum on
Mechanics and Its Application is held during April 13, 2019 in Hong Kong University of Science and
Technology. This conference is co-organized by the Hong Kong Society of 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 (HKUST). The
conference aims to provide a platform for all scientists, engineers, and mathematicians working on mechanics
and related areas to share, communicate and exchange ideas, and to enhance co-operations within relevant
parties. This proceeding consists of 69 abstracts including 5 Distinguish Lectures by Prof. Christopher K.Y.
LEUNG from The Hong Kong University of Science and Technology, Prof. Qingwen REN from Hohai
University, Prof. Ben YOUNG from The Hong Kong Polytechnic University, Prof. Dingguo ZHANG from
Nanjing University of Science and Technology, and Prof. Johnny C.M. HO from Guangzhou University. The
conference also contains 12 parallel sessions with presentations; Twenty-five from members of JSSTAM,;
Nine from researchers of local universities (e.g., Assistant Professors and Research Assistants); Three from
research students of universities in Macau; and Twenty-three from research students of universities in HK.

The Society appreciates all the speakers and contributors for their efforts 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. Youhua
Su and Dr. Jun Hu of City University of Hong Kong for their help in communicating various parties. The
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

President of HKSTAM

Associate Professor

Department of Architecture and Civil Engineering
City University of Hong Kong




Executive Committee Members of HKSTAM (2018-2020)

President: Paul Heung-Fai LAM CityU
Vice President: Gang WANG HKUST
Secretary: Konstantinos SENETAKIS CityU
Treasurer: Shuhuai YAO HKUST
Immediate Past President: Li CHENG PolyU
Members-at-large: Cheong-Ki CHAN PolyU
Duruo HUANG HKUST
Yi-Kuen LEE HKUST
Zhigang LI HKUST
C.W.LIM CityU
Yuan LIN HKU
Yang LU CityU
Xinrui NIU CityU
Zhong-ging SU PolyU
Hui TANG PolyU
Chih-Yung WEN PolyU
Haimin YAO PolyU
Wenjing YE HKUST
Jidong ZHAO HKUST
Wan-Huan ZHOU UMacau
Jun HU CityuU
You-Hua SU CityuU

IUTAM Representative: Q.P. SUN HKUST




List of Institution Members of HKSTAM

Department of Architecture and Civil Engineering, City University of Hong Kong

Department of Mathematics, City University of Hong Kong

Department of Mechanical and Biomedical Engineering, City University of Hong Kong
Department of Physics and Materials Science, City University of Hong Kong

Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University
Department of Mechanical Engineering, The Hong Kong Polytechnic University

Department of Applied Mathematics, The Hong Kong Polytechnic University

Department of Mechanical Engineering, The University of Hong Kong

Department of Civil and Environmental Engineering, The Hong Kong University of Science and
Technology

Department of Mechanical and Aerospace Engineering, The Hong Kong University of Science and
Technology

Department of Civil and Environmental Engineering, University of Macau

Department of Electromechanical Engineering, University of Macau




Table of Contents

PREFACE i
Executive Committee Members of HKSTAM (2018-2020) i
List of Institution Members of HKSTAM iii
Conference Program ix

Distinguished Lectures

Distinguished Lecture 1
Professor Christopher K.Y. LEUNG (3 EX &%)

Micromechanics-Based Design of Strain Hardening Cementitious Composites 2

Distinguished Lecture 2

Professor Qing-wen REN (/£ XX)

Crack criterion of hydraulic concrete based on structure function 4

Distinguished Lecture 3
Professor Ben YOUNG (15237.1&)

Mechanical properties of high strength steel at elevated temperatures: Experimental investigation and
design recommendations 6

Distinguished Lecture 4
Professor Ding-guo ZHANG (€ [H)

Application of the two-loop procedure numerical integration method in multibody dynamics 8

Distinguished Lecture 5
Professor Johnny C.M. HO (f 1IE£%)

A constitutive model for predicting the lateral strain of confined concrete 10




Technical Papers

Session Al (2:00m-3:15pm): Venue: LT-D

1. Z.H. Qjan®, N. Lian, Z.N. Zhao, F. Zhu, B. Wang. 7 {4 75 IR 15 4R 28 @450 B O BT 7030

2. Z.Y. Yin* ). Yang, F. Laouafa and P.Y. Hicher. Hydro-mechanical modeling of granular soils
considering internal erosion

3. J.F. Zhou. On flow characteristics of manetorheological fluid through microchannel under
alternating gradient magnetic field

4. Zhou Jianfang®, Gao Ran. Comparative study on the definitions of non-probabilistic reliability
index and reliability

5.N. Chen. FERIBIRHFAT RIS —Br KRG H®

Session B1 (2:00m-3:15pm): Venue: 2130A

1. Jianshi Fang®, Jianping Gu and Xiaopeng Zhang. Thermal effect on dynamics of rotating
functionally graded microbeams

2. Y.F. Jin* and Z.Y. Yin. An edge-based strain smoothing particle finite element method for large
deformation geotechnical problems

3. H.Y. Zhang. Seismic Responses of High-rise Intake Towers Considering Multiple-Support Excitation
Effects

4. Wenzhao Zhou*, Libo Gao, Yang Lu. Fundamental material research on high-entropy alloy (HEA)
microlattices

5. A.L. Tian*, J.W, R. C. Ye. Experimental and numerical investigation on the ballistic performance of
metallic sandwich plates for marine applications

Session C1 (2:00-3:15pm): Venue: 2130B

1. H.Y. PENG*, H.F. Lam and H.J. Liu. Aspect ratio effect on performance of H-rotor vertical axis wind
turbines in turbulent flows via wind tunnel testing

2. DR, XIBRE. EAUTRE AR AT S

3. S.Q. Wu#, Y.W. Sun and Q.G. Fei. A probabilistic framework for the stochastic dynamic load
identification on uncertain structures

4. W. Xu®, Z. Su and M. Cao. Incipient Damage Identification in Composite Laminates Using Multi-
resolution Modal Teager-Kaiser Energy

5. M. H. LA A unified constitutive model for confined concrete

12

13

14

15

16

17

18

19

20

21

22

23

24

25




Session D1 (2:00-3:15pm): Venue: 2131A

1. P.W. Zhang", J.W. Yu and Q.G. Fei. A rate-dependent failure criterion based on distortion strain
energy density

2. Z. Gong, C. Fang®, R. You, X. Shao, X. Wei, R.C.C Chang, Y. Lin. Distinct Relaxation Timescales of
Neurites Revealed by Indentation under Different Loading Modes

3. J.B. Su?, S.L. Luan, L.M. Zhang, R.H. Zhu and W.G. QIN. Partitioned Genetic Algorithm Strategy for
Optimal Sensor Placement Based on Structure Features of A High-piled Wharf

4. C.F. Du?*, D.G. Zhang, J.S. Zhang, J.H. Fan. A meshfree method for dynamic analysis of rotating
Mindlin plates

5. Y. Xing*, F. Gao and Zhizhen Zhang. Experimental investigation on the energy evolution for rocks
during rock deformation and failure

Session E1 (2:00-3:15pm): Venue: 2132B

1. Z.Y. Zhang®, X.T. Rui and Y.S. Chen. Control of period-doubling in varying compliance resonances
for a ball bearing

2. X. Li*, Y. Lu. Enhancement of the mechanical properties of the auxetic cellular materials

3.Y. Shen*, Y. Kuang, W. Wang and S. Zhang. Painlevé paradox during passive dynamic walking of
biped robots

4. L.S. Shi*, C.K. Uy and C.Y. Wen. Diffraction of a Weakly Unstable Gaseous Detonation

5.J. Peng, Y. Yang, J.X. Xu and J.Z. Zhu*. HRJEF “'5X[&” S 4K/Helicity ‘fastens’ a gas

Session F1 (2:00-3:15pm): Venue: 2132A

1. Z.G. Zhang. Biomechanical Study on Patient-Specific Silicon Airway Stents

2. H. C. W. Chu* and R. N. Zia. Non-equilibrium Stokes-Einstein relation via active microrheology of
hydrodynamically interacting colloidal dispersions

3. Feng Ren* and Hui Tang. Elimination of velocity defect in the wake of a circular cylinder using deep
reinforcement learning trained active flow control

4. G.L. Wang, D.D. He* Dynamic Testing and Analysis of a Large Space Flexible Structure

5. Luo Ning” and Liu Weidong. Decay mechanisms of red sandstone rocks in heating-cooling cycles

Session A2 (3:30-5:00pm): Venue: LT-D

1. B. Srinivas Vivek” and G. Wang. DEM modelling of Toyoura sand considering real particle shapes

2. W.B. Chen* and W.H. Zhou. Analysing Two-Dimensional Soil-Structure Interface Shearing
Behaviour using Discrete Element Method

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Vi



.Fan Zhang", Zhenzhong Cao, Dingguo Zhang and Liang Li. Ballistic testing and numerical

simulation analysis of aeroengine laminated casing

. Wenqiang Zhang®, Xiaobin Feng, Sufeng Fan, Lu Yang. Mechanical characterization of metal-

coated polymer microfibers

. K. Cao*, H. Yang, Y. Lu, in situ electro-mechanical study of Ag nanowire/graphene hybrid films

. Xiaocui Li¥, Haokun Yang, Yang Lu. On the work-hardening capacity of micro-alloyed Ag

microwires

Session B2 (3:30-5:00pm): Venue: 2130A

1.

Zhenzhong Cao”, Matthew Brake, Fan Zhang, Dingguo Zhang and Liang Li. The failure
mechanisms and prediction model of fasteners under multi-axial loading

. Xudong TIAN* and Chih-yung WEN. Effects of porous walls on the stabilization of the first and

second modes in hypersonic boundary layers

.Y.Z. Chen®, W.H Zhou, F.M. Liu and S. Yi. Effect of Nanoscale Zero-Valent Iron (nZVI) on

Deformation Behaviour of Lead-Contaminated Soil

. Ying Han*, Ke Cao and Yang Lu. Mechanical properties of freestanding monolayer MoS2

. Weitong Lin*, Da Chen, Chaoqun Dang, Yang Lu, Ji-Jung Kai. In situ mechanical characterization

of He+ irradiated FeNiCoCr high-entropy alloy

Session C2 (3:30-5:00pm): Venue: 2130B

1.

M.O. Adeagbo* and H.F. Lam, On the effects of modelling errors and uncertainties in structural
damage identification

Y.J. Wang” and Y. Lu, Deformation measurement of microlattice structures using digital image
correlation (DIC)

.S.J. Chen®, R. Fan, and Y. Lu, ‘Super Bamboo’— a new sustainable structural material

. Y.B Guo™ L. Li, and D.G. Zhang, Dynamic modelling and vibration analysis of rotating beams with

active constrained layer damping treatment in temperature field

. Sufeng Fan” and Yang Lu, In Situ Micromechanical Characterization of Metallic Glass Microwires

under Torsional Loading

Session D2 (3:30-5:00pm): Venue: 2131A

1.

2.

3.

R. Augello®, E. Carrera and A. Pagani. Unified theory of structures based on micropolar elasticity

B. Xu* and X. Niu. Bioinspired design of liquid optical clear adhesive (LOCA) for improving the
damage resistance of touchscreen in smartphone

Zhou Jianfang and Chen Xuehong®. Study on mechanical properties of plastic fuel tank material
after fuel soak

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

vii



4.Z.L. Cheng® and W.H. Zhou. A Simplified Model for Estimation of Field-Monitored Soil Suction
using Genetic Programming

5. X.B. Feng” and Y. Lu. Microstructure and mechanical properties of CoCrFeNiZrx high entropy alloy
(HEA) thin films

Session E2 (3:30-5:00pm): Venue: 2131B

1. X. Guo” and D.G. Zhang. A new two-loop procedure numerical integration method for index-3 DAE
of multibody dynamic problems

2. Kewei Feng”, Gang Wang and Duruo Huang. Material point method for large deformation analysis
of soil slopes

3. Zhaokun Wang", Chenglei Wang, Hui Tang. Simulation of fluid-structure interaction during
phacoemulsification-based cataract surgery

4, Ran Tao*, Yakang Jin, Xiang Gao, and Zhigang Li. Experimental investigation of flow in converging-
diverging microchannels

5.Z.W. Chen*, D. Huang, G. Wang and F. Jin. Topographic amplification on steep terrain: case study
of Tuen Mun valley

Session F2 (3:30-5:00pm): Venue: 2132A

1. Yakang Jin*, Ran Tao and Zhigang Li. Water transport in graphene-coated nanochannels

2. L.A. Tijani*, Y.F. Wu and C.W. Limb Modified Plastic-Damage Model for FRP-Repaired Concrete
Columns

3. Chaoqun Dang?, Yang Lu. In situ nanomechanical characterization of ceramic/metal
nanocomposites

4. Ran Xiao*, Libo Gao, Xiaobin Feng, Rong Fan, and Yang Lu. 3D Printed Gradient Composite
Microlattice Mandibular Prosthesis

5. F.W. Zhao*, M. N. Mumtaz Qadri and H. Tang. Experimental and theoretical study of a bio-inspired
flow energy harvester

6. Chun Tang. Surface Effects on Mechanical Properties of Nanowires from Molecular Dynamics
Simulations

7. H. Fan*, G. Wang, D. Huang. Experimental and theoretical study of a bio-inspired flow energy
harvester

8. Ruihu Zhut,Jingbo Su, Jingin Hao, Ang Li. & T30 /75 i) S A Sk 45 #4451 45 1R 3 B2 AR BTE 72

Map

60

61

62

63

64

65

66

67

68

69

70

71

72

73

~

4

75

viii



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

Conference Program

April 13, Saturday, Morning

8:30am — 12:00nn

Registration and reception [Outside Lecture Theater D, Academic Building, HKUST]

9:00 — 9:15am

Opening addresses and souvenirs presentations [Lecture Theater D, Academic Building, HKUST]

Professor Heung-fai Lam (#K =] fE) Professor Ding-guo Zhang (&€ )
President of HKSTAM TLAE 1F%oRHEK

9:15 — 9:45am

Distinguished Lecture | [Lecture Theater D, Academic Building, HKUST]
Chair: Professor Ding-guo Zhang (¥ & H), {LHH 1 #F%FSEHEEK
Professor Christopher K.Y. Leung (GREX&%)
Professor, Department of Civil and Environmental Engineering, The Hong Kong University of Science and Technology (HKUST)

“Micromechanics-Based Design of Strain Hardening Cementitious Composites”

9:45 — 10:15am

Distinguished Lecture Il [Lecture Theater D, Academic Building, HKUST]
Chair: Professor Gang Wang, Vice-President of HKSTAM
Professor Qing-wen Ren ({£& XX)
AN WA e e e S
“Crack Criterion of Hydraulic Concrete based on Structure Function (3454 Zh g8 ) /K L&t 1224 4)35)” (in Chinese)

10:15 — 10:45am

Photo taking and coffee break
Outside Lecture Theater D, Academic Building, HKUST

10:45 —11:15am

Distinguished Lecture 111 [Lecture Theater D, Academic Building, HKUST]
Chair: Professor Heung-fai Lam, President of HKSTAM
Professor Ben Young (#73L{&)

Vice-President, The Hong Kong Polytechnic University

“Mechanical Properties of High Strength Steel at Elevated Temperatures: Experimental Investigation and Design Recommendations”




The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

11:15 - 11:45am

Distinguished Lecture IV [Lecture Theater D, Academic Building, HKUST]
Chair: Professor Heung-fai Lam, President of HKSTAM
Professor Ding-guo Zhang (& E)

Vice-President of JSSTAM

“Application of the Two-Loop Procedure Numerical Integration Method in Multibody Dynamics (MUEFa a7 i E 1 24K R 485 24 vh i ait
5t 5 M H)” (in Chinese)

11:45am — 12:15pm

Distinguished Lecture V [Lecture Theater D, Academic Building, HKUST]
Chair: Professor Heung-fai Lam, President of HKSTAM
Professor Johnny C.M. Ho (fi] IE£%)

Professor, Guangzhou University
“A Constitutive Model for Predicting the Lateral Strain of Confined Concrete”

12:15 - 2:00pm

Lunch




The 23rd Annual Conference of HKSTAM 2019

The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

April 13, Saturday, Afternoon (Parallel Sessions Al to C1)

Session A1 [LT-D] Session B1 [2130A] Session C1 [2130B]
2:00 —3:15pm Chair: Prof. Jianfang ZHOU and Dr. Gang . Chair: Dr. Shaoging WU and Dr. Huayi
WANG Chair: Dr. Hanyun ZHANG and Dr. Yang LU PENG

Z.H. Qian®, N. Lian, Z.N. Zhao, F. Zhu, B. Jianshi Fang?, Jianping Gu and Xiaopeng Zhang | H.Y. PENG*, H.F. Lam and H.J. Liu

2:00 - 2:15pm Wang Thermal effect on dynamics of rotating Aspect ratio effect on performance of H-rotor
’ ' SRS A R R B YRS AT AV S functionally graded microbeams vertical axis wind turbines in turbulent flows via
wind tunnel testing

Z.Y.Yin% J. Yang, F. Laouafa and P.Y. Hicher | Y.F.Jin*and Z.Y. Yin LLRER ST
2:15_ 2:30pm Hydro-mechanical modeling of granular soils An edge-based strain smoothing particle finite SER TSR R W E SR S

considering internal erosion element method for large deformation

geotechnical problems

J.F. Zhou? H.Y. Zhang S.Q. Wu”, Y.W. Sun and Q.G. Fei

On flow characteristics of manetorheological Seismic Responses of High-rise Intake Towers | A probabilistic framework for the stochastic
2:30 — 2:45pm | fluid through microchannel under alternating Considering Multiple-Support Excitation Effects | dynamic load identification on uncertain

gradient magnetic field structures

Zhou Jianfang”, Gao Ran Wenzhao Zhou?, Libo Gao, Yang Lu W. Xu#, Z. Su and M. Cao
2:45 _ 3:00pm Comparative study on the definitions of non- Fundamental material research on high-entropy | Incipient Damage ldentification in Composite

' ' probabilistic reliability index and reliability alloy (HEA) microlattices Laminates Using Multi-resolution Modal
Teager-Kaiser Energy

N. Chen A.L. Tian*, JW, R.C. Ye M. H. LAI

FEAHATIEHES — 295 H5 18 Experimental and numerical investigation on the | A unified constitutive model for confined
3:00 — 3:15pm ballistic performance of metallic sandwich plates | concrete

for marine applications

3:15 - 3:30pm Coffee break

Xi



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

April 13, Saturday, Afternoon (Parallel Sessions D1 to F1)

Session D1 [2131A] Session E1 [21318] Session F1 [2132A]
2:00 -3:15pm Chair: Dr. Peiwei ZHANG and Dr. Hui . . Chair: Dr. Zhiguo ZHANG and Dr. Xinrui
TANG Chair: Dr. Zhiyong ZHANG and Dr. Jun Hu NIU
P.W. Zhang?, J.W. Yu and Q.G. Fei Z.Y. Zhang*, X.T. Rui and Y.S. Chen Z.G. Zhang
2:00 - 2:15pm A rate-dependent failure criterion based on Control of period-doubling in varying Biomechanical Study on Patient-Specific Silicon
' ' distortion strain energy density compliance resonances for a ball bearing Airway Stents
Z. Gong, C. Fang®, R. You, X. Shao, X. Wei, X. Li* Y. Lu H. C. W. Chu* and R. N. Zia
R.C.C Chang, Y. Lin Enhancement of the mechanical properties of the | Non-equilibrium Stokes-Einstein relation via
2:15 - 2:30pm | Distinct Relaxation Timescales of Neurites auxetic cellular materials active microrheology of hydrodynamically
Revealed by Indentation under Different interacting colloidal dispersions
Loading Modes
J.B. Su*, S.L. Luan, L.M. Zhang, R.H. Zhuand | Y. Shen” Y. Kuang, W. Wang and S. Zhang Feng Ren” and Hui Tang
W.G. QIN Painlevé paradox during passive dynamic Elimination of velocity defect in the wake of a
2:30 — 2:45pm | Partitioned Genetic Algorithm Strategy for walking of biped robots circular cylinder using deep reinforcement
Optimal Sensor Placement Based on Structure learning trained active flow control
Features of A High-piled Wharf
C.F. Du?, D.G. Zhang, J.S. Zhang, J.H. Fan L.S. Shi*, C.K. Uy and C.Y. Wen G.L. Wang, D.D. He*
2:45 — 3:00pm A me_zshfre(_a me_:thod for dynamic analysis of Diffract!on of a Weakly Unstable Gaseous Dyngmic Testing and Analysis of a Large Space
rotating Mindlin plates Detonation Flexible Structure
Y. Xing*, F. Gao and Zhizhen Zhang J. Peng, Y. Yang, J.X. Xu and J.Z. Zhu* Luo Ning* and Liu Weidong
Experimental investigation on the energy B “EXE” S {A/Helicity ‘fastens’ a gas Decay mechanisms of red sandstone rocks in
3:00 — 3:15pm | evolution for rocks during rock deformation and heating-cooling cycles
failure
3:15 - 3:30pm Coffee break

Xii




The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

April 13, Saturday, Afternoon (Parallel Sessions A2 to C2) [The best student presentation competition]

Session A2 [LT-D] Session B2 [2130A] Session C2 [2130B]
Chair: Dr. Konstantinos SENETAKIS Chair: Dr. Yuan LIN Chair: Dr. Mianheng LAI

B. Srinivas Vivek* and G. Wang Zhenzhong Cao*, Matthew Brake, Fan Zhang, M.O. Adeaghbo” and H.F. Lam

DEM modelling of Toyoura sand considering Dingguo Zhang and Liang Li On the effects of modelling errors and
3:30 —3:45pm | real particle shapes The failure mechanisms and prediction model of | uncertainties in structural damage identification

fasteners under multi-axial loading

W.B. Chen* and W.H. Zhou Xudong TIAN# and Chih-yung WEN Y.J. Wang?, and Y. Lu

Analysing Two-Dimensional Soil-Structure Effects of porous walls on the stabilization of Deformation measurement of microlattice
3:45—-4:00pm | |nterface Shearing Behaviour using Discrete the first and second modes in hypersonic structures using digital image correlation (DIC)

Element Method boundary layers

Fan Zhang*, Zhenzhong Cao, Dingguo Zhang Y.Z. Chen®, W.H Zhou, F.M. Liu and S. Yi S.J. Chen”, R. Fan, and Y. Lu

and Liang Li Effect of Nanoscale Zero-Valent Iron (nZV1) on | ‘Super Bamboo’— a new sustainable structural
4:00—4:15pm | Ballistic testing and numerical simulation Deformation Behaviour of Lead-Contaminated | material

analysis of aeroengine laminated casing Soil

Wengiang Zhang#, Xiaobin Feng, Sufeng Fan, Ying Han*, Ke Cao and Yang Lu Y.B Guo*, L. Li, and D.G. Zhang

Lu Yang Mechanical properties of freestanding Dynamic modelling and vibration analysis of
4:15—-4:30pm | Mechanical characterization of metal-coated monolayer MoS2 rotating beams with active constrained layer

polymer microfibers damping treatment in temperature field

K. Cao% H. Yang, Y. Lu Weitong Lin*, Da Chen, Chaoqun Dang, Yang Sufeng Fan*and Yang Lu

in situ electro-mechanical study of Ag Lu, Ji-Jung Kai In Situ Micromechanical Characterization of
4:30 —4:45pm | nanowire/graphene hybrid films In situ mechanical characterization of He+ Metallic Glass Microwires under Torsional

irradiated FeNiCoCr high-entropy alloy Loading

Xiaocui Li#, Haokun Yang, Yang Lu

On the work-hardening capacity of micro-
4:45-5:00pm | alloyed Ag microwires

Xiii




The 23rd Annual Conference of HKSTAM 2019

The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

April 13, Saturday, Afternoon (Parallel Sessions D2 to F2) [The best student presentation competition]

Session D2 [2131A] Session E2 [2131B] Session F2 [2132A]
Chair: Dr. Zhigang LI Chair: Dr. Haimin YAO Chair: Dr. Wanhuan ZHOU

R. Augello?, E. Carrera and A. Pagani X. Guo*and D.G. Zhang Yakang Jin*, Ran Tao and Zhigang Li

Unified theory of structures based on micropolar | A new two-loop procedure numerical integration | Water transport in graphene-coated
3:30 —3:45pm | elasticity method for index-3 DAE of multibody dynamic | nanochannels

problems

B. Xu* and X. Niu Kewei Feng*, Gang Wang and Duruo Huang I.LA. Tijani*, Y.F. Wu and C.W. Lim

Bioinspired design of liquid optical clear Material point method for large deformation Modified Plastic-Damage Model for FRP-
3:45—-4:00pm | adhesive (LOCA) for improving the damage analysis of soil slopes Repaired Concrete Columns

resistance of touchscreen in smartphone

Zhou Jianfang and Chen Xuehong* Zhaokun Wang*, Chenglei Wang, Hui Tang Chaoqun Dang? Yang Lu

Study on mechanical properties of plastic fuel Simulation of fluid-structure interaction during In situ nanomechanical characterization of
4:00—4:15pm | tank material after fuel soak phacoemulsification-based cataract surgery ceramic/metal nanocomposites

Z.L. Cheng?and W.H. Zhou Ran Tao* Yakang Jin, Xiang Gao, and Zhigang | Ran Xiao*, Libo Gaol, Xiaobin Feng, Rong Fan,

A Simplified Model for Estimation of Field- Li and Yang Lu
4:15—-4:30pm | Monitored Soil Suction using Genetic Experimental investigation of flow in 3D Printed Gradient Composite Microlattice

Programming converging-diverging microchannels Mandibular Prosthesis

X.B.Feng“and Y. Lu Z.W. Chen*, D. Huang, G. Wang and F. Jin F.W. Zhao*, M. N. Mumtaz Qadri and H. Tang

Microstructure and mechanical properties of Topographic amplification on steep terrain: case | Experimental and theoretical study of a bio-
4:30—4:45pm | coCrFeNiZrx high entropy alloy (HEA) thin study of Tuen Mun valley inspired flow energy harvester

films

Xiv



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

April 13, Saturday, Evening

5:00 — 5:15pm Closing Ceremony and Award Presentation [LT-D]

HKSTAM Annual General Meeting [LT-D]

5:15-6:15pm ] L
Attendees: Representatives of all Institution Members and all Full HKSTAM members

6:30 — 8:00pm Conference Banquet [F§3t/MNEF, G/F, Academic Building]

~ Closure of the conference ~

XV



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

Distinguished Lecture |

Prof. Christopher K. Y. Leung (REX &%)

Dr. Christopher K. Y. Leung is Professor of Civil and Environmental Engineering at the Hong
Kong University of Science and Technology, 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 materials, 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 international conferences
in the US, Canada, Europe, China and India. He has received a number of research-related
awards including the Best Applied Research Paper Award from ASCE Journal of Composites
in Construction (2007), the First Class Award in Natural Sciences from the 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, Systems and Structures) in 2011 and is
elected Fellow of 6 international institutions/associations, including HKIE, ICE (UK), IStructE
(UK), ASCE, RILEM and IA-FraMCoS (International Association for Fracture Mechanics of
Concrete and Concrete Structures). He 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 Construction Materials.
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Abstract: Strain hardening cementitious composite (SHCC) is a kind of fiber 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 deformation and 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), the design of 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 principle. Specifically, the tensile behaviour of the material is governed by the
fiber bridging stress vs crack opening (c—d) relation. This relation is dependent on micro-
parameters of the composite, including the properties of fiber, matrix and fiber/matrix interface
as well as the fiber volume fraction and geometry. Through the micromechanical modeling of
the -6 relation and fracture analysis of a crack bridged by the fibers, quantitative criteria for
the selection of micro-parameters to achieve strain hardening behaviour can be derived.
Following these criteria, SHCC has been made with fiber content as low as 1.5 to 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 micromechanical model, 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 be described, and improvements over existing approaches,
in both theoretical and practical aspects, will be highlighted.
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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 hydraulic structure 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 National 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, Xiaowan, Xiangjiaba,
Xiluodu, Baihetan, Jinping, South-to-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 published more 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 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 National 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,
Xiaowan, Xiangjiaba, Xiluodu, Baihetan, Jinping, South-to-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 published more
than 250 papers and won 1 national science and technology progress award and 7 provincial
science and technology progress awards.
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Crack criterion of hydraulic concrete based on structure function
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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 structure. However, most
cracking concrete dams are still able to operate safety, which gives rise to the problems of
whether or not to allow the appearance of cracks in concrete structures, how wide cracks that
won’t cause damage, and what a reasonable index can be used to describe and judge the extent
of concrete cracking. Concrete dam as a retaining structure, firstly, must has the function of
preventing leakage. Thus if the dam cracks are limited in a specified width, which cannot form
the flow channels and can ensure the function of preventing leakage, then these cracks can be
considered allowable and safe. In this paper the criterion of “allowed cracks” is defined
from the angle of ensure the function of preventing leakage. So it must be studied that the value
of equivalent plastic strain which corresponds to the “harmful cracks” in numerical simulation.
According to the same permeability requirements of the cracked dam with the anti-
seepage curtain, the allowable permeability coefficient is found. And based on the test
relationship between the tension strain and permeability coefficient for concrete in the
related literatures, the value of the relevant tension strain is determined, which is as the
cracking criterion of hydraulic concrete. When the tension strain is lower than this value, the
distinct flow channels cannot be formed in concrete, and the effect on the behavior of dam is
very little. Through the numerical simulation of concrete uniaxial tensile with Concrete
Damaged Plastic model (CDP), the parameters of which are determined according to the design
code of concrete structures, the relationship among crack width, equivalent plastic strain and
principal tensile strain is established. And the equivalent plastic strain criterion and the
criterion represented by crack width for concrete cracking are obtained. The application of the
research results to the cracking analysis of a concrete dam presents that the relationship
between equivalent plastic strain and principal tensile strain is very consistent with the result
of numerical simulation of concrete uniaxial tensile, which shows that the relevant conclusions
come from the numerical simulation of concrete uniaxial tensile can be applied to the
complicated stress states in concrete dam. The above results play an important role in the
determination of the cracking region of concrete structure.
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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 The University of Hong Kong (HKU). He received BSc, BEng
and PhD degrees from The University of Sydney, Australia. Professor Young is the Deputy
Chairman of the Structural Division of the Hong Kong Institution of Engineers (HKIE) and
also the Vice-President of the Hong Kong Institute of Steel Construction. He is a committee
member of the Specification for the “Design of Cold-formed Stainless Steel Structural
Members”, American Society of Civil Engineers. He is currently a member of the Accreditation
Advisory Board 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 the Journal of Constructional Steel Research. He has published over 500
international journal and conference papers, of which over 230 are SCI indexed journal papers.
According to the ISI’s essential science indicators, Professor Young has been listed for many
years in the “Top 1% scholars” for highly cited papers.

Professor Young received the Michael G. Gale Medal for Distinguished Teaching Award in
2004 from The Hong Kong University of Science and Technology. He also received the
Outstanding Young Researcher Award in 2006, the Outstanding Teaching Award in 2008, the
Outstanding Research Student Supervisor Award in 2015 and the Outstanding Researcher
Award in 2017 from HKU. He also received the Best Research Paper Award given by the
Journal of Structures, ELSEVIER in 2016.
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Mechanical properties of high strength steel at elevated temperatures:
Experimental investigation and design recommendations
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Abstract: High strength steel (HSS) sections are being increasingly used in structural
applications owing to their superior strength-to-weight ratio, which result in material savings
and easier handling in construction. The strength and stiffness of steel structural members may
reduce under fire. The mechanical properties at elevated temperatures have a crucial role in fire
resistance design of steel structures. A test program has been carried out by Li and Young
(2017) to investigate the mechanical properties of cold-formed HSS at elevated temperatures.
The coupon specimens were extracted from cold-formed 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 up to 1000 °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 standards. 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 ranged from 690 to 960 MPa.
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Figure 1. Proposed 0.2% proof stress (yield stress) reduction factors for high strength steel.
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Dr. Ding-guo Zhang is a professor at the School 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 Fall 1998. He was a visiting scholar at McGill University from May
2002 to May 2003, and at University of Illinois at Chicago from December 2009 to January
2011, respectively. He is the member of Council of the Chinese Society of Theoretical and
Applied Mechanics (CSTAM), and also the vice President of Jiang Su Society of Theoretical
and Applied Mechanics (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
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Abstract: The performance of the two-loop implicit sparse matrix numerical integration
(TLISMNI) methods as the numerical solution of index-3 differential algebraic equations
(DAEs) 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 Hussein. 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 precision, we propose a series of new two-loop procedures which
consider coordinates and velocities as basic unknowns. The whole structure of the proposed
method is different from the traditional one due to the different unknowns, and it is suitable for
implementation using a broad spectrum of numerical integration methods. Firstly, two
numerical examples, a typical four-bar 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 method is good 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 studies of TLISMNI methods have been done on these
non-smooth problems in order to verify the effect of the proposed algorithms. Finally, the
TLISMNI method is used as the numerical solution of the DAESs arising in the control problems.
Two simulation examples of 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.
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Dr Johnny Ching Ming HO is a Professor in the School of Civil Engineering, Guangzhou
University, PRC. Before joining the university in 2018, he worked as a Senior Lecturer in the
University of Queensland in 2013-2018 and an Assistant Professor in The University of Hong
Kong in 2007-2013. Practically, Dr Ho had about 5 years’ of experience working in both Hong
Kong and Brisbane offices of Arup on some large scale infrastructure projects such as The
Stonecutters Bridge in Hong Kong and the Ipswich Motorway Upgrade (Wacol to Darra) in
Brisbane. Dr Ho’s research interests are on mix design of high-performance concrete with
multi-sized fillers, rheology of cement paste and mortar, as well as their application in concrete-

filled-steel-tube columns.
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A constitutive model for predicting the lateral strain of confined concrete
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Abstract: The confining stress developed in various types of confined concrete is related to
the lateral strain of the concrete, of which the inelastic component is up to now very difficult
to evaluate. Herein, the lateral strain of confined concrete for the full stress-strain range from
pre-crack and elastic state to post-crack and inelastic state is studied based on published
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 confined concrete columns, e.g. concrete-filled
steel tube columns. Later the developed axial-lateral 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
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Abstract: This paper attempts to formulate 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, a four-constituent
numerical approach has been developed 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 stress-strain relationship of the soil is
represented by a non-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. The applicability
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 tests on HK-CDG mixtures, which
demonstrated that the model was able to reproduce with good accuracy the experimental data.
Furthermore, the influence of the stress state, the initial soil density, and the initial fraction of
fines have been analyzed through numerical simulations.
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On flow characteristics of manetorheological fluid through microchannel
under alternating gradient magnetic field
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Abstract: To investigate the flow regularity of manetorheological fluid (MRF) in a
mcirochannel flow governed by alternating gradient magnetic field, a 3D numerical simulation
method is established based on the lattice Boltzmann method (LBM). Firstly, MRF is treated
as a two phase system and the motions of manetic nanoparticles (MPs) are investigated base
on the immersed boundary method (IBM). The motions of both a single MP and a short chain
of MPs are investigated and each is found to be a superposition of transverse oscillation and
longitudinal translation. Secondly, a doubled-population LBM method is developed, where
MPs are treated as a quasi fluid. Simulation results show that, affected by the alternating
gradient magnetic field, a considerable transverse velocity component occurs in the flow field.
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Figure 1. Filtering processing for original trajectory of magnetic particles.
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Comparative study on the definitions of non-probabilistic reliability index
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Abstract: In view of the uncertainty problem in practical engineering, the non-probabilistic
reliability emerges when the probabilistic reliability theory developed to the bottleneck. The
non-probabilistic reliability model can still measure the reliability of the structure in the case
of less information, so it has an important position in the practical engineering. Based on the
existing research, this paper studies several major non-probabilistic reliability indicator and
reliability definitions, and points out that there are non-unigqueness problem in the definition of
interval reliability indicators and makes a preliminary analysis. Then the reliability index and
reliability of interval and ellipsoid are compared, analyzed and summarized. Finally, the non-
probabilistic reliability is compared with the probability reliability obeying the uniform
distribution, normal distribution, and the inaccurate probability reliability obeying the triangle
distribution, which lays a foundation for the further study of non-probabilistic reliability.
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Figure 1. A sample of a figure

References

Y. Ben-Haim. Convex Models of Uncertainty in Applied Mechanics[M]. Amsterdam: Elsevier Science, 1990.

Y. Ben-Haim. A non-probability concept of reliability[J]. Structural Safety, 1994,14(4):227-245.

I. Elishakoff. Discussion on: A non-probabilistic concept of reliability[J]. Structural Safety.1995,17(3):195-199.

Y. Ben-Haim. A non-probabilistic measure of reliability of linear systems based on expansion of convex models
[J]. Structural Safety, 1995,17(2):91—1009.

Shu-xiang, LU Zhen-zhou, FENC Yuan-sheng. A non-probabilistic Model of Structural Reliability Based on
Interval Analysis[J]. Chinese Journal of Computational Mechanics, 2001,18(1):56-60) .

QIAO Xin-zhou, QIU Yuan-ying, KONG Xian-guang. A non-probabilistic Model of Structural Reliability
Based on Ellipsoidal Convex Model[J]. Engineering Mechanics, ,2009,26(11):203-208) .

14 April 13, 2019, Hong Kong



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

FEKABLTRES —HrRAHER

N. Chen*!

Collage of Mechanical and Electronic Engineering, University of Nanjing Forestry,
Jiangsu, China

*Corresponding author: Tel: +86 13851502589, E-mail: chenning@njfu.com.cn
# Presenter: E-mail: chenning@njfu.com.cn

Abstract: H BB YE DA S RS R AR 28 GE A7 8 v ] S SR FR I I S B R A T
Gl AR, BEEIUEES: A ET7 I AR AR RE, B 2D BE S AR A IR AN B A rh 2 2
BErS o R REE 52 Dukt . AT, Fos P B AR AR AR K o 2 B R 22 TRV AH T R 9% AR R R %
R EREZ N —D ., H AR Ny EEEIE T 45 S AR B P AT IR B A R
o

AT RN N1 RGN INEMEEE R IE S E L KRR RS
FHIE R GE 00 N —BrRriE R G B iE R GE - S5 75 FEME R B R B8 5 1 T X005 2
HIIAR B AR TR L =R, OB A o2k T AR R 48, E2P RRE)—
IRFIE R GE. VRS RAR A R B T ANRR SR, RN AR —Fr R4, 1X—
KNP B SO B KR TCARL & 1 £ 28, P, TP ER R FARE AT Be 5 B
AGHRAMEE EMNERR. EENEN:

B, R AN TAT A AE A e R R BN T RGN BN AR R R, KRS
%R SEhREMES 5 RER “BI” “BH” AAXENL, 2T R G R IR i BE B s A 4 A\ i
etk tir, IFZHHM AT IRBAE R ERIRK T, €T M REM “ a7, FFathrel]
B HIAHAEAAR 505K AR

ok, M B 22 e BE a2 58 T N AABH BH -7~ R Rk S o e B 2 PR S — 2857 3]
TUBE A o R PR 7] e

B=, FXANRRERE IR IE R SRR SR, B DR P ERAHERR A, B
AT A 58 R FRTBA BT =38 Z 18] A LR R B AL B AR AT R S B AR, g T
B2 iR AN RATE RIS

e, RFBARH AT A T — S S LS P (2 AT 1 RIEE RSP RH AT BB
re AT E (B, B AU R RIS K o

Acknowledgements
The work thanks the help of Professor J. Liu, Jiangsu Hospital of Traditional Chinese Medicine.

References

TUkiE. BEHANEER. M. BESEBE, 1931.

FIE. MIRBIEHARBE R EAR S W RSEEEN GESFRER), 2007, 9(3) :1-10.
W AR PRI R HE g Rkt (7], T E P EEZR, 2009, 3233 12-7.

BORME.  FJERFARRTRETEIEAL]. R PEZREER, 1994, 18(6) :362.
ZER, EWE. PERERIAMIIRER J]. HAREE AR PRI, 2006, 8(4):7-12.

15 April 13, 2019, Hong Kong



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

Thermal effect on dynamics of rotating functionally graded microbeams

Jianshi Fang**, Jianping Gu and Xiaopeng Zhang

School of Materials Engineering, Nanjing Institute of Technology, Jiangsu, China
*Corresponding author: Tel: +86 13813925869, E-mail: fangjsh@njit.edu.cn

# Presenter

S

Abstract: Thermal effect on size-dependent free vibration behavior of rotating microbeams
(see Figure 1) made of temperature-dependent functionally graded materials (FGMSs) is
investigated. Material properties of FGMs are assumed to change smoothly along the thickness
of the microbeam according to a power-law variation. Considering Euler-Bernoulli beam
theory (EBT) and Timoshenko beam theory (TBT), Hamilton’s principle is employed to derive
the governing equations and associated boundary conditions of rotating microbeams based
upon a modified couple stress theory. These equations are numerically solved by using an
assumed-mode discretization approach. Several comparative examples are carried out to verify
the reliability and accuracy of the present model. The effects of 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 detail.

Pure ceramic

Pure metal

Figure 1. The three-dimensional configuration of a rotating hub-FG microbeam system.
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Abstract: To solve large deformation geotechnical problems, a novel strain-smoothed 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 of
the novel method is to use very simple lower-order triangular element without suffering from
volumetric locking via the strain smoothing method, instead of the higher-order triangular
element/mixed stabilised formulation in the original PFEM, while preserving 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 numerical damping. 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 slope. All results demonstrate that the novel SPFEM is a
powerful and easily extensible numerical tool for simulating large deformation geotechnical
problems.
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H.Y. Zhang*!

! College of Water Conservancy and Hydropower Engineering, Hohai University,
Nanjing, Jiangsu, China
*Corresponding author: Tel: +86 13770957562, E-mail: zhanghanyun@hhu.edu.cn

Abstract: The seismic safety and proper functioning of intake towers in a major earthquake
are very crucial to the whole hydraulic project, since the controlled release of the reservoir
could help to prevent catastrophic failure of a dam after an earthquake by reducing the water
pressure. The dynamic response of high-rise intake towers during earthquakes may present
quite complex characteristics due to many factors. The complexity of the analysis is increased
by important soil-structure interaction effects. A free-standing intake tower usually exhibits an
access bridge that connects the top of the tower to the dam or abutment. Therefore, the intake-
outlet tower and bridge system has two well-separated supports. Different local soil conditions,
traveling wave effects, phase difference in the seismic motions, and other factors can cause a
spatial variability of the ground motion at the supports. These multiple-support excitation
effects can be important in the calculation of the seismic response of the system. Therefore,
and because of the lack of previous investigations dealing with these effects, this paper is aimed
to study in more detail their influence on the dynamic response of the high-rise intake tower.
The multiple-support ground motion excitation method will be proposed. The dynamic
interaction between the tower and the access bridge will be investigated.
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Fundamental material research on high-entropy alloy (HEA) microlattices
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Abstract: Microlattice structure, especially the metal microlattice attracts 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 (HEA) thin film to the substrate. By the combination of
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 compressive strength but also has great compression ductility.

100 um 10 um 5um 1um 880 nm 100 nm 80 nm 20nm 5nm
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+
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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 sandwich plates for marine applications
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Abstract: To predict the performance of protective structures of marine applications, the
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 modified constitutive model are
obtained. The tests using numerical simulation method by using finite element code LS-DYNA
were conducted with different impact velocities based on quasi-static experimental parameters.
Effect of projectile shape, skins thickness, core thickness and core densities on the residual
velocity, plastic deformation and energy absorption ability of sandwich plates are discussed,
while typical penetration failure modes and deformation mechanism are presented and
analyzed. It was shown that mechanics properties of aluminum foam with different density can
be described accurately by modified constitutive model. The failure modes of sandwich plates
are different for hemisphere-nosed and blunted-nosed projectile and the projectile shape effect
is significant 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 on performance 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 H-rotor VAWTs was examined
experimentally in turbulence of various length scales. A range of turbulence integral length
scales were produced by wooden grids with different mesh sizes. The power coefficients, Cp,
of VAWTSs were measured by applying resistance in the rotor circuit. Measurement uncertainty
was carried out. The experimental results evidently proved that turbulence enhanced the power
performance of VAWTSs. Moreover, the rated Cp was found to be inversely proportional to the
integral length scale, whereas it increased with the turbine aspect ratio. The underline reasons
for the phenomena were addressed. This work serves the interest of the design and application
of VAWTSs in urban areas.

- ' 7 - A
Figure 1. Wind turbine installed

in the wind tunnel.
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A probabilistic framework for the stochastic dynamic load identification on
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Abstract: A stochastic dynamic load identification algorithm is proposed on an uncertain
dynamical system in which the random system parameters are represented by correlated
Gaussian random fields. A unified probabilistic framework based on Polynomial Chaos
Expansion (PCE) for the stochastic 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.
Numerical simulations and experimental studies on a cantilever beam under a concentrate
stochastic force are conducted to estimate the statistical characteristics of the stochastic load
from the stochastic structural response samples.
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Abstract: Incipient damage in composite laminates, like delamination and crack, can occur
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 laminates at the early 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 densely-sampled mode shapes can easily 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 multi-resolution modal Teager-Kaiser energy that is formulated from a
mode shape using the Teager-Kaiser energy operator and the wavelet transform, based on
which methods are developed for designating the presence and location of incipient damage in
composite laminates under noisy environments [1-3]. The proposed damage identification
methods are experimentally validated on CFRP laminates with incipient crack and
delamination, whose mode shapes are precisely acquired via the non-contact measurement
using a scanning laser vibrometer. The results show that the methods relying on the multi-
resolution modal Teager-Kaiser energy can effectively identify incipient damage in composite
laminates under noisy environments.
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A unified constitutive model for confined concrete
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Abstract: A theoretical stress-strain model for confined concrete is proposed in this paper.
This model is obtained through a four-step procedure. As the first crucial step, a new and
accurate hoop strain equation is proposed and verified based on experimental results. Having
validated the assumption of stress path independence of confined concrete under monotonic
uni-axial compression, an actively confined concrete model is adopted. Next, the stress-state
of confining material, such as steel tube, CFRP wrap or 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 model is subsequently verified with the published experimental
results of concrete-filled-steel-tube, FRP-confined concrete or GFRP tube confined concrete
columns.
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A rate-dependent failure criterion based on distortion strain energy density
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Abstract: A strain-rate dependent failure criterion is proposed for composites based on rate-
dependent constitutive model and the concept of distortion strain energy density. In a linear
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 strain energy density, the so-called dynamic
distortion strain energy density is then derived rigidly to establish strain-rate dependent failure
criterion. According to published test data, parameters in the failure criterion established are
fitted, and dynamic failure strain and stress are depicted versus strain rate and parameters. Some

common sense about strain rate effect is explained quantitatively.

0.026 T T T T
- Rate-dependent failure criterion
‘s ©  Experiments
£ o024 | <Pen
17}
g
=
E 0.022 Co 8
3 Ca
g 0.020 |- b
‘2D
=
5
- 0.018 PRI RPN R ST BT R
1E-3  0.01 0.1 1 10 100
Strain Rate/s
(@ n=1
0.026 T T T T
- Rate-dependent failure criterion
g 0024 [ ©  Experiments J
a .
2] ]
F 002} 8 J—
g 0.020 |- —
‘20
=
5]
- 0.018 PP BT R TT R AT rTT R
1E-3 0.01 0.1 1 10 100

Strain Rate/s

(b) n=3

0.026

T
Rate-dependent failure criterion
o Experiments

0.024 [

0.022 [

0.020 |

Longitudinal Failure Strain

0.018 L

0.026

1E-3

0.01

0.1 1 10 100
Strain Rate/s

(b) n=2

Rate-dependent failure criterion
O Experiments

0.024 [

0.022

0.020 |

Longitudinal Failure Strain

0.018

1E-3

0.01

0.1 1 10 100
Strain Rate/s

(b) n=4

Figure 1. Effect of strain rates on longitudinal tension failure strain.

Acknowledgements

The authors are grateful to the supports of the National Natural Science Foundation of China
(11572086,11202050).

26

April 13, 2019, Hong Kong



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

Distinct Relaxation Timescales of Neurites Revealed by Indentation under
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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
finger-like 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 treated as a viscoelastic solid
consisting of multiple characteristic relaxation times. Interestingly, the initial and long-term
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, 0.1 and 1 seconds, 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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J.B. Su#, S.L. Luan', L.M. Zhang*?, R.H. Zhu' and W.G. QIN3
ICoastal and Offshore Engineering, Hohai University, Jiangsu, China

2Department of Civil and Environmental Engineering, The Hong Kong University of
Science and Technology, Hong Kong, China

3China Design Group Co., Ltd., Jiangsu, China
*Corresponding author: Tel: +852 2358-8720, E-mail: cezhangl@ust.hk
# Presenter: E-mail: jbsu@hhu.edu.cn

Abstract: Health monitoring, detection, and safety assessment of high-piled wharf structures
are key problems to be solved urgently in the field of maritime transport engineering. An
optimal method for placing accelerometers for monitoring a high-piled wharf structure is
presented in this paper. In this method, a partitioned genetic algorithm strategy is proposed
based on the frequency and vibration modes of the high-piled wharf obtained by a modal
analysis using the finite element method. The modal assurance criterion (MAC) matrix is used
as an evaluation index of sensor placement results. Subsequently, the sensor placement scheme
obtained by the proposed method is applied to a reduced-scale model of a high-piled wharf to
validate the method. The results demonstrate that the proposed sensor optimal placement
method reduces the number of accelerometers and improves the calculation efficiency by
ensuring relatively complete information on the high-piled wharf structure.

Channel 7
Channel 2 Channel 8
Channel 3 Channel 9
Channel 4 —— Channel 10
Channel 5 Channel 11
Channel 6 Channel 12

Channel 1

0.03

‘
. = 0.04
N R W M N |
|

0.02 -

a(m/s’)

0.01 |

0.00 EEREAEES e sty -
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Natural Frequency (Hz)

Figure 2. Frequency spectrum curve of high-pile

Figure 1. MAC matrix of the 12 measurement points
wharf model

Acknowledgements

The authors wish to thank the National Natural Science Foundation of China (Grants No.
51679081 and No. 51709093).

References

Breitfelf T. A method for identification of a set of optimal measurement points for experimental modal analysis.
Proceedings of SPIE - The International Society for Optical Engineering 1995; 11(1-2):254-273.

Carne TG, Dohrmann CR. A modal test design strategy for modal correlation. Proceedings of the 13th
International Modal Analysis Conference, Nashville, 1995; 927-933.

Casciati S, Elia L. Damage localization in a cable-stayed bridge via bio-inspired metaheuristic tools. Structural
Control and Health Monitoring 2017; 24(5):e1922.

28 April 13, 2019, Hong Kong


mailto:cezhangl@uxmail.ust.hk

The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

A meshfree method for dynamic analysis of rotating Mindlin plates
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Abstract: The radial point interpolation method (RPIM) is proposed for dynamic analysis of
rotating Mindlin plates. Considering the non-linear coupling deformation which means the in-
plane longitudinal shortening terms caused by transverse deformation, the first-order
approximation coupled (FOAC) dynamic model is established via employing Lagrange’s
equations 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 undergoing large overall
motion. The simulation results are compared with those obtained by using zero-order
approximation coupled (ZOAC) dynamic model, which shows the results using FOAC are
more accurate, especially in the situation of high rotating speed. Meanwhile, the 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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Abstract: In recent years, progressive attention has been paid on the study of strain energy of
rocks during rock deformation and failure. This study investigated the failure and energy
characteristics of sandstone and coal through uniaxial cyclic loading and unloading tests.
Monotonic loading tests were firstly carried out to determine the physical and mechanical
properties of the rocks. Results show that both elastic and dissipated strain energies increase
quadratically with strain, until the stage of unstable crack growth; after that, fluctuations were
observed, and mostly in the dissipated energy. In addition, coal exhibited greater fluctuations
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 rates, the processes of energy build-up
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 rates of sandstone 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 build-up and energy release. The dissipation process
is, however, 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 insightful findings on the
mechanisms of rock deformation and failure.
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Abstract: Varying compliance (VC) is an inevitable parametrical excitation to rolling bearing
systems due to time-varying stiffness from rolling element revolution. Period doubling
instability in the VC primary resonances of ball bearing is presented in many studies. However,
few studies have directly attempted to suppress this bifurcating instability. On this basis, a
dynamic stiffness evaluating method is presented for assessing the threshold of the period
doubling and complex motions in VC primary resonances of ball bearing, where the elaborate
evolution of the bifurcating process is obtained by harmonic balance and alternating
frequency/time domain (HB-AFT) method and using Floquet theory. Our analysis indicates
that by introducing certain additional stiffness, the period doubling and corresponding
subharmonic internal resonance can be suppressed.
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Figure 1 Stable (solid line) and unstable (dashed line) Peak—Peak (P-P) frequency—response curves of the
periodic branch
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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 low. Recently, 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 significance to propose novel auxetic structures with enhanced mechanical
properties and non-reduced 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

direction 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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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 repetition of the
four states, i.e. left single-leg support state, double-legs support state, right single-leg support
state and double-legs support state. Based on the multiple states, a CRBM is established. The
contact constraint is treated by completely inelastic collision 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 the ratio fi/f, and time
t under initial condition of the stable walking is obtained, and by using this relationship, region
of friction coefficient for the stable walking state is obtained. The possible singular
phenomenon- Painlevé paradox problem is analysed. The critical value of the coefficient of
friction for Painlevé paradox is specified. In addition, the analytical results of robot’s dynamic
responses are compared with the finite element numerical simulation. It shows that the results
from CFBM are totally different from solutions calculated by the rigid body model. The critical
value of coefficient of friction is smaller than those of CRBM.
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Figure 1. f, with different x during passive walking of bipedal robots: (a) CRBM solutions; (b) CFBM solutions.
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Abstract: Numerical simulations are performed to investigate the re-initiation mechanism of
a diffracted detonation wave near the critical channel width for a weakly unstable gas (y =
1.2,Q = 50,Ea = 24). 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 cellular detonation wave is
smaller compared to that predicted using a planar detonation wave. For planar detonation
diffraction, due to the large gradient of induction time of the shocked but unreacted gas, a bulge
of flame is observed at the top right portion (Figure 1). The re-initiation 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 detonation 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 shocked-unreacted gas for planar detonation diffraction. Red indicates short
timescale, and blue for long timescale.
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Figure 2. Formation of local over-driven detonation for cellular detonation diffraction.
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A screw works better than a nail, or a well-knotted rope better than a naive one, in fastening
solid matter. A gas or a liquid is more tameless. However, a flow itself has 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 three-dimensional direct
numerical simulations of isotropic turbulence, that, 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 modes, such as 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 latter topological quantum state is found from numerical results
(Clark di Leoni, P., 2016) of the Gross-Pitaevskii model for the Bose-Einstein condensate of
Bose gas.
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Abstract: Dumon stents have been used in the treatment of airway stenosis for almost 30 years
in foreign countries [1]. However, airway restenoses or even obstruction caused by excessive
proliferation of granulation tissue at both ends occurs frequently after stenting. This might be
due to the individual differences in the anatomic morphology of patients’ airway stenosis,
which might result in the non-fully fitting between Dumon stent and patient’s airway wall,
hence the local stress concentration. To verify this hypothesis, we designed and manufactured
a series of patient-specific silicone airway stents through 3D printing technology. Results of
animal experiments (canine) demonstrate that compared with commercial Dumon stents,
patient-specific silicone airway stents can effectively suppress the  proliferation of
granulation tissue and reduce the incidence of airway restenosis, as shown in Figure 1. In
general, 3D printing technology has the advantages of patient-specific, low cost and quick
production. We believe that the customizing of individualized implantable medical devices
through 3D printing technology would become a research hot spot in the future.

Figure 1. Bronchoscopy results (8 weeks after stenting): A-C refer to Dumon Stents; E-G refer to patient-
specific silicone airway stents.
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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 Stokes-Einstein relations connect
passive, observable diffusion of a colloidal particle to properties of the suspending medium,
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 equation of state, giving a nonequilibrium Stokes-
Einstein relation (NESER). Here that freely-draining theory is expanded to account for
hydrodynamic interactions. To do so, we construct an effective hydrodynamic resistance
tensor, through which the particle flux is projected to give the advective and diffusive
components of a Cauchy momentum balance. The resultant phenomenological relation
between suspension stress, viscosity and diffusivity is a generalized NESER. The
phenomenological model is compared with the statistical mechanics theory for dilute
suspensions as well as dynamic simulation at finite concentration which show good agreement,
indicating that the suspension stress, viscosity, and force-induced diffusion in a flowing
colloidal dispersion can be obtained simply by tracking the motion of a single Brownian probe.
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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 experiments. In this study, we present an active strategy
through deep reinforcement learning for eliminating the velocity defect in the wake 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 feedback signals from a downstream hot-wire rake. The
simulation is conducted with a GPU-accelerated flow solver that is based on the lattice
Boltzmann method (LBM) with multi-block grid partition. From the control-theory perspective,
the multi-input and multi-output feature of this problem makes it challenging to obtain an
optimum explicit control law or to explore the parameter space. By adopting two sets of deep
neural network, the reinforcement learning agent can learn from the time sequences of the
sensors, actuators and a specified reward function through trials and errors, and finally
converge and become capable of determining the optimal control policy!. The 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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Abstract: The experimental modal analysis of a large space truss was conducted using the
hammering 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 were analysed. The results
show that (i) modal coupling can be avoided by decrease added stiffness of suspension; (ii) the
repeatability of the modal test is improved by uniform distribution of suspension points; (iii)
the energy loss of the excitation can be reduced by placing 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 are beneficial to operating ground modal test of large flexible hinged structure.

15

Amplitude/dB

_25- 1 1 1 1 1 1 N
o 2 4 6 & 10 12 14 16

Frequency/Hz

Figure 1. Comparison of frequency response functions between Case | (spring suspension) and Case Il (elastic
rope suspension)
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Abstract:

Rocks decay significantly during or after heating/cooling cycles, which 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 Young’s moduli. We found that rock decay can take place in both heating and cooling
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 the a-f phase transition of quartz.
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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 influence the
density, stiffness and strength of granular packing. To overcome this drawback, “clumped”
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 Representative Volume Element
(RVE) consisting of 2940 clumps is generated based on X-ray CT scan of Toyoura sand
(Katagiri et al. 2010). RVEs of different void ratios are tested to simulate monotonic undrained
simple shear behaviour, which agrees well with experimental data (Yoshimine et al. 1998),
shown in Fig. 1(b)(c). We further investigated the effects of model parameters for inter-particle
contact (Young’s modulus E, Poisson’s ratio v) and inter-particle friction angle (¢) on the
macroscopic response of an RVE. It is found that E and ¢ have significant effect on soil
behaviour whereas v 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. (2) Clumped model for a sand particle; (b)(c) Undrained simple shear tests by DEM vs experiments
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Abstract: This study aims to investigate the two-dimensional 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 interface shear tests (Zhu et al. 2017; Jing et al. 2018). Using the discrete
element method, 3D numerical interface shear tests, under the seven shear orientations (6 =
0°,10°,30°,45° 60° 75° and 90°) were conducted. The analysis of shear-induced contact
force changes on the lateral boundaries of shear box indicates 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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Abstract: To study the containment of the outer metal structure case of aeroengine lined
reinforced composite material under the impact of blade-shaped projectiles, a smoothbore
cannon test system was used to test the target penetration process of laminated aramid fiber
composite laminates (Facing surface) and Ti-6Al-4V(TC4) metal laminates. The process of
blade penetration into the target plate was recorded by a high-speed camera system in order to
study the anti-penetration 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 inner composite 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 ANSYS/LS-DYNA. In this paper, an analytical method is
proposed to simulate the different damage modes and energy absorption mechanisms of
composite laminates and composite-metal laminated target plates impacted by blade projectiles.
The energy transfer of blade impacting target plate is described by the theory of stress wave
propagation. Considering that the kinetic energy of the blade will be absorbed or dissipated by
the conical body formed in the process of impacting, the tensile fracture of primary yarns, the
deformation of secondary yarns, shear plugging, matrix cracking and delamination. Ballistic
limit velocity, penetration time and energy of each part can be obtained by energy conservation:

ECP =E+E“+E +EX + EL +EXL +EME (1 =1,...,1)
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 results and Ls-dyna results and energy changes of each part

Acknowledgements

The authors wish to thank the support from the National Science Foundation of China (Grant Numbers 11772158,
11502113), and the Fundamental Research Funds for Central Universities (Grant Number 30917011103).
References

Pasquali, M. , Terra, C. , & Gaudenzi, P. (2015), Analytical modelling of high-velocity impacts on thin woven
fabric composite targets.Composite Structures,131, 951-965.

Naik, N. K., Shrirao, P. , & Reddy, B. C. K. (2006), Ballistic impact behaviour of woven fabric composites:
formulation.International Journal of Impact Engineering,32(9), 1521-1552.

43 April 13, 2019, Hong Kong



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application
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Abstract: Polymer-metal 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 polymer-metal composite is composed
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, we employed metal-coated polymer microfibers to simulate the
polymer subtract and metal film structure. The polymer microfibres were manufactured by
Projection Micro-Stereolithography which enable us to precisely control the fibre size at
microscale, while the metal film was deposited by magnetron sputtering. Basically, the
mechanical properties of the metal-coated polymer microfibers were evaluated by tensile test.
Moreover, the influence of different sizes of polymer microfiber and different thicknesses of
metal film on the mechanical properties was investigated. Additionally, the fracture mechanism
of the metal-coated polymer microfibers was investigated to explore the strengthening
mechanism of the metal on polymer.

Acknowledgements

The authors gratefully thank the funding supports from Shenzhen Science and Technology
Innovation Committee under the grant JCYJ20170818103206501 and Hong Kong RGC under
the grant CityU 11216515. Part of this work was supported by City University of Hong Kong
(Project Nos. 7005070 and 9667153).

References

Gao, L., Song, J. , Jiao, Z., Liao, W., Luan, J., Surjadi, J. U., Li, J., Zhang, H. , Sun, D. , Liu, C. T. and Lu, Y.
(2018), High-Entropy Alloy (HEA)-Coated Nanolattice Structures and Their Mechanical Properties. Adv. Eng.
Mater., 20: 1700625.

Surjadi, J. U., Gao, L., Cao, K., Fan, R., & Lu, Y. (2018). Mechanical enhancement of core-shell microlattices
through high-entropy alloy coating. Scientific reports, 8(1), 5442.

Lu, N., Suo, Z., & Vlassak, J. J. (2010). The effect of film thickness on the failure strain of polymer-supported
metal films. Acta Materialia, 58(5), 1679-1687

Z Huang, Y Lu, R Majithia, J Shah, K Meissner, KS Matthews, SE Bondos, (2010) ... Size dictates mechanical
properties for protein fibers self-assembled by the Drosophila Hox transcription factor ultrabithorax.
Biomacromolecules 11 (12), 3644-3651

Cooper, C. B., Joshipura, I. D., Parekh, D. P., Norkett, J., Mailen, R., Miller, V. M., ... & Dickey, M. D. (2019).
Toughening stretchable fibers via serial fracturing of a metallic core. Science Advances, 5(2), eaat4600.

44 April 13, 2019, Hong Kong



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

in situ electro-mechanical study of Ag nanowire/graphene hybrid films

K. Cao*, H. Yang, Y. Lu*!

1Department of Mechanical Engineering, City University of Hong Kong, Hong Kong,
China

# Presenter: E-mail: kecao3-c@my.cityu.edu.hk
*Corresponding author: Tel: +852 3442-2385, E-mail: yanglu@cityu.edu.hk

ds

Abstract: The fast-growing 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 intriguing properties
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 films can 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 environments. Owing to the extraordinary mechanical,
electrical and optical properties, graphene can be introduced as an oxidation-resistant layer. In
this work, Ag nanowire/graphene hybrid films were fabricated. Compared to Ag nanowires
films or graphene, the Ag nanowire/graphene hybrid films have improved electrical
conductivity and mechanical stability through in situ bending tests at macro scale. In 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.

Flgure 1. The fabrlcated Ag nanowire/graphene hybrid films
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Abstract: In this study, the work-hardening behavior of micro-alloyed Ag microwires with
different grain sizes has been investigated. Meanwhile, the microstructure evolutions of them
have been observed and compared by backscattered electron (BSE), electron backscattered
diffraction (EBSD) and transmission microscope (TEM) before and after tensile tests. The
result illustrated that the work-hardening rates did not change apparently for the samples with
different grain sizes, meaning that the work-hardening capacity did not weaken with increasing
grain size. As a typical low stacking faults energy (SFE) material, the abundant stacking faults
and twins in Ag were observed and confirmed to play the role of the work-hardening
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 mechanisms that control the loading angle and
fixture effects on the mechanical response of fasteners by using a simple finite element bolt
model without threads which had been validated by comparing it with experiment results, and
uses the semi-infinite notch theory to obtain a prediction model for the onset of failure of
fasteners under various loading angles. The investigation reveals that the loading angle and
fixture effects on fasteners’” mechanical response are attributed to the change of stress
concentrations at the contact tips, and verifies that a reduced model of a fastener can be used
to predict its constitutive behaviour accurately. Basing on the conclusion that the contact tips
are most notable, Williams’ solution:

O'ij(?”, (9) = Kjrkrflf;‘j(g) + KHT_,\H—l‘f;IjI(Q)

is used to obtain the stress field near the intersection of the bolt and the fixture, and
superposition is used to add the solutions for the four stress concentrations of 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 quick way for failure onset prediction of fasteners
under different loading angles is obtained by using this analytical model.
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Figure 1. Stress distribution comparisons of shear and tension loading conditions.
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Abstract:

Hypersonic boundary layers transition is a very crucial issue for the development of aerospace
vehicles. For low forcing environmental disturbances, laminar-to-turbulent transition is ruled

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

Gortler vortices but cannot 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 first 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 experimentally [2]. This work will study the effects of the
admittances of porous walls (A = |A|e®®) on the stabilization of the first and second modes in
a flat-plane boundary layer at Mach 6. As shown in Fig. 1, the admittance magnitude [A| and
phase 6 have effects on the growth rate —a; and frequency F of the first and second modes.
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Y.Z. Chen?t, W.H Zhou*!, F.M. Liut?and S. Yi? Q

Abstract: The contaminated sediment in the river and coastal have complex contaminants,
high initial water content, high compressibility, and low shear strength, and is considered to be
potentially problematic. An effective approach for the treatment and increasing the strength is
to incorporate high-performance nanomaterials - Nanoscale Zero-Valent Iron (nZVI1). 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, limited attempts have been
made to investigate the deformation behaviour of nanomaterials treated soils. In this
presentation, it is to identify the deformation behaviour of nZV1 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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Mechanical properties of freestanding monolayer MoS:
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Abstract: The outstanding properties of graphene have captured researchers’ attention in two-
dimensional (2D) materials with remarkable electrical, mechanical and optical attributes.
However, without band-gap, graphene can’t satisfy the real application even it possesses high
carrier mobilities. Moreover, other 2D materials especially transition metal dichalcogenides
(TMDs) have emerged with different band-gaps. As a representative of TMDs, monolayer
MoS: possesses direct band-gap of 1.8 eV which opens the possibility of many optoelectronic
applications. As the most important properties, mechanical properties play an important role in
practical applications. However, experimental research about mechanical properties of MoS;
is limited. Here, we developed an in situ platform to investigate mechanical properties of
freestanding monolayer MoS». By applying a uniaxial load, the in situ tensile tests were carried
by our platform. The elastic properties and failure mechanisms of MoS; were investigated. Our
platform is also applicable to other 2D materials to explore their mechanical properties.

Figure 1. The platform of in situ tensile tests
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Abstract: FeNiCoCr high-entropy alloy (HEA), as one of the emerging structural alloys for
next-generation 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 been studied. Here,
deformation mechanisms, crack behavior and strain-stress relationship of He® irradiated
FeNiCoCr HEA (Chen et al. 2018) were systematically studied by in situ TEM tensile and
compression testing (Ding et al. 2016; Zhang et al. 2016). The results demonstrate that helium
nanobubbles alter the stacking fault formation and substantially enhance the strength of
FeNiCoCr HEA. We believe that this work could not only improve our understanding of He*
irradiated HEAS, but also provide a promising way to reveal 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 without He* irradiation.
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On the effects of modelling errors and uncertainties 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 simplification of 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 techniques 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 MCMCS-based
Bayesian probabilistic technique 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 an in-situ sleeper 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 right two-third section to
obtain in-situ vibration measurement. The proposed damage identification methodology is then
applied to predict the location and severity of the ballast damage. Since ballast has been proven
to possess non-linear stress-strain characteristics, the effects of modelling errors and
uncertainties on the predicted structural response and identification accuracy is then
demonstrated by modelling the ballast using three different classes of models: (1) the linear
elastic model, (2) the non-linear modified Ludwik’s model, and (3) the non-linear Prager model.
Finally, the Bayesian model class selection is used to identify the optimal ballast model.
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Abstract: This work is to develop a novel method for the heterogeneous strain measurement
of micro- and nanolattices in uniaxial compression tests. Based on scanning electron
microscopy (SEM) images or images obtained by optical imaging systems, digital image
correlation (DIC) is carried out to determine strain distribution 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 mechanism of various micro- and nanolattices
under compression. Besides, the overall axial and lateral strain are measured to decide the
Young’s modulus, Poisson’s ratio, elastic recoverability, and energy absorption capability of

these structures.
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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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‘Super Bamboo’ — a new sustainable structural material
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Abstract: We have developed a novel bamboo-based structural material which is made of
100% bamboo and is eco-friendly, lightweight, and high-strength. Two steps for making
“Super bamboo” starts with the partial removal of lignin and hemicellulose via a boiling
process in alkaline chemical treatment, and then hot compression until its hierarchical structure
is fully compressed. The resulted “super bamboo” has much higher Young’s modulus, tensile
strength, and compressive strength compared to nature bamboo. Its strength-weight ratio can
be above 5 times of that of low carbon steel. The new ‘super bamboo’ materials have good
durable because parenchymal cells and vessels inside are full compressed. The process is
expected to reduce the cost of the bamboo-based material by 35% as compared to using existing
bamboo process methods. The cost-effectiveness, together with its remarkable mechanical
properties and sustainability, make the “super bamboo” competitive alternatives of
conventional concrete, composites, and metals for certain applications.

Figure 1. Schematic of natural bamboo and ‘super bamboo’ under different treatments
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Dynamic modelling and vibration analysis of rotating beams with active
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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 closed-loop and open-loop
cases. By solving the corresponding linearized vibration equations of the smart system, the
thermal 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. Simulation results show 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 open-loop and closed-loop cases. Research in this paper will be
helpful for the dynamics of high speed rotating blades operating under thermal environment.

Acknowledgements

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

References

L. Li, D.G. Zhang, Y.B. Guo (2017), “Dynamic modeling and analysis of a rotating flexible beam with smart
ACLD treatment”, Composites Part B, 131, 221-236.

Pradeep V, Ganesan N (2006), “Vibration behavior of ACLD treated beams under thermal environment”, Journal
of Sound and Vibration, 292, 1036-1045.

Sharnappa, N. Ganesan, R. Sethuraman (2010), “Thermally induced vibrations of piezo-thermo-viscoelastic
composite beam with relaxation times and system response”, Multidiscipline Modeling in Materials and
Structures, 6(1), 120-140.

E.H.K. Fung, D.T.W. Yau (2004), “Vibration characteristics of a rotating flexible arm with ACLD treatment”,
Journal of Sound and Vibration, 269, 165-182.

J.N. Reddy, C.D. Chin (1998), “Thermo-elastical analysis of functionally graded cylinders and plates”, journal of
thermal stresses, 21, 593-626.

55 April 13, 2019, Hong Kong



The 23rd Annual Conference of HKSTAM 2019
The 15th Jiangsu — Hong Kong Forum on Mechanics and Its Application

In Situ Micromechanical Characterization of Metallic Glass
Microwires under Torsional Loading

Sufeng Fan*'and Yang Lu*'2

1Department of Mechanical Engineering, City University of Hong Kong, Kowloon,
Hong Kong SAR, China

2Hong Kong Branch of National Precious Metals Material Engineering Research Center
(NPMM), 83 Tat Chee Avenue, Kowloon, Hong Kong, China

*Corresponding author: Tel: +852 3442-4061, E-mail: yanglu@cityu.edu.hk
# Presenter: E-mail: sffan2-c@my.cityu.edu.hk

Abstract: Small-scale 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 behaviour of Fe-Co based
metallic glass microwires inside a SEM. Benefiting from the in-situ SEM imaging capability,
the fracture behaviour of metallic glass microwire has been uncovered clearly. Plastic
deformation of the microwires include both homogenous and inhomogeneous plastic strain,
which began with the liquid-like 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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Figure 1. Microstructure of the fracture surface. @
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Abstract: In engineering and scientific applications, the classical continuum mechanics
represents the most adopted tool to analyse structural problems. The Classical 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 within the structure.
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 several generalized 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 many authors. 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 independent 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 force-based 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 material parameters are addressed
too, along with the capability of the proposed model to deal with size-effects. 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
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Abstract: Nowadays, smartphones are an indispensable part of people’s daily life.
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 shattered than before, 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 energy consuming because high
temperature and precision 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 adhesive layer which
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 comparing with the experimental results.
A novel liquid optical clear adhesive (LOCA) was fabricated based on a bio-inspired structure
developed by Niu et al. (2009) and utilized to construct the multilayer beam structure. Three-
point bending tests were performed to obtain the strength of the multilayer structure.
Experimental results showed that, compared to commercially available LOCA, the bio-inspired
LOCA was able to enhance damage resistance of the multilayer structure for 30%. FE analysis
was performed to study the strengthening mechanism of bio-inspired 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 convenient. The research and design philosophy can be easily extended to the
damage-resistant 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% v/v gasoline)
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 through the hollow 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 comparing the 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 discussed.
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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 different distances from
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. Based on the performance 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 between the 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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Abstract: In this work, we systematically investigated the relationship between microstructure
and mechanical properties of CoCrFeNiZrx (x= 0, 0.3, 0.5, 1) high entropy thin films. A
transition from single phase crystal to amorphous structure was observed with increasing Zr
concentration from 0 at.% to 25 at.%. In the intermediate Zr concentration-range spanning from
7.0 at.% to 12 at.%, Zr addition renders a peak hardness of 6.8 GPa with a crystal-amorphous
dual phase structure. In the meantime, we provide reasonable insights into understanding
behaviors above. These findings will convey the valuable information for designing ultrastrong
high entropy alloys for practical applications.

a—————

Figure 1. Representative cross-sectional HRTEM image of dual phase CoCrFeNiZr0.3 high entropy alloy thin
film. Inserts are the corresponding selected area diffraction pattern (SADP).
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Abstract: The performance of the two-loop implicit sparse matrix numerical integration
(TLISMNI) methods as the numerical solution of index-3 differential algebraic equations
(DAESs) of motion 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 a state-space-
based method, has notable features: no use of numerical force differentiation, friendliness 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 implicit integration 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 precision, we
use the 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 different from the
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 new two-loop method are presented
here. Results show that the TLISMNI/EBDF method can increase the order of the original
TLISMNI method and improve the convergence characteristics. Furthermore, the proposed
method only needs to perform less iterations to satisfy the same tolerance of error than the
traditional TLISMNI method does. Increasing the number of iterations can increase the
calculation amount and round-off 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
landslide triggering, and limited information is provided on large deformation and post-failure
behaviour. In the study, the dynamic behaviour of soil slopes is simulated using Material Point
Method (Sulsky et al. 1995), which models the materials as Lagrangian particles moving
through a background Eulerian mesh. A Mohr-Coulomb model with strain softening behaviour
is developed for describing the soil behaviour at large deformation. The influence of soil
properties on the triggering of instability and downward sliding 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 (e.g. Wang et al. 2018). All these factors determine the acceleration of
the sliding mass and its travelling distance. In the end, simple Newmark sliding block analysis
(e.g., Du and Wang 2016) was used to compare with the numerical simulation. The method
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
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Abstract: Cataract is the leading cause of blindness, responsible for 33% of visual impairment
worldwide. The most effective treatment for cataracts is phacoemulsification-based cataract
surgery, which has become nowadays the standard method to remove cataract[1]. Investigating
the interaction between intraocular flow and iris during phacoemulsification-based cataract
surgery is important to understand the occurrence of intraoperative floppy iris syndrome (IFIS),
which always degrades the surgery outcome. Addressing 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 fluid-structure interaction (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 element method
(FEM) based on the co-rotational formulation method. The immersed boundary (IB) method is
used to deal with the fluid-iris interaction. The dynamics of the fluid-iris system is studied in
details. Different iris deformation states are identified. In addition, 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 fluid-iris system, which can provide reasonable guidance to clinicians.
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Fig.1. Schematics of (a) cataract surgery (adapted from: http://www.drray.co.uk/cataract-surgery-diagram/) and
(b) FSI simulation settings.
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Abstract: Experiments are conducted to investigate fluid flows in converging-diverging
microchannels (CDMCs). A new dimensionless number related to channel geometry, Gm, is
introduced to combine with the Reynolds number, Re, to characterize the flows. It is found
that the new dimensionless number, Re, =Re-Gm, is more appropriate than Re for flow

characterization in CDMCs. Flows are laminar for Re. <40 regardless of the geometry of

CDMCs. For laminar flows, the 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
simulations have also been performed to confirm experimental results.
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Figure 1. Variation of R, S, asa function of Re,
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Abstract: In this study, a regional-scale 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 frequency dependent,
which can be well correlated with topographic features such as curvatures smoothed over a
characteristic length (Wang et al. 2018). To quantify the notable difference in ground-motion
amplification along different directions, a combination of smoothed curvatures along and
perpendicular to the shaking direction is proposed. The “polarized” smoothed curvature has
strong correlation with the polarized amplification pattern, as shown in Fig. 1. Moreover, it is
found that oblique incidence of waves reduces 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
quantify the effect of wave 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) polarized smoothed
curvature
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Abstract: In this study, we investigate pressure-driven water flows in graphene-coated 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 monolayer 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 graphene coating
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 surface effects. The results in this work
provide important information for the design of graphene-based 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 occurred in a fiber-reinforced
polymer (FRP) repaired concrete prior to repair. However, with necessary modifications, the
concrete damage plasticity model is capable of predicting the dilation behavior of repaired
concrete. This study presents a modified plastic-damage model within the context of concrete
damaged plasticity model in ABAQUS for modeling of a uniformly FRP-confined repaired
concrete under monotonic loading. The proposed modifications comprise of infliction damage,
elastic stiffness, yield criterion, flow rule and a strain hardening/softening rule. The distinct
features of the proposed model of damaged concrete, which is elastic stiffness reduction, is
encompassed in the model. The dilation model is expressed as a function of the lateral stiffness
of the FRP-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. Traditionally
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 nanocomposites by Nanolndenter. 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 micro- and nanoscale 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 and fracture strength of ceramic/metal nanocomposites.
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Abstract:

This study shows a novel mandibular prosthesis design method based on 3D printed
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 strength. At the 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 porosity of composite 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 mandible, showing 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 a 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, better environmental
adaptability and less 3D losses. Past researches in this field have indicated that the power
efficiency of oscillating hydrofoils is comparable to rotary turbines™. Till now, however, the
majority of existing works were focused on fully prescribed or semi-passive systems, and
research on fully passive systems was very limited. To fill this gap, we designed and fabricated
a bio-inspired flow energy harvester based on a fully passive, rigid flapping hydrofoil, as shown
in FIG. 1. Experiments were then 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-inspired flow energy harvester using a theoretical model. Motivated by existing models of
freely falling cards and insect flight, a quasi-steady model was developed and validated by
experimental data. It was then applied in a parametric study to explore the effects of several
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 close-up 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 of the surface effect 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 the mechanical 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. This secondary 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 modulate 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 on the micro X-ray computed tomography («CT) data, the spherical harmonic
(SH) function can be employed to reconstruct natural sand particle, referred to as SH-sand,
whose shape is usually irregular and whose surface texture is usually very complex (Shen and
Makedon 2000, Zhou et al. 2015). Thanks to these analytic functions, the closest points
between SH-sands can be identified by resorting to the geometric iteration method. To capture
the kinematics and kinetics characteristics of the SH-sand, this study deduces the formula of
discontinuous deformation analysis (DDA) from principle of minimum potential energy, in
which the degree of freedoms and interpolation matrix are both independent of geometry of
particles. As a result, a framework for simulating the dynamic behaviour of SH-sand is
established. Our primary research shows that the proposed methodology is valid. In the next
step, some more complex and realistic applications (e.g. Wang and Wei 2016) will be
investigated.

Figure 1. Some random SH-sands.
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