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Collaborative Innovation Center of Safety and Protection
State Key Laboratory of Explosion Science and Technology
(Beijing Institute of Technology)

Dec. 18~Dec.19，2013 · Beijing, China 

2013 International Workshop on Intensive Loading and Its Effects & Innovation Research Group Symposium on Dynamic Mechanical Behavior of Complex Media/ Structure 
International workshop on intensive loading and its effects & Innovation Research Group Symposium on Dynamic Mechanical Behavior of Complex Media/ Structure will be held at State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, China from December 17th through December 19th, 2013. The purpose of this conference will be to provide a forum for the exchange of ideas for scientists investigating impact dynamics, shock physics, mechanical behaviors of materials and blast safety. 

Scientific Areas:

·  Production and propagation of intensive loading

·  Dynamic behavior of materials and structure

·  Dynamic damage, failure and constitutive theory

·  Structure failure and energy absorption

·  Multi-scale mechanical behaviors of materials and their microstructures

·  Theory and technology of damage

·  Theory and methodology of protection

·  Energetic materials 

·  Theory and technology of blast safety

·  Numerical simulation on blast loading and shock wave 

Contact Information:

Contacts: Cheng Wang, Liqiong Wang

Telephone: 86-10-68913957

Email: wlqhq@bit.edu.cn
Overview of the program

	Date
	Session
	Time
	Venue

	Dec. 18, 2013

(in English)
	Opening Ceremony
	8:30-9:00
	3rd Floor

Lecture Hall

	
	Plenary Presentation
	9:00-10:10
	

	
	Coffee Break
	10:10-10:30
	

	
	Plenary Presentation
	10:30-11:40
	

	
	Lunch
	11:40
	

	
	Plenary Presentation
	14:30-15:40
	

	
	Coffee Break
	15:40-16:00
	

	
	Plenary Presentation
	16:00-17:10
	

	
	
	
	

	
	
	
	

	Dec. 19, 2013

(in English or 

in Chinese )
	Plenary Presentation
	8:30-10:05
	3rd Floor

No.1 Meeting Room

	
	Coffee Break
	10:05-10:15
	

	
	Plenary Presentation
	10:15-11:45
	

	
	Lunch
	11:45
	


Program
	Date: Dec.18, 2013 (in English)

	Address: 3rd Floor Lecture Hall

	Morning


	8:30-9:00
	Opening Ceremony

	Chairman:
	Academician Chengwei Sun  

	
	1. Welcome speech 

2. Leader address

	
	

	09:00-
	Plenary Presentation

	
	

	Chairman
	Hong Hao  Min Zhou

	09:00-09:35
	Academician Chengwei Sun

	
	Reaction and Dynamic Behaviors of HE under High Pressure Ramp Wave Loading

	
	China Academy of Engineering Physics

	
	

	09:35-10:10
	Prof. Naresh Thadhani

	
	Shock-Initiation of Reactions in Intermetallic-forming Reactive Materials: Time-resolved Impact Experiments and Microstructure-Based Meso-Scale Simulations

	
	Georgia Institute of Technology, USA

	
	

	10:10-10:30
	Coffee Break

	
	

	Chairman
	Fenglei Huang  Naresh Thadhani

	10:30-11:05
	Prof. Hong Hao 

	
	Development of Reliable Numerical Model for Analysis and Design of Glass Window to Resist Blast and Impact Loads

	
	The University of Western Australia, Australia

	
	

	11:05-11:40
	Prof. Min Zhou 

	
	Computational Prediction of Ignition Probability of PBXs

	
	Georgia Institute of Technology, USA

	
	

	11:40-
	Lunch

	
	

	
	


	Date: Dec.18, 2013(in English)

	Address: 3rd Floor Lecture Hall

	Afternoon

	
	

	14:30-
	Plenary Presentation

	
	

	Chairman
	Qingming Li  Guowei Ma

	14:30-15:05
	Academician Daining Fang

	
	Developing Electromechanically Coupled Computational Methods for Piezoelectrics / Ferroelectrics at Multiscale

	
	Peking University 

	
	

	15:05-15:40
	Prof. Jai-ick (Jack) Yoh

	
	Recent Advances in the Modeling of Shock-to-Detonation Transition (SDT) and Deflagration-to-Detonation Transition (DDT)

	
	Seoul National University, Korea

	
	

	15:40-16:00
	Coffee Break

	
	

	Chairman
	Jai-ick (Jack) Yoh  Liqiong Wang

	16:00-16:35
	Prof. Guowei Ma 

	
	Assessment of Vapour Cloud Explosion Overpressure at Congested Configurations

	
	The University of Western Australia, Australia 

	
	

	16:35-17:10
	Prof. Qingming Li

	
	Impact Behaviour of Cellular Foams and Challenges

The University of Manchester, UK



	
	

	
	

	
	


	Date: Dec.19, 2013 (in English or in Chinese)

	Address: 3rd Floor Lecture Hall

	Morning

	
	

	08:30-
	Plenary Presentation

	
	

	Chairman
	Tongxi Yu  Qingjie Jiao

	08:30-09:05
	Academician. ManChao He

	
	Negative Poisson's Ratio Effect of Cable Anchor and Its Engineering Application 

	
	China University of Mining & Technology, Beijing

	
	

	09:05-09:35
	Prof. Jialing Yang

	
	Dynamic Behavior Resulting from Landing of Feline Animals

	
	Beihang University, China

	
	

	09:35-10:05
	Prof. Jianguo Ning

	
	Constitutive Relation, Failure Mechanism and Numerical Method for Reinforced Concrete under Intensive Impact Loading 
Beijing Institute of Technology, China

	
	

	10:05-10:15
	Coffee Break

	
	

	Chairman
	Jialing Yang  Cheng Wang

	10:15-10:45
	Prof. Zhuoping Duan

	
	Safety for Explosive during Penetration

	
	Beijing Institute of Technology, China

	
	

	10:45-11:15
	Prof. Shaopeng Ma

	
	Measurement and Characterization on the Damage and Damage Localization of Heterogeneous Brittle Materials Using Digital Image Correlation Method

	
	Beijing Institute of Technology, China

	
	

	11:15-11:45
	Prof. Tongxi Yu

	
	Scientific Sincerity and Academic Integrity

	
	The Hong Kong University of Science and Technology

	
	

	11:45-
	Lunch


Plenary Presentation Abstracts

Shock-Initiation of Reactions in Intermetallic-forming Reactive Materials: Time-Resolved Impact Experiments and Microstructure-Based Meso-Scale Simulations 
Naresh Thadhani

School of Materials Science and Engineering, Georgia Institute of Technology, 
771 Ferst Drive NW, Atlanta, GA 30332

Email: naresh.thadhani@mse.gatech.edu
Shock-compression of materials generates unique and non-equilibrium states that allow studies in thermodynamic regimes not easily accessible by other methods. Most intriguing is the possibility of initiating highly-exothermic chemical reactions in intermetallic-forming reactive mixtures. We are investigating the shock-initiation of reactions in compacts of Ni+Al powder mixtures, and fully-dense multi-layered nano- and micro-scale laminates. Time-resolved gas-gun impact experiments, employing stress gauges and velocity interferometry, are used to measure the stress profiles and shock/particle velocities, to obtain evidence of reactions occurring in the time scale of the high-pressure (shock) state, based on changes in compressibility. The type and extent of reaction and changes in reactant configuration(s) leading to reaction, are however, not captured due to the inability of the diagnostic methods to generate any type of spectroscopic/microstructural information. We are therefore employing, two-dimensional meso-scale numerical simulations, using actual micrographs of starting reactive materials imported into a multi-material CTH hydrocode. The goal is to qualitatively and quantitatively probe the configurational changes and their effects on possible mechanisms of intermetallic reactions, following validation of macroscopic properties through correlations with impact experiments. The discrete particle-level simulations reveal effects of shock-wave propagation through highly-heterogeneous reactants of dissimilar properties and morphological characteristics. In the case of the Ni+Al powder mixture compacts, forced/turbulent flow resulting in vortex formation and mixing of reactants during void collapse is the primary process which promotes reaction, which in turn is influenced by the starting reactant powder morphology. In the case of fully-dense laminates, the direction of shock wave propagation relative to the laminate orientation influences the extent of shock energy dispersion and strain localization, and therefore reaction initiation. The understanding generated from the meso-scale simulations provides the basis for designing a new class of structural materials with tunable energy release characteristics.

Development of Reliable Numerical Model for Analysis and Design of Glass Window to Resist Blast and Impact Loads   

Hong Hao 

Tianjin University and the University of Western Australia Joint Research Center on Protective Structures,
School of Civil and Resource Engineering

The University of Western Australia

More than 80% of casualties in explosion events are caused by glass shards from fractured windows. Current design and analysis of glass windows to resist blast and impact loads are based primarily on simplified SDOF model using static glass material properties. The primary limitation is that the accuracy of SDOF model strongly depends on the dynamic deflection shape of the widow panel, which is often not available and are usually assumed the same as the static flexural deflection shape although window panels often suffer brittle shear failure. Moreover, the SDOF approach cannot model localized failure and glass fragments. Some researchers tried to develop numerical models to provide more detailed predictions of glass window response and damage under blast and impact loads, but there is a lack of detailed dynamic glass material models. Usually the Johnson-Holmquist Ceramic (JH2) model is most commonly used to represent the glass behavior under dynamic loads. However, mixed observations on the accuracy of JH2 model in representing annealed glass materials under dynamic loading have been reported. 

    This talk will present some of our recent research results on developing accurate numerical models to predict responses of glass windows to blast and impact loads. The accuracy of JH2 model is examined in detail. Laboratory tests on glass specimens under impact loadings of different strain rates have been carried out. The testing data are used to modify the JH2 model. The modified JH2 model is implemented into LS-DYNA and used to simulate a SHPB test, an impact test and a blast test. The numerical simulation results demonstrate that the modified JH2 model yields better predictions of glass window responses under impact and blast loads than the original JH2 model. In this talk, some of the field blasting test results jointly obtained recently with BIT will also be presented. These testing data will be used to further develop an accurate material model for annealed glass, and examine the effectiveness of various mitigation measures to protect the window structures and occupants in the buildings. 

Computational Prediction of Ignition Probability of PBXs
Min Zhou
The George W. Woodruff School of Mechanical Engineering, School of Materials Science and Engineering, 
Georgia Institute of Technology, Atlanta, Georgia 30332-0405, USA

An approach is developed to computationally predict and quantify the stochasticity of the ignition process polymer-bonded explosives (PBXs) as a function of microstructure under impact loading. The method involves subjecting sets of statistically similar microstructure samples to identical overall loading and characterizing the statistical distribution of the ignition response of the samples. Specific quantities predicted based on basic material properties and microstructure attributes include the critical time to ignition at given load intensity and the critical impact velocity below which no ignition occurs. As part of the development, a criterion for the ignition of heterogeneous energetic materials under impact loading is established. The criterion is based on integration of a quantification of the distributions of the sizes and locations of hotspots in loading events and a characterization of the critical size-temperature threshold of hotspots required for chemical ignition of solid explosives. 

Analyses are carried out focus on the influence of random microstructure geometry variations on the critical time to ignition at given load intensity and the critical impact velocity below which no ignition occurs. Results show that the probability distribution of the time to criticality (tc) follows the Weibull distribution. This probability distribution is quantified as a function of microstructural attributes including grain volume fraction, grain size, specific binder-grain interface area, and the stochastic variations of these attributes. The relations reveal that the specific binder-grain interface area and its stochastic variation have the most influence on the critical time to ignition and the critical impact velocity below which no ignition is observed. Finally, it is shown that the probability distribution in the Weibull form can be reduced to an ignition threshold relation similar to the James relation in the v-t space.

Recent Advances in the Modeling of Shock-to-Detonation Transition (SDT) and Deflagration-to-Detonation Transition (DDT)
Jai-ick (Jack) Yoh

Department of Mechanical & Aerospace Engineering, Seoul National University
jjyoh@snu.ac.kr
First, I will describe the direction-dependent ignition of energetic material subject to an impact. The anisotropic shock sensitivity of a single crystal PETN is predicted by a new reactive flow model. The strong direction dependence from the impact tests is accurately described by the strain tensor field formulation in the ignition and growth reactive flow framework. We anticipate that the present model could be used in the grain-scale modeling of pressed powders, or to model other anisotropic reactive materials or assemblies in addition to PETN.

Second, I consider a stoichiometric H2-O2 mixture that is detonated in a narrow elasto-plastic metal tube. The multi-material numerical simulation is performed and quantified by the comparison with the experimental data. The simulated results explain the process of generation and subsequent interaction of the expansion waves and the high stain rate deformation of the walls. Experimentally tuned Arrhenius chemical reaction and ideal equation of state (EOS) are used to describe the mixture detonation. The elasto-plastic response of the metal tube is modeled by the Mie-Gruneisen EOS and Johnson-Cook strength model. 

Assessment of Vapour Cloud Explosion Overpressure at Congested Configurations

Guowei Ma 
School of Civil and Resource Engineering, The University of Western Australia,
35 Stirling Highway, Crawley WA 6009, Australia

A newly developed correlation for the estimation of boundary overpressures in and around congested regions subjected to vapour gas explosions is presented. The GAME correlation, which is based on the MERGE, EMERGE and experimental programs, shows rather moderate correlation with Computational Fluid Dynamics (CFD) results in homogeneously congested configurations, however, a greater level of inaccuracy is found when it comes to the combination of a number of realistic scenarios. The newly developed model (confinement specific correlation), which consists the parameters of the density of the gas, the flame path distance, confinement and the laminar flame speed of the flammable gas, as well as other parameters is proposed as a non-dimensional alternative and it shows a closer correlation with detailed CFD simulation in general particularly for realistic geometries. A linear least square method is used to achieve the best fitting parameters by applying the validated commercial software FLACS. About 400 CFD cases with homogeneous congestions are modelled using CFD for the purpose of testing both the GAME correlation and the CSC. In addition, five different modules of an LNG train along with three simplified models are simulated to validate the confinement specific correlation (CSC); it is found that the CSC is applicable to both realistic modules with irregular obstacles and homogeneous artificial modules. The volume blockage ratio and the maximum distance of flame propagation are redefined and confinement is introduced to quantify the congestion and confinement in this study. 

Impact Behaviour of Cellular Foams and Challenges
Qingming Li

The University of Manchester, UK
The impact behaviour of foams will be introduced in this presentation. The cellular structure of foams offers superior properties for energy absorption, force limiting and blast attenuation. The engineering applications of foams will be described together with the challenges for the dynamic testing and multi-scale modelling.
Impact Attenuation Behavior of Felids’ Landing after Active Jump-down
J.L. Yang, H.Yu, Z. Q. Zhang, L. Zheng   

Institute of Solid Mechanics, Beijing University of Aeronautics and Astronautics,
 Beijing 100191, China
Felid has excellent ability in running, jumping and landing. The impact attenuation behavior of their landing after active jump down, however, is known little. In this study, a series of experiments on cat and tiger, jumping down voluntarily from different heights, were carried out for the purpose of addressing this issue. Ground reaction force records and high-speed photographs combining with the inverted pendulum-spring model have been analyzed to reveal the impact attenuation behavior of both cat and tiger. Our results show that the distribution of impact forces between forelimbs and hindlimbs exhibits a landing height-dependent manner. We find that variation in landing angle is correlated with the distribution manner. This posture-dependent actuation allows the animal to tune the distribution of energy absorption between forelimbs and hindlimbs. These findings highlight how cats perfectly jump down using their limbs, providing fundamental insights into the importance of control mechanisms that attenuate landing impulses safely and efficiently. Furthermore, it is shown that felid’s special “Ω” shape during landing is an optimization of structure response and hindlimbs will play a major role in attenuating impact when jumping down from a great height. In addition, a dynamic similarity law between cat’s jump and tiger’s jump is proposed for prediction of tiger’s ultimate height. The new finds in this study may have some bionic enlightenment in optimally design of the attenuation and energy absorption device for re-entry modules. 
Constitutive Relation, Failure Mechanism and Numerical Method for Reinforced Concrete under Intensive Impact Loading
Jianguo Ning 
State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology,
Beijing 100081, China
Reinforced concrete has been widely used in the field of civil engineering, and the dynamic mechanical behavior of reinforce concrete under intensive dynamic loading is also a very important requirement for national security. However, the characteristics of its heterogeneity, anisotropy and multi-component bring many difficulties to the study of its dynamic characteristics. This report regards the dynamic mechanical behavior of reinforced concrete under intensive impact loading as the main research object and performs a in-depth study on the key scientific problems, such as the micro crack damage evolution law and the dynamic constitutive relation of reinforced concrete under intensive impact loading, deep penetration and explosion mechanism of reinforced concrete, three dimensional high precision scheme and multi-material fuzzy interface coupling algorithms. We develop new high speed loading and testing technology, and carry out dynamic high pressure loading, high speed deep penetration and explosion shock experiments. According to these experimental results, we can propose the constitutive relation and the high pressure state equation of reinforced concrete and its components under intensive impact loading, reveal the deep penetration mechanism and explosion damage characteristics of reinforced concrete and develop three dimensional high precision multi-material Eulerian numerical algorithm and software, which can provide new theories, methods and simulation means to promote the study on the dynamic mechanical behavior of structures and materials under intensive impact loading, offer the support for the application of reinforced concrete in the fields of national defense and civil engineering and improve the innovation ability and level in the field of explosion and impact dynamics.

Measurement and Characterization on the Damage and Damage Localization of Heterogeneous Brittle Materials Using Digital Image Correlation Method

Shaopeng Ma 

Dept. of Mechanics, School of Aerospace Engineering, Beijing Institute of Technology

The work on measurement of the damage and damage localization of heterogeneous brittle materials (PBX and rock as examples) using Digital Image Correlation (DIC), and on analyzing and characterization of the complicated mechanical behavior of the materials are reported. In the first part, the improvement on DIC and DIC system, with which the accuracy on measurement of deformation fields of heterogeneous brittle materials is improved, is reported. The improvement includes a new mesh based DIC scheme using heterogeneous higher order 8-node-element and a correction method to eliminate the systematic error induced by the temperature variation of digital camera during experiment. In the second part, the measurement and characterization of damage and damage localization of rock and PBX materials are reported. The damage evolution procedure is characterized based on the deformation fields’ evolution and the model to explain the nonlinear mechanical behavior of the structure is constructed. 
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会议报到时间与地点
Date and Venue of Conference Registration 
	Registration Time
	Venue

	Afternoon on Nov.17
	3rd floor Hall


就餐时间与地点
Dinner Time and Venue
	Meal
	Time
	Date
	Venue

	Breakfast 
	7:00-8:00
	Dec.18- 19
	1st Floor Chinese Restaurant (Buffet)

	Lunch
	12:00
	Dec.18-19
	2nd Floor Chinese Restaurant (Buffet)

	Dinner
	18:00
	Dec. 17-18
	2nd Floor Chinese Restaurant (Buffet)


会务联系电话
Contact Phone Number
	梁  蕊(Miss)   Liang Rui 
	15611082361

	王卫华(Miss)   Wang Weihua 
	13811867357

	熊  英 (Mrs.)  Senior Engineer Xiong Ying 
	13520813629

	白文志 (Mr.)   Bai Wenzhi 
	13701257916

	王  成 (Mr.)   Prof. Wang Cheng 
	13811136348

	王丽琼 (Mrs.)  Prof. Wang Liqiong 
	13910393993


Contact Manner for State Key Laboratory

Address：State Key Laboratory of Explosion Science and Technology 

(Beijing Institute of Technology)
No.5 South Zhongguancun Street,  Haidian District,  Beijing  

100081,  P. R. China

Tel：    010-68913957     010-68914267

Fax：   010-68914267
E-mail： nkles@bit.edu.cn    wlqhq@bit.edu.cn     

Net：    http:// est.bit.edu.cn
2013 International Workshop on Intensive Loading and Its Effects & Innovation Research Group Symposium on Dynamic Mechanical Behavior of Complex Media/ Structure
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