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PART 1 : The argument in six moves

1 The contradiction Concrete is active; its specifications remain largely static.

2 The evidence Material agency is already emerging across many behaviors.

3 The systems failure Documents cannot govern materials that change and communicate.

4 The intelligence layer Relational data enables prediction, feedback and better decisions.

5 The professional shift The specifier becomes steward of a continuous material record.

6 The mandate Classification must evolve into governed industry knowledge.





Efficiency and embodied carbon brought us here.

Our Sustainability questions have evolved too. 
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Instead of asking, “How do I make this building less bad?”, ask 
“How can the material and systems continue to create value.”



Material as an 

Urban Quarry

From Waste to Reserve

• The End of the Linear Lifecycle Myth:

 • Existing Concrete as:

  • Aggregate Bank

  • Carbon-stored Material

  • Structural Substrate for Adaptation

 • Deconstruction vs Demolition:

  • On-site Reuse, Crushing, Recasting

  • Design for Future Disassembly and Reuse

• Concrete’s Second Life:

 • Material Continuity instead of 

             Material Replacement
“Concrete is one of the most 
recycled construction materials by 
mass. In EPA's 2018 U.S. data, 
more than 300 million tons of 
recovered concrete went into 
aggregate applications.”
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We specify active materials
as if they were inert.

That mismatch—not any single technology—is the central problem.
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The traditional specification ends too early

THE FAMILIAR MODEL

Specify.
Submittal.
Install.
Close out.

THE MATERIAL REALITY

Hydration continues. Carbon moves. Cracks 
emerge. Conditions change. Performance 
accumulates.
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Material is not complete
at installation.

Its performance unfolds through chemistry, time, environment and use.
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Material Agency has Three Tests

1 ACTS The material produces an effect beyond simply carrying load.

2 RESPONDS Its behavior changes when conditions change.

3 PERSISTS Its consequences unfold across the building lifecycle.

Material Selection: “We've designed the building. What should we build it out of?”
Material Agency:    “We're designing the building. What can this material help us create?”
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Intelligent. Accountable. Performative.

INTELLIGENT

Data makes material 
behavior observable, 
interpretable and 
actionable.

ACCOUNTABLE

Performance can be traced 
to requirements, decisions 
and outcomes.

PERFORMATIVE

The material contributes 
actively across time—not 
only at installation.

Notice that “intelligent” doesn’t mean there’s a computer chip buried in the slab.  Sometimes intelligence 
simply means we finally have enough good data to understand what the material is doing. 



SECTION 01

Concrete now acts

Five forms of Material Agency reveal why the old specification 
model is no longer enough.
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Carbon agency turns concrete into a managed carbon system

BEYOND PROCUREMENT

Lower-carbon binders and optimized 
mixtures reduce impact before 
placement.

ACTIVE CONTRIBUTION

Mineralization and carbonation can lock 
carbon into durable material forms.

“We’re beginning to manage concrete’s carbon almost like we manage money: what went in, what went out, 
where it’s stored and what's happening over time.”
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Temporal agency makes time part of performance

AT INSTALLATION

Strength, moisture, temperature and 
chemistry remain in motion.

ACROSS SERVICE LIFE

Self-sealing and self-healing approaches can 
limit damage and extend useful life.

The Pantheon in Rome has survived for over 2,000 years without steel reinforcement. 
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Ecological agency 
turns
a surface into 
habitat

Porosity, texture and moisture can be 
tuned to support mosses, lichens and 
biodiversity.

Can infrastructure perform an 
ecological function in addition to its 
engineering function?

Structural Agency: carry loads.
Carbon Agency: mineralize/store carbon.
Energy Agency: potentially store electrical energy.
Digital Agency: produce and communicate performance data.
Ecological Agency: participate in an ecosystem.

“Why should a square foot of concrete only do one job?”
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Cement + Carbon + 
Porosity = 
Supercapacitor

Battery = Change electrical energy 
into chemical energy
Supercapacitor = Electrical Charge 
stored in a shell around the carbon 
(no chemical reaction) 

MIT says that requirement has fallen to about 5 cubic 
meters — roughly 6.5 cubic yards for the daily needs of an 
average home. 
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Geometric Agency puts material only where it works

FORMWORK LOGIC

Traditional processes repeat shapes 
and carry excess material for 
constructability.

DIGITAL FABRICATION

Robotic placement and additive construction 
enable optimized structural geometries.

Amazon, Disney, Holcim, Cemex, Heidelberg Materials and GE are investing in 3D printing. 
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Once performance changes and produces data, the specification must remain 
connected.

Active materials cannot be governed
by passive documents.
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The PDF breaks the performance chain

DESIGN
INTENT

MIX
SUBMITTAL

BATCH +
DELIVERY

CURING +
TESTING

OPERATIONS

STATIC DOCUMENT BOUNDARY

Requirements cross the boundary; meaning, context and feedback often do not.

The problem is that the information often lives in completely different systems.  
We have lots of data  - but very little memory!
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Classification locates information; ontology relates it

CLASSIFICATION

Where does this information belong?

Section · Division · Assembly · Product 
category

ONTOLOGY

What does it mean—and what does it affect?

Properties · Relationships · Rules · Provenance

Ontology asks: “What is this thing, really?”
Concrete isn't necessarily just structure anymore. It can 
become structure + energy storage + carbon management 
+ thermal management + sensing.
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MasterFormat becoming digitally addressable

1 PERSISTENT IDENTITIES Every requirement, material and property needs a stable machine-readable identity.

2 DEFINED RELATIONSHIPS Mixes connect to ingredients, suppliers, EPDs, tests, placements and outcomes.

3 SHARED MEANING Terms and properties use consistent schemas so systems can exchange meaning.

4 OPEN EXCHANGE Schemas and APIs allow specifications, BIM, submittals and twins to communicate.

5 GOVERNED CHANGE Versioning and stewardship preserve trust as classifications evolve.

“The important idea here isn't digitizing MasterFormat for the sake of digitizing MasterFormat. It's creating a 
common language for the built environment. When materials become digitally identifiable, their properties, 
carbon, performance and location can travel with them throughout the life of the building.”
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MasterFormat tells us where
information belongs.

An ontology must also tell machines what it means.

“MasterFormat already gave construction a common filing system. 
What we're talking about now is turning that filing system into a 
common digital language.”

“If one system calls something one thing and another system call it 
something else – and nothing connects them – we haven’t created 
intelligence.  We’ve created a very large digital filing cabinet.”



SECTION 02

Information becomes intelligence

Connected data allows teams to observe, predict, recommend and learn—without 
surrendering professional judgment.

The goal isn’t AI replacing the Engineer or Architect.  It’s giving the professional 
better information. 
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The continuous concrete 
data loop

Each completed 
project improves 

the next 
requirement.
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AI should progress through governed states

1 OBSERVE Collect weather, transit, maturity, testing and batch information.

2 PREDICT Estimate strength development, placement risk and lifecycle behavior.

3 RECOMMEND Propose adjustments within approved performance and safety boundaries.

4 AUTHORIZE Keep accountable professionals and producers in the decision loop.

5 LEARN Return verified outcomes to future designs and specifications.
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One pour becomes a continuous performance record (Tangible)

1 SPECIFY Strength, exposure, GWP and service-life targets.

2 OPTIMIZE Producer evaluates regional materials and conditions.

3 DELIVER Batch and transit records travel with the material.

4 VERIFY Maturity, testing and placement conditions confirm performance.

5 RETURN Verified outcomes inform the next project.



SECTION 03

The specifier becomes a steward

The role expands from editing static requirements to maintaining a trusted chain 
of material intent, evidence and custody.

Instead of merely writing requirements, the specifier becomes a steward of intent, 
evidence, and custody throughout the materials life. 
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Stewardship follows
the entire lifecycle

Design → production → placement →
operation → next life

An unbroken chain of data and custody.

The specification starts looking 
less like a static instruction 
sheet and more like a 
continuous material contract. 
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Design, not to 
Impress the 
Present – But to 
Answer the 
Future

"We are entering an era where 
the building is no longer a silent 
witness to its own decay, but an 
active partner in its own 
resilience."



SECTION 04

We must build the governing framework

CSI created the architecture for locating construction information. Its next frontier 
is the architecture for relating and governing it.

Design not to impress the present, but to answer the future. 
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Three actions move CSI* from classification to knowledge

1
MAKE STANDARDS 
ADDRESSABLE Establish persistent identities and machine-readable structures.

2
GOVERN SHARED 
RELATIONSHIPS

Connect MasterFormat, UniFormat, OmniClass, IFC and material data without 
losing meaning.

3 CLOSE THE FEEDBACK LOOP Allow verified construction and operational performance to improve future 
requirements. Don't just use the standards to describe what we're supposed to 
build. Feed information about what was (actually) built and how it (actually) 
performed back into future requirements.

*Construction Specification Institute – Classification Standards



We started by asking, what is concrete?  The answer Is changing. It is still a structure.  It still 
must carry load, survive exposure and be constructible...but now its much more. 
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