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Introduction 
 

The Steel Deck Institute (SDI) has released the new and long awaited 4th 

Edition of the Diaphragm Design Manual (DDM04).  This new edition complies 

with the requirements of the ANSI/AISI S310-13 North American Standard for 

the Design of Profiled Steel Diaphragm Panels.   At 408 pages, the 4th Edition 

is larger than its predecessor and will be an invaluable resource to structural 

designers because of the background information, design examples, and 

extensive load tables. 

 

The First Edition of the DDM, published in 1981, was authored by Dr. Larry 

Luttrell, P.E., the Technical Advisor to the SDI.  The diaphragm design method 

developed by Dr. Luttrell was based on a rational analytical model of the deck 

panels and the support and side-lap fasteners, which was substantiated by 

extensive testing.  The Second Edition of the DDM, published in 1995, added a 

design method and design tables for floor deck diaphragms.  A Third Edition 

was published in 2004.  The new Fourth Edition is also authored by Dr. Luttrell, 

with the assistance of John Mattingly, P.E.; Walter Schultz, P.E.,  and Dr. 

Thomas Sputo, P.E., S.E.. 

 

 

 

                                                           
1
 Technical Advisor, Steel Deck Institute; and Consulting Structural Engineer, 

Luttrell Engineering. 
2
 Engineering Consultant, Steel Deck Institute; and Consulting Structural 

Engineer. 
3
 SDI Diaphragm Committee Chair; and Research Engineer, Nucor Corporation. 

4
 Technical Director, Steel Deck Institute; and Consulting Structural Engineer, 

Sputo and Lammert Engineering, LLC (tsputo50@gmail.com). 
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Baltimore, Maryland, U.S.A, November 9 & 10, 2016

389



Manual Format and Coverage 

 

The Diaphragm Design Manual, 4th Edition is divided into a Forward and 

thirteen sections as follows: 

 

Section 1 Introduction 

Section 2 Diaphragm Strength  

Section 3 Diaphragm Stiffness 

Section 4 Connections 

Section 5 Filled Diaphragms 

Section 6 Alternate Fastener Properties 

Section 7 Symbols 

Section 8 References 

Section 9 Fasteners, Warping, and Stiffness Properties 

Section 9A Proprietary Fasteners 

Section 10 Examples 

Section 11 Generic Diaphragm Load Tables 

Section 12 Proprietary Diaphragm Load Tables 

 

This new Fourth Edition improves the earlier 3rd Edition in several ways. 

1. The Manual complies with the analysis and design methods contained 

within the AISI S310 Standard.  The AISI S310 Standard puts the design 

method of the first three editions of the Diaphragm Design Manual into a 

building code enforceable standard.  The resistance and safety factors are the 

same as those in the Third Edition, (DDM03). 

 

2. The Manual contains 26 design examples illustrating the design and 

analysis of steel deck diaphragms, both roof and floor deck.  This is an increase 

over the previous edition which contained 16 examples. 

 

3. New examples include calculation of deflections of non-symmetric 

diaphragms, diaphragms with open areas, and perforated and acoustical deck.  

Additional examples also show the calculation of diaphragm strength and 

stiffness using the AISI S310 provisions. 

 

4. Examples include expanded discussion of the interaction of wind uplift 

with diaphragm strength. 

 

5. Fasteners included in the Manual include generic welds and mechanical 

fasteners in accordance with the strength and flexibility provisions of AISI 

S310, but also include fastener strengths calculated in accordance with the 
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previous DDM provisions, and proprietary screws and power actuated fasteners.  

The use of the previous DDM provisions and proprietary fasteners are permitted 

by AISI S310 as alternate fasteners with performance substantiated by testing. 

 

6. Diaphragm load tables are separated into two sections; calculated using 

the generic AISI S310 weld and screw provisions, and calculated using the 

previous 3rd Edition DDM fastener equations and proprietary fasteners. The 

same resistance and safety factors apply to both methods. 

 

7. The diaphragm buckling strength limit has been updated based on 

further testing and analysis by the AISI Diaphragm Subcommittee. 

 

8. Since the Second Edition, the strength of concrete filled steel deck 

diaphragms has been the sum of the strength of the deck, controlled by the 

fasteners, and the concrete fill.  AISI S310 and DDM04 place an upper limit on 

the contribution of the fasteners to 25% of the total diaphragm strength. 

 

 

Changes to Diaphragm Tables - Roof Deck 
 

Roof Diaphragms with Screws 
 

Changes to bare deck diaphragm strength and stiffness for diaphragms fastened 

using screws can be seen by comparing Figure 5 from DDM03 to Figures 6 and 

7 from DDM04.  These tables tabulate the strength and flexibility of 22 gage 

(0.0295 inch), 1-1/2 inch steel wide rib (WR) roof deck with #12 support screws 

and #10 sidelap screws. 

 

Assuming a 36/5 fastener patters with 3 sidelap screws per span, and a span 

length of 5 feet, we see the differences in Table 1. 

 

The values of K2, K4 and the Moment of Inertia are taken from other tables in 

DDM03 and DDM04.  The values of K4 and the Moment of Inertia changed in 

DDM04 due to slight revisions to the lower bound section properties of wide rib 

deck manufactured by SDI member companies.  The value of G' (diaphragm 

stiffness) is calculated from these values. 

 

Because the AISI S310-13 Standard permits the use of alternate fastener 

strength and flexibility formulations when substantiated by testing, the older 

DDM03 screw strength values can continue to be used, if desired.  The lower 

strength for the generic fasteners are due to the use of the AISI S100 screw 

strength equations which were incorporated into S310. 
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 Figure 5 - 

DDM03 

Figure 6 - 

DDM04 

(Generic) 

Figure 7 - 

DDM04 

(Proprietary) 

Nominal Shear Strength, Snf  670 plf 480 plf 670 plf 

Nominal Shear Strength, Snb 2050 plf 5580 plf 5580 plf 

K1 0.304 /ft 0.304 /ft 0.304 /ft 

K2 870 kip/in 870 kip/in 870 kip/in 

K4 3.78 3.55 3.55 

Dxx 758 ft 607 ft 607 ft 

Moment of Inertia 0.152 in
4
/ft 0.173 in

4
/ft 0.173 in

4
/ft 

G' 16.16 kip/in 19.54 kip/in 19.54 kip/in 

 

Table 1.  Comparison of Strength and Stiffness of Roof Deck with Screw 

Attachment 

 
 

Roof Diaphragms with Welds 
 

Changes to bare deck diaphragm strength and stiffness fastened with welds can 

be seen by comparing tables from DDM03 (page AV-6) and DDM04 (page 11-

5). These tables tabulate the strength and flexibility of 20 gage (0.00358 inch), 

1-1/2 inch steel wide rib (WR) roof deck with 3/4" arc spot welds at supports 

and 5/8" arc spot welds at sidelaps. 

 

Assuming a 36/5 fastener pattern with 3 sidelap welds per span, and a span 

length of 5 feet, in Table 2 we see the following: 

 

 DDM03 DDM04 

Nominal Shear Strength, Snf  1665 plf 1665 plf 

Nominal Shear Strength, Snb 2890 plf 7465 plf 

K1 0.184 /ft 0.184 /ft 

K2 1056 kip/in 1056 kip/in 

K4 3.78 3.55 

Dxx 567 ft 454 ft 

Moment of Inertia 0.198 in
4
/ft 0.210 in

4
/ft 

G' 26.03 kip/in 31.47 kip/in 

 

Table 2.  Comparison of Strength and Stiffness of Roof Deck with Welds 
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The diaphragm strength for welded diaphragms does not differ from what was 

found in DDM03.  The weld strength equation from DDM03 is the same as what 

is found in AISI S100 and S310 for thin sheets. 

 

 

Changes to Diaphragm Tables - Floor Deck 

 

Floor Diaphragms with Welds 

 

Changes to concrete filled deck diaphragm strength and stiffness fastened with 

welds can be seen by comparing tables from DDM03 (page AV-96) and 

DDM04 (page 11-29 and Figure 8). These tables tabulate the strength and 

flexibility of 20 gage (0.00358 inch), steel floor deck with 2-1/2 inches of 

structural concrete above the deck with 5/8" arc spot welds at supports and 5/8" 

arc spot welds at sidelaps. 

 

Assuming a 36/4 fastener pattern and a span length of 5 feet, in Table 3 we see 

the following: 

 

 Number of sidelap 

welds per span 

DDM03 DDM04 

Nominal Shear Strength, Snf  1 5835 plf 5980 plf 

Nominal Shear Strength, Snf 8 8030 plf 6535 plf 

 

Table 3.  Comparison of Strength of Welded Floor Diaphragm 

 
With one sidelap fastener per span, the diaphragm strength is approximately the 

same because the diaphragm strength is dominated by the contribution of the 

concrete fill.  However, when a large number of sidelap fasteners are added, the 

contribution of the fasteners to the diaphragm strength increases and is limited 

by the AISI S310 limit that the fasteners can contribute no more than 25% of the 

total diaphragm strength. 

 

In Figure 8 (DDM04 page 11-29), for this same 36/4 attachment pattern and 5 

foot span that for 3 or more sidelap fasteners there is no additional diaphragm 

strength due to this 25% fastener limit.  Likewise, for the same 36/4 attachment 

pattern with 4 sidelap fasteners, the diaphragm strength is the same for all deck 

spans up to 6 feet. 
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Example Highlights 

 

New examples added to the Manual increase the usability by illustrating 

commonly used applications which were not covered in DDM03. 

 

 
Figure 1.  Tension and Shear Interaction on Fasteners 

 

 
Figure 2.  Acoustical Deck Diaphragms 
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Figure 3.  Cellular Deck Diaphragms 

 

 

 
 

Figure 4.  Acoustical Cellular Deck Diaphragms 
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Conclusion 

 

The new SDI Diaphragm Design Manual, 4th Edition, represents a step forward 

for designers of buildings that incorporate steel deck diaphragms. 
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Figure 5.  DDM03 - 22 Gage Roof Deck - #12 Support Screw - #10 

Sidelap Screw 
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Figure 6.  DDM04 - 22 Gage Roof Deck - #12 Support Screw - #10 

Sidelap Screw (Generic) 
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Figure 7.  DDM04 - 22 Gage Roof Deck - #12 Support Screw - #10 

Sidelap Screw (Proprietary) 
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Figure 8.  DDM04 - 20 Gage Composite Floor Deck - 5/8 inch Arc Spot 

Weld Support and Sidelap Fasteners 
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