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FOREWORD

This Wood Frame Construction Manual
Workbook (WFCM Workbook) provides a design
example, typical checklist, and background
information related to design of a wood-frame
structure in accordance with AF&PA’s Wood
Frame Construction Manual (WFCM) for One- and
Two-Family Dwellings, 2001 Edition. The design
example uses plans from a 2-story residence
designed to resist wind, seismic and snow loads.
Typically, these load conditions do not all apply to
the same structure (e.g., usually only 2 of these
conditions are evaluated depending on the
geographic location and local building code
requirements). However, all three load conditions
are evaluated in this example to show the broader
range of applicability of the WFCM. The authority
having jurisdiction should be consulted for
applicable load conditions.

The design example is based primarily on

prescriptive provisions found in Chapter 3 of the
WFCM. References to page numbers, tables and
section numbers are for those found in the 2001
WFCM, unless noted otherwise. Additional
engineering provisions or alternate solutions are
provided where necessary. See the American Wood
Council website (www.awc.org) for an in-depth
overview of the WFCM.

While building codes (and the WFCM) are
organized based on the construction sequence
(foundation to roof), this design example is
organized based on the typical design sequence
(roof to foundation).

The Association invites and welcomes
comments, inquiries and suggestions relative to the
provisions of this document.

American Forest & Paper Association
American Wood Council

The design example herein is based on AWC’s Colonial Homes Idea House in Williamsburg, VA designed by nationally
acclaimed architect William E. Poole. The house was opened to the public in June 1995, and was featured in the October

1995 issue of Colonial Homes magazine.

The 47,000 square foot colonial style mansion featured both traditional and modern wood applications. The facade
replicates a historical home in Connecticut. Clad in southern pine siding, the house had glulam door headers, oak floors,
and antiqued wood kitchen cabinets. But what caught visitors’ attention most were the intricate wood moldings throughout

the house and the inlaid wood design bordering the foyer floor.
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BUILDING DESCRIPTION
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BUILDING DESCRIPTION
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LOADS ON THE BUILDING

Structural systems in the WFCM 2001Edition have been sized using dead, live, snow, seismic and wind loads in accordance
with the 2000 International Building Code.

Lateral Loads:

3-second gust wind speed in Exposure Category B =120 mph
Seismic:
Seismic Design Category (SDC) =Dl
Short period design spectral response acceleration (Spg) =0.83
One second period design spectral response acceleration (Sp;) =048
Seismic response coefficient (Cs) =0.1383
Gravity Loads: Y v vV VvV v VvV v v v
A2
Roof: Floors:
Roof Dead Load = 10 psf First Floor Live Load = 40 psf
Roof Snow Load Second Floor Live Load = 30 psf
Ground Snow Load, P, = 30 psf Attic Floor Live Load = 20 psf
Flat Roof Snow Load (calculated from ASCE 7- Floor Dead Load = 10 psf

98 — see WFCM Commentary Table 2.14B)
=1.5(0.7)P, C. C, 1
= (1.5)(0.7)(30)(1.0)(1.1)(1.0)

3465 psf Walls:
=35 psf Wall Dead Load = 11 psf
Displacements:
Roof Rafters with Ceiling Attached L/A =240
Roof Rafters with no Ceiling Attached L/A =180
Floor Joists L/A =360

AMERICAN WOOD COUNCIL
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WFCM APPLICABILITY LIMITATIONS (p- 2)

The following table is used to determine whether the building geometry is within the applicability limitations of the
WFCM. Conditions not complying with the limitations shall be designed in accordance with accepted engineer
practice (see WFCM 1.1.3).

Attribute Limitation Design Case v
BUILDING DIMENSIONS

Number of Stories maximum 3 3! v
minimum Flat 12:12 v
Roof Slope
maximum 12:12 12:12 v
Mean Roof Height (MRH) maximum 33 29' v
L ) ) minimum 16” v
Building Dimension (L or W)
maximum 80' 327 v
o ] minimum 1:4 1:2 v
Building Aspect Ratio (L/W)
maximum 4:1 2:1 v

'Building designed as a 3-story structure since the roof slope exceeds 6:12 (see WFCM 3.1.3.1).
*Building dimensions based on design as separate structures (Option 1).

AMERICAN FOREST & PAPER ASSOCIATION
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PRESCRIPTIVE DESIGN LIMITATIONS (p. 106)

The following table is used to determine whether the building geometry is within the applicability limitations of the
WFCM Chapter 3 prescriptive provisions. Conditions not complying with the limitations shall be designed in
accordance with WFCM Chapter 2 (see WFCM 3.1.3).

Element Attribute Limitation Design Case |v
FLOOR SYSTEMS
Lumber Joist Span 26' maximum 16' v
Joists Joist Spacing 24" maximum 16" v
Cantilevers/Setback - Supporting loadbearing walls  |d' maximum NA |/
or shearwalls
Cantilevers - Supporting non-loadbearing wall non- |L/4 maximum NA |V
shearwall
Floor Vertical Floor Offset df maximum NA |V
Diaphragms |Floor Diaphragm Aspect Ratio 3:1 maximum 2:1 v
Floor Diaphragm Openings Lesser of 12' or 50% of 12' v
Diaphragm Dimension
WALL SYSTEMS
Wall Studs | Loadbearing Wall Height 10" maximum 10' v
Non-Loadbearing Wall Height 20" maximum 16' v
Wall Stud Spacing 24" maximum 16" v
Shearwalls | Shearwall Line Offset 4" maximum 3 v
Shearwall Story Offset d maximum 0 v
Shearwall Segment Aspect Ratio 3%:1 maximum® 3:1 v
ROOF SYSTEMS
Lumber Rafter Span (Horizontal Projection) 26" maximum 16' v
Rafters Rafter Spacing 24" maximum 16" |
Eave Overhang Length Lesser of 2' or rafter length/3 2' v
Rake Overhang Length Lesser of 2' or purlin span/2 24" |/
Roof Slope 12:12 maximum 12:12 |V
Roof Roof Diaphragm Aspect Ratio 3:1 maximum 2:1 v
Diaphragms

" Exception: For roof live loads and ground snow loads less than or equal to 20 psf and 30 psf, respectively, lumber floor joist
cantilevers supporting load-bearing walls shall not exceed one-eighth of the backspan when supporting only a roof load where the roof clear span
does not exceed 28 feet.

“Shear wall segments aspect ratios are limited to a maximum of 2:1 for seismic loads (Table 3.17D Footnote 3). 2003 International
Building Code (IBC) Table 2305.3.3 footnote a., permits a 2w/h reduction for shear walls not meeting maximum shear wall aspect ratio of 2:1 for

seismic loads.

? For roof snow loads, tabulated spans are limited to 20 ft, to account for unbalanced snow loading in the table.

AMERICAN WOOD COUNCIL
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LOAD PATHS

A continuous load path shall be provided to transfer all lateral and vertical loads from the roof, wall, and floor systems to the
foundation.

Continuous Load Path: The interconnection of framing elements of the lateral and vertical force resisting systems,
which transfer lateral and vertical forces to the foundation.

See 2001 WFCM Figures 2.2a-c

ﬁ Roof-To-Wall Shear Connections ﬁ

— e e e A A e e e A e e A e e e e o e e e e

e e e e e S T T e e e e e T e —>

H Floor-To-Wall Shear Connections ﬁ

— e e e e e e e e e e e e e e e e e o e e e
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CHECKLIST

The following checklist is used to assist with the evaluation of a structure in accordance with WFCM Chapter 3
prescriptive provisions. Items are keyed to sections of the WFCM Chapter 3 to allow a systematic evaluation of the
structure. Blank checklists are reproduced in the Appendix of the workbook.

WFCM 3.2 CONNECTIONS CHECKLIST

3.2.1 Lateral Framing and Shear Connections

3.2.1.1 ROOT ASSEIMDLY ...ttt ettt ettt et es sttt s b e b et et et et eseseseasae s s s s esesasesasanas okK? v
3.2.1.2 Roof AsSembly t0 Wall ASSEIMBLY.........cvcueueueirieiiiiiieieieisieiete ettt ee ettt ettt sesesasenas oK v
3.2.1.3 WAll ASSEIMDBLY ..ottt ettt ettt s sttt e b et et et et et sese s et st et et et e e nenenenaes ok? ¥
3.2.1.4 Wall Assembly t0 F10Or ASSEMDIY .......ccocviiiiieiiiieiieiieieete ettt sttt ettt ssseesaesseesseennes ok? &/
3.2.1.5 FLOOT ASSEIMDLY ......oouivivieieetieietetceeeeeteeet ettt ettt ee e se et et ese s et ese et et ese s eses st et esessesesenseseseasesesensesesn ok? &
3.2.1.6 Floor Assembly to Wall Assembly or Sill P1ate .............ccveeiirieiieiieiee e ok? ¥/
3.2.1.7 Wall Assembly or Sill Plate to FOUNation............cocceeeeeieniiniinininininieeccicrtcsene sttt okK? v
3.2.2 Uplift Connections
3.2.2.1 RoOf ASSembly t0 Wall ASSEIMBLY.......c.cvoueueieirieiiiiiieieieisiee ettt ettt es s sesesenas ok v
3.2.2.2 Wall Assembly to Wall ASSEMDLY .......c.ciiiiiiiieiiiee ettt ettt ok? ¥
3.2.2.3 Wall Assembly t0 FOUNAATION .......c.ovevivieiietieieeetceceieteeeeeeteecete ettt es e s e ne s eseseseneeeesenns ok? &

3.2.3 Overturning Resistance

3.2.3.1 HOIAAOWNS ... ceeitteiiei ettt ettt e et et et e s e b et s esnseseseses s saens ok? v
3.2.4 Sheathing and Cladding Attachment

3.2.4.1 ROOT SHEANINE ......ecevvvieeieeeee ettt ettt ettt ettt es et et se et et eas st ese s et ess s et ese s et easeseseseseesens ok? v

3.2.4.2 Wall SHEALNING ......eviiirieieteieeeiei ettt ettt et s et e e s s e b e s et et e s e s et et s s seteteseseseanneaes ok? &

3.2.4.3 FLOOT SREATNING. ......oviteteieieieiieiii ettt ettt b et s e se et s e s e b eb et et et et esesea s b b es s s esesesasasennneas okK? v

3.2.4.4 ROOT ClAAAING......cooviiieveveteecececeieetee ettt ettt ettt a s e s st e s et et et et et e s esssssesnss s s s et eseseseassras ok? ¥

3.2.4.5 Wall CIAAAING........cooivieieeeeeeieeeecee ettt ettt ettt ettt eae et et as et eseasesesesees et et easeseseasesesensesesn ok? &

3.2.5 Special Connections

3.2.5.1 RIAEE SEEAPS...vcuveveeieeeteeieeeteeeee ettt ettt ettt ettt et as e s et et e s etest et et ese et etess et et eas et et esbasasesessesesenseseseesasesenssess ok? ¥/
3.2.5.2 JACK RATIETS....cucvivieiiiicieieietcicicect ettt ettt ettt b bbbttt s st b b ebebeb et e b e s esesessss st bbb esesesesasnss ok? v/
3.2.5.3 Non-Loadbearing Wall ASSEMDBIIES .........c.ceueuriruiiiiririririeieieieteeeieieiete sttt ettt e s s esesesesasanas oK v
3.2.5.4 Connections around Wall OPENINGS .......c..ccccviririririeieienienene sttt sttt sttt enneeesaenbe e eaes ok

AMERICAN WOOD COUNCIL
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WFCM 3.3 FLOOR SYSTEMS CHECKLIST

3.3.1 Wood Joist Systems

3.3.1.1 FLOOT JOISES ..vuvuvuieiiieteieis ittt ettt s bttt e e e e eaeeeeeaeseens ok? v/

3.3.1.1.1 Notching and BOTING ..........ceeueurueiriiiieiririsieieietete ettt ettt ettt e s esesesesesasenas ok? v
3.3.1.2  BATINE c.veveveiiieiiiieiete ettt ettt ettt s sttt e s s s bt s R e R A et s s h ek ek ekt et et st a bttt s et st esenetenas ok? ¢
3.3.1.3 BN RESIIAINT c....eoieieiitteici ettt ettt ettt e bbbt s st ss e ss st eseseses s sansnsesesenas okK?
3.3.1.4  Lateral STADIILY ....ocvovivieeeeeceeeeet ettt ettt ettt ea et a et ettt et ettt et ne et et es et et neenerens ok? &/

3.3.1.5 Single or Continuous Floor Joists

3.3.1.5.1 Supporting Loadbearing WallS...........cccoerieiiriiiiiieiieriee e ok? v
3.3.1.5.2 Supporting Non-Loadbearing Walls............cccccervierierieniieieeieniee ettt ok? v
3.3.1.5.3 Supporting Concentrated Loads ..........coceriririeiiiiiiniininieieceeeeee ettt oK v

3.3.1.6 Cantilevered Floor Joists

3.3.1.6.1 Supporting Loadbearing Walls...........ccceriiiiiiiiiiiiiie e ok? v/

3.3.1.6.2 Supporting Non-Loadbearing Walls............ccccccerierienieniieiieieeiesieeie et seeesie e eseseesenennes ok? ¢

3.3.1.7 Floor Diaphragm OPENINGS ........cc.eeeverieiierieeniieiieteeetesseesseeseessesssessaesseessesssesssesseesseessesssesssesssessessessses ok? &/
3.3.2 Wood I-Joist Systems ... ok? v
3.3.3 Wood FIoor Truss SyStemsS ... Ok?

3.3.4 Floor Sheathing

3.3.4.1 SHEAtNING SPANS......c.oovevieiieieeieeeteeeeeeteeetet ettt et et e st et ese et et ese s et et et et essas et et easesesessesesensesesessesesennsess ok?
3.3.4.2 Sheathing BAZE SUPPOTL .....c.oovevieieeeeeieeeeeeceeeteteeee ettt ettt ettt e et sas et eseaeesesessesesese s eseaseseseneesesens ok? ¢
3.3.5 Floor Diaphragm BracCing ... ok? v

AMERICAN FOREST & PAPER ASSOCIATION
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WFCM 3.4 WALL SYSTEMS CHECKLIST

3.4.1 Exterior Walls

34.1.1

3.4.1.2
34.1.3
34.14

WOOM STUAS ...ttt ettt ettt bbbttt s sttt s bbb e s es et eseseses s bbb s ebebeseses et essss s s esesesasasens ok? ¥/
3.4.1.1.1 Notching and BOTING ........c.ceueurueuririiiieirieieieieietete ettt ettt ettt s et esesesesesasenas ok? v
3.4.1.1.2 StUA COMEMUILY ...ttt ettt ettt ee s sttt s s b sesetesesesese e e ssesesesesesesasanas okK? v
341,13 COMIIETS ..ottt ettt ettt a ettt et ettt essss s sttt et et et et et essssasss s s st et et eseseasenssenenaes ok? ¥/
TOP PLALES ...ttt ettt ettt ettt et s ettt a e et s ettt et ettt e e en e en et s s sne ok? v/
BOMOM PLATES ....vvcvvieieieieiietet ettt ss st b bbbt sss sttt b s bebes s ss s sssss s sesesesesesens ok? &/
Wall Openings

B 140 HEAETS ...ttt ettt bbbt s sttt s et b bbb bbbt et sse sttt s bbb ebesesesenes ok? ¥/
3.4.1.4.2 FUull HEIGht STUAS........ovivieivieieietceeeeeteeeeee ettt ettt ettt ss s aees s ok? ¥/
34143 JACK STUAS ...oevieiietceceetceceeet ettt ettt ettt s et et sese s e s et s s esetees s esese s etessenans ok? v
3.4.1.4.4 WINAOW Sill PIAteS .....ocueiiuiiiieiieie ettt ettt ettt et esbeeaeeae s ok? v

3.4.2 Interior Loadbearing Partitions

3.4.2.1

3422
3423
3424

WOOM STUAS ...ttt ettt ettt ettt ee et ettt et et et s essssss st et et et et et esssssssses s s et esesesesesens ok? ¥/
3.4.2.1.1 Notching and BOTINE ..........cccoveuiuieieieeieeeteeeeeeeteeeeteteee ettt et ees st eas et eseesesesenseseseesesns ok? ¢/
3.4.2.1.2 StUA CONUNUILY....c.vtetiiiieieitesteeste et eteestesteestee e esessaesstesseesseesseessesssesseesseessesssesssesssesseensensses ok? ¢/
TOP PLAES ....veeveeieeeeeeee ettt ettt ettt ettt ettt e st s s ae et et eee et et ens et et ees et et ese s et ea st et ene et esnaeerenens ok? v
BOMOM PLATES ....vvvieieieieiiietetet ettt ettt es st bbb bbbttt seses st bbb ebebesesatesessss s esesesesasasens ok? ¥/
Wall Openings

34241 HEAETS ......eoeecveeieeeeeeeetee ettt ettt a et ettt s st et ess et et ese st tnes st e e s eanae e ok? v/
3.4.2.4.2 Studs Supporting Header BEamS ........cccoouiiiiiiiiiiiiiie et ok? v/

3.4.3 Interior Non-Loadbearing Partitions

3.43.1

3432
3433

WOOM SEUAS ..ottt t b b e ae bbb sse st e bbb s snsn s e s s s s e okK?
3.4.3.1.1 Notching and BOTINE ..........ccocveueuieiiiieieieteteeeeeteeeeteteee ettt eee st asesesensenesenseseseesesns ok? ¢/
TOP PLAES ....veeveeeeeteeeee ettt ettt ettt ettt ettt s et ee e st ae et et eee et et eases et ees et et ese s et ean st ese et eee s renens ok? v
BOEOIM PLAES ...vvveee ittt b ettt a e s e e e st e s okK? v/

3.4.4 Wall Sheathing

3.4.4.1
3442

Sheathing and Cladding..........c..ccueouiririririiieieeer ettt ettt ettt sae e e eieene ok
EXEIIOr SREAIWALLS .......vivieivieiictceieet ettt ettt ettt ettt se et ae et etesses et ess s esessesesnanas okK? v
3.4.4.2.1 Sheathing Type AdJUSTMENTS. .....cc.eiiiiiiiiiieiieiiere ettt sttt et s ok? ¥/
3.4.4.2.2 Perforated Shearwall AdJUStMENTS .........cccoeiiiieiiiiiiie e ok? v/
3.4.4.2.3 HOIAAOWNS ...ttt sttt ettt s e sae s s st seseseses ok?

AMERICAN WOOD COUNCIL
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WFCM 3.5 ROOF SYSTEMS CHECKLIST

3.5.1 Wood Rafter Systems

3.5.101 RAIEETS 1ottt ettt ettt e e R bttt ettt e s n s e ok? v/
3.5.1.1.1 JACK RATIETS ...veevveiiceieeeetcee ettt ettt et et s st et se et seseas st ss s snae e ok? v/

3.5.1.1.2 RAfter OVETRANGS. ....c.cuiiiieieieieeeieieieie ettt ettt ss et s s s s tsesesesesesasnnas okK? v

3.5.1.1.3 RAKE OVEINANES ...ovvivivieieiiieeeietetetetceeeee ettt esse sttt ettt et asasss s s s st et eseseasenenes ok? v/

3.5.1.1.4 Notching and BOTINE ..........ccccveuiuieieieeieieteeeeeeieteeeeteeeeeeeteee et eee et ees st esseeeteasesesesseseseesenns ok? ¢/

3.5.1.2 BEATINE ..vuevieieeeeeeeeeeeeeeee ettt ettt ettt ettt ettt ettt et et et ettt et et ettt e et et et e e et et eae et etenneeenn ok? &

3.5.1.3 BN RESIAINL ... ceeeetteiiceeie ettt ettt cses s s e b s e ok? v

3.5.1.4 RIAGE BEAIMS ...ttt ettt ettt ettt ee et et se e s et eas et et ene s et eas et eseneesesens ok? v

3.5.1.5 Hip and Valley BEAIMS. .....c.ooviiiiriririeieieieieieieiet ettt ettt ettt b ettt e sttt et es s sesesesesasennnens ok

3.5.1.6  COIING JOISTS ...ouvvvivvvievetetcecececeeeee ettt ettt ettt ettt ae s sttt e s et et et et ssss s st es et et et et essesesensnans ok? ¥/

3.5.1.7  OPEN CEIINES ......vvvvvetieeeieieeeeeeet ettt ettt ettt et et et e s et et ea s sese s st es et et esesessesesensnans ok? ¥

3.5.1.8  ROOTOPENINGS......ouvvivieeieeieeeieteeetetee ettt ettt e ettt ae et et ess et et ese et et eas et et ese et esess et esensseseesesesessesesens ok? &/
3.5.2 Wood I-Joist ROOf Systems ... ok? v
3.5.3 W00d ROOF Truss SYSTemMS ... e, ok? v

3.5.4 Roof Sheathing

3.5.4.1 SHEATRING ....vvvivieieieeeeetet ettt ettt ettt sttt ettt ettt st ee s ettt e bttt e et e e ae e st sttt et e nenenensnaes ok? v/
3.5.4.2 Sheathing EAZE SUPPOIT ...c.ouiviiiiciitetetetetctcectctceete ettt tsas e se ettt se bt teasssssss s es st es et et esesesssnesensnans ok? v/
3.5.5 Roof DIiaphragm BracCiNg ... ok? v

AMERICAN FOREST & PAPER ASSOCIATION
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Roof Story Design

Job: WFECM Workbook Description: Main House

Roof and Ceiling Framing Details

Ridge Board
Rafter /</00llar Tle (Collar Beam)

— (Located In upper third of
attlc space) (see 3.2.5.1)

FINISHED ATTIC

T e | T

rafters

Cross Section
RAFTERS AT 16" O.C.

/—RIDGE BOARD

"
! 32'
16'
| o |
| . "l
Roof Framing
/— CEILING JOISTS AT 16" O.C.
q
32
16'
40

Ceiling Framing
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Job: WECM Workbook Description:___Main House |
Roof Framing
Rafters (WFCM 3.5.1.1)(page 115)
Assuming ceiling attached to rafters, choose rafters from Table 3.26B and 3.26D (pp. 201 and 203)
Ground SNOW Load: .......coouieiiiiieiieeeeee et 30 psf
| 5 500 T T PSR USRUURRRURSSP 20  psf
Dead LOoad: ..ottt et e eneen 10  psf
Three second gust WIndSPEEd:........cooueeieiieiieeee et 120 mph Exp. B
Rafter Vertical Displacement L/A: .......ccoocovieiiiiiiiinieieeee et 240
Required Span (Horizontal Projection): ..........cccerererereieninieieeee e 16 ft.
Thrust Factor (FOOINOTE 1) .....ccieriieiieiieieiiesieere ettt 1.0
Wind Factor (FOONOtE 2):.....ccuiiiiiiiiieriieiieieeieet ettt ae s 0.71
Sloped Roof Adjustment (FOOtNote 3): .....ccovvieiieiinieieiieeeeeeeeee e 1.17 ACE LIVE LOAD REDUCTION
Selection of Species, Grade, Size, and Spacing: (Table 3.26B & C)
Species Douglas Fir-Larch Hem-Fir Southern Pine Spruce-Pine-Fir
Spacing 16" 16" 16" 16"
Grade #2 #2 #2 #2
@ Table 3.26B Span 2x6 14-1" 2x8 17-3" 2x6 14-1" 2x8 17'-9"
Live Load Span 14.1(1.0)(1.17)= 17.3(1.0)(1.17)= 14.1(1.0)(1.17)= | 17.75(1.0)(1.17)= @TKIA\/ AND
@OxIx® 166" ok 20'-2" ok 166" ok 201-9" ok PRROR
@ Table 3.26B Span 2x10 22'-6" 2x10 | 21-11" | 2x10 23'-2" 2x10 22'-3"
Wind Load Span 22.5(0.71)(1.17)= | 21.9(0.71)(1.17)= | 23.17(0.71)(1.17)= | 22.25(0.71)(1.17)= @TQAL ANO§
B x@x® 18'-8" ok 18'-2" ok 19'-3" ok 18'-6" ok PRIR
@ Table 3.26D Span 2x10 17'-9" 2x10 17'-3" 2x10 18-3" 2x10 17'-6"
Snow Load Span 17.75(1.0)= 17.25(1.0)= 18.25(1.0)= 17.5(1.0)= @TR\AL ANO§
(XD 179" ok 17-3" ok 18'-3" ok 176" ok PREOR

Note: as an energy consideration, 2x10 rafters might be a minimum requirement for batt insulation.

Ridge Beams (WFCM 3.5.1.4)

Since thrust is accounted for in rafter selection, per 3.5.1.4 exception use:

Alternatively, use 3/4"x14" plywood or OSB.

1x14 Ridge Board

* Alternatively, a Ridge Beam could be designed per Table 2.16 (p. 103) since the span exceeds values shown in
Table 3.29A and B (pp. 211-212). Additional columns at beam ends would be required to establish load path to the
foundation. Also, fasteners will need to be designed to resist uplift from the rafters at each end of the ridge beam.

Ground SNOW Load: ......ccccieiiiiieiicieeee e e 30 psf

| 5 500 - T USRS 20 psf

Dead Load: ...o.eoeeeeee e e 10 psf

Required SPan: .......cooioiiiiee et 40 ft.

Building Width: .......ocoiiiiieee e 32 ft.

Tabulated Load:.........coocviiiiiiiiieiieiecectes ettt 530 plf interpolated

From the 2001 ASD Manual Glulam Supplement Table 7.2 choose:
5-1/2" x 25-1/2" Western Glulam or 5-1/2*"x24-3/4"" Southern Pine Glulam

AMERICAN FOREST & PAPER ASSOCIATION
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Roof Story Design

WECM Workbook

Ceiling Framing

Floor Joists (WFCM 3.3.1.1)

Description:

Main House

For habitable attics use residential sleeping area with 30psf live load, choose floor joists from Table 3.18A (p.

177):
| AT 0 - T OO SRRTRPPR 30 psf
Dead LOAd: ...cuiiiieiiecieieett ettt ettt enb e sbeenrenraen 10 psf
Joist Vertical Displacement L/A: ......ccooeoiieiiiiiiiiiiieseee et 360
ReqUITEd SPan: ....cc.oeieieiieiieit ettt ettt nne s 16 ft
Selection of Specie, Grade, Size, and Spacing: (Table 3.18A)
Specie Douglas Fir-Larch Hem-Fir Southern Pine Spruce-Pine-Fir
Spacing 16 16 16 16
Grade #2 #2 #2 #2
Size 2x10 2x10 2x10 2x10
Maximum Span 17'-5" 16'-10" 18'-0" 17-2"

Floor Sheathing (WFCM 3.3.4.1)

Choose floor sheathing from Table 3.14 (p. 164):

F1OOT JOISt SPACIINE: ..veuveiiiieieeiieieteteseet ettt s
Sheathing Type (Wood Structural Panel or Board Sheathing):...........cccocceveeneenee.
Span Rating or Grade: .........ccccoeoeiiiiieniee et

Tabulated Minimum Panel ThiCKNESS: .........coovvviiiiiiiieiceeeeeeeeee e

AMERICAN WOOD COUNCIL
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Job:

WFECM Workbook Description: Main House
] |} |} |
Roof and Ceiling Sheathing
Sheathing (WFCM 3.5.4.1)
Choose Roof Sheathing from Tables 3.12A and 3.12B (p. 162)
Ground SNOW Load ......c.ooiiiiiiie e 30 psf
LIVE LOA .ttt ettt ettt nb e eearenreen 20  psf
Dead Load ....ccoviieiieeiiecee ettt e nbe e nae e 10 psf
Three second gust WIndSPeed:........cocuerieriiiiiiiiiiiercetee e 120 mph Exp. B
RaAfter/TrUSS SPACINE: ..c.vvevieriieiieeieetieseeieeteetestesteesteeseesaeeseesseesseesseessesssessaensenns 16 in.
ShEathing TYPE:....eiiieiieii ettt ettt et ete et e esbeesbessaeneeas WSP
Tabulated Minimum Panel Thickness:
From Table 3.12A: .o 3/8  in.
From Table 3.12B: ..cocoiiiieiiieieieceeeee ettt 3/8 in.

Roof Diaphragm Bracing (WFCM 3.5.5)

Blocking in first two rafter bays per Figure 3.7b (p. 127) and Table 3.1 (p. 139) fastener schedule.

Blocking to Joist (toe-nailed): ........cccceeieiiiiiiniiiii e 2-8d Common
ENDWALL | RAFTER?
! { -
A A N

i % \mm/ !

BLOCKING <\

SECTION A-A

Bracing Gable Endwall with Attic Floor/Ceiling Sheathing Length from Table 3.15 (p. 165)
(assumes windward and leeward loads and sheathing length from gable end to gable end)

Three second gust WIndSPEed:........cccuveieiieiieeee et 120 mph Exp. B

ROOT PICR: L.ttt 12:12

DiIaphragm SPan:.......coociiiiinieieeeee et 32 ft.

ShEathiNg TYPE:...veiueeuieieee ettt ettt eee et e e WSP

Tabulated Minimum Length of Attic Floor/Ceiling Diaphragm: ..............ccceeveee. 10.67  ft. interpolated

Bracing One Gable End Adjustment (Table 3.15 Footnote 1): ......ccccceevvveveerennnne 1.0

Wall Height Adjustment (Table 3.15 Footnote 3):.......ccccocevervenievenenencnencnene 1.125

Ceiling Framing Spacing Adjustment (Table 3.15 Footnote 5): ........cccccvevvvevennnne 1.0 WoP UGED. NOT GYPOLM

Required Minimum Length of Attic Floor/Ceiling Diaphragm:

Tabulated Minimum Length x Applicable Adjustment Factors:.............. 12.00 ft.
Tabulated minimum length > 1/3 distance between bracing endwalls..... 10.67  ft.

(per Table 3.15 Footnote 1)

Use Table 3.1 (p.139) fastener schedule for floor sheathing.

AMERICAN FOREST & PAPER ASSOCIATION
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Roof Story Design

Job: WFECM Workbook Description:

Main House

Connections
Lateral Framing and Shear Connections (WFCM 3.2.1)

Roof Assembly to Wall Assembly (WFCM 3.2.1.2)

Choose Rafter/Ceiling Joist to Top Plate Lateral and Shear Connection from Table 3.4A (p. 150)

120 mph Exp. B

Rafter/Ceiling JOiSt SPACING ......eecveeieeieiieieeie ettt ettt seaeneeens 16 in.
WALl HEIGIE: ..ttt ettt 9 ft
Required number of 8d Common Nails
*
Iy
/] L/
1 ! Y
Uplift Connections (WFCM 3.2.2)
Roof Assembly to Wall Assembly (WFCM 3.2.2.1)
Choose Roof to Wall Uplift Strap Connection from Table 3.4B (p. 151)

Building Wall Elevation North | South East | West
Three second gust wind speed 120 mph Exp. B | 120 mph Exp. B
Framing Spacing 16 in. 16 in.

i Roof Span 32 ft. 32 ft.

n | Minimum tabulated number of 8d Common Nails required in each end of |

d |L1-1/4" x 20 gage strap every rafter / stud 4
No Ceiling Assembly nail increase (Footnote 3)

Minimum required number of 8d Common Nails in each end of strap every
4% 4%

rafter / stud = Tabulated number of nails - Reductions + Increases

_—

" calculated using 416 Ibs uplift (below) divided by 127 Ib/nail per WECM Suppl’ément Table 6A.

ELNGN & P
Yoist b e
e D

AMERICAN WOOD COUNCIL




Wood Frame Construction Manual Workbook

Job: WFECM Workbook Description: Main House

Connections (cont’d)

*Alternatively, use proprietary connectors every rafter with the following minimum capacities from Table 3.4

(pp. 148-149)

Loadbearing Walls - Tabulated minimum uplift connection capacity (Table

3.4, page 149) 441 lbs
Interior framing adjustment (Footnote 1) 1.0
Roof dead load reduction (Table 3.4, Footnote 3)
= [0.60(20 psf— 15 psf) x 8'x 16" /12" /' =32 Ibs] -32 Ibs
W| Non-Loadbearing Walls - Tabulated minimum uplift connection capacity
i | (Table 3.4C, page 152) 496 lbs
n | Overhang Multiplier (Table 3.4C, Footnote 2) [(2'+ OH)/4']" OH=_2 ' 1.0 1.0
d Zone 2 Multiplier (Table 3.4C, Footnote 3) 1.0
Required Minimum Uplift Capacity of proprietary connector
= Tabulated minimum capacity x Adjustments - Reduction 409 Ibs 496 Ibs
Required Minimum Lateral Capacity 210 Ibs 210 Ibs
Required Minimum Shear Parallel to Ridge Capacity 74 Ibs 74 Ibs
Required Minimum Shear Perpendicular to Ridge Capacity 116 lbs 116 lbs
4" o.c. Nall
Spacing

/'Connectlon per Section 2.2.2.1 & 2.2.6.5
4' Perimeter Zone

L / . / panel fleld nalling
4' Perimeter Zone
panel edge nalling

[-=— Lesser of
L/2or2
Mi

Required
Blocking

nimum 2x4 Outlooker

a e
Gable Endwall

AMERICAN FOREST & PAPER ASSOCIATION



Job:

Roof Story Design

WFECM Workbook Description: Main House

Connections (cont’d) |

Sheathing and Cladding Attachment (WFCM 3.2 .4)

Roof Sheathing (WFCM 3.2.4.1)

Choose Roof Sheathing Nail Spacing from Table 3.10 (p. 160)

Three second gust WINASPEEd:........cccvevierieiieiieie ettt 120  mph Exp. B
RAter/TruSS SPACINE: ...veeiieniieieeeieeiieeti ettt ettt sttt et et et e st et e e e eneeeneeas 16 in
Sheathing TYPeE:....coo ettt et e e ae e WSP
Nail Spacing
8d Common Nails

Location Edges Field

4' Perimeter Edge Zone 6 6

Interior Zones 6 12

Gable Endwall Rake with 4* 4*

Overhang

* see 2001 WFCM Figure 2.1 p. 34 for nailing details. Perimeter edge zone nailing of 6” permitted for edges and field per Figure
2.1g.

Special Connections (WFCM 3.2.5)

Ridge Straps (WFCM 3.2.5.1)

For a clean finished ceiling line, rather than using collar ties to resist upward ridge separation,
choose Ridge Tension Strap Connection from Table 3.6A (p. 156)

Three second gust WINASPEEd:........cccverierierieieeie ettt 120 mph Exp. B
ROOT PIECR: Lttt 12:12
ROOT SPAN: ...ttt 32 ft
Tabulated number of 8d Common Nails
required in each end of 1-1/4" X 20 gage Strap:......c.cceceeveeierereneseeeeeeeeeeeeeene 3

Ridge Strap Spacing Adjustment (Footnote 4): ........ccccoevenieninniniencnnn. 1.33

Required number of 8d Common Nails in each end of 1-1/4" x 20 gage strap:
Tabulated number of nails x Applicable adjustment factors: ................... 4 =
Metal tie strap may -

be required for slopes
exceeding 7/12.
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Wood Frame Construction Manual Workbook

WFECM Workbook Description: Main House

Connections (cont’d) |

* Alternatively, use proprietary connectors with the following minimum capacity from Table 3.6 (p. 155)

Tabulated minimum coNNECioN CAPACILY: .....c.uerurrurruereirrieiieieieierie et 324
Ridge Strap Spacing Adjustment (Footnote 4): ........cccceeevevverieeeeeeennennn. 1.33
Required minimum capacity of proprietary connector:
Tabulated minimum capacity x Applicable adjustment factors: .............. 431 lbs

Table 3.1 Nailing Schedule

Choose Ceiling Joist to Parallel Rafter and Ceiling Joist Lap Connection from Table 3.9A (p. 159)

Ground SNOW Load: .......coouieiiiiieiiieeeeee et 30 psf
ROOT SPAN: ...ttt 32 ft
3 ] 103 o T S URSURRRURRSRRIN 12:12
RaAFEr SPACINE: .. ettt ettt et ettt et eeeenee e 16 in.
Tabulated number of 16d Common Nails required per heel joint splice: ............. 4
Clinched Nails Adjustment (Footnote 1): .......ccccoveiiiiiiniiieieeeee 1.0
Ceiling Height/Roof Ridge Height Adjustment (Footnote 6): ................. 1.0
Required number of 16d Common Nails per heel joint splice:
Tabulated number of nails x Applicable adjustment factors:.................... 4 *
Required number of nails at splice (Footnote 4):.......c.cccccevevevenenenennens 4 *

L2 )
j
i \ [ A/ ] [/
\U — 1 1 74
T
*Alternatively, use proprietary connectors with the following minimum capacity from Table 3.9 (p. 158)
Tabulated minimum connection CaPaCILY:.......cceereeruerrerrierieriereeie e 353 interpolated

Ceiling Height/Roof Ridge Height Adjustment (Footnote 5): ................. 1.0

Required minimum capacity of proprietary connector:
Tabulated minimum capacity x Applicable adjustment factors: .............. 353 1bs

Blocking to Rafter Connection from Table 3.1 (p. 139): ...... 2-8d common nails toe-nailed at each end

Rim Board to Rafter Connection from Table 3.1 (p. 139): . 2-16d common nails end-nailed at each end

AMERICAN FOREST & PAPER ASSOCIATION
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Roof Story Design

WECM Workbook Description:__West Wing

Roof and Ceiling Framing Details

6 Rldge Beam
Collar Tle (Collar Beam)

—

ATTIC STORAGE

VAN

(Located In upper third of
attlc space) (see 3.2.5.1)
Note: Collar ties can be eliminated with the use of ridge straps.

1
Celling Joist ﬂ
parallel to
rafters

Cross Section

RAFTERS AT 16" O.C.
/-RIDGE BOARD

Gable Roof Framing

/— CEILING JOISTS AT 16" O.C.

Ceiling Framing

AMERICAN WOOD COUNCIL
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Job: WECM Workbook Description:__West Wing

Roof Framing |

Rafters (WFCM 3.5.1.1)

Design same as Main House rafters. See WFCM Workbook p.15.

Ridge Beams (WFCM 3.5.1.4)

The ridge beam could be designed per Tables 3.29A and 3.29B (pp. 211 & 212). Additional columns and/or framing
would be required to establish load path to the foundation. Fasteners to resist uplift at ridge beam ends will also
need to be designed.

Ground SNOW Load: .......cooieiiiiieiieieeeee e 30  psf

| 5 510 Y T USSR 20  psf

Dead Load: ...o.eeeeeeee ettt 10 psf

Beam Vertical Displacement L/A: ........cccoiiiiiiiiiieeeee e 240

ReqUIred SPan: ........coviiiiiiiiiiieicceeeteee ettt ettt ens 16 ft

Building Width:.......cooiiiiiiiiieee e 32 ft

Per Table 3.29A (interpolated):........cecveriesieriieieiie et 3x12-3/8 Glulam

Per Table 3.29B (interpolated): ........c.cccverierieiiriieiie et 3x13-3/4  Glulam (controls)

Ceiling Framing

Ceiling Joists (WFCM 3.5.1.6)

For attics used as residential sleeping areas, choose floor joists from Table 3.18A (p. 177)

| 55 510 Y- T USSR SUUURURUURSUPRR 30  psf
DT T B 500 T T ST UTRURSSPI 10 psf
Joist Vertical Displacement L/A: ......cccoooieiiiieiieieseee et 360
ReqUIred SPan: .......coouiiiiiiiee ettt 18(max) ft.
Selection of Specie, Grade, Size, and Spacing:
Specie Douglas Fir-Larch | Hem-Fir Southern Pine Spruce-Pine-Fir
Spacing 16 16 16 16
Grade #1 SS #2 #2
Size 2x10 2x10 2x10 2x12
Tabulated Spans 18'-5" 18'-0" 18'-0" 19'-11"

AMERICAN FOREST & PAPER ASSOCIATION
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Roof Story Design

WECM Workbook Description:__West Wing

Roof/Ceiling Sheathing and Connections

Sheathing (WFCM 3.5.4.1)

Roof sheathing design same as main house roof sheathing. See WFCM Workbook p.17.

Roof Diaphragm Bracing (WFCM 3.5.5)

Blocking in first two rafter bays

ENDWALL RAFTERS
ol 1 B
- BLOCKING
BLOCKING —<\
SECTION A-A

OR
Bracing Gable Endwall with Attic Floor/Ceiling Sheathing Length from Table 3.15 (p. 165)
Three second gust WINASPEEd:........cccveeierierieieeie et 120  mph Exp.B
ROOT PIECR: Lttt 12:12
DiIaphragm SPan:.......coooiiiiiiieieeee et 32 ft.
Building Length: .........oocvioiiiieieeeee e 16 ft.
Sheathing Type (wood structural panels or gypsum): .........cccceeerererenenceeeeenenn WSP GYP
Tabulated Minimum Length of Attic Floor/Ceiling Diaphragm (interpolated):..... 10.7 ft 30.7 ft.
Bracing One Gable End Adjustment (Footnote 1): .........ccoeoeeiieiininiieiieceeee 0.84 0.84
Wall Height Adjustment (Footnote 3):  (978").ccuuiiiiiiiniiiiieeceeeeeeee 1.125 1.125
Ceiling Framing Spacing Adjustment (Footnote 5): .......ccooceevieniiiiniinienieceene 1.0 0.78
Required Minimum Length of Attic Floor/Ceiling Diaphragm:
Tabulated Minimum Length x Applicable Adjustment Factors.:.............. 101 ft. 22.6 ft.
Structural sheathing is required for the ceiling diaphragm, since 22.6' required length of gypsum diaphragm
is greater than the 16' length of ceiling on the west wing. If full height studs to the roof planes are used, a
ceiling diaphragm will not be needed.
Il\él:]ngts}?eathmg Pp= >
Wall '
Connections

All connections are designed the same as the main house elements. See WFCM Workbook pp.17-21.
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Job: WFECM Workbook Description: East Wing

Roof and Ceiling Framing Details |

6 Ridge Board
Collar Tle (Collar Beam)

..... (Located In upper third of
attic space)(see 3.2.5.1)

Rafter

Rafter Tle
(Located In lower third
of attlc space)

Cross Section

RAFTERS AT 16" O.C.

/ -‘RIDGE BOARD

Gable Roof Framing

~— RAFTER TIES AT 16" 0.C.
(ACT AS CEILING JOISTS)

Ceiling Framing
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Roof Story Design

Job: WECM Workbook Description: East Wing

Roof Framing |

Rafters (WFCM 3.5.1.1)

Assuming a finished ceiling attached to rafters (on lower rafter tails) and ceiling joists raised % of the ridge
height from the top plate, choose rafters from Table 3.26B and 3.26C (pp. 201 and 202)

Ground SNOW LOad: .......cooieiiiiiiiieieeeeee ettt 30  psf

| 35 A 500 Y- T P SUUUSUUURUURSPI 20  psf

DT T B 510 T T ST UTRURSSP 10 psf

Three second gust WINASPEEd:........cccvvvieiieiieiieie et 120 mph Exp. B

Rafter Vertical Displacement L/A: .........ccoooiviieiienieieece e 240

Required Span (Horizontal Projection): .............ecveeeeeievieseenieeeeeeeeeeeee 16 ft.

Thrust Factor (FOOINOLE 1): .....cceiiiiiieieieieiesiesie sttt eeeaesaeseesaesneeneeneeneens 0.76

Wind Factor (FOOtNOtE 2):.....uieiiieiiieciiieiieeie ettt s ve e e 0.71

Sloped Roof Adjustment (FOOtNOLE 3): ....coeeuieiiiiieiieieeieeeee e 1.17 ASCE LIVE LOAD REDUCTION

Selection of Species, Grade, Size, and Spacing: (Table 3.26B & C)

Species Douglas Fir- Hem-Fir Southern Pine Spruce-Pine-Fir
Larch

Spacing 16" 16" 16" 16"
Grade #2 #2 #2 #2

@ Table 3.26B Span 2x8 18'-5" 2x10 | 21'-11" 2x8 18'-6" 2x10 22'-3"
Live Load Span 18.4(0.76)(1.17)= | 21.9(0.76)(1.17)= | 18.5(0.76)(1.17)= | 22.25(0.76)(1.17)= @mw AN9§
@ X®X© 16'-4" ok 19'-5" ok 16'-5" ok 19'-9" ok PRIOR

@ Table 3.26B Span 2x10 22'-6" 2x10 | 21'-11" 2x10 23'-2" 2x10 22'-3"
Wind Load Span 22.5(0.71)(1.17)= | 21.9(0.71)(1.17)= | 23.2(0.71)(1.17)= | 22.25(0.71)(1.17)= @TR\A\/ ANO§
O x@Ox® 18-8" ok 18'-2" ok 19'-3" ok 18'-6" ok PRIOR

@ WoodWorks® Span* | 2x12#1 | 21'-6" | 2x12 SS | 23'-4" | 2x12#2 | 21'-4" | 2x12SS | 22'-10"

@ wosdviris | SNOW Load Span 21.5(0.76)= 23.33(0.76)= 21.33(0.76)= 22.8(0.76)= @m% ANO§

@ X@ 16'-4" ok 17'-9" ok 16'-2" ok 17'-4" ok PRROR

5 *Spans from WoodWorks Sizer since tabulated values are not given in the WFCM for spans greater than 20 feet.
5 Note: as an energy consideration, 2x10 rafters might be a minimum requirement for batt insulation.

A E

Ridge Boards (WFCM 3.5.1.4)

Since thrust is accounted for in rafter selection, per 3.5.1.4 exception use: ﬁ%” deep Ridge Board
Use a 15.75" deep engineered wood product like glulam or LVL, or %4 thick plywood.

Some building codes require that ridge boards be of continuous length. Long lengths are possible with engineered
wood products, or one could be built up using two layers of %4 wood structural panel material ripped to depth and

end joints offset.

Metal tie strap may
be required for slopes
Ridge exceeding 7/12.
Board
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Job: WFECM Workbook Description: East Wing
Ceiling Framing |
Ceiling Joists (WFCM 2.5.1.6) g
For uninhabitable attics without storage, choose ceiling joists from Table 2.12A (p. 88), as an
alternative solution process.
| 5 500 T T USRS 10 psf
Dead LOoad: ..ot ettt eneen 5 psf
Joist Vertical Displacement L/A:........cccooiiiiiiiiiiee e 240
ReQUITEd SPAN: ....ccvviiiiiiiiiiciccee ettt bbbt re e enreas 24 ft.
Required E and Fy at 16"o.c. joist spacing for 24' span from Table 2.12A:
Size 2x8 2x10
Required E 1,800,000 900,000 psi
Required Fy 1,344 847 psi
Select Grade from WFCM Table 4A and 4B based on required E and Fy, above:
Specie Douglas Fir-Larch Hem-Fir Southern Pine Spruce-Pine-Fir
Size & Grade 2x8 No.1&Btr.* 2x10 #2 2x8 No.1 Dense* 2x10 #2
@TR@\Q‘/ZO%NO§ Tabulated E, psi 1,800,000 1,300,000 1,800,000 1,400,000
Tabulated F, psi 1200 850 1650 875
Size Factor, Cy 1.2 1.1 1.0 1.1
Load Duration Factor, 1.0 1.0 1.0 1.0
Cp
Repetitive Member 1.15 1.15 1.15 1.15
Factor, C,
Allowable Fy, psi 1200(1.2)(1.0)(1.15)= | 850(1.1)(1.0)(1.15)= | 1650(1.0)(1.0)(1.15)= | 875(1.1)(1.0)(1.15)=
1,656 psi OK 1,075 psi OK 1,900 psi OK 1,110 psi OK

Wood Frame Construction Manual Workbook

* 2x10 #2 will also work for Douglas-Fir Larch and Southern Pine

Adjustment factors for Table 4A are found on WFCM p. 279-280.
Adjustment factors for Table 4B are found on WFCM p. 286-287.
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Roof Story Design

Job: WECM Workbook Description: East Wing

Roof and Ceiling Sheathing |
Sheathing (WFCM 3.5.4.1)

Roof sheathing design same as main house roof sheathing. See WFCM Workbook p.17.

Roof Diaphragm Bracing (WFCM 3.5.5)

Blocking in first two rafter bays with full height studs on end wall framing.

ENDWALL\ RAFTERS
N
mnii 0 I 1
o BLOCKING—
BLOOKING—<\
= SECTION A-A

OR

Bracing Gable Endwall with Attic Floor/Ceiling Sheathing Length from Table 3.15 (p. 165) with
Gable Brace Figure 3.7a.

Three second gust WIndSPEed:........cccueiieiiiiiiiiiiiie e 120  mph Exp.B
ROOT PICR: Lottt 12:12

DiIaphragm SPan:.......ccocveiierieriieiieieee ettt seeste ettt teereenraas 24 ft.

Building Length: .......c.coovieiieiiieiieieeeeceeceese ettt enne s 16 ft.

Sheathing Type (wood structural panels or gypsum): ..........ccoecveeverienieereerceenenene WSP GYP
Tabulated Minimum Length of Attic Floor/Ceiling Diaphragm (interpolated):..... 8 ft. 20 ft.
Bracing One Gable End Adjustment (Footnote 1): .........ccoecvevvieiieienieneeieereeenens 0.84 0.84
Wall Height Adjustment (Footnote 3):  (13"/8")..eecievieiiiieeeieeeeee e 1.625 1.625
Ceiling Framing Spacing Adjustment (FOOtnote 5): .......ccccecvevveniininincncncncnenn. 1.0 0.78

Required Minimum Length of Attic Floor/Ceiling Diaphragm:
Tabulated Minimum Length x Applicable Adjustment Factors:.............. 109 ft. 21.3 ft.

Structural sheathing is required for the ceiling diaphragm, since 21.3' required length of gypsum diaphragm
is greater than the 16' length of ceiling on the east wing.

Min sheathing )Q —_—

length

Connections

All connections are designed the same as the main house elements. See WFCM Workbook pp.17-21.

AMERICAN WOOD COUNCIL



Wood Frame Construction Manual Workbook

TOP STORY
DESIGN

Main House

Wall Framing .......cccccoeviviveieeice e,
Wall Sheathing .......cccoccevvvvvncnnienceiiennns

Floor Framing ......cccceeeveninencnenenennnns

Floor Sheathing.........cccocvviiiiiiiiiiiies

CONNECLIONS ..o,
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Job:

WECM Workbook

Wall Framing

Top Story Design

Wall Studs (WFCM 3.4.1.1)

Description:

Main House

Wall HEIIE: ..ottt
Studs supporting (Roof, Ceiling, FI00T): .......ccoooiiiiiiieiieeeieeeeeee e Roof, Ceiling and 1 Floor

Loadbearing

120 mph Exp. B
9 ft

Selection of Specie, Grade, Size, and Spacing: (Table 3.20A and 3.20B and Footnotes)

Specie Douglas Fir-Larch | Hem-Fir [ Southern Pine | Spruce-Pine-Fir
Spacing, in. o.c. 16 16 16 16

Grade Stud Stud Stud Stud

Size 2x4 2x4 2x4 2x4
Maximum Length (Wind) 10"-5" * 10'-2" * 10'-10" * 10'-2" *
Maximum Length (Dead and 10'-0" 10'-0" 10'-0" 10'-0"

Live Loads)

* Footnote “a” would require that stud spacing shall be multiplied by 0.85 for framing within 4 ft. of the corners. Since Table 3.20A
shows spans of 9°-0” and 9’-5” for Douglas Fir-Larch and Southern Pine studs, no spacing adjustment is required for those species.

................................................................................................................. Non-Loadbearing

Choose Studs from Table 3.20A or 3.20B and Footnotes (pp. 182-183)

Same as West Wing Design, except h=9'". (see WFCM Workbook p.55)

Top Plates (WFCM 3.4.1.2)

Choose Building End Wall Double Top Plate Lap Splice Length from Table 3.21 (p. 185) (all other cases)

yprappeien BUILAING DIMENSION: ...ttt et 32 ft

top plate

6 ft

2-16d  nails per ft.

Choose Building Side wall Double Top Plate Lap Splice Length from Table 3.21 (p. 185) (all other cases)

‘Top Pite Splice Length

Building DIMENSION: .....coueiiiiiieitietiecetieii ettt ettt sbe s eae e enes 40 ft.
Tabulated Minimum Splice Length:.........ccccceevieiirciiiieiiereeeee e 8 ft.
Connection: top plate — t0 — tOP Plate:.....eevveriieririieiierieceere e 2-16d _ nails per ft.
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Wood Frame Construction Manual Workbook

Job:

WFECM Workbook Description: Main House

Wall Framing (cont’d)

.................................................................................. Foyer Window

Exterior Loadbearing Wall Headers (WFCM 3.4.1.4.1)

Choose Headers in Loadbearing Walls from Tables 3.22A-E and Table 3.22F (pp. 186-193)

Building Width: .......oooiiiiiiee s 32 ft
Required Span (FOyer WINdOwW):......c.ecoveeviiieiiiiieie et 6 ft.
Ground SNOW LOad: ........coieiiiiiiiicieeeceeie ettt 30  psf
Three second gust Wind SPeed:.........cevvverierieriieiiiiie ettt 120  mph Exp. B
Header supporting roof, ceiling and attic floor — use Table 3.22B (p. 187)
Preliminary Header Selection (Gravity Loads): 2-Southern Pine ~ #2 _2x12's &\T{
Maximum Header/Girder Span (interpolated):.........ccecveevireierienieiieieeieeeeeeene 6'-5" %@Qs
Tabulated Number of Jack Studs (Table 3.22F):ooovovooooooooooooooeooooeoooeoo 3 =
Roof Span Adjustment (Footnote 1 — (W+12)/48):......coevvruereeeeeeeeeeeeeeeeerenaen 0.92 Pouble Hoader
Adjusted number of jack studs required = tabulated x roof span adjustment:........ 3 Shad" N | ek sm\
Table 3.23A (p 192) \ | -—Window Siil Plate
Preliminary Header Selection (Wind Loads): 2-Southern Pine  #2 _2x6's <
Maximum Header/Girder SPan ...........ccceeveiieriieniieiiiiie et 6'-0" X
Tabulated Number of Full Height (King) Studs (Table 3.23C):....cccceevvecvveverennen. 3 Bottom Plate =4
Reduced Full Height Stud Requirements (Table 3.23D):...ccccvevieiieiieieniieieennene 2
Final Selection of Header Specie, Grade, and Size:
Gravity loads control: 2-Southern Pine #2 2x12's )
Number of Jack Studs Required (gravity controlled): ..............cccoue....... 3* gssalrf az%:ﬁié gsrtﬁ;
Number of Full Height (King) Studs Required (gravity controlled):..... 3 (WFCM 3.4.1.4.2))
Using identical procedures:
North bathroom headers: 2-Southern Pine #2 2X8'S e 4-6" >4'0OK
Number of Jack Studs Required:..........cccecvevievieviinienieneeeeee e 25
Number of Full Height (King) Studs Required:..........c.cccovveviveiinrennnnn. 2
Typical bedroom headers: 2-Southern Pine #2 2X0'S e 3-6" >3'0K
Number of Jack Studs Required:...........ccoeeverierienieiiieceieeeeeene 2

Number of Full Height (King) Studs Required:...........ccecvvvenienirecinnnnnns 2
*Note: WFCM 3.4.1.4.3 allows jack studs to be replaced with an equivalent number
of full height (king) studs if adequate gravity connections are provided.

Exterior Loadbearing Wall Window Sill Plates (WFCM 3.4.1.4.4)

Choose Window Sill Plates from Table 3.23B (p. 193)

Three second gust Wind SPEed:........ccveverierieniiie ettt 120 mph Exp. B
Required Span (Foyer Sill Plate):........cccooieiiiiiiiiieiee e 6 ft.
Selection of Window Sill Plate Specie, Grade, and Size:_2-Southern Pine _#2 2x4's (flat)
Tabulated Window Sill Plate Span:.........c.cccceeveiiiiiiniiiciice et 7'-8"
Wall Height Adjustment (Footnote 3 — (H/10)"2): ......ovurveoeeeeeeeeeeeeeeee e 0.95
Adjusted Maximum Sill Plate Length:
Tabulated maximum Sill Plate Length + wall Height Adjustment: ......... 8'-0"
Using identical procedures:
North bathroom sill plates: 1-Southern Pine  _#2 _2x4 (flat) 4-11" >4'0OK
Typical bedroom sill plates: 1-Southern Pine  _#2 _2x4 (flat) 4-11" >3'0K
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Job: WECM Workbook

Wall Sheathing

Top Story Design

Description: Main House

Sheathing and Cladding (WFCM 3.4.4.1)

Choose Exterior Wall Sheathing or Cladding from Tables 3.13A and 3.13B, respectively (p. 163)

................................................................................ 120 mph Exp. B

Sheathing Type (wood structural panels, fiberboard, board, hardboard): .............. WSP
Direction Across Studs (Short or Long):.......cccvveviviiiienieniieiieieeeeeeeeee e Short
STUA SPACING: ..ottt ettt st e te e seesbe e e e steesseesseesseessesssesseesseenses 16  in.
Minimum Panel ThiCKN@SS: .........ccviviiriieiieiieie ettt 3/8 in.
Shear wall minimum panel thickness (WFCM 3.4.4.2): .....cccoovvevvecienienieieeenen. 7/16 _ in.
%
/ / / / =24 ft. long = Lgy
— 3t 3 e | § = e ' — — 3" = 3 -

North Elevation

=22 ft. long = Lgy

3'

’f
+
»

N\
TN

East Elevation

32'

=29 ft. long = Ly

Y

-—5'—-- i 3'

[

South Elevation

VA =32 ft. long = Lpy

[ 12'-6"
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Job:

Wood Frame Construction Manual Workbook

WECM Workbook

Wall Sheathing (cont’d)

Description: Main House

Exterior Segmented (Type I) Shear Walls (WFCM 3.4.4.2)

Choose Exterior Segmented (Type 1) Shear Wall Length from Table 3.17A-D (pp. 169-174)

Wall HEIGIt: ..ottt 9 ft
Number of Stories Braced (per 3.1.3.1): coeioiirieiieieee e 2
Three second gust Wind SPEEA:.........ccueriririeieieieie et _ 120 mph Exp.B
Maximum shear wall aspect ratio for wind (Table 3.17D):.....ccceviviiiniiincnne. _ 351
Minimum shear wall segment length (Wall height/aspect ratio):............cccceeeeenee. _ 26 ft
SeismiIC DeSiZN CatCZOTY: ...vvevieiieeieiieriierieete e eeeseesreereereeeseesseesseesseessesseessaesses Dl
Maximum shear wall aspect ratio for seismic (Table 3.17D Footnote 3):.............. 2:1
Minimum shear wall segment length (Wall height/aspect ratio):...........cccceevennenn. 4.5 ft
Minimum WSP sheathing thickness (per WFCM 3.4.4.2):....ccooviiiieiiiieieeeee 7/16 _ in
Minimum gypsum thickness (per WFCM 3.4.4.2)1.....c.ooiiiiiiiieeeeeeeeeeee 1/2 in
8d common nails "é’f& §
6" OC on e RTH DR Ram |
gnel perimeter 3'_% - E'l_r 3y i "l_?.‘&ﬁ i
=1  5d cooler nails Benawy (O pndwes |
@ @7 0Con BAGRS MW GeRs |
8d common panel : -‘“"_l ik F“‘F:.%
nails @ 12" OC Fiat il
in field ‘

7/16” wood
structural panel

continuous
height over wall £
plates :

i

| ;

.

g

B T
e

-.-,:: _:F:.'I-,. e .--.-,:: - :'-.
Panel exterior "?ﬁ*ﬁhb&i‘f s

5d cooler nails

@ 10" OC in )
field .
1/2” gypsum )

wallboard on
interior

Panel interior & o o J K

WECM 3.4.4.2 “Standard” Shear Wall
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Job:

OTEFS

@UHLOO OWEO

Top Story Design

WFECM Workbook Description:

Wall Sheathing (cont’d)

Main House

Exterior Segmented (Type I) Shear Walls (WFCM 3.4.4.2)

Load Parallel | Load Perpendicular
to Ridge to Ridge

Building Wall Elevation North | South East West
Length of Main Building 40' 40' 32' 32'
S | Effective Length of Full Height Sheathing for Seismic (Lgys) 20" 18" 32' 29' HAVE
€ | Tabulated Minimum Length Full Height Sheathing for Seismic Loads per
; Table 3.17C (L) C,=57  C>=15 Lpux=40" Lyu,=232' 19.5% | 19.5% | 19.5 19.5
m | WSP Perimeter Edge Nail Spacing — Seismic (WFCM 3.4.4.2 +3.4.4.2.1) 4" 4" 6" 6" PICK
I | Shear wall Adjustment per Table 3.17D (Cygya) 0.69 0.69 1.0 1.0
¢ Min. Length Full Ht. Sheathing—Segmented Seismic (Lryper.s = Ly(Cswa)) 135" | 13.5' 19.5' 19.5' NEED
Ltyper-s < Lrus Ok?v/ | Ok?v | Ok?v/ Ook?v

Effective Length of Full Height Sheathing (Lgy) 24 22! 32 29' HAVE
W Tabulated Minimum Length Full Height Sheathing for Wind Loads per
I | Table 3.17B and 3.17A (Ly) 10.6' | 10.6' 17.5' 17.5'
g WSP Perimeter Edge Nail Spacing — Wind (WFCM 3.4.4.2) 6" 6" 6" 6" PICK.

Shear wall Adjustment per Table 3.17D (Cqya) 1.3 | 1.3 1.3° 1.3°

Wall Height Adjustment (Table 3.17A&B Footnote 2) (Cywy=9"/8") 1.125 | 1.125 1.125 1.125

Min. Length Full Ht. Sheathing—Segmented Wind (Lryper- w=Lw(Cwi)(Cswa) 15.5' 15.5' 25.6' 25.6' NEED
Ltyper-w < Lrn Ok?/ | Ok?v | Ok?v/ Ook?v

"Includes a 2w/h reduction for exceeding 2:1 aspect ratio for seismic.

There are four 3' segments in the south wall, so 12' (0.67) = §' of additional full height sheathing (Lgys) can be added for shear
wall capacity for the south wall (Lgyg = 18'). Similarly, an additional 8' can be added to the North wall (Lgyg = 20").
From Table 3.17C: C,=57, C=15, Lypy=40", Lyin=32' so req’d sheathing = [57+(0.25)15]32/100=19.5' on a 6:12 perimeter:field

nailing pattern. See Table 3.17C Footnote 5 for other assemblies and nail spacings.

3Assumes 7/16" WSP exterior sheathing and non-rated interior sheathing (i.e., doesn’t include gypsum as shear element).

North and south walls are seismic controlled (4" nail spacing). East and west walls are wind controlled.

Note: Since the North and South walls have shear wall segments with aspect ratios greater than the required 2:1 for
seismic loads (Table 3.17D Footnote 3), use 2003 International Building Code (IBC) Table 2305.3.3 footnote a.,
which allows a 2w/h reduction for shear walls not meeting maximum shear wall aspect ratio of 2:1. Therefore, the 3'

segments are added to the south wall as follows: 2w/h = 2(3)/9 = 0.67
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HAVE

NEED

HAVE

NEED

Wood Frame Construction Manual Workbook

WFECM Workbook Description: Main House

Wall Sheathing (cont’d)

Exterior Perforated (Type Il) Shear Walls (WFCM 3.4.4.2)

Choose Exterior Perforated (Type Il) Shear Wall Length from Table 3.17E (p. 175)

Parallel Perpendicular
to Ridge to Ridge
Building Wall Elevation North | South | East | West
Wall Height 9 9 9 9
Max. Unrestrained Opening Height 6'-0" | 4-6" 0 7'-6"
Actual Length of Full Height Sheathing (Lgy) 24' 22! 32' 29'
Effective Length of Full Height Sheathing for Seismic (Lgys) 16" 14.7" 32 29
S Length of Wall (Ly.;) 40' 40' 32 32
; Percent Full Height Sheathing (Lest / Luvan) 60% | 55% | 100% | 91%
M| Tabulated Min. Length Full Ht. Sheathing - Segmented Seismic (Lryper.s) 13.5' 13.5' 19.5' 19.5'
(I; Perforated (Type II) Length Increase Factor from Table 3.17E (C,) 1.25 1.18 1.00 1.06
Min. Length Full Ht. Sheathing - Perforated Seismic (Lryper.s = Lrypets (C1)) 19.5' 20.7'
Ltypenr < Lens Ok?v/ | Ok?v/
Actual Length of Full Height Sheathing (Lgy) 24' 22! 32' 29'
\_N Length of Wall (L) 40' 40' 32 32
rl] Percent Full Height Sheathing (Lgy / Lyay) 60% 55% 100% 91%
d Tabulated Min. Length Full Height Sheathing - Segmented Wind (Lryper.w) | 15.5' | 15.5' | 25.6' | 25.6'
Perforated (Type II) Length Increase Factor from Table 3.17E (Cyp) 1.25 1.18 1.00 1.06
Min. Length Full Ht. Sheathing - Perforated Wind (Lyypen-w = Lryper.w (C1)) 19.4' 18.3' 25.6' 27.1'
Ltypen-w < Ln Ok?v | Ok?v | Ok?v | Ok?v

'Includes a 2w/h reduction for exceeding 2:1 aspect ratio for seismic applied to the entire length of full height
sheathing. See Top Story Segmented (Type I) wall sheathing design for explanation.

East and West walls are wind controlled. Since North and South walls do not have enough capacity, they can
either be designed as two Segmented (Type I) walls with hold downs around interior wall openings, or
sheathing edge nail spacing on the Perforated Type Il wall can be reduced to 3" o.c. In the latter case, the
respective shear wall adjustment factor from Table 3.17D is 0.53 (seismic controlling). Multiplying each of
the North and South seismic wall lengths by 0.53 / 0.69 gives 12.98 ft and 12.2 ft respectively, each

satisfactorily below the effective length of full height sheathing Lgys for each wall. The 3” spacing will be
chosen here.

Top Story Main House Shear Wall Details Summary

Building Elevation North | South East West
Shear Wall Type Perf Perf Perf Perf
WSP Perimeter Nail Spacing 3" 3" 6" 6"

Governing Load Seismic | Seismic | Wind | Wind

Shear wall Adjustment per Table 3.17D (Cyya) 0.53 0.53 13 13
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Top Story Design

Job: WFECM Workbook Description: Main House

Floor Framing

Floor Joists (WFCM 3.3.1.1)

Choose Floor Joists from Tables 3.18A-B (pp. 177-178)

LIVE LOAG: c.viiiiiiicieecteee ettt ettt et te et e enb e eneear e reens 30 psf
Dead Load: ...ccoviieiieciiecee et ettt e e naaeenees 10 psf
Joist Vertical Displacement L/A:.......cccoociviiiiiiiiiienieeieeee ettt 360
ReqUITEd SPAN: ....ccvviiiiiiieiieieeie ettt ettt teebeenseas 16 ft
Selection of Specie, Grade, Size, and Spacing: (Table 3.18A)
Specie Douglas Fir-Larch Hem-Fir Southern Pine Spruce-Pine-Fir
Spacing 16 16 16 16
Grade #2 #2 #2 #2
Size 2x10 2x10 2x10 2x10
Maximum Span 17-5" 16'-10" 18'-0" 17-2"
Va FLOOR JOISTS AT 16" 0.C.
Blocking per /
WFCM 3.3.5 \__ 1]
~ |
- T 32 Floor opening
complies with WFCM
Bl . [T 1.1.3.2.c. (WFCM p.3)
16 12 L+ | (lesserof 12 ft. or 50%
T L1717 T of the building
| . .
|| L] dimension).
}-—— 108" 4—{
40' -
Floor Framing
Floor Sheathing
Sheathing Spans (WFCM 3.3.4.1)
Choose Floor Sheathing from Table 3.14 (p. 164)
F10OT JOISt SPACING: ....vivvivieiieiieiieiieeeeste et ste e e steesteesae e e s reesseesseenseessesssanseens 16 in
ShEathing TYPE:....eeoiiiieii ettt ettt et et ste et et eesbessseneeas WSP
SPAN RAUNG ...ttt sttt et e ra et e nseenneennes 24/16
Tabulated Minimum Panel Thickness: ...........ccocevvevieriiniiiiieieieeeeee e 7/16  in.
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Job: WFECM Workbook Description: Main House

Connections

Lateral Framing and Shear Connections (WFCM 3.2.1)
Wall Assembly (WFCM 3.2.1.3)

Top Plate to Top Plate Connection from Table 3.1 (p. 139): (6” nail spacing on East / West Walls)

...................................................................................................... 2-16d Commons per foot
Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6” (North / South walls)

(4” nail spacing: 1.67 X 2 NA11S) ...ccccoeerieriiiiieieeieseee e e 4-16d Commons per foot

(37 nail spacing: 2.0 X 2 NAIIS) ....cccuerierieriieiieieeeeeeese e 4-16d Commons per foot

Top Plate Intersection Connection from Table 3.1:.......c.ccocevivieieieienennn. 4-16d Commons each side joint
Stud to Stud Connection from Table 3.1: ..o 2-16d Commons 24" o.c.
Header to Header Connection from Table 3.1: ... 16d Commons 16" o.c. -edges

Choose Top or Bottom Plate to Stud Connection from Table 3.1 & 3.5A:.. 2-16d Commons per 2x4 stud
...... 3-16d Commons per 2x6 stud
...... 4-16d Commons per 2x8 stud

Wall Assembly to Floor Assembly (WFCM 3.2.1.4)

Bottom Plate to Floor Joist, Bandjoist,

Endjoist or Blocking Connection from Table 3.1: (6” nail spacing).............. 2-16d Commons per foot
Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6”

(47 nail spacing: 1.67 X 2 0Q11S) ..ccceevuieiieiiiieeieeieeee e 4-16d Commons per foot
(37 nail spacing: 2.0 X 2 NAIIS) ...couereeiiiiniirieneeereeeeeee e 4-16d Commons per foot

Floor Assembly (WFCM 3.2.1.5)

Bridging to Floor Joist Connection from Table 3.1:........ccccoveininieiienen 2-8d Commons each end
Blocking to Floor Joist Connection from Table 3.1:.......cccocoveiiineineenn 2-8d Commons each end
Band Joist to Floor Joist Connection from Table 3.1:.........ccocooviveinennenn. 3-16d Commons per joist

Floor Assembly to Wall Assembly (WFCM 3.2.1.6)

Floor Joist to Top Plate Connection from Table 3.1: ........c.ccooveviveieiennn. 4-8d Commons per joist

Blocking to Sill or Top Plate Connection from Table 3.1: .........ccccecveeeneee. 3-16d Commons each block

Band Joist to Sill or Top Plate Connection from Table 3.1: (6 nail spacing)2-16d Commons per foot
Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6”

(4” nail spacing: 1.67 X 2 NQ11S) ..cceeiiiiieeeeeeeeee e 4-16d Commons per foot
(3”7 nail spacing: 2.0 X 2 NAIIS) ...eeriiriiiiiiiieeee e 4-16d Commons per foot
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Job:

WFECM Workbook Description:

Main House

Connections (cont’d)

==

I

Uplift Connections (WFCM 3.2.2)

Wall Assembly to Wall Assembly (WFCM 3.2.2.2)

Choose Wall to Wall Uplift Strap Connection from Table 3.4B (p. 151)

L

l

Building Wall Elevation North | South East | West
Three second gust wind speed 120 mph Exp. B | 120 mph Exp. B
Framing Spacing 16 in. 16 in.

i Roof Span 32 ft. 32 ft.

n | Minimum tabulated number of 8d Common Nails required in each end of 1

d [L1-1/4" x 20 gage strap every stud 4
No Ceiling Assembly nail increase (Footnote 3)

Minimum required number of 8d Common Nails in each end of strap every
stud = Tabulated number of nails - Reductions + Increases 4 * 4*
" calculated using 416 Ibs uplift (below) divided by 127 Ib/nail per WFCM Supplement Table 6A.
*Alternatively, use proprietary connectors every stud with the following minimum capacities
Loadbearing Walls - Tabulated minimum uplift connection capacity (Table
3.4, page 149) 441 lbs
Interior framing adjustment (Footnote 1) 1.0
Roof dead load reduction (Table 3.4, Footnote 3)
\_N =10.60(20 psf— 15 psf) x 8' x 16"/12"/' = 32 lbs] -32 lbs
I' Wall-to-Wall and Wall-to-Foundation reduction (Table 3.4, Footnote 4)

N1 =[60plfx (16" /12"/") = 80 Ibs] -80 Ibs

d Non-Loadbearing Walls - Tabulated minimum uplift connection capacity
(Table 3.4C, page 152) 496 1bs
Wall-to-Wall and Wall-to-Foundation reduction (WFCM 3.2.5.3)
=[60 plfx (16" / 12"/") = 80 Ibs] -80 Ibs
Required minimum capacity of proprietary connector
= Tabulated minimum capacity x Adjustments - Reduction 329 Ibs 416 Ibs

Check Perforated Shearwall plate anchorage between wall ends

The assumption is that the wall plate nailing to the floor frame (WFCM 3.2.1.6 Table 3.1, see previous page), in
addition to the wind uplift straps (determined above), are sufficient to resist uplift requirements on the plate using

the Perforated Shearwall Method.
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Job: WFECM Workbook Description: Main House

Connections (cont’d) |

Overturning Resistance (WFCM 3.2.3)

Hold downs (WFCM 3.2.3.1)

Choose Hold downs from Table 3.17F for Type | &Il Wall (p. 176)

Building Wall Elevation North South East West

Wall Height 9 9 9 9
WSP Perimeter Edge Nail Spacing - wind 6" 6" 6" 6"

\iN Tabulated hold down connection capacity required — wind (T,,) 3924 1bs | 3924 1bs | 3924 1bs | 3924 1bs

n | Hold down adjustment per Table 3.17F Footnotes (Table 3.17D) (Cyya) 1.3 1.3 1.3 1.3

d | Adjusted hold down capacity (Tay = (Ty) / (Cowa)) 3019 1bs | 3019 1bs | 3019 Ibs | 3019 Ibs

S | WSP Perimeter Edge Nail Spacing - seismic 3" 3" 6" 6"

? Tabulated hold down connection capacity required — seismic (T) 2160 1bs | 2160 1bs | 2160 lbs | 2160 lbs

;1 Hold down adjustment per Table 3.17F footnotes (Table 3.17D) (Cyya) 0.53 0.53 1.0 1.0

i | Adjusted hold down capacity (T, = (Ts) / (Cswa))

c 4075 Ibs' | 4075 Ibs" | 2160 Ibs | 2160 Ibs

'"Three inch nail spacing controls.

Figure 3.8a Corner Stud Holddown Figure 3.8b Corner Stud Holddown
Detail - 3 Studs With Detail - 4 Studs
Blocking
Blocking at 24" o.c. T o :: |
o
o Endwall
Sldewall : R P
ewa : 4 Cormer stud
Holddown . . connected to

2-16d Common

transfer shear
. 2-16d Common
nalls at 10" o.c.

nalls at 6" o.c.

=S

Corner stud
¢ ‘/_connected to

@ transfer shear

AMERICAN FOREST & PAPER ASSOCIATION




Top Story Design

Job: WFECM Workbook Description: Main House

Connections (cont’d)

Sheathing and Cladding Attachment (WFCM 3.2.4)

Wall Sheathing (WFCM 3.2.4.2)

Choose Wall Sheathing Nail Spacing from Table 3.11 (p. 161)

Three second gust Wind SPeed:........ccueeeeiieiieiiei et 120  mph Exp. B
STUA SPACINE: ...ttt ettt st e b e 16 in
ShEathiNg TYPE:.. ettt sttt ee et e e WSP

Location Edges | Field

4' Edge Zone 6 12

Interior Zones 6 12

Shear wall sheathing nail spacing requirements control.

Special Connections (WFCM 3.2.5)

Connections around Wall Openings (WFCM 3.2.5.4)

.................................................................................. Foyer Window
Choose Header/Girder Connections based on loads from Table 3.7 (p. 157)
Three second gust Wind SPeed:........ccueeeerieiieiieii et 120  mph Exp. B
ROOT SPAN: ...ttt 32 ft
Header Span (Foyer Window):.......cocuoiieiiiiiiieiieencee e 6 ft.
Required Connection Capacity at Each End of Header:
Tabulated Uplift Capacity (interpolated):.........cecierrirciiicierienieniieieeeeeeeseeveeenns 992  Ibs.
Tabulated Lateral Capacity: .......cccveeveeiierierieriieeeeieseesteesie e eeeeeeesreeseeseessessnens 472  lbs.
Using identical procedures:
North Bathroom (4' header) Tabulated Uplift Capacity (interpolated)................... 661  lbs.
North Bathroom (4' header) Tabulated Lateral Capacity: .......ccccevvvevveecvenienieennnne 315  lbs.
Typical Bedroom (3' header) Tabulated Uplift Capacity (interpolated):................ 496  Ibs.
Typical Bedroom (3' header) Tabulated Lateral Capacity (interpolated): .............. 236 lbs.
Choose Window Sill Plate Connections based on loads from Table 3.8 (p. 157)
Three second gust Wind SPeed:.........cevvveiiereeriieiiiie ittt 120  mph Exp. B
Window Sill Plate SPan:.........cccevcveiierieniieiieieeeesieere et eie e sreesae s e 6 ft
Tabulated Lateral Connection Capacity at Each End of Window Sill Plate:.......... 472 lbs.

Using identical procedures:
North Bathroom (4' sill) Tabulated Lateral Connection Capacity at Each End...... 315  lbs.
Typical Bedroom (3' sill) Tabulated Lateral Connection Capacity at Each End...._236  Ibs.
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Bottom Story Design

Wall Framing

Wall Studs (WFCM 3.4.1.1)

Description:

Main House

Choose Studs from Table 3.20A or 3.20B and Footnotes (pp. 182-184)

120 mph Exp. B

Wall HEIGIE: ..ottt 9 ft

Sheathing Type (wood structural panel or minimum sheathing):.........c..c.cceceeeeeee WSP

Studs supporting (Roof, Ceiling, FI0Ors): ......cocevieriiiieieeieeeeeeee e Roof, Ceiling, 2 Floors

Selection of Specie, Grade, Size, and Spacing: (Table 3.20B and Footnotes)
Specie Douglas Fir-Larch Hem-Fir Southern Pine [ Spruce-Pine-Fir
Spacing 16 16 16 16
Grade Stud Stud Stud Stud
Size 2X6 2Xx6 2Xx6 2X6
Maximum Length (Wind) 14-10" 14'-5" 15-7" 14-5"
Maximum Length (Dead and 10'-0" 100" 10'-0" 10-0"
Live Loads)

Top Plates (WFCM 3.4.1.2)

Choose Building End Wall Double Top Plate Lap Splice Length from Table 3.21 (p. 185)

Choose Building Side Wall Double Top Plate Lap Splice Length from Table 3.21 (p. 185)

Building DIMENSION: .......cccuieuiiieieiieieeie ettt sttt e e e

Building DIMENSION: .....cotiiiriiiiriinienieeitet ettt

Top Plate Splice Length

e
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Job:

WFECM Workbook Description: Main House

Wall Framing (cont’d)

.................................................................................. Family Room Door

Exterior Loadbearing Wall Headers (WFCM 3.4.1.4.1) E%E

Double Header-

Jack sma\

Full Helght
Stud N

Choose Headers in Loadbearing Walls from Tables 3.22A-E and Table 3.22F (pp. 186-193)

+~Window SIll Plate

Building Width:.......coooiii e 32 ft <
REQUITEA SPAN: ..ottt e 9 ft oL L
Ground SNOW LOAd: .........ciuiuereiiieececeeeeee et 30 psf i
Three second gust Wind SPeed:.........c.eeeerieriiniiiiiii et 120 mph Exp. B
Headers supporting roof, ceiling and two center bearing floors, use Table 3.22D (p. 189)
Preliminary Header Selection (Gravity Loads): .......cccceeevveviieiineenieniieieeieeveeenens 24F Glulam  5x11
Maximum Header/Girder Span (interpolated):........ccecvrvuivcierienieiieieeiesiesieenns 10'-6"
Tabulated Number of Jack Studs Required (Table 3.22F): .....ccccovevvvecvieienieieennne 3
Roof Span Adjustment (Footnote 1 — (WH12)/48):...cccocerireneninieiciencncncnieen 0.92
Adjusted number of jack studs required = tabulated x roof span adjustment:........ 3

Table 3.23A (p. 192)

Preliminary Header Selection (Wind Loads): ........ccoceeiieiiiiiiienieeceeeeeeeee 3-Southern Pine #2 2x12's
Maximum Header/Girder SPan ..........cccceeverieniieniieie et 9'-4"
Tabulated Number of Full Height (King) Studs (Table 3.23C):....cceeevvevivieienne. 4
Final Selection of Header Specie, Grade, and Size:
Gravity Loads COntrol : .........ccocveivieeirinieieeieeceeee e 24F Glulam 5x11
Number of Jack Studs Required (gravity controlled): .........ccccccuvirrennne. 3*
Number of Full Height (King) Studs Required (wind controlled): ........ 4

(same species / grade as Loadbearing Studs, WFCM Workbook p. 42 (WFCM 3.4.1.4.2))

Using identical procedures:

Foyer headers (12' required): 24F Glulam 5x15.125 ...ccoooovveveeieenneene, >13'-1" >12' OK
Number of Jack Studs Required:..........cccecverievieriiiiiiienieeeee e 4%
Number of Full Height (King) Studs Required:..........ccccevvenieirniennnn. 5

Typical Window headers (3' required):__2-Southern Pine #2 2x6's ...._ 31" >3'0OK
Number of Jack Studs Required:...........ccoeeuiiiiiieniiiiiiiieieceeieeeeeeeins 2
Number of Full Height (King) Studs Required:..........c.ccevvernieiineennne. 2
*Note: WFCM 3.4.1.4.3 allows jack studs to be replaced with an equivalent number
of full height (king) studs if adequate gravity connections are provided.

Exterior Loadbearing Wall Window Sill Plates (WFCM 3.4.1.4.4)

Choose Window Sill Plates from Table 3.23B (p. 193)

Three second gust Wind SPeed:........ccueeverieiieiiei et 120  mph Exp. B

ReqUIred SPan: .......ooiuiiiieiiee ettt 3 ft

Selection of Window Sill Plate Specie, Grade, and Size:__1-Southern Pine _#2 2X6 (flat) (to match wall stud size)
Tabulated Window Sill Plate Span:.........c.cccceeveiiiiiinieciicececeeeeere e 7'-6"

Wall Height Adjustment (Footnote 3 — (H/10)"2): ..o 0.95

Adjusted Maximum Sill Plate Length:
Tabulated maximum sill plate Length + wall Height Adjustment: .......... 7'-10" >3'0K
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Bottom Story Design

WFECM Workbook Description: Main House

Wall Framing (cont’d)

Interior Loadbearing Wall Headers (WFCM 3.4.2.4.1)

Choose Headers for Interior Loadbearing Walls from Tables 3.24A-C (pp. 195-197)

REqQUITEd SPAN: ...ooiiiiiiiiiiieeieee ettt sttt e ea et e st e beebeenraas 6 ft
Table 3.24B (p.196)
Selection of Header Specie, Grade, and Size: 3-Southern Pine #2 2x12's
Maximum Header/Girder Span (interpolated):.........ccoccveoiriinienieiieeeiereeeeene 6'-1" ft.>6' OK
Number of Jack Studs Required (Table 3.24C):.......ccooiiiieiieiiieieeeeeeeeeee 3
.................................................................................. Foyer Hall

Interior Loadbearing Wall Headers (WFCM 3.4.2.4.1)

Choose Headers for Interior Loadbearing Walls from Tables 3.24A-C (pp. 195-197)

Building WAdthi .......coooveiiiieieiieieeeee et 32 ft
ReEQUITEA SPAN: ..ottt ettt e st e s beesbeesaeeenee 4 ft
Table 3.24B (p.196)
Selection of Header Specie, Grade, and Size: 2-Southern Pine #2 2x10's
Maximum Header/Girder Span (interpolated):.........ccovrevirierienieniieieeieneeieennn 4'-2" ft.>4' OK
Number of Jack Studs Required (Table 3.24C):...c..cccveriiieniiiiinininireneeceeene 3
.................................................................................. Ends of Hallway

Interior Non-Loadbearing Wall Headers (WFCM 3.4.1.4.1)

The 2000 International Residential Code (IRC) section R602.7.2 allows a single flat 2x4 for interior non-
loadbearing walls up to 8' spans.
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Job: WFECM Workbook Description: Main House

Wall Sheathing |

Sheathing and Cladding (WFCM 3.4.4.1)

Choose Exterior Wall Sheathing or Cladding from Tables 3.13A and 3.13B respectively (p. 163)

Three second gust Wind SPeed:........ccuevverierienirieiie et 120  mph Exp. B
Sheathing Type (wood structural panels, fiberboard, board, hardboard): .............. WSP

Direction Across Studs (Short or Long):.......ceceeeiiiiiiinieiieeeeeeceeee e Short

STUA SPACING: ...ttt ettt et et ettt eneeeneesneenes 16  in.
Minimum Panel ThiCKNess: ........ccciiiiiieiieiieeee et 3/8 in.
Shearwall minimum panel thickness (WFCM 3.4.4.2): .....cccooovveiieienriereeieeeennen, 7/16 _ in.

/
%

=25 ft. long = Lgy

— 3 |-

16— == —» 3' |=

North Elevation

=22 ft. long = Ly

N
N

U
2

- 3 -

- 3 e | §' - —— 5' e ——

South Elevation

VA =25 ft. long = Ly

. 77— - 6 = 12"

East Elevation

=28 ft. long = Ly

12" - 16' —————————— =

West Elevation
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Job: WFECM Workbook Description: Main House

Wall Sheathing (cont’d) |

Exterior Segmented (Type I) Shear Walls (WFCM 3.4.4.2)

Choose Exterior Segmented (Type I) Shear Wall Length from Table 3.17A-D (pp. 169-174)

Wall HEIGIt: ..ottt 9 ft

Number of Stories Braced (per 3.1.3.1): .ooioiiiiiiieieeiececeeeeeee e 3

Three second gust Wind SPEE:.........cceruiririeieieieieee et 120  mph Exp. B
Maximum shear wall aspect ratio for wind (Table 3.17D):...cc.cccvvevvveienienieieennen. 3.5:1

Minimum shear wall segment length (Wall height/aspect ratio):..........ccccveevennenn. 26 ft

Seismic Design CatCZOTY: ....vevieierieriierieeieetesteseereeereeeesseesseeseesessaesseesseeseennes Dl

Maximum shear wall aspect ratio for seismic (Table 3.17D Footnote 3):.............. 2:1

Minimum shear wall segment length (Wall height/aspect ratio):..........c.ccccceenunne. 45 ft
Minimum WSP sheathing thickness (per WFCM 3.4.4.2):....ccoovieiieiiieieeenene 7/16 _ in
Minimum gypsum thickness (per WFCM 3.4.4.2)1.....ccooiiiiiieieeeeeeeeeee 1/2 in

Note: The main house is designed as a three story structure and the wings are designed as 2 story structures.
Therefore, shear walls will be designed as 3 separate structures.

Load Parallel | Load Perpendicular
to Ridge to Ridge
51605 Building Wall Elevation North | South East West
Actual Length of Wall — Main House 40' 40' 32 32
D g | Effective Length of Full Height Sheathing for Seismic (Leus) 22" | 18" 25' 28 | HAVE
@ e | Tabulated Minimum Length Full Height Sheathing for Seismic Loads per ' ' ' ’
I [Table 3.17C (Ly) C;=87 C;=22 Lyu=40" Ly,=32' 29.6' | 29.6 29.6 29.6
() | | WSP Perimeter Edee Nail Spacine - Seismic (WFCM 3,442 + 3.442.1) | 3" 3" 4" 4" | FIK
e L Shear wall Adjustment per Table 3.17D (Cyn) 0.53 0.53 0.69 0.69
@ Min. Length Full Ht. Sheathing - Segmented Seismic (Lrypers = Lo x Co) || 15.7" | 15.7" 20.4' 204" | NEED
Ltypet-s < Lrns Ok?/ | Ok?v | Ok?v Ook?v
@ Effective Length of Full Height Sheathing (Lgy) 25" 22' 25" 28' HAVE
@ Tabulated Minimum Length Full Height Sheathing for Wind Loads per 5 5
W| Table 3.17B and 3.17A (L) 16' 16' 27.6' 27.6'
® :1 WSP Perimeter Edge Nail Spacing- Wind (WFCM 3.4.4.2) 6" 4" 3" 4" | PICK
@ d [ Shear wall Adjustment per Table 3.17D (Cqys) 1.0 0.74 0.60 0.74
6 Wall Height Adjustment (Table 3.17A&B Footnote 2) (Cyy =9'/8") 1.125 | 1.125 1.125 1.125
@ Min. Length Full Ht. Sheathing - Segmented Wind (L i w=Lo(Cwi)(Cous) 18' 13.3' 18.6' 23' NEED
Lyper-w < Ly Ok?/ | Ok?v | Ok Ok?v/

'Includes a 2w/h reduction for exceeding 2:1 aspect ratio for seismic. See Top Story wall design for explanation.
“This is a conservative based on design as separate structures (see note on East Wing Segmented shear walls
regarding inscribed method). Shielding from the wings is not accounted for in selection of tabulated values.

North and south walls are seismic controlled (3" nail spacing). East and west walls are wind controlled (3"
nail spacing for the east wall and required length for the west wall).
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Job: WFECM Workbook Description: Main House

Wall Sheathing (cont’d) |

Exterior Perforated (Type Il) Shear Walls (WFCM 3.4.4.2)

Choose Exterior Perforated (Type Il) Shear Wall Length from Table 3.17E (p. 175)

Load Parallel | Load Perpendicular
to Ridge to Ridge
Building Wall Elevation North | South East West | South
Wall Height 9 9 9 g | Selit?
Max. Unrestrained Opening Height 7-6" | 7-6" 7-6" 7-6"
HAVE | Actual Length of Full Height Sheathing (Lgy) 25' 22 25' 28 IOk
Effective Length of Full Height Sheathing for Seismic (Lgys) 16.7" | 14.7" 25' 28' 7.3
(‘? Length of Wall (Ly.n) 40' 40' 32 32 17
i | Percent Full Height Sheathing (Lgy / Lwan) 63% | 55% 78% 88% | 65%
S | Minimum Length Full Ht. Sheathing - Segmented Seismic (Lryper.s) 157" | 15.7' 20.4' 20.4' 157;/5 2
m =7.85'
i | Perforated (Type II) Length Increase Factor from Table 3.17E (Cy) 1.29 1.37 1.16 1.08 1.13
c L I
NZ2 Min. Length Full Ht. Sheathing-Perforated Seismic (Lrpes=Lrypers(CL)) 23.7" 22 | 89
>7.3'NG
Lrypenrs < Lrus Ok?v Ok?v
HAVE Actual Length of Full Height Sheathing (Lyy) 25' 22 25' 28’
Length of Wall (Lway) 40" 40 32 32
W Percent Full Height Sheathing (L / Lwan) 63% | 55% 78% 88%
i
n | Tabulated Min. Length Full Height Sheathing - Segmented Wind
d | Lryper-w) 18 13.3' 18.6' 23
Perforated (Type 1I) Length Increase Factor from Table 3.17E (Cy) 1.29 1.37 1.16 1.08
NEED Min. Length Full Ht. Sheathing - Perforated Wind (Lryper.w = Lryper.w
(Cn) 232" | 18.2" 21.6" 24.8'
Lrype -w < Len Ok?/ | Ok?v | Ok?>v Ok?v
'Includes a 2w/h reduction for exceeding 2:1 aspect ratio for seismic. See Segmented (Type I) shear wall
calculations.

North and South walls require design as Segmented (Type 1) shear walls. Wind controls for east wall because
of 3" nail spacing requirement.

Shear wall requirements for the building wings will be added to the requirements here for the main building
for shared walls (see East and West wing wall sheathing sections).

Bottom Story Main House Shear Wall Details Summary

Building Elevation North South East West
Shear Wall Type Segmented | Segmented | Perf Perf
WSP Perimeter Nail Spacing 3" 3" 3" 4"

Governing Load Seismic Seismic Wind | Wind
Shear wall Adjustment per Table 3.17D (Cgya) 0.53 0.53 0.60 0.74
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Bottom Story Design

WFECM Workbook Description: Main House
Floor Framing
Floor Joists (WFCM 3.3.1.1)
Choose Floor Joists from Tables 3.18A-B (pp. 177-178)
LIVE LOAG: c.iiiiiiiiecieecteee ettt sttt et ae et e nbeenneera e reen 40  psf
Dead Load: ....coviieiieciieeee ettt et aae e 10 psf
Joist Vertical Displacement L/A:.......cccoooiviiiieiiiiienieeie ettt 360
ReqQUITEd SPAN: ...ooviiiiiiieieeitceeeee ettt ste e et ebeenbeenseas 16 ft
Selection of Specie, Grade, Size, and Spacing: (Table 3.18B)
Specie Douglas Fir-Larch Hem-Fir Southern Pine Spruce-Pine-Fir
Spacing 16 16 16 16
Grade #1 #1 #2 SS
Size 2x10 2x10 2x10 2x10
Maximum Span 16'-5" 16'-0" 16'-1" 16'-0"
FLOOR JOISTS AT 16" O.C.
Va
Blocking per = /| —
WFCM 3.3.5
\‘;_ .
32'
16" [+ | |
a0 .
Floor Framing
Floor Sheathing
Sheathing Spans (WFCM 3.3.4.1)
Choose Floor Sheathing from Table 3.14 (p. 164)
F1oOT JOISt SPACING: ....eieiieieieeie ettt ettt et seeen 16  in.
Sheathing Type (wood structural panels or boards): .........ccecveeeveenierieienienene. WSP
SPAN RATING ..ottt e 24/16
Tabulated Minimum Panel ThicKness: ........c.ccvvviiiiiiinieiicieceeceeeereee e 7/16  in.
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Job: WFECM Workbook Description: Main House

Connections

Lateral Framing and Shear Connections (WFCM 3.2.1)

Wall Assembly (WFCM 3.2.1.3)

Top Plate to Top Plate Connection from Table 3.1 (p. 139): (6” nail spacing on East / West Walls)
...................................................................................................... 2-16d Commons per foot
Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6” (North / South walls)

(47 nail spacing: 1.67 X 2 0A11S) ..ccceevievieriiiieeieeieeee e 4-16d Commons per foot

(37 nail spacing: 2.0 X 2 NAIIS) ....ecveriirieiieie et 4-16d Commons per foot

Top Plate Intersection Connection from Table 3.1:..........c.ccoovieieieeenenne. 4-16d Commons each side joint
Stud to Stud Connection from Table 3.1: ..o 2-16d Commons 24" o.c.
Header to Header Connection from Table 3.1:......ccccoiieiieenieieeeeeeee 16d Commons 16" o.c. -edges

Choose Top or Bottom Plate to Stud Connection from Table 3.1 & 3.5A:.. 2-16d Commons per 2x4 stud
...... 3-16d Commons per 2x6 stud
...... 4-16d Commons per 2x8 stud

Wall Assembly to Floor Assembly (WFCM 3.2.1.4)

Bottom Plate to Floor Joist, Bandjoist,

Endjoist or Blocking Connection from Table 3.1: (6” nail spacing).............. 2-16d Commons per foot
Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6”

(4” nail spacing: 1.67 X 2 NQ11S) ..cceeririieiieieeeeee e 4-16d Commons per foot
(3”7 nail spacing: 2.0 X 2 NAIIS) ...eeiieriiiiiiiieeeee e 4-16d Commons per foot

Floor Assembly (WFCM 3.2.1.5)

Bridging to Floor Joist Connection from Table 3.1:.......cccocoveiiinerirenenn 2-8d Commons each end
Blocking to Floor Joist Connection from Table 3.1:..........ccccooieiiiiie 2-8d Commons each end
Band Joist to Floor Joist Connection from Table 3.1:.........cccooveiveieennnenn. 3-16d Commons per joist

Floor Assembly to Wall Assembly (WFCM 3.2.1.6)

Floor Joist to Top Plate Connection from Table 3.1: ......cccccooeiirinenenennn 4-8d Commons per joist

Blocking to Sill or Top Plate Connection from Table 3.1: ............ccocoeeeee.... 3-16d Commons each block

Band Joist to Sill or Top Plate Connection from Table 3.1: (6 nail spacing)2-16d Commons per foot
Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6”

(4” nail spacing: 1.67 X 2 NA11S) ...ccccoeeriieriiiiieiecieieee e e 4-16d Commons per foot
(37 nail spacing: 2.0 X 2 NAIIS) ....cccueriirieriieiieieeeeeeee e 4-16d Commons per foot
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WFECM Workbook Description: Main House

Connections (cont’d) |

Lateral, Shear, and Uplift Connections (WFCM 3.2.1 and 3.2.2)

Wall Assembly to Foundation (WFCM 3.2.1.7 and 3.2.2.3)

Wall Stud
Bottom Plate

Anchor Bolt
(see 3.2.1.7 & 3.2.2.3)
Floor Joist

Anchor Bolts and
Washers as required

Anchor Bolt
(see 3.2.1.7)

Floor Joist

Slll Plate Sill Plate
Steel Strap

(see 3.2.2.3) Steel Strap lapped under sill plate

(see 3.2.2.3)

Choose Sill Plate to Foundation Connection Requirements for Anchor Bolts Resisting Lateral, Shear, and
Uplift Loads from Table 3.2A & B (pp. 142-144)

Three second gust Wind SPeed:.........cueeeeiieiieiiei et 120  mph Exp. B
Stories supported by FOundation:.........cccceieerieieriiinienieeecee e 3
Anchor Bolt DIQMELEr: .......cc.eeriirieiniiieiriiietrcctrceer et 5/8 _in.
Assuming Crawl Space or Basement, determine maximum Anchor Bolt Spacing:
Building Wall Elevation North | South East West
Shear wall line dimension (L) 40’ 40’ 32 32
Building dimension perpendicular to shear wall line (Table 3.2A) 32 32 40' 40'
Number of stories receiving wind load (Table 3.2A) 3 3 3 3
i | Tabulated number of bolts to resist shear loads from wind (Table 3.2A) 9 9 12 12
3 Bolt spacing for wind shear loads sy, = (Lg,-2) / (#bolts-1) 57" 57" 32" 32"
Max. bolt spacing to resist wind uplift loads (sy,) (Table 3.2C & 3.4C) | 33" 33" 72mt2 72mt2
S | Tabulated anchor bolt spacing to resist seismic loads (s;) (Table 3.3A) 47" 47" 47" 47"
? WSP Perimeter Edge Nail Spacing - Seismic 3" 3" 4" 4"
rsn Bolt spacing adjustment per Table 3.3A Footnotes (Table 3.17D) (Cgya) || 0.53 0.53 0.69 0.69
I | Adjusted bolt spacing for seismic loads s = (5:)(Cewa)
C 24" 24" 32" 32"
Max. anchor bolt spacing (lesser of sy, Syu, and sg,) 24" 24" 323 323

'Calculated from WFCM Table 3.4C based on 16" o.c. outlooker spacing (horizontal projection) with 2 wall dead loads
subtracted (0.6x99plf) and anchor bolt capacity of 1488 lbs from WFCM Commentary Table 3.2B.
Table 3.4C =496 lbs x 127/’ / 16” — 120 plf (walls) = 372 plf — 120 plf = 252 plf
252 plf (321t) / 1488 Ibs = 5.4bolts, so spacing = 72" maximum.
2 Anchor bolt spacing shall not exceed 6' (72") on center per Table 3.2A Footnote 2.
3These will be added to anchor bolts required by West and East wing common walls respectively.
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Connections (cont’d)

Description:

Main House

Alternatively, use proprietary connectors with the following minimum capacities from Table 3.2 (pp. 140-

141), Table 3.3 (pp. 145-146) and Table 3.4C (p. 152).

Stories supported by FOundation:..........ccocveevieiieienienieiieieeeeeeeseeie e

Assuming Crawl Space or Basement, determine required loads for proprietary connectors:

120 mph Exp. B

Building Wall Elevation North South East West
Building dimension W or L 40' 40' 32' 32'
R=L/W or W/L for Table 3.2 0.8 0.8 1.25 1.25
Number of stories receiving lateral wind load (Table 3.2A) 3 3 3 3
Wind uplift (Table 3.4C) 496 lbs 4961bs
Uplift force Spacing 16" 16"
Wind uplift plf basis 372 plf | 372 plf
\_N Overhang Reduction (Table 3.4C Footnote 2)  [(2' - OH /4" 1.0 1.0
rll Wall Dead Load Reduction' ( 2 walls (0.6)(99plf)) -119 -119
d Adjusted Wind uplift (Table 3.4C) 253 pIf | 253 plf
Wind uplift (Table 3.2(U)) 151 pIf | 151 plf
Wind lateral load (Table 3.2(L)) * * * *
Wind shear load (Table 3.2(S)) 411 R 329 plf | 329plf | 514 plf | 514 plf
Seismic shear load (Table 3.3)2 C;=208 C,=53 L,=40
Luin= 32" or, Q slab on grade 7080 1bs | 7080 1bs | 7080 lbs | 7080 lbs
5 Wall Dead Load w,, 11 psf 11 psf 11 psf 11 psf
e | Footnote 4 Wall Dead Load Reduction
: R, = (Wy + 70.65) / 85.65 0.95 0.95 0.95 0.95
S | Footnote 5 Sheathing Adjustment Factor for wall (Table 3.17D)
M| (Cowa) 0.53 0.53 0.69 0.69
:; Adjusted seismic shear load = seismic shear load x Ry, / Cyya 12690 12690 9748 Ibs | 9748 Ibs
lbs Ibs
Wall length 40’ 40' 32 32
Seismic shear load = adjusted seismic shear load / wall length 317 pIf | 317 plf | 305pIf | 305 plf

"Refer to WFCM Commentary 1.1.2.

*Table 3.2 Footnote: Determine anchorage for Lateral Loads in foundation design per Section 1.1.4
2See top story main segmented shearwall design for example seismic calculation using C; and C,.

FLOOR
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e
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Bottom Story Design

Job:

WFECM Workbook Description:

Main House

Connections (cont’d)

Uplift Connections (WFCM 3.2.2)

Wall Assembly to Wall Assembly or Wall Assembly to Foundation (WFCM 3.2.2.2 and 3.2.2.3)

Choose Wall to Wall Uplift Strap Connection from Table 3.4B (p. 151)

Building Wall Elevation

North | South

East | West

Three second gust wind speed

120 mph Exp. B

120 mph Exp. B

Framing Spacing

16 in.

16 in.

Roof Span

32 ft.

32 ft.

Tabulated number of 8d Common Nails required in each end of
d [_1-1/4" x 20 gage strap every stud

31

No Ceiling Assembly nail increase (Footnote 3)

Required number of 8d Common Nails in each end of strap every stud
= Tabulated number of nails - Reductions + Increases

4 *

3*

I calculated using 336 Ibs uplift (below) divided by 127 Ib/nail per WFCM Supplement Table 6A.

*Alternatively, use proprietary connectors with the following minimum capacities

Loadbearing Walls - Tabulated minimum uplift connection capacity (Table
3.4, page 149)

441 lbs

Interior framing adjustment (Footnote 1)

1.0

Roof dead load reduction (Table 3.4, Footnote 3)
= [0.60(20 psf— 15 psf) x 8'-0" x 16"/12"/ "' =32 1bs]

-32 lbs

Wall-to-Wall and Wall-to-Foundation reduction (Table 3.4, Footnote 4)
= [60 plf x 2 walls (16" / 12"/') =160 lbs]

Qs -—<g

-160 Ibs

Non-Loadbearing Walls - Tabulated minimum uplift connection capacity
(Table 3.4C, page 152)

496 lbs

Wall-to-Wall and Wall-to-Foundation reduction (WFCM 3.2.5.3)
= [60 plf x 2 walls (16" / 12"/') =160 lbs]

-160 Ibs

Required minimum capacity of proprietary connector
= Tabulated minimum capacity x Adjustments - Reduction

249 Ibs

336 Ibs

STUD

RENANEERNN
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Wood Frame Construction Manual Workbook

Job: WFECM Workbook Description: Main House

Connections (cont’d)

Holddown .l o
~ .| l.

Overturning Resistance (WFCM 3.2.3)

I nails at 6" o.c.

Hold downs (WFCM 3.2.3.1)

o H

Endwall

Corner stud

connected to

transfer shear
2-16d Common

Choose Hold downs from Table 3.17F for Segmented (Type I) and Pefforated (Type 1) Walls (p. 176)

Building Wall Elevation North South East West

Wall Height 9 9' 9 9'
Tabulated hold down connection capacity required — wind (Ty,) 3924 1bs | 3924 1bs | 3924 Ibs | 3924 Ibs
WSP Perimeter Edge Nail Spacing - wind 3" 3" 3" 4"

\_N Hold down adjustment per Table 3.17F Footnotes (Table 3.17D) (Cqya) 0.6 0.6 0.6 0.74

rll Adjusted hold down capacity (Ty, = (Tw) / (Cswa)) - Wind 6540 1bs | 6540 1bs | 6540 Ibs | 5303 Ibs

d | Additional story hold down requirements — wind (see Workbook p.39) || 3019 1bs | 3019 1bs | 3019 Ibs | 3019 Ibs
Total hold down requirement for floor to foundation — wind (XT,) 9559 Ibs | 9559 Ibs | 9559 Ibs | 8322 Ibs
Tabulated hold down connection capacity required — seismic (Ty) 2160 Ibs | 2160 Ibs | 2160 Ibs | 2160 Ibs

S WSP Perimeter Edge Nail Spacing - seismic 3 3" 3 4"

i | Hold down adjustment per Table 3.17F Footnotes (Table 3.17D) (Cqy.) 0.53 0.53 0.53 0.69

S | Adjusted hold down capacity (T, = (Ts) / (Cgya)) - SEISMIC 4075 Ibs | 4075 Ibs | 4075 Ibs | 3130 lbs

rin Additional story hold down req’ments — seismic (see Workbook p.39) [ 4075 1bs | 4075 lbs | 2160 lbs | 2160 Ibs

C | Total hold down requirement for floor to foundation (XTj,) - seismic 8150 Ibs | 8150 Ibs | 6235 Ibs | 5290 Ibs

Sheathing and Cladding Attachment (WFCM 3.2.4)

Wall Sheathing (WFCM 3.2.4.2)

Choose Wall Sheathing Nail Spacing from Table 3.11 (p. 161)

..__WSP

STUA SPACING: ...ttt ettt et ettt ettt et e e sseesneenes 16 in.
Sheathing Type (wood structural panels, board or lap siding): ..........cccceeeeeeenenne.

Location Edges | Field

4' Edge Zone 6 12

Interior Zones 6 12

Shear wall sheathing nail spacing requirements control.

AMERICAN FOREST & PAPER ASSOCIATION
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Job:

Bottom Story Design

WFECM Workbook Description: Main House

Connections (cont’d) |

Special Connections (WFCM 3.2.5)

Connections around Wall Openings (WFCM 3.2.5.4)

....................................................................... Typical Window
Choose Header/Girder Connections based on loads from Table 3.7 (p. 157)
Three second gust Wind SPeed:........ccueveeiieiiiiiee ettt 120 mph Exp. B
ROOT S AN ..ttt et eaaeeaees 32 ft.
Header Span (Typical WindOw):........cooueiiiiiiniiiiiieieneeseecee e 3 ft
Required Connection Capacity at Each End of Header:
Tabulated Uplift Capacity (interpolated):.........cceveervirviiiiieriienieieeieeeeeeeseeveeenns 496 lbs.
Floor load adjustment (per foOtnote 4):.......ccoecviviiiierienieieeieceeee e -90  Ibs.
Adjusted UPHITt Capacity ......cccevvevierieriieiiiiieiecieieieiee ettt 406 1bs.
Tabulated Lateral Capacity: ..........ccecieieiierierienierieeieeieeieereteretesse s e ereeseeseens 236 Ibs.
Using identical procedures:
Family Room Door (9' header) Tabulated Uplift Capacity (interpolated):............. 1219 lbs.
Family Room Door (9' header) Tabulated Lateral Capacity: .........ccccccevvereeuennnne 708  lbs.
Foyer Door (12" header) Tabulated Uplift Capacity (interpolated): ............ccccu.e. 1625 lbs.
Foyer Door (12" header) Tabulated Lateral Capacity (interpolated):...................... 944  1bs.

Three second gust Wind SPeed:........cceeverierieniriieie ettt 120  mph Exp. B
Window Sill PIate SPan:..........cccoecieeierierieieeie ettt eeens 3 ft.
Tabulated Lateral Connection Capacity at Each End of Window Sill Plate: ........ 236 lbs.

D;)l.lble Top

Double Header

| ek Stuo\
HL—~Window Sill Plate
Bottom Plate il

AMERICAN WOOD COUNCIL
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Wood Frame Construction Manual Workbook

Job: WECM Workbook Description:__West Wing
Wall Framing |
Wall Studs (WFCM 3.4.1.1)
................................................................................................................. Loadbearing
Choose Studs from Table 3.20A or 3.20B and Footnotes (pp. 180-184)
Three second gust WINd SPEEA:.........cvriiiiriiiirieis s 120  mph Exp.B
WAL HEIGNT: .o 10 ft
Sheathing Type (wood structural panel or minimum sheathing):.........cc.ccocceevnuene. WSP
SEUAS SUPPOITING: vttt sttt see b Roof, Ceiling, 1 Floor

Selection of Specie, Grade, Size, and Spacing: (Table 3.20B and Footnotes)

Specie Douglas Fir-Larch Hem-Fir Southern Pine Spruce-Pine-Fir
Spacing 16 16 16 16
Grade Stud Stud Stud Stud

Size 2x4* 2x4! 2x4! 2x4!
Maximum Length (Wind) 10-5" 10-2" 10'-10" 10-2"
Maximum Length (Dead 10'-0" 10'-0" 10'-0" 10'-0"

and Live Loads)

“While 2x4s will work, 2x6s will frame consistently with end walls and main building.

Three second gust WINd SPEEA:.........cvriiiiriiiireisiee s 120  mph Exp.B
W HEIGNT: .o 16 (max)  ft.

Selection of Specie, Grade, Size, and Spacing: (Table 3.20B and Footnotes)

WSP

Specie Douglas Fir-Larch Hem-Fir Southern Pine Spruce-Pine-Fir
Spacing 16 16 16 16
Grade #2 #2 #2 #2

Size 2x6 2x6 2x6 2x6
Maximum Length (Wind) 18'-7" 17'-4" 18-7" 17'-9"
Maximum Length (Dead 20'-0" 20-0" 20-0" 20'-0"

and Live Loads)

AMERICAN FOREST & PAPER ASSOCIATION




Job:

Bottom Story Design

WECM Workbook Description:__West Wing

Wall Framing (cont’d) |

Top Plates (WFCM 3.4.1.2)

Choose Building End Wall Double Top Plate Lap Splice Length from Table 3.21 (p. 185)

BUIldiNg DIMENSION: .. .ccvviiiiecieiee ettt sre e ene s 32 ft
Tabulated Minimum Splice Length:..........coeiiiiiiieee s 6 ft
Connection: top plate — 0 — toP PIALE:......ooorieiiiciecee 2-16d _ nails per ft.

Choose Building Side wall Double Top Plate Lap Splice Length from Table 3.21 (p. 185)

10T (o Tt 1= 0151 o o OSSR 16 ft
Tabulated Minimum Splice Length:.........cooiiiiiiiinieeee s 3 ft
Connection: top plate — to — tOp Plate:......ooeieiiiiiieee e 2-16d _ nails per ft.

, Top Plate Splice Length »

£ = : ? Upper top plate laps
continuous lower
top plate
L)
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Wood Frame Construction Manual Workbook

Job:

WECM Workbook Description:__West Wing

Wall Framing (cont’d)

....................................................................... Bedroom Patio Door
Exterior Loadbearing Wall Headers (WFCM 3.4.1.4.1)

Choose Headers in Loadbearing Walls from Tables 3.22A-E and Table 3.22F (pp. 186-193)

BUIAING WIAEN: ... e 32 ft
Required Span (FOYEr WINAOW):......c.coviiiieiieieieeie et ste e see e sre e e v 8 ft
Ground SNOW LOAG: .....ccveiiiiieiiesie ettt ettt re e 30  psf
Three second guSt WINd SPEEM: .........cceiiiieiiciece e 120 mph Exp.B
Header supporting roof, ceiling and attic floor — use Table 3.22B (p. 187)
Preliminary Header Selection (Gravity Loads): 3-Southern Pine #2 2x12's
Maximum Header/Girder Span (interpolated):.........cocoovvireneiniinniienecsecee 8-0" pbeigne |
Tabulated Number of Jack Studs (Table 3.22F):.....cccccvviivernenniieieeessssnnns 2 14
Roof Span Adjustment (Footnote 1 — (W+12)/48):.....cccooiiiiiiiiiiiiiee e 0.92 [ Wiodow St Piate
Adjusted number of jack studs required = tabulated x roof span adjustment: ........ 2 -
Table 3.23A (p. 192) el
Preliminary Header Selection (Wind Loads): 3-Southern Pine #2 2x8's
Maximum Header/Girder SPan .........ccccocvvvreieeieieere e e e et ens g-1" ft.
Tabulated Number of Full Height (King) Studs (Table 3.23C):.......cccccvvvvivvvennnne. 3

(same species / grade as Loadbearing Studs, WFCM Workbook p. 55 (WFCM 3.4.1.4.2))

Final Selection of Header Specie, Grade, and Size:

Gravity loads control: 3-Southern Pine #2 2x12's
Number of Jack Studs Required (gravity controlled): ..........ccccocvrvinnenn. 2*
Number of Full Height (King) Studs Required (wind controlled):........ 3

(same species / grade as Loadbearing Studs, WFCM Workbook p. 55 (WFCM 3.4.1.4.2))

Using identical procedures:

Typical bedroom headers (3): 2-Southern Pine #2 2X6'S ......... 3-8" >3'0K
Number of Jack Studs Required:..........ooveeieieniie e 2*
Number of Full Height (King) Studs Required:.........cccccoveveveieienninenn, 2

(same species / grade as Loadbearing Studs, WFCM Workbook p. 55 (WFCM 3.4.1.4.2))
*Note: WFCM 3.4.1.4.3 allows Jack Studs to be replaced with an equivalent number of Full
Height (King) Studs of same species / grade as Loadbearing Studs on WFCM Workbook p.
55 (WFCM 3.4.1.4.2) if adequate gravity connections are provided.

Exterior Loadbearing Wall Window Sill Plates (WFCM 3.4.1.4.4)

Choose Window Sill Plates from Table 3.23B (p. 193)

Three second guSt WINd SPEEA: .........ciiiiiiiieeece s 120  mph Exp. B

Required Span (Foyer Sill PIate):........coooiiiiiiiiieee e 3 ft.

Selection of Window Sill Plate Specie, Grade, and Size:__1-Southern Pine _#2  2x6 (flat) (to match wall stud size)
Tabulated Window Sill PIate SPan:........ccccoovvrivireeeiere s 7'-6"

Wall Height Adjustment (Footnote 3 — (H/10)2): .....o.oveioeoeeeeeeeeeeeeeeeeeeeeeen. 1.0

Adjusted Maximum Sill Plate Length:
Tabulated maximum sill plate Length + wall Height Adjustment: .......... 7'-6" >3' OK

AMERICAN FOREST & PAPER ASSOCIATION



Bottom Story Design

Job: WECM Workbook Description:__West Wing |
Wall Framing (cont’d) |
.................................................................................. Master Bath

Exterior Non-Loadbearing Wall Headers (WFCM 3.4.1.4.1)

Choose Headers in Non-Loadbearing Walls from Table 3.23B and 3.23C (p. 193)

Three second guSt Wind SPEEA: .........ccviirieiieieice e 120  mph Exp. B
o (VT o ] 7 o SRS 6 ft

Selection of Header Specie, Grade, and Size: 1-Southern Pine  _#2 _2x6 (flat)
Tabulated Header SPan: ........cooiiiiiiiieesre s 7'-6"

Wall Height Adjustment (Footnote 3 — (H/10)2): ..o, 1.0

Adjusted HEAdBI SPaN: ......coiiiiieie et e 7-8"

Number of Full Height (King) Studs Required: ..........cccociiniiininince e 3

(same species / grade as Non-Loadbearing Studs on WFCM Workbook p. 55 (WFCM 3.4.1.4.2))

Exterior Non-Loadbearing Wall Window Sill Plates (WFCM 3.4.1.4.3)

Choose Window Sill Plates from Table 3.23B (p. 193)

Three second guSt Wind SPEEA: .........ccviirieiieieice e 120  mphExp. B
REGUITEA SPAN: ...ttt sb e 6 ft.
Selection of Window Sill Plate Specie, Grade, and Size:_1-Southern Pine _#2 _2x6 (flat)
Tabulated Window Sill Plate Span:........cccoviiiiiiiniie e 7-6"

Wall Height Adjustment (Footnote 3 — (H/10)M2): ..o, 1.0

Adjusted HEAdBr SPAN:......cccvciieiiieieie st s 7-8"

Number of Full Height (King) Studs Required: ..........cccoveveiiieieeiecieie e 3

(same species / grade as Non-Loadbearing Studs on WFCM Workbook p. 55 (WFCM 3.4.1.4.2))

.................................................................................. Master Bath Door

Interior Loadbearing Wall Headers (WFCM 3.4.2.4.1)
Choose Header Table 3.24A (p. 195)

BUITAING WILEN: ..o 32 ft

REQUITEA SPAN: ...ttt ettt bbbt be b sbesreene s 3 ft

Selection of Header Specie, Grade, and Size: 2-Southern Pine #2 2x6's

Maximum Header/Girder SPan: ........ccccvieveieieeiieiecre et 3-11" ft.

Number of Jack Studs REQUITE: ........coeiiiieiiiiiecie e 1
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Wood Frame Construction Manual Workbook

Job: WECM Workbook

Wall Sheathing

Description: West Wing

Sheathing and Cladding (WFCM 3.4.4.1)

Choose Exterior Wall Sheathing or Cladding from Tables 3.13A and 3.13B respectively (p. 163)

............................. 120  mph Exp. B

Sheathing Type (wood structural panels, fiberboard, board, hardboard): .............. WSP
Direction Across Studs (Short OF LONG): .....couvieiieieiiirieie e Short
SHUA SPACING: ..ttt ettt e bbbttt e et e b e 16 in.
Minimum Panel ThiCKNESS: .........coiiiiii e 3/8 in.
Shear wall minimum panel thickness (WFCM 3.4.4.2): .....ccccccevvvvvivveveicieiesienns 7/16 _ in.

41

North Elevation

=8 ft. long = Ley

=10 ft. long = Ly

//

oy 13— -

East Elevation

=26 ft. long = Ly

-~ 15—

0 U

_—3|-4'-I: 3I_4’:I_ 3'4‘::

South Elevation

=28 ft. long = Ly

— 20!

— — Bl_-_

West Elevation
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Job:

STEFS

OO O VOO

Bottom Story Design

WECM Workbook Description:__West Wing
2 ’
Wall Sheathing (cont’d) |
Exterior Segmented (Type 1) Shear walls (WFCM 3.4.4.2)
Choose Exterior Segmented (Type I) Shear Wall Length from Table 3.17A-D (pp. 169-174)
RVAT 2 UL T=T T ) S 10 ft.
Number of Stories Braced (Per 3.1.3.1): .o 2
Three second gust WINd SPEEA:.........cvriiiiriiieriees s 120 mph Exp. B
Maximum shear wall aspect ratio for wind (Table 3.17D):......cccceveiiiiniieiininn 3.5:1
Minimum shear wall segment length (Wall height/aspect ratio):..........cc.cccccveenne 29 ft
SeisMIC DESIGN CatBUOIY: ...ccvieireieieeie e ste sttt st e e e e e besresrenras D1
Maximum shear wall aspect ratio for seismic (Table 3.17D Footnote 3)............... 2:1
Minimum shear wall segment length (Wall height/aspect ratio):...........c.ccccevvrneenn. 50 ft
Minimum WSP sheathing thickness (per WFCM 3.4.4.2):....c.ccceoevevevvnniesnnnnns 7/16 _in
Minimum gypsum thickness (per WFCM 3.4.4.2):......ccccvoviiveieieeeiesene e sie e 1/2 in
Note: Since the main house is designed as a three story structure and the wings are designed as 2 story structures, the
shear walls will be designed as 3 separate structures (see 3.1.3.3c Exception).
Load Parallel | Load Perpendicular
to Ridge to Ridge
Building Wall Elevation North | South East West
(h=9)
Length of Wall — West Wing 16' 16' 32' 32' HAVE
S | Effective Length of Full Height Sheathing for Seismic (Lgns) 6.4 | 6.7 28' 26'
e
i | Tabulated Minimum Length Full Height Sheathing for Seismic Loads per
g | Table3.17C (Ly) C;=51 C;=15 Lypux=32 Lpin=16 10.6' 10.6' 10.6' 10.6'
PICK
rin WSP Perimeter Edge Nail Spacing — Seismic (WFCM 3.4.4.2 + 3.4.4.2.1) 3" 3" 6" 6"
C | Shear wall Adjustment per Table 3.17D (Cqya) 0.53 0.53 1.0 1.0 NEED
Min. Length Full Ht. Sheathing - Segmented Seismic (Ltyper-s = Ls X Cowa) 5.6' 5.6" 10.6' 10.6"
Lrypel-s < Lens Ok?v | Ok?v | Ok Ok?v
. . . HAVE
Effective Length of Full Height Sheathing (Lry) 8' 10’ 28' 26' A
Tabulated Minimum Length Full Height Sheathing for Wind Loads per
12 12 13 13
W Table 3.17B and 3.17A (L) 10.6 10.6 7.1 7.1 PIcK
I | WSP Perimeter Edge Nail Spacing — Wind (WFCM 3.4.4.2) 3" 4" 6" 6"
n
d | Shear wall Adjustment per Table 3.17D (Cgya) 0.6 0.74 1.0 1.0
Wall Height Adjustment (Table 3.17A&B Footnote 2) (Cyy =10'/8") 1.25 1.25 1.125 1.25
. . . NEED
Min. Length Full Ht. Sheathing - Segmented Wind (Lrypei-w=Lw(Cwi)(Cswa) 7.9 9.8' 8.0' 8.9'
Lryper-w < Len Ok?v/ | Ok?v | Ok?v Ook?v

YIncludes a 2w/h reduction for exceeding 2:1 aspect ratio for seismic. See shear wall calculations for bottom story
main structure, except h = 10' for North, South & West walls. (w = 4' North) (w = 3'-4" South).

“This is conservative based on design as separate structures (see note on East Wing Segmented shear walls regarding
inscribed method). Shielding from the main building is not accounted for in selection of tabulated values.
*Extrapolated from Table 3.17A
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Wood Frame Construction Manual Workbook

Job: WECM Workbook Description:__West Wing

Wall Sheathing (cont’d) ||

North wall is wind controlled. East and west walls are seismic controlled (required length), while the south
wall is seismic controlled due to the 3" perimeter edge nail spacing.

Exterior Perforated (Type Il) Shear Walls (WFCM 3.4.4.2)

Choose Exterior Perforated (Type I1) Shear Wall Length from Table 3.17E (p. 175)

Load Parallel | Load Perpendicular
to Ridge to Ridge
Building Wall Elevation North | South East West
Wall Height 10 10 9 10’
Max. Unrestrained Opening Height g-4" | 4'-6" 7-6" 4'-6"
HAVE | Actual Length of Full Height Sheathing (Lgw) g8' 10' 28' 26'
Effective Length of Full Height Sheathing for Seismic (Lgys) 6.4 | 6.7° 28' 26'
i Length of Wall (Lyan) 16' 16' 32' 32'
; Percent Full Height Sheathing (Lry / Lwan) 50% 63% 88% 81%
M| Tabulated Min. Length Full Ht. Sheathing-Segmented Seismic (Lyyper-s) 5.6' 5.6' 10.6' 10.6'
(I; Perforated (Type Il) Length Increase Factor from Table 3.17E (C,) 1.43 1.11 1.08 1.05
NEED Min. Length Full Ht. Sheathing-Perforated Seismic (Lrypei-s=Ltypeis(CL)) || 8.0’ 6.2 11.4' 11.1°
Lrypeii-s < Lens Ok?v/ | Ok?v | Ok?v Ok?v
HAVE Actual Length of Full Height Sheathing (Lrn) 8 10 28' 26'
Length of Wall (Lyan) 16' 16' 32 32'
W Percent Full Height Sheathing (L / Lwan) 50% | 63% 88% 81%
rl1 Tabulated Min. Length Full Ht. Sheathing-Segmented Wind (Lryper-w) 79 9.8' 8' 8.9
d Perforated (Type Il) Length Increase Factor from Table 3.17E (C,) 1.43 111 1.08 1.05
NEED Min. Length Full Ht. Sheathing-Perforated Wind (Lrypei-w = Lyyper-w (CL)) 11.3" | 10.9' 8.6' 9.4'
Lrypen-w < Len NG NG Ok?v Ok?v

YIncludes a 2w/h reduction for exceeding 2:1 aspect ratio for seismic. See shear wall calculations for bottom story main structure.

North and South walls require design as Segmented (Type 1) wall with hold downs around the interior opening.
Alternatively, use Table 3.17D (p.174) to increase capacity by changing the interior sheathing from gypsum to 7/16" wood
structural panels with an edge nail spacing of 3" o.c. giving a length adjustment factor, Cg,,, 0of 0.35 for wind loads. Since
an adjustment factor was used in the Segmented (Type 1) shear wall calculations, it will be divided out: North wall (wind
controlled): 11.3'/(0.6)*(0.35) = 6.6' < 8' OK; South wall (wind controlled): 10.9'/ (0.74)*(0.35) = 5.2' < 10' OK

Bottom Story West Wing Shear Wall Details Summary

Building Elevation North | South | East West
Shear Wall Type Perf Perf Perf Perf
WSP Perimeter Nail Spacing (North wall WSP on both sides) 3" 3" 6" 6"
Governing Load Wind | Seismic | Seismic | Seismic

AMERICAN FOREST & PAPER ASSOCIATION



Bottom Story Design

Job:

WECM Workbook

REQ'D FROM

REQ'D FROM
CHANGE
ReVIcED

NegD
HAVE

NEgD
HAVE

Wall Sheathing (cont’d)

Description:

West Wing

Combine Shear Wall Requirements for Main Building and West Wing

Adjust Shear Wall Requirements to Common Nailing Pattern

Building Wall Elevation Wind Seismic
Segmented (Type 1) Shear Wall Requirements — Sheathing Thickness 7/16" 7/16" Use Table 3.17D
(p.174) to increase
Main Building — West Elevation (WSP perimeter edge nail spacing) (Lgu1) 23.0'(4") | 20.4'(4") sheathing capacity.
Changing the WSP
Length adjustment factor, Cqyq; (Table 3.17D) 0.74 0.69 sheathing edge nail
] ] spacing to 4"o.c. on
Revised Length Adjustment Factor (Cgpairevised) (Table 3.17D) no change | no change West Wing — East
_ - Elevation, gives a
Length adjustment factor ratio Cswai ratio = Cswatrevised / Cswat no change | no change length adjustment
. e o factor, Cgya, 0f 0.74
Adjusted Shared wall length = Leni *Cowa ratio = Leradit 23.0'(4") | 20.4'(4™) for wind loads and
. . . . . v v 0.69 for seismic
West Wing — East Elevation (WSP perimeter edge nail spacing) (Lgw2) 8.9'(6") | 10.6'(6") ™| (previous value of
. Cgwa for 6”0.c. nail
Length adjustment factor, Cqyq2 (Table 3.17D) 1.0 1.0 spacing was 1.0 for
. . wind and seismic).
Revised Length Adjustment Factor (Cewazrevisea) (Table 3.17D) 0.74 069 |« (29.6'OK based 3n
Length adjustment factor ratio Cowaz ratio = Cswazrevised / Cowaz 0.74 0.69 g?g;fg‘slsit\im due to
Adjusted Shared wall length = Leyz *Cowz ratio = Lemadi2 6.6'4™) | 7.9'(4") & rpoouo'lﬂ!lg' 2_osr$e
Adjusted Shared Wall — Total Requirement (Lrypeiadjusted) = Leradjs + Lrnadj2 29.6' 21.T p-60.)
Actual Length of Full Height Sheathing (Lry) 31.0¢ 31.0"
I—Typeladjusted < I—FH Ok? v Ook? v
Perforated (Type Il) Shear Wall Requirements
Perforated (Type I1) Length Increase Factor from Table 3.17E (C,) 1.08 1.08
Min. Length Full Ht. Sheathing-Perforated 319" 299"
(I—Tvpellad'uste = I—Tvpelad'usted (CL))
Actual Length of Full Height Sheathing (Lg) 31.0" 31.0"
I—Typelladjus’(ed < I—FH Ok? ~ Ok') 1/

'Actual length including the 3' offset of the wings.

Decreased nail spacing should be considered first to increase Perforated (Type 1) shear wall capacity, otherwise try increasing

WSP thickness.
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Wood Frame Construction Manual Workbook

WECM Workbook Description:__West Wing

Wall Sheathing (cont’d)

Combine Shear Wall Requirements for Main Building and West Wing

Bottom Story West Wing Shear Wall Details Summary - Final

Building Elevation North | South | East West
Shear Wall Type Perf Perf Perf Perf
WSP Perimeter Nail Spacing (North wall WSP on both sides) 3" 3" 4" 6"
Governing Load Wind | Seismic | Wind | Seismic
Shear wall Adjustment per Table 3.17D (Cgya) 0.35 0.53 0.74 1.0

Floor Framing
Floor Joists (WFCM 3.3.1.1)

Slab on Grade — not applicable

Floor Sheathing
Sheathing Spans (WFCM 3.3.4.1)

Slab on Grade — not applicable
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Job:

Bottom Story Design

WECM Workbook Description:__West Wing

Connections
Lateral Framing and Shear Connections (WFCM 3.2.1)

See Top Story design for wall and roof assembly connection requirements (Workbook p.37).

Lateral, Shear, and Uplift Connections (WFCM 3.2.1 and 3.2.2)

Wall Assembly to Foundation (WFCM 3.2.1.7 and 3.2.2.3)

Choose Sill or Bottom Plate to Foundation Connection Requirements for Anchor Bolts Resisting Lateral,
Shear, and Uplift Loads from Table 3.2A & B (pp. 142-144) and Table 3.3A (p. 147).

Three second guSt WINd SPEEA: .........cii i e 120  mph Exp. B
Stories supported by FOUNatioN:.........cccoceiiiieiiciiecre s 2
ANChOr BOIt DIGMELET: ...viveiiieee e 5/8 in.

Assuming Crawl Space or Basement, determine maximum Anchor Bolt Spacing for common wall portion :

Building Wall Elevation North | South East West
Shear wall line dimension (Lgy) 32
Building dimension perpendicular to shear wall line (Table 3.2A) 16'
Number of stories receiving wind load (Table 3.2A) 2
i | Tabulated number of bolts to resist shear loads from wind (Table 3.2A) 5
3 Bolt spacing for wind shear loads Sys = (Lew-2) / (number of bolts-1) TS
Max. bolt spacing to resist wind uplift loads (s,,) (Table 3.2C & 3.4C) N/A*

ICalculated per WFCM Commentary for Table 3.2A

2Anchor bolt spacing shall not exceed 6' on center per Table 3.2A Footnote 2.

3These anchor bolts will be added to anchor bolt requirements for Main house west wall.

“WFCM 3.2.5.3 provision for walls that do not support the roof assembly and are attached according to 3.2.1 need no additional
uplift connections.

Wall Stud
Bottom Plate

Anchor Bolt
(see 3.2.1.7)

Floor Joist

Wall Stud
Bottom Plate

Anchor Bolt
(see 3.2.1.7 & 3.2.2.3)
Floor Joist

Anchor Bolts and
Washers as required

Sill Plate Sill Plate
Steel Strap

Steel Strap lapped under sill plate
(see 3.2.2.3) - P

(see 3.2.2.3)
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Wood Frame Construction Manual Workbook

Job: WECM Workbook Description:__West Wing

Connections (cont’d) s

Assuming Slab on Grade, determine maximum Anchor Bolt Spacing for non-common wall portions:

Building Wall Elevation North | South East West
Shear wall line dimension (Lgy) 16' 16' 36' 32
Number of stories receiving wind load (Table 3.2B) 2 2 2 2
i | Boltspacing for wind lateral and shear loads (Table 3.2B) 45" 45" 45" 45"
3 Wall sheathing type adjustment factor per Table Sf._l7D (Table 3.2B 0.35 0.74 0.74 1.0
Footnote 3) (assumes perforated shear wall capacities) Cgya
Adjusted bolt spacing for wind lateral and shear loads (Sys) 15" 33" 33" 45"
Max. anchor bolt spacing to resist wind uplift loads (s,,) (Table 3.2C) 60" 60" 33" 33"
§ Tabulated anchor bolt spacing to resist seismic loads (ss) (Table 3.3A) 72" 72" 72" 72"
; WSP Perimeter Edge Nail Spacing - Seismic 3" 3" 4" 6"
T Bolt spacing adjustment per Table 3.3A Footnotes (Table 3.17D) (Cqya) | 0.53 | 0.53 0.69 1.0
¢ Adjusted bolt spacing for seismic loads s, = (Ss)(Cswa) 38" 38" 49" 72"
Max. anchor bolt spacing (lesser of Sys, Swu, and Ss) 15" 33" 33" 33"

ICalculated from WFCM Table 3.4C based on 16" o.c. (horizontal projection) outlooker spacing with 1 wall dead load subtracted
(0.6x99plf) and anchor bolt capacity of 1488 lbs from WFCM Commentary Table 3.2B.

Table 3.4C 496 Ibs x 12"/ / 16" = 372 plf

(372 plf — 60 plf)(32ft) / 1488lbs = 6.7 bolts, so spacing =60" maximum
2Anchor bolt spacing shall not exceed 6' on center per Table 3.3A Footnote 5.

Wall Stud | | —wall Stud

Anchor Bolt (see 3.2.1.7) Anchor Bolt (see 3.2.1.7 & 3.2.23
= Bottom Plate Bottom Plate
— Steel Strap — ~ Steel Strap lapped under Bottom

(see 3.2.2.3) Plate (see 3.2.2.3)

i

lI=]=

HE =]

=l=1=
= =TT
Hran%% AT
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Bottom Story Design

Job: WECM Workbook Description:__West Wing

Connections (cont’d) s

Alternatively, use proprietary connectors with the following minimum capacities from Table 3.2 (pp. 140-141)
and Table 3.3 (pp. 145-146)

Three second guSt Wind SPEEA: .........ccviiriviieieice e 120 mph Exp. B

Assuming Slab on Grade, determine required loads for proprietary connectors:

Building Wall Elevation North South East West

Building dimension W or L 16' 16' 32 32

R=L/W or W/L for Table 3.2 0.5 0.5 2 2
Number of stories receiving lateral wind load (Table 3.2A) 2 2 2 2
Wind uplift (Table 3.4C) 496 lbs 4961bs
Uplift force Spacing 16" 16"
Wind uplift plf basis 372 plf 372 plf

\_N Overhang Reduction (Table 3.4C Footnote 2)  [(2'- OH / 47? 1.0 1.0

r|1 Wall Dead Load Reduction® ( 1 walls (0.6)(99plf)) -60 -60

d Adjusted Wind uplift (Table 3.4C) 312 plf | 312 plf
Wwind uplift (Table 3.2(U)) 211 plf | 211 plf
Wind lateral load (Table 3.2(L)) 157 plf | 157 plf | 157 plf | 157 pif
Wind shear load (Table 3.2(S)) 411R 329 pIf | 329 pIf | 514 plf | 514 plf
Seismic shear load (Table 3.3)> C,=__ C,=
Limax = Liin= or, ¥ slabon grade 240 pIf | 240 plf 240 plf 240 plf

S [ Wall Dead Load w,, 11 psf 11 psf 11 psf 11 psf

€ | Footnote 4 Wall Dead Load Reduction

i Ru = (W, + 70.65) / 85.65 0.95 0.95 0.95 0.95

:n Footnote 5 Sheathing Adjustment Factor for wall (Table 3.17D)

i [ (Cowa) 0.53 0.53 0.69 1.0

¢ Adjusted seismic shear load = seismic shear load X Ry, / Cqya 430 plf | 430 plf 330 plf 228 plf
Wall length 16' 16' 32' 32'
Seismic shear load = adjusted seismic shear load / wall length 430 pIf | 430 plf | 330plf | 228 plf

Refer to WFCM Commentary 1.1.2.
%See top story main segmented shearwall design for example seismic calculation using C; and C,. Here, the determination is
based on slab-on-grade condition. Note that Table 3.3 limits spacing of exterior shear wall lines to 20 — 80 feet for two stories.
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Job: WECM Workbook Description:__West Wing

Connections (cont’d) s

Uplift Connections (WFCM 3.2.2)

Wall Assembly to Wall Assembly or Wall Assembly to Foundation (WFCM 3.2.2.2 and 3.2.2.3)

Choose Wall to Wall Uplift Strap Connection from Table 3.4B (p. 151

Building Wall Elevation North | South | East | West
Three second gust wind speed 120 mph Exp. B | 120 mph Exp. B
Framing Spacing 16 in. 16 in.

: Roof Span 32 ft. 32 ft.

n | Tabulated number of 8d Common Nails required in each end of )

d |_1-1/4" x 20 gage strap every stud 4 4
No Ceiling Assembly nail increase (Footnote 3)

Required number of 8d Common Nails in each end of strap every stud
= Tabulated number of nails - Reductions + Increases 4* 3*

! calculated using 416 Ibs uplift (below) divided by 127 Ib/nail per WFCM Supplement Table 6A.

*Alternatively, use proprietary connectors with the following minimum capacities
Loadbearing Walls - Tabulated minimum uplift connection capacity (Table
3.4, page 149) 441 Ibs
Interior framing adjustment (Footnote 1) 1.0

Roof dead load reduction (Table 3.4, Footnote 3)
= [0.60(20 psf — 15 psf) x 8'-0" x 16"/12"/ = 32 Ibs] -32 Ibs
Wall-to-Wall and Wall-to-Foundation reduction (Table 3.4, Footnote 4)
= [60 plf x 1 walls (16" / 12"/') =80 Ibs] -80 Ibs
Non-Loadbearing Walls - Tabulated minimum uplift connection capacity
(Table 3.4C, page 152) 496 Ibs
Wall-to-Wall and Wall-to-Foundation reduction (WFCM 3.2.5.3)
= [60 plf x 1 walls (16" / 12"/') =160 Ibs] -80 Ibs
Required minimum capacity of proprietary connector
= Tabulated minimum capacity x Adjustments - Reduction 361 Ibs 416 Ibs

as-—<g

_—-Wall Stud
Anchor Bolt (see 3.2.1.7 & 3.2.23
Bottom Plate

Steel Strap lapped under Bottom
Plate (see 3.2.2.3]J

Wall Stud
Anchor Bolt (see 3.2.1.7)

Iy

= |||JJ%
S

==l
==
Lz
U

i

I
I

|Lll:|lE| [ IJ%
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Job: WECM Workbook

Bottom Story Design

Connections (cont’d)

Overturning Resistance (WFCM 3.2.3)

Hold downs (WFCM 3.2.3.1)

Description:

West Wing

Choose Hold downs from Table 3.17F for Segmented (Type I) and Perforated (Type 1) Walls (p. 176)

Building Wall Elevation North South East West

Wall Height 10’ 10 10’ 10’
WSP Perimeter Edge Nail Spacing - wind 3" 3" 4" 6"

i | Tabulated hold down connection capacity required — wind (T.,) 4360 Ibs | 4360 lbs | 4360 lbs | 4360 Ibs

3 Hold down adj. per Table 3.17F Footnotes (Table 3.17D) (Csya) 0.60 0.60 0.74 1.0
Adjusted hold down capacity (Twa = (Tw) / (Cswa)) 7267 Ibs | 7267 Ibs | 5892 Ibs | 4360 Ibs

S | WSP Perimeter Edge Nail Spacing - seismic 3" 3" 4" 6"

? Tabulated hold down connection capacity required — seismic (Ts) 2400 Ibs | 2400 Ibs | 2400 lbs | 2400 lbs

rsn Hold down adjustment per Table 3.17F Footnotes (Table 3.17D) (Cgya) 0.53 0.53 0.69 1.0

I'| Adjusted hold down capacity (Ts, = (Ts) / (Cswa))

c 4528 Ibs | 4528 Ibs | 3478 Ibs | 2400 Ibs

Since there are 3’ offsets at the junction of the main building to the wings, hold down requirements for the
building wings will not be added to the requirements for the main building for shared walls.

Holddown

v

/\SILL //

JOIST FRAMING

LT
]

)...

Endwall

Corner stud
connected to
transfer shear

2-16d Common
I nails at 6" o.c.

Hatched Wall Area (31 ft):
7/16” WSP 8d Common

@ 4" edge spacing +

%" Gyp (Unblocked) 5d Cooler
@ 7" edge spacing

SUBFLOOR /
SILL /™,

+ 13— =
v

7267 9559
Ibs Ibs
West Main
Wing

East Wall Elevation

-715'4{

7267
bs

West
Wing

AMERICAN WOOD COUNCIL

l 3’

9559
Ibs
Main




Wood Frame Construction Manual Workbook

Job: WECM Workbook Description:__West Wing

Connections (cont’d) s

Sheathing and Cladding Attachment (WFCM 3.2.4)
Wall Sheathing (WFCM 3.2.4.2)

Choose Wall Sheathing Nail Spacing from Table 3.11 (p. 161)

Three second guSt WINd SPEEA: .........coiiiiiiieeiece e 120 mph Exp. B
Y 00 IS o= (o1 oo S 16 in
SHEATNING TYPE: ittt re et srees WSP

Location Edges | Field

4' Edge Zone 6 12

Interior Zones 6 12

Shear wall sheathing nail spacing requirements control.

Special Connections (WFCM 3.2.5)

Connections around Wall Openings (WFCM 3.2.5.4)

....................................................................... Typical Window
Choose Header/Girder Connections based on loads from Table 3.7 (p. 157)

Three second gust WINd SPEEA:.........cvriiiiriiiirese s 120  mph Exp. B

ROOT SPAN: ... 32 ft

Header Span (Typical WINAOW): ........cccooiiiiiiiieieee e e 3 ft

Required Connection Capacity at Each End of Header:

Tabulated Uplift Capacity (interpolated):.......c.ccccceveiiiieiiiniieee e 496 Ibs.

Floor load adjustment (per fOOtNOtE 4):.......cceviiecieieicre e -90  Ibs.

Adjusted Uplift CapaCity ......coevvevieiiiiiie et 406 lbs.

Tabulated Lateral CapacCity: ......ccccoovviviireieeiieieiene s 236 Ibs.

Using identical procedures: el s |

Bedroom Patio Door (8' header) Tabulated Uplift Capacity (interpolated):........... 1323 Ibs. N

Bedroom Patio Door (8' header) Tabulated Lateral Capacity: .........c.ccoovvvreririennnn 630 Ibs. [T <)
= L | I |

Master Bath (6' header) Tabulated Uplift Capacity (interpolated):.........cc.cccveveneen. 992 Ibs. sl | i

Master Bath (6' header) Tabulated Lateral Capacity: ............ccccoeveveveverererecrerennnee. 472 lbs. —

Choose Window Sill Plate Connections based on loads from Table 3.8 (p. 157)

Three second guSt Wind SPEEM: .........cccviirieiieieiece e e 120 mph Exp. B

WiINAOW Sill PIAtE SPAN:......cciviieieicere st e 3 ft

Tabulated Lateral Connection Capacity at Each End of Window Sill Plate: ........ 236 Ibs.

AMERICAN FOREST & PAPER ASSOCIATION



Bottom Story Design

Job: WECM Workbook Description: East Wing |
Wall Framing |
Wall Studs (WFCM 3.4.1.1)
................................................................................................................. Loadbearing
Choose Studs from Table 3.20A or 3.20B and Footnotes (pp. 180-184)
Three second gUSt WINd SPEEA: .........coiiiiiiieiice e s 120  mph Exp.B
Wl HEIGNT: ..t e 10 ft.
SHEATNING TYPE: ittt seees WSP
Y 00 R TUT o] 1o 1] Vo PSS Roof & Ceiling Only

Selection of Specie, Grade, Size, and Spacing: (Table 3.20B and Footnotes)

Specie Douglas Fir-Larch Hem-Fir Southern Pine Spruce-Pine-Fir
Spacing 16 16 16 16
Grade Stud Stud Stud Stud

Size 2x4* 2x4! 2x4! 2x4*
Maximum Length (Wind) 10-5" 10-2" 10-10" 10'-2"
Maximum Length (Dead 10'-0" 10'-0" 10'-0" 10'-0"

and Live Loads)

"While 2x4s will work, 2x6s will frame consistently with end walls and main building.

................................................................................................................. Non-Loadbearing
Choose Studs from Table 3.20A or 3.20B and Footnotes (pp. 180-184)

Same as West Wing Design (see WFCM Workbook p.55) except wall will balloon to raised ceiling to avoid
formation of hinges.

BLOCKING —»

10°

Top Plates (WFCM 3.4.1.2)

Same as West Wing Design (see Workbook p.56).
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Job:

WECM Workbook Description: East Wing

Wall Framing (cont’d)
....................................................................... Door/Window Typical

Exterior Loadbearing Wall Headers (WFCM 3.4.1.4.1)

Choose Headers in Loadbearing Walls from Tables 3.22A-E and Table 3.22F (pp. 186-193)

BUIAING WIAEN: ... e 32 ft
Required Span (Typical DOor/WINAOW): ......cccoviveieiireie e sie e 3 ft
Ground SNOW LOAG: .....ccveiiiiieiiesie ettt ettt re e 30  psf
Three second guSt WINd SPEEM: .........cceiiiieiiciece e 120 mph Exp.B
Header supporting roof and ceiling — use Table 3.22a (p. 186)
Preliminary Header Selection (Gravity Loads): 2-Southern Pine #2 2x6's
I muom;;;}
Maximum Header/Girder Span (interpolated):.........cocoovvireneiniinniienecsecee 4-1" e .
Tabulated Number of Jack Studs (Table 3.22F):..........ccccoevuerrrmrrrenrresresrsssennees 2 e
Roof Span Adjustment (Footnote 1 — (W+12)/48):.....cccooiiiiiiiiiiiiiee e 0.92 ~Window sil late
Adjusted number of jack studs required = tabulated x roof span adjustment: ........ 2
= = F .
Table 3.23A (p. 192) Bottom Piate
Preliminary Header Selection (Wind Loads): 2-Southern Pine #2 2x4's
Maximum Header/Girder SPan .........ccccocvvvreieeieieere e e e et ens 5-0" ft.
Tabulated Number of Full Height (King) Studs (Table 3.23C):.......cccccvvvvivvvennnne. 2

(same species / grade as Loadbearing Studs, p. 68 (WFCM 3.4.1.4.2))

Final Selection of Header Specie, Grade, and Size:

Gravity loads control: 2-Southern Pine #2 2x6's
Number of Jack Studs Required (gravity controlled): ..........ccccocvrvinnenn. 2*
Number of Full Height (King) Studs Required (wind controlled):........ 2

(same species / grade as Loadbearing Studs, p. 68 (WFCM 3.4.1.4.2))
*Note: WFCM 3.4.1.4.3 allows Jack Studs to be replaced with an equivalent number
of Full Height (King) studs of same species / grade as Loadbearing Studs on WFCM
Workbook p. 68 (WFCM 3.4.1.4.2) if adequate gravity connections are provided.

Exterior Loadbearing Wall Window Sill Plates (WFCM 3.4.1.4.4)

Choose Window Sill Plates from Table 3.23B (p. 193)

Three second gust WINd SPEEA:.........cviiiiiriiiiireise s 120  mphExp. B

Required Span (Typical WINQOW):........coooiiiiiiiiiiieieie e 3 ft.

Selection of Window Sill Plate Specie, Grade, and Size:_1-Southern Pine  _#2 _2x6 (flat) (to match wall stud size)
Tabulated Window Sill Plate Span:........ccccoevvieiieiieiiee i 7'-6"

Wall Height Adjustment (Footnote 3 — (H/10)M2): ..o, 1.0

Adjusted Maximum Sill Plate Length:
Tabulated maximum sill plate Length + wall Height Adjustment: .......... 7'-6" >3 OK
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Bottom Story Design

Job: WECM Workbook Description: East Wing

Wall Framing (cont’d) |
.................................................................................. Master Bath

Exterior Non-Loadbearing Wall Headers (WFCM 3.4.1.4.1)

Same as West Wing Design (see WFCM Waorkbook p.58)

Exterior Non-Loadbearing Wall Window Sill Plates (WFCM 3.4.1.4.3)

Same as West Wing Design (see WFCM Waorkbook p.58)
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Job: WECM Workbook Description: East Wing
Wall Sheathing
Sheathing and Cladding (WFCM 3.4.4.1)
Choose Exterior Wall Sheathing or Cladding from Tables 3.13A and 3.13B respectively (p. 163)
Three second gust WINd SPEEA:.........cvriiiiriirereisiee s 120  mph Exp. B
Sheathing Type (wood structural panels, fiberboard, board, hardboard): .............. WSP
Direction Across Studs (Short OF LONG): .....couvieiieieiiirieie e Short
SHUA SPACING: ..ttt ettt e bbbttt e et e b e 16 in
Minimum Panel ThiCKNESS: .........coiiiiii e 3/8 in
Shear wall minimum panel thickness (WFCM 3.4.4.2): .....ccccccevvvvvivveveicieiesienns 7/16 _ in
/ L
=13 ft. long = Ly
- 8!-6" -
4!_6“
. Y
North Elevation
=16 ft. long = Ly
B e — vl el Ga
BALLOON FRAMING South Elevation
> == BLOCKING
Although this wall is balloon framed to avoid hinges,
« conservatively the lower 10 ft below the blocking
required for panel perimeter nailing (shown hatched)
/ will be designed as a shear wall to resist lateral loads.
=20 ft. long = Ly
—— 4 |- —t— 5" —t— 5 G ——

East Elevation

=25ft. long = Ly

15—

West Elevation
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Bottom Story Design

Job: WECM Workbook Description: East Wing
2 ’
Wall Sheathing (cont’d)
Exterior Segmented (Type |) Shear Walls (WFCM 3.4.4.2)
Choose Exterior Segmented (Type I) Shear Wall Length from Table 3.17A-D (pp. 169-174)
WVAIHEIGNE: ..o ees e s ee s s eee e ese e ees e 10 ft. . Although the.
Number of Stories Braced (per 3.1.3.1): ..cccovoviiiviiiieeiiieccee s 2* k?tchen ceiling is
considered an
Three second gust WInd SPEEA:.........cvriiiiriiierieesee s 120 mph Exp. B | Attic,
Maximum shear wall aspect ratio for wind (Table 3.17D):......cccccecveverererecrernnnee. 351 t’VRL”ﬁﬁbéﬁi?f .
Minimum shear wall segment length (Wall height/aspect ratio):.............c.cco.... 29 ft. (see deﬁnitior?
WFCM p. 6), the
SeISMIC DESIGN CaAtBUOIY: ..viviveeteiictecie ettt ete et te e se et sttt re e s re et srebesbe e D1 number of stories
Maximum shear wall aspect ratio for seismic (Table 3.17D Footnote 3)............... 2:1 fﬁe“r%%fg'l‘éez by
Minimum shear wall segment length (Wall height/aspect ratio):............c.ccccccceuen. 50 ft exceeding 6‘):12
(see WFCM
Minimum WSP sheathing thickness (per WFCM 3.4.4.2):.....c.cccccevvvevevieniennnnn, 7/16 in 3.1.3.1and
Minimum gypsum thickness (Per WECM 3.4.4.2):.....ovvemeveeeeeereeeeeeeeseesersssne 12 in Figure 3.1a), as
in this case.
Note: Since the main house is designed as a three story structure and the wings are designed as 2 story structures, the
shear walls will be designed as 3 separate structures (see 3.1.3.3c Exception).
Load Parallel | Load Perpendicular
to Ridge to Ridge
Building Wall Elevation North | South East West
STEFS (h=9)
@ Length of Wall — East Wing 16 16 32 32 HAVE
S | Effective Length of Full Height Sheathing for Seismic (Lgys) 12.6" | 6.7 19.24 24.6"7
e
@ i | Tabulated Minimum Length Full Height Sheathing for Seismic Loads per
@ g | Table3.17C (Ly) C;=51 C;=15 Lypux=32 Lpn=16 10.6' 10.6' 10.6' 10.6'
PICK
@ r;n WSP Perimeter Edge Nail Spacing — Seismic (WFCM 3.4.4.2) 6" 3" 6" 6"
@ C | Shear wall Adjustment per Table 3.17D (Cqya) 1.0 0.53 1.0 1.0 NEED
Min. Length Full Ht. Sheathing - Segmented Seismic (Ltyper.s = Ls X Cona) | 10.6' 5.6' 10.6' 10.6"
@ Lrypel-s < Lens Ok?v | Ok?v | Ok Ok?v
Effective Length of Full Height Sheathing (Lg) 13 10' 20' 25' HAVE
@ Tabulated Minimum Length Full Height Sheathing for Wind Loads per
13 13 4 4
@ W Table 3.17B and 3.17A (L) 10.6 10.6 7.1 7.1 210K
@ i | WSP Perimeter Edge Nail Spacing — Wind (WFCM 3.4.4.2) 4" 3" 6" 6"
n
d | Shear wall Adjustment per Table 3.17D (Cgya) 0.74 0.6 1.0 1.0
@ Wall Height Adjustment (Table 3.17A&B Footnote 2) (Cyy =10'/8") 1.25 1.25 1.25 1.125
@ Min. Length Full Ht. Sheathing-Segmented Wind (Lryper-w=Lw(Cwh)(Cswa) 9.8' 8.0 8.9' 8.0' NEED
Lryper-w < Len Ok?/ | Ok?v | Ok?v Ok?v

YIncludes a 2w/h reduction for exceeding 2:1 aspect ratio for seismic. See shear wall calculations for bottom story west wing,
where w’s are as follows: 4'-6" North, 3'-4" South, 4'-0" East, 4'-0" West.

The segment at the wall offset is part of a longer wall segment. Since the design is based on separate structures, it is considered a
4’ segment for design of this wing. This is a conservative assumption and may be relaxed based on engineering judgment.

AMERICAN WOOD COUNCIL



Wood Frame Construction Manual Workbook

Job: WECM Workbook Description: East Wing

Wall Sheathing (cont’d) ||

*This is a conservative based on design as separate structures. The total length (building and 2 wings) of the North and South
walls assuming an inscribed 3-story structure would be 17'-6" with 6" perimeter edge nail spacing.

“Extrapolated from Table 3.17A.

North and south walls are wind controlled. East and West walls are seismic controlled.

Exterior Perforated (Type Il) Shear Walls (WFCM 3.4.4.2)

Choose Exterior Perforated (Type I1) Shear Wall Length from Table 3.17E (p. 175)

Load Parallel | Load Perpendicular
to Ridge to Ridge
Building Wall Elevation North | South East West
Wall Height 10’ 10 10 9
Max. Unrestrained Opening Height g-4" | 4'-6" 8'-4" 7-6"
HAVE | Actual Length of Full Height Sheathing (Lgn) 13 10 20' 25'
Effective Length of Full Height Sheathing for Seismic (Lgys) 12.6" | 6.7% 19.2" 24612
i Length of Wall (Lyan) 16' 16' 32' 32'
; Percent Full Height Sheathing (Lry / Lwan) 81% 63% 63% 78%
M{ Minimum Length Full Height Sheathing - Segmented Seismic (Lrypeis) || 10.6' 5.6' 10.6' 10.6'
(I; Perforated (Type Il) Length Increase Factor from Table 3.17E (C,) 1.13 1.11 1.29 1.15
NEED Min. Length Full Ht. Sheathing-Perforated Seismic (Lrypei.s=Ltypers(CL)) || 12.0' 6.2' 13.7" 12.2"
Lrypeii-s < Lens Ok?v/ | Ok?v | Ok?v Ok?v
HAVE | Actual Length of Full Height Sheathing (L) 13 10 20' 25'
Length of Wall (Lwar) 16' 16' 32" 32"
Percent Full Height Sheathing (Lry / Lwan) 81% 63% 63% 78%
W Minimum Length Full Height Sheathing - Segmented Wind (Lrypei-w) 9.8' 8.0’ 8.9' 8.0’
rl] Perforated (Type Il) Length Increase Factor from Table 3.17E (C,) 1.13 111 1.29 1.15
NEED d 1 Mmin. Length Full Ht. Sheathing-Perforated Wind (Lyypei-w = Lryper-w (C1)) 11.1' 8.9' 115 9.2'
Lrypen-w < Len Ok?v/ | Ok?v | Ok?v Ok?v

YIncludes a 2w/h reduction for exceeding 2:1 aspect ratio for seismic. See shear wall calculations for bottom story main structure.
The segment at the wall offset is part of a longer wall segment. Since the design is based on separate structures, it is considered a
4’ segment for design of this wing. This is a conservative assumption and may be relaxed based on engineering judgment.

East and West walls are seismic controlled. North and south walls are wind controlled (north wall due to 4"
perimeter edge nail spacing).

Bottom Story East Wing Shear Wall Details Summary

Building Elevation North | South | East West
Shear Wall Type Perf Perf Perf Perf
WSP Perimeter Nail Spacing 4" 3" 6" 6"
Governing Load Wind | Wind | Seismic | Seismic
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Bottom Story Design

WECM Workbook

REQ'D FROM

REQD FROM

CHANGE
REVISED

NEED
HAVE

NEED
HAVE

Wall Sheathing (cont’d)

Combine Shear Wall Requirements for Main Building and East Wing

Adjust Shear Wall Requirements to Common Nailing Pattern

Description:

East Wing

—

Building Wall Elevation Wind Seismic
Segmented (Type I) Shear Wall Requirements — Sheathing Thickness 7/16" 7/16" Use Table 3.17D
i ilding — i ; ; ; Vo YA (p.174) to increase
Main Building — East Elevation (WSP perimeter edge nail spacing) (Lrn1) 18.6'(3") | 20.4'(4") sheathing capacity
i for Main Building
Length adjustment factor, Cyyay (Table 3.17D) 0.60 0.69 and East Wing wall
Revised Length Adjustment Factor (C ised) (Table 3.17D h : > elevations.
gth Adj (Cowatrevised) ( ) nochange | 0.53 Changing the WSP
Length adjustment factor ratio Cyya ratio = Cswatrevised / Cswat no change 0.77 sheathing edge nail
spacing to 3"o.c.,
Adjusted Shared wall length = Len; *Cowar ratio = Lenadja 18.6'(3") | 15.7'(3") |« gives a length
adjustment factor,
East Wing — West Elevation (WSP perimeter edge nail spacing) (Lrw2) 8.0'(6") 10.6'(6™) Cswa, 0 0.53 for
seismic loads and
Length adjustment factor, Cqyq2 (Table 3.17D) 1.0 1.0 0.60 for wind loads.
.| (the previous values
Revised Length Adjustment Factor (Cgyaorevised) (Table 3.17D) 0.60 0.53 ”| of Cyye was 1.0 for
. ] 6” nail spacing for
Length adjustment factor ratio Ceyaz ratio = Cswazrevised / Cowaz 0.60 0.53 wind and seismic
. o o loads, and 0.69 for
Adjusted Shared wall length = Lenp *Cowaz ratio = Lrradj2 4.8'(3") 5.6'(3") seismic load for 4”
nail spacing).
Adjusted Shared Wall — Total Requirement (Lrypeladjusted) = Lrradjt + Leradj2 23.4' 21.3 pacing)
Actual Length of Full Height Sheathing (Lg) 28.0" 28.0"
I—Typeladjusted < I-FH Ok') / Ok') 1/
Perforated (Type Il) Shear Wall Requirements
Perforated (Type I1) Length Increase Factor from Table 3.17E (C,) 1.15 1.15
Min. Length Full Ht. Sheathing-Perforated 26.9' 24.5'
(LTvpellad'uste = LTvpeIad'usted (CL))
Actual Length of Full Height Sheathing (Lry) 28.0" 28.0"
I—Typelladjusted < I-FH Ok7 / Ok7 \/

Actual length including the 3' offset of the wings.

Decreased nail spacing should be considered first to increase Perforated (Type 1) shear wall capacity, otherwise try increasing

WSP thickness.

This shared wall is wind controlled.
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Job:

Wood Frame Construction Manual Workbook

WECM Workbook Description: East Wing

Wall Sheathing (cont’d) |

Combine Shear Wall Requirements for Main Building and East Wing

Bottom Story East Wing Shear Wall Details Summary - Final

Building Elevation North | South | East West
Shear Wall Type Perf Perf Perf Perf
WSP Perimeter Nail Spacing 4" 3" 6" 3"

Governing Load Wind | Wind | Seismic | Wind
Shear wall Adjustment per Table 3.17D (Cgya) 0.74 0.6 1.0 0.60

Floor Framing |

Floor Joists (WFCM 3.3.1.1)

Slab on Grade — not applicable

Floor Sheathing ||

Sheathing Spans (WFCM 3.3.4.1)

Slab on Grade — not applicable
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Job:

Bottom Story Design

WECM Workbook Description: East Wing

Connections

Lateral Framing and Shear Connections (WFCM 3.2.1)

See Top Story design for wall and roof assembly connection requirements (Workbook p.37).

Lateral, Shear, and Uplift Connections (WFCM 3.2.1 and 3.2.2)

Wall Assembly to Foundation (WFCM 3.2.1.7 and 3.2.2.3)

Choose Sill or Bottom Plate to Foundation Connection Requirements for Anchor Bolts Resisting Lateral,
Shear, and Uplift Loads from Table 3.2A & B (pp. 142-144) and Table 3.3A (p. 147).

Three second guSt WiNd SPEEA: .........coiiiiiiieiiee e s 120 mph Exp. B
Stories supported by FOUNatioN:.........ccccceiiieiiciece s 2
ANChOr BOIt DIGMELET: ...t e 5/8 in.

Assuming Crawl Space or Basement, determine maximum Anchor Bolt Spacing for common wall portion :

Building Wall Elevation North | South East West

Shear wall line dimension (Lsy) 32

Building dimension perpendicular to shear wall line (Table 3.2A) 16'
Number of stories receiving wind load (Table 3.2A) 2

i | Tabulated number of bolts to resist shear loads from wind (Table 3.2A) 5

3 Bolt spacing for wind shear loads Sys = (Lew-2) / (number of bolts-1) 7223
Max. bolt spacing to resist wind uplift loads (s,,) (Table 3.2C & 3.4C) N/A*

ICalculated per WFCM Commentary for Table 3.2A

2Anchor bolt spacing shall not exceed 6' on center per Table 3.2A Footnote 2.

3These anchor bolts will be added to anchor bolt requirements for Main house west wall.

“WFCM 3.2.5.3 provision for walls that do not support the roof assembly and are attached according to 3.2.1 need no additional
uplift connections.

Wall Stud
Bottom Plate

Anchor Bolt
(see 3.2.1.7)
Floor Joist

Wall Stud
Bottom Plate

Anchor Bolt
(see 3.2.1.7 & 3.2.2.3)
Floor Joist

Anchor Bolts and
Washers as required

Sill Plate Sill Plate
Steel Strap

Steel Strap lapped under sill plate
(see 3.2.2.3) - P

(see 3.2.2.3)
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Wood Frame Construction Manual Workbook

Job: WECM Workbook Description: East Wing

Connections (cont’d) s

Assuming Slab on Grade, determine maximum Anchor Bolt Spacing for non-common wall portions:

Building Wall Elevation North | South East West
Shear wall line dimension (Lgy) 16' 16' 32 36'
Number of stories receiving wind load (Table 3.2B) 2 2 2 2
i | Boltspacing for wind lateral and shear loads (Table 3.2B) 45" 45" 45" 45"
3 Wall sheathing type adjustment factor per Table Sf._l7D (Table 3.2B 0.74 0.60 1.0 0.60
Footnote 3) (assumes perforated shear wall capacities) Cgya
Adjusted bolt spacing for wind lateral and shear loads (Sys) 33" 27" 45" 27"
Max. anchor bolt spacing to resist wind uplift loads (s,,) (Table 3.2C) 60" 60" 33" 33"
§ Tabulated anchor bolt spacing to resist seismic loads (ss) (Table 3.3A) 72" 72" 72" 72"
; WSP Perimeter Edge Nail Spacing - Seismic 4" 3" 6" 3"
T Bolt spacing adjustment per Table 3.3A Footnotes (Table 3.17D) (Cqya) | 0.69 | 0.53 1.0 0.53
¢ Adjusted bolt spacing for seismic loads s, = (Ss)(Cswa) 49" 38" 72" 38"
Max. anchor bolt spacing (lesser of Sys, Swu, and Ss) 33" 27" 33" 27"

ICalculated from WFCM Table 3.4C based on 16" o.c. (horizontal projection) outlooker spacing with 1 wall dead load subtracted
(0.6x99plf) and anchor bolt capacity of 1488 lbs from WFCM Commentary Table 3.2B.

Table 3.4C 496 Ibs x 12"/ / 16" = 372 plf

(372 plf — 60 plf)(32ft) / 1488lbs = 6.7 bolts, so spacing =60" maximum
2Anchor bolt spacing shall not exceed 6' on center per Table 3.3A Footnote 5.

_—-Wall Stud
Anchor Bolt (see 3.2,1.7 & 3.2.23

Bottom Plate

Steel Strap lapped under Bottom
Plate (see 3.2.2.3)

Wall Stud
Anchor Bolt (see 3.2.1.7)
Bottom Plate

E “Steel Strap
(see 3.2.2.3)

-

I
Iy

||E|Em%

_l.Hl||| J

II_
H":_HIu

= E=ITT

=[=11
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Bottom Story Design

Job: WECM Workbook Description: East Wing

Connections (cont’d) s

Alternatively, use proprietary connectors with the following minimum capacities from Table 3.2 (pp. 140-141)
and Table 3.3 (pp. 145-146)

Three second gust WINd SPEEA:.........cvriiiiriiiirese e 120  mph Exp. B

Assuming Slab on Grade, determine required loads for proprietary connectors:

Building Wall Elevation North South East West
Building dimension W or L 16' 16' 32' 32'
R=L/W or WI/L for Table 3.2 0.5 05 2 2
Number of stories receiving lateral wind load (Table 3.2A) 2 2 2 2
Wind uplift (Table 3.4C) 496 Ibs | 496lbs
Uplift force Spacing 16" 16"
Wind uplift plIf basis 372 plf 372 plf
\_N Overhang Reduction (Table 3.4C Footnote 2)  [(2' - OH / 47 1.0 1.0
rl1 Wall Dead Load Reduction® ( 1 walls (0.6)(99plf)) -60 -60
d Adjusted Wind uplift (Table 3.4C) 312 plf | 312 plf
Wind uplift (Table 3.2(U)) 211 plf | 211 plf
Wind lateral load (Table 3.2(L)) 157 plf | 157 pIf | 157 pIf | 157 pIf
Wind shear load (Table 3.2(S)) 411 R 329 pIf | 329 pif | 514 plf | 514 plf
Seismic shear load (Table 3.3)> C,=__ C,=
Linax = Liin= or, ¥ slabon grade 240 pIf | 240 plf 240 plf 240 plf
S [ Wall Dead Load w,, 11 psf 11 psf 11 psf 11 psf
€ | Footnote 4 Wall Dead Load Reduction
i Ru = (W, + 70.65) / 85.65 0.95 0.95 0.95 0.95
?n Footnote 5 Sheathing Adjustment Factor for wall (Table 3.17D)

i | (Cowa) 0.69 0.53 1.0 0.53
¢ Adjusted seismic shear load = seismic shear load X Ry, / Cgya 330 plf | 430 plf 228 pIf | 430 plf
Wall length 16' 16' 32' 32'

Seismic shear load = adjusted seismic shear load / wall length 330 pIf | 430 pIf | 228 plf | 430 plf

'Refer to WFCM Commentary 1.1.2.
%See top story main segmented shearwall design for example seismic calculation using C; and C,. Here, the determination is
based on slab-on-grade condition. Note that Table 3.3 limits spacing of exterior shear wall lines to 20 — 80 feet for two stories.
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Wood Frame Construction Manual Workbook

Job: WECM Workbook Description: East Wing

Connections (cont’d) s

Uplift Connections (WFCM 3.2.2)

Wall Assembly to Wall Assembly or Wall Assembly to Foundation (WFCM 3.2.2.2 and 3.2.2.3)

Choose Wall to Wall Uplift Strap Connection from Table 3.4B (p. 151

Building Wall Elevation North | South East | West
Three second gust wind speed 120 mph Exp. B | 120 mph Exp. B
Framing Spacing 16 in. 16 in.

i Roof Span 32 ft. 32 ft.

n | Tabulated number of 8d Common Nails required in each end of )

d |_1-1/4" x 20 gage strap every stud 4 4
No Ceiling Assembly nail increase (Footnote 3)

Required number of 8d Common Nails in each end of strap every stud
= Tabulated number of nails - Reductions + Increases 4* 3~

! calculated using 416 Ibs uplift (below) divided by 127 Ib/nail per WFCM Supplement Table 6A.

*Alternatively, use proprietary connectors with the following minimum capacities
Loadbearing Walls - Tabulated minimum uplift connection capacity (Table
3.4, page 149) 441 lbs
Interior framing adjustment (Footnote 1) 1.0

Roof dead load reduction (Table 3.4, Footnote 3)
= [0.60(20 psf — 15 psf) x 8-0" x 16"/12"/" = 32 |bs] -32 Ibs
Wall-to-Wall and Wall-to-Foundation reduction (Table 3.4, Footnote 4)
= [60 plf x 1 walls (16" / 12"/') = 80 Ibs] -80 Ibs
Non-Loadbearing Walls - Tabulated minimum uplift connection capacity
(Table 3.4C, page 152) 496 Ibs
Wall-to-Wall and Wall-to-Foundation reduction (WFCM 3.2.5.3)
= [60 plf x 1 walls (16" / 12"/') =160 Ibs] -80 Ibs
Required minimum capacity of proprietary connector
= Tabulated minimum capacity x Adjustments - Reduction 361 Ibs 416 Ibs

as-—<g

_—-Wall Stud
Anchor Bolt (see 3.2.1.7 & 3.223
Bottom Plate

Steel Strap lapped under Bottom
Plate (see 3.2.2.3]J

Wall Stud
Anchor Bolt (see 3.2.1.7)
Bottom Plate

~Steel Strap
(see 3.2.2.3)

TS ] T

Il l

i iy
TE=T T
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Bottom Story Design

Job: WECM Workbook Description: East Wing

Connections (cont’d) |
Overturning Resistance (WFCM 3.2.3)

Hold downs (WFCM 3.2.3.1)

Choose Hold downs from Table 3.17F for Segmented (Type I) and Perforated (Type 1) Walls (p. 176)

Building Wall Elevation North South East West

Wall Height 10’ 10’ 10’ 10’
WSP Perimeter Edge Nail Spacing - wind 4" 3" 6" 3"

i | Tabulated hold down connection capacity required — wind (T.,) 4360 lbs | 4360 Ibs | 4360 lbs | 4360 Ibs

3 Hold down adj. per Table 3.17F Footnotes (Table 3.17D) (Csya) 0.74 0.60 1.0 0.60
Adjusted hold down capacity (Twa = (Tw) / (Cswa)) 5892 lbs | 7267 lbs | 4360 lbs | 7267 Ibs

S | WSP Perimeter Edge Nail Spacing - seismic 4" 3" 6" 3"

? Tabulated hold down connection capacity required — seismic (Ts) 2400 Ibs | 2400 Ibs | 2400 lbs | 2400 lbs

rsn Hold down adjustment per Table 3.17F Footnotes (Table 3.17D) (Csye) 0.69 0.53 1.0 0.53

I'| Adjusted hold down capacity (Tsa = (Ts) / (Cswa))

C 3478 Ibs | 4528 Ibs | 2400 lIbs | 4528 Ibs

Since there are 3’ offsets at the junction of the main building to the wings, hold down requirements for the
building wings will not be added to the requirements for the main building for shared walls.

. ///
_— 7

o 1

Endwall

s Corner stud
Holddown .l T connected to
™=l i transfer shear

2-16d Common

I nails at 6" o.c.

Hatched Wall Area (28 ft):
7/16” WSP 8d Common

@ 3" edge spacing +

14" Gyp (Unblocked) 5d Cooler
@ 7" edge spacing

£\ SILL JOIST FRAMING SILL/
~—— ' —=— I — 15'
M%T—
9559 7267 9559 7267
Ibs bs Ibs bs
Main  East Main East
Wing Wing

West Wall Elevation
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Job:

Wood Frame Construction Manual Workbook

WECM Workbook Description: East Wing

Connections (cont’d)

Sheathing and Cladding Attachment (WFCM 3.2.4)

Wall Sheathing (WFCM 3.2.4.2)

Same as West Wing design (see Workbook p.69).

Special Connections (WFCM 3.2.5)

Connections around Wall Openings (WFCM 3.2.5.4)

Same as West Wing design (see Workbook p.69).
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Bottom Story Design

Job: WFCM Workbook Description: East Wing

Notes
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Wood Frame Construction Manual Workbook

APPENDIX A
SUPPLEMENTAL
WORKSHEETS

Scoping
WFCM Applicability Limitations

Prescriptive Design Limitations

Checklists
WFCM 3.2 Connections Checklist
WFCM 3.3 Floor Systems Checklist
WFCM 3.4 Wall Systems Checklist
WFCM 3.5 Roof Systems Checklist

Worksheets
Roof Systems Worksheets
Roof Assembly Connections Worksheets
Wall Systems Worksheets
Floor Systems Worksheets

Wall and Floor Assembly Connections Worksheets
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Wood Frame Construction Manual Workbook — General Information

Job: Description:

BUILDING DESCRIPTION
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Wood Frame Construction Manual Workbook - Worksheets

Job: Description:

BUILDING DESCRIPTION

Bottom Floor Plan

North
Top Floor Plan
First Floor Wall Height = Roof Pitch
Second Floor Wall Height = House Mean Roof Height
Finished Grade to Foundation Top =
Floor Assembly Height = Wing Mean Roof Height
Overall Building Dimension =
Foundation Type = Roof Overhang Distance

AMERICAN FOREST & PAPER ASSOCIATION

Openings

Windows
Typical
Master Bath
Foyer
Kitchen
North Bath

Doors

Typical

Master Bedroom
Foyer

Family Room



Wood Frame Construction Manual Workbook — General Information

Job: Description:

LOADS ON THE BUILDING

Structural systems in the WFCM 2001Edition have been sized using dead, live, snow, seismic and wind loads in accordance
with the 2000 International Building Code.

Lateral Loads:

3-second gust wind speed in Exposure Category =
Seismic:
Seismic Design Category (SDC) =
Short period design spectral response acceleration (Spg) =
One second period design spectral response acceleration (Sp;) =
Seismic response coefficient (Cs) =
Gravity Loads: Y vV vV VY v VvV vV v v
i
Roof:
Roof Dead Load = psf Floors:
Roof Snow Load First Floor Live Load = psf
Ground Snow Load, P, = _ psf Second Floor Live Load = _ psf
Flat Roof Snow Load (calculated from ASCE 7-98 — see Attic Floor Live Load = _ psf
WFCM Commentary Table 2.14B)
=1.5(0.7)P, C, C, 1 Floor Dead Load = _ psf
=(1.50.7C X X )
= psf Walls:
Wall Dead Load = ___psf
Displacements:
Roof Rafters with Ceiling Attached L/A=__
Roof Rafters with no Ceiling Attached LIA=__
Floor Joists LIA=__
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Wood Frame Construction Manual Workbook - Worksheets

Job: Description:

WFCM APPLICABILITY LIMITATIONS (p. 2)

The following table is used to determine whether the building geometry is within the applicability limitations of the
WFCM. Conditions not complying with the limitations shall be designed in accordance with accepted engineer
practice (see WFCM 1.1.3).

Attribute Limitation Design Case v

BUILDING DIMENSIONS

Number of Stories maximum 3
minimum Flat
Roof Slope
maximum 12:12
Mean Roof Height (MRH) maximum 33
o ) . minimum
Building Dimension (L or W)
maximum 80'
o ] minimum 1:4
Building Aspect Ratio (L/W)
maximum 4:1
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Wood Frame Construction Manual Workbook - Worksheets

Job: Description:

PRESCRIPTIVE DESIGN LIMITATIONS (p. 106)

The following table is used to determine whether the building geometry is within the applicability limitations of the
WFCM Chapter 3 prescriptive provisions. Conditions not complying with the limitations shall be designed in
accordance with WFCM Chapter 2 (see WFCM 3.1.3).

Element Attribute Limitation Design Case |v
FLOOR SYSTEMS
Lumber Joist Span 26' maximum
Joists Joist Spacing 24" maximum
Cantilevers/Setback - Supporting loadbearing walls [d' maximum
or shearwalls
Cantilevers - Supporting non-loadbearing wall non- |L/4 maximum
shearwall
Floor Vertical Floor Offset d; maximum
Diaphragms |Floor Diaphragm Aspect Ratio 3:1 maximum
Floor Diaphragm Openings Lesser of 12' or 50% of Dia.
Dimension
WALL SYSTEMS
Wall Studs  |Loadbearing Wall Height 10" maximum
Non-Loadbearing Wall Height 20" maximum
Wall Stud Spacing 24" maximum
Shearwalls [Shearwall Line Offset 4" maximum
Shearwall Story Offset d maximum
Shearwall Segment Aspect Ratio 3%:1 maximum®
ROOF SYSTEMS
Lumber Rafter Span (Horizontal Projection) 26” maximum
Rafters Rafter Spacing 24" maximum
Eave Overhang Length Lesser of 2' or rafter length/3
Rake Overhang Length Lesser of 2' or purlin span/2
Roof Slope 12:12 maximum
Roof Roof Diaphragm Aspect Ratio 3:1 maximum
Diaphragms

' Exception: For roof live loads and ground snow loads less than or equal to 20 psf and 30 psf, respectively, lumber floor
joist cantilevers supporting load-bearing walls shall not exceed one-eighth of the backspan when supporting only a roof load where
the roof clear span does not exceed 28 feet.

“Shear wall segment aspect ratios are limited to 2:1 for seismic loads (Table 3.17D Footnote 3). 2003 International
Building Code (IBC) Table 2305.3.3 footnote a., permits a 2w/h reduction for shear walls not meeting maximum shear wall aspect
ratio of 2:1 for seismic loads.

® For roof snow loads, tabulated spans are limited to 20 ft. to account for unbalanced snow loading in the table.
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Wood Frame Construction Manual Workbook - Worksheets

Job: Description:

WFCM 3.2 CONNECTIONS CHECKLIST

3.2.1LATERAL FRAMING AND SHEAR CONNECTIONS

3.2.1.1 ROOT ASSCIMDLY ...ttt etttk b ettt et b e et e b et e st et et eneebeeene ok?Q
3.2.1.2 Roof Assembly t0 Wall ASSEMDLY......cc.cciruirieiriiieiieiiieietiieetetet ettt s be s eseebesseseesesseseesessens ok?0
3.2.1.3 Wall ASSEIMDIY ...vicviiiiieiiiieieieeteetete ettt ettt ettt ettt et se e b et ete s b e s eseebessesesbeseesesseseesessensesaseneesenne ok?0
3.2.1.4 Wall Assembly t0 FI0OT ASSEIMDIY ......c.oouiiiiiiiiiiietieieee ettt Ok?0Q
3.2, 1.5 FlOOT ASSEIMDLY ....c.oiiiitiitiitieiieiietete ettt ettt ettt ettt e st e st e b e b et e eaeetsessessesbessesbesseeseessessessessensesseeseens 0ok?Q
3.2.1.6 Floor Assembly to Wall Assembly or Sill PIate ..........ccoccieiiiiiiiiiieiieee et Ook?Q
3.2.1.7 Wall Assembly or Sill Plate t0 FOUNAtION. .........ccveeiiriirieiieiieie et Ok?Q

3.2.2UPLIFT CONNECTIONS

3.2.2.1 Roof Assembly t0 Wall ASSEIMDLY ..........ccooviiviiriiiiiiiieiieiieietet ettt ettt v et es s se b ereeteeaeees Ok?0Q
3.2.2.2 Wall Assembly to Wall ASSEMDLY ........ccccoeiiiiirieriiiiciieieeieteiet ettt et besbe b ereeseessessebesbesseenas ok?Q
3.2.2.3 Wall Assembly t0 FOUNAALION ......ccviruiiiieiieiieieeieieeie ettt ettt e e e esseenaesneenseennes ok?Qd

3.2.3 OVERTURNING RESISTANCE

3231 HOIAAOWIIS ...ttt e et e et et e et st e et e st e e e e e e e e eae e e e e e eaeesaeeeaneens ok?Q

3.2.4 SHEATHING AND CLADDING ATTACHMENT

3.2.4.1 ROOT SHEATNING ....o.viviiieiieiieiieiet ettt ettt ettt et et te st esa e st e b e beeteeseessessessessesseeseetsessenes Ok?0Q
3.2.4.2 Wall SHEALNING ....oviiiitieiieiieieieiete ettt ettt te et ta et e b e b e sseebeeseesaestassessesseeseessessessensesenseaseessases Ok?Q
3.2.4.3 FIOOT SREANING.......ccviiiiiiieiieieieteete ettt et ettt ettt et estesbesebeebeeseeseessessessessessesseeseessassessensesensenseessases ok?Qd
3.2.4.4 ROOT CIAAAING.......ceuivieietiiiiietiiteiett sttt ettt ettt et sb et besbeseesesseseesebeseesa b eseebesseseesesseseesasseseesessens ok?0
3.2.4.5 WAll CIAAAING........cuoiivieiiiietiieieicteet ettt ettt ettt et b s s bese b esese s ebessssaseseseesesesessesessssesesessenas 0ok?0Q

3.2.5SPECIAL CONNECTIONS

3.2.5.1 RIAEE SEIAPS...cuviviiiitietietieiietet et ettt ettt et et et e eteete e st essesse b e ebeeseessessessessasseseebesseseeseessessessessenseseeseess 0ok?Q
3.2.5.2 JACK RATEIS. c..uitieietiieet ettt bttt et b et et b et a et b Ook?Q
3.2.5.3 Non-Loadbearing Wall ASSEMDIIES...........ccerieriieiiieiieienieieeieetesteseesteeaesseeseeesseenseessessaesseesseenseensesnnes Ok?0Q
3.2.5.4 Connections around Wall OPENINgs ..........ceeueruierieiirienieeterte ettt eee st ettt eseesseesteesteeneeeseesseesseeseenees ok?0

AMERICAN WOOD COUNCIL



Job:

Wood Frame Construction Manual Workbook - Worksheets

Description:

WFCM 3.3 FLOOR SYSTEMS CHECKLIST

3.3.1WOOD JOIST SYSTEMS

33.1.1

33.1.2

33.1.3

33.14
33.1.5

33.1.6

3.3.1.7

3.3.2WO00D I-JOIST SYSTEMS

3.3.3WO0O0D FLOOR TRUSS SYSTEMS

FLOOT JOTSES ...ttt ettt sttt
3.3.1.1.1 Notching and BOTiNg ..........ccceerieiieiiiieiiereee e
BOATINE ...ttt et n e ae et eneas
ENd RESEIAINT.....oviiiiiiiiieieiec ettt s s e

Lateral StaDIlity .....c.cccverieiiieiieieeeeeeese ettt sttt e st et e b e esbeeteestaebeenseenseeneas

Single or Continuous Floor Joists

3.3.1.5.1 Supporting Loadbearing Walls...........cccoeviriiiieniieniei e
3.3.1.5.2 Supporting Non-Loadbearing Walls............cccoceerierieniniiinienieireeeieseeen

3.3.1.5.3 Supporting Concentrated Loads ...........ccoeeiiririiiiieieneeeeeeeee e

Cantilevered Floor Joists

3.3.1.6.1 Supporting Loadbearing Walls..........cccceeveriiiiiniiiniiiiiieceeeeeesee e
3.3.1.6.2 Supporting Non-Loadbearing Walls............cccccerierieviinciinienieeieereeeesieennn

Floor Diaphragm OpPenings........ccccoceeuereeieieniinienienieneeeeitetete sttt

3.3.4 FLOOR SHEATHING

3.3.4.1 Sheathing Spans

3.3.4.2 Sheathing Edge Support

3.3.5FLOOR DIAPHRAGM BRACING
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Job:

Wood Frame Construction Manual Workbook - Worksheets

Description:

WFCM 3.4 WALL SYSTEMS CHECKLIST

3.4.1 EXTERIOR WALLS

3.4.1.1

3.4.1.2
34.1.3
34.14

WOOA STUAS ..ttt st b et b ettt st e bt sb e ebt et et et et b sbeebeeneen
3.4.1.1.1 Notching and BOTING ..........coiiiieiieiieieee ettt ettt ettt e e e beesaeeae e
3.4.1.1.2 StUA CONTNMUILY ...ttt ettt et et e e et e st e seeesae e teemeeeaeeesee st e seenseensesseenseeseenseenees
I O B X 1) o3 1<) ¢~ SO OO OO PRSP S PR
TOP PIALES ...ttt et et e h e bbbttt h e bbbt et eate et e neeenaeenee
BOTOIM PIALES ...ttt ettt ettt b e bt bt ettt ebeeaeenean
Wall Openings

B4 14T HEAARTS ...ttt ettt st eb ettt b bt st b ettt be e
I B 1 5 (55 P A USSR
I B N - T N 1T« TSR
3.4.1.4.4 WINAOW Sill PIAtES .....ecuiiiuiiiiieiieie ettt et ettt neeneeae s

3.4.2INTERIOR LOADBEARING PARTITIONS

3.4.2.1

3422
3423
3424

WO STUAS ..ttt ettt ettt b e bt eb e e st es e e et e besteebeebeeseeneensensenbeabeeneeneenean
3.4.2.1.1 Notching and BOTING ........c..ccerierieiiieiieieeieseee e saesee st steeaeeaesseesteesseesseessesssesssesseesseesses
3.4.2.1.2 StUA CONUNUILY....cvtetiiiieieieesteeste et eteettesteestee e eseseaesseesseesseesseesseessesseesseessesssenssesssesseesseenses
0] o0 o 1R
BOTOIM PIALES ...ttt ettt st sttt ettt s be e
Wall Openings

O W (< 14 1< ¢SSR
3.4.2.4.2 Studs Supporting Header BEamS ........cc.cooueiiiiiiriiiieie e

3.4.3 INTERIOR NON-LOADBEARING PARTITIONS

3.43.1

3432
3433

WO STUAS ..ttt ettt ettt b e s bt e bt e st e st e e e e e be et e ebeebeeseeneensenseateabeeneeneenean
3.4.3.1.1 Notching and BOTING ........c..ccuevierieiiieiieieeieseere et sreesaeeaeeaesteesteesseesseesseessessaesseesseesses
o) o0 o 1R

BOTOMI PIATES ....ccvvvee e et e e e e et e e e e e e et e e eenaeeeeeareeeeeaeeeeenreeeenneeas

3.4.4 WALL SHEATHING

3.4.4.1
3442

Sheathing and Cladding............cooiiieii ettt ettt saee et e see e teeneeeneeas
EXterior SHEAIWALLS .....cc.eitiiieeie ettt sttt ettt e st ettt et e st e ene e neeees
3.4.4.2.1 Sheathing Type AdJUSTMENTS. .....cc.eiiiiiiiiiieiieiiere ettt sttt et s
3.4.4.2.2 Perforated Shearwall AdJUStMENTS .........cccoeiiiieiiiiiiie e
3.4.4.2.3 HOLAAOWNS ...veniiviiiiiiiieiiriitcitrtetc ettt ettt ettt bbb
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Job: Description:

WFCM 3.5 ROOF SYSTEMS CHECKLIST

3.5.1 Wood Rafter Systems

35,101 RATIEIS 1ottt b e bbbt a bt a bt n bt b et ne b e ene Ok? Q1

3.5.1. 1.1 JACK RATEETS 1.vveviiieieiiieeietietetete sttt ettt ettt et sb et sb et et e s b esaetesbessetessessesessesessesseseesennas 0ok?0

3.5.1.1.2 Rafter OVEINANES. .....ccooviieiiiiieieiiiteieieeteett ettt ettt ettt sa et et seseebe b eseetesaesesseseesennas ok?0

3.5.1.1.3 RAKE OVETRANGS ....cveovinieiiiiieiieieieiieteteteetetet ettt ettt sttt st sesae s sesbensesessenseseesennas 0Ok?Q

3.5.1.1.4 Notching and BOTING .........cc.coiruiriiiiiirieieiieieiet ettt ettt esse st sseeteeteeseeseessessessesseeseensennas Ok?0Q

3.5.1.2 BEATINE ...uiiviiuieiiiiiie ettt ettt ettt et ettt et e st esb et et e eteeteete e st essesb e b e b e ete e ke eteestesb e st e beeheetsereesserse b ebeereets 0Ok?Q

3.5.1.3 BN RESIIAINT....c.ceiiiiiiiiiiciiiiccietc ettt ettt sttt ok?Ud

3.5. 1.4 RIAZE BEAIMS ...c.ooviviiiieiieiieieieete ettt ettt ettt ettt e st e st esb e s e beebeeseeseessessessasseeseeseeseessessessensesensenseessases ok?Qd

3.5.1.5 Hip and Valley BEAIMS.........ccveiiuirieiriiietiiieietieteietestest ettt sse e esessessesesseseesasseseesesseseesasseseesessessesensens ok?0

3.5.1.6  CRIlNG JOISES 1.vevieiiieiietiieietesteetete ettt ettt ettt et et etesbe st esesbe st esesbeneebesseseesesseseesessensesessenseseseneesenes Ok?0Q

3.5.1.7  OPCI COIIMZS ...ouvevevenietiiteiete ettt sttt ettt et ete st et e te st e st ebe s e st e b eaeseebeseseesesseseeseseesessensesessensesenseneesense Ok?0Q

3.5.1.8  ROOT OPEIINGS......ioviitieiiirierieietiete ettt et et ete st et e eteeteeteestessessassesseeseeseessessessessassesseeseessessessensesesseessessases Ok?0Q

3.5.2Wo00d I-Joist ROOF SYSTeMIS ..o 0k?0

3.5.3Wo00d ROOf Truss SYStemsS ... ok?Q
3.5.4 Roof Sheathing

3.5.4.1 SREATNING ....cveviieeieieieit ettt ettt ettt et sttt et et be st e st ebe b e st et e eb e st beebebeebe st ereese st eseesenteseeseneeseee Ook?0Q

3.5.4.2 Sheathing Ed@E SUPPOIT ....ocveuiriiieieieieiieieiett ettt sttt ettt sttt e tesae e b aeseese s esesseneesessensesesseneesenes Ok?0Q

3.5.5R00f DIiaphrag@m BracCiNg ... 0k?0
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Job: Description:

Roof and Ceiling Framing Details

Cross Section

Roof Framing

Ceiling Framing
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Job: Description:

Roof Framing

Rafters (WFCM 3.5.1.1)
Assuming ceiling not attached to rafters, choose rafters from Table 3.26A and 3.26C (pp. 200 and 202)
Ground SNOW Load: .......cooieiiiiieiieieeeeeeee et psf
5 500 Y- T S URUURRURSSPI psf
Dead LOoad: ..ottt et neen psf
Three second gust WIndSPEEd:........cccueeieiieiieiee et mph Exp.
Rafter Vertical Displacement L/A: .......ccoocoieiiiiiiieiieieee e
Required Span (Horizontal Projection): ..........ccoevereieeerieieeieeesese e ft.
Thrust Factor (FOOINOTE 1): ...eicuieiiieiieieeiesiiesieere ettt
Wind Factor (FOONOLE 2):.....cciieiiiiiiiieiieriieieete ettt steesaeeaesnaeeeee e
Sloped Roof Adjustment (FOOtNote 3): ......ccovvieiieiiiieiieiicieceeeeeeee e
Selection of Species, Grade, Size, and Spacing: (Table 3.26A & C)
Species
Spacing
Grade

(4)| Table 3.26A Span

Live Load Span
@ XxOX®)

(5)| Table 3.26A Span
Wind Load Span
@ x@x®
(6)| Table 3.26C Span

Snow Load Span

(©x»
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Job: Description:

Roof Framing - Ridge Members

Ridge Beams (WFCM 3.5.1.4)

Since thrust is accounted for in rafter selection, per 3.5.1.4 exception use: Ridge Board
Alternately, use "X " plywood or OSB.

OR

A ridge beam could be designed per Tables 3.29A and B (pp. 211-212). Additional columns would be required to
establish load path to the foundation.

Ground SNOW Load: ......cooiiiiiiiee e psf

| 5 51 Y- T USRS psf

Dead Load: ....cccuvieieeiie et e st enree s psf

ReqUITEd SPAN: ...ccveieiiieie e e e s ft.

Building Width: .......ccoiiiiieee e ft.

Per Table 3.29A (interpolated):.......cccccvieviieiiieieeieiierieie et Glulam
Per Table 3.29B (interpolated): ........c.cccverierieieiiesie et Glulam

OR

A ridge beam could be designed per Table 2.16 (p. 103) since the span exceeds values shown in Table 3.29A and B
(pp- 211-212). Additional columns would be required to establish load path to the foundation.

Ground SNOW Load: .....ccceeeiiiiieeiii e psf
| 55 A 510 Y- T RO PUUROUUSRUUSTRTN psf
Dead LOoad: ...c.vieiieiecieceeeee ettt s be e ens psf
ReqUIred SPan: ........coveiieiiiiiieiieieeetee ettt et ens ft.
Building Width:.........cooiiriiiee e ft.
Tabulated Load:.........covoiieieieiieieee et plf

From the 2001 ASD Manual Glulam Supplement Table 7.2 choose:
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Description:

Ceiling Framing

Ceiling Joists (WFCM 3.5.1.6)

For uninhabitable attics with limited storage live load, choose ceiling joists from Table 3.25A or B (pp. 198-
199):

LAVE LOAQ: ...t e e ra e _ psf
) D 1T Ta B e Y- Ve Lo _ psf
Joist Vertical Displacement L/A:........cccooiiiiiiiiiieieeee et —
ReQUITEd SPAN: ....ocvviiiiiiiiiicie ettt ettt reere b _ ft
Selection of Specie, Grade, Size, and Spacing: (Table 3.25A or B)

Specie

Spacing

Grade

Size

Maximum Span

Floor Joists (WFCM 3.3.1.1)

For habitable attics, use residential sleeping area with 30 psf live load, choose ceiling joists from Table 3.18A
(p. 177):

| A Y-V LSRRt _ psf
) D 1T Ta B o Y- T Ear PP _ psf
Joist Vertical Displacement L/A:........ccooiiiiiiiiieeee et _
ReQUITEd SPAN: ....cvviiiiiiiiiciecc ettt et be e reenreas _ ft
Selection of Specie, Grade, Size, and Spacing: (Table 3.18A)

Specie

Spacing

Grade

Size

Maximum Span
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Job: Description:

Ceiling Framing

Ceiling Joists (WFCM 2.5.1.6)

For uninhabitable attics without storage, choose ceiling joists from Table 2.12A (p. 88), as an
alternative solution process.

| 5 510 T T TSR UTRURSSR psf
DT T B 500 T T ST psf

ReqUIred SPan: .......cooiiiiiiee ettt ft.

Required E and F} at "0.c. joist spacing for ' span from Table 2.12A:

Size
Required E psi
Required Fy psi

Select Grade from WFCM Table 4A and 4B based on required E and Fy above:

Specie

Size & Grade

TRIAL AND Tabulated E, psi
ERROR
Tabulated F,, psi

Size Factor, Cy

Load Duration Factor,
Cp

Repetitive Member
Factor, C,

Allowable Fy, psi

Adjustment factors for Table 4A are found on WFCM p. 279-280.
Adjustment factors for Table 4B are found on WFCM p. 286-287.
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Description:

Roof and Ceiling Sheathing

Sheathing (WFCM 3.5.4.1)

Choose Roof Sheathing from Tables 3.12A and 3.12B (p. 162)

Ground SNOW L0ad ......cccuiiiiiiiiiiciie ettt ae e psf
| 55 0o Y- T PSR USUUURURURURSUPIR psf
Dead LOA ..iuiiiiiiciecieeee ettt ettt e e eaaeeraens psf
Three second gust WINASPEEd:........cccvevieiierieiiicie ettt mph Exp.
Rafter/Truss SPaCING: ....coveiuiiieiieiiriiiereeteee ettt in.
Sheathing TYPe:.....coeetiiiieieer ettt sttt
Tabulated Minimum Panel Thickness:

From Table 3.12A: .. .o e in.

From Table 3.12B: ..o e in.

Roof Diaphragm Bracing (WFCM 3.5.5)

Blocking in first two rafter bays per Figure 3.7b (p. 127) and Table 3.1 (p. 139) fastener schedule.
Blocking to Joist (t0enailed): ..........ccevvverieiiieriieiecie et

ENDWALL | RAFTERS
N
il A I
- \-BLOCKING-/
BLOCKING —<\ g
SECTION A-A

Bracing Gable Endwall with Attic Floor/Ceiling Sheathing Length from Table 3.15 (p. 165)
(assumes windward and leeward loads and sheathing length from gable end to gable end)

Fastest Mile Windspeed: .........ccooieriieriieiieieeie ettt mph Exp.
ROOT PIECR: -ttt

DiIapRragm SPAn:.......cccccieiieriieiieiieie ettt sae e et sra e reenreenreas ft.

Sheathing TYPE:.....coeeiiiiieieieeer ettt sttt

Tabulated Minimum Length of Attic Floor/Ceiling Diaphragm: ..........cccccoeeeeee. ft.
Bracing One Gable End Adjustment (Footnote 1): .........ccooceeiieiiniincenieceeee
Wall Height Adjustment (FOOtNOte 3):......coceeiiiiiiiiiiieiee e
Ceiling Framing Spacing Adjustment (Footnote 5): .......cccoceevieiiiniinienieiiniennene
Min sheathing Iength
Required Minimum Length of Attic Floor/Ceiling Diaphragm:
Tabulated Minimum Length x Applicable Adjustment Factors:.............. ft.
Tabulated minimum length > 1/3 distance between bracing endwalls..... ft.
(per Table 3.15 Footnote 1)

Use Table 3.1 (p.139) fastener schedule for floor sheathing.
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Description:

Connections — Roof Lateral, Shear, Uplift

Lateral Framing and Shear Connections (WFCM 3.2.1)

Roof Assembly to Wall Assembly (WFCM 3.2.1.2)

Choose Rafter/Ceiling Joist to Top Plate Lateral and Shear Connection from Table 3.4A (p. 150)

Rafter/Ceiling JOiSt SPACINZ .......evuveriieriiiieiieiiercee e
Wall HEIZht: ..o

Required number of 8d Common Nails

Uplift Connections (WFCM 3.2.2)

Roof Assembly to Wall Assembly (WFCM 3.2.2.1)

Choose Roof to Wall Uplift Strap Connection from Table 3.4B (p. 151)

mph Exp.

Building Wall Elevation

North

South

East

West

Three second gust wind speed

Framing Spacing

: Roof Span
n | Minimum tabulated number of 8d Common Nails required in each end of
d |_1-1/4" x 20 gage strap every rafter / stud
No Ceiling Assembly nail increase (Footnote 3)
Minimum required number of 8d Common Nails in each end of strap every
rafter / stud = Tabulated number of nails - Reductions + Increases -
" calculated using 1bs uplift (below) divided by lp/nail per WFCM Supplement Table 6A.
NG TN A pd
OIST __ o} e
B ‘7'% ) /
=
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Description:

Connections — Roof Lateral, Shear, Uplift (cont’d)

Alternatively, use proprietary connectors every rafter with the following minimum capacities from Table 3.4

(Pp.

148-149)

Loadbearing Walls - Tabulated minimum uplift connection capacity (Table
3.4, page 149)

Interior framing adjustment (Footnote 1)

Roof-to-Wall reduction (Table 3.4, Footnote 3)
=[0.60(_ psf—15 psf) x ' X "/12" "= Ibs]

Non-Loadbearing Walls - Tabulated minimum uplift connection capacity
(Table 3.4C, page 152)

Overhang Multiplier (Table 3.4C, Footnote 2) [(2'+ OH)/4']* OH =

as-—<

Zone 2 Multiplier (Table 3.4C, Footnote 3)

Required Minimum Uplift Capacity of proprietary connector
= Tabulated minimum capacity x Adjustments - Reduction

Required Minimum Lateral Capacity

Required Minimum Shear Parallel to Ridge Capacity

Required Minimum Shear Perpendicular to Ridge Capacity

4" o.c. Nall
Spacing

/—Connectlon per Section 2.2.2.1 & 2.2.6.5

4' Perimeter Zone

L / . / panel fleld nalling
4' Perimeter Zone
panel edge nalling

[~=— Lesser of
L/2or2
Mi

Required
Blocking

nimum 2x4 Outlooker

o S

Gable Endwall
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Description:

Connections — Roof Sheathing, Ridge
Sheathing and Cladding Attachment (WFCM 3.2.4)

Roof Sheathing (WFCM 3.2.4.1)

Choose Roof Sheathing Nail Spacing from Table 3.10 (p. 160)

Three second gust WINASPEEd:........cccvevieiierieiieiicie sttt mph Exp.
RaAfter/TrUSS SPACINE: ....veevviieieieiesiieieeie e eteetesteesteesteebeesaesseesseesseesseesseesseessenseens in.
ShEathing TP .. eeceeeieiie ettt ettt ettt et e e e s e teesseenseennas

Nail Spacing
8d Common Nails

Location Edges Field

4' Perimeter Edge Zone

Interior Zones

Gable Endwall Rake with
Lookout Block

* see 2001 WFCM Figure 2.1 p. 34 for nailing details. Perimeter edge zone nailing of 6” permitted for edges and field
per Figure 2.1g.

Special Connections (WFCM 3.2.5)

Ridge Straps (WFCM 3.2.5.1)

For a clean finished ceiling line, rather than using collar ties to resist upward ridge separation,
choose Ridge Tension Strap Connection from Table 3.6A (p. 156)

Three second gust WINASPEEd:........cccvevveiiirieiiieiiiie ettt mph Exp.
ROOT PIECR: et
ROOT SPAN ..ttt ft.

Tabulated number of 8d Common Nails
required in each end of 1-1/4" X 20 gage Strap:.....cccceeveereeeeeiesierieeeeeee e
Ridge Strap Spacing Adjustment (Footnote 4): ........ccccoeeevienieirninnnenne.

Required number of 8d Common Nails in each end of 1-1/4" x 20 gage strap:
Tabulated number of nails x Applicable adjustment factors:...................

o
e
o

Metal tie strap may
be required for slopes
exceeding 7/12.

-

Ridge
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Job: Description:

Connections - Roof Heels

* Alternatively, use proprietary connectors with the following minimum capacity from Table 3.6 (p. 155)
Ridge Strap Spacing Adjustment (Footnote 4): ........ccccoevvvienveneriennenne.

Required minimum capacity of proprietary connector:
Tabulated minimum capacity x Applicable adjustment factors: .............. lbs

Table 3.1 Nailing Schedule

Choose Ceiling Joist to Parallel Rafter and Ceiling Joist Lap Connection from Table 3.9A (p. 159)

Ground SNOW LOad: .......ccouieiiiiiiiiciesieeeeee ettt psf
ROOT SPAN: ...ttt sttt re e nraas ft.
RaATEET SIOPC: . eiieiiiiieiiecieit ettt e e ste e b e e sb e et e e e e sse e beessaesseessansnens

RaAFEr SPACINE: ...veiieeieiieit ettt ettt e st e e et e enseensesnsensaens in.

Tabulated number of 16d Common Nails required per heel joint splice: .............
Clinched Nails Adjustment (FOotnote 1): ......ccoeoveiinienieiieeeieeeee,
Ceiling Height/Roof Ridge Height Adjustment (Footnote 6): .................

Required number of 16d Common Nails per heel joint splice:
Tabulated number of nails x Applicable adjustment factors:................... *
Required number of nails at splice (FOotnote 4):........cccevvevvvevverreneennennn.

Ceiling Height/Roof Ridge Height Adjustment (Footnote 5): .................

Required minimum capacity of proprietary connector:
Tabulated minimum capacity x Applicable adjustment factors: .............. lbs

Blocking to Rafter Connection from Table 3.1 (p. 139): ......

Rim Board to Rafter Connection from Table 3.1 (p. 139): .
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Job: Description:

Wall Framing - Studs

Wall Studs (WFCM 3.4.1.1)

................................................................................................................. Loadbearing
Choose Studs from Table 3.20A or 3.20B and Footnotes (pp. 180-184)
Three second gust Wind SPEed:........cccvevierieicieiieriereeie ettt mph Exp.
WALl HEIZRE: ..ottt ettt e e s e teenseenneas ft
Sheathing Type (wood structural panel or minimum sheathing):............ccccccocee....
StUAS SUPPOTEINE: ...ttt ettt ettt et e bt e beenneeaeenees
Selection of Specie, Grade, Size, and Spacing: (Table 3.20B and Footnotes)
Specie
Spacing
Grade
Size
Maximum Length (Wind)
Maximum Length (Dead
and Live Loads)
................................................................................................................. Non-Loadbearing
Choose Studs from Table 3.20A or 3.20B and Footnotes (pp. 180-184)
Three second gust Wind SPEed:........cccverieeriiiiieriieiieriee ettt mph Exp.
WALl HEIGRE: ..ottt e et e s e e enseenseas ft.

Selection of Specie, Grade, Size, and Spacing: (Table 3.20B and Footnotes)

Specie

Spacing

Grade

Size

Maximum Length (Wind)

Maximum Length (Dead
and Live Loads)
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Description:

Wall Framing - Top Plates

Top Plates (WFCM 3.4.1.2)

Choose Building End Wall Double Top Plate Lap Splice Length from Table 3.21 (p. 185)

Building DIMENSION: .......cccuieuiiitieiieieeie ettt sttt e e eneeas ft.
Tabulated Minimum Splice Length:..........cccoociiiiiiiiiiieeeee e ft
Connection: top plate —t0 — tOP Plate:..c.eervieriieriieie e nails per ft.

Choose Building Side wall Double Top Plate Lap Splice Length from Table 3.21 (p. 185)

Building DIMENSION: .......occveeeieeiieiieiieieeeeseeseesteesteeeeseeseeesseesseenseessessaesseeseensens ft.

Connection: top plate —to — tOP Plate:.....cecueeireieeieieeee e nails per ft.

Top Plate Splice Length
Il ga—
Ll 1

Ha
-

top plate

AMERICAN FOREST & PAPER ASSOCIATION
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Description:

Wall Framing - Exterior Headers, Sills

Exterior Loadbearing Wall Headers (WFCM 3.4.1.4.1)

Choose Headers in Loadbearing Walls from Tables 3.22A-E and Table 3.22F (pp. 186-193)

Building Width:....c..oooiiiiiiiiii e ft
Required Span (Foyer Window):........ccoeirienieieieie e ft
Ground SNOW Load: .......ooiiiiiiieeee e psf
Three second gust Wind SPEed:........cceerieriiiieiieiieriee e mph Exp

Header supporting roof, ceiling and attic floor — use Table 3.22B (p. 187) w
Preliminary Header Selection (Gravity Loads): %

~Window Slil Plate

Maximum Header/Girder Span (interpolated):.........cecvrevircierienieniieieeieseeeennn

Tabulated Number of Jack Studs (Table 3.22F):.....ccccccvevieciieiinieieeeeeeeeeeen Ful olght~

Roof Span Adjustment (Footnote 1 — (WH12)/48):...ccuieciieciiiiieieiieieeieeeeeveeiens

Adjusted number of jack studs required = tabulated x roof span adjustment:........ D]D]Dﬂ; i
Table 3.23A (p. 192) .

Preliminary Header Selection (Wind Loads): “°“°'"p\

Maximum Header/Girder Span ..........coceeeeiieiieiieeee et ft.

(same species / grade as Loadbearing Studs (WFCM 3.4.1.4.2))

Final Selection of Header Specie, Grade, and Size:
loads control:
Number of Jack Studs Required ( controlled): ....cccovevvevennnnnnn.
Number of Full Height (King) Studs Required ( controlled): ..
(same species / grade as Loadbearing Studs (WFCM 3.4.1.4.2))

Exterior Loadbearing Wall Window Sill Plates (WFCM 3.4.1.4.4)

Choose Window Sill Plates from Table 3.23B (p. 193)

Wall Height Adjustment (Footnote 3 — (H/10)2): ........ovevveeeeeeeeeeeeeeeeeeeeens

Adjusted Maximum Sill Plate Length:
Tabulated maximum Sill Plate Length + wall Height Adjustment: .........
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Description:

Wall Framing - Exterior Headers, Sills (cont’d)

..................................................................................

Exterior Non-Loadbearing Wall Headers (WFCM 3.4.1.4.1)

Note: When headers support wall loads only, it is conservative to use the tabulated value for a header
supporting a roof and ceiling with a 12’ roof span and 20psf live load.

Choose Headers in Non-Loadbearing Walls from Table 3.23B and 3.23C (p. 193)
Three second gust Wind SPEed:........cceevirriiiiiiienieniee e mph Exp. B
ReQUITEd SPAN: ....ocviiiiiiiiiicie ettt sttt et be e beenreas ft.

Selection of Header Specie, Grade, and Size:
Tabulated Header Span: ...........ccooveoiieciiiieiieseeeee ettt
Wall Height Adjustment (Footnote 3 — (H/10)"2): c....eoveveeeeeeeeeeeeeeee e
Adjusted Header SPan:.......c.cccueviriririneneeieieteesese et
Number of Full Height (King) Studs Required: ..........cccooieiieiiniineieieeeeee,

(same species / grade as Non-Loadbearing Studs (WFCM 3.4.1.4.2))

Exterior Non-Loadbearing Wall Window Sill Plates (WFCM 3.4.1.4.3)

Choose Window Sill Plates from Table 3.23B (p. 193)

Three second gust Wind SPEE:........cccvevvieriiicieiieiieiieie et sre e mph Exp. B
ReEqUITEd SPAN: ....coviiiiiiiieiieiecceeeese ettt ettt et nreenreas ft.
Selection of Window Sill Plate Specie, Grade, and Size:

Tabulated Window Sill Plate Span:.........cccceeieiienieieiieiieceeee e

Wall Height Adjustment (Footnote 3 — (H/ 10)72): e

Adjusted Header Span:........coccooiiiiiiiie et

Number of Full Height (King) Studs Required: .........c.ccoooeeiieiiiiineniinieceeee,

(same species / grade as Non-Loadbearing Studs (WFCM 3.4.1.4.2))
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Job: Description:

Wall Framing - Interior Headers

Interior Loadbearing Wall Headers (WFCM 3.4.2.4.1)

Choose Header Table 3.24A (p. 195)

Building Width:....c..oooiiiiiiee e ft
REQUITEd SPAN: ...ooviiiiiiiciieie ettt sttt re e be e enreas ft.
Selection of Header Specie, Grade, and Size:

Maximum Header/Girder SPan: ..........ccceeverieriieriieie et ft.
Number of Jack Studs Required: ..........ccoeoveiieiiiieiieiie e
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Job: Description:

Wall Framing - Sheathing

Sheathing and Cladding (WFCM 3.4.4.1)

Choose Exterior Wall Sheathing or Cladding from Tables 3.13A and 3.13B respectively (p. 163)

Three second gust Wind SPeed:..........c.eeeeriieiiiriiiiiiienee e mph Exp.
SREAtNING TYPE .. eitiieeetiee ettt st ettt e sae e

Direction Across Studs (Short or Long):.......cooeevieiiiiiiiiniiieeeeeeeeeeeeee

STUA SPACINZ: ..veevvieneieiieeiie ettt ettt et e b e et s eesaeesseesseesseesseessessaesseesseessenneas in.
Minimum Panel ThiCKNESS: .......cccueieieririnirinerteteeee e in.

Shear wall minimum panel thickness (WFCM 3.4.4.2): .....cccoovvevvevienieneeieeienen, in.

=_ ft. long = LFH

North Elevation

% = ft.long=Lgy

South Elevation

= ft.long=Lgy

East Elevation

VA = ft.long=Lgy

West Elevation
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Job: Description:

Wall Sheathing — Segmented Shear Walls

Exterior Type | Shear walls (WFCM 3.4.4.2)

Choose Exterior Type | Shear Wall Length from Table 3.17A-D (pp. 169-174)

AT 11 5 3T 1 OSSPSR ft.
Number of Stories Braced (per 3.1.3.1): wooiiiriiiiiieieeeeeeceeee e

Three second gust Wind SPEEd:.........ccerieirieieieiee s mph Exp.
Maximum shear wall aspect ratio for wind (Table 3.17D):....c.cccvevvieieeieniiereennen.

Minimum shear wall segment length (Wall height/aspect ratio):..........c.cceevennenne ft.

Minimum shear wall segment length (Wall height/aspect ratio):..........c.ccceeuvenenne ft.
Minimum WSP sheathing thickness (per WFCM 3.4.4.2):...ccooiiiiiieiiiiiieeenen. in.
Minimum gypsum thickness (per WFCM 3.4.4.2)1.....coooiiiiiiiiiiieeeeeeeene in.

Load Parallel | Load Perpendicular

to Ridge to Ridge
a91ep5 | Building Wall Elevation North | South East West
Length of Building
S | Effective Length of Full Height Sheathing for Seismic (Lgys) HAVE
© | Tabulated Minimum Length Full Height Sheathing for Seismic Loads per
; Table3.17C (L) Ci=__ C=_  Luw=_ Lun—_
m | WSP Perimeter Edge Nail Spacing — Seismic (WFCM 3.4.4.2 +3.4.4.2.1) PICK
|| Shear wall Adjustment per Table 3.17D (Cyya)
¢ Min. Length Full Ht. Sheathing—Segmented Seismic (Lryper.s = Ly(Cswa)) NEED
Ltyper-s < Lrus Ook? | Ok? Ook? Ok?
Effective Length of Full Height Sheathing (Lgy) HAVE

W/| Tabulated Minimum Length Full Height Sheathing for Wind Loads per
Table 3.17B and 3.17A (Ly)

WSP Perimeter Edge Nail Spacing — Wind (WFCM 3.4.4.2) PICK.
Shear wall Adjustment per Table 3.17D (Cgya)

Wall Height Adjustment (Table 3.17A&B Footnote 2) (Cyy=__"/8")
Min. Length Full Ht. Sheathing—Segmented Wind (Lrype w=Lw(Cwi)(Cswa) NEED
Lryper-w < Len Ok? | Ok? Ok? Ok?

o 5 -

@UHLOO OWEO
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Job:

HAVE

NEED

HAVE

NEED

Wood Frame Construction Manual Workbook - Worksheets

Description:

Wall Sheathing - Perforated Shear Walls

Exterior Type Il Shear Walls (WFCM 3.4.4.2)

Choose Exterior Type Il Shear Wall Length from Table 3.17E (p. 175)

Parallel
to Ridge

Perpendicular
to Ridge

Building Wall Elevation

North | South

East West

Wall Height

Max. Unrestrained Opening Height

Actual Length of Full Height Sheathing (Lgy)

Effective Length of Full Height Sheathing for Seismic (Lgys)

Length of Wall (Ly.n)

Percent Full Height Sheathing (Ly / L)

Tabulated Min. Length Full Ht. Sheathing - Segmented Seismic (Lryper.s)

O =3 u—0oW0n

Perforated (Type II) Length Increase Factor from Table 3.17E (C,)

Min. Length Full Ht. Sheathing - Perforated Seismic (Lryper.s = Lrypets (C1))

Lrypet < Lens

Ok? | Ok?

ok? Ook?

Actual Length of Full Height Sheathing (Lgy)

W Length of Wall (L)

Percent Full Height Sheathing (Lgy / Lyay)

Q5 -

Tabulated Min. Length Full Height Sheathing - Segmented Wind (Lryper.w)

Perforated (Type II) Length Increase Factor from Table 3.17E (Cyp)

Min. Length Full Ht. Sheathing - Perforated Wind (Lyypen-w = Lryper.w (C1))

Ltypen-w < Ln

Ok? | Ok?

Ok? Ok?

Remarks:

Shear Wall Details Summary

Building Elevation

North | South

East West

Shear Wall Type

WSP Perimeter Nail Spacing

Governing Load

Shear wall Adjustment per Table 3.17D (Cgya)
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Description:

REQ’D FROM

REQ’D FROM
CHANGE
ReVISED

NEgD
HAVE

NEED
HAVE

Wall Sheathing - Combined Shear Walls

Combine Shear Wall Requirements at Interface of Two Buildings

Building Wall Elevation

Wind

Seismic

Segmented (Type I) Shear Wall Requirements — Sheathing Thickness

Building 1 — Elevation (WSP perimeter edge nail spacing) (Lgy;)

Length adjustment factor, Cg, (Table 3.17D)

Revised Length Adjustment Factor (Cyyairevisea) (Table 3.17D)

Length adjustment factor ratio Cgyai ratio = Cswalrevised / Cswal

Adjusted Shared wall length = Ly *Cqyal ratio = Lenadit

Building 2 — Elevation (WSP perimeter edge nail spacing) (Lgn,)

Length adjustment factor, Cgy., (Table 3.17D)

Revised Length Adjustment Factor (Cgyazrevised) (Table 3.17D)

Length adjustment factor ratio Cqyas ratio = Cswazrevised / Cswa2

Adjusted Shared wall length = LFHZ *CswaZ ratio — LFHade

Adjusted Shared Wall — Total Requirement (Lrypetadjusted) = Lrmtadit + Lenadi2

Actual Length of Full Height Sheathing (Lgy)

LTypeIadjusted < LFH

Ook?

Ok?

Perforated (Type Il) Shear Wall Requirements

Perforated (Type II) Length Increase Factor from Table 3.17E (Cy)

Min. Length Full Ht. Sheathing-Perforated
(LTypelladiusted: LTypeladiusted (CL))

Actual Length of Full Height Sheathing (Lgy)

LTypeIIadjusted < LFH

Ok?

Ok?

Decreased nail spacing should be considered first to increase Perforated (Type II) shear wall capacity, otherwise try increasing

WSP thickness.

Shear Wall Details Summary - Final

Building Elevation

North

South | East

West

Shear Wall Type

WSP Perimeter Nail Spacing

Governing Load

Shear wall Adjustment per Table 3.17D (Csy.)
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Description:

Floor Framing

Floor Joists (WFCM 3.3.1.1)

Choose Floor Joists

LAVE LOAA: ..ottt ettt e et e e s eaaa e e s e e e e anns
I D 1T Ta B oY T E RS

from Tables 3.18A-B (pp. 177-178)

Selection of Specie, Grade, Size, and Spacing: (Table 3.18A)

REQUITEd SPAN: ...ooviiiiiiiieiicitccee ettt e s e be e enseas

psf
psf

ft.

Specie

Spacing

Grade

Size

Maximum Span

Floor Framing

Floor Sheathing

Sheathing Spans (WFCM 3.3.4.1)

Choose Floor Sheathing from Table 3.14 (p. 164)

F1OOT JOISt SPACIIEZ: ..ottt ettt eees

AMERICAN FOREST & PAPER ASSOCIATION
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Description:

Connections — Wall / Floor Assemblies

Lateral Framing and Shear Connections (WFCM 3.2.1)

Wall Assembly (WFCM 3.2.1.3)

Top Plate to Top Plate Connection from Table 3.1 (p. 139): ....ccocvevveeveneee.

Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6"
(4" nail spacing: 1.67 x NALLS) veiiiiiicieeceee e

(3" nail spacing: 2.0 x NAILS) weveiieeiieeeecee e

Top Plate Intersection Connection from Table 3.1:.......c.ccoooooivieieieiennnn.

Stud to Stud Connection from Table 3.1: ..o

Header to Header Connection from Table 3.1:.....cccoovviviieeeiieeeeeeeeeeee.

Choose Top or Bottom Plate to Stud Connection from Table 3.1 & 3.5A:..

Wall Assembly to Floor Assembly (WFCM 3.2.1.4)

Bottom Plate to Floor Joist, Bandjoist,

Endjoist or Blocking Connection from Table 3.1: (6" nail spacing)..............
Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6"
(4" nail spacing: 1.67 x NALLS) vieiiiiicieeee e

(3" nail spacing: 2.0 x NALLS) eviiieiieieeeee e

Floor Assembly (WFCM 3.2.1.5)

Bridging to Floor Joist Connection from Table 3.1:..........c.coooiiiiieienn

Blocking to Floor Joist Connection from Table 3.1:..........ccocooiiiiieie

Band Joist to Floor Joist Connection from Table 3.1:.........cccoovviiviriinnennnn.

Floor Assembly to Wall Assembly (WFCM 3.2.1.6)

Floor Joist to Top Plate Connection from Table 3.1: ..o

Blocking to Sill or Top Plate Connection from Table 3.1: ............ccocovenvenen.

Band Joist to Sill or Top Plate Connection from Table 3.1: ..........cccoceneee.

Table 3.1 Footnote 1 for wall sheathing perimeter nailing spacings < 6"
(4" nail spacing: 1.67 x NALIS) ceviiiriiiieieee e

(3" nail spacing: 2.0 x NALLS) eveiieii e
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Job: Description:

Connections - Floor / Wall Assemblies (cont’d)

Lateral, Shear, and Uplift Connections (WFCM 3.2.1 and 3.2.2)

Wall Assembly to Foundation (WFCM 3.2.1.7 and 3.2.2.3)

Wall Stud Wall Stud
Anchor Bolts and
Washers as required

Bottom Plate Bottom Plate
Anchor Bolt Anchor Bolt

(see 3.2.1.7) - (see 3.2.1.7 & 3.2.2.3)
Floor Joist

Floor Joist

Slll Plate Sill Plate
Steel Strap

(see 3.2.2.3) Steel Strap lapped under sill plate

(see 3.2.2.3)

Choose Sill Plate to Foundation Connection Requirements for Anchor Bolts Resisting Lateral, Shear, and
Uplift Loads from Table 3.2A (pp. 142-143)

Three second gust Wind SPEEd:.........ccceriririeierieieie et mph Exp.
Stories supported by FOundation:..........c.cccevvverieriieciiiieeieseeieeie e
ANChOT BOIt DIAMELET: ....c.vievieiieiiieiieceeeieeieeie ettt sae et esseensaas in.

Assuming Crawl Space or Basement, determine maximum Anchor Bolt Spacing:

Building Wall Elevation North | South East West

Shear wall line dimension (L)

Building dimension perpendicular to shear wall line (Table 3.2A)

Number of stories receiving wind load (Table 3.2A)

i | Tabulated number of bolts to resist shear loads from wind (Table 3.2A)

Bolt spacing for wind shear loads sy = (Lsy-2) / ( number of bolts-1)

o 5

Max. bolt spacing to resist wind uplift loads (sy,) (Table 3.2C & 3.4C)

Tabulated anchor bolt spacing to resist seismic loads (s;) (Table 3.3A)

WSP Perimeter Edge Nail Spacing - Seismic

Bolt spacing adjustment per Table 3.3A Footnotes (Table 3.17D) (Cqya)

Adjusted bolt spacing for seismic loads sg, = (85)(Cswa)

O =3 u—0oW0

Max. anchor bolt spacing (lesser of Sys, Sy, and s,)
Notes:
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Job: Description:
Connections - Floor / Wall Assemblies (cont’d)

Lateral, Shear, and Uplift Connections (WFCM 3.2.1 and 3.2.2)

Wall Assembly to Foundation (WFCM 3.2.1.7 and 3.2.2.3)

Wall Stud | | —wall Stud

Anchor Bolt (see 3.2.1.7) Anchor Bolt (see 3.2.1.7 & 3.2.23
Bottom Plate Bottom Plate

Steel Strap — ~ Steel Strap lapped under Bottom
(see 3.2.2.3) Plate (see 3.2.2.3)

T

Choose Bottom Plate to Foundation Connection Requirements for Anchor Bolts Resisting Lateral, Shear, and
Uplift Loads from Table 3.2B (pp. 144) and Table 3.3A (p. 147).

Three second gust Wind SPeed:........cceeeerieiierieiiee e mph Exp. __
Stories supported by FOundation:...........cceceevieiiiienienieeeeeeeeee e
Anchor Bolt DIQMELEr: .......cc.eeviirieuiriiieiriiiciriccrtceeneeese e in.

Assuming Slab on Grade, determine maximum Anchor Bolt Spacing:

Building Wall Elevation North | South East West

Shear wall line dimension (L)

Number of stories receiving wind load (Table 3.2B)

i | Bolt spacing for wind lateral and shear loads (Table 3.2B)

Wall sheathing type adjustment factor per Table 3.17D (Table 3.2B
Footnote 3) (assumes perforated shear wall capacities) Cgy,

[@Rge]

Adjusted bolt spacing for wind lateral and shear loads (sys)

Max. anchor bolt spacing to resist wind uplift loads (sy.) (Table 3.2C)

Tabulated anchor bolt spacing to resist seismic loads (s;) (Table 3.3A)

WSP Perimeter Edge Nail Spacing - Seismic

Bolt spacing adjustment per Table 3.3A Footnotes (Table 3.17D) (Cqya)

Adjusted bolt spacing for seismic loads sg, = (Ss)(Cswa)

O =3 u—0oW0n

Max. anchor bolt spacing (lesser of Sys, Syu, and sg,)

Notes:
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Description:

Connections - Floor / Wall Assemblies (cont’d)

Lateral, Shear, and Uplift Connections (WFCM 3.2.1 and 3.2.2)

Wall Assembly to Foundation (WFCM 3.2.1.7 and 3.2.2.3)

Alternatively, use proprietary connectors with the following minimum capacities from Table 3.2 (pp. 140-
141), Table 3.3 (pp. 145-146) and Table 3.4C (p. 152).

Three second gust Wind SPeed:.........c.evvverierieriieiieie et mph Exp.
Stories supported by FOUNdation:..........ccocceicierienieniieiesieseeeeie e

Determine required loads for proprietary connectors:

Building Wall Elevation North South East West

Building dimension W or L

R=L/W or W/L for Table 3.2

Number of stories receiving lateral wind load (Table 3.2A)

Wind uplift (Table 3.4C)

Uplift force Spacing

Wind uplift plf basis
\_N Overhang Reduction (Table 3.4C Footnote 2)  [(2'—OH/4' |
|
n | Wall Dead Load Reduction' (____ walls (0.6) ( plf))
d

Adjusted Wind uplift (Table 3.4C)

Wind uplift (Table 3.2(U))

Wind lateral load (Table 3.2(L))

Wind shear load (Table 3.2(S))

Seismic shear load (Table 3.3) C,= C,=
Lox=_ Lun= or, [dslab on grade

Wall Dead Load w,,

Footnote 4 Wall Dead Load Reduction
R, = (wy + 70.65) / 85.65

Footnote 5 Sheathing Adjustment Factor for wall (Table 3.17D)
(Cowa)

o —gov—own

Adjusted seismic shear load = seismic shear load x Ry, / Cyy,

Wall length

Seismic shear load = adjusted seismic shear load / wall length

'Refer to WFCM Commentary 1.1.2.
*Table 3.2 Footnote: Determine anchorage for Lateral Loads in foundation design per Section 1.1.4
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Job: Description:
Connections (cont’d)

Uplift Connections (WFCM 3.2.2)

Wall Assembly to Wall Assembly or Wall Assembly to Foundation (WFCM 3.2.2.2 and 3.2.2.3)

Choose Wall to Wall Uplift Strap Connection from Table 3.4B (p. 151
Building Wall Elevation North | South East | West

Three second gust wind speed

Framing Spacing

Roof Span

Tabulated number of 8d Common Nails required in each end of
d [L1-1/4" x 20 gage strap every stud

No Ceiling Assembly nail increase (Footnote 3)

Required number of 8d Common Nails in each end of strap every stud
= Tabulated number of nails - Reductions + Increases
" calculated using Ibs uplift (below) divided by Ib/nail per WFCM Supplement Table 6A.

*Alternatively, use proprietary connectors with the following minimum capacities
Loadbearing Walls - Tabulated minimum uplift connection capacity (Table
3.4, page 149)

Interior framing adjustment (Footnote 1)

Roof dead load reduction (Table 3.4, Footnote 3)

\_N =[0.60( psf— 15 psf) x X "/12"/ "' = Ibs]
I'| Wall-to-Wall and Wall-to-Foundation reduction (Table 3.4, Footnote 4)
3 =] plf x walls ( "/12"") = Ibs]

Non-Loadbearing Walls - Tabulated minimum uplift connection capacity
(Table 3.4C, page 152)

Wall-to-Wall and Wall-to-Foundation reduction (WFCM 3.2.5.3)

= plf x walls ( "/12") = 1bs]

Required minimum capacity of proprietary connector

= Tabulated minimum capacity x Adjustments - Reduction

STUD

AENEERNERE

.....
B

Check Perforated Shear Wall plate anchorage between wall ends
The assumption is that the wall plate nailing to the floor frame (WFCM 3.2.1.6 Table 3.1) in addition to the wind
uplift straps are sufficient to resist uplift requirements on the plate using the Perforated Shear Wall Method.
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Description:
Connections - Floor Wall Assemblies (cont’d)_h__,_;‘__*,, t ToHH)]
Overturning Resistance (WFCM 3.2.3) Holddown h :'; ngtt‘{i
Hold downs (WFCM 3.2.3.1) | [REsoe-

Choose Hold downs from Table 3.17F for Type | and Type Il Walls (p. 176)

Building Wall Elevation North South East West
Wall Height
Tabulated hold down connection capacity required — wind (Ty,)

WSP Perimeter Edge Nail Spacing - wind

Hold down adjustment per Table 3.17F Footnotes (Table 3.17D) (Cqya)
Adjusted hold down capacity (Ty, = (Ty) / (Cewa)) - Wind

Additional story hold down requirements — wind

as-—<g

Total hold down requirement for floor to foundation — wind (XTy,)

Tabulated hold down connection capacity required — seismic (Ty)

WSP Perimeter Edge Nail Spacing - seismic
Hold down adjustment per Table 3.17F Footnotes (Table 3.17D) (Cyya)
Adjusted hold down capacity (T, = (Ts) / (Cgya)) - SEISMIC

Additional story hold down requirements — seismic

O =3 v—oW0n

Total hold down requirement for floor to foundation (ZTs,) - seismic

Sheathing and Cladding Attachment (WFCM 3.2.4)

Wall Sheathing (WFCM 3.2.4.2)

Choose Wall Sheathing Nail Spacing from Table 3.11 (p. 161)
Three second gust Wind SPeed:........cceeverieiienieeiieie et mph Exp.

STUA SPACINE: ...ttt ettt ettt et eeee s ree s e ne e in.
Sheathing Type (wood structural panels, board or lap siding): .........cccceeevereeenenee.

Location Edges | Field

4' Edge Zone

Interior Zones
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Job: Description:
Connections — Wall Opening Elements

Special Connections (WFCM 3.2.5)

Choose Header/Girder Connections based on loads from Table 3.7 (p. 157)

Three second gust Wind SPEed:........cceeveriiiiiiiinieniee e mph Exp.
ROOT SPAN: ...ttt ft.
Header Span (Typical WINdOW):........cooveviriiinieniieniieiecie e see s ft.
Required Connection Capacity at Each End of Header:

Tabulated Uplift Capacity (interpolated):.........ccevieriireiercierierieie e lbs.

Floor load adjustment (per fOOtnote 4):.......cceevuiviiirierierieie e lbs.
Adjusted UPHITt Capacity ......cccevvevierieriicieiiieeeiieieieieie ettt 1bs.
Tabulated Lateral Capacity:........cccecvvvirieiririeiiiiieiieieeeiee e Ibs.

Choose Window Sill Plate Connections based on loads from Table 3.8 (p. 157)

Three second gust Wind SPEEd:........cccvereeriiicieiierieiieie et re s mph Exp. B
Window Sill Plate SPan:.........cccecveeeiiicieiierieniieieeee et ete e se e seevessae e enes ft.
Tabulated Lateral Connection Capacity at Each End of Window Sill Plate: ........ Ibs.

D;)l.lble Top

Double Header

Full Helght™\_ |

Stud Jack Stu
' ﬂ\
HL—Window SIil Plate
Bottom Plate il
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Perforated Shear Wall Design

Philip Line, P.E.

Introduction

The perforated shear wall (Fig. 1) method is one of sev-
eral options for the design of wood-frame shear walls in the
2000 International Building Code (IBC). Two other methods
include: the segmented approach which utilizes full-height
shear wall segments each with full end-restraint against
overturning (Fig. 2), and the force transfer approach which
utilizes strapping to transfer forces around openings. The
perforated shear wall method provides one way to account
for strength and stiffness of sheathed walls with openings
while providing an alternative to strapping and anchors
typically required by other methods.

A perforated shear wall design for a two-story building is
described in this paper. The example is similar to one devel-
oped for the Commentary to the Recommended Provisions
for Seismic Regulations for New Buildings and Other Struc-
tures (2000 NEHRP) but is modified to address wind load-
ing using an allowable strength design approach.

A separate example is provided to demonstrate one ap-
proach for calculating deflection of a perforated shear wall.

Design Provisions

The perforated shear wall method is included in the
2000 International Building Code (IBC), AF&PAs Wood
Frame Construction Manual (WFCM) for One- and Two-Fam-
ily Dwellings, Standard Building Code (SBC, 1994 revised),
and the 2000 NEHRP Recommended Provisions for Seismic
Regulations for New Buildings (FEMA, 2000).

The basic method for determining design shear capacity
of perforated shear walls is the same in each of these docu-
ments. However, application limits as well as requirements
for shear and uplift forces between wall ends vary. For ex-
ample, 2000 NEHRP provisions contain an equation format

< L2 #i i‘ L3$

L y,

%L1»{

Ho/d—?jown
Figure 1.—Perforated shear wall.

Spring 2002

for determining shear and uplift forces between wall ends.
This equation format provides a convenient means for cal-
culating anchorage requirements based on shear forces re-
sisted by perforated shear walls.

Design Equations

Basic equations for design shear capacity, and calcula-
tion of anchorage and chord forces based on story shear
forces, are described below.

Design Shear Capacity

The design shear force must not exceed the design shear ca-
pacity of a perforated shear wall, V < V,,,;;. The design shear
capacity, V,,q11, of a perforated shear wall is calculated as:

Vwall = (VCO)ZLi [1]

where:

Vwatt = design shear capacity of a perforated shear

wall, Ib.

v = design unit shear capacity of a segmented
shear wall, plf
C, = shear capacity adjustment factor from Table

1 which accounts for the strength reducing
effect of openings on shear wall capacity

sum of lengths of perforated shear wall seg-
ments. A perforated shear wall segment is a
section of shear wall sheathed full height and
which meets minimum aspect ratio require-
ments in the governing building code. In most
cases, this ratio is 3-1/2:1 for shear walls re-
sisting wind and low seismic forces, ft.

Hold-downs

Figure 2.—Segmented shear wall.



Uplift Anchorage Force at Perforated Shear Wall Ends

At each end of a perforated shear wall, end post anchors
must be designed for an uplift force, R, due to overturning:

Vh
R=—_
COZLi [2]

where:

R = uplift anchorage force at perforated shear
wall ends, 1b.
shear force in perforated shear wall, 1b.

shear wall height, ft.

V:
h:

Anchorage Force for In-Plane Shear

The unit shear force, v, transmitted into the top of a per-
forated shear wall, out of the base of the perforated shear
wall at full height sheathing, and used to size collectors
(drag struts) connecting perforated shear wall segments, is
calculated as:

y =V
max COZLI- [3]

where:
Vmax = Mmaximum induced unit shear force, plf

Uplift Anchorage Force Between Perforated Shear Wall
Ends

Perforated shear wall bottom plates at full height sheath-
ing must be anchored for a uniformly distributed uplift
force, t, equal to the unit shear force, vp,qy, calculated in
Equation 3.

Tension and Compression Chords

Each end of a perforated shear wall must be designed for
a tension force, T, and a compression force, C, equal to the
uplift anchorage force, R, calculated in Equation 3. Each
end of each perforated shear wall segment must be de-
signed for a compression force, C.

Load Path

Requirements for shear and uplift anchorage and chord
forces are based on story shear forces. Elements resisting
forces contributed by multiple stories should be designed
for the sum of forces contributed by each story. A continu-
ous load path to the foundation needs to be maintained and
include effects of gravity and other forces.

Other Requirements
In addition to requirements for design shear capacity, an-
chorage forces, and chord forces, limitations outlined in

2000 NEHRP are also applicable:

a. A perforated shear wall segment shall be located at each
end of a perforated shear wall. Openings shall be permit-
ted to occur beyond the ends of the perforated shear
wall. However, the length of such openings shall not be
included in the length of the perforated shear wall.

b. Where out of plane offsets occur, portions of the wall on
each side of the offset shall be considered as separate

Table 1.—Shear capacity adjustment factor, C,.

Maximum opening height?

Wall

height (h)  h/3 h/2 2h/3 5h/6 h
8ft.0in. 2ft.8in. 4ft.Oin. 5ft.4in. 6 ft. 8in. 8 ft. Oin.
10 ft. 0in. 3 ft. 4in. 5ft. 0in. 6 ft. 8in. 8 ft. 4in. 10 ft. O in.

Percent
full-height
sheathing® Shear capacity adjustment factor
10% 1.00 0.69 0.53 0.43 0.36
20% 1.00 0.71 0.56 0.45 0.38
30% 1.00 0.74 0.59 0.49 0.42
40% 1.00 0.77 0.63 0.53 0.45
50% 1.00 0.80 0.67 0.57 0.50
60% 1.00 0.83 0.71 0.63 0.56
70% 1.00 0.87 0.77 0.69 0.63
80% 1.00 0.91 0.83 0.77 0.71
90% 1.00 0.95 0.91 0.87 0.83
100% 1.00 1.00 1.00 1.00 1.00

2 The maximum opening height is taken as the maximum opening
clear height in a perforated shear wall. Where areas above and
below an opening remain unsheathed, the height of the opening
shall be defined as the height of the wall.

b The percent of full height sheathing is calculated as the sum of
lengths of perforated shear wall segments divided by the total
length of the perforated shear wall including openings.

=
- -

PLAN VIEW

offset walls

Figure 3.—In-plane versus offset walls.

perforated shear walls. Offset walls are shown as heavy
lines in Figure 3.

c. Collectors for shear transfer shall be provided through
the full length of the perforated shear wall.

d. A perforated shear wall shall have uniform top of wall
and bottom of wall elevations. Perforated shear walls
not having uniform elevations shall be designed by other
methods. One example of a wall with non-uniform top
and bottom elevations is the stepped wall as shown in
Figure 4.

e. Perforated shear wall height, h, shall not exceed 20 ft.

f. The allowable tabulated capacity set forth in the 2000
IBC for wood structural panel shear walls should not ex-
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Figure 4.—Wall with non-uniform top and bottom of wall
elevation (stepped wall).

ceed 490 plf. For wind design, the allowable capacity can
be taken as 1.4 times 490 plf or 686 plf.

Discussion — Maximum Unit Shear

Shear is not distributed uniformly to perforated shear
wall segments within the wall. Segments with greater end
restraint develop greater shear than segments with less end
restraint. Tests of shear wall segments with varying levels of
end restraint (Chun and Karacabeyli 2000 and Salenikovich
2000) verify the influence of end restraint on shear capacity.
Lower bound strengths are attributed to wall segments
without end restraint and upper bound strengths are attrib-
uted to wall segments with full end-restraint.

The unit shear force determined by Equation 3 repre-
sents maximum unit shear force, vy, developed in any
perforated shear wall segment. The value of v;,,4 is associ-
ated with the shear force developed by any perforated shear
wall segments having full end-restraint (such as those at the
ends of the perforated shear wall). Use of v, to size shear
and uplift anchorage between wall ends and collectors be-
tween perforated shear wall segments is required in lieu of a
more complicated analysis of the actual distribution of
shear within a perforated shear wall. This conservatism en-

sures that the capacity of each perforated shear wall seg-
ment can be developed without being limited by collector
element capacity or bottom plate attachment for shear and
uplift. One apparent result of the conservatism is that actual
anchorage requirements for shear are in excess of the de-
sign shear force, V, resisted by the perforated shear wall.

Average unit shear in perforated shear wall segments
equal to V/¥L;is not used to size shear and uplift anchorage
or collector elements because it underestimates forces that
may develop in a particular perforated shear wall segment.

Discussion — Uplift Between Wall Ends

For perforated shear wall segments between wall ends, a
uniform uplift anchorage force is specified for attachment of
bottom plates to elements below. Designing dstributed an-
chorage for v,,q, provides resistance to overturning of perfo-
rated shear wall segments between wall ends. Alternatively,
concentrated anchorage for uplift at ends of perforated shear
wall segments, to provide equivalent moment resistance, satis-
fies the intended purpose: to keep the segment from overturn-
ing by holding the bottom plate to elements below (Fig. 5).

In tests of long shear walls with openings (Dolan and
Johnson 1996), anchor bolts resisting overturning were lo-
cated within 12 in. from ends of perforated shear wall seg-
ments. It is also acceptable to restrain studs by strapping
since bottom plates in turn are held down.

The conservatism of the uplift anchorage requirement
between wall ends is seen when evaluating longer perfo-
rated shear wall segments. In such cases, the concentrated
force to restrain the bottom plate (based on moment resis-
tance equivalent to that provided by specified uniformly
distributed uplift anchorage force) at ends of the perforated
shear wall segment exceeds the force required to develop
the maximum induced unit shear force, v,y Recognizing

Distributed Concentrated
— - ——

Perforated shear

/ wall segment
between wall
ends

Anchor Bolts Figure 5.—Uplift anchorage force
between wall ends.
R, L

uniformly distributed
uplift anchorage
force
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that induced shear will not exceed v;,,4y, it is acceptable to
limit the concentrated uplift anchorage force at ends of per-
forated shear wall segments, due to story shear, to Vigch
where h is the wall height. This force will match the uplift
anchorage force, R, from Equation 2.

Example — Two-Story Building

A design example involving a simple two-story building
(Fig. 6) demonstrates application of the perforated shear
wall method. Design shear capacity, shear and uplift be-
tween wall ends, and end post forces are calculated. Only
lateral loads due to wind are considered. Building dead load
and wind uplift forces are not included. Once forces are de-
termined, two detailing options are considered. Configura-
tion A uses a continuous rim joist at the second floor level
sized to resist localized uplift and compression forces along
the base of the wall due to story shear forces. Configuration
B considers a condition where there is blocking between
joists (e.g., floor framing runs perpendicular to the perfo-
rated shear wall).

Second Floor Wall

Design Shear Capacity:
Percent full-height sheathing
= (4 ft. + 4 ft.)/16 ft. x 100 = 50%

Maximum opening height ratio

= 4 ft./8 ft. = 0.50
Shear capacity adjustment factor, C,, from Table 1

= 0.80

Vwall = 0 Co) X L;

= (365 plf)(0.80)(8 ft.) = 2,336 Ib.

2,336 1b. > 2,0001b. OK
Note that v = 365 plf is for 15/32-in. rated sheathing with
8d common nails (0.131 by 2.5 in.) at 6-in. perimeter spac-
ing resisting wind load (365 plf is obtained by multiplying
the IBC Table 2306.4.1 value by the wind increase factor, or
260 plf x 1.4).

Uplift Anchorage Force at Shear Wall/Ends:

2,0001b.)( 8ft.
re Vh_(2 X ):2,5001b.
Cod L, (0.80)(8ft)
Anchorage Force for In-Plane Shear:
2,0001b.
v _( ) 31308

Vv = =

" Co Y L (0.80)(8ft.)
Anchorage Force for Uplift, t, Between Wall Ends:
t = Vmax = 313 plf

WOOD DESIGN FOCUS
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Tension Chord Force, T, and Compression Chord Force, C, at
Each End of a Perforated Shear Wall Segment:

C=T=R=2,500]lb.
First Floor Wall

Design Shear Capacity:
Percent full-height sheathing

= (4 ft. + 4 ft.)/12 ft. x 100 = 67%
Maximum opening height ratio

= 4 ft./8 ft. = 0.50
Shear capacity adjustment factor, C,, from Table 1

= 0.86
Vwar = (v Co) ZL;

= (530 plf)(0.86) (8 ft.) = 3,646 Ib.

3,646 1b. > 3,500 1b. OK
Note that v = 530 plf is for 15/32-in. rated sheathing with
8d common nails (0.131 by 2.5 in.) at 4-in. perimeter spac-
ing resisting wind load (530 plf is obtained by multiplying
the IBC Table 2306.4.1 value by the wind increase factor, or
390 plf x 1.4).

Uplift Anchorage Force at Shear Wall/Ends:
Re VR _ (3,5001b.)(8ft.)
TG, YL (0.86)(8ft)

=4,0701b.

Summer 2002

Figure 7.—Configuration A detail—continuous
rim joist.

Concrete foundation

When Maintaining Load Path from Story Above:

R = R from second floor + R from first floor

= 2,500 1b. + 4,070 Ib. = 6,570 Ib.

Anchorage Force Force for In-Plane Shear:

1% (3,5001b.)
Viar = = = 509 plf
Co > L, (0.86)(8ft.)

Anchorage Force for Uplift, t, Between Wall Ends:

t = Viax = 509 plf

Uplift, t, can be cumulative with 313 1b. from the story
above to maintain load path. Whether this occurs depends
on detailing for transfer of uplift forces between wall ends.

Tension Chord Force, T, and Compression Chord Force, C, at
Each End of a Perforated Shear Wall and Compression Chord
Force, C, at Each End of a Perforated Shear Wall Segment:

C=T=R=4,0701b.
When maintaining load path from story above,

C = 4,070 Ib. + 2,500 Ib. = 6,570 Ib.

Load Path - Configuration A Detail

Configuration A detailing (Fig. 7) uses a continuous rim
joist at the second floor.



The rim joist is sized to resist forces from perforated
shear wall segments between wall ends. For the second
story perforated shear wall shown in Figure 8, a compres-
sion force, C, and uplift force, ¢, induce moment and shear
in the rim joist. Continuity of load path for uplift and com-
pression is maintained by adequate sizing of the rim joist for
induced forces and adequate attachment at ends. For this
example, dead load and additional compression reactions
from wall studs below are ignored to simplify boundary
conditions and assumed loading. Nails in the second story
wall bottom plate to rim joist connection resist overturning
of perforated shear wall segments between wall ends. Nails
can be uniformly spaced to meet the specified uplift force
(Equation 3) or alternatively, a concentrated nail schedule
at ends of segments can be used to provide equivalent mo-
ment resistance to the specified uplift force. Other fasteners
such as lag screws or bolts are an alternative to nails loaded
in withdrawal.

Second story hold-downs at wall ends are sized for the
force specified in Equation 2.

Transfer of shear from the second story to the first story is
by nails in the wall bottom plate to rim joist connection and
toe nails in the rim joist to wall top plate connection. First
floor anchor bolts provide for transfer of shear and uplift
forces between wall ends to the foundation. Plate washers
and anchor bolts are sized to provide adequate bearing area
and capacity to resist uplift forces. In this case, uplift be-
tween wall ends is not additive with second story uplift be-
tween wall ends due to design of the second story rim joist.
First floor hold-downs are sized to resist uplift forces and in-

—=— Direction of
Loading

t = vmax C T

NN

Rim Joist

Figure 8.—Uplift and compression forces for rim joist design.

clude uplift forces from the story above, where applicable,
to maintain a load path to the foundation. For simplicity,
floor platform height is ignored in calculation of load path
for overturning.

Load Path - Configuration B Detail

Configuration B detailing (Fig. 9) addresses a condition
where a continuous rim joist is not provided. In Configura-
tion B, floor framing runs perpendicular to the shear wall
with blocking between floor framing members.

Nails in second story wall bottom plate-to-blocking con-
nections and toe-nails in rim joist-to-wall top plate connec-
tions transfer in-plane shear forces. Transfer of shear to the
foundation is by anchor bolts in the first story wall bottom
plate-to-concrete connection. Transfer of uplift forces be-
tween wall ends, from the second story to the first story, is

Nails used to
resist shear
I 2nd Fl
3 == 'nd Floor Nt
Strap used to |

resist uplift

Blocking Toe-nails used to Z JI><
between joists resist shear

or alternatively
/ OR
Wood Structural
. . . Panel sheathing 1 Metal plate connector —=—
Figure 9.—Configuration B de- (e.g. AS5F)
: : Cp or metal angle
tail—blocking between joists. g 9 jirN.l
Strap used to resist uplift
or alternatively
1 Steel plate washer
2x preservative Check axial strength
[ | treated sill plate and size plate washer
Anchor bolt used to B |
resist shear —H . . S T, . Strap lapped -
. A . ? Z under sill plate I ~a c. -,
- - =
< = - “a a | o N . -

Concrete foundation
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by metal strapping. Load path for uplift between wall ends
is maintained by strapping into the foundation or lapping
the strap around the first story bottom plate. When the strap
islapped around the bottom plate, the anchor bolt and plate
washer must be sized to resist induced forces. First floor
hold-downs are sized to resist uplift and include uplift
forces from the story above, where applicable, to maintain a
load path to the foundation. For simplicity, floor platform
height isignored in calculation of load path for overturning.

Discussion - Configuration A and B Detail

In Configuration A and B, fastening for shear and uplift
between wall ends is provided over the length of full-height
sheathed wall sections. Fastening between full-height seg-
ments will be controlled by minimum construction fasten-
ing requirements. For bottom plates on wood platforms this
would typically require one 16-penny common nail at 16 in.
on center. In some cases, it may be preferable for construc-
tion convenience to extend a single bottom plate fastening
schedule across the entire length of the perforated shear
wall rather than require multiple fastening schedules.

Load path for uplift between wall ends is simplified in
Configuration A by design of the rim joist to resist induced
forces. Detailing for shear and uplift between wall ends can
be accomplished with standard connectors between the
wall bottom plate and rim joist. In Configuration B, strap-
ping is used to restrain bottom plate uplift between wall
ends. Anchor bolts and plate washers sized for accumulated
uplift forces maintain load path to the foundation for uplift
forces between wall ends.

Shear Wall Deflection

One method for calculating deflection of a perforated
shear wall is shown in Figure 10. The calculation procedure
accounts for the presence of openings within the wall and is
comparable to the process used to calculate deflection of a
segmented shear wall.

Summary

A two-story example demonstrates one application for
use of perforated shear walls. Methods for determining per-
forated shear wall design capacity and bottom plate anchor-
age requirements, based on story shear forces, are shown.
In the example, sufficient strength to resist applied loads is
provided by the perforated shear wall without the use of
typical strapping and anchors required by other methods.
Instead, anchorage requirements for bottom plates in a per-
forated shear wall provide an option to typical strapping
and anchors that may be difficult to install.
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Example—Perforated Shear Wall Deflection

The deflection of a perforated shear

v wall can be calculated from standard
equations for deflection of wood
structural panel shear walls. Using
IBC Equation 23-2, the deflection of
a wood structural panel shear wall
can be calculated as:

3
_8vh + vh +0.75he, + d,
EAb Gt

= Area of boundary element cross section, in.”
b= Wall width, ft.
d, = Deflection due to anchorage details, in.
Modulus of Elasticity of boundary element, psi
e, = Deformation of mechanically fastened connections, in.

Gt = Rigidity through the thickness of wood structural
panel, Ib./in. of panel depth
h= Wall height, ft.

v = Maximum unit shear due to design loads at the top
of the wall, 1b./ft.

For the first floor perforated shear wall in Figure 5, standard
inputs for variables of 4, d,, E, e,, Gt, and h apply. Maximum
unit shear, v, is taken as v, = V/[C, X 2 L;] = 509 plfand wall
width, b, is taken as b =3, L; = 8 ft.

Assuming deflection due to anchorage is 0.125 in. and boundary
elements (end posts) consisting of two 2x4 Douglas Fir, No. 2
grade lumber, deflection of the perforated shear wall is calculated
as follows:

_ 8(509)8° . (5098
_(1,6000,000)(10.5)(8) 38,000

+0.75(8)(0049) + 0125

A =0016+0107+0.294 + 0125 =0.54 in.

Figure 10.—Perforated shear wall deflection.

Federal Emergency Management Agency (FEMA). 2000. NEHRP
Recommended Provisions for Seismic Regulations for New
Buildings and Other Structures and Commentary. FEMA Re-
ports 368 and 369, Washington, DC.

International Code Council, International Building Code (IBC).
2000. Falls Church, VA.

Ni, C. and E. Karacabeyli. 2000. Effect of Overturning Restraint on
Performance of Shear Walls. World Conference on Timber En-
gineering. Whistler, B.C., Canada.

Salenikovich, A.J. 2000. The Racking Performance of Light-Frame
Shear Walls. Virginia Polytechnic Institute and State University
Department of Wood Science and Forest Products, Blacksburg,
VA.

Standard Building Code Congress International, Standard Build-
ing Code (SBC). Wood Section 1994 edition with 1996 revi-
sions, Birmingham, AL.

Sugiyama, Hideo. 1981. The Evaluation of Shear Strength of Ply-
wood-Sheathed Walls with Openings. Mokuzai Kogyo (Wood
Industry). 36-7, 1981.

Philip Line, PE., Senior Manager, Engineering Research,
American Forest & Paper Association, American Wood Coun-
cil, Washington, D.C.



CONSIDERATIONS IN WIND DESIGN OF WOOD STRUCTURES
Bradford K. Douglas, P.E.
Brian R. Weeks, P.E.

Proper design of wood structures to resist high wind loads requires the correct use of
wind load provisions and member design properties. A thorough understanding of the
interaction between wind loads and material properties is important in the design process.

There are varying wind load provisions in local, state and model building codes currently
used in the United States. Most of these provisions are based on wind engineering research
conducted over the last 50 years. Proposals to change current code provisions are the result of
interpretations of new state-of-the-art wind engineering research.

The wind load provisions of the national load standard ASCE 7-98 Minimum Design
Loads for Buildings and Other Structures include general wind load provisions which, in turn,
are used as the basis for wind load requirements in most U.S. building codes. For the purposes
of this paper, the references to wind loads in this article have been limited to the provisions
found in ASCE 7-98.

Wind Load Provisions

Design wind load provisions in ASCE 7-98 are based on wind speed data collected during
severe wind events in the United States. The wind speed contours provided in ASCE 7-98 are
presented in terms of three second gust. Three second gust wind speed is based on the peak
wind speed at a given height and exposure averaged over 3 seconds. The three second gust wind
speed data has been statistically adjusted to a 50-year recurrence interval with an average annual
probability of occurrence of 2 percent. The data has also been adjusted to a reference height of
33 feet and Exposure Category C, which assumes a flat, open terrain with scattered obstructions.
The wind load provisions of ASCE 7-98 provide adjustments for variations from reference
conditions such as increased wind speeds during hurricane events, different exposure conditions,
different elevations, and localized peak gusts.

ASCE 7-98 contains separate provisions for the design of major structural elements using
"Main Wind Force-Resisting System" (MWFRS) loads and secondary structural elements using
"Component & Cladding" (C&C) loads. In building design, MWFRS loads have been developed
to represent critical loads on the main structural elements from the two major orthogonal
directions. These loads "envelope" the major structural actions induced on a building from
various wind directions and for various building geometries, roof heights and roof slopes.

C&C loads have been developed to represent peak gusts which occur over small areas as
a result of localized funneling and turbulence. Localized load increases can approach 300% at
corners and ridges under certain configurations and require special considerations when
designing for these loads. In wood structures, wind damage surveys have indicated that these
localized loads can cause failures of connections in small areas which can effect the overall Main
Wind Force Resisting System.

When designing a structural wood member, a decision must be made whether a member
is a MWFRS element, a C&C element, or an element of both systems. ASCE 7-98 defines the
MWERS as an assemblage of major structural elements assigned to provide support and stability
for the overall structure. The system generally receives wind loading from more than one
surface. Components and cladding are defined as elements of the building envelope that do not
qualify as part of the MWFRS. Components and cladding are either directly loaded by the wind
or receive wind loads originating at relatively close locations, and which transfer these loads to
the MWFRS. However, some elements such as roof trusses, load- bearing studs, and structural
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sheathing have been identified in both systems. One suggested interpretation is to design these
elements for the MWFRS loads they would receive as part of the MWFRS and, separately,
design these elements for the C&C loads they would receive if they were only a C&C element.
In many cases this would require at least two checks; however, differences in the load cases and
estimated stresses make it both necessary and beneficial to separately check both cases.
Moreover, under certain common conditions, elements can be pre-engineered for C&C loads.

Allowable Design Stresses

Once the induced loads on a wood member or connection have been determined, that
element can be designed. Structural wood members and connections should be designed using
the appropriate provisions of the local building code. For the design of solid-sawn wood
members and general connections, the codes normally reference or include provisions from the
National Design Specification® for Wood Construction (NDS®). Included in NDS design
provisions are various adjustments to design values. Among these adjustments is the duration of
load (Cp,) factor.

Wood strength properties have been observed to exhibit increased capacities under
shorter durations of maximum load. This phenomenon has been analyzed extensively in the U.S.
and in countries around the world. To account for this phenomenon in design, the U.S. Forest
Service, Forest Products Laboratory in Madison, Wisconsin developed the "Madison Curve"
which relates the maximum load-carrying capacity to a given load duration.

Most wood member design properties and connection capacities in the NDS are based on
10-minute test values which have been reduced for the effects of defects, stress concentrations,
safety and duration of load. The duration of load adjustment reduces a 10-minute design value to
a 10-year design value by dividing by a factor of 1.6 based on the "Madison Curve". During a
severe wind event, maximum peak wind gusts on a structural member or connection have a
cumulative duration of approximately 1-10 seconds. Worst case estimates by wind load experts
have indicated that over the life of a structure the cumulative duration of these maximum loads
would be less than 1 minute. NDS provisions specify an increase of 1.6 which returns the design
capacities of the wood members or connections to the 10-minute test duration values.

While a duration of load increase is allowed for most design properties and connections,
there are a few important exceptions. For lumber, a duration of load increase is not permitted for
compression perpendicular-to-grain (Fc ), and Modulus of Elasticity (E) design values. These
properties are based on deformation and stiffness limits, which are not directly affected by the
duration of load phenomenon. For panel product systems published design capacities in the
building codes for shear walls and diaphragms are expressed in terms of the test duration and
need only be adjusted for long-term loading. In some codes the shear capacity of wood
structural panel shearwalls and diaphragms, resisting wind loads, is permitted to be multiplied by
a factor of 1.4 . In addition, information on proprietary products and systems should be
reviewed to determine if Cp adjustments of design capacities are permitted for those products.

Design Example

A 36'x60' one-story wood-frame building is to be built on a site located in a 120 mph
three second gust wind zone and on terrain representative of Exposure B. The walls will be
constructed using 10-foot studs spaced 16 inches on center. The roof will be constructed using
trusses spanning 36 feet spaced 24 inches on center and having 2 foot eave overhangs. The
mean roof height will be approximately 15 feet and the roof angle will be approximately 20
degrees. The base velocity pressure can be calculated using the following equation:

qn = 0.00256K K, K, VI
21.93 psf

Where:
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dn

Velocity pressure evaluated at height, h, above the
ground, psf (Exposure B)

Exposure coefficient evaluated at height, h, above
the ground

(ASCE 7-98 Table 6-5)

0.70 (Exposure B, 15' mean roof height)

Topographic factor (ASCE 7-98 Figure 6-2)

1.0

Wind directionality factor (ASCE 7-98 Table 6-6)
0.85

Importance factor
1.0 (Category II, ASCE 7-98 Table 6-1)

Three second gust wind speed, mph
120 mph

Using the calculated base velocity pressure, MWFRS design loads can be determined

using the following equation:

p3—sec gust =

Where:

p3—sec gust =

dn

Q
@

k=]
=5

Q
@

B

qh(GCpf)_qh(GCpi)

Design wind pressure, psf (MWFRS)

Velocity pressure, psf (120 mph, Exposure B)
21.93 psf

External pressure coefficient
0.80 (Edge Zone - Windward Wall)
0.53 (Interior Zone - Windward Wall)

-0.64 (Edge Zone - Leeward Wall)
-0.43 (Interior Zone - Leeward Wall)

-0.48 (Edge Zone - Side Walls)
-0.45 (Interior Zone - Side Walls)

-1.07 (Edge Zone - Windward Roof, 20° roof angle)
-0.69 (Interior Zone - Windward Roof)

-0.69 (Edge Zone - Leeward Roof, 20° roof angle)
-0.48 (Interior Zone - Leeward Roof)

Internal pressure coefficient

0.18 (internal pressurization)

-0.18 (internal suction)

0.68 (underside overhang pressurization)
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For C&C design, the "effective" load area of the component must be determined to
determine the external pressure coefficients. For rectangular load areas, ASCE 7-98 allows the
area to be calculated as, A=L*3. For this example, the C&C design loads for studs can be
calculated using the following equation and inputs:

Pcac ~ qh(GCp)_qh(GCpi)
Where;

Pesc = Design wind pressure, psf (C&C)

qn = Velocity pressure, psf (120 mph, Exposure B)
= 21.93pst

GC, = External pressure coefficient
= 0.91 (windward wall, 33 ft?)
= -1.22 (leeward wall, 3' edge, 33 ft?
= -1.00 (leeward wall, interior, 33 ft°)

GC,; Internal pressure coefficient

0.18 (internal pressurization)
-0.18 (internal suction)
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Using the equations and values given above, loads for design of the exterior load-bearing
studs can be derived. Tabulated below are design loads for the MWFRS and C&C load cases:

MWEFRS Loads
Internal Internal
Pressurization Suction
Windward Walls
Edge Zone 13.59 21.49
Interior Zone 7.68 15.57
Leeward Walls
Edge Zone -17.98 -10.09
Interior Zone -13.38 -5.48
Side Walls
End Zone -14.47 -6.58
Interior Zone -13.82 -5.92
Wind Perpendicular to Ridge
Windward Roof
Edge Zone -27.41 -19.52
Interior Zone -19.08 -11.18
Windward Roof Overhang
Edge Zone -38.38 -38.38
Interior Zone -30.04 -30.04
Leeward Roof
Edge Zone -19.08 -11.18
Interior Zone -14.47 -6.58
Leeward Roof Overhang
Edge Zone -19.08 -11.18
Interior Zone -14.48 -6.58
C&C Loads
Internal Internal
Pressurization Suction
Windward Walls 16.01 23.90
Leeward Walls (Edge) -30.70 -22.81
Leeward Walls (Interior) -25.88 -17.98
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After determining the design wind loads on the structure, building components and
assemblies can be designed. All pertinent load combinations should be considered. In ASCE 7-
98 the following load combinations should be considered for allowable stress design:

1) Dead
2) Dead + Live, + Fluid + Earth + Self Straining + (Live, or Snow or Rain)
3) Dead + Live,; + (Wind or 0.7*Seismic) + (Live, or Snow or Rain)

4) 0.6*Dead + Wind + Earth
5) 0.6*Dead + 0.7*Seismic + Earth

When structural effects due to two or more loads in combination with dead load, but
excluding earthquake load, are investigated in the load combinations of ASCE 7-98, the
combined effects due to the two or more loads multiplied by 0.75 plus effects due to dead loads
shall not be less than the effects from the load combination of dead load plus the load producing
the largest effects.

Under most design conditions, many of these load combinations can be dismissed. For
the design of load-bearing studs in the example case, it is assumed that the building will be
located in an area that receives little or no snow, that rain can not pond on the roof, and that roof
live loads will not be present during a high-wind event. In addition, the studs only support the
roof and ceiling loads, therefore, a special case for floor live loads need not be considered.
Given these assumptions, only the following load combinations need to be considered in this
example:

1) Dead
2) Dead + Live,; + (Wind or 0.7*Seismic) + (Live, or Snow or Rain)
3) 0.6*Dead + Wind + Earth

For this example, live and dead loads in the structure must be determined. Tabulated
below are the assumed roof and ceiling live and dead loads.

Dead Load Live Load
Roof 10 psf 20 psf
Ceiling S psf 10 psf
Wall 11 psf
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The duration of load adjustment and induced loads exerted on the studs for each load
case and combination are tabulated below. Note that the loads tabulated below are for End Zone
pressures, as they represent the worst case design pressure.

MWFRS C&C
Load Combination Cp Adjustment Axial Lateral Moment Lateral
Load Moment
1) Dead 0.9 532 1bs. (C) 0 in-lbs. 0 in-lbs.
2) Dead + Live, 1.25 1064 1bs. (C) 0 in-1bs. 0 in-1bs.
3) Dead + Wind 1.6
Wind Perpendicular to Ridge
Pressurization
Windward Studs -464 1bs. (T) 2711 in-lbs. 3194 in-lbs.
Leeward Studs -324 1bs. (T) 3587 in-1bs. 6125 in-1bs.
Suction
Windward Studs -276 1bs. (T) 4287 in-lbs. 4768 in-1bs.
Leeward Studs - 113 1bs. (T) 2013 in-lbs. 4551 in-lbs.

The final step in design of the studs is to choose a member which has sufficient design
capacity to resist the induced loads tabulated above. Stud walls are a hybrid system in wind
engineering terminology. Studs should be designed using MWFRS pressures when considering
the combined interactions of axial and bending stresses; and designed using C&C pressures
when considering axial or bending stresses individually. This interpretation was developed
because only MWEFRS pressures provide loads which have been temporally and spatially
averaged for different surfaces (MWFRS loads are considered to be time-dependent loads).
Since C&C loads attempt to address a “worst case” loading on a particular element during the
wind event, these loads are not intended for use when considering the interaction of loads from
multiple surfaces (C&C loads are not considered to be time-dependent loads) In the above
example, stud design is limited by the C&C load case. This is not uncommon and in most cases
can be considered the controlling limit in wind design of loadbearing and non-loadbearing
exterior studs. However, until sufficient boundary conditions are placed on this simplification,
both MWFRS and C&C load cases should be considered. These assumptions were also used in
the development of the Wood Frame Construction Manual for One- and Two-Family Dwellings,
1995 High Wind Edition (WFCM-SBC).

For this example, Hem-Fir #2 - 2x4 was chosen. The following tabulated base design
values were taken from the NDS Supplement:

= 850 psi
= 525 psi
1300 psi
= 1,300,000 psi

-~ o
([

o

<

o

oo
|
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Applying the appropriate adjustments and checking each load combination as follows:

1) Dead Loads

f = C/A
=532/5.25
F = F*Cp*C,
= 1300%0.9%1.15
F. = F,*C
= 1346%0.233
f, < F/
101 psi <

2) Dead + Live Loads

3) Dead + Wind Loads (Wind Perpendicular to Ridge - Windward Studs)

AF&PA/AWC

f — 1064/5.25

Fc* = F*Cp*Cy
=1300*1.25*1.15

E, — F*C
~ 1869*0.171

f, < F.

203 psi < 320 psi

MWERS Loads

f, = T/A
=464/5.25

E! = F*Cp*Cy
=525*%1.6*1.5

f, = M/S
=2711/3.06

Fy,’ = F*Cp*C*C,
=850*1.6*%1.5*1.5

F,” = F *Cp*C:*C,
=850*1.6%1.5%1.5

f/F, + £/F,’

88/1260 + 885/3060 = 0.36

(f, - f)/F,”

(885-88)/3060 = 0.26

C&C Loads

f, = M/S
=3194/3.06

F, — Fb*CD*CF*Cr
=850*1.6*1.5*1.5

f, <

1044 psi <

314 psi

F,'
3060 psi

INIA

IAIN

101 psi

1346 psi

314 psi

v

203 psi

1869 psi

320 psi

v

88 psi

1260 psi

885 psi

3060 psi

3060 psi

—_— —_—
SO SO

1044 psi

3060 psi

v
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The other cases considered under load combination 3, dead plus wind, can be calculated
in a similar manner. Tabulated below are the load/resistance ratios for each load combination
and load case.

MWEFRS " C&C
Load Combination Load/Resistance Load/Resistance
1) Dead 0.32
2) Dead + Live, 0.63
3) Dead + Wind
Wind Perpendicular to Ridge
Pressurization
Windward Studs 0.36 0.34
Leeward Studs 0.43 0.65
Suction
Windward Studs 0.50 0.51
Leeward Studs 0.23 0.49

Summary
Determination of wind loads and material resistance must be considered together.

Adjustments of reference wind conditions to extreme-value peak gusts require designers to make
similar adjustments to design properties to ensure equivalent and economic designs.

Major structural elements should be designed for MWFRS loads and secondary cladding
elements should be designed for C&C loads. Components and assemblies which receive loads
both directly and as part of the MWFRS should be checked for MWFRS and C&C loads
independently.

In cases where components and assemblies must be designed for lateral wind loads the
controlling design case often will be wind acting alone. However, each load combination should
be considered thoroughly before being dismissed.

As the wind load provisions in ASCE 7-98 and the Building Codes continue to change,
the wood industry must keep abreast of these changes. Efforts must be made to improve
engineering knowledge and procedures to ensure adequate design of structures in high wind
areas.
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