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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.

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 AClI Committees 239, 243,
440C & CSAO. Member of ASCE-Structural Engineering Institute, Bridge
Engineering Institute, and fib (International Federation for Structural

Concrete). TRANSPORTATION
SYMPOSIUM

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

Dcvuimmmcm}m,xiw.{ R

Behavior and Design of Single Adhesive gf’u'm”n"fm S
Anchors, FDOT WPI 0510599. . Hikel

- 1991 ACI 355 committee Task Group began
developing a “Design Guide” to provide ACI 355 Task Group for CCD Method Guide

. . Rich Klingner, ACI 355 Task Group Chair
design examples for comparison of the Pete Carrato

Concrete Capacity Design (CCD) method to Ron Cook
the ACI 349 Appendix B 45-degree cone  Ro!f Eligehausen

Harry Wiewel TRANSPORTATION
method. Dick Wollmershauser SYMPOSIUM

In the early years... i —
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* 1996 Dr. Ron Cook published SPECIFCATIONS
Specifications for Adhesive-Bonded | APHESIVE.20M0£0 Anciuoms anp powey
Anchors and Dowels, FDOT WPI 0510662.

» 1999 Structures Design Guidelines | LR
updated (Section 7.15) S

» 1999 FDOT Specifications 416 & 937

introduced and Type “J” epoxy removed.

‘ Florida Method of Test B
| or o
DHESI\/E—BON
+ 2000 FDOT FM 5-568 Test Method i |
p u b I iS h ed “ pesignation. FiM 5568
X ” oo *‘"“‘“EQ"J&?&L;“{‘?"‘E‘,‘;
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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 |E2¢ /A1 |

DESIGN GUIDELINES FOR ADHESIVE ANCHORS

Normaliz

Ronald A. Cook, Ph.D., P.E. and Robert C. Konz

Department of Civil Engineering, University of Florida
Gainesville, Florida, 32611, USA
800 T Figure 4 - Bond stress distribution with increasing load

ABSTRACT ; L " |

: ; : s 500 {————t——— — g
A design procedure for adhesive anchors loaded in tension in uncracked concrete is @‘m‘m |
presented. The design procedure includes single anchors and the influence of free edges J ' \
and anchor groups. The design procedure is based on first developing a rational, mean 400 -
strength behavioral model which fits existing test data then modifying the model to be '5' /
compatible with Load and Resistance Factor Design. The design of adhesive anchors for = 00 - 1 _
shear is not included but is comparable to that used for other types of anchors. E . . N :

L4 ‘ 2
f 200 :.P L
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° .
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concrete adhJconc. steeVadh. | adhJ/conc. and steel INSPORTATION
cone ol s s,‘,::x:ﬂ Figure 3: - Comparison of measured loads with the uniform bond MPOSIUM

model

Figure 2: Typical failure modes for adhesive anchors

In the 2000’s...

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

Barrier
unit

« January 2003 SDG 1.6 updated to
include higher strength adhesive
class (HSHV), mostly to

accommodate for traffic railing >

retrofits. ' O T
* 2002 ACI 318 publishes design sl R
criteria for design of post-installed a0 DR Rt

NOTE: Traffic Side for Transition to Median

anChOrS aS “Appendix D” Traffic Railings, see Sheet 6

TYPICAL SECTION

2z
/3% Min.
iz
Edge of Above
e Ground Hazard
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\ Drop-Off
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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

TRANSPORTATION
SYMPOSIUM

What went wrong...

Concrete Roof

» Concrete anchorage failed by
adheSive pUIIOUt under ‘ Roof Hanger Plate
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.

- Sealing Washer

7] \;\ Lock Washer
o B
- g5 8 = Anchor

Anchor bolts are secured to the
tunnel ceiling with epoxy adhesive

Steel turnbuckles and
girders suspend ceiling
panels above the roadway

Ceiling panels are made of

s eeee’ reinforced concrete slabs
TRANSPORTATION

SYMPOSIUM
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https://www.ntsb.gov/investigations/AccidentReports/Reports/HAR0702.pdf
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What went wrong...

Post accident, thousands of anchor bolts
were declared unreliable. A second
mechanical expansion anchor bolt was
ordered to be added to each suspect bolt,
which cost $54 million in the first year.

To date, litigation settlements have totaled

Reference over $400 million.

How did the structural community respond
NCHRP

» ACI Committee 355 eventually revises design and acceptance REPonT 639
criteria ACI 355.2 (mechanical) and 355.4 (adhesive) anchor testing
criteria and includes cracked concrete testing protocols. “""“'"”‘l"”":z‘.:“sﬁ:x;e:;
* ACI Committee 355 develops inspector and installer certification
programs. NCHRP
* 2009 NCHRP Report 639 — Adhesive Anchors in Concrete
Under Sustained Loading Conditions
+ 2013 NCHRP Project 757 — Long-Term Performance od Expox'y““““:‘:“::?""“r’m‘a’::s":

Adhesive Anchor Systems

« 2017 AASHTO LRFD BDS 8t 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

i TRANSPORTATION
Research on Adhesive Anchor Systems SYMPOSIUM
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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

dala points used for extrapolation

4.*%.444-‘4"“‘*
et
42 Days

Detail A

» 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). S

Displacement [mm]
"

1000  Duration of load t
[hours]

Displacament [mm]

2

* NCHRP 20'44(04) [’/ " log function extrapolation

Implementing Products from NCHRP Research on Adhesive Anchor Systems T
000( 2000 4000

Duration of
load  [hours]

Detail A 600
days

Funds: $100,000 et e o e S (1
IResearch Agency: IPrecast/Prestressed Concrete Institute Figure 10. Extrapolation of sustained load displacements per ASTM E1512-01.

Principal Investigator: Roger Becker

IEffective Date: 1/22/2019 TRANSPORTATION
Completion Date: 9/30/2020 SYMPOSIUM
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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.

For anchors loaded in tension where a compressive restraint or reaction is provided
within the projected concrete breakout area, the modification factor m, given by
Equation 1-6a may be used. For anchors where ¢ < 8d, and the compressive reaction is
not located between the anchor and the free edge of the concrete, the effects of this
modification factor should be neglected.

Ym=2-2z/(1.5/he) [Eq. 1-6a]

» 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). TRANSPORTATION
SYMPOSIUM

14
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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
TRANSPORTATION
SYMPOSIUM
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Where are we going...

1.6.3 Undercut and Screw Anchor Systems

A. Undercut and Screw Anchors are primarily intended for overhead applications and
applications with predominately sustained tension loads (permanent component of the
factored tension load exceeds 30% of the factored tensile resistance) where Adhesive

| Bonded Anchors are precluded. They may be used for anchorages on other
applications in lieu of Adhesive Bonded Anchors where appropriate and applicable.

B. EOR's Design Criteria

1. Use the following criteria for providing factored design load(s), bolt diameter,
| embedment depth and anchor configuration in the Plans for each Undercut
Anchor location.

2. The designer must submit a request to the District Specifications Office to use
Developmental Specifications Dev416 and Dev937. Contact the SSDE for
additional design guidance.

| 3. Design Undercut and Screw Anchors in accordance with ACI CODE-318,
Chapter 17, using the product data provided by the ACI CODE-355.2 product L8

‘ evaluation report, except using a concrete breakout resistance factor of 0.75 for TRANSPORTATION
Screw Anchors. SYMPOSIUM
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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.

TRANSPORTATION
SYMPOSIUM
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Where are we going... and why is it taking so long?

* 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 installationreangroeeadion
SYMPOSIUM
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How to stay informed

 Become a friend of the ACI 355
Technical Committee

 Read SDG 1.6:

https://www.fdot.qov/structures/structuresma
nual/currentrelease/structuresmanual.shtm FD OT >
f .

* Visit the Developmental S02E ST UCTIRES

Specifications webpage: MANUAL
https://www.fdot.gov/programmanagement/ot
herfdotlinks/developmental

Dev416PIAS - Installation of Post-Installed Anchor Systems and Dowels

for Structural Applications in Concrete Elements Must Be Used Together
This specification includes the use | Steven Nolan
Dev937PIAS - Post-Installed Anchor Systems and Dowels for Structural of Undercut Anchor Systems. TRANSPORTATION
Applications in Concrete Elements (Materials component) SYMPOSIUM

Contact Us @)

Steven Nolan, P.E.

State Structures Design Office
Tallahassee, FL. 1-850-414-4272
Steven.nolan@dot.state.fl.us

TRANSPORTATION
SYMPOSIUM
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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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ContactUs @  We Are Hiring!!

ENGINEERING SPECIALIST IV - 55010087

Date: May 23, 2025

The State Personnel System is an E-Verify employer. For more information click on our

Join the Team!

Requisition No: 851570
Agency: Department of Transportation

Working Title: ENGINEERING SPECIALIST IV - 55010087
Pay Plan: Career Service

Position Number: 55010087

Salary: $65,353.75 - $84,575.44

Posting Closing Date: 06/23/2025

Total Compensation Estimator Tool

The State’s total compensation package for employees features a highly competitive set of employee benefits including:

* Health insurance (over 90% employer * Generous vacation and sick leave
paid) * Career advancement opportunities
CONTACT $25,000 life insurance policy (100% * Tuition waiver for public college courses
CONTACT employer paid) * Avariety of training opportunities
CONTACT  * Dental, vision and supplemental * Employee Assistance Program (EAP)
HIRING S . m—— —
' insurances https://tinyurl.com/555¢efj64
* State of Florida retirement package
* 10 paid helidays a year gl\"hAMNi’ggR}:ﬂTATION
- For additional benefit information availlable to State of Florida employees, wisit https/fwww mybenefits myflorida com/ —

21

Safety Message

DRIVE

SAFELY

FoOT) ZERQY i

BUCKLE UP.
EVERY TRIP, EVERY TIME!

TRANSPORTATION
SYMPOSIUM
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Please be sure to certify your attendance before leaving this event

or no later than Monday, June 30, in order to receive PDH/CEC.
Detailed instructions are available on the Transportation Symposium website.

Transportation Symposium
Website

EigizaE
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