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Diaphragm System Performance
Diaphragm system strength and stiffness is determined through structural 
system tests and small element connection tests.  One type of test should not 
be considered a substitute for the other…the tests complement one another.



Multiple test laboratories, manufacturers and research universities
maintain similar diaphragm test equipment



AISI Lap Joint Shear Tests
Steel Deck Fastened to 3/8 Inch Base Steel 

with Hilti X-ENP-19 Power Actuated Fasteners (2)
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Qualification testing – small element connections
AISI S905-08 test method for mechanically fastened cold-formed steel connections (lap-
joint shear)

Displacement within gage length LG – in.

Small scale connection performance provides only a basis for understanding of the diaphragm system behavior.
What it misses: edge effects of steel deck panels, endlaps influence, diaphragm system effects among others…
Under this AC43 draft, essentially to qualify a fastener for diaphragm use, less tests are required than even for an 
AC118 screw fastener qualification, despite the fact that the connections are a critical part of a larger structural 
system that’s recognized for seismic resistance!



Seismic Diaphragm Testing

Cyclic / seismic testing is not currently part of AC43, but similar to AC230 and 
AC269 racking shear wall tests, this should be included to verify the ductility of the
diaphragm system.  Similar to AC118, AC120, AC193 and AC308, various product
performance levels should be allowed / recognized.



Independent Research on Arc Spot Welds for Steel Deck

 Recent research at Virginia Tech has found that proper arc spot welding of steel deck takes an 

average of 8.1 seconds per weld for a 5/8 in. arc spot puddle weld and 12.8 seconds per weld for a 

3/4 in. arc spot puddle weld

 Arc time has a tremendous effect on weld strength (reference graph)

 Arc spot welding of double deck layers up to 0.15 in. is possible, although the strength scatter 

increases significantly

 Arc spot welding of four deck layers is not

possible to make in 22 to16 ga thickness.  Arc

spot welds should not be made in four layer 

conditions

 Research recommendation is to improve

the AWS welding qualification procedure to

include weld time
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Arc Time vs. Weld Strength

Relative Weld Time (%)

Research Report on Strength of Arc-Spot Welds made in Single and 
Multiple Steel Sheets.  Gregory L. Snow and W. Samuel Easterling, 
Virginia Polytechnic Institute and State University, June 2008; 
19th International Specialty Conference on Cold-Formed Steel 
Structures,October 2008.



Steel Deck – Frame Fasteners after Cyclic Loading

Source: INELASTIC SEISMIC RESPONSE OF METAL ROOF DECK DIAPHRAGMS FOR STEEL BUILDING STRUCTURES.  Hesham 

S. Essa, Robert Tremblay and Colin A. Rogers, 12th European Conference on Earthquake Engineering, Paper Reference 482

Weld Screw Powder-Actuated

“Welded deck-to-frame fasteners provide diaphragms with limited ductility 
capability.  Substantial degradation of strength occurs when the diaphragm 
is subjected to cyclic loading within the inelastic range”



Inelastic Seismic Response of Frame Fasteners for Steel Roof Deck Diaphragms
J. Struct. Engrg. Volume 129, Issue 12, pp. 1647-1657 (December 2003) 
Issue Date: December 2003
Colin A. Rogers1 and Robert Tremblay2

1Assistant Professor, Dept. of Civil Engineering and Applied Mechanics, McGill Univ., Montreal QC, Canada H3A 2K6. 
2Professor, Dept. of Civil, Geological and Mining Engineering, École Polytechnique, Montreal QC, Canada H3T 1J4.

An experimental program was undertaken to investigate the inelastic seismic response of metal deck 
roofing systems. The load carrying capacity of roof diaphragms for low-rise steel buildings, subjected to 
lateral loads from wind and/or earthquakes, is directly dependent on the performance of the connections. 
This paper provides information on the inelastic cyclic response, including load versus displacement 
hysteresis and energy absorption capacity of 144 deck-to-frame screwed, powder-actuated fastener, and 
welded connection tests for different steel deck and structure thickness. Powder-actuated fastener
connections were able to provide the highest energy dissipation results, followed closely by screwed 
connections. In many cases, the welded connections exhibited significant ultimate capacities, but failed at 
small displacements, resulting in low energy dissipation values. However, when welds with washers were 
used, the ductility and energy absorption ability of the connection were substantially improved. 

© 2003 American Society of Civil Engineers



Behavior of Roof Deck Diaphragms under Quasi-static Cyclic Loading
J. Struct. Engrg. Volume 129, Issue 12, pp. 1658-1666 (December 2003) 
Issue Date: December 2003 
Hesham S. Essa1, Robert Tremblay2 and Colin A. Rogers3

1Post-Doctoral Research Associate, Dept. of Civil, Geological, and Mining Engineering, Ecole Polytechnique, Montreal PQ, 

Canada H3C 3A7. 
2 Professor, Dept. of Civil, Geological, and Mining Engineering, Ecole Polytechnique, Montreal PQ, Canada H3C 3A7. 
3 Assistant Professor, Dept. of Civil Engineering and Applied Mechanics, McGill Univ., Montreal PQ, Canada H3A 2K6.

A series of 18 large-scale tests was carried out on corrugated cold-formed steel deck diaphragms for single-
story buildings to investigate the diaphragm's ability to function as the main source for absorbing earthquake 
induced energy through inelastic behavior. Tests were performed using a cantilever type configuration for the 
test setup, in which the steel deck was laid in a horizontal plane. Diaphragm assemblies made with 0.76 and 
0.91 mm thick metal deck sheets and with nine combinations of deck-to-frame and deck-to-deck (side lap) 
fasteners were tested. For each fastening combination, two tests were conducted: monotonic and quasistatic 
cyclic. Both the strength and failure modes under quasistatic cyclic loading are different from those under 
monotonic loading. Test results indicate that diaphragms with welded deck-to-frame fasteners without washers 
have limited ductility and cannot sustain cyclic loading at relatively large displacement amplitudes. The use of 
mechanical and welded-with-washer deck-to-frame fasteners enhances the strength, ductility and energy 
dissipation characteristics of the diaphragm considerably. 

© 2003 American Society of Civil Engineers 



Tri-Services Manual 1992

Allowance was made in the Tri-Services Manual 1992 for use of other 
fastening methods besides welding:

(5) Nonwelded fasteners. Fastening methods other than welds—
such as self-drilling, powder actuated, or pneumatically driven
fasteners—may be used provided that equivalence to the welded 
method can be shown by approved test data. The results of such 
test data will be presented by means of equations or tables for q 
and F in a manner similar to that used in paragraphs 5-9b, 5-9c, 
and 5-9d.

- Pages 5-17 & 5-18



Tightly Nested Endlaps



4 Layer Condition – Nestable Steel Deck Panel 
(22 ga) 

Tight nesting



Welded Endlap Connection

Loose endlap / corner connection
Weld capacity could be questionable (ref. Easterling research)



Short Sidelap Edge on Steel Deck Panel

Nestable steel deck panels 
can be manufactured this 
way.  The sidelap edge
may not extend for a full
lap across the lower flute.

Nestable steel deck panel may have a complete / full 
sidelap edge where it nests on top of the adjacent 
steel deck panel. It may also have a “short” sidelap 
edge.  This condition is only captured in the full-scale 
diaphragm system test (AISI S907).



Loose Edge – Interlocking Steel Deck Panel 
Typical with 18 and 16 ga.

What happens 
when you weld 
this?



AC120

Section 4.2 “…Full-scale horizontal diaphragm and vertical shear wall 

testing is required if the evaluation report applicant requests allowable 

load capacities of the assemblies constructed with the wood screws to be 

greater than those prescribed by the code for assemblies constructed with 

nails."

ICC-ES has established a precedent for 
allowing the development of diaphragm 
performance data based on full-scale 
system level tests (ref. AC120).

The current AC43 draft implies that any 
performance data in the SDI DDM03
is “final” and can’t be improved upon...
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