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What is Steel Deck??
» Profiled Steel Sections Varying By Application

» Structural Building Component

» Shapes Use Geometry to Maximize Strength to Weight Efficiency

Side Lap

Flange Web (Vertical)

STEEL DECK

Flute or
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Manufactured via
Roll Forming
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Types of Steel Deck
Roof Deck )

- Structural Component Supporting Built Up Roof
- Not Used With Concrete

71\

Composite Deck
- Working Platform + Stay In Place Form for Concrete
- Bonds with Concrete to Serve as Positive Reinforcement for Slab

Non-Composite (Form) Deck
- Working Platform + Stay In Place Form for Concrete
- Other Means of Slab Reinforcement Required

70N 6
N
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Most Common Roof Decks
1% " and 3” Options

| 23/4" (70mm)

2-1/2" (TOmm) Max.  1-1/2" (38mm) i | 3" (75mm)
- - '
Y gumn W s W sumn W s W WY aum W j U U \_r__
| | 1-9116" (40mm) Min. e |1 8°|200mm) | |
(150mm) | 11/2" (38mm)
- - 24" (600mm) Coverage
36" (800mm) or 30" (750mm) Coverage
B Deck N Deck
2 Wide Rib (WR) Deck Deep Rib (DR) Deck] [ e o
e 7de b (WR) Deck] [Deep Rib (DR) T
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Other Options for 1 %~ Deck

Narrower Low Ribs for Thin Insulation Scenarios

IAN /2" lu 25 M ) l l/2"
| | 1 3/4" (45mm) Max. 11/2 (38mm)‘ _"H'._ (25mm) Max (38mm)‘
" \V} L ¥ 4 \J \VJ \V/ wl: \ \ |V \Vj Vv ) VP

__|_| 12" (12mm) Min. | ¢ | | || 3/8" (10mm) Min. | 6"
(150mm) (150mm)
36" (900mm) or 30" (750mm) Coverage 36"(900 mm) or 30" (750mm) Coverage
F Deck A Deck
[Interr?ediate Rib (IR) Deck] [Narrow Rib (NR) Deck] (o [
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Most Common Composite Decks
1%”, 2" and 3” Options

112" LS \'{ LS a Y an VanWany 1127 /'L\ r[\ Ip O U
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Most Common Form Decks
9/16 "and 1 % ” Options

307, 35", or 36"

9/16” Non-Composite Deck

3/16/16

1-1/2"

LU WY W U T e
6“

36

1%” Inverted Non-
Composite Deck
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Steel Properties
AISI S100 Sections A2.1 and A2.2

ASTM A1008 — Cold Rolled
Steel

ASTM A653 — Galvanized Steel
(ASTM A924 — Zinc Coating)

'’

Deck Typé Typical Gages | F, min | F, 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

Other Steel Strengths Available

3/16/16
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Design References

e
Institute
AISI STANDARD

North American Standard
for the Design of Profiled
Steel Diaphragm Panels

2013 EDITION
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What is a Shear Diaphragm ?

Building Components Work Together to Resist Horizontal Force

SUCTION

" ROOF PLANE

PRESSURE

Example Shows Force Applied to Long Wall and Roof Acting as a Diaphragm

i
N\/7Z STEEL DECK
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What is a Shear Diaphragm ?

Roof Deck Acts as a Short Deep Beam

Figure 1.2 - Roof Diaphragm
 Maximum Shear (S = R/b) at Ends

STEEL DECK

FRy * Shear Varies Across Building — See Shear
E;J\E 1 iNsTITUTE ll @
Qs “Diagram 3/16/16 Sl ).




AW AW AW AR WA WA WE WA\ YA\ WA\ WA ' U A U A A W

A Closer Look at Roof Deck Diaphragm

Shear

Collector /

Chord

15
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" Floor Deck Diaphragm

Before Concrete Placement...

Bare Deck Can Be Used to
Resist Horizontal Forces
During Construction

After Slab is Cured...

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

If
2
If

16
3/16/16

gé
Z

STEEL DECK
INSTITUTE

S

®



TABLE OF CONTENTS

SECTION 1 Introduction 1-1
SECTION 2 Diaphragm Strength 2-1
SECTION 3 Dliaphragm Stiffness 3-1
SECTION 4 Connections 4-1
SECTION 5 Fllled Dlaphragms 5 -1
SECTION 6 Alternate Fasteners 6 -1
SECTION 7 symbols 7 -1
SECTION 8 References 8-1
SECTION 9 Fasteners, Warping, and Stiffness Properties 0 -1
SECTION 9A  rProprietary Fasteners 0A-1
SECTION 10 Examples 10 -1
SECTION 11 Generic Diaphragm Load Tables 11 -1
SECTION 12 Proprietary Diaphragm Load Tables 12-1

STEEL DECK
INSTITUTE

S

®



Diaphragm Table from DDMO04

1.5(WR, IR, NR)20 F= 45 ksi Loading e Qu
Design thickness = 0.0358 in. F,= 33 ksi Seismic 0.55 3.00
Support fastening: 5/8 in. arc spot welds or equivalent Fo= 60 ksi Wind 0.70 235
Side-lap fastening: #10 screws Other 0.60 265 V\
Nominal Shear Strength, S,,, pif'* No Chang e
Fastener] Side-lap Span, ft. \ Ky
Layout JConn/Span 4 45 5 55 6 6.5 7 7.5 8 \1#!} .
0 1670 | 1485 | 1330 5357 1 Nominal
1 1785 1605 1440 1300 1185 0.299
2 1895 1710 1550 1400 1275 1170 1080 1005 935 0.258
36/9 3 2000 1810 1650 1505 1370 1260 1160 1075 1005 0.226
4 2105 1910 1745 1600 1465 1345 1240 1150 1075 0.202
S 2205 2005 1835 1685 1555 1430 1320 1225 1145 0.182
6 2300 2095 1920 1770 1640 1515 1400 1300 1215 0.166
0 1035 915 820 0.535
1 1170 1040 930 840 765 0415
2 1290 1160 1040 940 860 790 730 680 630 0.340
367 3 1410 1270 1150 1045 950 875 810 750 700 0.287
4 1525 1375 1250 1145 1045 960 890 825 770 0.249
S 1635 1475 1345 1235 1140 1045 970 900 840 0.219
6 1740 1973 1440 1320 1220 1133 1050 972 910 0.196
e ————— 0.802
1 835 755 680 615 560 0.561
2 935 850 780 715 655 600 555 515 480 0.431
36/4 3 1035 940 865 800 740 685 635 585 550 0.350
4 1120 1025 945 875 815 760 710 660 615 0.294
5 1200 1105 1025 950 885 830 775 730 685 0.254
6 1275 1180 1095 1020 950 895 840 790 750 0.224
STEEL DECK
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It” s All Statics...
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It” s All Statics...
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. Fastener Limit States...

Py
3 v S,. = Sum of Horizontal Forces
S,; = Sum of Moments
. S, . = Corner Fastener
21 H
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Deck Limit State
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Back to the Table...

Page 11-12

c—3

S, = Edge Shear = 1160 plf
S, = Interior Shear = 680 plf
S,. = Corner Shear = 689 plf

S,, = Buckling Shear = 7465 plf

Nominal Shear Due to Panel Buckling, S, pif
Deck | Span, f
Profile in‘/ft - 4.5 5 5.5 6 6.5 7 7.5 8
NR 0.138 8467 6690 5419 4478 3763 3206 2765 2408 2117
IR 0.151 9177 7251 = 4854 4079 3475 2997 2610 2294
WR 0.210 11665 9216 6170 5184 4417 3809 3318 2916

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.
R
N2

A'sTiro
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DDMO4 Tables Have Fixed Parameters...

Shear

3 Span Sheets

Qs

Minimum Yield Strengths

STEEL DECK
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Effect of Varying Parameters

725 640
835 755

935 850
36/4

O s W N - O

I] Page 11-12 ‘I

3 span, F,=33 ksi, 20 gage
3 span, F,=50 ksi, 20 gage
2 span, F,=30 ksi, 22 gage
2 span, F,=60 ksi, 22 gage

IR
| = SJI = |
W #
s’

S, = Edge Shear = 1160 plf
S, = Interior Shear = 680 plf

1030 940 _ _
1115 | 1025 | ods S,. = Corner Shear = 689 plf
e | e | e S., = Buckling Shear = 7492 plf

She Sh Snc Shb
1160 680 689 7492
1676 989 996 7492
1314 772 793 5476
1371 810 831 5476
3/16/16 %mum i
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€2 and ¢ Factors

No Change from DDMO03 to DDMO04!!!
Page 2-13 ‘I
Table 2.4 Resistance and Safety Factors
Load Type Limit State
or Connection Connection Related Panel Buckling
Combination Type Qg Dy Dy Qg Dy Dy
Including (ASD) (LRFD) (LSD) (ASD) (LRFD) (LSD)
Welds 3.00 0.55 0.50
Earthquake
Screws 2.50 0.65 0.60
_ Welds 2.35 0.70 0.65
Wind 2.00 0.80 0.75
Screws 2.35 0.70 0.65
Welds 2.65 0.60 0.55
All Others
Screws 2.50 0.65 0.60

Note: Resistance factors for Limit State Design (LSD) are applicable to Canada and are

Included for completeness. LSD is not otherwise covered in this Manual.

)

7\, STEEL DECK

26 INsTITUTE Bl @
Cours? 3/16/16 Sal |,

(



Additional Applications Referenced
Diaphragm with Skewed Walls

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

g

Deep Deck and Cellular Diaphragms

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

Perforated Deck Diaphragms

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

Steel Deck Diaphragms on Cold-Formed Steel Framing

Follow Principles in AISI S310, Examples on AlS| Website

é@& STEEL DECK
ERTEl insTITUTE B @
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Stiffness ? Deflection ?

I -------------------- D, = wL?/8bG’
/,’:::"'—‘——————— -------\"‘*::I:\ D, = 5wL#/384EI
7 “
D, =D, + D,
Shear deformation, D,
depends on a modified
shear modulus, G’
A s a z S a 5 z &
REEEEREERSRRER
L
f/\\/ﬁ% oad
BN

ZI 30
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Stiffness ? Deflection ?

i
N2
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Stiffness ? Deflection ?

’ _ Et
GS310_ S EtSf 2L K
2[1+pu]7 + ycDp +

2 + +2 —f
a3 + npa n
3 P4 SSq

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, S; S

STEEL DECK
INSTITUTE @2
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Stiffness ? Deflection ?

Gl _ KZ
DDM03 — .
K, + °3L1;xx + 3Ky Ly
GI _ KZ
DDM04 = 3D
K, + OSvax + 3K Ly

s = Flange + 2 web + Flange

K, D,,, K, revised in DDMO04

STEEL DECK
INSTITUTE @2
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| = SJI =

1.5(WR, IR, NR)20 F= 45 ksi Loading O Qg
Design thickness = 0.0358 in. F= 33 ksi Seismic 0.55 3.00
Support fastening: 5/8 in. arc spot welds or equivalent Fo= 60 ksi Wind 0.70 2.35
Side-lap fastening: #10 screws Other 0.60 2.65
Nominal Shear Strength, S,,. pif *
Fastener] Side-lap Span, ft. K,
Layout JConn/Span 4 4.5 5 55 6 6.5 7 7.5 8 1/ft
0 725 640 570 V.oue
1 835 755 680 615 560 0.561
2 935 850 780 715 655 600 555 515 480 0.431
36/4 3 1035 940 865 800 740 685 635 585 550 | 0.350
4 1120 1025 a45 875 815 760 710 660 615 0,294
5 1200 1105 1025 950 885 830 775 730 685 0.254
6 1275 1180 1085 1020 950 895 840 790 750 0.224

.‘\-\\' 3

W,
o

N\
\
O

&

34
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L K, = f (fasteners) = 0.561
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Table 9-1 Value of K, Table 9-3 Value of K,

Thickness K

Gage ' — szI Deck Profile Ka
n mm. P mm 1.5 NR roof deck 3.62

26 0.0179 0.45 528 91
24 | 00239 | 060 705 122 1.5 IR roof deck 345
22 0.0295 0.75 870 152 1.5 WR roof deck 3.95
20 0.0358 0.91 1056 185 3 DR roof deck 418

18 0.0474 1.20 1398 44
16 0.0598 152 1764 309 9/16" x 2.5" form deck 3.20
1.5" x 6" composite deck 3.55
2" x 12" composite deck 3.14
3" x 12" composite deck 3.54

K, = Et = 1056

K, = f (shape) = 3.55

s = Flange + 2 web + Flange

STEEL DECK
INSTITUTE -3
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Table 9-6 Deck Warping Factors

Typical Fastener Patterns
Warping Constant, D_, ft

E;;: Pt::‘f:l'l(e Fl::tttee'::r o | Zldwy’ 17“ sid | A D26 024rp 322 D20 | D18 | D16

WR 1.365 103 77 | 51 36

IR 36/9 3.000 | 1278 | 2333 | 1325 | 2 | - - 186 | 139 | 92 65

NR 1.393 318 | 238 | 156 | 110

WR 1.365 103 77 | 51 36

IR 36/7 2.000 | 0.778 | 2.000 | 1.325 | 1 - - 186 | 139 | 92 65

NR 1.393 318 | 238 | 156 | 110

WR 1.365 607 | 454 | 298 | 210

IR 36/5 1.667 | 0.722 | 1.333 | 1.325 | 1 - - 637 | 477 | 313 | 221

1.5" NE 1.393 857, 841 | 421 | 297
Roof

Deck WR 1.365 86( | 643 | 422 | 298

=1 36/ 1.333 | 0.556 | 1.000 | 1.325 | 1 - - 863 24 | 299

NR 1.393 1126 | 842 | 553 | 390

WR 1.365 103 77 | 51 36

IR 30/6 1.800 | 0.700 | 2.000 | 1.325 | 1 - - 186 | 139 | 92 65

NR 1.393 318 | 238 | 156 | 110

WR 1.365 1102 | 824 | 541 | 382

IR 30/4 1600 | 0.680 | 1.200 | 1.325 | 1 - - | 1090 | 815 | 535 | 377

NR 1.393 1410 | 1054 | 692 | 488

D,, = 643

s ’ . ¢ N . \
Cama==’ . v Cama=n’ .

STEEL DECK
INSTITUTE
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Stiffness ? Deflection ?

Gl _ KZ
DDM04 — 03D
K, + Txx + 3Ky Ly

G’ ( 1056 )
0.3 (643)
3.55 + “Srt + 3(0.561) 5ft

G' = 20.89 kips/in

1000
Gl

F = ="2 = 48 in/Ibf

G’ <14.3  Flexible
14.3<G <100 Semi-Flexible
100< G’ <1000 Semi-Rigid

G’ >1000 Rigid

insTiTuTE Ml @
37
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Table 9-6 Deck Warping Factors

Typical Fastener Patterns
Warping Constant, D_, ft

IT);;: Proie | Pattern | @ | Zoow? | o | sa | A D26 | D24 T gzz D20 | D18 | D16

WR 1.365 103 77 51 36

IR 36/9 3.000 | 1.278 | 2333 | 1.325 | 2 - - 186 | 139 92 65

NR 1.393 318 238 | 156 110

WR 1.365 103 77 51 36

IR 36/7 2.000 | 0.778 | 2.000 | 1.325 | 1 - -- 186 | 139 92 65

NR 1.393 318 238 | 156 110

WR 1.365 607 454 | 298 210

IR 36/5 1.667 | 0.722 1.333 | 1.325 | 1 - -- 637 477 | 313 221

15" | NR 1.393 857 —e+——421 | 297
Roof

Deck | WR 1.365 86 | 643 | 402 | 298

IR 36/4 1.333 | 0.556 1.000 | 1.325 | 1 -- -- 863 645 | 424 299

NR 1.393 1126 842 | 553 390

With perforations in the web, warping increases but only fractionally.
D20accoutica| = 645. Ds changes <1%

STEEL DECK
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Filled Diaphragms

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

@ STEEL DECK

INSTITUTE -3
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Shear Strength

kbd.~/f'c

BQs

o T o 7

BQ ,
Sp =L+ kbd \[f'c

Shear Strength = Strength of Deck + Strength of Concrete

Deck Strength Contribution Limited to 25% of Total Shear Capacity
m/% STEEL DECK
(= SJ1=]

INSTITUTE -3
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Structural Concrete S, = % + kbd, /'

1.5

w
585(103)
Wmin > 110 pcf
b=12"
2"<d,.<6"

f'c > 2500 psi

k=

Insulating Fill

k = 0.0013 without insulating board
k = 0.0064 with insulating board
Wmin > 30 pcf

b =12"

d. > 2" (tables use 2 1/2 "

f'c> 125 psi

STEEL DECK
INSTITUTE -3

3/16/16 Sal |,




F.= 52 ksi Bare Deck Diaphragm Filled Diaphragm
Design thickness = 0.0358 in. F,= 40 ksi Loading By Qg Loading b Oy
Support fastening: 5/8 in. arc spot welds Fo= 60 ksi Seismic | 0.55 3.00 | Seismic| 050 3.25
Side-lap fastening: Buildex, Elco, Hilti, Wind 0.70 2135 Wind 0.50 3.25
or Simpson Strong-Tie #10 screws Other 0.60 2.65 Other 0.50 3.25
Type Nominal Shear Strength, S,,,, pif**
of Fastener] Side-lap Span, ft K,
Fill Layout JConn/Span _4 5 6 7 8 9 10 11 12 11t
0 5795 5615 .
/W Y\ 1 5990 5770 5625 0.561
2 6180 5925 5755 5630 5540 5470 Crmeint
2-112° 36/4 / 3 6370 6080 5880 5740 5635 5555 5490 5435 5390 0.350
NW Conc 4 6535 6230 6010 5850 5735 5640 5565 5505 5455 0.294
(Above Deck) 5 6535 6385 6140 5960 5830 5725 5645 5575 5520 0.254
6 6535 6535 6265 6070 5925 5810 5720 5645 5585 0.224
a 6535 6535 6525 6290 6120 5985 5875 5785 5710 0.180
0 4355 4175 0.802
1 4550 4330 4185 0.561
2 4615 4485 4315 4190 4100 4030 0.431
2-12° 3 4615 4615 4440 4300 4195 4115 4050 3995 3950 0.350
LW Conc. 4 4615 4615 4570 4410 4295 4200 4125 4065 4015 0.294
(Above Deck) 5 4615 4615 4615 4520 4390 4285 4205 4135 4080 0.254
6 4615 4615 4615 4615 4485 4370 4280 4205 4145 0.224
N 8 4615 4615 4615 4615 4615 4540 4435 4345 4270 0.180
N’
1 ” .
Why are tables based upon 2 V2" of topping?
STEEL DECK
INSTITUTE
43
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€2 and ¢ Factors

No Change from DDMO03 to DDMO04!!!

Table 2.1 - Filled Diaphragm Resistance and Safety Factors

(LI::=D) (A‘:D) Diaphragm Condition
For filled diaphragms subjected to earthquake loads, or
090 529 subjected to load combinations which include earthquake loads.
For filled diaphragms subjected to wind loads, or subjected to
050 325 load combinations which include wind loads.
For filled diaphragms subjected to load combinations not involving
050 325 wind or earthquake loads.
I] Page 5-6 ‘]
E]Em wstiture B e
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Bare deck

Filled deck

| = SJI = 45

Shear Stiffness

G = as:
K4_ + 0.3 Dxx + 3 Kl Lv
Ly
I K>
G — 0.3 X + K3
K, + + 3 K1 Ly
Ly
\ T
D.eck. Concrete
contribution contribution

3/16/16

Ks=3.5d, f c07
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Fasteners

v' During construction they secure the sheets from sliding

v Critical for horizontal (diaphragm) shear loads and/or uplift

Supports — - —Side Laps
27
* Welds T < = Welds
* Screws > X 7 * Screws
* Pins (Powder Actuated or Pneumatic) e Button Punches

STEEL DECK
INSTITUTE -3
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Arc Spot
Welds

Sheet Steel Welding AVRUsidde V\',Eéwral Welding Electrodes

E60xx Minimum (E6022 Common)

Per SDI No More Than 1/16 ” Gap
Between Deck and Support

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

STEEL DECK
INSTITUTE -3
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Mechanical Fasteners

Screws Pins
* Typical for Attachment to Light Gage Framing * Powder Actuated or Pneumatic
* Also Used for Steel Joist or Beam Supports * Quick Installation
Especially with Fastener Manufacturer Tools * No Fire Watch
* Draw Deck Down to Supports * Performance Based on Specific
* No Fire Watch Manufacturer

« #10, #12, #14, % Diameters (#12 Most Common)
* Drill Points No. 3 thru 5

e Performance Based on Specific
Manufacturer

V/ A/ L 7 7 7

Drill Point | Max Total Material Thickness
3 5/32"

4 5/16" c—> ] >
5 1/2" ! ! / \‘\
““ \ /
L A [4 )
é/\\\\/\“///sb w % % STEEL DECK
ERTEl INsTITUTE [l @
7S 49 S
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(Deck Panel Coverage (inches) / # Fasteners Per Sheet at Each Support)

Attachment Patterns

L.S(WR.IR.NR)

36/9 PATTERN
36/7 PATTERN
36/5 PATTERN

¥ 36/4 PATTERN

/6 PATTERN
30/4 PATTERN
/3 PATTERN

L A W A W L W B W )
36" COVERAGE

-

-4

&
—

30" COVERAGE ——————
® «f S——
® &—
P | * P

* This pattem is also used for 1.5 in. WR composite deck,

DR

TRV ERY

e—— 247 COVERAGE ———

24/4 PATTERN @ ¢ :‘,; )
K@\@A% 150, 2 m or 3 COMPOSITE ;_}_V_\_n_/_v_\_f\_/_v_\_
BT 36" COVERAGE .
o0 36/4 PATTERN ¢ $

STEEL DECK
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Side Lap Fasteners
Welds Screws

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

4 ,r'/ \'.
% /Z / ff — /
I/( ,y9 ~ i '\\ (—\\ //
¥ ) \ez e LJ
r-f| J $ \ /
S— | Y 0T 1 \t,
- J»’a ,ﬁ == Figure 3.9 — Screw Sidelap Connections

Figure 3.4 — Top Seam Weld - Vertical Leg and Overlapping Hem Joint

A
’ 7 * Must Have Interlocking Side Lap

* Easy Installation if Horizontal Runout Exists
* Visible from Underside

Button Punches

ey,

BN\
.

East Coast - Standard Button Punch
West Coast - Proprietary Systems that Crimp
and Pierce Interlock
- Tested to Achieve High Shears
- Special Installation Tools by
Manufacturer

Figure 3.5- Top Seam Weld - Back-to-Back Vertical Leg Joint

Figure 3.6 — Sidelap Fillet Weld

i
/72 STEEL DECK

INSTITUTE @2
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Fastener Loads

A = Axial
S, = Shear
T = Tension

STEEL DECK
INSTITUTE -3

52
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Fastener Loads

Significant Changes from
DDMO03 to DDMO0A4...

Differences Between
DDMO3 and AISI S100

DDMO04 Now Uses AISI S310
(S100) Equations

AISI S310 Allows Alternates so
DDMO3 Listed as Alternate
Equations

-2~ €3

STEEL DECK
INSTITUTE ®
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Arc Spot Weld Strength

4
P =22td,F,

d ,/E/Fu
] Poy=028[1+559°—| td, F,
1 o,

Pnr=140td, F,

Pnf = 0.75 Fy,

Weld Shear

d
d: Pns = 99(1.33 dy + 0.5 Fy, t)
nd,*
Ppe = 4 Fx
Weld Tension
2
P, =08 (Fu Fy) t d, F,

STEEL DECK
INSTITUTE @2
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Screw Strength

Screw Shear
Pn] = 4.2 (’:23 d)o'S Fu?.

\ A f Py = 2.7 ty d Fys
\ | | / Pn, = 27 tz d Fuz
—
=
d Pn()t = (0.85 tC d Fu;)_
Screw Tension Poov = 1.5 t; d,, Fyy

STEEL DECK

g : 55 INSTITUTE ®
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Side Lap Fastener Strength

D1.2.1 Arc Spot Welds

AISI S100 E2.2.2.2 Shear Strength [Resistance] for Sheet-to-Sheet
Connections

The nominal shear streneth [resistance] for each weld between two sheets
O
of equal thickness shall be determined in accordance with AISI S100 Eq.

P,. = 1.65td F, (AISI S100 Eq. E2.2.2.2-1)
where

P,. = Nominal shear strength [resistance] of sheet-to-sheet connection

D1.2.5 Side-Lap Screw Connections

The side-lap connection nominal shear strength [resistance], P,., per screw shall be
determined in accordance with Section D1.1.2.

User Note:

In AISI S100 Eq. E4.3.1-1 through AISI S100 Eq. E4.3.1-5, t5 is the fluted deck or panel thickness not in
contact with the screw head.

D1.2.6 Non-Piercing Button Punch Side-Lap Connections

For fluted panel or deck less than or equal to 3 in. (76.2 mm) in depth, the nominal shear
strength [resistance], Ppe, of a non-piercing button punch side-lap connection shall be:
_ . ‘N 45 T
P,. =0.10 kips (0.45 kN)

For fluted panel or deck greater than 3 in. (76.2 mm) in depth or cellular deck as described
in Section D1.5, the nomunal shear strength [resistance], P,., of a non-piercing button punch

- . . . STEEL DECK
side-lap connection shall be ignored, i.e.. INSTITUTE

P, =0.00 kips (0.00 kN)




Shear-Tension Interaction (ASD)

P, ¢ L5 N O Tr 1'5_ ] Arc Spot Welds
P, P, o Qt =25
< Pnf ) . (0717') B 1.1 Screvf\gs EP;'(L—;)VGF)
Qabn) \ v/ 0 0 =235
Pnr N T\ 115 Screws (Pull-Out)
Q4 P, P/ Q Q,=2.35
Q=255
P, ¢ QT Screws (Tensile Breaking Strength)
— | + = 1.3 Q — 3 O
Py Prts te
EEEI STEEL DECK
57 S I e
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Alternate Fasteners

Values from DDMQO3 Still Applicable as Alternate Fasteners
Permitted by AISI S310 (D1.1.3)...

» Arc Spot Welds

 Button Punches (Generic)
* Elco (Stanley)

* Hilti

 ITW Buildex

* Pneutek

» Simpson Strong Tie

* Triangle Fastener Corp

INSTITUTE

3/16/16 S
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SYMBOL DEFINITION SYMBOL DEFINITION
Diaphragm width perpendicutar to P Required factored diaphragm
panel span direction - may be taken u strength for LRFD
a6 equal fo Jaist lengih for finding Q Fastener required aliowable
Gors, shear strength
Dfaphragm dimension, or Q, Fastener strength, panel-to-frame
Panel unit width, 12 inches for US
untt or 1000 mm for SI unk Q, Fastener strength. panet-to-panel
Sip retaxation constant q,.q, |Lne loacs at diaphragm edges
External diameter of arc-spot weid, Ry R. R, |[Diaphragm reactions
or s Required allowable linear dia-

m shear for ASD

Comgattn pica Feer S o

Panel warping constants, or S, panel-to[frame 1y factors.

Panel depth s Fastener flexibillty factors,
Modulus of Elasticity, 22500 ksl s panel-to-panel

Panel yleld strength S, Nominal Inear diaphragm shear
Panel ulimate strength s Required factored linear diaphragm

u shear for LRFD
= strengh Deve kith of
loped w corrugation

Elastic modulus In shear s per piich d

Diaphragm shear stifness T Fastener required allowable
Panel moment of Inertla per tenslle strangth
uni width T Fastener nominal tenslle strengtn
Slip relaxation constant T, Fastener nominal pull over strength
Panel length T Fastener required factored

Purin or joist spacing “ tensile strengtn

Reslsting shear coupies at panel Base sheet metal thickness

ends and purlins w Panel width, or

Number of intermediate sheet-to- W, W Concrete Mht

structure connections per panel —

length and between purins at the x Distance from panel centeriine to
diaphragm edge » fastener at end support

Number of puriins in lengtn £ ex- x, gﬁ;‘:?%’s‘e‘ centeriine to
cuding those at ends and end laps P

Number of Intermediate side-lap %y Oy Fastener weighing factors
connections In length € per panel B Fastener pattem factor, or

¥ B Panel buckling factor

The number of panels In the widtn a Y pre—r——

The average number of conneciors Total shear Gisplacement = 4_+ 4
per unit wiith along panel ends A FA +A »Te

. -

Required allowable diaphragm

strength for ASD ®. @, |Resiiance fackr

Nominal diaphragm strengtn p Purin effect on warping

Nominal shear strength (resistance) v PRAMUSS e

of a support connection T Shear stress

Nominal shear sirength (resistance) 0.0, Safety factor

of 3 side-lap connection

STEEL DECK
INSTITUTE
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Over 40 References Utilized
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Lots of Information...

* 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

3/16/16




K Values for Stiffness

Table 9-1 Value of K,

Table 9-3 Value of K4

gé
Z

Thickness K,
Gage In. mm. | kipdn. | kKN‘mm
26 0.0179 0.45 528 91
24 0.023% 0.60 705 122
22 0.0295 0.75 870 152
20 0.0358 0.91 1056 185
18 0.0474 1.20 1396 244
16 0.0596 1.52 1764 309
Table 9-2 Value of K,
. r. K,
Concrste Type pel MPa | kipAn. | kN/mm
Insulating concrete 125 0.66 260 45
Structural concrate 3000 21 2380 430
m [ Pages 9-4 thru 9-5
-
3/16/16

Deck Profile Ks

1.5 NR roof deck 3.62

1.5 IR roof deck 3.45

1.5 WR roof deck 3.55

3 DR roof deck 418

9/16" x 2.5" form deck 3.20

1.5" x 6" composite deck 3.55

2" x 12" composite deck 3.14

3" x 12" composite deck 3.54
%ﬁ?&f&‘

®



Table 9-6 Deck Warping Factors ( '
W Typical Fastener Patterns
Deck | Deck Fastener N Warping Constant, D_, ft
> sid | A
Type | Proflie Pattern * ZOXWY | gt D2¢ | D24 | D22 | D20 | D18 | D16
WR 1.365 w3 77| st B
IR 3609 3000 | 1278 | 2333 [ 1325 |2 | - - 186 | 133 | 92 | 65
NR 1393 318 | 233 | 156 | 110
WR 1.365 w3 77| st 36
IR 367 2000 | 0778 | 2000 | 1325 | 1 | - - 185 | 133 | 92 | es
NR 1393 318 | 233 [ 156 | 110
WR 1.365 607 | 4s4 | 208 | 210
IR 3615 1667 | 0722 | 1333 [ 1325 [ 1 | - - 637 | 477 | 313 | 221
;:; NR 1.393 857 | 641 | 421 | 207
peck | WR 1.365 860 | 643 | 422 | 208
IR 3604 1333 | 0ss6 | 1000 | 1325 [ 1| - - 863 | 645 | 424 | 209
NR 1303 1126 | 842 | 553 | 390
WR 1.365 w3a| 77| st %
R 3006 1800 | o700 | 2000 [ 1325 [ 1| - - 18 | 133 92 | €5
NR 1303 318 | 238 | 136 | 110
WR 1.365 1102 | &24 | 541 | 382
IR 30/4 1600 | o680 | 1200 | 1325 [ 1| - —~ |10sa | 815 | 535 | 377
NR 1303 1410 | 1054 | 692 | 488
3'
Roof | DR 2414 1333 | 0ss6 | 1500 | 1608 [ 1 | - —~ | e03 | 451 | 206 | 209
Deck
35/8 2286 | 0.857 | 2.400 o7 | &3 [ 46
357 2143 | oe47 f2057 | | 143 | 3| 88 N
sne | .. 3506 1714 | 0674 | 1.714 190 | 124 | @0
Form [ S5 355 1571 | 0663 | 1.371 277 | 181 | 131
Deck 307 2000 | 0778 | 2.400 %7 | 63 | 46
3005 1500 | 0625 | 1600 | 1232 [ 1 | 205 | 134 | o7 | - - -
3014 1333 | 0556 | 1.200 331 | 216 | 156
15" &
Comp. 3604 1333 | 0556 | 1000 | 1365 [ 1 | - —~ | 850 | 643 | 422 | 208
Pitch
Page 9-6 =
2~ o 3504 1333 | 0ss6 | 1.000 | 1.206
comp.[ o 1| - ~ | 132 | 104 | 88 | a8
Deck 2413 1.000 | 0.s00 | 1.000 | 1.206
STEEL DECK
3" 12~ 364 1.333 0.556 1.000 1.360 INSTITUTE
66 comp.| % 1| - | - | 271 | 203 | 133 | s
Deck 2413 1000 | o.so0 | 1.000 | 1.360
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Proprietary Fasteners

(Tabular Data for Alternate Fasteners)

< -
A ®

/777 Buildex PNEUIEK

 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

68
3/16/16
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Examples

EXAMPLE EXAMPLE DESCRIPTION PAGE
1 Diaphragm Behavior 10-5
2 Stiffness 10-7
3 Truss Analogy 10-9
- Deflections 10-12
5A Simplified Deflections 10-16
5B Deflections Calculated Using Energy Method 10-19
6A Strength Evaluation of Roof Deck Using Tables 10-29
6B Stiffness Example Using Tables 10 - 32
7 Roof Design 10-33
8 Expansion Joints 10-43
9 Non-Symmetric Diaphragms 10 - 47
10 Mixed Length Panels 10- 51
1 Rigid Frame 10-53
12 Rigid Frames 10 - 56

INSTITUTE -3
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Examples

EXAMPLE EXAMPLE DESCRIPTION PAGE
13 Split Level Diaphragms 10-60
14 Floor Diaphragms 10-67
15 Diaphragm With Open Areas 10-70
16 Concrete Filled Floor Diaphragm 10-77
17 Calculate Strength and Stifiness for WR Deck 10-81
18 Calculate Strength for WR Deck with Partial Edge Strip 10-03
19 Calculation of Warping Coefficients 10-104
20 Shear-Tension Effects on Diaphragm Strength (Welds) 10-112
21 Shear-Tension Effects on Diaphragm Strength (Screws) 10-117
22 Calculate Strength and Stiffness for Acoustical WR Deck 10- 123
23 Calculate Strength and Stiffness for Concrete Filed Deck 10-125
24 Calculate Strength and Stifiness for Composite Deck without Fill 10- 130
25 Calculate Strength and Stiffness for Composite Cellular Deck without Fill 10-133
26 Calculate Strength and Stifiness for Composite Cellular Acoustical Deck without Fill | 10- 138
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Example #7 — Roof Design

173 plf

Figure 7.2 — Intemnal Suction

Total Diaphragm =288 + 110 plf =398 plf  rigure 7_3_...tema}'p;essmeﬁ
Reaction to End Wall = 398 plf x 400 ft / 2 = 79.6 kips
m STEEL DECK
= sJ1—

INSTITUTE 2
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Look at Creating Diaphragm Zones to Optimize Design...

Choose 3 Symmetric Zones
at 80  Each
l NET LATERAL LOAD = 398 PLF l
Zone 1 = 398 plf DI IO
Zone 2 =47.7 kips / 200 ft = 239 plf [ SZONES@8007=4004"  —
Zone 3 =15.9 kips / 200 ft = 80 plf o @, o i

=E1THE 73
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Try 22 Gage Wide Rib (B) Deck
Support Spacing =5’-0" o.c.

Shear (S,)

1.5(WR, IR, NR)22 Fy= 45 ksi Loading
Design thickness = 0.0295 in. F= 33 ksi Seismic
Support fastening: 5/8 in. arc spot welds or equivalent Fo= 60 ksi Wind
Side-lap fastening: #10 screws Other
Nominal Shear Strength, S, pif'” Z one 1 = 398 p If
Fastener] Side-lap Span, fi. K,
Layout JConn/Span 3 35 4 45 5 55 5 6.5 7 1t
. 0 . 1775 | 1560 | 1390 1230 1100 0.324 1265 plf
1 1875 | 1650 | 1475 1325 1120 | 1085 970 0272 ———— =538 plf
2 1970 | 1740 | 1560 1405 1265 || 1140 | 1040 955 880 | [o234 I 2.35
3619 3 2060 | 1830 | 1640 1480 1350 1220 | 1110 | 1015 940 0.206
4 2145 | 1910 | 1715 1555 1420 | 1295 | 1180 | 1080 | 1000 | 0.183
5 2230 | 1990 | 1795 1630 1490 | 1370 | 1250 | 1145 | 1060 | 0.165 Zone 2 — 239 plf
6 2310 | 2070 | 1870 1700 1555 | 1430 | 1320 | 1210 | 1115 | 0.151
0 1135 985 855 755 675 0.486
1 1250 | 1090 960 850 760 685 625 0.377 710 plf
2 1360 | 1190 | 10s5 940 845 765 695 540 590 | 0.308 ———=302 plf
3617 3 1465 | 1285 | 1145 1030 925 840 765 705 gs0 | 0.261 2.35
4 1565 | 1380 | 1230 1110 1005 915 835 765 710 | 0226
5 1665 | 1470 | 1315 1185 1080 990 05 830 770 | 0.199
6 1755 | 1560 | 1395 1265 1150 | 1055 975 895 830 | 0178
0 005 | 880 785 700 Zone 3 . 80 plf
1 1100 975 870 785 710 640 585 0.433 I
2 1195 | 1060 950 860 785 715 655 600 555 | 0.345
S 3 1275 | 1140 | 1030 935 855 785 | 720 | ees | 615 | 0286 M = 200plf
4 1355 | 1215 | 1100 1005 920 845 785 725 670 | 0.245 2135
5 1425 | 1200 | 1170 1070 380 905 840 785 730 | 0214
6 1490 | 1355 | 1235 1130 4oss 965 895 835 785 :
0 770 675 600 530 470 0.728
1 865 | 765 | 685 620 553 so0 | 455 5509 Page 11-11
2 950 850 765 590 635 575 525 480 445 | 0391
36/4 3 1025 | 925 835 760 700 645 595 545 s00 | 0318 T,
4 1095 995 905 825 760 705 655 610 s60 | 0.267 INSTITUTE
5 1155 | 1055 965 890 820 760 705 660 620 | 0231
6 1210 | 1110 | 1025 945 875 815 760 710 665 | 0.203




Verify Panel Buckling Does Not Control

a Qqp
[ Buckling] 0.80 2.00
—————————
Nominal Shear Due to Panel Buckling, S,, pIf’
Deck I Span, ft
Profile in'/ft 3 3.5 4 4.5 5 5.5 6 6.5 7
NR 0.114 11246 8263 6326 4998 4049 3346 2812 2396 2066
IR 0.125 12191 8956 6857 5418 4389 3627 3048 2597 2239
WR 0.173 15500 11388 8719 6889 5580 4612 3875 3302 2847
[ Page 11-11
5580 plf
== 2790plf

Buckling Strength Much Higher Than Fastener Controlled Limits

e

75
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Table 9-1 Value of K,

SﬁﬁneSS (G ’) M

Table 9-3 Value of K4

Thickness K,

Gage n. mm. | kipin. | kNMmm
26 0.017% 0.45 S28 a1
24 0.023% 0.60 705 122
22 0.0295 0.75 870 152
20 0.03s58 0.91 1056 185
18 0.0474 1.20 1398 244
16 0.0598 1.52 1764 309

D,, Values From Table 9-6

36/9 Pattern = 103
36/5 Pattern = 607
36/4 Pattern = 860

G'=

K3

K, +

76

0.3D,

v

+3K,L,

ﬂ Pages 9-4 thru 9-6 1

Deck Profile Ks
1.5 NR roof deck 3.62
1.5 IR roof deck 3.45
1.5 WR roof deck 3.55
3 DR roof deck 418
9/16" x 2.5" form deck 3.20
1.5" x 6" composite deck 3.55
2" x 12" composite deck 3.14
3" x 12" composite deck 3.54
Zone 1
G’ = 65.7 kips/inch
Zone 2
G’ = 18.7 kips/inch
Zone 3
G’ = 13.2 kips/inch
%ﬁ?&?&‘
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Deflection

See Example 5 For Determination of Deflection Equations Using Shear Area...

S (79.6 + 47 76 kips 80feet A, = 0.388 inches
2(200feet) G
A=A+ (47.76 +15.92kips 80feet A, = 1.069 inches
2(200feet) G
Aq = A, + {15:-92)pS 40fcet As = 1.109 inches

2(200feet) G

é N2 5 STEEL DECK
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Pages 11-5 ‘]

Fo= 45 ksi Loading g Q¢
1.5(WR, IR, NR)20 v 33 ksi Seismic [ 0.55 3.00
Design thickness = 0.0358 in. Fo= 60 ksi Wind 0.70 235
Support fastening: 3/4" arc spot welds or equivalent Other 0.60 2.65
Side-lap fastening: 5/8" arc spot welds or equivalent
Nominal Shear Strength, S, plf"‘
Fastener| Side-lap Span, ft. Ky
Layout JConn/Span 4 4.5 5 55 6 6.5 7 7.5 8 1/1t
0 2025 1805 1610 0.357
1 2335 2110 1925 1740 1585 0.244
2 2630 2385 2180 2010 1845 1695 1565 1455 1355 0.186
36/9 3 2900 2645 2425 2240 2075 1935 1790 1665 1550 0.150
4 3145 2885 2655 2460 2285 2135 2000 1870 1745 0.126
5 3375 3105 2870 2665 2485 2325 2180 2055 1940 0.108
6 3580 3310 3075 2865 2675 2505 2360 2225 2100 0.095
0 1255 1110 990 0.535
1 1615 1450 1305 1180 1080 0.317
2 1935 1745 1590 1455 1340 1230 1140 1060 990 0.225
3err 3 2230 2025 1850 1700 1575 1465 1365 1270 1185 0.174
4 2500 2280 2095 1930 1790 1670 1560 1465 1380 0.142
5 2745 2520 2320 2150 2000 1870 1750 1645 1555 0.120
6 2965 2735 2535 2355 2195 2055 1930 1820 1720 0.104
Ogp Qyp
[ Buckling | 0.80 2.00
Nominal Shear Due to Panel Buckling, S, pr2
Deck I Spall, 1
Profile in“/ft 4 4.5 5 55 6 6.5 7 7.5 8
NR 0.138 8467 6690 5419 4478 3763 3206 2765 2408 2117
IR 0.151 9177 7251 5873 4854 4079 3475 2997 2610 2294
WR 0.210 11665 9216 7465 6170 5184 4417 3809 3318 2916

Z Design Strengths:
ASD Required strength (Service Applied Load) <= Min {S ¢/ Qu, Snp/ Qsp}

LRFD Required strength (Factored Applied Load) <= Min {$4Sns, daSns}

STEEL DECK
INSTITUTE
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Pages 12-10‘1 Fu= 45 Ksi

Loading b Qqs
1.5(WR, IR, NR)20 F= 33 Kksi Seismic 0.65 250
Design thickness = 0.0358 in. Wind 0.70 2.35
Support fastening: Buildex, Elco, Hilti, or Simpson Strong-Tie #12 screws L L2 =
Side-lap fastening: Buildex, Elco, Hilti, or Simpson Strong-Tie #10 screws
Nominal Shear Strength, S,, pif'~
Fastener| Side-lap Span, 1. K,
Layout JConn/Span 4 4.5 S 55 6 6.5 7 7.5 8 1/1t
0 985 875 785 0.403
1 1140 1030 935 845 770 0.331
2 1280 1165 1065 980 900 825 765 710 660 0.281
3619 3 1415 | 1290 | 1185 1090 1010 945 875 810 755 | 0.244
4 1535 1405 1295 1200 1115 1040 975 915 855 0.216
5 1645 1515 1400 1300 1215 1135 1065 1005 945 0.193
6 1745 1615 1500 1395 1305 1225 1150 1085 1025 0.175
0 610 540 480 0.605
1 785 705 635 575 525 0.456
2 945 850 775 710 655 600 555 515 480 0.366
367 3 1090 985 900 830 770 715 665 620 580 0.306
4 1220 1115 1020 945 875 815 760 715 675 0.263
5 1340 1230 1135 1050 975 910 855 805 760 0.230
6 1445 1335 1235 1150 1075 1005 945 890 840 0.205
Gap Qyp
| Buckling| 0.80 2.00
Nominal Shear Due to Panel Buckling, S, pIf’
Deck | §pan, it
Profile in'/ft 4 4.5 5 55 6 6.5 7 7.5 8
NR 0.138 8467 6690 5419 4478 3763 3206 2765 2408 2117
IR 0.151 9177 7251 5873 4854 4079 3475 2997 2610 2294
WR 0.210 11665 9216 7465 6170 5184 4417 3809 3318 2916
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