
SDI	  Webinar	  
Diaphragm	  Design	  with	  Steel	  Deck	  
Presented	  By:	  	  
	  	  	  	  	  Michael	  Mar2gne4	  –	  Canam	  Steel	  Corp	  
	  	  	  	  	  Mike	  An2ci	  -‐	  Vulcra@	  



Basis	  of	  Presenta-on	  

Available for Purchase at www.sdi.org 
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What	  is	  Steel	  Deck??	  
Ø 	  Profiled	  Steel	  Sec2ons	  Varying	  By	  Applica2on	  
Ø 	  Structural	  Building	  Component	  

Ø 	  Shapes	  Use	  Geometry	  to	  Maximize	  Strength	  to	  Weight	  Efficiency	  

Flute	  or	  	  
Corruga2on	  

Web	  (Ver2cal)	  Flange	  
Side	  Lap	  
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Manufactured	  via	  
Roll	  Forming	  



Types	  of	  Steel	  Deck	  

Roof	  Deck	  
	  	  	  	  -‐	  Structural	  Component	  Suppor2ng	  Built	  Up	  Roof	  
	  	  	  	  -‐	  Not	  Used	  With	  Concrete	  	  

Composite	  Deck	  	  
	  	  	  	  -‐	  Working	  PlaCorm	  +	  Stay	  In	  Place	  Form	  for	  Concrete	  
	  	  	  	  -‐	  Bonds	  with	  Concrete	  to	  Serve	  as	  Posi-ve	  Reinforcement	  for	  Slab	  

Non-‐Composite	  (Form)	  Deck	  	  
	  	  	  -‐	  Working	  PlaCorm	  +	  Stay	  In	  Place	  Form	  for	  Concrete	  
	  	  	  -‐	  Other	  Means	  of	  Slab	  Reinforcement	  Required	  
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Most	  Common	  Roof	  Decks	  
1	  ½”	  and	  3”	  Op-ons	  

B	  Deck	  
[Wide	  Rib	  (WR)	  Deck]	  

N	  Deck	  
[Deep	  Rib	  (DR)	  Deck]	  
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Other	  Op-ons	  for	  1	  ½”	  Deck	  
Narrower	  Low	  Ribs	  for	  Thin	  Insula-on	  Scenarios	  

F	  Deck	  
[Intermediate	  Rib	  (IR)	  Deck]	  

A	  Deck	  
[Narrow	  Rib	  (NR)	  Deck]	  
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Most	  Common	  Composite	  Decks	  
1	  ½”,	  2”	  and	  3”	  Op-ons	  
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Most	  Common	  Form	  Decks	  
9/16”	  and	  1	  ½”	  Op-ons	  

9/16”	  Non-‐Composite	  Deck	   1	  ½”	  Inverted	  Non-‐
Composite	  Deck	  
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Steel	  Proper-es	  

ASTM	  A1008	  –	  Cold	  Rolled	  
Steel	  
	  

ASTM	  A653	  –	  Galvanized	  Steel	  
(ASTM	  A924	  –	  Zinc	  Coa2ng)	  

AISI	  S100	  Sec-ons	  A2.1	  and	  A2.2	  

Other	  Steel	  Strengths	  Available	  

Deck	  Type Typical	  Gages Fy	  min Fu	  min
Roof 22	  -‐	  16 33	  ksi 45	  ksi

Composite 22	  -‐	  16 40	  ksi 52	  ksi
Form 26	  -‐	  20 60	  ksi 62	  ksi
Form 22	  -‐	  16 33	  ksi 45	  ksi
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Design	  References	  
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What	  is	  a	  Shear	  Diaphragm?	  
Building	  Components	  Work	  Together	  to	  Resist	  Horizontal	  Force	  

Example	  Shows	  Force	  Applied	  to	  Long	  Wall	  and	  Roof	  Ac-ng	  as	  a	  Diaphragm	  
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What	  is	  a	  Shear	  Diaphragm?	  

•  Maximum	  	  Shear	  (S	  =	  R/b)	  at	  Ends	  
	  

•  Shear	   Varies	   Across	   Building	   –	   See	   Shear	  
Diagram	  

Roof	  Deck	  Acts	  as	  a	  Short	  Deep	  Beam	  

14 
3/16/16 



A	  Closer	  Look	  at	  Roof	  Deck	  Diaphragm	  

Shear  
Collector 

Chord 
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Floor	  Deck	  Diaphragm	  

Bare	  Deck	  Can	  Be	  Used	  to	  
Resist	  Horizontal	  Forces	  
During	  Construc2on	  

Before	  Concrete	  Placement…	  

Concrete	  Does	  the	  Majority	  of	  the	  
Work	  in	  Resis2ng	  Much	  Higher	  
Forces	  than	  Deck	  Alone	  
	  

A@er	  Slab	  is	  Cured…	  
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Diaphragm	  Table	  from	  DDM04	  

Nominal 

No Change 

Page 11-12 18 



Edge 

Interior 

It’s	  All	  Sta2cs…	  

Shear 

Chord 
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Edge 

Interior 

It’s	  All	  Sta2cs…	  
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Fastener	  Limit	  States…	  

Sne = Sum of Horizontal Forces 
Sni = Sum of Moments 
Snc = Corner Fastener 

Interior 

Edge 
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Snb  - Will shear buckling ever control??  

Deck	  Limit	  State	  
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Sne = Edge Shear = 1160 plf 
Sni = Interior Shear = 680 plf 
Snc = Corner Shear = 689 plf 
Snb = Buckling Shear = 7465 plf 

Understanding how shear limit states and how shear tables are developed 
results in more efficient design, faster erection, and the confidence to 

address alternates and field concerns.  

Back	  to	  the	  Table…	  
Page 11-12 
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DDM04	  Tables	  Have	  Fixed	  Parameters…	  

3 Span Sheets 

Minimum Yield Strengths 
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Sne = Edge Shear = 1160 plf 
Sni = Interior Shear = 680 plf 
Snc = Corner Shear = 689 plf 
Snb = Buckling Shear = 7492 plf 

3 span, Fy=33 ksi, 20 gage               1160           680             689             7492 

Sne              Sni              Snc               Snb 

3 span, Fy=50 ksi, 20 gage               1676           989             996             7492 

2 span, Fy=50 ksi, 22 gage               1314           772             793             5476 

2 span, Fy=60 ksi, 22 gage               1371           810             831             5476 

Effect	  of	  Varying	  Parameters	  

Page 11-12 
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Ω and	  φ	  Factors	  
No Change from DDM03 to DDM04!!! 

Page 2-13 
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Addi2onal	  Applica2ons	  Referenced	  

Deep	  Deck	  and	  Cellular	  Diaphragms	  

Perforated	  Deck	  Diaphragms	  

Diaphragm	  with	  Skewed	  Walls	  

Steel	  Deck	  Diaphragms	  on	  Cold-‐Formed	  Steel	  Framing	  

SDI White Paper, " Perforated Metal Deck Diaphragm Design” (Luttrell, 2011) 

SDI White Paper, "Deeper Steel Deck and Cellular Diaphragms” (Luttrell, 2005) 

SDI White Paper "Diaphragm Analysis with Skew Walls" (2014) 

Follow Principles in AISI S310, Examples on AISI Website 
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Db = 5wL4/384EI 

Ds = wL2/8bG’ 

Dt = Db + Ds  

Shear deformation, Ds,  
depends on a modified 
shear modulus, G’ 
 

Stiffness ? Deflection ? 

Load 
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Stiffness ? Deflection ? 

G      shear  modulus

G’
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Does this look overly complicated? Yes, until we recognize for 
any given deck, the shape, fastener pattern, modulus of 
elasticity and Poisson’s ratio are fixed. The only variables are : 

Panel length, L 
Panel thickness, t 
Fastener stiffness, Sf Ss 

Stiffness ? Deflection ? 
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K4, Dxx, K1 revised in DDM04 

Stiffness ? Deflection ? 
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K1 = f (fasteners) = 0.561 
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K2 = Et = 1056 
 
K4 = f (shape) = 3.55  
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D20 = 643 
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Stiffness ? Deflection ? 

                            G’  <  14.3 Flexible
14.3  <  G’  <  100 Semi-‐Flexible              
100  <  G’  <  1000 Semi-‐Rigid  
                          G’  >  1000 Rigid
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With perforations in the web, warping increases but only fractionally. 
D20accoutical = 645. Ds changes < 1% 
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Filled	  Diaphragms	  

Welded Wire Fabric Shown For Temperature and Shrinkage 
Not Required for Diaphragm Design 
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Shear	  Strength	  

Shear Strength = Strength of Deck + Strength of Concrete 
Deck Strength Contribution Limited to 25% of Total Shear Capacity 
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Structural	  Concrete	  

Insula/ng	  Fill	  
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Why are tables based upon 2 ½” of topping? 
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Ω and	  φ	  Factors	  
No Change from DDM03 to DDM04!!! 

Page 5-6 

44 
3/16/16 



Shear	  S'ffness	  
Bare deck 

Filled deck 

Dxx = 0 

K3 = 3.5 dc f’c0.7 

Deck  
contribution 

Concrete  
contribution 
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Supports	  
• 	  Welds	  
• 	  Screws 	  	  
• 	  Pins	  (Powder	  Actuated	  or	  Pneuma2c)	  

Fasteners	  
ü 	  During	  construc2on	  they	  secure	  the	  sheets	  from	  sliding	  

ü 	  Cri2cal	  for	  horizontal	  (diaphragm)	  shear	  loads	  and/or	  upli@	  

Side	  Laps	  
• 	  Welds	  
• 	  Screws 	  	  
• 	  Bufon	  Punches	  
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Arc	  Spot	  
Welds	  

(Puddle	  Welds)	  Typical	  Welding	  Electrodes	  
E60xx	  Minimum	  (E6022	  Common)	  Sheet	  Steel	  Welding	  AWS	  D1.3	  

Weld	  Washers	  Only	  For	  Gages	  Less	  than	  22	  (Not	  Including	  22	  gage)	  

Per	  SDI	  No	  More	  Than	  1/16”	  Gap	  	  
Between	  Deck	  and	  Support	  
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Mechanical	  Fasteners	  
Screws	   Pins	  

• 	  Typical	  for	  Afachment	  to	  Light	  Gage	  Framing	  
• 	  Also	  Used	  for	  Steel	  Joist	  or	  Beam	  Supports	  	  
	  	  	  Especially	  with	  Fastener	  Manufacturer	  Tools	  
• 	  Draw	  Deck	  Down	  to	  Supports	  
• 	  No	  Fire	  Watch	  
• 	  #10,	  #12,	  #14,	  ¼”	  Diameters	  (#12	  Most	  Common)	  
• 	  Drill	  Points	  No.	  3	  thru	  5	  
• 	  	  Performance	  Based	  on	  Specific	  	  
	  	  	  Manufacturer	  

Drill	  Point	   Max	  Total	  Material	  Thickness	  
3	   5/32"	  
4	   5/16"	  
5	   1/2"	  

• 	  Powder	  Actuated	  or	  Pneuma2c	  
• 	  Quick	  Installa2on	  
• 	  No	  Fire	  Watch	  
• 	  Performance	  Based	  on	  Specific	  	  
	  	  	  Manufacturer	  

49 
3/16/16 



A^achment	  Pa^erns	  
(Deck	  Panel	  Coverage	  (inches)	  /	  #	  Fasteners	  Per	  Sheet	  at	  Each	  Support)	  
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Side	  Lap	  Fasteners	  
Welds	  

• 	  Arc	  Spot	  or	  Fillet	  
• 	  Difficult	  to	  Make	  for	  Lighter	  Gages	  
• 	  Not	  Recommended	  for	  22	  Gage	  or	  Thinner	  

Screws	  
• 	  Easy	  Installa2on	  if	  Horizontal	  Runout	  Exists	  
• 	  Visible	  from	  Underside	  

Bu^on	  Punches	  
• 	  Must	  Have	  Interlocking	  Side	  Lap	  
	  
East	  Coast	  -‐	  Standard	  Bufon	  Punch	  
West	  Coast	  -‐	  Proprietary	  Systems	  that	  Crimp	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  and	  Pierce	  Interlock	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  Tested	  to	  Achieve	  High	  Shears	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  Special	  Installa2on	  Tools	  by	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Manufacturer	  
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Fastener	  Loads	  

Sn 

A = Axial 
Sn = Shear 
T = Tension 
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A  

A  

T  

T  
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Fastener	  Loads	  

Significant	  Changes	  from	  	  
DDM03	  to	  DDM04…	  

Differences	  Between	  
DDM03	  and	  AISI	  S100	  	  	  

DDM04	  Now	  Uses	  AISI	  S310	  
(S100)	  Equa2ons	  

AISI	  S310	  Allows	  Alternates	  so	  
DDM03	  Listed	  as	  Alternate	  
Equa2ons	  
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Weld Shear 

Weld Tension 

da 

de 

d 

Arc	  Spot	  Weld	  Strength	  
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Screw Shear 

Screw Tension 

dw 

d 

Screw	  Strength	  
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Side	  Lap	  Fastener	  Strength	  



Shear-‐Tension	  Interac0on	  (ASD)	  
Arc Spot Welds 

Ωt = 2.5 

Screws (Pull-Over) 
Ωd = 2.35 
Ω = 2.35 

Screws (Pull-Out) 
Ωd = 2.35 
Ω = 2.55 

Screws (Tensile Breaking Strength) 
Ωt = 3.0 
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Alternate	  Fasteners	  
Values	  from	  DDM03	  S-ll	  Applicable	  as	  Alternate	  Fasteners	  
Permi^ed	  by	  AISI	  S310	  (D1.1.3)…	  

•  Arc Spot Welds 
•  Button Punches (Generic) 
•  Elco (Stanley) 
•  Hilti 
•  ITW Buildex 
•  Pneutek 
•  Simpson Strong Tie 
•  Triangle Fastener Corp 
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References	  
Over	  40	  References	  U-lized	  
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Lots	  of	  Informa-on…	  

•  Typical Fastener Layouts 

•  Stiffness Equations and Values 

•  Default Deck Thickness and Strength Values 

•  Moment of Inertia Values 

•  Shear Stud Strength 

•  Fastener Strength and Flexibility Values 
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K	  Values	  for	  S-ffness	  

Pages 9-4 thru 9-5 
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Proprietary	  Fasteners	  

•  Buildex, Elco, Hilti, Simpson, or Triangle #12 or #14 Screws 

•  Hilti ENP-19L15, ENP2K, X-HSN24, etc Pins 

•  Pneutek SDK61, SDK63, K64, K66 Series Pins 

•  Buildex BX-12, BX-14 Pins 

•  Simpson Strong Tie XL Screws 

(Tabular	  Data	  for	  Alternate	  Fasteners)	  
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Examples	  
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Examples	  
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Example	  #7	  –	  Roof	  Design	  

Total	  Diaphragm	  =	  288	  +	  110	  plf	  =	  398	  plf	  
Reac-on	  to	  End	  Wall	  =	  398	  plf	  x	  400	  k	  /	  2	  =	  79.6	  kips	  
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Zone	  1	  =	  398	  plf	  

Look	  at	  Crea7ng	  Diaphragm	  Zones	  to	  Op7mize	  Design…	  

Choose	  3	  Symmetric	  Zones	  	  
at	  80’	  Each	  

Zone	  2	  =	  47.7	  kips	  /	  200	  k	  	  =	  239	  plf	  	  

Zone	  3	  =	  15.9	  kips	  /	  200	  k	  	  =	  80	  plf	  	  
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Try	  22	  Gage	  Wide	  Rib	  (B)	  Deck	  
Support	  Spacing	  =	  5’-‐0”	  o.c.	  

plfplf 538
35.2

1265
=

plfplf 302
35.2

710
=

plfplf 200
35.2

470
=

Zone	  1	  =	  398	  plf	  

Zone	  2	  =	  239	  plf	  

Zone	  3	  =	  80	  plf	  

Shear	  (Sn)	  
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Verify	  Panel	  Buckling	  Does	  Not	  Control	  

plfplfSnb 2790
00.2

5580
==

Buckling	  Strength	  Much	  Higher	  Than	  Fastener	  Controlled	  Limits	  

Page 11-11 
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Dxx	  Values	  From	  Table	  9-‐6	  
36/9	  Pafern	  =	  103	  
36/5	  Pafern	  =	  607	  
36/4	  Pafern	  =	  860	   Zone	  1	  

Zone	  2	  

Zone	  3	  

S7ffness	  (G’)	  

Pages 9-4 thru 9-6 
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Deflec7on	  

See	  Example	  5	  For	  Determina-on	  of	  Deflec-on	  Equa-ons	  Using	  Shear	  Area…	  
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Pages 11-5 





Pages 12-10 
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Ques%ons???	  

SDI	  Managing	  Director	  –	  Bob	  Paul	  
Office	  Loca8on	  –	  Pi9sburgh,	  PA	  
Phone	  –	  (412)	  487-‐3325	  
Email	  –	  bob@sdi.org	  
Website	  –	  www.sdi.org	  

Get	  Your	  Copy	  Today!!!	  
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