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Problem Statement:

1) Before July 2020, only one mechanical anchor product was available on the QPL. Construction specifications and BDM design guidance for mechanical anchors were not available. Contractors and designers have requested use of mechanical anchors on a number of construction projects. Mechanical anchors can provide a wide range of application from minor attachment to concrete anchoring that require high load resistance. The construction of the anchors is easier compared to resin bonded anchors. Undercut anchors are as strong as resin bonded anchors without sustained loading concern. 

A number of mechanical anchor products were added to the QPL in July 2020. Construction requirements for mechanical anchors were also proposed to be included in 00535. The revised specification is under review by the industry and is anticipated to be completed in couple months. Design guidance needs to be added to the BDM article.

2) In the list of critical anchors, “Shear key” term can confuse with other shear key details, such as shear key for precast concrete members, etc. 

3) A 15-degree drilled hole angle is recommended to help epoxy resin flow into the drilled hole during installation. The angled hole details will not require a certified anchor installer for the anchor construction. For thin members, such as bridge deck, this 15-degree angle could create detailing and construction issue. Depending on the length of the anchor, it can protrude the thin members. A smaller drilling angle should be allowed. 

4) Design of resin bonded anchors heavily depends to characteristic bond strength. The value of characteristic bond strength use for design should be listed on the drawing.


Proposal:

Modify/Add Section 1.20 as follows


[bookmark: _Toc9955912]1.20.1	Anchor Bolts / Rods


[bookmark: _Toc119902509][bookmark: _Toc137007893]1.20.1.1	Materials

Anchor bolts / rods, including those for bridges, signs, traffic signals, and illumination structures, should normally be specified according to one of the following specifications:

ASTM F1554 is the preferred specification.

· ASTM F1554, Grade 36 for low-strength

· ASTM F1554, Grade 55 for medium-strength

· ASTM F1554, Grade 105 for high-strength

Equivalent ASTM designations for anchor bolts / rods are:

· ASTM A307 - Low-strength carbon steel bolts for general use (non-headed rods conform to ASTM A36)

· ASTM A449 - Medium carbon steel bolts and rods to 3 inch diameter.  Proof load requirements are similar to ASTM F3125 GR A325.

Galvanize anchor bolts or rods full length, if galvanizing is desired.

Anchorage of anchor bolts and rods may be accomplished by hooks for ASTM A307 and Grade 36 materials.  For higher strength materials, a bearing plate tack welded to a nut or a plate between two nuts should be used.

If tensioning of anchor rods or bolts is desired, load indicator washers may be used up to 1-1/4 inch diameter (the largest available).  Load indicator washers must be called out on the plans or in the Special Provisions, if you want them used.  Recognize that concrete creep and shrinkage may significantly reduce anchor rod stress over time.


[bookmark: _Toc119902510][bookmark: _Toc137007894]1.20.1.2	Anchor Bolt Sleeves

To allow for some flexibility in placement and small corrections in bearing locations, an anchor bolt sleeve is often used.  The anchor bolt can be field bent slightly to fit the required bearing location. The bearing plate can be temporarily shimmed and then the pad constructed or the pad can be constructed with a blockout around the bolt.  The sleeve is grouted at a later time.  There are commercially produced anchor bolt sleeves or a fabrication detail can be added to the drawings.


[image: ]

Figure 1.20.1.2


[bookmark: _Toc9955913]1.20.2	Drilled ConcretePost-Installed Anchors


[bookmark: _Toc119902505][bookmark: _Toc137007889]1.20.2.1	Materials

(1) Resin Bonded Anchors - Normally specify ASTM F1554, which is an anchor rod material.  ASTM specifications may be substituted as follows:

	Anchor Rod Specifications
	ASTM Specifications

	ASTM F1554 GR 36
	A307

	ASTM F1554 GR 105
	A193 (Grade B7) or A449

	M31 Rebar, Grade 60
	A706 or A615



· Galvanizing is only required if portions of the anchor are exposed.

· Anchor rods do not necessarily need to be fully threaded.  Specify the thread length to best fit the particular application.

Bonding material - Use a resin bonding system from the Division's QPL for anchor bolts 1 inch diameter or less.  For larger anchors, use other types of anchorage such as epoxy grout or cementitious grouts with traditional development lengths.

For Grade 36 and Grade 55 anchors, use a "low strength" or "high strength" resin.

For Grade 105 anchors and reinforcement, use "high strength" resin.

(2) Mechanical Anchors - A mechanical anchor system consists of multiple materials and differs from one manufacturer to another. Corrosion-resistant materials are required for mechanical anchors installed in bridge elements. At minimum, specify hot-dip galvanized coating. Good quality stainless steel is preferred. All mechanical anchor products on the QPL have an option for providing corrosion-resistant materials. Use the same type of materials for attachments connected to mechanical anchors. If this is unavoidable, provide electrical isolation for all dissimilar metals to avoid galvanic corrosion.
[bookmark: _Toc119902506][bookmark: _Toc137007890]
1.20.2.2	Design

Ensure that post-installed anchors are embedded in good concrete without active cracks.  Avoid using anchors in areas with high tensile stresses perpendicular to anchor holes.  Drilled holes in concrete attract or even induce cracks at the hole location.  Cracks in the concrete will then tend to break down the bond between concrete and epoxy resin for resin bonded anchors or compromise the mechanical anchor system.  Do not use post-installed anchors to resist earthquake forces in plastic hinge zones.  Use of post-installed anchors for shear lugs and beam seat extensions is acceptable.

(1) Resin Bonded Anchors - Design the steel portion (rod or reinforcement) of the concrete anchor according to the appropriate AASHTO design specification.  Do not specify anchors larger than 1 inch in diameter using a resin bonded anchor system.

	Anchors - Diameters and Stress Areas

	Diameter (in.)
	Stress Area (in²)
	Bar Size
	Stress Area (in2)

	0.5
0.625
0.75
0.875
1.00
	0.142
0.226
0.334
0.462
0.606
	4
5
6
7
8
	0.20
0.31
0.44
0.60
0.79



Figure 1.20.2.2A


FHWA Technical Advisory T5140.34 regarding use of adhesive anchor under sustained tension loads was issued in January 2018.  According to the Technical Advisory, FHWA recommends that post-installed adhesive anchors can be used for resisting sustained tension loads only if specific requirements are met.  The recommendations were based on NCHRP Reports 639 and 757, ACI 318, and ACI 355.4.  Recently, aAnchoring to concrete design guidance was added to Section 5 of the AASHTO LRFD design specifications, which refers to the ACI design code.  The new requirements apply to all new Federal-aid projects.

Ensure that resin bonded anchors are embedded in good concrete without active cracks.  Avoid using resin bonded anchors in areas with high tensile stresses perpendicular to anchor holes.  Drilled holes in concrete attract or even induce cracks at the hole location.  Cracks in the concrete will then tend to break down the bond between concrete and epoxy resin.  Do not use resin bonded anchors to resist earthquake forces in plastic hinge zones.  Use of resin bonded anchors for shear lugs and beam seat extensions is acceptable.  




Design resin bonded anchors with loads, load factors, and load combinations specified in LRFD Section 3 and with resistance factors according to ACI 318 Chapter 17 with the following modifications:

· Uncracked concrete is assumed for design of resin bonded anchor system.

· Use a resin bonded anchor system in concrete with a compressive strength of 2,500 – 8,000 psi.  

· Use resistance factors as shown in Figure 1.20.2.2B for applicable failure modes.

	Failure Mode
	Strength Reduction Factor 

	
	Strength Limit State
	Extreme Event II Limit State

	
	Others
	Sustained Tension
	

	Reinforcement in tension
	0.75
	0.75
	1.00

	Concrete breakout in tension
	0.65
	0.65
	0.90

	Adhesive bond in tension
	0.65
	0.33
	0.90

	Reinforcement in shear
	0.65
	0.65
	1.00

	Concrete breakout in shear
	0.70
	0.70
	0.90

	Concrete pryout in shear
	0.70
	0.70
	0.90



Figure 1.20.2.2B – Resistance Factors for Design of Resin Bonded Anchors

· For concrete breakout strength in tension, kc = 24. Use c,N = 1.0.

· Use characteristic bond stresses from Figure 1.20.2.2C for bond strength calculation.  The bond stresses shown in the figure are obtained from the Evaluation Service Report (ESR) of epoxy resin products on the QPL. The reports are approved by the International Code Council Evaluation Service, Inc. (ICC-ES).  The recommended bond stresses are based on threaded rod or reinforcing bars installed in holes drilled with a hammer drill and carbide bit.

	Short-Term Peak Temperature (24 hrs.)
	Load Application
	uncr (psi)

	Equal or Less than 130 F
	Others
	1200

	
	Sustained Tension
	480

	Greater than 130 F but less than 176 F
	Others
	800

	
	Sustained Tension
	320



Figure 1.20.2.2C – Characteristic Bond Stress for Bond Strength in Tension Check

When any of the above design requirements cannot be met, contact resin bonded anchor technical resource for guidance.

Before 2019, ODOT used a set of equations developed in house using historical test data for calculating anchor capacities. The equations are located in the appendix.

(2) Mechanical Anchors - Each manufacturer establishes its own material strength and it would differ for different anchor sizes. Do not specify anchor size larger than 3/4 inch (nominal) in diameter. Use the following nominal material strengths for anchor design,









	
Undercut Anchor


	Material
	Stainless Steel
	Hot-Dip Galvanized

	Yield strength (psi)
	87,000
	Not on the QPL

	Tensile strength (psi)
	105,000
	Not on the QPL

	
Expansion and Screw Anchors


	Material
	Stainless Steel
	Hot-Dip Galvanized

	Yield strength (psi)
	75,000
	55,000

	Tensile strength (psi)
	90,000
	75,000



Figure 1.20.2.2D – Material Properties for Design of Mechanical Anchors

Design mechanical anchors with loads, load factors, and load combinations specified in LRFD Section 3 and with resistance factors according to ACI 318 Chapter 17 with the following modifications:

· Uncracked concrete is assumed for design of mechanical anchor system.

· Use a mechanical anchor system in concrete with a compressive strength of 2,500 – 8,000 psi.  

· Use resistance factors as shown in Figure 1.20.2.2E for applicable failure modes.

	Failure Mode
	Strength Reduction Factor 

	
	Strength Limit State
	Extreme Event II Limit State

	Reinforcement in tension
	0.75
	1.00

	Concrete breakout in tension
	0.65
	0.90

	Pullout strength in tension
	0.65
	0.90

	Reinforcement in shear
	0.65
	1.00

	Concrete breakout in shear
	0.70
	0.90

	Concrete pryout in shear
	0.70
	0.90



Figure 1.20.2.2E – Resistance Factors for Design of Mechanical Anchors

· For concrete breakout strength in tension, kc = 24. Use c,N = 1.0.

Mechanical anchors from each manufacturer have different details and specifications. The recommended design parameters listed in Figure 1.20.2.2F ensure that an anchor product on the QPL can meet the design requirements.

	
Undercut Anchor


	Nominal Diameter (in.)
	0.375
	0.500
	0.625
	0.750

	Anchor O.D., da (in.)
	0.625
	0.750
	1.000
	1.125

	Effective embedment depth, hef (in.)
	3.75
	4.75
	7.25
	9.75

	Effective cross-sectional area, Ase (in2)
	0.078
	0.131
	0.226
	0.334

	Pullout strength, Np, uncr (lbs)   Use c,P = 1.0.
	12600
	16000
	21000
	31000

	Hole depth (in.)
	4.75
	5.75
	8.25
	10.75

	Minimum member thickness (in.)
	7.25
	8.0
	10.75
	14.0




	
Expansion Anchor


	Nominal Diameter (in.)
	0.250
	0.375
	0.500
	0.625
	0.750

	Anchor O.D., da (in.)
	0.250
	0.375
	0.500
	0.625
	0.750

	Effective embedment depth, hef (in.)
	1.5
	2.0
	3.25
	4.0
	5.0

	Effective cross-sectional area, Ase (in2)
	0.020
	0.051
	0.101
	0.162
	0.237

	Pullout strength, Np, uncr (lbs)   Use c,P = 1.0
	1600
	3200
	5400
	7100
	11600

	Hole depth (in.)
	2.75
	3.25
	4.50
	5.25
	6.25

	Minimum member thickness (in.)
	4.0
	4.25
	5.5
	6.25
	7.5




	
Screw Anchor


	Nominal Diameter (in.)
	0.250
	0.375
	0.500
	0.625
	0.750

	Anchor O.D., da (in.)
	0.250
	0.375
	0.500
	0.625
	0.750

	Effective embedment depth, hef (in.)
	1.5
	2.0
	2.5
	3.5
	4.0

	Effective cross-sectional area, Ase (in2)
	0.024
	0.099
	0.183
	0.276
	0.414

	Pullout strength, Np, uncr (lbs)   Use c,P = 1.0
	900
	3000
	3600
	4800
	9500

	Hole depth (in.)
	2.75
	3.25
	4.0
	5.25
	6.0

	Minimum member thickness (in.)
	4.0
	4.25
	5.0
	6.25
	7.0



Figure 1.20.2.2F – Design Parameters for Mechanical Anchor design

Undercut anchors are good alternative to resin bonded anchors for overhead situation with sustained tension loading. 

Overall design calculations for mechanical anchors are similar to resin bonded anchors without bond strength check. Adequate member thickness is important for mechanical anchors to avoid splitting failures. If the member thickness is limited and there is not much space for a longer anchor than the design, add a note on the plan.

For mechanical anchors, the difference between effective embedment depth of anchors (hef) and total drilled hole depth can vary from 1/2” to 2” depending on each manufacturer. Use the hole depths shown in Figure 1.20.2.2F as a guide to ensure that anchors will fit inside the member and around existing rebar during the design.

When any of the above design requirements cannot be met, contact post-installed anchor technical resource for guidance.


[bookmark: _1.20.2.3_Drilling_Holes][bookmark: _Toc107197245][bookmark: _Toc119902503][bookmark: _Toc137007887][bookmark: _Toc119902507][bookmark: _Toc137007891]1.20.2.3	Drilling Holes in Concrete

If existing reinforcing steel is required by design, require bars to be located prior to drilling.

Spalling of adjacent concrete is the main concern when determining the hole location and type of drill to be used.

(1) Resin Bonded Anchors

	Center of hole is 6 inches or less from the edge of concrete

· Use either a diamond bit core drill or a carbide bit rotary hammer with four cutting edges on the diameter.

	Center of hole is more than 6 inches from the edge of concrete

· Use either an air hammer, maximum 9 pound class, or a carbide bit rotary hammer with two cutting edges on the diameter.

(2) Mechanical Anchors

· Use either a diamond bit core drill or a carbide bit rotary hammer with four cutting edges on the diameter.

(3) Grouted Anchors

· Any type of drill will normally be acceptable. Grouted anchors should always be placed more than 6 inches from the nearest concrete edge.


1.20.2.4	Plan Details

Post-installed anchors are considered critical, when failure of the anchors can compromise public safety.  Anchors installed in the following members are considered critical.

· Items attached from tunnel ceiling or under bridge deck
· Bridge rail
· Rail divergence end block
· Shear lug
· Beam seat extension
· Sign structure support
· Structural connection between existing and new concrete
· Fencing support

List all anchors specified for a construction project in SP 00535.45(c). Indicate which tests are required for the specified anchors, especially for critical anchors. For anchors that are not critical and will not see significant loads, tests during construction may be omitted.


(1) Resin Bonded Anchors

For horizontal applications, show drilled holes angled down a minimum of 15 degrees on plan sheets. For thin members, such as bridge deck, a smaller angle of drilled holes may be specified to avoid protrusion of the anchors. Specify a minimum drilled angle of 5 degrees. If any down angle of drilled holes will not work with the design, specify horizontal drilled holes. 00535 will require a certified anchor installer to ensure good quality of installed resin bonded anchors.

Resin bonded anchors are considered critical, when failure of the anchors can compromise public safety.  Anchors installed in the following members are considered critical.

· Items attached from tunnel ceiling or under bridge deck
· Bridge rail
· Rail divergence end block
· Shear lug
· Beam seat extension
· Sign structure support
· Shear key between existing and new concrete
· Fencing support

When these critical resin bonded anchors are used, include the following note on the plans:

	Provide and install (     “ diameter Grade (36) (55) (105)) or (#     AASHTO M 31, Grade 60 rebar) resin bonded anchors with high strengthepoxy resin from the QPL. The characteristic bond stress used in the design is ____ psi.  The minimum pullout strength is        lbs with a minimum embedment of _____ in.  Install anchors according to the manufacturer's recommendations and the Special Provisions.

The minimum pullout strength is the smaller unfactored strength of steel reinforcement and adhesive bond in tension obtained from calculation. For anchors subjected to sustained tension, use the characteristic bond stress of 1,200 psi in calculation to report the minimum pullout strength for field testing, and show the characteristic bond stress of 480 psi for the design on the plans.    

List all anchors specified for a construction project in SP 00535.45(c). Indicate which tests are required for the specified anchors, especially for critical anchors. For anchors that are not critical and will not see significant loads, tests during construction may be omitted.

(2) Mechanical Anchors – When critical mechanical anchors are specified, include the following note on the plans:

Provide and install      “ nominal diameter mechanical anchors using a product from the QPL.  The minimum pullout strength is        lbs with a minimum effective embedment depth (hef) of _____ in. (The maximum depth of the drilled hole is _____ in.)  For the design, the steel anchor yield strength is _______ psi and the tensile strength is ______ psi.  Provide anchor materials with (stainless steel) (hot-dip galvanized coating).  Install anchors according to the manufacturer's recommendations.

The minimum pullout strength is the controlling factored strength of the mechanical anchor system in tension using resistance factors for Extreme Event II Limit State. 


1.20.2.5	Testing Requirements

Two types of field tests are required during construction to ensure proper installation and to achieve as-specified capacity of resin bondedpost-installed anchors.  Demonstration Test includes installation of anchors using the same material and methods as shown on the plan and testing the anchors to a load at minimum pull out strength.  Production Test is performed during construction on actual anchors used in final position up to a load level specified in the Special Provisions.  


1.20.2.6	Construction

Drill types - See BDM 1.20.2.3 or SP 00535 for the drill type to be used.

Holes - Holes for resin bonded anchors are normally 1/8 inch diameter larger than the nominal bolt diameter. Holes should be cleaned with compressed air, a non-metallic brush and water.  Concrete dust is one of the most destructive elements to a resin bonded system and water is the best method to remove the dust.  Holes for grouted anchors are normally 1/4 inch diameter larger than the anchor diameter.

Temperature - Epoxy resin is not allowed for low temperature applications.  The set times become quite long at low temperatures.  It will normally be better to use a deeper embedment with a non-epoxy product at low temperatures.  Note that "high strength" resins will normally be epoxy.

Tightening – SP 00535 requires tightening to only 1/4 turn past snug tight.  Consider what tightening is appropriate for the application and show on the plans, if different than the specifications.  Anytime load indicator washers are used, tightening must meet the washer requirements.  Also check if distribution plates are needed to transfer the bearing loads (from the tensioned bolt) to the concrete.



Analysis / Research / Other Supporting Data:

	[bookmark: Check1]|X| None

	[bookmark: Check2]|_| Attached:

	· [name of attachment]
· [name of attachment]

	

	[and/or enter text here]





Bridge Engineering Section Response:

	[bookmark: Check3]|_| Accepted for consideration as submitted
[bookmark: Check4]|_| Accepted for consideration as noted
[bookmark: Check5]|_| Proposal tabled, see Remarks
[bookmark: Check6]|_| Proposal not accepted, see Remarks
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