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Public Comment:
Name: Glenn Mathewson, MCP
Modify the proposal as follows 
R507.1 Decks General. Decks shall be designed in accordance with this section and accepted engineering practice to resist both vertical and lateral loads as required by Section R301.1.  Ledger connections to exterior walls shall not be made to any wall cladding or veneers and shall be made to the primary structure.  Where supported by attachment to an exterior wall, decks shall be positively anchored to the primary structure and designed for both vertical and lateral loads.
Exception: Design for lateral loads, and connectors in accordance with Section R507.3, shall not be required for decks that do not require guards in accordance with Section R312.1.1, provided that the deck ledger is connected to the band joist in accordance with Section R507.2.

Such attachment connection shall not be accomplished by the use of toenails or nails subject to withdrawal. Where positive connection to the primary building structure cannot be verified during inspection, decks shall be self-supporting.
For decks with cantilevered framing members, connections to exterior walls or other framing members, shall be designed and constructed to resist uplift resulting from the full live load specified in Table R301.5 acting on the cantilevered portion of the deck.

R507.3 Deck lateral load connection. The lateral load connection required by Section R507.1 shall be permitted to be in accordance with Figure R507.2.3. Where the lateral load connection is provided in accordance with figure 507.2.3, hold-down tension devices shall be installed in not less than two locations per deck, and each device shall have an allowable stress design capacity of not less than 1500 pounds (6672 N).

Figure R507.2.3 Deck attachment for lateral loads.
Commenter’s Reason:

As you consider this public comment modification, please review the additional information at the end that provides a better undesrstanding of the history and implications of the IRC lateral load provisions on the construction industry.  Rather than only exempting low-level decks from lateral load connections as RB263 proposes, this public comments provides evidence that it’s not required on most if not all decks.
In the summer of 2013, a month before this public comment was due, the Forest Products Society published an edition of Wood Design Focus containing research articles providing results from University testing of decks for lateral loads.  Seven years after the lateral load provisions were put in the IRC, only NOW we finally have real information.  The following results of these tests provide the validated information the decking and code industry has been waiting for.  While more research is necessary for a complete prescriptive lateral load design method in the IRC, the research to date is sufficient enough to prove that what has been in the IRC is a fallacy and must be removed.  Quality structural provisions based on real data will be more appropriately developed for the 2018 with a clean slate.  There is no justification and has never been any justification for building code, products or alternatives based on what is in the 2012 IRC for deck lateral loads.

The following quotes from this document are provided below under “fair use” permitted by the publisher, the Forest Products Society.

Wind Analysis from Washington State University.

To determine the effects of wind on typical deck construction, load calculations for a 12 x 12 deck 10 ft. above grade were performed.  The following text is from this research report.

“From the assumptions in the example, the largest ASD wind load was 1,299 lb using ASCE 7-10 methodology and data. The resulting hold-down force for a 12 ft by 12 ft deck would be approximately 650 lb. This load is smaller than the 1,500 lb hold-down requirement in the 2009 IRC, Section 502.2.2.3. From this analysis, the 1,500 lb minimum design capacity is conservatively high for wind lateral loads. An allowable design capacity of 650 lb would be sufficient to resist the wind lateral loads based on the assumptions and calculations given in this paper. Unless you are in a hurricane or special wind region, the hold-down forces will be significantly smaller. Based on the above assumptions, the hold down forces would be approximately 266 lb.”

According to the study of this deck, in a hurricane or special wind region, the lateral load developed at the connection device would be 650 lb.  However, more common wind zones (i.e. the minimum standard) would only require a 266 lb design resistance.  This is well below the 1500 lb currently in the IRC.
Seismic Analysis from Washington State University.

To determine the effects of seismic activity on typical deck construction, load calculations for a 12 x 12 deck 10 ft above grade were performed.  The calculations and the resulting loads are based on seismic design category D.  The following text is from this research report.

“Based on our seismic analyses with the stated assumptions, and using the equivalent lateral load provisions in ASCE 7-10, hold-down requirements significantly lower than 1,500 lb can be justified when seismic loads govern. From our analyses, a maximum ASD-factored seismic load of 1,250 lb would be reasonable, resulting in hold-down requirements of approximately 625 lb. This can be achieved through a variety of hardware solutions.”

Again, we will compare these values at the end of this report.  To summarize, in a very high seismic region (D), only 625 lb. of load would require resistance.  It is safe to assume it will be less for lower seismic regions.  This is well below the 1500 lb currently in the IRC.
Lateral Load from Occupants Testing from Washington State University.

To determine the magnitude of lateral load that could be generated by the movement of occupants on a deck, tests were conducted on a full-scale deck with human subjects.  The following text is from this research report.

“The highest lateral load observed in all tests was 12.1 psf shown in Table 2.  In this case, deck boards were oriented parallel to the deck ledger, resulting in a very flexible deck that swayed back and forth approximately 7 inches each way at a frequency of approximately 1 Hz.  These large displacements caused significant inertial forces from the mass of the deck and also allowed the occupants to “feel” the deck movement, making it easier for them to synchronize their movements.  As displacement of the deck reached maximum values of approximately 7 inches, the occupants started pivoting their hips (like downhill skiers) with the deck while leaving their upper body nearly motionless.  At this point, it could be argued that the majority of the force generated is coming from deck inertial forces rather than from the occupants.  This would imply that if lateral sway/acceleration of a deck is adequately restrained, these inertial forces could be reduced or eliminated.  For example, when the cyclic motion was perpendicular to the deck ledger (the stiffest orientation), the maximum traction load was 4.5 psf.  In summary it could be argued for the design that 12 psf would provide a reasonable upper estimate of lateral loads from occupants for flexible decks.”

Let’s look at some key parts of this information.

1) The test revealed that a 12 x12 deck loaded to 40psf with moving occupants, would experience approximately 7 inches maximum of displacement.  This deflection is measured from the outer corner of the deck, at 12 ft from the ledger side of the deck.  This is with perpendicular decking installed.

2) At the above described maximum expected deflection, the maximum load expected to be generated by the occupants is conservatively 12 psf.

3) It is important to note that this load is based on a deck built that allows sway up to 7 inches.  Had the deck been designed appropriately, to resist such deformation, the researcher states the loads would be reduced.


Ledger Connection Testing by Virginia State.

The same researcher that conducted the ledger connection tests that were the basis of the ledger fastening table in the 2009 IRC performed this research.  Two 12 x 12 decks were constructed identically with perpendicular decking.  One deck had lateral hold down anchors installed, the other did not.  The decks were fastened with a strut along the center of the 12 ft. joists spans to simulate the resultant location of a uniformly loaded deck.  The decks were pulled laterally at this midpoint to a displacement of 17 inches, far greater than anything the occupants in the previously described test could generate.  The following text from the research report describes the damage observed by these large loads.
“In both tests, splitting of the top edges of the deck joists was the main source of damage, and was caused by the couple from the deck screws that induced stresses perpendicular to the grain. Splitting propagated along the longitudinal axis of the wood. Each deck joist completely split, to the depth of screw penetration, from the load drag strut to the ledger board. Significant yielding and fracture of deck board screws was also observed in this region. Minimal joist splitting and screw yielding was seen in the region from the load drag strut to the outer deck beam. In both tests, no damage was observed in the deck ledger to house rim board connection. A maximum separation of 0.1 inches when hold-downs were used and 0.15 inches when hold-downs were not used was recorded between the deck ledger and diaphragm rim board at the tension chord of the deck. No damage was observed in the simulated house diaphragm.”
It is critical at this time to remember the original motivation for including the lateral load provisions in the 2009 IRC was the connection of the band joists to the house, as shown in the clip below:

[image: image1.emf]Reason: Researchers at Virginia Tech University and Washington University have tested simulated deck-ledger to house-band-joist
connections in their respective laboratories. A practical range of pressure-preservative-treated (PPT) deck ledger lumber (incised Hem-fir and
Southern Pine) was attached to a simulated Spruce-Pine-Fir band joist by “-inch lag screws or bolts with washers. The deck ledger was
separated from the house band joist by placing a piece of 15/32" wall sheathing in the connection, and in another test case for bolts only, a V-
inch stack of washers was inserted into the conneclion to produce a drainage plane. The specimens were ested lo failure and the average
test results ware divided by a factor of 3.0, intended to provide an adequate in-service safety factor, and further divided by 1.6 to convert from
a “test duration” to a “normal duration” of ten years recognized by the NDS and IBC as the proper duration for occupancy live load.

The proposed on-center spacing is the closest spacing for the two cases of deck ledger lumber studied. Due to the limited investigation
into the performance of composite type house imboards (only DFL was evaluated) and the possibility of rimboards entering the market being
a lower quality than what was tested at Washington State University, engineered rimboards are not included in the scope of the proposed
fastener spacing table. Instead, foolnote 6 is proposed to refer the contractor and official to the manufacturer of the rimboard product. The
two papers cited in the Bibliography gives the testing procedure and results for the cases included in the caption to the proposed table.

Bibliography:

1. Carradine, D. M., D. A. Bender, J. R. Loferski, and F. E. Woesle. 2005. Wood Bits: Residential deck ledger design. Building Safety Journal
(6): 4-7. www.iccsafe.org/news/bsj/1205_Woodbits. pdf

2. Loferski, J., F. Woeste, R. Caudill, T. Platt, and Q. Smith. 2004. Load-tested deck ledger connections. Journal of Light Construction 22(6):
71-78

Cost Impact: The code change proposal will increase the cost of construction.
Committee Action: Approved as Submitted

Committee Reason: This is a much needed addition to the code and it brings in a new table that is a good starting point for the attachment of
the deck ledger to the band joist. The committee urges additional study of the attachment of the band joist to the framing.

Assembly Action: None
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The committee reason in the clip above, approving the ledger fastening table, is provided below:

“Committee Reason:  This is a much needed addition to the and brings in a new table that is a good starting point of the attachment of the ledger to a band joist.  The committee urges additional study of the attachment of the band joist to the framing.”

The test above, by the original researcher of the ledger connection, reveals that no damage occurred to the simulated house diaphragm, even under the most maximum loads in the test and a 17 inch horizontal deflection that split the tops of the joists.  The band joist attachment to the framing did not require any additional connection.  Seven years later, the study has been provided.

Many have questioned, “Doesn’t a ledger connected with lag screws resist at least some lateral load?”  The following text is from the research report.

“The two outermost lag screws in tension resisted most of the chord force and the sum of the forces in all the lag screws located in the tension region of the deck agree well with the calculated overturning tension force (Figure 6). Furthermore, even though the two outermost lag screws carried most of the force, these lag screws did not show any visible signs of withdrawal at a maximum load of approximately 7,000 lbs (Figure 5)”
According to the graph below from the research, the deck experienced a horizontal deflection at approximately 17 inches at a load just shy of 3500 lbs.  However, when loading continued upwards of 7,000 lbs, “the lag screws did not show any visible signs of withdrawal”.  I think the answer is that lag screws do withstand lateral loads, and band joists don’t get pulled from homes.

[image: image2.emf]
There is still more to be said about the lateral load anchors and the ledger connection in this test.  The following text is from this research report.

“Hold-down behavior and geometric effects.--If the deck behaved as a rigid body, the tension chord forces can be calculated using simple statics as given in Equation 4.3-7 of the 2008 Special Design Provisions for Wind and Seismic (AF&PA, 2008), and are shown in Figure 7. However, due to the flexibility of the deck, the measured forces in the hold-down connectors were dramatically different than expected. The hold-down expected to resist overturning tension forces actually diminished to zero as the deck deformed.”
The lateral load detail provided in the IRC with no structural basis, indeed…has no structural basis.  It doesn’t even work as intended and clearly doesn’t belong in the IRC.  The following text is from this research report.
“Ledger attachment -- Deck ledgers were attached with 0.5-inch diameter lag screws in a staggered pattern as specified in IRC Table R502.2.2.1. The research basis for the IRC provisions was Carradine et al. (2007;; 2008). The deck ledger-to-house attachment appeared to be adequate for the conditions studied. When no tension hold-down connectors were used, the outer two lag screws carried most of the withdrawal load with no visible signs of failure (Figure 6).  Testing was terminated before an ultimate strength was achieved at a load of approximately 7,000 lb for both decks. The two lag screws nearest the deck tension chord experienced the largest forces, yet did not fail in withdrawal. These results point to the effectiveness of 0.5-in diameter lag screws when selected and installed per the IRC deck ledger connection provisions in Table R502.2.2.1 (ICC 2009b).  The results obtained in this study should generally apply to decks with an aspect ratio of 1:1 and less, where aspect ratio is defined as the deck dimension perpendicular to the house divided by the dimension parallel to the house. The study results should not be applied to decks having an aspect ratio greater than 1:1 as the failure modes and deck behavior may substantially change.”

7,000 lb. of lateral load placed at the centroid of the deck and the lag screws “did not fail in withdrawal” and the band joist experienced no visible sign of anything.
The summary of all this is simple.  Wind and seismic don’t produce lateral loads on standard decks with sufficient magnitude to justify a special lateral connection across all zones.

Occupants can only produce about 12 psf of lateral force uniformly across a deck.  A 12 x 12 deck attached per the IRC ledger-fastening table and WITHOUT lateral anchors was able to resist a resultant lateral force of 7,000 lb.  The joists split and failed while there was only a fraction of an inch of movement in the ledger and no visible sign of any change to the rim joist.  The equivalent load that could be produced by occupants is 1728 lb. 1/4th of a 7,000 lb test that still did not separate the ledger or band joist from the home.
Based on 12 psf of lateral load design, it would take 583 square feet to generate 7,000 lb.  With the longest common framing material available being 18 ft. long, a 583 sf deck would be 18 ft. x 32 ft.  This reduces the aspect ratio from 1:1 for the 12 x 12 deck to 1:1.77.  This reduction in aspect ratio reduces the resultant force at the ledger ends.  It also increases the length of the lag-screwed ledger from 12 ft. to 32 ft, meaning more fasteners to resist the additional load.  With this consideration and extrapolating the test results, a deck constructed of common dimensional lumber can be built of any size without exceeding the values found in these tests, provided the deck aspect ratio is no greater than 1:1.

Occupants’ movement will not disconnect a ledger attached per the IRC fastening table.  Lateral devices are just not even close to necessary.
In summary, the request of the committee from the 2009 code development to have further testing of the band joist connection has been satisfied.  The real data from research clearly disproves the necessity of the lateral load anchor details “permitted” in the IRC
The current lateral load provisions first came to the code as late as possible, as a public comment.  It’s no wonder they are now found to be flawed.  With an approval as modified of this public comment, lateral load provisions can be developed as they should be.  With a clean start and a lot learned, provisions can be based on real research, vetted by professionals nationwide, and introduced at the beginning of the code development process.

ADDITIONAL INFORMATION

How did Figure R507.2.3 get in the IRC?

During the development of the 2009 IRC, (supplement cycle), a new proposal was submitted at the start of the modification process.  This proposal provided a much needed ledger connection table for the fastening of a deck ledger to a band joist.  Extensive testing conducted by Dr. Frank Woste and peers conducted at Virginia Tech was the basis of this critical addition to the IRC.

During the committee hearings, the committee approved the ledger connection table.  They did provide a comment, however, stating that this provided a great connection between the ledger and the band joist, but they would like to see more research regarding the connection of the band joist to the remaining framing.  
To address this committee comment regarding the sufficiency of the band joist connection to the structure, the lateral load detail and provisions were submitted as a modification to the ledger connection table.  During the final hearings, the voting membership in attendance approved the modification.  Without being fully vetted through the entire code modification process, the lateral load provisions were printed in the 2009 IRC.  They were approved for the IRC after only being alive in the process for 46 days.  This created the following implications:

1)  A prescriptive structural provision was included in the code without any scientific or statistic basis what-so-ever.  The 1500 lb value is a mere guess.

2) It requires fastening of floor sheathing greater than that required by perscriptive code for floor construction.

3) It is described as a connection that “shall be permitted”.  This phrase is used as a clarifier in the IRC for when an installation would be otherwise prohibited.  This language created confusion in code administration leading to it being considered a “requirement”.
4) A proprietary based fastening solution, complete with artwork, as the sole remedy.
The origin for the lateral load detail in the IRC is from a FEMA document for earthquake resistant design.  Though not tied to any siesmic zone, the IRC detail is MORE RESTRICTIVE than the FEMA detail in that it requires additional fastening of the floor sheathing to the joist with the hold down.

How have the IRC lateral load provisions affected the construction industry.

The domino effect of including an unfounded structural value for an unothodox “permissable” connection utilizing proprietary products in the IRC has been dramatic.  To the decking industry, it has un-necesarrily driven up the cost of construction.  Most alarming is that the added expense and inconvenience without foundation has served as motivation to homeowners to have their deck built without permit.  Installation of the hold-down detail requires invasive remodeling that most homeowners will not accept.

Another impact is the code insutry itself, where it has devalued the legitimacy of the IRC provisions with unfounded structural designs and supports a demand for proprietary products.  As a code administrator, I am appauled, as are many of my colleagues.  Many of the following graphics are intended to show how the lateral load provisions have caused unwarranted delimna.

Wood I-joist Manufacturers Association.

I-joist manufacturers, fielding inquiries regarding how to connect a 1500 lb load device to their floor systems, had to respond.  The Wood I-joist Manufacturers Assocation did just that with the publication of a technical report.  With no choice but to use the 1500 lb figure published in the IRC, they were forced to create details such as those below.

Take a moment and look at the details and some of the potential ramifications.

· Removal of floor finish

· Removal of ceiling finish

· Threaded rod extending at least 6 feet into the floor system with blocking in every bay.

· Floor sheathing that must be fastened to he blocking at 4 inches on center.

This is to satisfy an IRC load that is not proven and not even required.
[image: image3.emf]
As mentioned previously, the lateral load detail and provisions is unusually included in the code as a “permitted” method to resist lateral loads…that are undefined and undetermined.  Being unorthodox language for the IRC, it is promoted as if it is required by many organizations, manufacturers and professionals.  The text shown below is copied from the WIJMA details and appears to promote a “requirement” for this connection that is merely “permitted”.

[image: image4.emf]
Hold-down manufacturers

Hardware manufacturers’, much like the I-joist manufacturers, responded to this new code provision with new products.  One such manufacturer provides an explanation as two why this hardware exists.  A clip of that text is provided below.
[image: image5.emf]
The following text from the above graphic incorrectly explains the nature of the lateral load requirement, as quoted below
“If the band joist, deck ledger or deck joists were to pull away from the primary structure as a result of lateral forces, the deck would not be support for gravity loads and would likely collapse.  To prevent this, the 2009 and 2012 IRC include an approved method to resist these lateral loads”
The lateral load detail was not included for any reason other than band joist connection.  The concern of joists pulling from joist hangers may be valid, but it is NOT the reason lateral provisions were included in the IRC.  The original reason the lateral load detail gained attention from the IRC is lost in this manufacturer’s literature, as details encourage installation of the hold-down devices into a concrete foundation.
[image: image6.emf]
Looking at the IRC detail for lateral load connection, remember it calls for fastening at 6-inches on center to the joist with the hold-down.  Something NOT in the FEMA detail for earthquake design.  Prescriptively, only the edge nailing of floor sheathing can be assumed to be 6-inches on center, with the field nailing only 12-inch on center.  Though this additional nailing is completely unfounded and was nothing more than a guess during code development, manufacturers have made attempts to satisfy the IRC provisions.  Products and installation details are now marketed for a connection of the joist to the floor sheathing from below.  At this point, without tests to justify such connections, one must ask themselves…

…Will the deck receive so much lateral load that it will extract a floor joist lengthwise from the home if not provided extra fastening to the floor sheathing?

[image: image7.emf]
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ICC-ES Acceptance Criteria Development

In December of 2010 ICC Evaluation Services began development of an acceptance criteria, AC430, for “Deck harness devices”.  The purpose of these criteria was to test alternative methods of lateral load connection other than the hold-down/threaded rod method provided in the 2009 IRC.  Interestingly, here is a statement by ICC-ES staff regarding this subject.
[image: image9.emf]
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Though the lateral load detail was approved for the 2009 IRC as merely a “permitted detail” and not outright required, it became the easy answer.  Note that the justification for this connection, according to ICC-ES, is that “…the devices clearly serve a structural purpose, as indicated by the minimum required ASD capacity of 1500 pounds.”  At this point, the reason why the lateral load provisions were originally included in the IRC are starting to be lost.  ICC-ES doesn’t know if it is part of the primary design or a backup safety device.  The answer is that it is out of concern of the band joist (rim joist) detaching from the structure.
