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Contributions to 

Infrastructure Mechanics, Materials, and 

Sustainability 

Prof. Buyukozturk has made seminal contributions to infrastructure mechanics, sustainability 

and resilience for advancing the boundaries of knowledge in the field and for bringing many 

young learners and researchers along with him in his discoveries. His work with his students and 

colleagues has led to fundamental and ground-breaking innovations in the areas of concrete 

mechanics, interface mechanics of multi-material systems, multiscale computational modeling, 

sustainable construction materials, energy-based seismic design, as well as advanced sensing and 

data analytics for civil infrastructure monitoring and assessment. The overall integration of his 

research is directed toward realizing quantitative resiliency, sustainability and intelligence of 

infrastructure systems, establishing a new paradigm for the design of future cities and 

assessment/rehabilitation of existing infrastructure with technological, economic and social 

impacts. His research output encompasses a broad spectrum ranging from the materials level 

through structure to the city scale contributing to sustainable infrastructure engineering. Impacts 

of his work have been revolutionary with significant contribution to the civil engineering field 

through advancing research, practice, and education. He has pioneered and broadened the 

spectrum of developing new and innovative technologies to address engineering challenges, 

making major advancements in traditional as well as emerging fields.  

Research Contributions 

The summary of Prof. Buyukozturk’s research contributions is given below in three categories: (1) 

Infrastructure Mechanics, (2) Sustainable Construction Materials, and (3) Infrastructure Sensing and 

Monitoring, integrated in the context of engineering sustainable and resilient infrastructure.  

1. Infrastructure Mechanics 

Prof. Buyukozturk has made pioneering developments in the field of infrastructure mechanics 

throughout his career. In recognition of his work, the Royal Society of Edinburgh (Scotland’s 

National Academy) elected him as a fellow in 2009 for “Transformative contributions to 

computational analysis, engineering and design.” The following are the major thrust areas that Prof. 

Buyukozturk focuses on:  

1.1. Multiscale concrete mechanics: from atomistic to macroscale 

Cement paste is the matrix phase in mortar and concrete that exhibits a complex structure 

spanning orders of magnitude in length scales. With a breakthrough development, Professor 
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Buyukozturk’s group has developed the first multiscale framework for connecting molecular 

details with macroscale performance in concrete materials. Particle-based modeling is used to 

study the structure and interactions within calcium-silicate-hydrate (C-S-H) (1JACerS 2017), the 

main binding phase in cementitious materials. A cohesive-frictional force field (CFFF) is 

proposed to realistically capture the intrinsic strength anisotropy of the interfaces between larger-

scale assemblies of colloidal C-S-H nanoparticles. This is accomplished through a multiscale 

model that captures the essential structures and interactions across atomistic (~1 nm), colloidal 

(~100 nm), and microstructural (~100 μm) length scales. Mesoscale simulations of colloidal 

assemblies indicate that cohesive-frictional interactions have a significant influence on 

deformation processes and strength behavior (2JMPS 2017). His group has also developed a novel 

method combining nanoindentation experiments with random field modelling to capture the 

complex heterogeneity within a cement paste microstructure connecting to the cm scale (3JMPS 

2018). This work provides a foundation for future explorations and enables a paradigm shift in 

engineering the next generation of sustainable and durable cementitious structural materials 

using locally available additives. 

1.2. Novel experimentation and modeling of interface fracture in multi-material systems 

Accurate measurement of interfacial properties is critical when two materials are bonded—

in composites, tooth crowns, or when biomaterials are attached to the human body. Yet, despite 

this importance, reliable methods to measure interfacial properties between dissimilar materials 

remain elusive. Prof. Buyukozturk’s group has developed a novel experimental method for 

robust characterization of organic–inorganic interfaces at the nanoscale (4PNAS 2014). Combining 

theory, experiments, and molecular simulations, they showed that debonding between layers of 

materials can be controlled through residual stresses in a deposited metallic layer. The method 

has been validated to show that moisture degrades the bonding between epoxy and silica 

(5Mechanics of Materials 2010), a technologically important interface. This would enable designing 

more durable concrete composites that could be used to innovate our nation's aging 

infrastructure (6CBM 2004).  

1.3. Fracture and durability of FRP retrofitted concrete systems 

A common rehabilitation strategy for concrete structures is to apply fiber reinforced 

polymers (FRP) as external reinforcement to structural members for improved strength and 

ductility. A major challenge in this strategy lies in understanding and quantifying the 

mechanisms of fracture along the FRP concrete interface. Prof. Buyukozturk’s group has 

performed a set of pioneering experiments that identified a change in failure modes from 

concrete fracture to de-bonding along a concrete-epoxy interface (7J Composites for Construction, 

ASCE 1998; 5Mechanics of Materials 2010). His group then investigated the underlying mechanisms 

controlling the fracture process through atomistic modeling of an organic-inorganic bi-layer 

system to capture the influence of moisture on the concrete-epoxy interface using molecular 

dynamics (MD) (8IJSS 2011). The findings were also extended to macroscopic length scales 

through finite element analysis (FEA) of the continuum behavior (9J Composites for Construction 

2011). They also developed a fundamental model for predicting irreversible weakening in bond 

strength under moisture cycles which led to a service life prediction tool (10Composite Part B: 

Engineering 2011). These and other pioneering studies in this area by Prof. Buyukozturk have 

provided a significant advancement in our understanding of the design and safety of retrofitted 

concrete structures with FRP materials under environmental degradation. 
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1.4. Early pioneering work on computational mechanics 

Prof. Buyukozturk has an extensive list of papers on the development of constitutive models 

for concrete using concepts of plasticity, heterogeneity, cyclic and high temperature effects. His 

first contribution to engineering mechanics was the pioneering model which applied finite 

element method to a composite material having a matrix with multiple inclusions, to study the 

role of interface on deformation and fracture in multi-material systems (11JEM 1971). In 1977, he 

published another milestone paper (12Computers and Structures 1977) which introduced two new 

concepts: first, a proposal for the elasto-plastic constitutive relation of concrete for finite element 

(FE) analysis, and the second, modeling of concrete and steel bars in a composite formulation for 

FE implementation. The material and computational models (13Computers and Structures 1985) he 

developed, and their variations, are still in use today in major FE general purpose computer 

programs such as Marc, Nastran, and others. It is also worth noting that his current work on 

computational multiscale concrete using molecular dynamics (2JMPS 2017) provides a 

fundamental basis for his earlier developments of phenomenological models for complex 

concrete behavior (12Computers and Structures 1977).  
Other areas of Prof. Buyukozturk’s early pioneering developments include modeling of 

shear transfer (14JEM 1979; 15J Structural Division 1980) in complex concrete structures including 

nuclear containment structures and precast segmental concrete bridges (16JOSE 1990), as well as 

his extensive work on thermomechanical behavior and design of high temperature refractory 

concrete linings (17JACS 1982) for a wide variety of manufacturing and refinery process vessels 

(18Am Ceramic Soc Bul 1985).  

1.5. Energy-based seismic design 

Current procedures for the design of earthquake (EQ) resistant structures are generally 

based on strength and displacement capabilities of the system. Prof. Buyukozturk has been 

leading a group of international researchers in developing a novel energy-based design (EBD) 

spectra for seismic design of structures that encompasses both the duration and frequency 

content of the earthquake and the structural response into its formulation (19EESD 2018; 
20Earthquake Spectra 2015). This ongoing work with a pathbreaking concept based on seismic 

energy demand and its dissipation in the system has significant potential towards improving the 

design of structures with better seismic resistance. 

2. Sustainable Construction Materials 

Prof. Buyukozturk has been leading transformative research in the area of manufacturing 

sustainable and durable cementitious materials using locally available waste materials. In this 

effort he has combined his developments in bio-inspired multiscale analysis with advanced 

characterization methods (21CBM 2016). In recognition of his contributions in the materials and 

engineering area, he was awarded the Golden Mirko Ros Medal in 2011 from EMPA Swiss 

Federal Laboratories for Materials Science and Technology for “Most valuable and sustained 

contribution to materials science and engineering in the domain of civil engineering and also for his 

outstanding research support to EMPA over the past 2 decades.”  

2.1. Innovation in using irradiated plastic for manufacturing cementitious materials 

A recent breakthrough concept proposed by Prof. Buyukozturk’s group is to use irradiated 

plastic as an additive in manufacturing durable and strong concrete to achieve (a) reduction of 

carbon emission by replacing part of the cement with irradiated waste plastic, (b) an 
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environmentally safe storage of plastic waste as a solution to a critical world problem, and (c) to 

produce a concrete quality equal to or better than the corresponding control specimen without 

any additives. The proposed design has potential to significantly contribute to reduced carbon 

emissions when scaled to the level of mass concrete production and lead to long-term 

sustainability in construction engineering (22J of Waste Management 2018).  

2.2. Partial replacement of cement with volcanic ash for sustainable concrete with 

reduced embodied energy  

Through his fundamental studies, Prof. Buyukozturk has advanced the concept of replacing 

Portland cement with volcanic ash to reduce carbon dioxide (CO2) emissions in manufacturing of 

concrete(23CBM 2016; 24CCR 2016). His group has demonstrated the feasibility and potential of 

partial replacement of Ordinary Portland Cement by natural Pozzolanic Volcanic Ash at the 

material, building and city scales (25J Cleaner Production 2018). The newly developed sustainable 

material can be adapted to design and build energy-efficient systems tailored for structural and 

non-structural applications. 

3. Infrastructure Sensing and Monitoring 

In recent years, Prof. Buyukozturk has made novel scientific and technological contributions in 

infrastructure sensing and monitoring for resilience. He received the 2018 George W. Housner 

Structural Control and Monitoring Medal from the American Society of Civil Engineers, for 

“Pioneering and transformative developments in video-based structural sensing and identification, 

interferometry-based data analytics, high-efficiency generic wireless networks, and their integration with 

groundbreaking engineering mechanics research and practice for enhancing civil infrastructural resilience 

and sustainability.”  

He has pioneered the development of (1) video motion magnification-based remote sensing 

technique for structural monitoring (26JSV 2015; 27J Infrastructure Systems 2016; 28PNAS 2017), (2) 

interferometry-based big data analytics for temporal building monitoring and characterization 

(29MSSP 2017; 30Bul of the Seismological Soc of Am 2017), (3) probabilistic graphical models for 

structural damage detection (31MSSP 2017), (4) real-time learning-based low-power low-cost 

wireless sensor network (32IWSHM 2017), as well as (5) deep learning models for vision-based 

detection of structural surface crack/corrosion (33Computer‐Aided Civil and Infrastructure 

Engineering 2017; 34Computer-Aided Civil and Infrastructure Engineering 2017). 

For example, Prof. Buyukozturk and his team have developed a novel and innovative 

measurement/visualization tool, based on motion magnification, for monitoring and identifying 

dynamic structures and materials from short duration videos of objects. This method 

incorporates the motion magnification concept, that provides high fidelity time series of 

displacements as a basis for full-field structural modal identification and damage detection. This 

technique has potential to change the way in which condition assessment and monitoring of 

structures is carried out by moving from costly and time-consuming sensing installations to 

much quicker and cost-effective camera setups. This is a game changing innovation that has 

made significant technological impact with extensive publications, public demonstrations, and 

media coverage.  

The overall objective of his research in this area is to substantially develop and utilize 

advanced sensing techniques, data analytics and machine learning for infrastructure assessment 

to improve its resiliency under normal operational conditions, immediate stress conditions and 

extreme event effects. These contributions are highly complementary and cross-correlated to his 

work in infrastructure mechanics and materials. While quantifying infrastructure performance 
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through the integration of sensing, data analysis and computational modeling relates to the 

resilience of infrastructure, designing with innovative materials directly relates to safety, 

durability, and sustainability of new systems.  

In addition, through his earlier work, Prof. Buyukozturk has made unique contributions in 

the area of non-destructive testing (NDT) of concrete structures including his work on non-

contact acoustic laser vibrometry (35NDT&E International 2015), and radar imaging (36NDT & E 

International 2008; 37NDT & E International 1998). He also made pioneering contributions to the 

development of electromagnetic properties of concrete as a fundamental knowledge for NDT and 

assessment technologies (38ACI Materials Journal 1998).  

Projects, Publications and Media 

In the past five years, Professor Buyukozturk has been the Principal Investigator (PI) leading 

multiple large-scale multi-disciplinary multi-team signature research projects, with a total 

funding of about 15 million USD, involving over 100 researchers, scientists and students from 

diverse disciplines both nationally and internationally. For example: 

 

 MIT Kuwait Signature project (2013-2017, budget $5 million) “sustainability of built 

environment”; led a team of 61 MIT and Kuwaiti researchers, students and co-PIs.  

 Beeview project (2011-2017, budget $8 million) “multi-sensor monitoring of structure, 

measurement, inference, and visualization”; led a team of 25 researchers and students from 

MIT, Draper Lab, and Shell TechWorks.  

 Beeview 2 project (2018-2020, initial budget $1.3 million) “A new paradigm for quantifying 

urban fragility from induced seismicity”; leads a team of 14 researchers and students from 

MIT and Shell Global in Netherlands.  

 Earlier largescale project leadership: Formed a consortium of 13 energy companies around 

the world to develop computational mechanics tools to predict deterioration of refractory 

ceramic linings (1988-1991); led as the PI from MIT, an institutional multi-team educational 

program between MIT and Tech. Univ. of Berlin (1982-1989). 

 

In the past three years alone, he has published over 50 papers in prestigious journals (including 

Proceedings of the National Academy of Sciences-PNAS, Journal of the Mechanics and Physics of Solids, 

Cement and Concrete Research, Mechanical Systems and Signal Processing, Journal of Sound and 

Vibration, Structural Control and Health Monitoring, Earthquake Engineering and Structural Dynamics, 

Computer-Aided Civil and Infrastructure Engineering, etc.) and filed/pending 13 US patents, which 

have been widely cited and followed by many other researchers and practitioners. He has 

published over 170 peer-reviewed journal papers, more than 190 conference proceedings and 16 

edited books and book chapters, over 90 formal technical reports from his early professional 

work and during his tenure at MIT. He has made more than 200 invited and keynote 

presentations around the world. He presented a talk by the invitation of National Academy of 

Sciences, Engineering, and Medicine (NAS) on “The Role of Advanced Technologies in Structural 

Engineering for More Resilient Communities.” The invitation stated “Your expertise and experience 

in the design of innovative materials, intelligent sensing of infrastructure, as well as your focus on 

designing for a sustainable built environment will provide an invaluable contribution to this discussion.” 

(September 26, 2017, Irvine, CA). His research has been extensively reported by various major 

media coverages (e.g., MIT News, NSF News, American Ceramic Society News, Science360 News, 

ASCE Civil Engineering Magazine, Science Daily, Popular Mechanics, The Wall Street Journal, 

Engineering News Record, The Economic Times, Newsweek, Phys.org) - more than 70 times over 
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the past five years - demonstrating tremendous impact, excitement and public interest in his 

work. His recent work with MIT undergraduate students on “irradiated recycled plastic as an 

additive for sustainable concrete production” was reported by MIT News and gained significant 

attention from both the scientific community and the public - immediately received over 130,000-

page views during the first month after its release in October 2017, and featured as the most-

viewed news in the year of 2017.   

Contributions to Education 

Prof. Buyukozturk’s life-long philosophy of civil engineering education in the area of structures 

and materials has been to offer courses that emphasize fundamentals and behavioral knowledge, 

through which innovative design solutions can be developed. He believes that research is an 

integral part of education in which methodologies and recent advances are incorporated, and 

class work emphasizes open-ended learning, self-development, project activity and teamwork. 

Since joining MIT in 1976, he has made consistent and sustained contributions to develop and 

support undergraduate education program at CEE, MIT, and the national level (Lead Faculty, 

EXCEL engineering education coalition). He has dedicated a considerable part of his time to the 

development of integrated core courses for undergraduate/graduate engineering. For example, 

one of his signature undergraduate course developments with a colleague from Materials Science 

and Engineering Department was a freshman/sophomore level course entitled “Colossal failures 

in Engineering” which attracted unexpectedly large number of students from all corners of the 

Institute, creating a great enthusiasm. In recent years (2013-2018), Professor Buyukozturk has 

played a profound role in bringing the civil engineering education program in the Department of 

Civil and Environmental Engineering at MIT to within a transformative program, the so-called 1-

ENG umbrella, for a strong and a flexible education. 

Prof. Buyukozturk has devoted significant efforts at every stage of his career to advance the 

culture of diversity and inclusiveness in the engineering field. He has supervised over 30 PhD, 70 

Master of Science, and 30 undergraduate students, many of whom have developed successful 

careers in academic or industrial fields. He has also served on over 30 additional PhD committees. 

He has been motivating and nurturing freshman and undergraduate minorities for producing 

outstanding and innovative research results at the masters or the doctoral level which have led to 

a number of top journal publications contributed and co-authored by the undergraduates. 

Recently (in 2015 and 2016), two female freshmen supervised by Professor Buyukozturk have 

received the Institute’s highest distinctive honor for undergraduate students – MIT Distinguished 

Freshman Award for Research. 

Prof. Buyukozturk was awarded the Distinguished Service and Leadership Award from 

MIT Department of Civil and Environmental Engineering, to “Recognize outstanding departmental 

service and leadership contributions of a member of the CEE faculty, to acknowledge colleagues who foster 

a culture of diversity, inclusiveness, and innovation, to further the department mission and vision and 

MIT as a whole.”  

Prof. Buyukozturk received a citation from the President of MIT Rafael Reif in a letter dated 

August 27 2018: “…You have not only advanced the boundaries of knowledge in your field but also 

brought so many of our young learners and researchers along with you in your discoveries. Your 

importance to our MIT community cannot be overstated. Thank you for advancing the MIT mission in 

such a sterling way.”  

He has been selected as the recipient of the George Macomber Professorship, MIT Endowed 

Chair in 2019.  

http://web.mit.edu/liss/home.html


Oral Buyukozturk, MIT 

 Page 7 of 9 October 2019 

Professional Service 

Throughout his career as a researcher and an educator, Prof. Buyukozturk’s developments have 

progressed in parallel to his professional involvement with the engineering and scientific 

societies. Professor Buyukozturk’s life-long professional service includes active membership and 

committee leaderships on more than 20 professional societies and committees, such as ACI, 

ASCE, SEM, TRB, RILEM, IABSE, ACS, IIFC, AAAS, AASHTO, ASME as well as special 

committees such as US-Japan scientific committee on fracture and finite element methods. He has 

also served on editorial board of major international journals including CBM and CACAIE. As a 

member and/or chair, co-chair of various engineering societies, his work in fundamental original 

developments in finite element analysis of concrete structures, fracture mechanics, interface 

mechanics, creep and shrinkage analysis of structures have been translated into major 

engineering society publications.  

His services to US agencies include NSF CMS/CMMI; NSF ACBM center; NIST; Idaho State 

Board; DOT federal transit administration; Idaho National Environmental Engineering laboratory 

(INEEL); DARPA. His services to foreign governments include Board of Swiss Federal Institute of 

Technology (ETH) ETH and EPFL campuses, and PSI and EMPA Swiss national labs; NCAAA 

National commission of the Kingdom of Saudi Arabia (KSU, KFUPM, Qassim U); German 

research foundation (DFG); Government of Guine Bissau, South Africa (through World Bank); 

Univ. of Sao Paulo Brazil. 

Professor Buyukozturk has done extensive consulting services (37 major projects) for 

national and international engineering communities, governments, and private organizations 

during his career. For example: Consultant to the State of Florida, Office of Public Counsel (OPC) 

for the prestressed concrete nuclear containment delamination problem of the Crystal River plant 

Unit 3. Public Counsel J.R. Kelly of Florida states “…Oral was the first and only structural and 

material expert ever retained by the OPC. His expertise and experience in nuclear containment design and 

modeling, finite element modeling and analysis, fracture analysis and material analysis and his advice were 

the primary reason that the OPC was able to negotiate a settlement with at least $1.7 billion in direct 

benefits to the consumers in Florida who stood to be overcharged … caused by the failed nuclear concrete 

structure.” (2011-2012). 
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