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RESIDENTIAL CODE - UDC lon||/c
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Applicability
One or two family dwellings
Does not apply to:
Multifamily
Accessory Buildings
Farm Buildings
Indian Reservations
The Code does not restrict size of structure

Large and complex homes may be at risk of having structural
deficiencies

The Code does restrict the applicability of certain sections

Tall walls
Partial height basement walls



EXAMPLE: LARGE SCALE HOME lOn||/C
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Designed in 2015, this home exceeds 30,000 sf.

Several unique design considerations that required extensive
engineering analysis in lieu of prescriptive methods,
including:

Deck Design

Tall Wall Design

Basement retaining wall design

Lateral Analysis (not covered today)
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Wisconsin
Chapter 321.225 - UDC
Chapters SPS320 to 325 Appendix B
Chapters SPS320 to 325 Appendix C

Other

American Wood Council (AWC), 2013: Prescriptive Residential Wood
Deck Construction Guide - DCA 6

Simpson Strong Tie: Deck Connection and Fastening Guide



DECK DESIGN lon | C

"Chapter 321.225 - UDC

SPS 321.225 Decks. (1) Decks attached to dwellings and
any detached decks that serve an exit shall comply with the apph-
cable provisions of subchs. Il to X of ch. SPS 321, including all
of the following:

(a) Excavation requirements under s. SPS 321.14;

(b) Footing requirements under s. SPS 321.15 (2) (f);

(¢) Frost penetration requirements under s. SPS 321.16;

(d) Load requirements under s. SPS 321.02:

(e) Stair, handrail and guard requirements of s. SPS 321.04.

(f) Decay protection requirements of s. SPS 321.10.

(2) A deck that complies with the standards in ch. SPS 325
Appendix B, and ch. SPS 325 Appendix C, if applicable, shall be
considered as complying with sub. (1).

Structures

& Design



RESIDENTIAL DECKS: TOPICS |ON ‘ C
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"Topics
Loads

Beam to Post
Connections

Stability
“ Tie backs
“ Ledger connection
* Knee braces

= Cantilevered steel
posts




DECK DESIGN - FAILURES lon \ C
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" Code Compliance
issues:

Ledger connection
Tie-back

Beam to Post connection
Stability bracing

" Recent study found
33,000 persons were
injured over a five
year period due to
structural failures of
decks or balconies.
Half were “serious”
injuries




DECK DESIGN: LOADS lon | C
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Live Load Requirement, UDC Ch321.02

Table 321.02-1

Live Load
Component (pounds per sq. ft.)
Floors ....... ... ... ........ 40
Garage floors. ekttt nn s ane on 50
Exterior balconies, decks, porches . . 40
Ceilings (with storage) . .......... 20
Ceilings (without storage) ........ D

Commercial decks are designed for a load which matches the occupancy
loading which is typically 100 psf
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Loads that require consideration that are often overlooked:
From Section 1: General Requirements Appendix B

9. A deck constructed in accordance with these standards is not approved for concentrated loads that exceed 40
pounds per square foot (psf). such as from privacy screens. planters. builti—in seating, hot tubs. stairs for multuple—
level decks. or from snow=drift loads or shding—snow loads. Engineering analysis is needed for these loads.

This is EVERY deck adjacent to a home.
Compare to IBC/ASCE 7-05 Snow Drift & Sliding Snow
Example of 30’ wide house adjacent to deck

Leeward Snow Drifts - from adjacent higher roof

Upper roof length lu = 15.0 1t
Snow density g = 20.5 pcf 2
Balanced snow height hb = 2.05ft " Lu :
noes Baelt Surcharge Load
hc/hb >0.2= 2.9 Therefore, design for drift Due to Ortting
Adjacent structure factor - 1.00 Ll [ I .
Drift height hd = 2.00 ft h he|  hg od %;}ﬂn .
Drift width wE 8.00 ft L ' ‘;iﬁ 5 Balanced Snow Load
Surcharge load: pd=y*hd=  41.0 psf - i ST M T T T T T T T
Balanced Snow load: = 42.0 psf hb! L N O
83.0 psf

W -
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Sliding Snow
Example of 30’ wide house adjacent to deck
Sliding Snow - onto lower roof W
Sliding snow = 04 Pf W = 231.0 pif ey =il
Distributed over 15 feet = 15.4 psf
hd + hb = 2.80ft Upper Roof
hd + hb < =h therefore sliding snow = 15.4 psf
Balanced snow load = 42.0 psf , i
Uniform snow load within 15" of higher roof = 57 .4 psf Slidi ' = 15 ]
Sliding =
Snow Load T
N ! ‘! et y
gala““d'd“ (A SR T SO SO SO S B £ S
Snow Loa ] S ¥ et Rnor
Sliding and Drifting snow -

Should be applied simultaneously
Ptotal = 15.4 psf + 83 psf = 98.4 psf (max)

This is more than DOUBLE the 40 psf base requirement



POST TO BEAM CONNECTIONS |ON | C
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= Permissible Connections Table 2
- . MAXIMUM POST HEIGHT
Minimum post size is dictated by post Post Size NMaximum Height
height and beam connection. Locations j:x:: gj
. . . X
of beam splices require 6x6 (min) 67x6” 14’

POST-TO-BEAM CONNECTIONS

lwwo— ar threa—
—--I |-I—2§* i, e
post cap
bwo—pl
beam only
(29 diameter
thrawgh-bolts: at
beam splica,
provide two bolls
at each baam and
beam must
bear on Notch——— -
b riobch post for flush
(posts supporting
baam splices shall . ,
be 6x6 only) |E dimensio

{5" actual)
NOTCHED POST POST CAP PROHIBITED CONNECTION




DECK STABILITY (LATERAL Ion | C

S U P P O R T) Structures & Design
Decks greater than Methods of
2’ above grade shall Obtaining deck
be provided with stability
diagonal bracing Wood Framing

Diagonal Bracing
Attachment to house

Steel posts

Cantilever from frost
depth pier and footing.



WOOD FRAMING - STABILITY Ion\
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= Diagonal (Knee)

Bracing:

Required at any perimeter column where deck does not attach to a

structure

Figure 18
DIAGONAL BRACING REQUIREMENTS

i

Y

EI

\ e

- 2x4, typical

==
e NN,

(1) 3/8" diameter—
thru-bolt with
washers, typical

beam

u

ERACING PARALLEL TO BEAM

I (=
A7 N

'— joist at post
ocations

14"-0" maximum

!

-

BRACING PERPEMDICULAR TO BEAM




DIAGONAL (KNEE) BRACING  |ON[/C
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Simpson Proprietary Product:




WO0OD FRAMING STABILITY  |ON \ C

Structures & Design

" Tension Tie Attachment

Figure 19
TENSION-TIE CONNECTION, WITH LEDGER BOARD

floor joists o )
parallel to |\ =17\ end joist or first
deck joists T /_ inside joist
'il | Il L
=~ = TN install tension.
tie to undersic
of outside ana
first inside jois
T ) ) on each side
fa 4 =, tension-tie fastenea deck
. " . per manufacturer
* 4"' s 4 Tnr
ol . 5 lag screw

Tension—tie requirements. Tension ties, if used instead of perpendicular bracing as described above, must comply
with all of the following, but are not permitted for free—standing decks:
1. The deck joists and floor joists must be parallel.
2. At least 4 ties must be installed, at the end joist and first inside joist at each end of the deck as shown in Fig-
ure 19. A set of tension—ties must be installed for each structurally independent section of a multi—level deck.
3. Approved tension—ties include the LTS19-TZ from USP or DTT1Z from Simpson Strong—Tie.
4. The minimum capacity of each tension—tie is 750 pounds.



WO0OD FRAMING STABILITY  |ON \ C
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5. Tension ties which are not available in a G—185 zinc coating require a barrier membrane separating the ten-

sion tie and the preservative—treated joist. The barrier membrane must be recommended for this location by
its manufacturer.

6. Tension—ties must be attached to the underside of the joists in accordance with the manufacturer’s instruc-
tions. Tension—ties must be attached to the exterior wall with lag screws as shown in Figure 19. Lag screws
must penetrate a minimum of 3 inches into the sill plate or top plate of a wood—framed wall.

7.  Where attaching to a concrete wall, lags screws may be replaced with adhesive or expansion anchors and a

1/2 inch threaded rod, with a withdrawal capacity of at least 750 pounds. The anchor must be installed in
accordance with the manufacturer’s instructions.

Figure 20
HOLD-DOWN TENSION DEVICE, WITH LEDGER BOARD

floor sheathing nailing at
6" maximum on center to
joist with hold down

hold down or similar
tension device

L

| L
L

_f,:-" * #*
+ + j ﬁu'
j ‘ﬂ-\.,,.rﬂ"
floor joist

—_ —_— —_
i i | L

=0e= ||"|I-‘~H|T"|

L E |-
E: + -
\- deck joist
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= Example of typical attachment

Figure 11
ATTACHMENT OF LEDGER BOARD TO BAND BOARD OR BAND JOIST
. : \r
exterior sheathing———s=| o
remove siding at ledger
existing stud wal————=— prior to installation
existing 2x or 1" minimu continuous flashing
EWP band board m\ with drip edge
& I -
- T = deck joist
floor joist - N_}_Er (T‘,_____,...-f—
=y ¥ ‘_"\_,
S E|E
T_E’, %" diameter lag screws or
g2 through—bolts
» ', . “ \—jnist hanger
‘ . 3 " '4
foundation wall——me={ = . 2x ledger board

Attachments not allowed : to brick or stone veneer, or to cantilevered floor framing
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= See Figure 15 in Appendix B or also proprietary tables

Ledger-to-Band Joist Assembly

Exterior ciadding
and flaghing mot
shawn for clarity

Wood structural
panel sheathing
1" may_ thickness
fastened per code

Band joist
per Table

S0OWS or SDWH wood
screws staggered vertically
and spaced per Table

2° nominal deck
ledger shown
(doubie 2°
ledger simifar)

2012 and 2009 IRC Compliant Strong-Drive® SDWS
Structural Wood Screw Spacing for a Sawn Lumber Deck Ledger to Band Joist

SDWS/SDWH Screw Spacing Detail

1% minimum from
J7 top of ledger and band joist

__@ @ - N
J | & minimum
row spacing
@® ®
| _
: | 1%" minimum from
6" from L On-center spacing bottem of ledger —
end of ledger of SDWS or SDWH and band joist

wond screws per Table

Ledper fastener spacing may be offsat up to
3* o avoid interference with joist attachment




DECK STABILITY: Ion I C

CANTILEVERED STEEL Structures - & Desigr

=An Engineered “Example:
Designh with Steel
posts can eliminate  ©=ou A NN 2079, A
the need for the NS R / CRPEE
tension tie to the ] ] R e
StrUCtu re aS We” aS 172" FELT '__‘iL i i T CONCRETE SLAB
the knee braces RN=E = = E

"The steel posts can = EIRARAN:
be desighed to AT K onme o
cantilever from the Rt \ mononzours
concrete pier or |
sonotube footing.

/]




STEEL POST CANTILEVERED Ion I C
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DETAILS: EXAMPLE 2 lon| C
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Precast Deck with waterproof membrane,
#4 KEYWAY BARS supported by steel beams and columns.

@ EA. JOINT

CONTROL JOINT

EMBEDDED PLATES @ 4'-0" O.C.
ALT. ENDS. BY PC SUPPLIER

#3x4'-0" @ 16" 0.C. \
_____________ S— __L,|-__it;________________. ~
J d L)
- —

v S —

TOPPING Stability provided by cantilever steel
/7( WATERPROOF MEMBRANE column design.

TOPPING

\— PRECAST PLANK
Tvp A WATERPROOF MEMBRANE
/7306 |

.=-\ EMBEDDED PLATES
@ L'-0" 0.C.
WF BEAM (BF MIN = 6") p /7 FPRECAST PLANK

L
SEE PLAN BY PC SUPPLIER

\ WF BEAM

SEE PLAN




STEEL POST CANTILEVERED Ion | C

DECK: EXAMPLE 2 Structures - & Desigr

" Elevated deck
flush with main
level

=Living space
below at lower
level walk-out

=" Mix of wood and
steel framing.

"Owner did not
want
appearance of
k-bracing

®

DECK LEVEL PLAN

SCALE: IfL® = I'-0




STEEL POST CANTILEVERED
DECK: EXAMPLE 2




FOUNDATION PLAN: EXAMPLE

7
' [
- 19" 15", 30
oo, i0-I* I 101 Jeior
r 1h
—t iZf@xi’ FIER | I2'Bui’ PIER
= : I A
! | I\ﬁ‘ \‘|/
[ i
T 6 /4"
| i
| |
| |
| I |
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. , 0 | TYP) [1678xs’ PIER | 16°8x4" FIER
. L 2 -
J i | ! _
] i
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| |
| I
—d Ll | 6x6 TREATED
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n ! 16°Fxs’ PIER
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»
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|
|
| &xéh TREATED
I POST
| 16°Bxs" PIER
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il | NS 'n.T'F

2xt STUD FRAMIMNG
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COLUMM BASE PLATE,
AMCHOR BOLTS, AND

AROUND COLLPMN &
STEEL COLLMN

SEE FLAN &ND
SCHEDULE — |

/2® FELT \

a ar

.

s

A" SETTING PL. SEE
PLAN AND SCHEDULE

ADHERED STOMWE VENEER

Y CONCRETE SLAB

REINF COMNC PIER. )

SEE PIER SCHEDULE \

_q_

(BTES @1 172" 0.C.

ANCHOR BOLTS
SEE COLUMM SCHEDULE.

REINFORCED COMCRETE FOOTING
-SEE FOOTING SCHEDULE

-CAST ON MATIVE SOIL, LEAN CONC
OR ENGINEERED FILL




FRAMING PLAN: EXAMPLE 2 |ON ‘ C
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= Steel beams |
supported by
cantilevered steel
columns

" Wood Joists span
between steel
beams

= Living space X
below deck is ol
enclosed, so a ” g
waterproof - o
membrane is _ 2 '
located on top of ? S N

tapered insulation /'j\ "

b WIZag is W23
| =*3 R o)

w

zuiz @ Igh 0.C.
|
rn
1.‘_|
|

WIERID

2xl2 @ 16° 0.C
i
L
WIZKES




FRAMING DETAILS: EXAMPLE

2xh WDOD PLATE
ATTACH TO TDF OF
STEEL BEAM 'WITH
RAMSET SPITH PIN
TO STEEL @ &° OLC.
LT SIDEE OF FLAMGE

2

ADJUETASLE PAVER SUPPDRT

CAST STOME FAVER
WATERPROOF MEMBRANE
OWER TAPERED IMSLLATION

= SML° TRG WDOD SUBFLOOR

Zuh WDOD PLATE
ATTACH TD TOF OF
STEEL BEAM WITH
REMSET SFITE PIM

TO STEEL @ B" Qul.
ALT SIDES OF FLANGE

lon||c

Structures & Design

ADJUSTASLE PAVER SUPPDRT

CAET STOME FAVER
WATERPROOF MEMERANE
ONER TAPERED INSLLATION

= 3" TRG WOOD SUEFLODR

a4 - ] \ Wa, a
| i - III = Fl IIII| | ‘ - F.
o L ¥ LT B i | KV (i T
I{III || |||||| ||||| || b |||||||| 1 |||||||| " |||| |||||||||||||I|
Tl L | k!
by
SIDING (=
STOME ALT.) i
WOOD NAL FLATE MUST = = WOOD NAIL PLATE MUST T
BE FLUEH WITH EDGE OF EE FLUSH WITH EDGE OF
FLAZRINE FLAMGE AT MANGER \ FLAMGE AT MAMGER
TRIM
Zx JOISTS @ 16" D.C. T s INSULATION Zx JOISTS @ 18" 0L
F— SEE FLAM AND MOTES SETWEEN FLIGR Q085TS EEE FLAN AMD MOTES

SIMPSON LBZIZ

JOIST HAMGER (DR EQUALY
WIZ EEAM

EEE FLAN

2xf WODD PL. ATTACH 'WITH RAMSET SFIT2

SIMFS0M LE2IZ

JOIST HANGER (DR EQLALY
WIZ EEAM

SEE FLAN

2xh WDOD PL. ATTACH 'WITH RAMEET SPI72
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ADDITIONAL CRITERIA Structures L & Design

Additional Criteria and regulations that must be
considered in every deck design include:

Design for long term decay resistance including treated
lumber, flashing at interface with rim joist, connection
hardware.

Footings must be frost depth (Sect 2, UDC Appx. B)

Joist attachments to beams and ledgers (Sect 6, UDC
Appx. B)

Elevated wood post attachments (Sect 2, UDC Appx. B)
Railing attachment (Sect 13, UDC Appx. B)

Stair Stringers (Sect 14, UDC Appx. B)
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TALL WALL DESIGN lon | C
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Maximum allowable unbraced height for a load
bearing wall is 10’-0” without additional
engineering.

Practical limits for wood tall walls

Deflection limitations for tall walls are not well defined,
so limits of L/180 to L/720 can be applied. Limits
typically based on finish materials, but should likely be
L/480 to L/600 in most cases. Masonry and glass
attachments require greater rigidity than siding and
metal panel.

Exterior wall design typically controlled by wind or
wind+gravity load

Interior wall design typically controlled by gravity design



TALL WALL: EXAMPLE 1 lon| C
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"Overall max ht = 42’
"Unbraced ht = 42’ z

uSteel frame around
area with windows

=Tall wall framed
with 1 34"x11 14"
LVL @ 8" o.c.




TALL WALL: EXAMPLE 2 lon| C
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= QOverall max ht = 54’
®"Unbraced ht = 42’

= Steel frame around
area with windows

= Tall wall framed with
134"x11 4" LVL @ 8”
0.C.

= Steel columns tied
bask into floor
diaphragm with
straps




TALL WALL STEEL coLumMN TIE lOn||/C
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-y Straps transfer wind load into horizontal
diaphragm which is transferred to shear
/ walls or reaction at top of retaining wall

/— WOOD TRUSSES @ 16" 0.C.

2 X | ' ' |
- ‘

USE SIMPSON TB SCREWS

@ 6" 0.C. TO ATTACH WOOD
LEDGER TO HSS. STAGGER _/

SCREWS TOP AND BOTTOM

\
\

- Tl [ L
NOTE: O: *—gé Ws7
2x6 LEDGER BLOCKING NOT SHOWN FOFR i o =
CLARITY ch)% % & G0
L3
‘_ M %
_ ol Ay A
) I — : J
FIRST FLOOR COLUMN CONNECTION [sd ]

.C

SECTION: AT NORTH END OF GREAT ROOM m

|
|
|
A |
L
SCALE: 3/4='-0" 6.6 5 \I“I i 5 —rep
4 1= &/

207 FTI1
@ |6° 0.C. §

(

4" FT6 @ 127

&
g
o
P

I
|
[

(8X23
T1
I

ZL°FTI
@ |2 0.C

|
al
Ell
z
|
I
|
|
|
|

; e )l -
| — ! — —hev 1
I |
_ILEE:I—' — —| 2x

Fa
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BASEMENT WALL LOADS lon | C
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Tom Feiza Mr. Fix-1t Inc.

Weight of Home

Loads i in;

+— Floor framing

Total horizontal load — resisto presoure
W=q*h"2/2
Soil and water ,-“’;

q varies based on proceurs [,

increases a,’

soil type i

Top reaction = W/3

Bottom reaction = > ol

je—
resists

2/3W F'ODtiﬂ@ pressure
£11

Soil supports footing

Image from Home Systems Data, Denver, USA
http://www.hsdi.us/library/
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" Typical basement wall design P |

i \ U = ol |
Pinned at top and bottom =3 Mg -f .,gf; ;\ |
Balanced loads on either side i | W
create a net reaction of “zero” ol ,:’f . E_ |
into perpendicular shear walls Foll wiA W 75 |He
- — -
= Walk-out basement T ramasm

No resistance to top reaction at FULL [BASEH ST
opposing wall

Resistance desigh must be Wy R ESEERERERE

: ELLES 1Y o =
handled via: =i/ N |
Diaphragm load transferred to r | |
perpendicular shear walls, or / L i
: 1 =z} '
Fixed base design (cantilever ;’_'_.__,_:iij_-:'_’”____-:- —
retaining wall) L] =



THE FLOOR DIAPHRAGM: Ion I C

H OW IT WO R KS Structures & Design

" The reaction at the top of
the wall acts on the floor

diaphragm and is transferred Lateral load W= w¢

into the walls parallel to the T 1 L J. 11 4 EEER 4 Yoyt

load which act as shear Shear at wall

walls Chord force C = M/b V=V,
——— —il— \

= |If the basement does not
have any exposure, the
system will act in
equilibrium as the forces on
either side of the diaphragm
will be equal and opposite.

= |f the basement is exposed
on one side, the load will be
unbalanced. Improper
connections can lead to the
outside exposed wall bowing Chord force T= M/b
outward. This is even more
problematic where walls are — £ -
partial height.

[

-11
———

e s s RS AT NN R RS

P e e o e ]
A |

Image from: Precast/Prestressed Concrete Institute.
2010 PCI Design Handbook, 7t Edition. pp 4-56



BASEMENT WALLS WITH FULL Ion I C

E X P O S U R E Structures & Design

more than 140’ of the
structure
" Due to height of the walls :
(13’), the weak diaphragm A 1

= Unbalanced fill present for mE,
&)

l7 ¢
§

S ._':‘g M}d\
= T
[N
B
=)
&

GRAMULAR F

(wood) and the spacing of the ey
perpendicular shear walls, i
shear wall resistance design
was not feasible.

= Solution: Basement walls
designed as cantilevered
retaining walls at all
locations where load was on
only one side




TOP CONNECTION @ BALANCED Ion ‘ C

SOIL CONDITION Structures - & Desigr

JEAN
¥
V4" GYPCRETE
3/4" TRG PLYWOOD SUBFLOOR
DOUBLE BOTTOM WOOD TRUSSES @ 16" 0.C.
PLATE /
1/2°0 SIMPSON R
TITEN HD @ 8" 0.C 100 NAILS 8'-0" (EXTENT OF BLOCKING) 1
(6" EMBED - TYP) ~ @ 4" 0.C. * 1 f ¥ '
Ny Iy

. =T 1 1  ——  — — —

o -

=2

N s DOUBLE BOTTOM V5" GYPCRETE

PLATE 3/4° T&G PLYWOOD SUBFLOOR
TITE:ZHE %Zf?g WOOD TRUSSES @ 167 0.C
S IMPSON _/ (6" EMBED - TYF) /
MASAP @ 8" 0.C. =] =] =] =] -
2xt BLOCKING @ 24" 0.C.
SEE SCHEDULE FOR NAILING
ANCHOR SPACING SHOWN APPLIES WHERE SOIL BACKFILL 1S FULL : :
HEIGHT AGAINST BASEMENT WALL. WHERE SOIL HEIGHT IS LESS THAN T -
FULL HEIGHT, USE SPACING AS INDICATED BELOW. SOIL HEIGHT IS Sp gakllb
HEIGHT ABOVE TOP OF FOOTING.
BACKFILL HEIGHT TITEN HD SPACING MASAP SPACING
FULL HEIGHT B 0.C 8" 0.C. 1 !
UP TO 9.5' (EL = 96.5') 167 O.C. 16" 0.C.
+ :’,’ SFL}SES;EE-EE ?59'2 é,) :2_ g'g' EENE'C' ANCHOR SPACING SHOWN APPLJES WHERE SOIL BACKFILL IS FULL
=93 - HEIGHT AGAINST BASEMENT WALL. WHERE SOIL HEIGHT IS LESS 1
SIMPSON FULL HEIGHT, USE SPACING AS INDICATED BELOW. SOIL HEIGHT IS
. FLOOR TRUSS BEARING ON MASAP @ 8 O.C. HEIGHT ABOVE TOP OF FOOTING.
SECTION:  PERIMETER FOUNDATION WALL 10
— ) BACKFILL HEIGHT TITEN HD SPACING MASAP SPACING
SCALE: 3/4°=I"-0 56.5 . o FULL HEIGHT & 0.C. 8 0.C.
UP TO 9.5' (EL = 96.5) 16" 0.C. 16" 0.C
N UPTO 8 (EL=95.0 167 0.C. 32" 0.C.
ps 6' OR LESS (EL = 93.0") 16" 0.C. NONE

FLOOR TRUSS BEARING ON
SECTION:  BASEMENT WALL AT GARAGE m

SCALE: 3/4%=1'-0" S6.4
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Deck Design
Key desigh components are deck stability and complete load path
Design for long term corrosion resistance
Loads in tables likely not adequate due to show drift

Basement wall designs

Unbalanced load designh requires careful analysis and does not meet
the prescriptive design criteria of the UDC

Tall Wall Design
Walls more than 10’ clear (unbraced) require engineered design.
Strength and serviceability requirements must be considered.
Future Code changes?

Requirement for houses over a certain footprint per floor to be
stamped by a licensed professional?
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