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specific application without competent professional examination and verification by a licensed
professional engineer. Anyone making use of this information assumes all liability arising from such
use.

Steel Framed Stairway Design

Course Description

Steel Framed Stairway Design
Part 1: Overview & Gravity Loading
May 30, 2018

This session provides guidance for the design and layout of steel elements
for steel framed stairways, guards, handrail and related components.
Information regarding stairways, code requirements for gravity loading and
serviceability criteria, design methods, and design examples will be
presented.

Learning Objectives

* Name the various components of steel framed stairs.
* List the types of stair classes and their characteristics.
* Identify the critical code provisions for creating a stair layout.

* Explain the structural code requirements for gravity load design of
stairs for both strength and serviceability.
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Part 1

Introduction Qutline —Part 1

AISC Design Guide 34: Steel Framed Stairway Design Step 1 - Purpose & Design Ph-'IOSOphV
Step 2 — Stairway Overview
to be published late summer / fall e ST

Step 3 — Code Requirements - Gravity
Step 4 — Stairway Design

will be available at
www.aisc.org/designguides

Step 5 — Members & Connx
free download for members or I
available for purchase ) Step 6 Examples
Steel Framed
Stairway
Design ®\ e

10

Outline — Part 2
Step 7 — Code Requirements — Seismic Loading
Step 8 — Seismic Serviceability
Step 9 — Stairway Design
Step 10 — Examples
Step 11 — Delegated Design
Step 12 — Other Topics

Outline —Part 1
Step 1 — Purpose & Design Philosophy
Step 2 — Stairway Overview
Step 3 — Code Requirements - Gravity
Step 4 — Stairway Design
Step 5 — Members & Connx
Step 6 — Examples

11
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Purpose for Design Guide

* Improve communication & coordination

* Resolve common issues:
— Inadequate or incorrect stairway dimensions
— Unclear code criteria for project
Insufficient information in design documents
Coordination of support locations
Contractual concerns / delegated design

13

Steel Framed Stairway Design

Design Philosophy

* AISC Code of Standard Practice (COSP) defines stairs and
handrail as “other items”, therefore these items are outside
the scope of the COSP since it is not considered structural
steel.

e But, for steel stairway design, use AISC documents as
“reference standards” instead:

— AISC 2016 Code of Standard Practice (COSP)
— AISC Steel Construction Manual, 15th Ed. (Manual)

— AISC 2016 Specification for Structural Steel Buildings
(Specification)

15

Design Philosophy

* Follow code & NAAMM Stair Manual & Railing Manual:
— General Stair & Rail Layout
— Construction Details (various materials)
— Design Criteria may be out of date
* For steel stairs, the new Design Guide provides specific layout,
details, design methods, and recommendations related to
stairways, handrails, and guards fabricated from steel.

— Provides the most up-to-date guidance for steel stair design

14
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Design Philosophy

* Use AISC documents in conjunction with design
documents for steel stair design but confirm with:

Architect of Record (AOR)

Structural Engineer of Record (SER)

Authority Having Jurisdiction (AH)J)

— General Contractor (GC)

16
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Outline — Part 1
Step 1 — Purpose & Design Philosophy

Step 2 — Stairway Overview

Step 3 — Code Requirements - Gravity
Step 4 — Stairway Design

Step 5 — Members & Connx
Step 6 — Examples

17

Stair Types
* Straight
— Straight T 1
— Parallel (Switchback) | L
— Angled ; ' )
— Scissor e -

Steel Framed Stairway Design

Stair Types (NAAMM)

Part 1

* Straight
— Straight
— Parallel (Switchback) ,;;
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Steel Framed Stairway Design
Part 1

Stair Types
* Straight
— Straight
— Parallel (Switchback)
— Angled
— Scissor

21

Stair Types

e Circular e Curved

22

Stair Types

* Alternating Tread * Ships Ladder

Device

N
!
T

_ELEVATION _
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* Industrial
— functional
— economical
— industrial setting

* Service
* Commercial
* Architectural

24
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Stair Class - Industrial

25 26
Stair Class - Industrial Stair Class
\ /T p * Industrial
- e Service
— functional

— “back of house”

— common egress
stair

e Commercial
* Architectural

TR .
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Part 1

Stair Class
* |ndustrial

fiil

* Service

N,

e Commercial
— public use
— more attractive

* Architectural

ki

29 30

Stair Class - Commercial Stair Class

* Industrial 4
* Service
* Commercial
* Architectural
— elaborate
— custom
— most expensive

32
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Stair Class - Architectral

33

Steel Framed Stairway Design
Part 1

e

Stairway Elements

* Tread
* Riser
» Stringer

* Landing

* Handrail

* Guard

* Supports

* Connections

Stairway Elements
* Tread

* Riser

* Stringer

* Landing

* Handrail

* Guard

* Supports

* Connections

‘Guard Infil, Typical

Stair Fiight Landing Width

Main Fioor
Landing

Lol

plovelt /
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Stairway Elements
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Stairway Elements

* Typical Tread / Riser
Ass

Formed Pan with
Concrete Fill. Typical

Stringer

Grating Traad with
Checkered Plate Nosing
Balted lo Stringer, Typical

“OSHA" / Industrial

37

Steel Framed Stairway Design
Part 1

----------

Stairway Elements

* Tread

* Riser et
» Stringer

* Landing e e
* Handrail ' o
* Guard

* Supports

* Connections

Stairway Elements
* Tread

* Riser

* Stringer

* Landing

* Handrail

* Guard

* Supports

* Connections
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Stairway Elements
* Tread

* Riser

» Stringer

* Landing

* Handrail

* Guard

* Supports

* Connections
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Stairway Elements
* Tread

* Riser

e Stringer

* Landing

* Handrail i
* Guard / “Stair Rail System” - ’
* Supports i
* Connections

Steel Framed Stairway Design
Part 1

Stairway Elements
Guard

* Post

Handrail (where required) *TP il

[TILILILL]

Ve Post, typical

* Top Rail

[ Infill, typical

Top of guard - 42"

Top of handrail
34" to 38"

* Low Rail
Infill ' . : -
TOe chk / Toeboard Flmshednou,/

N

43
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Stairway Elements
Guard e (or o) m}
* Post TI ] H H | RREN |J e
* Top Rail .
* Low Rail :
o Infill LT e |
* Toe Kick / Toeboard Fnasor : ‘
42
Stairway Elements
Guard A S—— mh\ o
* Post : a S
* Top Rail N
* Low Rail . . ok
o Infill | j| o
* Toe Kick / Toeboard o i
44
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Stairway Elements Stairway Elements
Suard LTI Guard L]
L4 Post N T [ ‘ ] )/ Post, typical 4 Post N T ‘ /)/ Post, typical
. Top Rail :5; E% b TOp Rail §, %zg ™
* Low Rail P * Low Rail o |

. . |
* Infill ' * Infill ' Bl O
* Toe Kick / Toeboard e * Toe Kick / Toeboard e i
45 46

Stairway Elements Stairway Elements
ouverd LT ! Rieer “
® POSt . I ‘ | )/Posl,typica\ * R|S.er =

i ¥ * Stringer

Top Ral N —_— * Landing e —
[ ] LOW Rail = §§ // . Handrail ““,’ i ehind fes
* Infill ' 1 X * Guard
* Toe Kick / Toeboard Pt Opening <4 . Support§

- e - * Connections
47 © 48
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Steel Framed Stairway Design

Stairway Elements

* Tread

* Riser oot
* Stringer

* Landing

* Handrail =N
* Guard

* Supports

* Connections

?????

..........

Stairway Layout — IBC or OSHA?

* Per International Code Council
— All stairs should follow IBC unless AHJ approves

— All stairs are egress stairs (even if area served is
“unoccupied” or seldom used)

— Certain exceptions for equipment per
International Mechanical Code

Stairway Layout — IBC or OSHA?

IBC stair is OSHA compliant but...
OSHA stair may not be IBC compliant

51
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Stairway Layout — IBC: Riser Helght Stairway Layout — IBC: Egress Width

T lo 1T, 10Tal 11" =9-2" BT
[ 10Tat11"=9w2"
SW _, _Stairwidth _ ,/ - 11R al ~6.54" = 60" - = . Clear
AP | ] 4 4y .
1 2| I Ma,qmum Maximum
= ol iecti
” T\ } ] ) I Projection %Y Projection
g (I 3 / 3 . . Each Side Each Side _|
! d s ¢ oy
g ||/ A s ;Jo g =B
2 h % @ k=S ]
2 Stair width _ = ! 3 = ! 1L ™
5 : —
i 1 I I 3 b |
8 /| P 4 e
3 SR 1 I U‘,, £ 3 / o 1
[ | 4 4 3
I I 8 E
I S O O S } i |
T 1 «
Gap = g - -
- =g ol & -
10T at 11" =9'-2 Gap i
e ._s« rwrﬂh Stair Width
Sw Stair width T 11R at ~6.54" = 6'-0' ¢ Stair width SW || minimum L 10T at 11" = 92" - | - Stair Width
\BT \ Extension \ . .
= e Elevation Section at Stairway

Section at Landing
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54
Stairway Layout — IBC: Egress Width Stairway Lavout — IBC: Guard
Clear Handrail (where required) \ 1%" min.
il Al Egress width with ar f
* Masimun nandrail projections || teimum T \I | I; —
: i _j__ ::!:V per section 1014.8 N e | . i L}/)/Pcswpm g
: 2 Design Guide HES i Ny ; ¥ oo
o recommended egress —| 5 Ei | 1\ S E;;, //
[ - width when space exists =3 8| 23 | |k e 5| £3
1 7 il | H
‘ : :}? \\\ i‘) H—?’ : o) ’J/r Finished floor
- . - I J/ - Low rail i [4 4
. oy 1] . Pt sl =
Section at Stairway Section at Landing & " support
55 56
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Stairway Layout — OSHA
%T to 16T "= gron
10T at 11" = 9-2" ®T
Stair width ’,’ 10T at 11" =9-2"
swo_y\_minimum_, / 11R at ~6.54" = 60" =
z i y
& 5 | gg Treas T
g P>
L | I
B T < 2 [ I R B
Y (| \ 3 Eil Ry | =
\ 3 o suilTH
s ‘ I < 8 23 Handrail requiredin  Handrail required in -\
] I = %‘ S certain situations certain situations '\
g Stair width L — ! \
© ! T U T = E‘ 1 Al
g I EERR :
S ‘ Vﬁ uP g i 8
I [ S - H 8
N [ (. | a ¢ £
Il A I L L L ® s
o 3
;[ !
0|
10T at 11" =9-2" SW Stair width 10T at 11" = 9-2" 22“" minimum c\ea[
sw Stair width 11R at ~6.54" = 6-0" Stair width = Tor 28" min egress stair_
— \ { Ve
\ T \ Extension Elevation Section
Plan

Stairway Layout — OSHA: Updates

* OSHA revised standard 1910 Subpart D as of 1/17/2017

* Renumbered and reorganized:
— 1910.25 - Stairways
— 1910.28 -
— 1910.29 -

* Changed riser/tread limits
* Changed vertical clearance

* Revised guard height and handrail requirements

Duty to have fall protection & falling object protection

Fall protection systems and falling object protection-
criteria and practices

58

Stairway Layout — OSHA:

Handrail (where required) — — Top rail

)
\
|

> Post, typical
o | ox e T
5 N P g
£ N / 3
5 N s 5
& C 8
e ~ £
& it
i N
~ Toe plate Intermediate rail

Finished floor —/

Post spacing

14 .

Guard

266" min
o o
0 /~ Handrail required in

j/’ certain situations
4

Post

1-7" max ‘ ‘

30" min to 38" max

/- Toe plate

/ _Ei
/ / Finished floor

/

|
= )
J>\ Support

59
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Stairway Layout — OSHA: Width

NOSING————__

* 1910.25(c)(4)
— Minimum width = 22”
between vertical barriers
* 1910.25 Figure D-8
— Minimum tread width = 22"
* 1910.36(g)(2)

— Minimum width = 28” at all
points for exit routes

MINIMUM TREAD WIDTH 221N (56 CM)
MINIMUM TREAD DEPTH 9.5IN (24 CM)
MAXIMUM RISER HEIGHT 9.51N (24 CM)

OSHA Figure D-8

60
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Part 1

Stairway Layout — OSHA: Width
* 1910.28(b)(11)(ii) & Table

1910.28(6)(11)(5)

[: Each flight of stairs having at least 3 treads and at least 4 risers is equipped with stair rail systems and handrails as follows:

Table D-2 -- Stairway Handrail Requirements

[[Note to table: The width of the stair must be clear of all obstructions except handrails. |

With earth built
up on both

Stair width Enclosed One open side Two open sides sides
Less than 44 inches At least one handrail One stair rail system with handrail on open side, One stair rail system each open side.
(L1m),
44inches (1.1m)  One handral on each enclosed side One Stair rail system with handrail on open side and one  One stair rail system with handrail on each open
to88 inches (2.2 handrail on enclosed side. side,
m).
Greaterthan 88 One handrail on each enclosed sideand  One stair rail system with handrail on open side, one One stair rail system with handrail on each open
inches (2.2 m), one intermediate handrail located in the  handrail on enclosed side, and one intermediate handrail  side and one intermediate handrail located in the
middle of the stair located in the middle of the stair. middle of the stair.
Exterior stairs less One handrail on
than 44 inches (1.1 least one side.
m).

61

Stairway Layout — OSHA:

* 1910.28(b)(11)(ii) & Table

1910.28(6)(11)(5)

[: Each flight of stairs having at least 3 treads and at least 4 isers is equipped with stair rail systems and handrails as follows:

Table D-2 -- Stairway Handrail Requirements

Stair width Enclosed One open side Two open sides sides

Less than 44 inches _ At least one handrail One stair rail system with handrail on open side.

One stair rail system each open side.

Width

With earth built
up on both

| Note to table: The width of the stair must be clear of all obstructions except handrails.

m).
Greaterthan 88 One handrail on each enclosed sideand  One stair rail system with handrail on open side, one One stair rail system with handrail on each open,
inches (2.2 m), one intermediate handrail located in the  handrail on enclosed side, and one intermediate handrail Tihe

middle of the stair located in the middle of the stair.

Exterior stairs less
than 44 inches (1.1
m).

[[Note to table: The width of the stair must be clear of all obstructions except handrals. |

One handrail on
least one side.

62

Stairway Layout — OSHA: Width

Try to provide minimum distance
(22” min or 28” min) when possible.

24" Typ Finger Clearance
f—t

Handrail required
in most situations

P 3 3 s A
L= R
z % b
3| o) 3
& 3 £ £
<3 = =
z 5
3 3
22" Minimum Clear 22" Minimum Clear
28" Min Egress Stair 28" Min Egress Stair

SECTION SECTION

63

Stairway Layout — OSHA:

Try to provide minimum distance
(22" min or 28” min) when possible.

Handrail required
in most situations

P53 &l 4
= 2 =
o 2
o 8 d
] £
L= 2
3 i

22" Minimum Clear 22" Minimum Clear

28" Min Egress Stair

28" Min Egress Stair

2%" Typ Finger Clearance
f—

R Clearance

Width

2 Typ
Finger

30" Min / 38" Max,

22" Minimum Clear
28" Min Egress Stair

ALTERNATE LAYOUT
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/5"‘1“”“ IR
4" minimum, H

Stairway Opening Size

Siar o |

_Staie Wdth_ oAby |
1iF Tl (|2 B2
B g8

sW .
44” minimum,

or per code

i —c
P - M
) I L1

Stair mﬁl

V%" preferred

Stair Width=\=
Gap

s

Wi Clesr
Cipaning Vidth, Wiy

[1!_staie vdih

|
l

End Gap | =
- .
W Stak Width Extension .
AL i \ Provide space
Minenum Clear Opening Length Lopey .
- - for connections

65
Face of L hirimum Clear Opacing Wdth, Wover | raceat Allow for additional
Wal P Handeal e space for connections!
e % Yy
_l’
Guard
1 B r V4" minimum,
_I J L V2" preferred
[
EdgeGap | | EdgeGap R
SW _| | StairWidin Stair Width L sWe— 2” minimum,
sw | sw 3 recommended,l
| Canter Gap — actual member width
44” minimum, SECTION %” minimum but consider
or per code erection tolerances & access
67

Steel Framed Stairway Design

Stairway Opening Size

Mirimim Claar Opssning Langih (2 Landings}, Lecey

Part 1

channal Piecs
i Wt

576"

tair Tread & St

Lir it || 2 h:,:(,?

Y Singer

Treads & Risars

Riser, Typical =
) £l y i 1
Suringer 3 St el ~ \
; ]

/‘EEEE:
- |
S

LY

1

il Tyvest
-] Single Angie

Z 2| connection win Post

d::; & Iinstnlied Anchor

Snge Flain

et

— ]
T gt | ||
N\
e
| i
I suh
-2
A
|
»
hY
\

- i 5
sur || sy, | [, N Provide space
Minimum Clear Opening Lengih. Logey .
- - for connections
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66
Stairway Opening Size
* Field installed slab e
edge angle R
— Allows for e
adjustment in field — ¥
+1" Adjustment »
tO help With fit_up # Stair Openings® | _ W Beam
A L o
68
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Outline — Part 1 Applicable Codes

Step 1 — Purpose & Design Philosophy : 'nt_erréigistzflliqjmgi SCgfdg:SC)

Step 2 — Stairway Overview — Chapter 16 “Structural Design” — Loads, Combos, & Serviceability
i . * ASCE/SEI 7-16 Minimum Design Loads for Buildings & Other Structures
Step 3 — Code Requirements - Gravity — Loading & Load Combinations

* Occupational Safety & Health Administration (OSHA)

Step 4 — Stairway Design — 1910 Subpart D
¢ 1910.25 Stairways

Step 5 — Members & Connx , o ,
1910.28 Duty to have fall protection and falling object protection

Step 6 — Exa m ples e 1910.29 Fall protection systems and falling object protection
. N ¢ 1910.36 Design and construction requirements for exit routes

69 70
Load Combinations Loading
» Refer to ASCE7-16 Chapter 2 for LRFD & ASD Load Combinations
LRFD ASD * Dead Loads
1. 1.4D 1. D . .
2. 12D+16L405(L, or S or R > bal — Self weight (steel members, concrete fill, etc.)
3. 1.2D+1.6(L, or S or R)+1.0(L or 0.5W) 3. D+(L,orSorR) — MEP Allowances
4. 1.2D+1.0W+1.0L+0.5(L, or S or R) 4. D+0.75L+0.75(L, or S or R) . L. . .
5. 0.9D+1.0W 5. D+0.6W — Architectural finishes (flooring, walls, soffits, etc.)
6. 1.2D+1.0E +1.0E,+1.0L+0.2S 6. D+0.75L+0.75(0.6W)+0.75(L, or Sor R) _ Typlcal material WEIghtS found in
7. 0.9D-1.0E +1.0E, 7. 0.6D+0.6W
8. D+0.7E+0.7E, * ASCE 7-16 commentary Chapter C3 “Dead Loads”
9. D+0.525E,+0.525E,+0.75L+0.755 e AISC Tables 17-12 & 17-13
10. 0.6D-0.7E +0.7E,
71 72
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Loading — IBC 2015 / ASCE 7-16

* Live Loads

Stair Tread 300 lb concentrated load on 4 inZor
100 psf uniform load

Stair Landing
Guard — Top Rail

100 psf uniform load

200 Ib force in any direction or
50 Ib/foot in any direction

Guard — Infill & Other Rails

Handrail 200 Ib force in any direction or
50 Ib/foot in any direction

50 Ib over 1 square foot

73

Steel Framed Stairway Design

Loading — OSHA

* Whatis “normal live load”?
— Based on actual usage of the stair
— Divide total weight of users over stair plan area
¢ 300 Ibs/ 20 ft2 =15 psf
— Multiply above value by five
e 15 psf x 5 =75 psf > “normal live load”
* Recommend using 60 psf minimum design value based on
ASCE 7 Table 4-1 for “walkways and elevated platforms”

* 1,000 Ib concentrated force may govern

75

Loading — OSHA

Stair Tread / Landing Five times “normal live load” or
1,000 Ib concentrated load

200 Ib force in downward or outward
direction

Guard/Stair Rail System — Top Rail

150 Ib force in downward or outward
direction

Guard/Stair Rail System — Infill

Handrail 200 Ib force in downward or outward
direction

50 Ib force in downward or outward
direction

Toeboard / Toeplate

Copyright © 2018
American Institute of Steel Construction

74
Serviceability — IBC 2015, Table 1604.3
Deflection
Floor members (stringers/landings) Span/360 Span/240
Supporting tile/brittle floor finish Span/600 Span/240
Cantilever Guard Post* Height/60
Guard, Handrail, Infill** Span/120
* - Matches deflection limit for interior partitions with flexible finishes and
twice the height for cantilever members
** - Matches deflection limit for interior partitions with flexible finishes
76

Part 1
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Outline — Part 1 ~ Stairway Design
; . * Sloping Beam versus Horizontal Plane Method
Step 1 — Purpose & Design Philosophy /? ey
Step 2 — Stairway Overview P A

w, =217 Ib/ft

Step 3 — Code Requirements - Gravity
Step 4 — Stairway Design

. wy= 138 Ib/ft

o}
182 k\psT
12

)
Horizontal span

) b\}\tm kips >
Step 5 — Members & Connx e il N P
// % D.QSDkIE)\
Step 6 — Examples Nz e ‘
— x e
\ 1.54 kips /%j‘\/
1.83 kips
77 0.980 k\\p\\\)// 78
loping beam method Horizontal plane method
Stairway Design Stairway Design
* Simple Span versus Frame Analysis * Simple Span
wr, wr, wr, * Roller support allows for some lateral
£ L L = L e = = L L L L L movement. This is a relatively small
’m "~ value for A, on most stairs.
N, ‘ « Designers can accommodate with
X connections, flexible supports, drift detail.
T\ "o wi
| TS R=V=—
W b *V 2
L SR o
/// v An max 8

4
// 1 A = Sl

P 384El

_ _ _ fy
Simple span beam analysis Frame analysis 79 Simple span beam analysis 80
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Stairway Design
* Frame Analysis

Stairway Design — Unbraced Length

Wi, . I . .
i T T J - Pin supports at each end restrain Refer to AISC Specification Appendix Section 6.3

lateral deflection. Results in very small — Determine if tread/riser has adequate stiffness and strength to

vertical deflection and large axial _ brace stringer _

reactions due to catenary action or * Likely fully braced using:

arching action. — Welded tread/riser “Z shape” pans (concrete filled)

» Designers must design connections for — Welded checker plate
large axial reactions. * Needs more research:

— Bolted grating treads
— Flat pans (tread only, no riser)
— Precast, fiberglass, or other manufactured products

Frame analysis 81 82
Stairway Design — Serviceability Outline — Part 1
: . Step 1 — Purpose & Design Philosophy
* Deflection Limits . .
o Step 2 — Stairway Overview
* |IBC Limits Step 3 — Code R . ts - Gravit
. 1/4% maximum? ep ode e(.qwremen ‘s ravity
* Floor/wall finishes Step 4 - Stairway Design
) ) Step 5 — Members & Connx
* Vibration Concerns
Step 6 — Examples
83 84
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Member Selection Member Selection

 Stringers — Channel, Plate, Rectangular HSS, WF * Guards/Rails — Pipe, HSS, Bar, Rounds, Custom
T Y .' Y N b .

| l

.

40

85 86
Member Selection Treads/Risers
Rails — Pipe, HSS, Bar, Rounds, Custom
X ': ! .|I ' { ' [ | * Integral Pan Tread & Riser with Concrete Fill
L ‘  Directly welded _ bl
e Carrier bar or angle for support o { - Bager

Refer to AISI code for design of light gauge material
Use effective section properties

Consider which portion of profile provides strength Carrier Arigle, Typical —/
and stiffness (partially effective)

Y 87 88

Copyright © 2018
American Institute of Steel Construction

22



AISC Live Webinar
May 30, 2018

Treads/Risers
» Steel Plate
— Checkered Plate or Diamond Plate

based on span for a deflection limit of L/100

typically used for checkered/diamond plate applications.
 Verify section properties and material properties with supplier.

Steel Framed Stairway Design

¢ AISC Manual Table 3-18a provides recommended maximum uniform load

¢ AISC Manual Table 3-18b provides recommended maximum uniform load
based on span and stress limit of 24 ksi in LRFD and 16 ksi in ASD.

— Based on ASTM A786 Standard Specification for Steel Floor Plates

— Flat plate or stiffened plate

e \Variety of sizes, weights, and depths
that are widely available

e Flange can be used to support guard
posts

e End connections can use typical bolted
simple shear connections

e Readily available

e Narrower than other alternatives

e End connections can use typical bolted
simple shear connections

e Variety of sizes, weights, and depths
that are widely available

e Flange can be used to support
guardrail posts

Channel (C or MC)

Rectangular HSS

89
Stringer

Wider than plate and some HSS
members

Lower flexural strength than other
options compared to member weight
Lower member strength for lateral
loading

Additional fabrication required at
joints and connections

More difficult end connections than
other options

Typically heavier weight per foot than
other options

91

Treads/Risers

* Steel Grating
— Good for wet environments, outdoors, industrial o
ringer
— Typically a purchased “buy out” item

« Confirm with manufacturer for strength & serviceability
— Verify if ADA requirements must be met (opening
sizes in grating)
* Non-steel Options
— Precast concrete, glass, plastic, wood, fiberglass.
— Consider if special deflection criteria should be used

Grating Tread with
Checkered Plata Nosing
Bokied to Stringer, Typical

90
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Landings

Cast-in-place concrete over metal deck

Cast-in-place concrete over metal plate or
stiffened metal plate

Checkered plate flooring
Steel grating
Precast concrete

92

Part 1
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Landings
* Support Conditions
— Building Supports
— Post Supported Landing
— Hanger Supported Landing
— Integrated Landing
— Separate Stair Flights

93

Steel Framed Stairway Design
Part 1

Landings
Support Conditions
— Building Supports
— Post Supported Landing
— Hanger Supported Landing
— Integrated Landing
— Separate Stair Flights

A4

94

Landings
* Support Conditions
— Building Supports
— Post Supported Landing
— Hanger Supported Landing
— Integrated Landing
— Separate Stair Flights

95

Landings
Support Conditions
— Building Supports
— Post Supported Landing
— Hanger Supported Landing
— Integrated Landing
— Separate Stair Flights

A4

Copyright © 2018
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Landings Landings
* Support Conditions * Support Conditions %
— Building Supports — Building Supports

— Post Supported Landing — Post Supported Landing

— Hanger Supported Landing — Hanger Supported Landing

— Integrated Landing

— Integrated Landing

A4

— Separate Stair Flights — Separate Stair Flights

X
97 98
Landings Landings
* Support Conditions * Support Conditions
— Building Supports — Building Supports
— Post Supported Landing — Post Supported Landing | J\ ‘
— Hanger Supported Landing — Hanger Supported Landing . -
— Integrated Landing — Integrated Landing
— Separate Stair Flights — Separate Stair Flights g \]\ |
1T
99 100
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Landings Guard & Handrail
* Support Conditions ' * Member Types T fW
_ Building Supports . pine JIITIIOIIIIN,
— Post Supported Landing * HSS Round
— Hanger Supported Landing * Rectangular HSS i, Typca
— Integrated Landing e Angle ( 7
N
— Separate Stair Flights « Plate, Bar, & Rod 7 l \ < I‘ T
101 102
Guard & Handrail Connections
* Member Types * General |
. pipe - — AISC Manual Part 7 Bolts s::;:::m | -
. d — AISC Manual Part 8 Welds e _T“”‘“'
HSS Roun — AISC Manual Part 9 Connecting Elements ' ﬁ ; 'ﬁ—-
* Rectangular HSS — AISC Specification S
o — AISC Design Examples (available at aisc.org) . Ve :‘|' d
Angle : : =) S
. PIate, Bar, & Rod ASTM A53 GR B ASTM A53 GR B — DG24 - Hollow Structural Section Connections Tk ol
PIPE 11/4" PIPE 1 1/2" e Shear Sinile Plals
— AISC Manual Part 10
103 104
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Connections
e Shear & Axial

— Follow AISC Specification & Design Examples

Steel Framed Stairway Design

(available at aisc.org) ; wf i
P 8
| .
* Moment [ e——————
— AISC Manual Part 11
— AISC M, 2
anual Part 12 - r B e

— DG4 - Extended End-Plate Moment )

Connections Support Baam Stringar
— DG16 - Flush & Extended Multiple-Row

Moment End-Plate Connx

105
* Imparts torsion, shear, axial loads on stringer
Guarnd Post
Guard Post
Tread Suzta ot Tread Align w/ Riser / Tread
|—— |—— | — Rlser
r— p— r7
cf
Channel Stringer — HSS Stringer Plate Stringer /
Channel Stringer HSS Stringer Plate Stringer
107

Connections

* Bracing
— AISC Manual Part 13

— DG29 — Vertical Bracing
Connections-Analysis and Design

* Embedded Plates
* Post Installed Anchors

Cap Flas

Pzt

‘Serensr a8 regid

* Beam Pockets

Copyright © 2018
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Guard Post Connx
* Consider fit-up of post to stringer
I Guarnd Post

A

—

Channel Stringer
108

Part 1
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Guard Post Connx Guard Post Connx
e Channel Stringer * Imparts torsion, shear, axial loads on stringer
* Determine strength of - . Do B Anchor
channel flange i iR Guard Post —_| Aangdwin fost Guard Post
b :N+2(2'5)[[k7%j+bf} b 11 — Rall s - : ,T.SI.‘_”I : R
fh:erzeam fillet dimension H, Tread e g
t, = flange thickness Rlgls g Flgte
b, = flange width I — Stab Edge Angle
N = guard post diameter L. - e —
Z= Bart: S= B’ —_— I crzgean Post Face Mount:(?eam Post Face Mounted
4 6 C12 Beam to Pour Stop to Beam Flange
109 110
Outline — Part 1 Example 1: Opening Size
Step 1 — Purpose & Design Philosophy . .
. . * Project requires:
Step 2 — Stairway Overview _ _ o
Step 3 — Code R . ts - Gravit — Egress Stair for Office Building
e — Lode hequirements - Gravi
P o 4—5 q Desi y — Masonry Core Walls
te — Stairway Design .
P Y & — Channel Stringers
Step 5 — Members & Connx o, ,
— Provide 6” clear gap between stringers
Step 6 — Examples
111 112
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Example 1: Opening Size Example 1: Opening Size - Width
w , ; < il
£l ——t——
Example Stair Layout . e ‘?:n‘;a"
113 114
Example 1: Opening Size - Width Example 1: Opening Size - Width
Wopen = 2(Edge Gap) + 4(Stringer Width) + Wopen = 2(1/27) + 4(3”) + 2(44”) + 1(6”)
2(Egress Width) + 1(Center Gap) W, e, = 107” = 8’-11” clear dimension
— Edge Gap =1/2“
— Stringer Width = 3” (C12x20.7)
— Egress Width = 44"
— Center Gap = 6"
15 116
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Example 1: Opening Size - Length Example 1: Opening Size - Length

Minimem Clear Dpening Les Minimem Clear Dpening Les

hair Ve H H SW Edair Ve 1] [Above)
= =~ = Sy Landing | .. 2% - I e
= L —4 — [
__ql 1 i 1 __dl i ]
e | \ & S/ yo ! \ i /
E \ bt x ~ '
EE | _ Sasir s i H ] ve | easi o | '
£ T11 1 43 ' | H T T 1T 13 ' |
i ({4 g° / £z 5 RERER § 3 )
& ‘T 3/ i \ (1T s
. | 3 . 111 i
1 S 1 . ]—‘- i S | ] i1 ]_1_ bl
T S . T S
Eed -3 Eed Stair iey
u § - 28
aw _||_msowon | [ 107810 nmr ey || EstemionordT G icL aw || e ““‘L T e _I Exersion or JT G icL
B Minimum Ciear Openng Lengih, Lo, i eneric Layout - Minimum Crear Openng Lengin, Lo, = eneric Layout

17 118
Example 1: Opening Size - Length Example 1: Opening Size - Length
Lopen = Lstair + Lianding Letair = Nireaq(Tread Length) + (Connection Allowance)
N=10
Leair = Nireaq(Tread Length) + (Connection Allowance) Tread Length = 11”
Lianding = Niandingl (Stringer Width) + (Egress Width) + (End Gap)] Allowance = 6”
119 120
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Example 1: Opening Size - Length Example 1: Opening Size - Length
Lianding = Niandingl (Stringer Width) + (Egress Width) + (End Gap)] Lopen = Ly t Llanding
N =1 landing Lyair = 10(117) + (6”) =116"
Stringer Width = 3” Lianging = 1[(3”) + (44”) + (1/2”)] =47.5"
Egress Width = 44"
End Gap = 1/2" Lopen = Letair * Lianding = 116” +47.5” = 163.5” = 13"-7 %"

121 122

Example 1: Opening Size Example 1: Opening Size
Provide 8-11” x 13’-7 5" Opening Provide 8’-11” x 13’-7 %" Opening

Paritan sk Typcal
i Suppon Beam

123 124
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Example 2: Stringer Design Example 2: Stringer Design

e * Imposed Loading

Dead Load:
Stringer Self weight
i Guard Self weight

* Design low stringer
44” Wide Stair

. Spa n=9-8” 12 ga treads/risers with 2” concrete fill = 30 psf
E Superimposed MEP loads = 5 psf
* Try C12x20.7 Total = 35 psf
. 1
— Fully braced by tread/riser Live Load:
« LC=D+Lor 1.2D+1.6L Lve load = 100 ot
Total = 100 psf
125 126
Example 2: Stringer Design Example 2: Stringer Design
* Stringer Loads
w;=0.108 kipit R:V:K
Dead Load: w, =0.184 kip/ft )
Stringer Self weight (20.7 Ib/ft X 1.185 slope factor) = 24.5 Ib/ft S Wi
Guard Self weight (20 Ib/ft) = 20 Ib/ft R = 0892 ki M, = o
12 ga treads/risers with 2” concrete fill = 30 psf X 1.84’ = 55.2 Ib/ft
Superimposed MEP loads =5 psfX1.84’ = 9.2 Ib/ft _—
Total = 109 Ib/ft -
Ry=0.528 kip w 0.293 k/ft 0.425 k/ft
. R, =0.892 kip
Live Load: o R 142k 2.05 k
Live load =100 pSfX 1.84’ = 184 |b/ft = Beam Loading & Bracing Diagram =
Total Z 184 Ib/ft {Full Lateral Suppor) M 3.43 k-ft 4.97 k-ft
127 128
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Example 2: Stringer Design
-_— Refer to Manual Table 3-8

For C12x20.7, L, < L,

w  0.293 k/ft 0.425 k/ft ASD
R 1.42 k 2.05 k V,/Q, = 43.8 k > 1.42 k OK
M 3.43 kft 4.97 k-ft M,/Q, = 46.0 k-ft > 3.43 k-ft OK

LRFD
OV, = 65.8 k >2.05 k OK
O,M, = 69.1 k-ft > 4.97 k-ft OK

C12x20.7 is adequate for imposed loads

129
Example 3: Guard Post Connx
| .\ Infill
131

Example 2: Stringer Design

Check Deflection:
_ Swkipfin(Zin)t  wkip/(Z f)°
© 384(29,000 ksi)(7n) B 1,290(1 in’)

Live Load:

Wi =0.109 kipt
w, =0.184 kipift

Ry =0.528 kip
R, =0.882 kip "

(9.67 ﬂ)(ﬁ)
1 ft

ALL allowable = 360

0.184 kip/t(9.67 ft)*
_OIB4KIDRO6TRY oo <0322in, OK
1,290(129 in.4)

=0.322 in.

LL

Ry =0.528 kip
R, =0.852 kip Total Load
o otal Loaa:
~ L = (9.67 n)[ﬂ]

Beam Loading & Bracing Diagram A1t alowatie :T'ﬁ

{Full Lateral Suppor)
0293 kip/ft(9.67 fi)*
Q293 KipM(OGTRY 61550 <oa84in. OK
1,290(129 in*)

=0.484 in.

7L
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Example 3: Guard Post Connx
Handrail Top Rail prrr———
L P | A '
P Tooanl -
1 md Past
Post Rl
i =] @’ Tread
- B 1
Infil & —
1T —Tr N - = ™
| —_— = " cizBeam
. 40"CiCPost Spacing Low RaX —ﬁy Beam
132
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Example 3: Guard Post Connx
Guard Post
ASTM A500 Gr. C Round
C12 Beam Post F =46 ksi
Post Y B
Infil aa } Post F,=62ksi
H’ Tread Channel
=S —= ! ASTM A36
o By _ — F, =36 ksi
: -i\ 12 Beam FV = 58 kS|
C12 Beam
133

Example 3: Guard Post Connx

C12 Beam Post
Post

Infil Rl } Post
Tread
= - r

From AISC Manual Table 1-13, the
geometric properties are as follows:
ASTM A500 Gr. C HS51.90x0.145
Outside diameter = 1.90 in.

From AISC Manual Table 1-5, the
geometric properties are as follows:

ASTM A36 C12x20.7
9 k=1.125in.
= ©12 Beam t;=0.501 in.
bf= 2.94 in.
t,=0.282in.

Example 3: Guard Post Connx

M M, =PL

C12 Beam Post n
Post

Infil Rail } Post
== — ' P

0.200 k 0.320 k
e Bee - L 42”
.
_— = €12 Beam M 8.4 k-in 13.4 k-in
C12 Beam

135
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Example 3: Guard Post Connx
Determine effective width of channel top flange:
i
By = N+2(2.5) k== +bs
C12 Beam Post
Bey =1.90 in.+2(2.5)[| 1.125 in.—m +2.94in. |=20.97 in. i
U 2 nfill R
all
Determine section modulus of effective web:
Byts  20.97 in.(0.282 in.)’
Bt _2097n(02821n) 00
4 4
Byrtl  20.97 in.(0.282 in.)?
_ Byt _ in.(0.282 in.) 20278 in’
6 6
C12 Beam
136
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Example 3: Guard Post Connx

Determine nominal flexural strength of C12 web:
M,=F,Z<16M,

= F,Z<1.6F,S
=36 ksi(0.417 in’) <1.6(36 ksi)(0.278 in”)
=15.0 kip-in. <16.0 kip-in.
=15.0 kip-in.

ASD LRFD

M,/Q, = 15.0 k-in / 1.67 ®,M, = 0.9(15.0 k-in)
M,/Q, = 8.98 k-in > 8.4 k-in OK ®,M, = 13.5 k-in > 13.4 k-in OK

137

Steel Framed Stairway Design

Questions?

138

PDH Certificates

Within 2 business days...

¢ You will receive an email on how to report attendance from:
registration@aisc.org.

e Be on the lookout: Check your spam filter! Check your junk
folder!

e Completely fill out online form. Don’t forget to check the
boxes next to each attendee’s name!

PDH Certificates

Within 2 business days...

e Reporting site (URL will be provided in the forthcoming email).

e Username: Same as AISC website username.
e Password: Same as AISC website password.
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Thank You

Please give us your feedback!
Survey at conclusion of webinar.

There's always a solution in steel.

structural

STEEL
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