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Introduction:  

Large retail buildings and warehouses are typically a one-story concrete or masonry walled structure 

with a panelized wood roof. These buildings fall under the category of “RWFD”, or “Rigid Wall Flexible 

Diaphragm”. There are two preexisting methods that can be utilized in designing flexible diaphragms, 

but there is a third being introduced in the new ASCE 7-22 code. Given this code is unreleased, there 

really is no guidance to the user as far as which method is the most time efficient or cost effective. 

 

Purpose: 

The purpose of this project is to analyze the same building using each design method in ASCE 7-22 and 

determine or estimate which approach is appropriate. The next step is to alter small things like size, 

seismic zone, and Response Modification Factor to get further information. Each of these scenarios 

produces a design force and a nailing pattern for the panelized diaphragm. These nailing patterns can 

then be analyzed under a cost-effective scope by reviewing the quantity of nails. 

 

Understanding Panelized Wood Diaphragms: 

A “Panelized diaphragm”, also in this case a “Panelized roof”, has a few defining characteristics. These 

systems typically involve a repetitive layout of girders, purlins, and sub purlins. On top of these Purlins 

are 4’ x 8’ sheets of plywood that run with a continuous joint parallel to framing.  
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       Figure 1: Panelized Wood Diaphragm components 

 

There were a few assumptions made in order to analyze these hypothetical situations. Throughout all 

three methods, 15/32” thick, Structural I plywood with 10d common nails were assumed. 
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Design Methods: 

The methods to compute the applied force in ASCE 7-22 roughly follow the same process, but 

there are some key differences to note.  

 1.Force determination per ASCE 7-22: 

 12.10.1: 

This method uses an R value of the vertical system used below the diaphragm in order to 

calculate the seismic coefficient Cs. 12.10.1 utilizes Eq. 12.8-2 

 

12.10.3: 

This method used the same process as 12.10.1 to find Cs but takes things a step further by using 

an R value of 3 for the diaphragm. Then, a new C value is determined using Eq. 12.10-7 

 

Then, 

 

 

Rs = 3 (ASCE7-16 12.10-3) 
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12.10.4: 

This method is new to the code. The purpose of this new introduction is to have the R value fully 

based on the appropriate lateral system and it’s period. The R value is set at 4.5 and uses a new 

equation to solve for different forces in both the north-south and east-west direction. 

 

 

Maximum Cs-diaph value: 

  

 

 

This Cs-diaph calculation needs to be done in both the East-West and North-South direction. 

Another key difference in this method is a 1.5x design shear increase on 0.1L around the 

perimeter.  
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2. Building Characteristics 

The building was then characterized with wall thicknesses, wall heights and weights. These 

would remain constant throughout each method. Using statics, the unit shear in both the north-

south and east-west direction could be solved for.  

 

3. Nail Zoning 

The purpose of nail zoning is to decrease the number of nails as the force diminishes around the 

center of the diaphragms span. Using the same nailing for the diaphragm’s entirety would be 

ineffective in both time and money. Using different nail spacings, different zones can be defined. 

The newest version of the SPDWS includes lateral forces (seismic and wind) in SPDWS table 4.2A 

or 4.2B. 
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 These forces must be divided by 2.8 to give a design value. Using similar triangles, zoning can be 

determined and aligned with framing transitions to the nearest 8’ in the north-south direction 

and 4’ in the east-west direction. These zones may overlap in the north-south and east-west 

direction, which must be accounted for, so the area isn’t double counted. At this point, the area 

of each zone can be converted into a quantity of nails by looking at the edge nailing, continuous 

nailing, and intermediate nailing in SPDWS table 4.2A or 4.2B. 

The quantity of nails could be further analyzed and converted to a dollar value if regional pricing 

is available. 
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There are 7 zones total defined in this process: 

Zone 
Nominal 

Panel 
Thickness 

Framing 
width 

(nominal) 

Lines 
of 

Nails 

Nominal 
Shear 

Nail Spacing(in.) 
at diaphragm 
boundaries, at 

continuous panel 
edges parallel to 
load, and at all 

panel edges 

Nail Spacing(in.) 
at other panel 

edges 

 

 

 

Zone 
7 

19/32 4 2 5010 2.5 3  

Zone 
6 

15/32 4 2 3610 2.5 3  

Zone 
5 

15/32 4 2 2815 2.5 4  

Zone 
4 

15/32 3 1 2295 2 3  

Zone 
3 

15/32 2 1 1790 2.5 4  

Zone 
2 

15/32 2 1 1190 4 6  

Zone 
1 

15/32 2 1 895 6 6  
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4.Nail count: 
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Hand Calculations: 

To verify thorough understanding of each method, I went through each by hand. Reviewing both 

examples and solutions, I was able to recreate three examples with the same building but using a 

different method each time. This process provided me a reference to building the excel spreadsheet. 
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Excel: 

In order to avoid recalculating dozens of archetypes, I created an excel spreadsheet that includes each 

method. Each one of these spreadsheets includes the method to finding Cs, calculation of the unit shear, 

nail zoning and nail counting. Having the ability to change the diaphragm’s size, R value and “Seismic 

Design Category” allowed for a comparison of the methods. Each method has maximum and minimum 

limits on Cs values, meaning that the graphic analysis shows flatlines before and after certain points. 

The purpose of the Excel was to attain a visual on Cs values and nail count. Putting this data side by side 

on a scatter plot displayed which method becomes more efficient at what point.  
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Results: 

There were three variables we were interested in changing. The first was the R value, then the 

diaphragm length, then the seismic values Sds and Sd1 which could be implemented in unison with the 

two previous studies. This leaves us with four tables to analyze and plot: Various R values in a high 

seismic zone, various R values in a low seismic zone, various lengths in a high seismic zone and various 

lengths in a low seismic zone. 

1. R values 

The R values being inputted into each method ranged from 3 to 5. It was determined that only 

certain systems could be implemented in this building type, meaning that only a total of five R 

values would be applicable based on a study of ASCE 7 Table 12.2-1.  
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Various R Values (high seismic) 
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It can be seen in the graphs above that in high seismic zones, 12.10.3 is consistantly applying 

less force than 12.10.1. Both 12.10.1 and 12.10.3 have upper and lower limits. The upper limit 

does not apply to the R values we are analyzing, but after the R value hits 5, the lower limit 

(Cs=.2) applies, flatlining both 12.10.1 and 12.10.3. As the R value increases, it is seen that 

eventually, 12.10.3 and 12.10.1 use less nails than 12.10.4. In a high seismic zone, we can 

conclude that 12.10.4 is the most efficient, until R equals 5, then 12.10.3 becomes more 

efficient.  

 

 

Various R Values (moderate seismic) 
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It can be seen in the graphs above that in low seismic zones, 12.10.3 is consistently applying less 

force than 12.10.1. Both 12.10.1 and 12.10.3 have upper and lower limits. The upper limit does 

not apply to the R values we are analyzing, but after the R value hits 5 the lower limit (Cs=.1) 

applies, flatlining both 12.10.1 and 12.10.3. As the R value increases 12.10.4 uses consistently 

less nails than the prior methods, deeming 12.10.4 the most efficient in low seismic zones. 
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2. Diaphragm Length 

The span on a diaphragm changes per design. The length will change the size and quantity of 

nailing zones and will have no affect on the applied forces in 12.10.1 and 12.10.3. 12.10.4 is the 

only method in which the force will be directly affected. 

  

Various Lengths (high seismic) 
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Since 12.10.4 is the only method whose force is effected by the diaphragms length, it will be the 

only one changing on the top graph. The force’s maximum value is Fs=.222 according to the 

equation 12.10-16a.  

 

This value is consistent from 100ft to 300ft. This value begins to decrease after 300ft because 

the period of the diaphragm is increasing. Looking at 12.10.4’s formula for Fs again, 

 

 we can see why the Fs value decreases. As far as cost, 12.10.4 uses the most amount of nails 

until about 350ft, then the least amount of nails after 425ft. 12.10.4 then becomes more 

efficient for this case illustrating high seismic. 

 

Various Lengths (moderate seismic) 
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Again, 12.10.4 is the only method whose force is affected by the diaphragm’s length, it will be 

the only one changing on the top graph. The force’s maximum value is Fs=.111. This value is 
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consistent from 100ft to 200ft. This value begins to decrease after 200ft because the period of 

the diaphragm is increasing. As far as cost, all are about the same until about 350ft, then 12.10.4 

becomes most efficient.  

 

 

 

Global Impact/Influence: 

Though there are different types of building styles and types all over the globe, there are always some 

staples that we as engineers continue to see. The typical warehouse design for your department store is 

common everywhere. This design happens to fall under the category of panelized wood diaphragms. 

The design decisions made for “Rigid wall Flexible Diaphragm” not only can save peoples lives by 

ensuring the correct method is used, but can decrease the cost of the building, making the design more 

applicable in places with less funding.  

 

Cultural Impact/Influence: 

. Using this research to create a more cost-efficient building allows for more funding to go elsewhere 

rather than nailing materials. American culture has unique priorities, in the fact that we put money 

before many things. From a young age we are told to do well in school, to then go to college, and then 

get a well-paying job. Through all this hard work, the controlling power is money. The fact is that no one 

wants to spend their hard-earned money on unnecessary things, let alone unnecessary building 

materials. I believe it is our job as engineers to create the most sustainable and efficient building, which 

will not only improve the engineers reputation but the satisfaction of his client.  
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Social Impact/Influence: 

Not everyone knows all the details that go into designing a building. Most don’t realize he little tweaks 

and changes can make a large impact on design and costs. As a client, or the owner of a building, they 

want to ensure that their money is being used effectively. These buildings are most of the time rather 

large as well. Occupants of local buildings notice when big warehouses are being built. It is important to 

people around this new site that the building is being built properly and cost effectively. If neighboring 

groups can understand the building is being built carefully and cost effectively, it may bring them peace. 

Most people aren’t super happy about large new developments like warehouses. Having money to spare 

to make the building mesh with its environment will create a happier and more welcoming community.  

There is also the other argument of under designing buildings. The reason we have codes to follow is to 

prevent collapse and potential danger. Clients who do not understand engineering may insist on 

alternate solutions. It is crucial we find a balance between cost and design, appeasing both to the best 

of our abilities. 

 

Environmental Impact/Influence: 

Using less material is always better for a project. The less material used means the demand for this 

material is decreasing. The introduction of this new method could mean that globally, less nails are 

used, decreasing the demand. This means that factories will be producing less, then by default, 

decreasing the amount of pollution from production as well as decreasing the amount of packaging for 

the item. If we as engineers can gain knowledge and make these diaphragms larger spans, we could also 

reduce the amount of shear walls and other systems. Decreasing any production and material is better 

for the environment, something we must consider and preserve no matter what.  
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Economic Impact/Influence: 

The main purpose of this research was to find the most effective method, including the new 12.10.4 

method to design this specific type of system. This system is widely used all over the country. The 

specific research on this design will enable the user to use less materials, making buildings more cost 

effective. Though there are other ways to cut costs in buildings, each one is crucial and is what sets 

engineers apart. Implementing the correct diaphragm design in this type of building could cut the 

number of nails by tens of thousands.   

 

 

 

Lifelong Learning Statement 

Engineers will never stop trying to find more effective ways to design. It’s an engineer’s job to 

create a solution upon a problem. Sometimes there isn’t even a problem, but there is a more effective 

way to go about something. Understanding these three methods of diaphragm design has made me 

really think about every building element. There is always going to be more than one way to design 

something, but there will most of the time be one that’s better than the others. Being better than the 

others means using less material, less money and less time. Finding a way to do all three of these things 

is what sets apart engineers from good engineers. I’ve held myself accountable in this project, making 

sure that every step of the process has some sort of reference to the code or hand calculation to back 

things up. The hardest problem I had to solve was coding things in excel and making sure the right areas 

for zoning were produced. This took trial and error and lots of “if” statements.  
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Given this method is new, there was some new code I had to dive into. Reading unreleased code 

can be a bit daunting. I learned the importance of diving into these new things and trying to understand 

why they are being introduced. Though not in the report, I was able to understand a lot of the aspects as 

to why we need these new methods. Some engineers like to cut corners and though it doesn’t always 

lead to collapse, it’s not upholding the Engineer’s core values. The reason that we need new code is 

because, as each mistake is made, we can update our rules and equations. I hope that my research here 

is able to guide future designers and help them create a cost effective and environmentally friendly 

structure.  

 


