May 10, 2016 1:00pm

Why Decks Fail — Design and New PA

UCC Requirements to Improve Safety

Chris Hine — Housing and Development Specialist

Provider #60114115
AlA Course #PHRCWEB516

Sy,
Pennsylvania Housing Research Center ‘2
219 Sackett Building + University Park, PA 16802

P: 814-865-2341 »
Www.PHRC.psu.edu 0

WUig,

S

Description

* In this one hour workshop we will review past
deck failures and explain the critical failure points
in the design. Then we will review the current
code requirements for residential deck design and
construction. This will include reviewing the new
prescriptive design requirements for joists, beams
and post sizing. We will also review the design
requirements for stairs and stair illumination. The
newly adopted code requirements lay the
groundwork for the design of a residential deck.
Upon completion of this workshop, attendees will

atc know where to find and apply the prescriptive
M "’9’ design guidelines set forth in the IRC code books.
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Objectives

¢ The learning objectives for this program are:
— Understand how decks can fail and cause harm to the occupants.
— Provide an understanding of the deck requirements in the IRC and
Pennsylvania’s Uniform Construction Code.
— Provide an overview of proper materials and construction methods
— Provide background information on how to inspect for compliance
with the IRC for occupant safety
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* Review failures in decks
— Ledger connection
— Guardrails

* Review the NEW prescriptive requirements for Residential Deck
Design and Construction

Deck Failures

Normal Deck Loading

5/9/2016




5/9/2016

o0
=
©
®©
o
|
X~
(8]
@
(a]
]
2
(7]
(7]
o
(3]
X
(*F]

www.thatshouldhold.com
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¢ More injuries may be connected to deck failures than all other
wood building components and loading cases combined!

Guardrail Loading

Guardrail failure

¢ Improper railing attachments resulted in a lady falling 14 feet to
her death.

3 Photo courtesy of - Darin Clements
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Post attachment

¢ Toe-nailed post?




Compliant?

Structural Review

¢ Itis much more than “just a deck”!

And they are EVERYWHERE!
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Is there a difference in design practice?

* House vs. Deck

Structural Review — House vs. Deck

* Different structural systems
— House — Platform frame
— Deck - Post and beam
* (Now covered by the IRC — See R507.1 Decks)

¢ Less structural redundancy
 Larger loads on members and connections
* Lower lateral stability

Structural Review — House vs. Deck

¢ Increased exposure (wet service — UV)
— Wood durability
— Fasteners
¢ Uncertain (unexpected) service load during the life of the structure
* Design life expectancy
— House =50 years
— Deck=7?
Deck Planks (wood) = 15 years
Deck Planks (composite) = 8-25 years
Structural Wood = 10-30 years
Fasteners (galvanized) = 10+ years
Fasteners (hot-dipped galvanized = 35-60 years
— Source ~ www.nachi.org

* Failure
— House failure may not be catastrophic
— Deck failure usually are
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New UCC Adopted Changes to
Residential Deck Construction

5/9/2016

The Pennsylvania regulation related to
Residential Construction codes
changed effective December 31, 2015.

=

New Residential Deck Section in 2015 IRC

* R507.1 Decks. Wood-framed decks shall be in accordance with
this section or Section R301 for materials and conditions not
prescribed herein... (See text in 2015 IRC for remainder of
unchanged section.)

PA UCC Reference: Title 34, Chapter 401.21 (7)(jii)(1) @
36 International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, Ill.
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Decking Design Criteria

* R507.4 Decking. Maximum allowable spacing for joists supporting
decking shall be in accordance with Table R507.4.

TABLE 507.4
MAXIMUM JOIST SPACING
MATERIAL TYPE AND NOMINAL MAXIMUM ON-CENTER JOIST SPACING
to joist Diagonal to joist
1 1/4-inch-thick wood 16 inches 12 inches
2-inch-thick wood 24 inches 16 inches
Plastic Composite In accordance with Section | In accordance with Section
R507.3 R507.3

a. Maximum angle of 45 degrees from perpendicular for wood deck boards

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(K) - section
PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(S) - table .@
37 International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hil, Ill.

Design Criteria for Composite Decking
Text adopted through reference in Table R507.4

¢ Portions of R507.3.1 Labeling. ...includes the maximum allowable span
determined in accordance with ASTM D7032.

* Portions of R507.3.5 | llation of plastic posif Plastic composite deck
boards, stair treads, guards and handrails shall be installed in accordance with
this code and the manufacturer’s instructions.

* Section R507.3 is adopted by reference only to the extent that it provides the
maximum on-center joist spacing for plastic composite decking.

* Subsections of R507.3 are adopted as referenced by the language of R507.3
only to the extent that it provides the maximum on-center joist spacing for
plastic composite decking.

* Requirement that plastic composite components be installed with the
manufacturer’s instructions is adopted by reference as it relates to the
maximum on-center joist spacing for plastic composite decking. ﬁ

Deck Joist Design Criteria

* R507.5 Deck joists. Maximum allowable spans for wood deck
joists, as shown in Figure R507.5, shall be in accordance with
Table R507.5. Deck joists shall be permitted to cantilever not
greater than one-fourth of the actual, adjacent joist span.

frmgmegesy = i
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Typical Deck Joist Spans

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(L) — new section
PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(W) — new figure
39International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, 1ll.
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Deck Joist Span Table

TABLE R507.5
DECK JOIST SPANS FOR COMMON LUMBER SPECIES' (ft. - in.
SPACING OF DECK JOISTS WITH NO CANTILEVER® | SPACING OF DECK JOISTS WITH CANTILEVERS®
SPECIES? SIZE (inches) (inches)

12 16 2 12 16 2

2X6 911 90 77 68 68 68

Sothern Pine 2Xx8 131 11-10 9-8 10-1 10-1 9-8
2X10 16-2 14-0 11-5 14-6 14-0 11-5

2x12 180 166 136 180 166 136

L _2x6 96 88 72 63 63 63

5:[‘:‘8';; fir-larch’ 5 xg 126 111 91 95 95 91
sorace pine-firt |2X10 158 137 111 137 137 111
2x12 180 159 12-10 180 159 1210

2X6 8-10 80 7-0 57 57 57

western cedars, | 2X8 118 107 88 86 86 86
pine*, [ 2X10 1411 130 107 123 133 107

red pine® 2X12 17-5 15-1 12-4 16-5 15-1 12-4

3 No. 2 rade with wetservices factor

b. Ground snow o, v load = 40 ps, dead load = 10psf,
. Ground snow Ioad, ie load = 40 psf, dead load = 10psf,
d.Includes incising fator.

. Northern speces with no ncising factor

‘

0.
360 at main span, L/A = 180 at cantilever with a 220-pound load appled to end,

5/9/2016

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(T)
40 International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, Ill

Protection Against Rotation

¢ R507.5.1 Lateral restraint at supports. Joist ends and bearing
locations shall be provided with lateral restraint to prevent
rotation. Where lateral restraint is provided by joist hangers or
blocking between joists, their depth shall equal not less than 60
percent of the joist depth. Where lateral restraint is provided by
rim joists, they shall be secured to the end of each joist with not
less than (3)10d nails or (3) No. 10 x 3 inch long wood screws.

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(M)
41 International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, IIl.

Deck Beam Design Criteria

* R507.6 Deck Beams. Maximum allowable spans for wood deck beams, as
shown in Figure R507.6, shall be in accordance with Table R507.6. Beam plies
shall be fastened with two rows of 10d nails minimum at 19 inches on center
along each edge. Beams shall be permitted to cantilever at each end up to
one-fourth of the actual beam span. Splices of multispan beams shall be
located at interior post locations.

Figure R507.6
Typical Deck Beam Spans

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(N) — new section
PA UCC Reference:

itle 34, Chapter 401.21 (7)(iii)(X) - new figure
22 International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, Ill.
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Deck Beam Span Table

TABLE R507.6
DECK BEAM SPAN LENGTHS™ " (ft. - in.)
DECKIOIST SPAN LESS THAN OR EQUALTO:
SPECIES® SIZE (feet)

. s 10 2 1 1 s

FIFET3 = =0 = =Ty ¥ = px

FEFYT) =) 77 - = - - -

2210 104 50 ¥ 74 - - -

2oxm 2 107 - 57 ¥ z -

southern pine a E o E & X K E
3 T010 56 X 7s z T 2

32x3 o FYE] X 52 X 71 z

2 - 53 1110 o- 10 o) 5

TXeor2-2%6 x Py - = ¥ 51 px

3xsor22x8 1 5 = 1 ¥ o1 5
Gxivorz-2x10 % 7 = 1 - 51 px

Douglas fi-larch' 5373 o3 3x12 ¥ = 7 1 - St 5
em i, a%6 = 5+ - 46 ¥ 31 34
o d I 4X8 7-: 6-¢ 511 - 5-; 4
redwood, 4x10 8- 7 -0 - 6- 5-8
pondersoa pine, 4X12 et L = : & L
oo 32 o3 = o = px px
32 5 7 5y = = 5
2] 105 5 o 7. 7 =5
5 o1 103 10 5 3 51
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Joist Bearing Requirements

* R507.7 Deck joist and deck beam bearing. The ends of each joist
and beam shall have not less than 1 1/2 inches of bearing on
wood or metal and not less than 3 inches on concrete or masonry
for the entire width of the beam. Joist framing into the side of a
ledger board or beam shall be supported by approved joist
hangers. Joists bearing on a beam shall be connected to the beam
to resist lateral displacement.

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(0)
.. International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, IIl.

Deck Post to Beam Connection

¢ R507.7.1 Deck post to deck beam. Deck beams shall be attached to
deck posts in accordance with Figure R507.7.1. or by other equivalent
means capable to resist lateral displacement. Manufactured post-to-
beam connectors shall be sized for the post and beam sizes. All bolts
shall have washers under the head and nut.
— Exception: Where deck beams bear directly on footings in accordance with
Section R507.8.1

Figure R507.7.1
Deck Beam to Deck Post

HOICMED FOST Foarcar

_International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, Il

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(P) - new section
PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(Y) - new figure ﬁ

13



5/9/2016

Deck Post Design Criteria

* R507.8 Deck posts. For single level wood-framed decks with
beams sized in accordance with Table R507.6, deck post size shall
be in accordance with Table R507.8.

TABLE R507.8
DECK POST HEIGHT®

DECK POST SIZE  |MAXIMUM HEIGHT®

4x4 8
4X6 8
6X6 14'

a. Measured to the underside of the beam.

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(Q) — new section

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(U) - new table
International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, Ill

Deck Post Footing Detail

¢ R507.8.1 Deck post to deck footing. Posts shall bear on footings
in accordance with Section R403 and Figure R507.8.1. Posts shall
be restrained to prevent lateral displacement at the bottom
support. Such lateral restraint shall be provided by manufactured
connectors installed in accordance with Section R507 and the
manufacturers’ instructions or a minimum post embedment of 12
inches (305 mm) in surrounding soils or concrete piers.

Figure R507.8.1
Typical Deck Posts to Deck Footings

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(R) - new section
PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(Z) — new figure ﬁ
International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, .

Lateral Load Design

¢ R507.2.4 Deck lateral load connection. The lateral load
connection required by Section R507.1 shall be permitted to be in
accordance with Figures R507.2.3(1) or R507.2.3(2). Where the
lateral load connection is provided in accordance with Figure
507.2.3(1), hold-down tension devices shall be installed in not
less than two locations per deck, within 24 inches of each end of
the deck. Each device shall have an allowable stress design
capacity of not less than 1500 pounds. Where the lateral load
connections is provided in accordance with Figure R507.2.3(2),
the hold-down tension devices shall be installed in not less than 4
locations per deck, and each device shall have an allowable stress
design capacity of not less than 750 pounds.

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(J)
International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, Il.
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Lateral Load Design Option #1

Figure R507.2.3(1)
Deck Attachment for Lateral Loads
(Same as IRC 2009 figure)

PA UCC Reference: Title 34, Chapter 403.21 (7)(iii)(V)
International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, Ill.

Lateral Load Design Option #2

Figure R507.2.3(2)
Deck Attachment for Lateral Loads

PA UCC Reference: Title 34, Chapter 401.21 (7)(iii)(V)
International Code Council (ICC). (2014). 2015 International Residential Code, Country Club Hill, Il ﬁ

Proprietary Installation Instructions

¢ Alternative connection detail examples (proprietary)

OTT1E = 750-Pound Assembly
H

Daes st Mg

Source: Simpson Strong-Tie Technical Bulletin
. “Installation Options for Deck Lateral Load Connections”

5/9/2016
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Proprietary Installation Instructions

« Alternative connection detail examples (proprietary)

DOTT1Z - 750-Pound Assembly (cont.)

Condition 3 - Wall Plate Is.
Below Bottam ol Deck Joist

Figure 58
e view)

Figers 34
[uide view}

Source: Simpson Strong-Tie Technical Bulletin @

5/9/2016

_ “Installation Options for Deck Lateral Load Connections’

Proprietary Installation Instructions

¢ Alternative connection detail examples (proprietary)

Cosdition 4 - Wall Stud Receiving
Anchor Does Mol Rlign with Deck Joist

Figeire 88

Figurs B4
[T

[uide view)

“Installation Options for Deck Lateral Load Connections”

Source: Simpson Strong-Tie Technical Bulletin ﬁ

Proprietary Installation Instructions

¢ Alternative connection detail examples (proprietary)

Candition § - Jeist Hanger Flanges
Interfere with Screw Anchor

Figare TA Figeee T8
[eide view) {and view)

Source: Simpson Strong-Tie Technical Bulletin
“Installation Options for Deck Lateral Load Connections”
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Proprietary Installation Instructions

« Alternative connection detail examples (proprietary)

Conditiza & - Ledger ARaches 10 Caacrete Foundation Wall

5/9/2016

Source: Simpson Strong-Tie Technical Bulletin
.. “Installation Options for Deck Lateral Load Connections”

Proprietary Installation Instructions

¢ Alternative connection detail examples (proprietary)

Source: Simpson Strong-Tie

Safety Consideration Not Changed by
the New UCC Codes

[DEIGIENS
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Guardrail Loading

¢ 2009 IRC Table R301.5
— Guardrails and Handrails — 200 Ib live load
— Guardrail in-fill components — 50 Ib live load

along the top.

* Single concentrated load applied in any direction at any pint

* Decks greater than 30” above grade require a guard

Figure 24, Example Guard Detail

mum spacing
£xd post, typecal
DO NOT NOTCH

[}
N Sameter L openings she
thns-bolts and ot
par
wasnery

diameter sphom

courtesy, American Wood Council, Leesburg, VA

w22 bahusier, typcal

(298 wood screws £2-1
lang on insae face

attach bakusiers st top and botiom
W8 wood screw or (238

pas
0.135° nominal damaler

Guardrail Requirements

¢ Minimum 4x4 post

Figure 25, Guard Post to Outside Joist Example

soe FIGURE 24 for guard
- component st nt
Tequirements

quard post —e=— |

(2N dia. mn-
bolts and washars

N
|

i
OUtsde-fois! SECTION

courtesy, American Wood Council, Leesburg, VA

2 intiior bay, provide 2x Blocking o guard posts
d-derwn anchors; attach
threaded nails top and bottom, each side

nstaled as
gure 26 (etwenn joists)

@ bleching is installed as shawn below
within 12" of each side of the post

iocking with 10d

-

5/9/2016
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Guardrail Requirements

¢ Guard post to rim joist

Figure 26. Guard Post to Rim Joist Example

see FIGURE 24 for guard Pothd-Gownn Snchor

com, sttachment

requiremants Vi Fs LYY
/ s ®F guard post
guard post ——e / ~olign quaed (170 0 f
/ /[ pestatjoist | | |
Laa |l locations o |
rim joist . —iir [; 7\ b
hald-down anchor LY | il L Yoo || rimjoin
\ -
joist Pt 2
e \— hald-down anchar —
T (2) 12— 2" min.
diamater thru- [l | | 242 min. and 5" max
betts and washess [ 4112 min
af joist location between joists

SECTION PLAN VIEWS

courtesy, American Wood Council, Leesburg, VA W

Thoughts on Guards

* Never rely on nails in withdrawal.

* Guard rail post connection capacity:
— Difficult to calculate (too many variables, large number of connections,
requires 3 dimensional analysis)
— relies on full assembly (weakest link)
— is difficult to field verify (hip check is probably ~ 30lbs)
* Notched posts should not be allowed in most cases.
* Proprietary systems are all tested at required load + factor-of-
safety.

i

References

« International Code Council (ICC). (2008). 2009 International Residential Code, Country
Club Hill, 1l

« International Code Council (ICC). (2014). 2015 International Residential Code, Country
Club Hill, 1l

* PA Code Title 34, Chapter 401.21 (7)(iii)(A) — (BB)

* PA Code Title 34, Chapter 401.21 (9)(i) — (v)

¢ American Wood Council, DCA-6 09, Leesburg, VA

— http://www.awc.org/codes-standards/publications/dca6
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Evaluations / Certificate / Questions?

W,

This concludes The American Institute of Architects Continuing Education Systems Course

http://www.cvent.com/d/bfqvn3/4W

This concludes the 2015-16 PHRC Webinar Series. The 2016-17 series will begin in
September 2016.

5/9/2016

Have a wonderful summer — See you in September!
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