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Who we are:

BDI Headquarters Today

Began research in 1987 at the University of Colorado sponsored by PennDOT 

and FHWA where basic techniques were developed for using live-load test 

data to better analyze bridge behavior. 

BDI formed in 1989 and began development of Structural Testing System and 

FE analysis software. In 1991, began adapting both hardware and software for 

use in field projects, and both are still under constant development today. 

To date, BDI personnel have tested and evaluated over 1000 structures 

around the world including bridges, lock gates, and even rockets!

We’re an engineering services provider and product manufacturer – a 

combination that keeps us sharp! 

35+ YEARS
PROVIDER OF STRUCTURAL MONITORING, 
DIAGNOSTIC TESTING, NONDESTRUCTIVE 
EVALUATION, AND ENGINEERING SERVICES

“Home” for 2 Years: 1989-1990
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Digital Twin

General Overview
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Structural Digital Twin

Digital World

Field Data:

• Inspection

• NDT/NDE

• Testing

• Monitoring 

Real World Data Informed 

Decisions

General Overview
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Digital Twins for Infrastructure

Provides real-world verification in a 

standardized and repeatable manner

• Asset management/planning

• Baseline/benchmark long-term oversight

– New construction

– Critical “problem/high-risk” structures

• Damage investigation/repair verification

• Load posting management and tracking

• Heavy haul/permit load oversight

• Moveable bridge balance tracking

General Overview
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Why Diagnostic Level Field Investigation/Testing?

• Non-destructive

• Real-world performance assessment

– Verification of structural assumptions

– Detection of hidden deficiencies

– Validation of repair/retrofit work

• Improved safety assurance

• Cost-effective decision making

• Supports evaluation updates (load rating)

• Especially useful for complex or unique structures

• Enhances confidence in structural integrity

General Overview
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Undesirable ratings using 
traditional methods

Permit/special loads Retrofit / construction
evaluation

Missing / incomplete information

Condition assessment Forensic/damage investigation Material verification

Diagnostic Load Testing/Non-Destructive Testing 

Applications 

General Overview
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Verify, Validate, 
and Monitor

ImplementDesign / Plan

Review 
Requirements 

vs. Data 
Profiles

Profile Potential 
Data Sources 
Identify/Evaluate

Gather 
Requirements

Data Integrated Approach – General Flow
At the core, the use and development of Digital Twins (DTs) 

should follow this general approach:

What resolution is 

required?

What DT 

solutions are 

available?

What DT 

solutions are 

applicable?

How can the DT 

solution best be 

applied?

How will DT 

findings be 

managed/ 

addressed?

What was the 

result, and how 

will the DT be 

used in the 

future?

Data Integrated Approach – Overview
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What resolution is required?

Coordinate with ALL stakeholders to develop objectives

• Ensure DT development is a team effort

• Ensure all stakeholders are invested and roles are well defined

Data Integrated Approach – Lessons Learned
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What DT solutions are available and applicable?

Design targeted investigation/testing plan

• Informed plan for an informed result

• Funds aren’t infinite, target what’s important

• Ensure Actionable Data – Explicitly define how the 

method will meet requirements

• Defined Action Plan – Explicitly define how results 

will be used, and what actions will be taken in 

response

• Don’t forget to plan and budget for the future

Data Integrated Approach – Lessons Learned
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How can the DT solution best be applied?

Specify safe & significant testing conditions/scope

• Safety can affect scope – Ensure field work scope is defined in a 

realistic manner where appropriate safety precautions can be 

followed

• Sufficient sample size – Full coverage of structure/members of 

interest

• Relevant conditions – Do conditions align with and fully cover 

requirements?

Field Work

• Know your gages/technology

• Make sure on-site personnel know your gages/technology

• Consider the on-site conditions and provide required response 

plans

Data Integrated Approach – Lessons Learned
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How will DT findings be managed/addressed?

Documentation, Documentation, Documentation

• Ensure detailed documentation is performed BEFORE leaving site (re-mobes are costly)

• Photos can provide critical verification of “Why” questions

• Photo sets should tell the story

• See something you didn’t expect? Document it!

Execute Test Program

• Continuous data collection provides a more comprehensive understanding of the structure’s 

behavior (both under direct and indirect loading)

• Tracking movement of the test load (e.g. trucks) allows for direct comparison with 

FEM/hand-calcs

• Ensure reproducibility (multiple identical tests) → provides confidence in results

Data Integrated Approach – Lessons Learned
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Overview

• RC T-beam bridges

• Built in 1962, reconstructed 1987

• Recent deck repair

• NDE performed to validate repairs

– Automated deck acoustic response (SounDAR)

– High resolution imagery (HRI)

• LLT performed to verify repair effects on load rating

Recent Case Study – I-81 Overpass

Before Repair

After Repair
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NDE Results

NDE results were compiled into results tables and “digital twin heat maps”:

• Validated the successful deck resurfacing (one poor patch found, which the 

DOT addressed)

• Created DT heat maps that can be used for baseline comparisons in the 

future

Recent Case Study – I-81 Overpass
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Field-Verified Finite-Element Model Digital Twin

LLT results were compiled into a digital twin:

• Deck repair restored T-beam behavior

• Consistent load distribution observed

• RFs > 1.0 – No load posting required

Recent Case Study – I-81 Overpass

Data Based Model 

Calibration
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Lord Delaware Bridge
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Overview

• Post-tensioned (PT) bulb-tee girders on eight spans

• Built in 2007, cracking and spalling found in 2014

• NDE performed on all PT girders

– Ground penetrating radar (GPR)

– Impact echo (IE)

– Ultrasonic tomography (MIRA)

Recent Case Study – Lord Delaware Bridge

Cracks follow 

PT ducts
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NDE Data Collection
Ground-Penetrating Radar:

locate ducts and stirrups

Impact Echo: 

condition assessment

Ultrasonic Tomography:

condition assessment

Recent Case Study – Lord Delaware Bridge



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Locating Voids – Ultrasonic Tomography

Recent Case Study – Lord Delaware Bridge

Magnitude at 

the duct level 

(plan view)

Phase at the 

duct level 

(plan view)

Phase (cross-

section view)

• Phase of data 

compared to 

backwall 

reflection

• Reflections 

with same 

phase are 

potential 

concrete-air 

interfaces
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• Data compared 

to simulations

• Void signature 

identified in echo 

from PT duct

Locating Voids – Impact Echo

Recent Case Study – Lord Delaware Bridge

𝒇
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Potential void 

signature
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Informed Physical Verification

• No visible damage at surface

• Void signatures from IE and MIRA

• PT duct intact

• Potential void confirmed in duct

Recent Case Study – Lord Delaware Bridge
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Critical Findings

• Broken strand in PT duct

• Extensive (10+ feet) voids

• Soft, watery grout

• Corroded duct

• Ducts secured with duct tape

Recent Case Study – Lord Delaware Bridge
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NDE Deliverable

Recent Case Study – Lord Delaware Bridge

• All NDE data combined

• Data overlaid on CAD 

drawings of girders

• Duct condition quantities 

calculated for each girder
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Load Testing and Rating

Based on the NDE critical findings, the 

following actions were taken:

• Temporary stop work order 

• BDI performed load rating to continue with the NDE 

investigation

• BDI performed a bounded load rating approach 

considering the poor condition of exterior girders 

and the potential of up to 1, 2, and 3 

broken/ineffective strands per duct 
– Based on 2022 evaluation using BridgeLink PGSplice software by 

Collins Engineering 

Recent Case Study – Lord Delaware Bridge

BridgeLink PGSplice Model

LLT Instrumentation Plans
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Load Testing Informed by NDE

Main purpose:

• Evaluate the global structure behavior

• Quantify the distribution

Recent Case Study – Lord Delaware Bridge

✓ Gages along transverse cross-sections to 

measure transverse distribution
✓ Gages along multiple longitudinal locations to 

measure the longitudinal distribution 
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Live-Load Testing Conclusions

Live-Load Test Conclusions:

• No major signs of distress at instrumented locations

• Minor variations in lateral distribution, but improved levels of 

distribution (compared to AASHTO assumptions)

• NDE results showed damage not found in LLT

Continuing Work:

• Field-verified finite-element model calibration

• Field-verified LL distribution factors (LLDFs)

• Field-verified PGSplice ratings considering LLDFs and final 

NDE findings

Recent Case Study – Lord Delaware Bridge
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I-10 Overpass
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Overview

• Type U54B tub girders

• Built in 2004

• Poor condition reported on superstructure

– Cracked and delaminated diaphragms

– Shear cracks in girders

– Deformed bearings

Recent Case Study – I-10 Overpass
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Testing Objectives

• Nondestructive Evaluation

– Verify girder reinforcement and web dimensions match as-builts

– Evaluate condition of web concrete using advanced NDE methods

• Live Load Testing

– Quantify load distribution

– Evaluate support behavior

– Evaluate effects of deterioration under LL

• Monitoring

– Quantify long-term behavior of cracking (active/inactive)

– Evaluate relationship between thermal and structural responses

Recent Case Study – I-10 Overpass



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Nondestructive Evaluation

• Used a suite of NDE technologies

– Ultrasonic tomography

– Ground penetrating radar

– Physical verification

• 3 girders investigated on 2 spans

• Girders, stirrups, and web 

thicknesses matched as-builts

• No major internal condition issues 

identified

Recent Case Study – I-10 Overpass
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Live Load Testing Evaluation and Model Calibration

• Expected girder behavior verified

• Improved lateral load distribution

• Notable reduction in span continuity due to 

cracking

– Continuity determined to be unreliable for load rating

• Notable end-restraint at abutments

– Span restraint flagged as potential factor in crack 

development

• Negligible LL crack movements observed

– Live-load alone identified to not be a major cause for 

cracking

Recent Case Study – I-10 Overpass
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Crack Monitoring

• Long-term responses collected over 9 

months

– 12 crack locations on 2 spans

– Displacement sensors at support locations

– Temperature measured at gage locations 

and within deck

Recent Case Study – I-10 Overpass

Findings:

– Strong temperature/crack movement 

correlation

– Stable low-magnitude movement

– Majority of movement at diaphragm

– Notable thermal gradient measured
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Final Remarks

• Importance of Multi Technology Approach for Diagnostics

• Digital Twin does not need to be 3D, 4D, 5D

– Needs to represent the real-world behavior

– Needs to be “dynamic”

• Current Challenges:

– Integrated Database

• Combines all relevant data

• Increases complexity

• How to still provide simple answers?

– Aligning client expectation with budget
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Questions?

Final Remarks

Alberto B. Colombo, D.Sc., PE

Project Manager
http://www.bditest.com/

http://www.bditest.com/
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