
 

Plenary Lecture  
Professor Subra Suresh 

Dean of Engineering 

Massachusetts Institute of Technology 

Dean of Engineering 

Ford Professor of Engineering  

8:45-9:45 a.m., Ballrooms 1-3 

 

Computational Mechanics of Biological Cells and Human Disease States 

Abstract: 

This lecture will deal with a variety of interconnected themes in biomechanics that aim to examine the applications of 

computational mechanics of biological cells and molecules to the understanding of human diseases.  Topics in 

biomechanics that will be addressed include:  (a) coarse-grained computational predictions of shape evolution of certain 

biological cells in human health and disease, and shape as an indicator of disease state; (b) continuum and molecular 

dynamics simulations of single-cell mechanical deformation and cytoadherence for guiding and calibrating laboratory 

experiments; (c) simulations of nanoparticle intake in biological cells and the consequences of endocytosis for disease 

diagnostics, therapeutics and drug delivery; (d) three-dimensional dissipative particle dynamics simulations of the flow of 

blood cells through microvasculature; and (e) descriptions of new computational methods for modeling cell membrane and 

cytoskeletal dynamics in the context of a variety of biological processes.  The presentation will cover computational cell 

biomechanics with particular references to different types of human cancer, infectious diseases as well as hereditary 

human blood disorders.   

Brief Biography: 

Dr. Subra Suresh is the Dean of Engineering and Ford Professor of Engineering at Massachusetts Institute of Technology 

where he holds joint faculty appointments in Materials Science and Engineering, Mechanical Engineering, Biological 

Engineering, and Health Sciences and Technology.  He is recognized internationally for his contributions to the areas of 

mechanical behavior of materials, surface engineering, nanotechnology, and cell and molecular nanomechanics with 

particular connections to infectious diseases and cancer. He has authored over 200 journal articles, three widely followed 

books, and 15 patents.  Suresh has been elected to US National Academy of Engineering, American Academy of Arts and 

Sciences, Indian National Academy of Engineering, Indian Academy of Sciences, Royal Spanish Academy of Sciences, 

Academy of Sciences of the Developing World based in Trieste, Italy, and German National Academy of Sciences.  He 

has been elected a Fellow or Honorary Member of all of the major materials professional societies in the USA and India.  

A recipient of the 2006 Acta Materialia Gold Medal, 2007 European Materials Medal (the first non-European selected to 

receive this prize given jointly by 26 European materials societies), 2008 Eringen Medal of the Society of Engineering 

Science, and a Senior Humboldt Research Prize, Dr. Suresh holds an honorary doctorate from Swedenôs Royal Institute of 

Technology.  In 2006, MITôs Technology Review magazine selected Dr. Suresh as one of the top 10 researchers whose 

work will have ñsignificant impact on business, medicine or cultureò. 
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 26 Mechanics of biological tissues 

C120 

Cortical bone microelasticity assessed 
with scanning acoustic microscopy 
(#158386) 

Numerical modeling 
of cortical bone 
adaptation due to 
mechanical loading 
using finite 
elements 
(#158627) 

A cortical bone 
remodelling 
scenario integrating 
osteon generation 
and damage 
(#159550) 

Local toughness 
assessment of micro 
cracks in human 
cortical bone under 
different loading 
conditions (#155375) 

The effect of bone 
remodeling on 
failure of total hip 
arthroplasty 
(#160349) 

F. Rupin, A. Saied, D. Dalmas, F. Peyrin, 
K. Raum, E. Barthel, Q. Grimal,  
P. Laugier*    

N. Kumar*,  
I. Jasiuk, J. Dantzig                             

A. Devulder*,  
D. Aubry, T. Hoc, 
G. Puel  

E. Budyn*, T. Hoc, J. 
Jonvaux  

W. Li*, Q. Li,  
A. Ruys, R. 
Appleyard,  
M. Swain  

52 Computational methods for fluid-structure interaction 

C121 

Fluid-structure interface treatments: 
Multiplier based versus direct transfer 
(#159535) 

A comparison of 
mortar and tied 
contact approaches 
for mismatched 
acoustic and 
structural acoustic 
meshes (#158041) 

Numerical 
modeling of fluid 
and deformable 
structure 
interactions: 
Accurate interfacial 
solutions and 
convergence test 
(#160199) 

Twoïdimensional 
flapping wing 
aerodynamics: 
unsteady 
mechanisms and 
influence of flexibility 
(#157731) 

 

C. Felippa*, K. Park, M. Ross   T. Walsh*,  
G. Reese,  
C. Dohrmann,  
J. Rouse, R. Wilson   

L. Zhang*,  
X. Wang                              

M. Valdez*,  
B. Balachandran      

 

22 Computational nanoscience and coupled multi-physics modeling of low dimensional materials 

C122 

Impact of localised states on the band 
structure of extreme 
semiconductor alloys (#159940) 

Electromechanical 
field distributions in 
bent 
nanowires 
(#158466) 

Atomistic modeling 
of solid-state 
lighting materials 
and devices 
(#159874) 

Vibration analysis of 
nano-wires with 
coupled DFT/FEM 
calculation 
(#160069) 

  

E. OôReilly*, A. Lindsay                          S. Madsen*,  
B. Lassen,   
M. Willatzen   

S. Mohammed,  
K. Yalavarthy,  
S. Islam,  
S. Ahmed*    

N. Hallquist*,  
P. Papadopoulos          

  

05 Multimodel and multiscale approaches in solid mechanics: algorithms and applications advances 

C123 

Finite temperature coarse-graining of 
one-dimensional models: A possible 
computational approach (#157973) 

Atomistic-to-
continuum coupling 
via a spacetime 
discontinuous 
Galerkin method 
(#160029) 

Bridging 
dimensions and 
scales coupling 
strategies for 
heterogeneous 
models (#158269) 

Optimal error 
estimates for 
quasicontinuum 
approximations of 
One-Dimensional 
systems (#158536) 

  

X. Blanc, C. Bris, F.  Legoll*, C. Patz   S. Miller*, R. Haber, 
D. Johnson  

T. Dickopf,  
C. Gross,  
K. Fackeldey, 
D.Krause,   
R. Krause*,  
J. Steiner  

M.  Dobson*,  
M. Luskin, C. Ortner   
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20 Computational mechanics of polymer, metal and ceramic matrix composites 

C124 

Review and assessment of 
various smeared single layer 
theories for modeling of 
composite laminates (#160329) 

Biaxial loading 
and damage 
mechanisms in 
trimetallic 
nanocomposites 
(#153132) 

Static response of 
functionally graded 
plates using an 
improved discrete 
Kirchhoff 
quadrilateral 
element  (#158683) 

Strain 
localization in 
polycarbonate 
(#159560) 

    

T. Kant*  L. Mastorakos*, 
H. Zbib, D. Bahr  

S. Kulkarni*,  N. 
Patwardhan  

A. Varghese*,  
R. Batra   

    

27 Active tissue modeling - from single muscle cells to muscular contraction 

C125 

A computational framework to 
investigate the functional 
organization and structure of 
skeletal muscle (#155838) 

Experiments on 
single myofibrils: 
An approach to 
analyse the 
systemic 
response of 
serially coupled 
sarcomeres 
during contraction 
and relaxation 
(#155466) 

Modelling of 
skeletal muscle 
activation, fatigue 
and recovery 
(#157272) 

A new 
computational 
approach to fully 
coupled 
excitation-
contraction in 
cardiac 
electromechanics 
 (#154302) 

    

J. Davidson*, O. Röhrle,  
A. Pullan  

R. Stehle*,  
I. Telley, B. Iorga, 
G. Pfitzer  

M. Böl*, S. Reese  S. Goktepe*,  
E. Kuhl  

    

28 Computational modeling and experimental investigation of biological cells and soft tissues 

C210 

Three-dimensional 
computational simulations of the 
human red blood cell interactions 
with the spleen and connections 
to diseases  (#158581) 

Influence of 
membrane 
mechanics on 
measurements of 
power-law 
rheology in 
biological cells 
(#151733) 

Parameter 
sensitivity of 
tensegrity 
cytoskeletal 
structures 
(#157993) 

Numerical 
simulation of cell 
ensemble 
dynamics 
with growth, 
deformation, and 
duplication 
(#158335) 

Theory of 
mixture based 
fluid-tissue 
interface model 
for molecular 
transport in 
arteries  
(#160113) 

Continuum-based 
computational 
models of 
biological living 
cell (#160160) 

M. Dao*, S. Suresh  S. Ghadiali*,  
L. Ricles,  
H. Dailey  

E. Postek*,  
R. Smallwod  

I. Romero*,  
J. Arribas 

G.Unnikrishnan*, 
V. Unnikrishnan, 
J. Reddy  

F. Cheng*,  
G. Unnikrishnan,  
J. Reddy  

66 The k-version of the finite element method and hpk-adaptive processes 

C211 

Development of mathematical 
models and computational 
framework for multi-physics 
interaction processes (#159896) 

Simulation of 
dispersed phase 
models for 
multiphase flow 
problems 
(#160298) 

Investigation of the 
possibility of the 
existence of 
rarefaction shocks 
in FC70 using hpk 
mathematical and 
computational 
framework 
(#159908) 

A meshfree 
least-squares 
method 
(#160060) 

    

K. Surana*, Y. Ma, A. Romkes, 
J. Reddy  

C. Dorao*,  
M. Fernandino  

K. Surana, S. Allu*, 
A.Romkes,  
J. Reddy  

B. Jiang*      
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17 Advances in multiscale methods and bridging continuum with nano- and bio-mechanics 

C212 

Roadmap for nanodiamond-based drug 
delivery design for cancer therapeutics 
and diagnostics (#160356) 

Simulation and 
experimental 
validation of 
nanodiamond 
platforms as 
sustained 
therapeutic delivery 
agents (#160278) 

Mechanics of pH 
controlled loading and 
release of 
chemotherapeautics 
from functionalized 
nanodiamond 
(#160354) 

Equalibrium 
functionalization and 
self-assembly of 
nanodiamond as a 
platform for 
engineered medicine 
(#160107) 

Multiscale design 
of a simplified 
nanodiamond 
based drug 
delivery system  
(#158202) 

W. Liu*  R. Lam, X. Zhang, 
M. Chen,  
H. Huang, 
A. Adnan, W. Liu, 
E. Osawa, D. Ho*  

A. Adnan*, W. Liu  A. Kopacz*  P. Arendt*,  
W. Chen,  W. Liu  

31 Computational mechanics in haptics 

C213 

Biomechanical contributions to haptics: 
Modeling, computation, and experiments 
(#162996) 

Efficient collision 
detection for haptic 
simulation 
(#160351) 

Stable mass-spring 
system for real-time 
surgical simulation of 
suture thread with 
haptics (#160175) 

A physics-driven 
neural networks-
based surgery 
simulation 
(PhyNeSS) system 
(#158330) 

Multiresolution 
modeling for 
haptics mediated 
interactive 
simulations 
(#158017) 

J. Kim*  A. Maciel*,  
L. Nedel, S. De  

G.Sankaranarayanan*, 
S. De  

D. Deo*, S. De  V. Arikatla*, S. De  

62 Inverse problems: Theory and applications 

C214 

Full anelastic waveform tomography 
including model uncertainty (#158599)  

An inverse wave 
source problem 
arising in seismic 
enhanced oil 
recovery (#163582)  

Incorporating time-lapse 
seismic data in 
reservoir history 
matching (#158970)  

On the inverse 
medium problem in 
a two-dimensional 
semi-infinite domain: 
Theory, numerical 
simulations, and 
physical 
experiments 
(#163581)  

Parameter 
identification of 
elasto-plastic 
geomaterials 
based on 
measured 
deformation using 
the particle filter 
(#151321)  

A. Askan, J. Bielak*  C.Jeong*, C. Huh,  
L. Kallivokas  

E. Santos, R. Santos, 
R. Leiderman,  
P. Goldfeld*,  
F. Dickstein  

J.-W. Kang*,  
L. Kallivokas,  
K.-S. Park,   
K. Stokoe  

A. Murakami*,  
S.-I. Nishimura, 
K. Fujisawa,  
T. Shuku,  
K. Nakamura  

53 Modeling micro/nanofluidic systems and experimental validation techniques 

C215 

Electrokinetic phenomena in micro and 
nanofluidic devices  (#158240)  

Design and 
optimization of 
peristaltic 
micropump using 
evolutionary 
algorithms 
(#156989)   

CFD simulation of 
capillary valves in a 
microfluidic biochip 
(#158366)  

Computational 
modeling of air-liquid 
flows in microfluidic 
models of the 
pulmonary system 
(#156594)  

Electrophoretic 
and 
electroosmotic 
phenomena in a 
nano-nozzle: A 
combined 
molecular and 
continuum theory 
study (#157881)  

A. Conlisk*, S. Datta, L. Chen  R. Bhadauria*,  
R. Pidaparti,  
M. Gad-el-Hak  

W.-X. Wang*, H. He,  
L. Lee  

X. Chen*,  
S. Ghadiali  

Y. Shin*, L. Chen, 
A. Hassanali,  
H. Zhang,  
A.  Conlisk,  
S. Singer  
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01 Multiphysics materials modeling from atoms to continuum: A symposium in honor of Professor Sidney Yip 



C216 

Meet and Greet Multimillion to billion atom simulations of 
nanostructured materials under extreme 
conditions (#160034)  

Twin instability of 
Peierls distortion and 
its mechanical 
consequence on 
conductive polymer 
actuation (#151324)  

Role of nanoscale 
interface diffusion and 
interfacial 
arrangements in 
fracture strength 
and strength against 
creep deformation of 
Si-C-N 
nanocomposites in 
high temperature 
environments 
(#154039)  

S. Yip P. Vashishta*, R. Kalia, A. Nakano  M. Li, A. Botelho,  
X. Lin*  

V. Samvedi, M. Gan*, 
V. Tomar   

32 Coarse-grained and multi-scale modeling in molecular and cellular biomechanics 

C220 

Coarse-grained modeling and simulation 
of biological soft-matter materials : Lipid 
bilayer membranes and gels (#153361)  

Mechanics of 
cellular membranes 
(#160371)  

Phase separation in 
two phase lipid 
membrane vesicle 
(#160224)  

Confinement-
induced buckling of 
spherical vesicles 
(#160301)  

  

P. Atzberger*  A. Agrawal*,  
D. Steigmann  

S. Dharmavaram*, 
T. Healey  

J. Rim*, W. Klug    

77 Computational methods in image analysis 

C221 

Enabling computational plant 
development. 
From confocal images to finite element 
simulations  (#160111 ) 

Advanced 
algorithms for 
automating 
segmentation of 
features of interest 
from materials 
science image data 
(#160140) 

Model generation 
from CT and MRI 
scan data (#160244) 

Modeling of heart 
motion using time-
varying MRI data 
(#158590) 

  

A. Cunha*  J. Simmons* 
M. Comer, I. Pollak, 
M. De Graef  

P. Young*, V. Xuan, 
D. Raymont,  
A. Harkara  

Z. Yu*    

57 Computational fluid mechanics for free and moving boundaries 

C222 

Overcoming the stiff surface tension 
timestep constraint when computing 
incompressible multi-phase flow 
(#158154)  

Hybrid finite 
element/volume 
methods for two-
immiscible fluid 
flows with mass 
conservation  

Numerical prediction 
of interfacial 
instabilities: 
The sharp interface 
method in 
compressible flows 
(#158608) 

Multi-material 
incompressible  
flow simulation 
using the moment-
of-fluid method 
(#154984) 

  

M.Sussman*, M. Ohta  S. Aliabadi*,  
T. Wan, C. Bigler  

C.-H. Chang*,  
T. Theofanous,  
M.-S. Liou  

S. Schofield*,  
R. Garimella,  
M. Christon  
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47 Recent advances in computational fracture mechanics 



C224 

Effects of the stress 
state on plasticity 
and ductile fracture 
(#153172) 

Fracture prediction 
in ductile plates 
using damage 
plasticity theory 
(#154398) 

Crack growth 
analysis in weld-
heat affected zone 
using S-version 
FEM (#157042) 

Fractal finite 
element based 
continuum shape 
sensitivity analysis 
of two-dimensional 
anisotropic crack 
problems 
(#151496) 

   

X. Gao*, T. Zhang, 
M. Hayden, C. Roe  

L. Xue*,  
T. Wierzbicki,  
T. Belytschko  

M. Kikuchi, Y. 
Wada, H. 
Suyama, Y. 
Shimizu*   

R. Reddy*, B. Rao     

71 Advances in discontinuous Galerkin methods for partial differential equations 

C225 

Estimation of 
discontinuous 
Galerkin errors 
(#158102) 

Energy norm a-
posteriori error 
estimation for hp-
adaptive 
discontinuous 
Galerkin methods 
for convection-
diffusion equations 
(#157629) 

hp-Optimal 
discontinuous 
Galerkin methods 
for linear elliptic 
problems 
(#158355) 

The discontinuous 
Galerkin method for 
two dimensional 
hyperbolic 
problems on 
unstructured 
meshes (#151143) 

A posteriori error 
estimates of the 
discontinuous 
Galerkin method 
for hyperbolic 
systems (#158223) 

  

S. Adjerid*,  
D. Issaev,  
T. Weinhart   

D. Schotzau*,  
L. Zhu  

B. Stamm*,  
T. Wihler  

M. Baccouch*  S. Adjerid,  
T. Weinhart*  

  

02 Synergies in computational mechanics and geometry: A symposium in honor of Professor Thomas J.R. Hughes' 65th Birthday 

C226 

Swept volume parameterization for 
isogeometric analysis (#158317) 

CAD modeling for 
isogeometric 
analysis: 
Representing 
shape and volume  
(#160274) 

Generalized B-
splines as a tool in 
isogeometric 
analysis    
(#158315) 

Computational 
conformal 
geometric 
methods(# 158284) 

Isogeometric-analysis-
suited-geometry 
construction: A global 
surface 
parameterization based 
on one-step inverse 
finite element method 
(#158616) 

B. Juttler*, B. Simeon, E. Pilgerstorfer,  
A.-V. Vuong  

E. Cohen*   C. Manni*,  
F. Pelosi,  
M. Sampoli  

D. Gu* X. Zhu*, P. Hu, Z.-D. Ma  

64 Extended/generalized FEM and other partition of unity based methods 

D130 

Time integration in the XFEM for two-phase 
and free-surface flows (#154509)  

An explicit 
dynamics extended 
finite element 
method with 
standard critical 
time step 
(#151104)  

The MS-X-FEM for 
crack modeling 
with frictional 
contact: 
Improvement of the 
convergence rate 
by a local-global 
iterative scheme 
(#154665)  

Practical issues in 
implementing X-
FEM for fatigue 
and fracture 
analyses 
(#158620)  

Fatigue crack growth 
and life prediction in 
aluminum weldment 
using an abaqus 
implementation of X-
FEM (#158626)  

T. Fries*  T. Elguedj*,  
A. Gravouil,  
H. Maigre  

P.-A. Guidault*,  
L. Champaney  

J. Shi*, J. Lua,  
N. Sukumar  

J. Lua*, J. Shi,  
N. Sukumar   
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55 Uncertainty quantification in computational science and engineering 
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07 Recent advances in computational materials science and multiscale materials modeling 

D131 

Multiscale modeling for stochastic forest 
dynamics (#158261)  

Hybrid game 
strategies coupled 
to evolutionary 
algorithms for 
robust 
multidisciplinary 
design 
optimization in 
aerospace 
engineering 
(#157647) 

An adaptive 
hierarchical sparse 
grid collocation 
algorithm for the 
solution of 
stochastic 
differential 
equations 
(#157802) 

 Consideration of 
load uncertainty in 
validation of a real-
time transient 
simulation model of 
a utility power 
system (#158230)  

 

M. Comboul*, R. Ghanem  C. Lee*,  
J. Periaux,  
L.  Gonzlez,  
K. Srinivas    
 
  

N. Zabaras*, X. Ma  J. Langston*,  
S. Poroseva,  
M. Steurer  

 

73 CAE and industrial applications of computational mechanics 

D132 

Development of 
new core structure 
by origami-
engineering 
(#157271)  

Investigation of 
strain on flexible 
display under large 
deformation 
(#158097)  

Crashworthiness 
optimization of 
foam-filled thin-
walled structures 
(#157904)  

Agent-based 
simulation for 
mixed traffic of 
pedestrians and 
cars with multilevel 
pedestrian model 
(#158311)  

Vehicle hood 
design satisfying 
both requirements 
of stiffness and 
pedestrian head 
impact protection 
(#158538)  

An interactive tool for 
evaluating vehicle 
performance in the 
pedestrian leg impact 
test (#159945)  

 

I. Hagiwara*   T. Liu*, B. Wen, G. 
Wu  

J. Bi*, H. Fang,  
Q. Wang, X. Ren  

H. Fujii*,  
S. Yoshimura  

L. Gu, S. Wu*,  
C. Chen, S. Xie,  
Z. Huang  

M. Neal*, J. Tu, D. Jones   

11 Ballistic shock mitigation materials and technology for protective system 

D141 

Theory, computations, and experiments for 
load predictions from buried explosives 
(#160649)  

Non-contact 
measurements of 
wood frame 
construction 
subjected to 
air blast loading 
(#157946)  

Stress wave 
propagation in 
discontinuous tile 
reinforced 
sandwich 
composite 
structures 
(#158001)  

Interaction load 
identification in 
explosive events 
with an inverse 
approach 
(#158280)  

Subscale modeling for 
ballistic response of 
geometrically complex 
structures: 
Experimentally-derived 
scaling laws (#158422)  

W. Szymczak*, W. Fourney, U. Lieste,  
A. Wardlaw  

E. Nagy*,  
W. Davids,  
R. Lopez-Anido, 
W. Syron, 
N. Parlin  

B. Gama*,  
S. Lopatnikov,  
J. Gillespie  

S. Xu*, X. Deng,  
V. Tiwari, M. Sutton   

H. Bruck*, M. Chowdhury  

72 Topology optimization of complex systems 

D143 

Topology optimization: Past history and 
new developments (#157978) 

Overcoming 
stability problems 
in topology 
optimization of 
shape memory 
alloy thermal 
actuators 
(#158023) 

Topology 
optimization for 
deformation-
sensitive flow 
problems 
(#158423) 

Improving 
stochastic search 
topology 
optimization 
through reduced 
dimensionality 
(#157446) 

  

G. Rozvany*  M. Langelaar*  L. Smith Kreissl*, 
G. Pingen,  
A. Evgrafov,  
K. Maute   

L. Genut*, J. Guest    



D231 

Hierarchical nonlocal model reduction 
approach at multiple scales with nonperiodic 
solutions (#158634) 

Computational 
modeling of 
electrochemical-
poroelastic 
behaviors of 
conducting 
polymer actuators 
(#154796) 

Numerically explicit 
potentials for 
describing 
heterogeneous 
materials behaviour 
at finite strains ï 
from atomistic to 
continuum 
(#157273) 

Phase field 
simulation of grain 
growth in the 
presence of 
mobile second 
phase particles 
(#158288) 

  

J.Fish*, Z. Yuan  W. Jung*, Y. Toi  J. Yvonnet*,  
Q.-C. He  

A. Mallick,  
S. Vedantam*  

  

21 Graphene growth and properties through experiments and simulations 

D232 

Carbon monolayer mechanics and growth 
dynamics (#160266) 

Growth of 
semiconducting 
graphene on Pd 
(111) (#154199) 

Phase transition 
plasticity response 
in uniaxially 
compressed silicon 
nanospheres 
(#154435) 

Mechanical 
property 
characterization of 
graphene sheet 
based on energy 
equivalence 
between models of 
different scales 
(#154433) 

  

B. Yakobson*  S. Kodambaka*  T. Dumitrica*,  
H. Zhuang  

Y. Luo*    

29 Computational vascular and cardiovascular mechanics 

D234 

Computational analysis of flow diverting stents 
for intracranial aneurysms (#158325) 

High-fidelity 
tetrahedral mesh 
generation for 
fluid-structure 
interaction 
analysis of 
aneurysms 
(#157942) 

The effect of 
stress-free 
configurations on 
FSI analysis of 
cerebral 
aneurysms  
(#157944) 

Cerebral blood flow 
modeling and 
biomechanical 
biomarker 
development in the 
clinic (#157457) 

  

F. Mut, C. Putman, E. Scrivano, P. Lylyk,  
J. Cebral*  

Y. Zhang*,  
W. Wang,  
X. Liang,  
Y. Bazilevs,  
M.-C. Hsu, 
T.Kvamsdal, 
R.Brekken, 
 J. Isaksen  

X. Zhou*, J. Lu,  
A. Przekwas  

J. Xu*, K. Azer   

 



 

 

 

 

 Breaching the Scales through Computational Science 

Abstract: 

Simulation is allowing us to bridge the scales from the quantum to the continuum. While simulating trillions of 

particles is allowing the emergence of new approaches to analyzing complex behaviors, it is still far from where 

we would like it to be. There is a hope that through the transcendence of scales, new organizing principles 

might emerge. This could certainly help finally clarify the role of validation of complex multi-scale problems. 

In parallel, the development of uncertainty quantification to help with predictions of non-linear systems is 

increasingly important.  

 Brief Biography:  

Dr. Kusnezov received A.B. degrees in Physics and in Pure Mathematics with highest honors from UC 

Berkeley. Following a year of research at the Institut fur Kernphysik, KFA-Julich, in Germany in 1983, he went 

to Princeton University where he completed his MS in Physics (1985) followed by a Ph.D. in Theoretical 

Nuclear Physics (1988). At Michigan State University, he conducted postdoctoral research and then became an 

instructor. In 1991, he joined the faculty of Yale University as an assistant professor in physics, becoming an 

associate professor in 1996. He has served as a visiting professor at numerous universities around the world. 

Dr. Kusnezov has published over 100 articles and a book. He joined federal service at the NNSA in late 2001 

and is a member of the Senior Executive Service and is also a Visiting Researcher at Yale. He runs the Office 

of Research and Development for National Security Science and Technology, where he directs and oversees the 

science and technology programs that assure the safety and security of the nuclear weapons enterprise.     
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Electronic structure of defects and macroscopic properties of materials 

Abstract: 

Defects are responsible for a number of important and interesting properties of materials even when they 

occur at dilute concentrations.  Defects interact over long distances through slowly decaying elastic, electric 

and other fields whose strength is determined by the electronic structure of the core. Thus the study of 

defects requires electronic resolutions with continuum range.  This talk will describe ongoing work on a 

method -- Quasicontinuum Density Functional Theory -- to enable density functional theory calculations of 

defects in crystals. The main idea of the current method is a numerical discretization that adapts the 

resolution to the structure of the solution with no a priori ansatz or ad hoc patches.  This is based on joint 

work with Michael Ortiz, Vikram Gavini, Thomas Blesgen and Phanish Suryanarayana. 

 

Brief Biography: 

Dr. Kaushik Bhattacharya is a Professor of Mechanics and Materials Science at the California Institute of 

Technology.  His research concerns the mechanical behavior of solids, using theory to guide the development 

of new materials including active materials. He received his B.Tech from IIT Madras, India in 1986 and his 

Ph.D from U Minnesota in 1991.  He joined Caltech in 1993 after a post-doctoral stay at the Courant Institute. 

He has held visiting positions at Cornell University, Heriot-Watt University, Max-Planck-Institute Leipzig, 

Cambridge University, Indian Institute of Science and the Jet Propulsion Laboratory.  He received the SES 

Young Investigator Award in 2004 and the ASME Special Achievements Award in Applied Mechanics in 

2004.  He is currently an Editor of the Journal of the Mechanics and Physics of Solids. 
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 26 Mechanics of biological tissues 

C120 

Mesoscale effective 
elasticity of cortical bone 
estimated based on high-
resolution acoustic imaging 
(#157379) 

Modeling of bone at 
nanostructural level 
(#158064) 

Molecular and mesoscale 
disease mechanisms of 
Osteogenesis Imperfecta 
(#158490) 

Cartilage impactor 
shape alters pore 
pressure: A finite 
element analysis 
(#153305) 

  

Q. Grimal*, K. Raum,  
A. Gerisch, P. Laugier  

E. Hamed*, I. Jasiuk  M. Buehler, S. Uzel*,  
A. Gautieri, S. Vesentini, 
A. Redaelli  

S. Fening*, A. Goktug, 
M. Jones, A. Miniaci,  

  

52 Computational methods for fluid-structure interaction 

C121 

Multigrid fictitious boundary 
method for vortex-induced 
motions of multi-cylinders in 
viscous flows (#158877) 

A fixed mesh approach 
using level set function 
for fluid domains divided 
by large-deformable thin 
elastic structure 
(#157671) 

Assessment of a mesh 
updating scheme for fluid 
structure interaction 
under ALE-FEM 
approach (#159692) 

Multi-objective design of 
motion of flapping wing 
for micro air vehicle 
(#158109) 

2D FSI model applied to 
bridge aero-elastic 
problems (#157865) 

D. Wan*  G. Hashimoto*, K. Ono  J. Alves*, C. Silva, 
N.Guevara  

I. Inuzuka*,  
S. Yoshimura  

H. Gomes*, 
P. Pimenta  

22 Computational nanoscience and coupled multi-physics modeling of low dimensional materials 

C122 

Size-dependent and strain 
rate effects in quantum dot 
nanostructures with 
molecular dynamics 
simulations (#160494) 

Shape properties of 
quantum-confined 
semiconductor 
structures (#154417) 

Modeling of GaN HEMTs 
(#157456) 

Computational models 
for the simulation of third 
generation photovoltaic 
devices (#159630) 

  

S. Patil, D. Mahapatra,  
V. Sutrakar, R. Melnik*  

M. Willatzen*,  
J. Gravesen  

Dragica Vasileska*      C. Falco, R. Sacco*,  
M. Verri   

  

05 Multimodel and multiscale approaches in solid mechanics: algorithms and applications advances 

C123 

Propagation of local alterations using X-Fem within the 
Arlequin framework (#158559) 

A light formulation for 
coupling discrete and 
finite element models 
(#157366) 

An hamiltonian discrete 
element method for 
linear elasticity in large 
deformation (#159014) 

Multiscale analysis by a 
GP method with 
applications to nanoscale 
ceramics coating 
(#159821) 

H. Ben Dhia*, O. Jamond    S. Gavoille, C. Rey*,  
A. Delaplace, C. Mariotti        

L. Monasse*, C. Mariotti  J.  Fan*   
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20 Computational mechanics of polymer, metal and ceramic matrix composites 

C124 

Micromechanical modeling of rate-dependent 
composite materials based on a new mean-field 
homogenization formulation (#157553) 

A higher order theory of 
adaptive functionally 
graded plates (#152201) 

Dynamic stability of FRP 
laminated sandwich 
plates with inter-layer 
slips under in-plane 
partial edge loading 
(#152738) 

Material model for 
adhesive with large 
deformation (#157364) 

I. Doghri*, B. Miled, L. Adam, L. Delannay  T. Kant, S. Shiyekar*  A. Chakrabarti*  K. Maeda*, S.Okazawa,  
K.Nishiguchi  

27 Active tissue modeling - from single muscle cells to muscular contraction 

C125 

Active muscle modelling in compression: Can an 
active component be superimposed on a 
viscoelastic passive response? (#157280) 

Including biarticular 
effects in torque 
generator models 
(#157291) 

A continuum constitutive 
model for skeletal 
muscle based on a 
polyconvex strain-
energy function 
(#157384) 

  

C. Simms*, G. Lyons, M. Loocke  M. King*, M. Lewis  A. Ehret*, M. Böl,  
M. Itskov  

  

28 Computational modeling and experimental investigation of biological cells and soft tissues 

C210 

Molecular mechanistic insights into diseased red 
cell-endothelium interactions (#159179) 

A particle based modeling 
and analysis of Malaria 
infected red blood cell in 
microcirculation 
(#157649) 

Modeling the 
mechanical behavior of 
white blood cells using a 
viscoelastic volume-of-
fluid algorithm 
(#160721) 

Strengthening in the 
adhesion of chick embryo 
bipolar neurons to poly-D-
lysine coated glass 
(#158611) 

A. Li, K. Tan, C. T. Lim*  T. Yamaguchi*, H. Kondo, 
Y. Imai, N. Matsuki, 
H.Ueno, T. Ishikawa  

D. Khismatullin*,  
G. Truskey  

A. Rocha*, K.Jian , G. Ko, 
H. Liang  

66 The k-version of the finite element method and hpk-adaptive processes 

C211 

On the rate constitutive equations and their use in 
stress wave propagation in hpk finite element 
framework (#160496) 

Spectral mixed least-
squares finite element 
models of third-order 
laminated beams and 
plate theories (#159997) 

J-integral computations 
for mode I linear elastic 
fracture in h, p, k 
framework (#157754) 

 

K. Surana , Y. Ma, A. Romkes, J. Reddy*  R. Saha*, J. Reddy  D. Nunez*, K. Surana, 
A. Romkes, J. Reddy  
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17 Advances in multiscale methods and bridging continuum with nano- and bio-mechanics 

C212 

Predicting nanodiamond 
structure and surface 
charge distribution using 
molecular dynamics and 
Bayesian statistics 
(#157956) 

Density-functional tight-
binding and molecular 
dynamics simulations of 
surface electrostatics in 
nanodiamond (#157763) 

Magnetism-driven 
dislocation mobility in 
NiAl: A QM/MM study 
(#158292) 

Hierarchy driven 
atomistic mechanics of 
collagen hydroxyapatite 
biomimetic 
composites  (#154043) 

Dynamics of linear DNA 
in fluid (#159918) 

M. Hallikainen*  A. Datta*, A. To  Y. Zhao*, G. Lu  D. Dubey*, V. Tomar  S. Lim*  

30 Computational bioengineering and biomedicine 

C213 

Axisymmetric elastic BEM for in situ determination of 
articular cartilage micromechanical properties 
(#160043) 

In vivo identification of the 
heterogeneous 
anisotropic elastic 
properties in 
cerebral aneurysms 
(#158939) 

Evaluation of intracranial 
pressure using non-
invasive procedure 
based on finite element 
simulation (#159858) 

Inverse boundary element 
analysis for biopotential 
reconstruction 
with realistic head models  
(#155125) 

M. Haider*, E. Kim, F. Guilak  J. Lu, X. Zhao*  Y. Luo, Z. Li*, Q. Zhang  X. Chen*, H. Zhang, M. 
Wu  

62 Inverse problems: Theory and applications 

C214 

A generalized approach 
for using model reduction 
within computational 
inverse solution strategies 
in mechanics (#151803) 

An efficient Bayesian 
inference approach to 
inverse problems based 
on adaptive sparse grid 
collocation method 
(#157809) 

Model-based hull 
structure health 
monitoring using parallel 
stochastic search 
methods to enable 
inverse solutions 
(#154542) 

Recursive Bayesian 
estimation and control 
for inverse analysisï
theory and its 
application to 
nondestructive testing 
(#160388) 

An example of using the 
method of Groebner 
bases in damage 
prediction for nonlinear 
plates by inverse method 
(#160392) 

J. Brigham*  X. Ma*, N. Zabaras  C. Stull, C. Earls* T. Furukawa*  Y. J. Liu*, G. Buchanan  

53 Modeling micro/nanofluidic systems and experimental validation techniques 

C215 

Experimental techniques for validating 
nano/microfluidic models (#156573) 

Near-wall velocimetry 
with quantum dots 
(#158481) 

Ion-surface interactions 
in electroosmotic flow 
(#157049) 

Modeling of DNA 
translocation through a 
nanopore (#157063)  

M.Yoda*, H. Li  S. Pouya,  
M. Koochesfahani*,  
A. Greytak, M. Bawendi, 
D. Nocera  

S. Datta*, A. Conlisk, 
 H. Li, M. Yoda  

L. Chen*, A. Conlisk  
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01 Multiphysics materials modeling from atoms to continuum: A symposium in honor of Professor Sidney Yip 

C216 

An eXtended finite element 
method for modeling 
dislocated SiGe islands on 
Si(001) (#157335) 

Modeling of dislocation 
and hydrogen evolution 
in alpha-Fe (#157378) 

Discrete dislocation 
dynamics simulations of 
void growth in FCC single 
crystals and polycrystals 
(#157483) 

First-principles studies 
of long periodic 
structures (LPS) in Mg 
alloys (#157695) 

Zone plane activation and 
stability of intermetallic 
compounds of ñsimple 
metalsò at high pressure 
(#157786) 

J. Oswald*, T. Belytschko  S. Ogata*, H.Mori, H. 
Kimizuka  

J. Llorca*, J. Segurado  L. Qi*, J. Li  J. Feng*, R. Hoffmann, N.  
Ashcroft   

32 Coarse-grained and multi-scale modeling in molecular and cellular biomechanics 

C220 

Multiscale modeling of 
erythrocote membrane 
(#155273) 

A coarse-grain model for 
red blood cell membrane 
(#158501) 

Coarse-grained molecular 
dynamics simulations of 
shape transitions of 
red blood cells (#160019) 

Atomistic to continuum 
modeling of DNA 
molecules (#159994) 

Estimation of constitutive 
law for rod model of DNA 
using 
discrete-structure 
simulations (#157669) 

Q. Zhu*, R. Asaro, Z. Peng  G. Lykotrafitis*, J. Li,  
S. Suresh  

H. Yuan*, C. Huang, J. Li, 
G. Lykotrafitis, S. Suresh, 
S. Zhang  

C. Lee*, H. Teng,  
J. Chen  

A. Hinkle*, S. Goyal, 
H. Palanthandalam-
Madapusi  

77 Computational methods in image analysis 

C221 

Fuzzy predicates from 
linguistic variables for 
subjective quantitative 
colocalization analysis 
(#153222) 

On study of point-based 
mechanics in haptic 
rendering of string 
(#154298) 

Dynamic modeling and 
bioheat transfer analysis 
of laser therapy for 
lung cancer treatment 
planning (#157924) 

Towards integrated 
virtual reality in hip-joint 
surgery (#158192) 

A 3D image object 
tracking algorithm based 
on sparse masking and 
adjacency analysis 
(#158305) 

P. Rivas-Perea*, G. 
Rosiles, W. Qian  

W. Shi*, S. Payandeh  Y. Zhang, X. Liang*,  
L. Dong  

U. Nackenhorst*, A.Lutz  K. Moerman*, C. Lally,  
C. Simms  

57 Computational fluid mechanics for free and moving boundaries 

C222 

ñIn by 9, out by 5ò ï 
evaluation of Tide® bottle 
filling (#158699) 

A level set method to 
study foam self-
expansion (#157774) 

Study on supersonic 
single jet flows: A 
numerical analysis with 
fluent software (#156971) 

Estimating interface 
curvature via volume 
fractions and mean 
values on nonuniform 
rectangular grids 
(#180000) 

  

J. McKibben*  R. Rao*, D. Noble,  
H. Moffat, L. Mondy  

V. Kumar*, K. Pandey  M. Francois,  B. Swartz   
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47 Recent advances in computational fracture mechanics 

C224 

Modeling fragment size 
distributions in dynamic 
loading simulations 
(#157895) 

A node-based method 
for crack simulations in 
quasi-brittle materials 
and its application to 
mixed-mode fracture 
(#158323) 

Size effect on the fracture 
behaviors of Si nanowires 
in tension (#158266) 

Computational modeling 
of fracture in materials 
experiencing bulk and 
interface fractures 
(#158574) 

Residual strength of 
metal particulate 
reinforced ceramics with 
parallel cracks (#156389) 

D. Littlewood*, A. Lindblad, 
A. Gullerud, N. Crane  

M. Kurumatani*,  
K. Terada  

K. Kang*, W. Cai  C. Foster*, D. Weed  Z.-H. Jin*, Y. Fu   

71 Advances in discontinuous Galerkin methods for partial differential equations 

C225 

The compact discontinuous 
Galerkin method for 
Lagrangian solid dynamics 
(#158624) 

Hybridizable 
discontinuous Galerkin 
method for solid 
mechanics (#158725) 

An adaptive finite element 
method for second order 
plate theory (#158126) 

A discontinuous 
enrichment method for 
the solution of plate 
vibration problems in the 
medium frequency 
regime (#160154) 

On the relationship 
between discontinuous 
Galerkin and enhanced 
strain methods for 
nonlinear elasticity 
problems (#160109) 

P.-O. Persson*, J. Perair  S.C. Soon*,  
B. Cockburn,  
H. Stolarski  

P. Hansbo, D. Heintz*,  
M.  Larson  

P. Massimi*, R. Tezaur, 
C. Farhat  

A. Eyck, A. Lew*  

02 Synergies in computational mechanics and geometry: A symposium in honor of Professor Thomas J.R. Hughes' 65th Birthday 

C226 

Bezier-based isogeometric 
methods: Formulation 
(#159967) 

Computing with Bezier-
based isogeometric 
elements: A tutorial 
(#159981) 

Immersed B-Spline finite 
elements for complex 
domains (#160291) 

Wavelets-based NURBS 
simplification, fairing and 
offsetting for 
isogeometric analysis 
(#157935) 

Isogeometric analysis and 
a poseriori error 
estimation  (#160027) 

M. Scott*, M. Borden,   
T. Hughes  

M. Borden*, M. Scott,  
J. Evans, T. Hughes  

R. Sanches, Q. Long,  
F. Cirak*, H. Coda  

W. Wang*, Y. Zhang  T. Kvamsdal*, K. Okstad, 
K. Johansen  

64 Extended/generalized FEM and other partition of unity based methods 

D130 

Addressing polycrystalline and fiber reinforced 
materials with a generalilzed finite element method 
(#151832) 

An implementation of the 
generalized finite element 
method for large scale 
modeling and simulation 
of polycrystalline 
ferroelectric ceramics 
(#158358) 

Implicit boundary 
approach for modeling 
material interfaces and 
microstructures 
(#156299) 

A generalized finite 
element method with 
global-local 
enrichments for nonlinear 
fracture mechanics 
simulations (#158743) 

A. Simone*, F. Radtke  E. Van der Geissen, C. Duarte, 
L. Sluys  

J. Robbins*, T. E. Voth  A. Kumar*, R. Burla  D.-J. Kim*, C. Duarte,  
S. Proença  
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55 Uncertainty quantification in computational science and engineering 

D131 

Stochastic multiresolution digital materials design 
(#157395) 

Mixed aleatory/epistemic 
uncertainty analysis and 
design under uncertainty 
with nonintrusive 
polynomial chaos and 
stochastic collocation 
methods (#151455) 

A comparison of 
intrusive stochastic 
Galerkin methods for 
uncertainty 
quantification of 
stochastic PDEs 
(#157096) 

Efficient stochastic 
collocation algorithms and 
their applications 
(#158341) 

W. Liu, R. Tian L.-E. Lindgen, L. Siad*, S. Lee, 
D. Lee, W.Chen, S. Chan, G. Olson   

M. Eldred*, D. Xiu  E. Phipps*  D. Xiu*  

73 CAE and industrial applications of computational mechanics 

D132 

Elastodynamic response 
in media with arbitrary 
geometry using cellular 
automata (#158273) 

The reconstruction of 
smooth B-spline surface 
(#157709) 

Study on hexahedral 
mesh generation: 
Tetrahedral mesh 
transformation (#159383) 

Intelligence and 
automatic modeling 
system for steel frame  
(#160281) 

 

R. Hopman*, M. Leamy  W. Li*, Z. Wu,  
I. Hagiwara, J. Shinoda  

O. Egorova*,  
M. Savchenko,  
V. Savchenko,  
I. Hagiwara  

H. Nishiura   

11 Ballistic shock mitigation materials and technology for protective system 

D141 

Numerical simulations of 
Q3D composites for blast 
mitigation (#158565) 

Simulation of high-
velocity penetration for 
rigid projectile into plain 
concrete target using 
discrete element method 
(#158999) 

Effects of matrix on the 
ballsitic performance on 
soft body armors 
(#159556) 

Shock optimization in a 
military vehicle with 
internal space frame 
(#160026) 

On the scaling of 
structural response during 
ballistic impact (#158443) 

D. Liu*, T. Jia, G. Li   Y. Zhou*  G. Gopinath, J. Zheng*, 
R. Batra  

J. Thota, M. Trabia*,  
B. O'Toole  

S. Lopatnikov*,  
J. Gillespie  

72 Topology optimization of complex systems 

D143 

Topology optimization 
under correlated 
uncertainties (#155768) 

An extended finite 
element based topology 
optimization 
for nano-scale heat 
transfer (#158108) 

Development of an 
interactive structural 
optimization tool for 
design (#158213) 

Wall shear stress based 
topology optimization 
and its implication to 
biodegradation control 
(#160343) 

 

A. Asadpoure*, J. Guest, 
T. Igusa  

P. Lee*, K. Maute,  
R. Yang  

R. Clune*, J. Ochsendorf, 
J. Connor 

Q. Li*, M. Schellekens, 
S. Zhou, W. Li,  
R. Appleyard  

 

 

 

Thursday Technical Session 2 



Room 2:20 p.m. 2:40 p.m. 3:00 p.m. 3:20 p.m. 3:40 p.m. 

07 Recent advances in computational materials science and multiscale materials modeling 

D231 

Finite element analysis of 
damage in ductile 
structures 
using a nonlocal model 
combined with a three-field 
formulation (#155155) 

Three-dimensional 
tomographic 
characterization of 
heterogeneous solid 
propellants using n-point 
probability functions 
(#155891) 

X-ray computed 
tomography based 
modeling of deformation 
of 
polymeric foams 
(#157851) 

Two-level multiscale 
failure model for 
heterogeneous materials 
(#159005) 

Incorporating 
microstructure 
morphology of 
heterogeneous aluminum 
alloys in multi-scale 
modeling of ductile 
fracture (#164062) 

S. Payet, J. Besson, 
 F. Feyel*  

M. Brandyberry*,  
A. Tudor, H. Lee,  
K. Matous  

J. Wismans*, 
J.Dommelen, L.Govaert, 
H. Meijer  

R. Crouch*, C. Oskay  D. Paquet*, S. Ghosh  

21 Graphene growth and properties through experiments and simulations 

D232 

In-situ observation of 
graphene sublimation and 
edge reconstructions 
(#160324) 

Atomic fracture 
mechanism of graphene 
sheet (#160064) 

Formation of epitaxial 
graphene on SiC{0001} 
(#159554) 

Graphene NEMS 
(#159022) 

Simulation of elastic 
properties of nanotubes 
using molecular dynamics 
(#158592) 

J. Huang, F. Ding,  
B. Yakobson, P. Lu, L. Qi, 
J. Li*  

S. Terdalkar*, S Zhang, 
J. Rencis  

R.  Feenstra*, Luxmi,  
N. Srivastava, P.  Fisher, 
J. Kedzierski, Y. Sun,  
G. Gu  

J. Bunch*  D. Gaddamanugu*,  
J. Reddy  

29 Computational vascular and cardiovascular mechanics 

D234 

Improving simulated hemodynamics in congenital heart 
surgeries via derivative-free constrained optimization 
(#158236) 

Three-dimensional 
simulations of coronary 
flow with autoregulatory 
mechanisms (#158074) 

Mathematical modeling 
of drug and drug-
encapsulated 
nanoparticle transport in 
patient-specific artery 
walls (#158437) 

Patient-specific 
hemodynamics in FEniCS 
(#158207) 

A. Marsden*, W. Yang; S. Sankaran,  J. Feinstein  H. Kim*, C. Taylor  S. Hossain*,  
S. Hossainy,  
Y. Bazilevs, V. Calo,  
T. Hughes  

K.-A. Mardal*, 
S.Hentschel, A. Logg,  
K. Valen-Sendstad  
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 26 Mechanics of biological tissues 

C120 

Multi-Scale finite element analysis of head injury by 
employing micro blood vessel and nerve cell tissue 
models (#155707) 

Microstructures in 3D 
affect cardiac myocyte 
shortening (#158156) 

Stress analysis in 
porous media due to 
convection enhanced 
delivery (#160565) 

  

E. Nakamachi*, Y. Morita, H. Kuramae  M. Curtis*, E. Budyn,  
T. Desai, B. Russell  

O. Ivanchenko,  
B. Sweetman,  
N. Sindhwani*  

  

52 Computational methods for fluid-structure interaction 

C121 

Numerical approaches for the quadratic eigenvalue 
problem on large structural acoustic systems (#157528) 

An implementation of 
efficient FSI algorithms to 
parallel environments 
REVOCAP_coupler 
(#158548) 

A variational multiscale 
based stabilized 
formulation of the 
incompressible Navier-
Stokes equations for 
moving domain 
problems (#158165) 

Finite-elements analysis 
of liquid sloshing in low 
gravity environment 
(#157718) 

G. Reese*, T. Walsh, C. Baker  S. Minami*, S. Yoshimura  A. Masud, R. Calderer*  M. El-Kamali*,  
J.-S. Schotté, R. Ohayon  

22 Computational nanoscience and coupled multi-physics modeling of low dimensional materials 

C122 

Combined boundary 
singularity method and 
molecular method for nano-
fluids (#159628) 

Optical properties of 
metal-molecular hybrid 
nanostructures: Insight 
from atomic-level first 
principles to continuum 
modeling (#158582) 

Molecular simulations of 
liquid argon confined 
down to nanometer 
Distance (#157690) 

Inverse problems for 
multiband modeling and 
design of low 
dimensional 
nanostructures 
(#160401) 

  

S. Zhao, A. Povitsky*  R. Pachter*, P. Day,  
J. Duan, G. Hong   

Y. Lei*, Y. Leng R. Melnik, D. Sytnyk*     

05 Multimodel and multiscale approaches in solid mechanics: algorithms and applications advances 

C123 

A partitioning algorithm to 
couple diffusion and 
elasticity for the simulation 
of hygromechanical wood 
structures of cultural 
heritage (#158556) 

Multi-scale topology 
optimization of 
composite structures 
(#159949) 

Implementation of higher 
order basis bunctions in 
the multiscale finite 
element method 
(#157940) 

A generation algorithm 
of a concrete unit cell 
(#157382) 

  

D. Dureisseix*,  B. Marcon  A. Tovar*,  
K. Khandelwal    

S. Soghrati*,  
I. Stanciulescu   

E. Gal*, A. Ganz,  
L. Hadad, R. Kryvoruk   
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20 Computational mechanics of polymer, metal and ceramic matrix composites 

C124 

Membrane rebar element 
considering rotation of 
reinforced fibers for an air 
spring (#157477) 

Computational modeling 
of structural and 
mechanical properties of 
ABA block copolymer 
gels (#158003) 

     

S. Jeong*, H. Huh,  
J.-H. Song, S.-C. Lee,  
J.-Ki. Chang  

Y. Sliozberg*,  
J. Andzelm, J. Lenhart, 
M. VanLandingham  

     

27 Active tissue modeling - from single muscle cells to muscular contraction 

C125 

Contractile fluctuations 
and stiffening of motor-
activated gels and living 
cells (#158668) 

Macroscopic muscular 
modeling based on in 
vivo radiological data 
(#157640) 

Simulation of a myofibril ï 
half-sarcomere dynamics 
and its effect on force 
during activation, 
relaxation and stretching 
(#155901) 

Utilizing stochastic 
distributions of 
sarcomere parameters 
to derive 
muscle characteristics 
(#158952) 

  

F. MacKintosh*  C. Kober*, B.-I. Berg,  
H.-F. Zeilhofer, R. Sader  

U. Stoecker*, F. Dettwiler, 
J. Denoth  

C. Könke, B. Winkel*    

28 Computational modeling and experimental investigation of biological cells and soft tissues 

C210 

A structural damage 
model for cerebral arterial 
tissue and angioplasty 
simulation  (#154453) 

Development of a 
transverse isotropic 
material model for brain 
tissue to model the 
response of human 
head to impact loads 
(#158034) 

Multiscale mathematical 
modeling of breast tumor 
tissue and effect of breast 
tissue density  (#160117) 

Mutiscale modelling of 
epithelial tissue  
(#158337) 

Assumed-deformation 
gradient finite elements 
with nodal integration for 
nearly incompressible 
large deformation 
analysis (#157315) 

D. Li*, A. Robertson  S. Kulathu*, D. Littlefield  V. Unnikrishnan*,  
G. Unnikrishnan,  
J. Reddy  

G. Khodabakhshi*,  
R. Smallwood, R. Hose  

P. Krysl*, M. Broccardo, 
M. Micheloni  

66 The k-version of the finite element method and hpk-adaptive processes 

C211 

Fluid - solid interaction of 
incompressible media in 
h, p, k mathematical and 
computational framework 
(#157559) 

k-version finite element 
method with implicit 
interfacing for a 
fluidstructure 
interaction problem 
(#160299) 

Alternative least squares 
finite element models of 
2D Navier-Stokes 
equations for power-law 
fluids and the effects of 
linearization of LS-
functional. (#159162) 

Adaptivity in finite 
element processes in 
hpk mathematical 
and computational 
framework (#157782) 

Application of H-adaptivity 
and optimisation in 
geomechanics (#158093) 

K. Surana, Y. Ma*,  
A. Romkes, J.Reddy  

W. McGee*,  
P. Seshaiyer  

V. Vallala*, J. Reddy  K. Surana, T. Stone*,  
A. Romkes, J. Reddy  

M. Kardani*, D. Sheng,  
A. Abbo, M. Nazem  
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17 Advances in multiscale methods and bridging continuum with nano- and bio-mechanics 

C212 

Computational physical mechanics of nanomaterials 
and devices (#157472) 

Modeling and simulation of 
nanotube-based memory 
cells (#159296) 

Mechanics of hydrogen 
storage in carbon 
nanotubes (#154508) 

Isoperimetric quotient 
correlations for fullerenes 
and other polyhedral 
cages (#157308) 

W. Guo*  S. Xiao*, D. Andersen, W. 
Yang  
 

Y. Chen*,  B. Liu, J. Wu, 
Y. Huang, H. Jiang,  
K. Hwang  

F. Torrens*,  
G. Castellano  

30 Computational bioengineering and biomedicine 

C213 

Constitutive and 
kinematic material growth 
in thermoelastic continua 
(#158190) 

Finite element model of 
shape and density 
adaptation for 
engineered bone 
(#154829) 

Finite element analysis of 
mechanical behavior of 
SMP hip joint implanted in 
femur bone (#158630) 

GPU-based algebraic 
reduction of bone 
models (#158130) 

   

C. Vignes*,  
P. Papadopoulos  

R. Jansen*, X. Ma,  
X. Liu, R. Hart  

M. Kulkarni*, S. Sathe, 
K.Sharma  

V. Mishra*, K. Suresh     

62 Inverse problems: Theory and applications 

C214 

Inverse computation of 
tribological properties of 
soft-wet materials 
(#153954) 

Equilibrium shape of 
deformable crystals as 
an optimization 
problem (#154148) 

Probabilistic identification 
of spatially varying 
thickness in shell 
structures 
using sparse sensor data 
(#158272) 

Inverse optimization of 
material models for 
simulation of laser 
peened residual 
stresses (#158159) 

  

I. Stanciulescu*, B. Shen, 
J. Dolbow   

R. Wildman*,  
G. Gazonas,  
M. Grinfeld,  
M. Scheidler  

C. Stull,  
P. Koutsourelakis*,  
C. Earls  

H. Amarchinta*,  
R. Grandhi, A. Clauer, 
K. Langer, D. Stargel  

  

53 Modeling micro/nanofluidic systems and experimental validation techniques 

C215 

Transport of nanoscale 
water films on hydrophilic 
and hydrophobic 
surfaces (#158071) 

Contact angle and 
hysteresis of nanoscale 
droplet on anisotropic 
textured surfaces 
(#157301) 

Single DNA dynamics in 
microscaled free surface 
flows (#157874) 

Structure, dynamics, 
and electrokinetic 
phenomena at the 
water/amorphous 
silica interface: A 
molecular view of the 
stern layer (#157055) 

A molecular dynamic 
study of properties of 
nanofluids (#160052) 

J. Park*, N. Aluru  X. Yong*, L. Zhang  X. Hu, W.-C. Liao*,  
W. Wang, Z. Yu, L.-S. Fan,  
L. Lee  

H. Zhang*, A. Hassanali, 
Y. Shin, S. Singer  

G. Puliti*, S. Paolucci,  
M. Sen  
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01 Multiphysics materials modeling from atoms to continuum: A symposium in honor of Professor Sidney Yip 



C216 

Size dependent work 
hardening model for 
crystals by coarse 
graining of discrete 
dislocations (#157936) 

Atomistic simulations of 
deformation and failure 
of glasses at the 
nanoscale (#157920) 

First-order liquid-liquid 
phase transition in 
modified embedded-atom 
model for gallium 
(#157981) 

The downhill dynamics of 
screw dislocation motion 
under stress in Ŭ-Fe 
(#157987) 

Predicting structural and 
electronic properties of 
nanostructures of silicon, 
carbon, and boron based 
on a self-consistent and 
environment dependent 
semi-emipirical 
Hamiltonian (#158018) 

P. Guruprasad,  
A. Benzerga*  

E. Bitzek*, J. Li  D. Jara, M. Michelon,  
A. Antonelli,  
M. de Koning*  

P. Gordon, T. Neeraj*  C. Jayanthi*, M. Yu,  
P. Tandy, S.Y. Wu  

32 Coarse-grained and multi-scale modeling in molecular and cellular biomechanics 

C220 

Finite element framework for coarse-grained protein 
dynamics and mechanics (#155396) 

Multiscale mechanics of 
viral shells: Stretching 
continuum models to their 
limits (#151708) 

Mechanics of 
heterogeneous fluctuating 
elastic rods (#157316) 

Continuum modeling of 
forces in the growing 
cytoskeletal network 
(#160186) 

M. Bathe*  W. Klug*, A. Aggarwal,  
M. Gibbons  

T. Su*, P. Purohit  J. Kim*, S. Sun  

77 Computational methods in image analysis 

C221 

Stochastic tracking in image sequence (#151811) 3D reconstruction of 
external anatomical 
structures from image 
sequence (#158049) 

3D models of pelvic floor 
muscles developed by 
manual segmentation to 
FEM (#157967) 

Development of 3D 
models of the pelvic floor 
muscles based on 
deformable models 
(#157990) 

  

R. Pinho, J. Tavares*  T. Azevedo*, J.Tavares, 
M. Vaz  

C. Saleme,  
R. Natal Jorge*,  
M. Barbosa,  
M. Parente,  
A.Filho, T. Roza,  
J. Tavares,  
T. Mascarenhas  

Z. Ma*, J. Tavares,  
R. Jorge  

  

57 Computational fluid mechanics for free and moving boundaries 

C222 

Direct numerical simulation of pattern formation in a 
rotating suspension of non-neutrally buoyant 
particles in a fully filled cylinder (#158218) 

Application of conformal-
decomposition finite 
elements to colloidal 
suspensions (#157110) 

Development of accurate 
numerical model for the 
fluid-structure interaction 
problem based on 
Eulerian framework 
(#158294) 

Towards simulation of 
flapping wings using 
immersed boundary 
method (#154941) 

T.-W. Pan*, R.Glowinski, S. Hou  J. Lechman*, D. Noble,  
P. Schunk  

S. Li*, K. Sugiyama,  
S. Takeuchi, S. Takagi,  
Y. Matsumoto  

X.  Zhang*, P. Theissen, 
J. U. Schluter  
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47 Recent advances in computational fracture mechanics 



C224 

A topological derivative 
application in fracture 
mechanics: The 
estimation of the energy 
release rate (#160129) 

Investigation of the 
stress intensity factor 
of a laser peened 
component using finite 
element simulation 
(#157826) 

Numerical simulation and 
experimental study on 
fatigue crack propagation 
(#157841) 

Fatigue crack growth 
simulation of plural 
surface cracks using S-
version FEM (#157698) 

   

M. Silva, D. Tortorelli*,  
P. Geubelle  

J. Im*, H. Amarchinta,  
R. Grandhi  

M. Maitireyimu*,  
M. Kikuchi, M. Geni  

M. Kikuchi*, Y. Wada,  
H. Suyama, Y. Li  

   

71 Advances in discontinuous Galerkin methods for partial differential equations 

C225 

Efficient discontinuous 
Galerkin immersed finite 
element methods for 
interface problems 
(#158432) 

A discontinuous-
Galerkin-based 
immersed boundary 
method for simulation 
of elastic solids 
(#160218) 

Recent extensions of the 
discontinuous enrichment 
method (DEM) to 
advection-dominated fluid 
mechanics problems 
(#157769) 

A Riemann-solver-free 
space time discontinuous 
Galerkin method for 
conservation laws 
(#160042) 

An assessment of the 
discontinuous Galerkin 
method for large eddy 
simulation of turbulent 
jets (#160364) 

X. He, T.Liny, Y. Lin*  R. Rangarajan*, 
 A. Lew, G. Buscaglia  

I. Kalashnikova*,  
C. Farhat, R. Tezaur  

S. Tu*  F. Ham*, J. Nordstrum  

02 Synergies in computational mechanics and geometry: A symposium in honor of Professor Thomas J.R. Hughes' 65
th

 Birthday 

C226 

Computational fluid-
structure interaction for 
wind energy applications 
(#158549) 

Isogeometric analysis 
of turbulent 
hydrodynamic noise 
generation (#159980) 

Isogeometric analysis for 
electromagnetic problems 
(#163529) 

Properties of RKEM 
functions and 
isogeometric analysis 
(#158222) 

Constructing geometry-
based enriched field 
approximations 
(#160161) 

Y. Bazilevs*, M.-C. Hsu, 
D. Benson, T. Tezduyar  

J. Evans*, T. Hughes  A. Buffa, G. Sangalli,  
R. Vazquez*  

D. Simkins*  O.  Morgan*,  
V. Srinivasan, A. Tambat, 
K. Mysore,  
G. Subbarayan,  
D. Anderson, 
S. Radhakrishnan,  
D. Pantuso, S. Shankar  

64 Extended/generalized FEM and other partition of unity based methods 

D130 

Advances in the extended 
finite element method 
(XFEM) for dynamic 
fracture: Continuous crack 
model and discrete crack 
model (#159300) 

Element-local level set 
method for 3D dynamic 
crack growth 
(#154776) 

Three-dimensional 
applications of brittle 
fracture in geological 
structures (#154487) 

Three-dimensional crack 
growth with hp-
generalized finite element 
and face offsetting 
methods (#158252) 

Modeling of vascular 
failure with application to 
myocardial failure due to 
deep penetration 
(#157391) 

J.-H. Song, S. Park,  
H.-J. Kim, S.-H. Lee*  

Q. Duan*, J.-H. Song, 
T. Belytschko  

P. Jäger, S. Schmalholz, 
D. Schmid, P. Steinmann, 
E. Kuhl* 

J. Pereira*, C. Duarte,  
X. Jiao  

C. Forsell*, T. Gasser  
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55 Uncertainty quantification in computational science and engineering 



D131 

Using an energy method in 
an uncertain computational 
vibroacoustic model for an 
automatic sub-structuring of 
the structure in low- and 
medium-frequency ranges 
(#150962)  

Calculation of 
corporate loss 
distribution given 
default (#151146)  

Uncertainty 
quantification: Improved 
stochastic finite element 
approach (#151203)  

Probabilistic modeling of the 
elasticity tensor random field 
at the 
mesoscale of reinforced 
composites (#151326)  

Karhunen-Loeve 
expansion versus 
independent component 
analysis for non-
Gaussian stochastic 
processes: Application to 
uncertain systems 
(#157835) 

M. Kassem*, C. Soize,  
L. Gagliardini  

Y. Zou*  M. Anitescu*,  
O. Roderick, P. Fischer  

J. Guilleminot*, C. Soize,  
D. Kondo, C. Binetruy  

M. Khalil*, A. Sarkar  

73 CAE and industrial applications of computational mechanics 

D132 

Constitutive description and 
numerical simulation of 
high stretch steel with hot 
forming  (#154971) 

Numerical simulation 
for coupled thermo-
mechanical behavior 
in hot forming process 
(#157701) 

From producibility to 
serviceability: Current 
issues in metal forming 
simulations and their 
consideration in 
crashworthiness 
simulations (#158151) 

Computational fluid dynamic 
analysis of a personal 
watercraftôs axial pump 
propulsion system (#159382) 

FEM automation of  
Oldroyd-B fluids 
(#159816) 

N. Ma*, P. Hu, W. Wu,  
G. Shen  

W. Wu*, N. Ma, 
 P. Hu, J. Ju  

A. Haufe, T. Munz*,  
D. Lorenz,  
D. Schweizerhof  

T. Tang*  A. Terrel*, M. Knepley,  
L. Scott  

60 Design and optimization of advanced and multi-functional materials 

D141 

Material design for optimum 
structural ductility 
(#158580) 

Multiscale modelling 
of fracture in 
piezoelectric ceramics 
(#158122) 

Material optimization for 
impact loading ï from 
micromechanical 
modelling of viscoelastic 
behavior to impact 
simulations for protective 
materials (#156181) 

Numerical modeling of 
electrochemical, mechanical, 
and thermal interactions in 
lithium polymer batteries 
(#157599) 

Statistical evaluation of 
dynamic propagation of 
manufacturing 
differences, aging 
differences and faults in 
large Li-ion battery packs 
(#157777) 

E. Ramm*, F. Hilchenbach, 
J. Kato, A. Lipka  

C. Verhoosel*,  
J. Remmers,  
M. Gutierrez, R. Borst  

M. Herrenbrück*,  
C.  Andreasen,  
R. Lackner,  
K.-U. Bletzinger,  
O. Sigmund  

S. Golmon*, K. Maute, 
M.Dunn  

Y. Guezennec*, B. 
Yurkovich, Y. Hu  

40 Structural response under extreme loads: modeling, simulation, and experiments 

D143 

Adaptively coupled FEM-RKPM approach for 
fragment-impact modeling: Consistency and stability 
(#160080) 

Penetration of reinforced 
concrete structures: A 
meso-scale approach 
(#157202) 

A plasticity framework for 
sold/fluid coupled problems 
under blast and impact loads 
(#160177) 

Micro-scale simulation of 
ductile fracture in steel  
(#159961) 

J. Chen*, P. Guan,  X. Ren, Y. Lin  G. Cusatis*, A. 
Mencarelli, D. Pelessone  

O. Soto*, J. Baum,  
R. Lohner  

K. Khandelwal*,  
S. El-Tawil  
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37 New trends in thin structures 



D144 

Finite elements for Kirchhoff rods (#159583) On a nonlinear Kirchhoff-
Love thin shell 
formulation: Theory and 
numerics based on a 
triangular finite element 
(#158596) 

A new family of 
displacement-based finite 
elements with nodal 
integration for Reissner-
Mindlin plate structures 
(#158866) 

Non-linear analysis of 
yield-line thin plate 
elements using an 
overshoot moment return 
method (#153221) 

F. Armero*, J. Valverde  E. Neto*, P. Pimenta,  
E. Campello  

G. Castellazzi*, P. Krysl   M. Gohnert*  

07 Recent advances in computational materials science and multiscale materials modeling 

D231 

Multi-scale analysis of sharp transient thermal 
gradients using coarse generalized finite element 
meshes (#158449) 

Weak coupling 
algorithms in multiscale 
simulations (#158301) 

Unit cell simulations of 
composites with imperfect 
interfaces: A FETI based 
approach (#157209) 

 

P. OôHara, C. Duarte*, T. Eason  K. Fackeldey,  
D. Krause*, R. Krause  

P. Gruber, J. Zeman*,  
J. Kruis  

 

03 Advanced comp. methods with applications to MEMS and NEMS devices: A symp. in honor of Prof. Subrata Mukherjee 

D233 

An atomistic-continuum Cosserat rod model of 
carbon nanotubes (#152917) 

Adaptive fast Multipole 
boundary element 
methods for modeling 
MEMS mroblems 
(#157843) 

On the solution of 3D 
Poissonôs equation via a 
Galerkin BEM (#158167) 

Coupled 
electrothermomechanical 
analysis of hybrid 
actuation in 
microsystems (#160137) 

K. Chandraseker, S. Mukherjee*  Y. Liu*, M.  Bapat,  
L. Shen,  B. Bi  

S. Nintcheu Fata*, L. Gray  A. Alwan*, N.  Aluru  

29 Computational vascular and cardiovascular mechanics 

D234 

Lagrangian fluid-structure interaction of an aortic 
valve including contact (#154296) 

A computational method 
for coupling blood flow 
and intramural plasma 
filtration. 
Application to drug 
release from stents 
(#155908) 

Fluid-structure defective 
boundary value problems 
with applications to 
haemodynamics (#158316) 

Blood flow-pressure 
diagnostics of pulmonary 
valve insufficiency in 
repaired tetralogy of fallot 
using patient specific 
geometry (#158367) 

  

F. Del Pin*, D. Einstein, S. Idelsohn, A. Kuprat,  
X. Jiao, J. Carson, J. Guccione, M. Ratcliffe  

C. D'Angelo*, P. Zunino  C. Vergara*  A. Das*, W. Gottliebson, 
M. Karve, R. Banerjee  

  



Plenary Lecture  

Dr. Charbel Farhat 

Department of Aeronautics & Astronautics, Mechanical Engineering 

Institute for Computational Mathematics & Engineering 

Army High Performance Computing Research Center 

Stanford University 

8:15-9:15a.m., Ballroom 1-3 

 

Advances in Linear and Nonlinear Reduced-Order Modeling for Time-Critical Applications and 

Emerging Technology Trends 

Abstract: 

In many applications, high-fidelity time-dependent numerical simulations remain so computationally intensive that either 

they cannot be used as often as needed, or are more often used in special circumstances than routinely. This is the case, for 

example, for turbulent CFD computations at high Reynolds numbers. Consequently in many engineering fields, the 

impact of Computational Mechanics on time-critical operations such as design, design optimization, and control, to name 

only a few, has not yet fully materialized. For such operations, this full impact will perhaps be enabled first by advanced 

reduced-order modeling (ROM) methods ð that is, methods that find approximate realizations using smaller 

computational models ð which can faithfully reproduce the essential features of the larger computational models at a 

fraction of their computational cost, and most importantly, are capable of capturing the critical behavior of the engineering 

systems of interest. In this talk, new methods for constructing linear and nonlinear fluid, structural, or fluid-structure 

interaction ROMs based on Galerkin and Petrov-Galerkin projection schemes will be presented. The concept of a database 

of ROMs will be motivated, and an innovative interpolation method for adapting pre-computed ROMs to parameter 

changes in near real-time will be highlighted. This interpolation method is based on appropriate manifolds, their tangent 

spaces, and concepts from differential geometry. The lecture will conclude with a brief reporting on the successful 

application of all discussed computational methodologies to the support of the aerodynamic design of a Formula 1 car and 

the flutter flight testing of a fighter aircraft. These two real-life examples highlight the potential of the developed ROM 

methodologies for bridging Computational Mechanics to time-critical applications and modern assistive technologies. 

 
Brief Biography: 

Dr. Charbel Farhat is the Vivian Church Hoff Professor of Aircraft Structures at Stanford University where he is also 

Chairman of the Department of Aeronautics and Astronautics, Professor of Mechanical Engineering, Professor in the 

Institute for Computational and Mathematical Engineering, and Director of the Army High Performance Computing 

Research Center. Professor Farhat is the recipient of several prestigious awards including the IEEE Computer Society 

Gordon Bell Award (2002), the IACM Computational Mechanics Award (2002), the Department of Defense Modeling 

and Simulation Award (2001), the USACM Computational and Applied Sciences Award (2001), the IACM Award in 

Computational Mechanics for Young Investigators (1998), the USACM R. H. Gallagher Special Achievement Award for 

Young Investigators (1997), the IEEE Computer Society Sidney Fernbach Award (1997), the CRAY Research Award 

(1990), and the United States Presidential Young Investigator Award (1989).  He is a Fellow of the ASME (2003), IACM 

(2002), World Innovation Foundation (2001), USACM (2001), and AIAA (1999).  Professor Farhat is an Editor of the 

International Journal for Numerical Methods in Engineering and serves on the technical assessment boards of 

several national research councils and foundations. 
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