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PE in Florida since 2003, current technical lead 
coordinator for Florida DOT for implementation of FRP, 
stainless-steel rebar and prestressing, LWC and UHPC for 
structural applications. 25-years experience with 
anchorage to concrete, prestressed concrete design, and 
bridge design specification development. 

Bio

Incoming Chair of AASHTO P.E.A.S. committee on Concrete Composite 

Reinforcement (CCR), member of previous TRB committee AKB10-

Innovative Highway Structure, voting member ACI Committees 239, 243, 

440C & CSAO. Member of ASCE-Structural Engineering Institute, Bridge 

Engineering Institute, and fib (International Federation for Structural 
Concrete).

4

Abstract: Post-Installed Anchors for Connection to Concrete Elements

The design of post-installed anchorage for reinforcing bars and steel fasteners has 
progressed significantly in the last 25-years. 10-years before the Boston Tunnel 
ceiling panel anchorage failure in 2006, FDOT had funded research and 
specification development for concrete anchors under both sustained and 
transient loads. A renewed national focus on anchorage design, qualification, and 
installation was born from that Boston Tunnel failure. More recently manufacturers 
have improved product options and performance, and access to technical 
guidance, training and certification is much improved and has helped inform 
updates to national building codes such as ACI CODE-318 and the AASHTO 
Bridge Design Specifications. This presentation will provide current state-of-the-
practice for concrete anchor design and installation, highlighting many of the 
changes that have been implemented since 2006, focusing on adhesive-bonded, 
undercut and screw anchors
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In the early years…

• 1990’s FDOT began sponsoring formal 
research on Adhesive Bonded & Grouted 
Anchors for Concrete Fastening.

• 1991 Dr. Ron Cook published Tensile 
Behavior and Design of Single Adhesive 
Anchors, FDOT WPI 0510599.

• 1991 ACI 355 committee Task Group began 
developing a “Design Guide” to provide 
design examples for comparison of the 
Concrete Capacity Design (CCD) method to 
the ACI 349 Appendix B 45-degree cone 
method.

ACI 355 Task Group for CCD Method Guide

Rich Klingner, ACI 355 Task Group Chair

Pete Carrato

Ron Cook

Rolf Eligehausen

Harry Wiewel

Dick Wollmershauser
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In the early years…

• 1996 Dr. Ron Cook published 
Specifications for Adhesive-Bonded 
Anchors and Dowels, FDOT WPI 0510662. 

• 1999 Structures Design Guidelines 
updated (Section 7.15)

• 1999 FDOT Specifications 416 & 937 
introduced and Type “J” epoxy removed.

• 2000 FDOT FM 5-568 Test Method 
published
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https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/tensile-behavior-and-design-of-single-adhesive-anchors.pdf?sfvrsn=96005763_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/tensile-behavior-and-design-of-single-adhesive-anchors.pdf?sfvrsn=96005763_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/tensile-behavior-and-design-of-single-adhesive-anchors.pdf?sfvrsn=96005763_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/1996/0510662_smrrpt96-3.pdf?sfvrsn=2e8800dd_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/1996/0510662_smrrpt96-3.pdf?sfvrsn=2e8800dd_0
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In the early years…

• 1999 Cook & Konz publish Design Guidelines
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In the 2000’s…

• 2002 Spec 416 & 937 updated to 
include HSHV class anchors

• January 2003 SDG 1.6 updated to 
include higher strength adhesive 
class (HSHV), mostly to 
accommodate for traffic railing 
retrofits.

• 2002 ACI 318 publishes design 
criteria for design of post-installed 
anchors as “Appendix D”
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July 10, 2006…

• 2006 Boston Tunnel “Big Dig” 
ceiling panel collapse July 10,

• July 10, 2007 NTSB investigation 
Report HAR/07-02 released on 
the 1-year anniversary of the 
collapse, recommends revisions 
changes to acceptance criteria 
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What went wrong…

• Concrete anchorage failed by 
adhesive pullout under 
sustained load.

• Construction process failure with 
use of the “fast set” Pro-poxy 
adhesive that was not tested for 
sustained load application.

• Post-installation inspection 
failure by not identify anchorage 
creep.
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https://www.ntsb.gov/investigations/AccidentReports/Reports/HAR0702.pdf
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What went wrong…

• Concrete anchorage failed by 
adhesive pullout under 
sustained load.

• Construction process failure with 
use of an adhesive anchor 
system that was not 
recommended for sustained load 
application.

• Post-installation inspection 
failure by not identify anchorage 
creep.

Reference:

https://sma.nasa.gov/docs/default-source/safety-messages/safetymessage-2008-06-01-thebigdigceilingtilecollapse-vits.pdf
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How did the structural community respond

• ACI Committee 355 eventually revises design and acceptance 
criteria ACI 355.2 (mechanical) and 355.4 (adhesive) anchor testing 
criteria and includes cracked concrete testing protocols.

• ACI Committee 355 develops inspector and installer certification 
programs.

• 2009 NCHRP Report 639 – Adhesive Anchors in Concrete 
Under Sustained Loading Conditions

• 2013 NCHRP Project 757 – Long-Term Performance od Expoxy 
Adhesive Anchor Systems

• 2017 AASHTO LRFD BDS 8th edition adopts ACI 318-14 design 
criteria for post-installed anchors (Chapter 17 by this time).

• 2020 NCHRP 20-44(04) – Implementing Products from NCHRP 
Research on Adhesive Anchor Systems 

11

12

https://sma.nasa.gov/docs/default-source/safety-messages/safetymessage-2008-06-01-thebigdigceilingtilecollapse-vits.pdf
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How did FDOT specifically respond

• 2007 FDOT SDG 1.6 reduced the 
allowable sustained load to 30% 
of factored design resistance for 
as an added precaution (Note that 
this is less than half of the creep 
tested values under FM 5-568 that 
had been required since 1999).

•  

 Project Data

Funds: $100,000

Research Agency: Precast/Prestressed Concrete Institute

Principal Investigator: Roger Becker

Effective Date: 1/22/2019

Completion Date: 9/30/2020

NCHRP 20-44(04) 
Implementing Products from NCHRP Research on Adhesive Anchor Systems 
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What has changed over the years?

• 2020 FDOT completes research on baseplate confinement effects for 
increasing permitted design loads for adhesive anchors.

• 2022 FDOT completes research on baseplate confinement effects for 
increasing permitted design loads for screw anchors.

• 2024 FDOT adds screw anchor design provisions to SDG 
1.6.3 adopting AASHTO BDS and ACI CODE-318 Chapter 
17 design criteria (no creep effects).  
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Where are we now?

• Adhesive Anchors still follow FDOT design criteria in SDG 1.6.2 with FM 5-
568 testing & qualification criteria.

• Mechanical Anchors (undercut and screw anchors) follow ACI CODE-318 
design & ACI SPEC-355 testing and qualification criteria.

• Field acceptance via inspection and random sampling testing for amplified 
proof loads (lesser of 85% design load or 90% of anchor yield strength)

• Adhesive anchors under sustained loads are limited to prescriptive 
conditions in SDG 1.6.

• Mechanical anchors require APL (previously IPL) and DSDE approval for 
usage with Developmental Specifications Dev416PIAS and 
Dev937PIAS
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Where are we going…
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Where are we going…

• Eventually SDO may recommend adoption of the AASHTO BDS / ACI CODE-
318 Chapter 17, but will need to find a more efficient workflow for Design-Bid-
Build projects.
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Where are we going… and why is it taking so long?

• Eventually SDO may recommend adoption of the AASHTO BDS / ACI CODE-
318 Chapter 17, but will need to find a more efficient workflow for Design-Bid-
Build projects, since:

• The current ACI CODE-318 provisions essentially use a Design-Build model 
where each adhesive/anchor manufacturer has unique input parameters for the 
standardized equations for products tested under ACI SPEC-355.4 (adhesives) 
or ACI SPEC-355.2 (mechanical) and published under independent evaluation  
Two options exist: 

1. Predesign buy the owner’s EOR, which requires either selecting a specific proprietary 
product and allowing “Equal or Better” provisions or using lower bound a values for a range 
of products for all design parameters. This typically results in very conservative (often 
impractical) designs, and also requires including all design assumptions in the contract 
documents.

2. Even with optimal designs, additional expense is incurred since the contractor must secure 
a COER, submit for review to the Department before approval of installation can proceed.
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How to stay informed

• Become a friend of the ACI 355 
Technical Committee

• Read SDG 1.6: 
https://www.fdot.gov/structures/structuresma
nual/currentrelease/structuresmanual.shtm 

• Visit the Developmental 
Specifications webpage: 
https://www.fdot.gov/programmanagement/ot
herfdotlinks/developmental 

Contact Us

Steven Nolan, P.E.

State Structures Design Office

Tallahassee, FL. 1-850-414-4272

Steven.nolan@dot.state.fl.us
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https://www.fdot.gov/structures/structuresmanual/currentrelease/structuresmanual.shtm
https://www.fdot.gov/structures/structuresmanual/currentrelease/structuresmanual.shtm
https://www.fdot.gov/programmanagement/otherfdotlinks/developmental
https://www.fdot.gov/programmanagement/otherfdotlinks/developmental
mailto:Steven.nolan@dot.state.fl.us
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https://tinyurl.com/555efj64

We Are Hiring!!

Safety Message
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