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Abstract: Advanced materials promise to transform the energy 
metabolism of architecture so it no longer relies on fossil fuels and 
refrigerants, but narrow problem formulation and misconstrued 
boundary conditions are blocking this goal. A defining characteristic of 
modern architecture is that it delegates the thermodynamic work of 
interior climate to machines, which exchange air with the outdoors and 
heat with a vapor-compression cycle. Because of this division of labor, 

much of the material science dedicated to improving architecture’s energy diet has tended to 
focus on the external envelope as the primary site for innovation. This is the boundary where 
environmental fluxes can be selectively exchanged, while maintaining a sharply defined gradient 
between inside and out. But finer façade selectivity is a metabolic dead-end: it only enables 
air-handling units to work more efficiently in the background, so better insulation always wins. 
Instead, we should expand the frame and ask not only how to fully engage architectural space 
and material physics in the work of interior climate, but also how humans can actively shape 
and adapt to these more dynamic environments.  
When architecture is conceived of as a single enclosure maintaining a sharply-defined and 
mechanically-controlled hygro-thermal and chemical (CO₂) gradient, ambient exergy flows 
across this boundary are typically counterproductive or hard to facilitate. 
Alternatively, we may consider the design of architecture as a thermal hierarchy with three kinds 
of spaces: 
 

●​ Interior spaces: Mechanically controlled air changes. Machines do the thermodynamic 
work. 

●​ Semi-interior spaces: Naturally controlled air changes. Architecture does the 
thermodynamic work. 

●​ Semi-exterior spaces: Abundant, uncontrolled air changes. Thermal enjoyment when 
conditions allow. 

●​  
When there is a cascade of gradients and boundaries, the environmental loads are more evenly 
distributed. Ambient exergy flows are easier to facilitate and more likely to be useful somewhere 
in the system. Semi-exterior spaces can be designed for radiantly conditioning the human body, 
and for pre-conditioning or pre-cleaning incoming air (Teitelbaum et al. 2020; Aviv et al. 2021). 
They can also be designed as shared habitats for human and non-human species as part of an 
extended microbiome (Bosch et al. 2024). My talk will focus on semi-interior spaces, sharing two 
examples of how architecture can perform thermodynamic work: synchronizing thermal mass 
and buoyancy ventilation (Fortin et al. 2026) and organizing architectural space in a heat 
recovery loop powered by buoyancy ventilation (Halepaska et al. 2024). 
Biography: Salmaan Craig is a building scientist and an associate professor in the Department 
of Architecture and Urban Design (AUD) at the University of California, Los Angeles (UCLA). He 



directs the Gradient Lab, which investigates how architecture can be designed to perform 
thermodynamic work and how human cognition shapes thermal experience. He was an 
assistant professor at the McGill University School of Architecture and, before that, a lecturer at 
the Harvard Graduate School of Design. He also worked for several years in his hometown of 
London, UK, with consulting engineers Buro Happold, and later with architects Foster + 
Partners. 
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Talk title : Tailored Materiality Across Scales 
 
Abstract: This talk will take you on a journey through projects related 
to 3D knitted fabric formworks that challenge the construction industry 
to think of alternative ways of building more sustainably. It explores the 
relationship between geometry, structural principles and architectural 
expression, all enabled by computational pipelines for fabrication 

Tailored Materiality is reshaping how we design, make, and evaluate the built environment, from 
fiber and filament to architectural systems. The projects presented in this talk treat material 
behavior not as a constraint, but as a programmable design parameter. I will show how 
geometry, structure, and expression can be co-designed by coupling design with the realities of 
fabrication: anisotropy, compliance, tolerances, and process-driven variation. A central theme 
revolves around how local material decisions propagate into global performance. At the material 
scale, we tune patterning and alignment to steer deformation and stiffness. At the component 
scale, we assemble units into deployable, adaptable structures. At architectural scale, we 
translate these systems into deployable construction workflows that reduce waste, expand 
design freedom, and enable more sustainable alternatives to conventional construction 
strategies. The result is a practical framework for fabricating expressive, efficient structures 
whose performance emerges from intentionally engineered material architectures. 
 
Biography: Mariana Popescu is a computational architect and structural designer with a strong 
interest and experience in innovative ways of approaching the fabrication process and use of 
materials in construction. She is Class of 1942 Development Chair Assistant Professor at MIT in 
the Department of Architecture and the Schwarzman College of Computing. Her area of 
expertise is computational and parametric design with a focus on digital fabrication and 
sustainable design. Her extensive involvement in projects related to promoting sustainability has 
led to a multilateral development of skills, which combine the fields of architecture, engineering, 
computational design and digital fabrication.She obtained her Phd in 2019 from ETH Zurich with 
a research focus on the development of  KnitCrete, a novel, material-saving, labour-reducing, 
cost-effective formwork system for casting doubly-curved geometries in concrete using 3D 
knitting. She is the main author of the award-winning KnitCandela shell and was named a 
“Pioneer” in the MIT Technology Review Innovator Under 35 list of 2019. She has developed a 
number of high profile projects including KnitNervi at the MAXXI Museum in Rome, the Common 



Thread pavilion at the Trienale in Brugges and Necto at the Arsenale within the 25th Venice 
Architectural Biennale. Recently she obtained a European Innovation Council Pathfinder grant 
to further develop fabrication aware design methods for knitted fabric formworks. 
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Abstract: In the face of the world’s growing population, there is a need to develop stronger, 
tougher, and more resilient civil infrastructure materials. Two primary challenges are in 
enhancing the fracture resistance of brittle construction materials that have limited toughening 
mechanisms and advancing the digital fabrication processes that enable realization of these 
mechanisms at scale.  
Enhancing the fracture resistance of human-made brittle and quasi-brittle such as 
cement-based materials is challenging due to the limited microstructural toughening 
mechanisms. This seminar aims to elucidate a new class of cement-based materials known as 
architected cement-based materials (ACM) with several engineering toughening mechanisms 
inspired by tough natural systems (i.e., nacre, bone, sea sponge). The examination of fracture 
properties, behavior, and underlying toughening mechanisms is carried out based on linear and 
non-linear elastic fracture mechanics using experimental (resistance curves) and computational 
(coupled phase field-cohesive zone model) approaches. In particular, engineering toughening 
mechanisms in hard-hard and hard-soft architected arrangement containing interfaces, such as 
those found in the brick-and-mortar arrangement of mollusk shells (e.g., tablet sliding, crack 
bridging) and in the tubular arrangements of human cortical bone (e.g., crack deflection) are 
elaborated experimentally and numerically. It was found that additional toughening mechanisms 
can be engineered into the cement-based composites and significantly enhance fracture 
toughness and ductility by up to an order of magnitude compared to constituent monolithic 
counterparts in hard-soft composites. To better understand crack propagation in hard-soft 
architected composites the unified large-deformation constitutive framework was developed 
(implemented via user-element subroutine within the finite element software Abaqus) and 
validated against interfacial LEFM theory. Interfacial properties play a crucial role in the fracture 
process. The proposed computational framework couples the phase-field approach for bulk 
fracture with a potential-based cohesive zone model (CZM) to study crack propagation in 
multi-material (e.g., hard-soft, hard-hard) containing an interface. The phase-field captures crack 
initiation and propagation in the bulk hard brittle or soft hyperplastic constituents, and CZM 
(PPR) captures the role of the interface failure (e.g., delamination, deflection). A statistical 
mechanics approach for understanding disorder is proposed for the design of purposeful 
arrangement of architecture. Disorder curves based on translational order parameter (T) and 
orientational order parameter (Q), as well as radial distribution function, g2(r), are proposed to 
quantitatively characterize the degree of disorder in architected arrangement of materials in lieu 
of periodic/non-periodic classification and misperceived disorder parameters (perturbation and 
Voronoi tessellation methods). 



  
Biography: Dr. Reza Moini joined the Civil and Environmental Engineering Department at 
Princeton University as an assistant professor in January 2021. Dr. Moini earned his Ph.D. from 
the Lyles School of Civil Engineering at Purdue University in 2020. He is a core Robotic Faculty 
and an associated faculty member of the Princeton Materials Institute (PMI), Princeton Center 
for Computational Science & Engineering (PICSciE).   
His work is motivated by the intellectual challenges in understanding the fracture and statistical 
mechanics of architected and disordered materials. His group uses experiment, simulation, and 
theory to engineer the mechanics of materials, by developing numerical frameworks that help 
probe hypotheses in layered materials and by advancing autonomous robotic fabrication 
processes that assist in realization of complex materials. He is the recipient of several awards, 
most recently, Walter P. Moore Jr., Faculty Achievement Award from American Concrete 
Institute in 2025, Howard B. Wentz Jr. Junior Faculty Award in 2024 from the School of 
Engineering and Applied Science at Princeton University, and National Science Foundation 
(NSF) early CAREER award in 2023.  
 


