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Smart Infrastructure Lab

 Vision

> Intelligent infrastructure

» Adaptive systems

» Sustainable development » Al in material
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« Mission

» Al in sensing

* Impact
» Safer communities

> Al in structures » Greener environment
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Inspired by
biological '
intelligence ~ —¢

* STEVENS INSTITUTE of TECHNOLOGY

Smart, self-sensing
self-healing concrete

reconfigurable sytems \\



Outline
» Background

* Development of LLMs
* Proposed multi-agent LLM framework
» Case study on reinforced beam design

e Future outlook
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Presenter Notes
Presentation Notes
Here’s a quick overview of what I’ll cover today. I’ll introduce some key software tools like Origin, PowerPoint, ChemDraw, and Cinema 4D. I’ll also show you where to find helpful templates and online resources, and finally, we’ll look at some real figure design examples—especially how to structure data visually for maximum clarity and impact.


Background

 The new reality of infrastructural design.

Complex structures
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Multiple software tools| Engineering challenges

Coordination burden  Time pressure Limited designs
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Machine learning (ML)-aided structural design

ML models have been widely explored in structural tasks such
as load prediction, member sizing, serviceability, etc.
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ML models have yet to gain engineers’ trust for safety-critical
structural designs.
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Large language models (LLMs)

 LLMs can interact with engineers in natural language
»Simple to use
»Easy to verify

> Efficient to deliver
* Limitations of current LLMs

»May hallucinate or produce misleading information

» Cannot directly operate engineering software or use design tools
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LLM agents

Designed to autonomously achieve goals by leveraging LLM.
»Planning: Breaks down the goal into steps.
» Tools: Uses external functions to take action.

»Memory: Learns from past interactions.

USER PROMPT
What's the weather in Jersey City?

! User
Request TOOL SELECTION/PLANNING EXTERNAL KNOWLEDGE/CONTEXT

AN
1. Identify "weather’ query. LWAGENT 1. Available Tools: (WeatherTool,
é (Ordlggmﬁr) MapTool, SearchTool)

2. Recognize "Jersey City’ as location. 2. Tool Schemas/APIS.
X 3. Choose "Weather Tool 3. User Preferances (if any)

Agent
B .
.. s API RESPONSE API CALL
(J :}Weab( herTuoI(!ocauon (JSON/XML) (Extemal Service) )
i Jersey.Ciy) (location* Jersey"

Y temperature, 75F —

carttly Cloudy ]
i humidity 60%) WEATHER DATA
O Tools Memory Plannlng DATA PROVIDER

FINAL RESPONSE TO USER

The current weather in
Jersey City is 75°F, Partly
Cloudy, with 60% humidity.

LLM agent architecture Example
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Our solution: multi-agent LLM framework
* Automates design through multiple LLM agents

« Ensures code compliance via design tools
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Further query
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Case study

Design a simply-supported reinforced concrete beam

»Automated workflow WoL = 0,82 kip/ft
oot ) L
|g -1l elyreSU S wyy, = 1.00 kip/ft
. | L
» Efficiency gain ‘ . A
»High transparency L . “L

_ Reference results Framework results

Max moment 201.88 kip-ft 201.88 Kip-ft
Max shear force 32.3 kips 32.3 kips
Required steel area 2.869 in2 2.872 in2
Shear capacity 41.79 kips 41.30 kips
Required time 60 min 5 min
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Error analysis
« Validated against SAP2000 using 30 diverse beams.
* Achieved a 100% pass rate for code compliance and safety.

« Showed near-perfect correlation R2>0.98.
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Interactive refinement
Expert agent \

Further assistance

»Exploring design alternatives

Update clear cover & re-
check spacing.

» Clarifying complex concepts
N

If the environment is corrosive,
does the current spacing between
two rebars still satisfy the code

compliance?
J/

=

Verify & correct all
calculations.

-

Synthesize final, verified
answer.

-

Further query
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User interface

« Natural language input & output .
»Accepts queries in plain English

»0OCR-enabled for image uploads

» Detailed report output

> Further interaction

*Transparent workflow tracking

Design report

Primary Query Further Inquiries

Structural Design Analysis Report

KEY TAKEAWAYS

1. Member Sizing (Beam Dimensions)
o Final Dimensions: 20" depth x 12" width rectangular beam

o Deflection Control: Height of 20" satisfies ACI 318-19 L/16 requirement
for simply supported beams (span = 25 ft)

o Proportional Design: Width-to-depth ratio of 0.6 falls within
recommended range (0.5-0.67)

o Constructability: Dimensions rounded to even inches for practical
construction
2. Load Analysis

o Controlling Load: Combination U2 (1.2D + 1.6L) = 2,58 kip/ft governs
design

o Load Completeness: Only dead (0.82 kip/ft) and live (1.0 kip/ft) loads
considered; environmental loads (wind, seismic, snow) not applicable

Save Design Case to Database

{3 Upload Image (Optional)

Drop Image Here
or-

Click to Upload

2 Q0

Upload image

Engineering Query

Concrete strength: 4.35 ksi

Steel yield strength: 60 ksi

Dead load: 0.82 kip/ft

Live load: 1.00 kip/ft

Span length: 25 ft

Reinforcement: #9 bars (longitudinal)
Stirrups: #3 bars

Clear cover: 1.5 inches

Maximum aggregate size: 0.75 inches

Query in natural language

Ineed help designing a simply-supported reinforced concrete beam with the following specifications:

- Status check

Tool Execution Status

Member Sizing
Load Analysis
Structural Analysis
Flexural Design

Shear Design
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Further interaction

Primary Query Further Inquiries

& : If the environment is corrosive, does the current spacing between two

rebars still satisfy the code compliance?

I=/: Excellent question. This is a critical consideration that goes beyond basic

strength design.

No, the current spacing of 12 inches between the three #9 bars does not

satisfy the code compliance for a corrosive environment.

Here’s a detailed breakdown of why, referencing the relevant ACI 318-19

sections.
1. The Governing Code Section: Crack Control (ACT 318-19 §24.3)

The primary mechanism by which corrosion attacks reinforcement is through
cracks in the concrete that allow moisture and chlorides to reach the steel. The

code addresses this with spacing limits to control flexural cracking.

ACT 318-19 Table 24.3.2 provides the maximum spacing, s, for deformed

Clear

..Calculation check

Processing Options

Enable for calculation-heav

uestions

T

Use Calculation Validation

About Validation Modes

‘Validation Modes for Follow-up Questions

Follow-up questions can be processed in two modes:

o With Validation & : Uses a three-LLM architecture to validate all
calculations, providing higher accuracy but taking longer to process.

o Without Validation 4 : Uses a single LLM for faster responses when
precise calculations are not critical.

Toggle the "Use Calculation Validation" checkbox based on your specific

needs for each follow-up question.
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Limitations and outlook

Current limitations
»Scope: RC beams only.
»Computational latency.
»Lack of field study.
Future outlook & vision
»Expand to more structural elements.

» mprove computational efficiency.

»Integrate with industry-standard software.
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Thank you for your attention!
Questions?
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