Introduction to Wood:

Structural Gravity Framing
Design

January 14, 2025

Presented by

Anthony Harvey, WoodWorks
Erin Kinder, WoodWorks

«= lvy Residences at Health Village / Photo Charlan Brock Architects



WoodWorks | The Wood Products Council

is a registered provider of AlA-approved continuing
education under Provider Number G516. All
registered AIA CES Providers must comply with
the AIA Standards for Continuing Education
Programs. Any questions or concerns about this
provider or this learning program may be sent to
AIA CES (cessupport@aia.org or (800) AIA 3837,
Option 3).

This learning program is registered with AIA CES
for continuing professional education. As such, it
does not include content that may be deemed or
construed to be an approval or endorsement by
the AIA of any material of construction or any
method or manner of handling, using, distributing,
or dealing in any material or product.

AlA continuing education credit has been reviewed
and approved by AIA CES. Learners must complete
the entire learning program to receive continuing
education credit. AIA continuing education
Learning Units earned upon completion of this
course will be reported to AIA CES for AIA
members. Certificates of Completion for both AIA
members and non-AlA members are available
upon request.

Questions related to specific materials, methods, and services will be
addressed at the conclusion of this presentation.

Approved
Continuing
Education



Course Description

This presentation will provide an introductory review of structural wood design for vertical (gravity)

loads, including bending, shear, deflection, vibration, tension, compression, and connections.

Referenced codes and standards, design properties, design examples and detailing best practices
will be covered.



Learning Objectives

1. Review wood’s role and allowable uses as a structural gravity framing material under current

building codes.

2. Discuss design considerations specific to wood wall, floor and roof framing that resists gravity forces

in non-residential and multi-family buildings.
3. Identify code-compliant connection design processes for dowel-type fasteners in wood members.

4. Explore the variety of options for wood as a gravity force-resisting system and discuss how to

efficiently utilize and design each.
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Structural Wood Design

Structural building design loads:

» Gravity Wind Uplift Loads

» Lateral

Gravity Loads

Gravity loads:

» Dead » Rain
» Li
Live » lce Lateral Loads o
» Snow My
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Structural Wood Design

ASD vs. LRFD
» NDS Section 1.4:

» Designs shall be made according to
the provisions for Allowable Stress
Design (ASD) or Load and Resistance
Factor Design (LRFD)

ASD

» Allowable Stress Design

» Based on allowable stresses and
nominal (unfactored) loads

NATIONAL DESIGN SPECIFICATION®
Toe Wood Construction with Commmentary

Load and Resistance Factor Design

Based on nominal strengths and
factored loads



Structural Wood Design

Nomenclature:

»

»

»

»

»

Demand: Load, stresses, etc. applied to a member or structure

Capacity: Resistance a member, connection, or system is capable of
withstanding before a limit state is reached

Limit State: Defined point at which a member, connection, or system
can no longer perform its intended function

» Service limit state

» Strength limit state

ASD (Allowable Stress Design): Design methodology comparing
unfactored loads to scaled down capacities

LRFD (Load and Resistance Factor Design): Design methodology
comparing scaled up loads to scaled down capacities



Structural Wood Design

Demand < Capacity



Structural Wood Design

ASD Notation:

Demand

Stress type

Jt

IA

Adjusted
Capacity



Structural Wood Design

LRFD Notation:

Demand

Stress type

IA

oT,

Adjusted
Capacity



Structural Wood Design: Capacity

Reference Design Values:

» Mechanical properties associated with commercial grades of wood

Reference Design Values

F, Bending
Ft Tension parallel to grain
SUPPLEMENT F Shear parallel to grain
NATIONAL DESIGN SPECIFICATION® \
FCl Compression perpendicular to grain
F. Compression parallel to grain
ic : Modulus of elasticit
ﬂJg”:?ERNcT E' Emln Y



Structural Wood Design: Capacity

Reference Design Values:

AWC NC

—>Species
S Supplement, Table 4A

Species

land commercial

grade

Sele
No. 1 & Btr
No. 1
No. 2
No. 3

Stud

@ DOUGLAS FIR-LARCH

A 4

— Grades

Size
classification

2" & wider

2" & wider

I Design values in gounds per square inch !gsi! |

Tension Shear Compression | Compression Grading
parallel parallel perpendicular parallel Specific | Rules
Bending | to grain | to grain to grain to grain Modulus of Elasticity | Gravity* | Agency
Fo Ft F, Fei Fe G
1,500 1,000 180 625 1,700 1,900,000 690,000
1,200 800 180 625 1,550 1,800,000 660,000
1,000 675 180 625 1,500 1,700,000 620,000
900 575 180 625 1,350 1,600,000 580,000 WCLIB
525 325 180 625 775 1,400,000 510,000 0.50 WWPA
700 450 180 625 850 1,400,000 510,000
1,000 650 180 625 1,650 1,500,000 550,000
575 375 180 625 1,400 1,400,000 510,000
275 175 180 625 900 1,300,000 470,000

AWC NDS Supplement, 2018




Structural Wood Design: Capacity

Adjustment Factors:

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber
ASD LRFD
ASD and LRFD

only only
2 8 = 35 & = = E = | £ s g | B
= B 2 B = 2 50 = = b= = 2 &
=| | §| s| P E| 2| 2| E| £| 5| B g
F, =F, Chb Cu G C. Cr Cu G C - - - 254085 A
F. =F, Cp Cy C - C - G - - - - 270080 2
F, =F, Cp Cy G - - - G - - - - 288075 A
F. =F, Cp Cy G - C - C - Cp - - 240 090 A
Feo =Foo - v G - - - G - - - Gy 16709 -
E=E - Cy G - - - G - - - - - - -
E‘min' = Emin - CM Ct - - - Ci - - CT - 1.76 0.85 -

AWC NDS, 2018



Capacity

Adjustment Factors:

Structural Wood Design

Applicability of Adjustment Factors for Sawn Lumber

Table 4.3.1

LRFD

only

10198, 193J5 2wl ],

10138 22UBISIE2] =

10108, UOISIAUO)) JBULIO ] VM._

LRFD

ASD ond I DED

ASD

ASD and LRFD

10108.] Baly Suueay

10108 SSoUlNS surpong

10108 AlIqRIS UWnjo))

10108, 12quiajy aannaday

10101,] Suisiou]

10198 28 1814

10108,] 9Z1§

10008, AIiqes weag

1.76 0.85 -

CM CI’

JOIEJ AIn “...ur—nun—:_ 2L

Lo

10108, 201AIG 190,

ASD

only

10}08,] UONEIN(] Pro]

E‘min'

X

= Emin

AWC NDS, 2018



Structural Wood Design: Capacity

Adjusted Design Values:
» F't = F; x (adjustment factors)

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber

ASD LRFD
ASD and LRFD
only only
=
=]
s o] 3 2| 5
= = =] j=] a2
gl 5| &) 2 2l 3| 2| el 8| 2| s
& 151 5] & 5 ) = = 5 o = £
= [ = b P Lo | %)
) & o = 15 51 o = 7] [ o 151 =
= o) > 2 @ = = £ ] = = oo
=] w v = o L o = = = o = =] -
= o =1 = = 5 = =] =] = W
= = = ‘B = o &0 3 = &) & 2
=1 & = 2 5] Z =] = = e < @ =]
5 5 5 = 2 =) = p 7] wn 20 I & &3
a @ g Z] @7 & s 2 = =0 £ = R o
= 5] £ g 2 S k= £ £ 5 5 E
g = 8 g - B = = 2 4 =
= = @ = = g M
2| ©Cf & K
Fl o
1
Ft = Ft X CD CM Ct C1~ C] 2.70 0.80 ?L

AWC NDS, 2018

ASD
F'y =F % Cp*Cy * Cp x Cp * C; F'i =F%«Cy*Ci*CprxC; xKpx@xA
_)QTn — F,t*A



Wood Design: Member Properties

Section properties:

»

»

»

Cross Sectional Area:
» A=bxd
» Shear, compression, tension

Moment of Inertia:
bxd3

12
» Bending, deflection, vibration

» [ =

Elastic Section Modulus:
* 2

. S = I _ bxd

C 6

» Bending

APPLIED LOAD

NEUTRAL AXIS — —=| F {— | — — —

Beam
Orientation

APPLIED LOAD

B ___I___

S R

Plank
Orientation



Wood Design: Member Properties

Multi-ply members:

» Ply interfaces parallel to » Ply interfaces perpendicular to
direction of load direction of load
V* bxh?
» Shear flow: g = IQ,Q =3
APPLIED LOAD
APPLIED LOAD
FASTENERS DISTRIBUTE TO AVOID SLIP AT INTERFACE OF
;‘S’jﬁ c%'::‘??ﬂﬂég TO _\ ADJACENT PLIES, FASTENERS
DESIGNED FOR SHEAR FLOW

NEUTRAL AXIS — — —{|HlH|— — — — — - _—_ - — — — — NEUTRAL AXIS
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Wood Design: Bending

3.3.1 Strength in Bending

The actual bending stress or moment shall not ex-
ceed the adjusted bending desien value.

AWC NDS, 2018

» Bending design check:
» | fo |<|F'b

L Adjusted Capacity

Demand




Wood Design: Bending

Actual bending stress:

» Actual bending stress

» fy == == (NDS Equation 3.3-1)

» For rectangular members

» fy == = ~— (NDS Equation 3.3-2)

APPLIED LOAD (w)

HEEEEN

h 4

-HH"‘-\.
T

TENSION

- COMPRESSION
iy



Wood Design: Bending

Maximum moments,
simply supported beam:

» Uniform loading

wxL?
» M =
8
» Concentrated mid-span load
PxL
» M =
4

APPLIED LOAD (P)

|

APPLIED LOAD (P)

. L/2 L/2 )
4| & 7
s ) ol
T REACTION REACTION T
=5,
8
E
=
L/2 P L/2
7 7 7

APPLIED LOAD (w)

v v v v v v v v v

APPLIED LOAD (w)

v A 4 A A A A A J h 4 h A Y h 4

L

F 3
T REACTION REACTION

3

=

=

L/2 L/2
ul / A T
# - e

£




Wood Design: Bending ) l

APPLIED LOAD

Beam stability factor, C, (NDS Section 3.3.3): sl o

»

»

C, = 1.0if: !
» Depth of member < breadth (d < b)
» Sawn lumber laterally supported per NDS Section 4.4.1 compRESSION
» Compression edge supported throughout length

Otherwise: “J

y ¢, = ZEe/F) i1 Ebe/Tp)ye Foelfy b Equation 3.3-6)
L 1.9 1.9 0.95 G '

» Fp=reference bending design value (not including C;,,C,, C,,)

1.20%E; lexd :
» Fpp = RBme » Rp = ‘;2 » [, = effective span length

» Check slenderness ratio Ry < 50 (NDS Section 3.3.3.7)



Design Example: Bending

Loading:

»

Loads:

» Live load = 50 psf

» Dead load = 30 psf

» Total Load = 50 + 30 = 80 psf

Framing:

»

»

(3) 2x12 beam
Douglas-Fir Larch #2

xizenr-4

{3} 2x12 v

Bl

_ 0"

12 @l 1rv-4

A

Beam to Design

Tributary Region



Design Example: Bending

Bending stress for (3) 2x12 beam:

»

»

»

»

»

Elastic section modulus:
bxd? _ (4.5in)*(11.25in)?
6

» §= = 94.9 in3

Span = 8 ft
Tributary width = 12 ft
» Uniform load w = 80 psf * 12 ft = 960 Ib/ft

Maximum moment:
Lb
we1?  9605*(8f1)°

y M =22 = = 7,680 Ib * ft
8 8

Bending stress:

v (7,680 Ibxft)(
» fb = — = -

S 94.9in3

12in
)

i — 971 pSi




Design Example: Bending

Douglas-Fir Larch #2 capacity:
» Fp, =900 psi (NDS Supplement)
» F'py=F,*Cp*Cy*C¢x CpLxCpx Cppy*Cy* C

D (G =By =0 = (O =0 = (2, = (0 = L (1), (0 =Ll
» F'y =900 psi*1.15 = 1,035 psi

AWC NDS Supplement, Table 4A

Design values in pounds per square inch (psi)

. . . Tension Shear Compression | Compression Grading
Species and commercial Size . -
e parallel parallel perpendicular parallel Specific | Rules
grade classification . . . . . - . 4
Bending | to grain to grain to grain to grain Modulus of Elasticity Gravity’ | Agency
Fy F; F, F., F. E Enin G
DOUGLAS FIR-LARCH
Select Structural 1,500 1,000 180 625 1,700 1,900,000 690,000
No. 1 & Btr 1,200 800 180 625 1,550 1,800,000 660,000
No. 1 2" & wider 1,000 675 180 625 1,500 1,700,000 620,000
No. 2 900 575 180 625 1,350 1,600,000 580,000 WCLIB
No. 3 525 325 180 625 775 1,400,000 510,000 0.50 WWPA
Stud 2" & wider 700 450 180 625 850 1,400,000 510,000

AWC NDS Supplement, 2018




Design Example: Bending

Design Check:
» Demand: f;, = 971 psi
» Capacity: F',, = 1,035 psi

» f, < F'y, — OK for bending
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Wood Design: Shear

3.4.1.1 The actual shear stress parallel to grain or
shear force at any cross section of the bending member
shall not exceed the adjusted shear design value. A
check of the strength of wood bending members in
shear perpendicular to grain is not required.

AWC NDS, 2018

» Shear design check:
F',

fo|<
|_ L Adjusted Capacity

Demand

»




Wood Design: Shear

Shear stress:

» Actual shear stress

» f, = I:g (NDS Equation 3.4-1)

» For rectangular members

» f, = zi::d (NDS Equation 3.4-2)

WA
. E

APPLIED LOAD (w)

INNNNEN




WO O d D e S lgn : S h e a I' APPLIED LOAD (F) APPLIED LOAD (w)

l v h 4 h 4 v v A 4 Y Y v

Maximum shear, simply
supported beam:

APPLIED LOAD (P) APPLIED LOAD (w)
: : X /2 L/2 .
» Uniform loading 5 L P
)) V — W*L TREACTION REACTIONT TREACTION REACTIONT
2
» Concentrated mid-span load i I
P £ £
» V = E L/2 f L/2 "
- i ) rﬁfr
L/2 aiL L/2 o
L




Wood Design: Shear

Shear at supports:
» NDS Section 3.4.3.1

» Uniform loads within “d” of support
permitted to be neglected

» Concentrated loads within “d” of support
permitted to be reduced

K

N
le)

Jg gid
Pl IR

|

d -

'//l
// See 3.4.3.1 for load
/ calculation criteria

i
AWC NDS, 2018




Wood Design: Shear of Notched Member

Adjusted design shear in notched members:

» Notched tension face:
» V= G x E) x b * dn) X (%)2 (NDS Equation 3.4-3)

» Notched compression face:
/ 2 !/ d_dn .
» V. = 3 E, x b * [d — ( ) * e] (NDS Equation 3.4-5)

n

» FE, = adjusted shear design value
» d =depth of unnotched member
» d, = depth of member remaining at notch

» e =distance notch extends from support



Design Example: Shear

Loading:

»

Loads:

» Live load = 50 psf

» Dead load = 30 psf

» Total Load = 50 + 30 = 80 psf

Framing:

»

»

(3) 2x12 beam
Douglas-Fir Larch #2

xizenr-4

{3} 2x12 v

Bl

_ 0"

12 @l 1rv-4

A

Beam to Design

Tributary Region



Design Example: Shear

Shear stress for (3) 2x12 beam:
» Uniform load w = 960 Ib/ft

» Maximum shear:
Lb 11.25in
wx(L—2*d) 960ﬁ*(8ft_2*12in/ft)
2 - 2
» Shear stress:

» V= = 2,940 lb

X

3%V 3%2,940 b .
» = = = 87 psi
Jo 2+xA  2%(4.5in*11.25in) p

¥

-




Design Example: Shear

Douglas-Fir Larch #2 capacity:

» F, = 180 psi (NDS Supplement)
» F'), =F,*Cp*Cy *Cp % C;

» Cp=Cy=C= C; =1.0
» F', =180 psi

AWC NDS Supplement, Table 4A

Design values in pounds per square inch (psi)
. . . Tension Shear Compression | Compression Grading
Species and commercial Size . -
e parallel parallel perpendicular parallel Specific | Rules
grade classification . . ) ) . . 4
Bending | to grain to grain to grain to grain Modulus of Elasticity Gravity’ | Agency
Fy F; F, F., F. E Enin G
DOUGLAS FIR-LARCH
Select Structural 1,500 1,000 180 625 1,700 1,900,000 690,000
No. 1 & Btr 1,200 800 180 625 1,550 1,800,000 660,000
No. 1 2" & wider 1,000 675 180 625 1,500 1,700,000 620,000
No. 2 900 575 180 625 1,350 1,600,000 580,000 WCLIB
No. 3 525 325 180 625 775 1,400,000 510,000 0.50 WWPA
Stud 2" & wider 700 450 180 625 850 1,400,000 510,000

AWC NDS Supplement, 2018




Design Example: Shear

Design Check:
» Demand: f,, = 87 psi
» Capacity: F',, = 180 psi

» f, < F', - OKfor shear
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Wood Design: Deflection

3.5.1 Deflection Calculations

If deflection is a factor in design, it shall be calcu-
lated by standard methods of engineering mechanics
considering bending deflections and, when applicable,
shear deflections. Consideration for shear deflection is
required when the reference modulus of elasticity has
not been adjusted to include the effects of shear deflec-
tion (see Appendix F).

AWC NDS, 2018



Wood Design: Deflection

Deflection limits: IBC Section 1604.3.1

TABLE 1604.3
DEFLECTION LIMITS> ™ &1

I~ CONSIRUCTION | LorL, Sorw D+ o7
IRoof members:®

Supporting plaster or stucco ceiling 1/360 /360 /240

Supporting nonplaster ceiling [/240 1/240 /180

Not supporting ceiling [/180 /180 /120
|F100r members /360 — 11240
|Exterior walls:

With plaster or stucco finishes — 11360 —

With other brittle finishes — 11240 —

With flexible finishes — /120 —
Interior partitions:”

With plaster or stucco finishes 1/360 — —

With other brittle finishes 11240 — —

With flexible finishes /120 — —
\Farm buildings — — /180
|Greenhouses — — /120

International Building Code, 2021




Wood Design: Deflection

Maximum deflection, simply
supported beam:

» Uniform loading

SxwxL4
» A= ——
384 *E*]
» Concentrated mid-span load
PxL3
» A=
48*E*]

l

APPLIED LOAD (P)

APPLIED LOAD (P)

" L/2 L/2
1 [ 2 i
s ) e
T REACTION REACTION T
, L/2 , L/2
1 1
A

b
Amax
N -~

APPLIED LOAD (w)

v v v v v v v v v

APPLIED LOAD (w)

Yy VvV Vv ¥ Y Y VY Y'Y
L

F 3
REACTION REACTION T
L/2 L L/2
1 il 1
o

bl

o

E

L =

A il




Design Example: Deflection

Loading:
» Loads:
» Live load = 50 psf
» Dead load =30 psf
» Total Load = 50 + 30 = 80 psf

Framing:
» (3) 2x12 beam
» Douglas-Fir Larch #2

xizenr-4

{3} 2x12 v

Bl

_ 0"

212 @1 -

A

Beam to Design

Tributary Region



Design Example: Deflection

Deflections for (3) 2x12 beam:
» Uniform load wy,, = 960 Ib/ft
» Uniform live load w; = 50 psf * 12 ft = 600 |b/ft

Douglas-Fir Larch #2:
» E =1,600,000 psi (NDS Supplement)

AWC NDS Supplement, Table 4A

Design values in pounds per square inch (psi)
. . . Tension Shear Compression | Compression Grading
Species and commercial Size . .
grade classification ) paralh.'el parall.el perpendlf:ular parall_el Specific | Rules
Bending | to grain | to grain to grain to grain __Modulus of Elasticity | Gravity’ | Agency
Fy, Fy F, Feo F. E Enin G
DOUGLAS FIR-LARCH
Select Structural 1,500 1,000 180 625 1,700 1,900,000 690,000
No. 1 & Btr 1,200 800 180 625 1,550 1,800,000 660,000
No. 1 2" & wider 1,000 675 180 625 1,500 1,700,000 620,000
| No. 2 900 575 180 625 1,350 1,600,000 580,000 WCLIB
No. 3 525 325 180 625 775 1,400,000 510,000 0.50 WWPA
Stud 2" & wider 700 450 180 625 850 1,400,000 510,000
!WC NDS Supplement, 2018



Design Example: Deflection

Deflections for (3) 2x12 beam:

» Moment of Inertia:

bxd3® _ 4.5in*(11.25in)3
12 12

» [ = = 534 in*

» Maximum (dead + live) deflection:

S«wxL* 5*960ft (112};;) il (112;?)]4

= 0.10 in
384xEx]  384x1,600,000 psi*534 in%

» Apyp =

» Maximum live load deflection:

W r1ift 12in)\,4
5 A — SxwxL* 5*600ft (12 n) [ (1ft )] — 006 in
LL ™ 3g4xEx] 384%1,600,000 psi*534 in* '




Design Example: Deflection

Maximum allowable deflections:

12in 12in
L 8ftx L 8ftx*

_ _ 1ft _ 5 . 1ft . .
» AD+L,max — 240 — 240 — 0.4‘0 n » ALL,max — 360 — 360 — 0. 27 n

TABLE 1604.3

DEFLECTION LIMITS®* P&
CONSTRUCTION LorL, Sor W' D+ L9

Roof members:*©

Supporting plaster or stucco ceiling 1/360 /360 /240

Supporting nonplaster ceiling 1/240 1/240 /180

Not supporting ceiling [/180 I/180 /120
Floor members /360 — /240
Exterior walls:

With plaster or stucco finishes — 11360 —

With other brittle finishes — 11240 —_

With flexible finishes — /120 —
Interior partitions:”

With plaster or stucco finishes 1/360 — —

With other brittle finishes /240 — —

With flexible finishes /120 — —
Farm buildings — — /180
Greenhouses — — /120

International Building Code, 2021



Design Example: Deflection

Design Checks:

»

»

Dead + Live:
» Maximum deflection: Ap,; = 0.10 in
» Maximum allowable: Api; max = 0.40 in

» Apyp < Apipmax = OKfor dead + live deflection

Live:
» Maximum deflection: A;; = 0.06 in
» Maximum allowable: A;; 10 = 0.27 in

» App < Appmax = OKfor live deflection



Beam Design Aids

SPAN CALCULATOR

Douglas Fir-Larch

]

T 2o

No. 2

Floor Joists

@[ eo vzao N L0 L/600 w20 |

192in 24in ]

vi3ft2in ©

V0-""/16in (0.66in)

Adjusted of Elasticity (E)

1,600,000 psi ©
Adjusted bending design value (Fb)
@ 1,138 psi ©
Adjusted shear design value parallel 1o grain (Fv)
@ 180 psi @
Adjusted compression design value perpendicular to grain (Fe 1)
@ 625 psi

AWC Span Calculator:
https://awc.org/calculators/span-options-
calculator-for-wood-joists-and-rafters/

AMERICANWOOD COUNCR

AMERATAR WD COUIMCIL

SPAN TABLES FOR
JOISTS AND RAFTER

2021 EDITION

American Softwood Lumber Stan
{PS 20-20) Sizes

DESIGN VALUES FOR
JOISTS AND RAFTERS

SUPPLEMENT TO
SPAN TABLES FOR JOISTS AND RAFTERS

American Wood Council Span Tables:
https://awc.org/codes-and-

standards/span-tables/



https://awc.org/calculators/span-options-calculator-for-wood-joists-and-rafters/
https://awc.org/calculators/span-options-calculator-for-wood-joists-and-rafters/
https://awc.org/codes-and-standards/span-tables/
https://awc.org/codes-and-standards/span-tables/
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Wood Design: Compression

3.6.3 Strength in Compression Parallel to
Grain

The actual compression stress or force parallel to
grain shall not exceed the adjusted compression design
value. Calculations of f,. shall be based on the net sec-
tion area (see 3.1.2) where the reduced section occurs in
the critical part of the column length that is most sub-
ject to potential buckling. Where the reduced section
does not occur in the critical part of the column length
that 1s most subject to potential buckling, calculations
of f. shall be based on gross section area. In addition, f.

based on net section area shall not exceed the reference
compression design value parallel to grain multiplied

by all applicable adjustment factors except the column
stability factor, Cp.

AWC NDS, 2018

» Compression
design check:

L

Capacity
Demand




Wood Design: Compression

Actual compression stress:

P
» fczz

» Note: f, for eccentrically loaded
columns will be non-uniform

APPLIED LOAD (P)

3

—+ A
/

_”JTL

APPLIED LOAD (P)




Wood Design: Compression

Column stability factor, C, (NDS Section 3.7):

Figure 3F Simple Solid Column

» Member supported for full length:Cp = 1.0

» Member not supported for full length W
1+(F EF: 1+(F F: F FX //(
> Cp = (ZcE/ c)_\/[ (Feg/Fo)y: _ Fep/Fe ot
*C 2%C c ; WNY%
(NDS Equation 3.7-1) d
» F'=reference compression design value parallel to
grain (excluding C, adjustment factor) R >
) 0.822+E};, \3\\¢
cE (le/d)? AWC NDS, 2018

» c varies for sawn lumber, timber poles, glulam, etc.

» [, = effective column length
» Check slenderness ratio ‘ 4 < 50 (NDS Section 3.7.1.4)



Design Example: Compression

Loading:
» Loads:
» Live load = 50 psf
» Dead load =30 psf
» Total Load = 50 + 30 = 80 psf

212 @1 - 4

Framing: .

- Column to Design
» 6x6 column —10’-0"” height 5@
» Douglas-Fir Larch #2 T

5 Tributary Region

12 @1 -4




Design Example: Compression

Axial stress on column:
» Tributary area = 12 ft * 4 ft = 48 ft?

» Compression load = 80 psf * 48 ft2= 3,840 Ib

» Compression stress:

. f_g_ 3,840 b
C A 55in%55in

= 127 psi



Design Example: Compression

Douglas-Fir Larch #2 capacity:
» F. =700 psi (NDS Supplement)

» Must determine column stability factor, C;

» Enim = 470,000 psi
» Cp =Cy =C =Cp= (

AWC NDS Supplement, Table 4D

1.0

Design values in pounds per square inch (psi)

) ) . Tension Shear Compression Compression Grading
Species and commercial Size . specific| Rules
Grade classification ‘ paralh.s-l paralh.s-l perpendlf:ular parall.al N P e u
Bending | to grain | to grain to grain to grain Modulus of Elasticity Gravity' | Agency
F, F, F, Foy F. E E min G
DOUGLAS FIR-LARCH
Dense Select Structural 1,900 1,100 170 730 1,300 1,700,000 620,000
Select Structural 1,600 950 170 625 1,100 1,600,000 580,000
Dense No. 1 Bgﬁ;‘;:;gd 1,550 775 170 730 1,100 1,700,000 | 620,000
No. 1 1,350 675 170 625 925 1,600,000 580,000
No. 2 875 425 170 625 600 1,300,000 470,000 0.50 WELIB
Dense Select Structural 1,750 1,150 170 730 1,350 1,700,000 620,000 '
Select Structural 1,500 1,000 170 625 1,150 1,600,000 580,000
Dense No. 1 P.ﬁf;i::sd 1,400 950 170 730 1,200 1,700,000 | 620,000
No. 1 1,200 825 170 625 1,000 1,600,000 580,000
INo. 2 750 | 475 | 170 625 700 || 1,300,000 | 470,000

AWC NDS Supplement, 2018




Design Example: Compression

Column stability factor:

1+(Fcg/Fc) 1+(Fcg/Fc)y2 Fce/Fe
v p = Z*Ec _\/[ z*b; ]_ET
» Ff=F. *Cp*Cy*CyxCpxC; =700psi
_ 0.822+E);p

7 TeE T T /a2
» Ep o = Epin * Cyp * Cp *x C; x Cr = 470,000 psi
» L, = 10ft * 112;? = 120 in (assume pinned end connections)
0.822+E. . 0.822+470,000 psi . © =28 Torsawn umber
» Fegp = (le/d;‘m — (120in/5.5in)2 = 812 psi ¢ = 0.85 for round timber poles and piles

¢ = 0.9 for structural glued laminated timber,
structural composite lumber, and cross-

» ¢ = 0.8 for sawn lumber per NDS Section 3.7.1.5

_1+(812/700) 1+(812/700),2 812/700 laminated timber
» Cp = — |l |- = 0.74 AWC NDS, 2018
2%0.8 2%0.8 0.8



Design Example: Compression

Column capacity:

» F.=F. % Cp* Cy* Cp*Cpx C; * Cp
» Cp=Cy=Cr=Cp= C;=10
» Cp=0.74
» F'.=700psi* 0.74 = 518 psi

Design Check:

» Demand: f, = 127 psi

» Capacity: F', = 518 psi

» f, < F'. = OKfor compression

12in
1ft

» <= (10ft =) /5.5in = 21.8 < 50 -> OK
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Wood Design: Bearing

3.10.1 Bearing Parallel to Grain » Bea nng des|gn Checks-
3.10.1.1 The actual compressive bearing stress par- » Parallel to g rain:

allel to grain shall be based on the net bearing area and / :

shall not exceed the reference compression design value ” f C <|F c](eXCIUdlng CP)

parallel to grain multiplied by all applicable adjustment s I Adj usted
factors except the column stability factor, Cp. )
AWC NDS, 2018 Ca pacity

3.10.2 Bearing Perpendicular to Grain Demand

The actual compression stress perpendicular to » PerpendiCUIar tog rain:
grain shall be based on the net bearing area and shall 9 f <|F’
not exceed the adjusted compression design value per- CLj— CL ]
pendicular to grain, f,, < F.,'. When calculating bearing I Adj usted

area at the ends of bending members, no allowance .
shall be made for the fact that as the member bends, Ca paCIty
pressure upon the inner edge of the bearing is greater Demand

than at the member end.

AWC NDS, 2018



Wood Design: Bearing

Actual bearing stress:

» fo=fo=

P

Abrg

T

Bearing
Location
to Check

)




Wood Design: Bearing

Bearing area factor, C, (NDS Section 3.10.4):

» Permitted for:
» Bearings less than 6” in length AND
» No closer than 3” to end of member

» Cp = lb+f'375 (NDS Equation 3.10-2)
b

» [, = bearing length parallel to grain

Table 3.10.4 Bearing Area Factors, C»
¢ 05" 1" 1.5 2" 3" 4" 6" or more
C, L.75 1.38 1.25 1.19 1.13 1.10 1.00

AWC NDS, 2018



Design Example: Bearing

Loading:
» Loads:
» Live load = 50 psf
» Dead load =30 psf
» Total Load = 50 + 30 = 80 psf

Framing:

» (3) 2x12 beam

» 6x6 column

» Douglas-Fir Larch #2

212 @1 - 4

(3) 312
4-0 -0"

Bearing to Design

12 @1 -4

Tributary Region



Design Example: Bearing

»

»

Bearing area:

» Bearing length = length along column = 5.5 inches
» Bearing width = minimum of:

» Column width = 5.5 inches

» Beam width = (3) * 1.5 inches = 4.5 inches
» Aprg =5.5in*4.5in = 24.75 in*

Bearing stress:

3,840 lb .
» feprg = febrgi= 5, o7 = 195 psi

41/2"

51/2" ,u"




Design Example: Bearing

Douglas-Fir Larch #2 capacity:

» Beam:|F.,= 625 psi|(NDS Supplement, Table 4A)
» Column E. = 700 psi (NDS Supplement, Table 4D)

AWC NDS Supplement, Table 4A

Design values in pounds per square inch (psi)
. . . Tension Shear Compression | Compression Grading
Species and commercial Size . -
e parallel parallel perpendicular parallel Specific | Rules
grade classification . . ) ) . . 4
Bending | to grain to grain to grain to grain Modulus of Elasticity Gravity’ | Agency
Fy, F; F, F., F. E Epin G
DOUGLAS FIR-LARCH
Select Structural 1,500 1,000 180 625 1,700 1,900,000 690,000
No. 1 & Btr 1,200 800 180 625 1,550 1,800,000 660,000
No. 1 2" & wider 1,000 675 180 625 1,500 1,700,000 620,000
No. 2 900 575 180 625 1,350 1,600,000 580,000 I WCLIB
No. 3 525 325 180 625 775 1,400,000 510,000 0.50 WWPA
Stud 2" & wider 700 450 180 625 850 1,400,000 510,000

AWC NDS Supplement, 2018



Design Example: Bearing

Bearing area factor:

Ip+0.375 _5.5+0.375
I, 55

= 1.068

» Cb:

Bearing capacity:
» F'oy=F, xCy* Cy*Ci*Cy
» Cy=Cy=C;=1.0
» F'., =625psi* 1.068 = 668 psi



Design Example: Bearing

Design Check:
» Demand: f,,= 155 psi
» Capacity: F',,= 668 psi

» feprgi< F'ci— OKfor bearing
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Wood Design: Other Axial

Tension (NDS Section 3.8)

» Tension design check:

»

F',

fi]<

L Adjusted Capacity

Demand

» Actual tension stress:

P
» ft:Z

APPLIED LOAD (P)

Tf

7|L_

/

i j

APPLIED LOAD (P)




Wood Design: Combined Bending + Axial

APPLIED LOAD (w)

Combined Bending and Axial (NDS Section 3.9) e B O O O O O O A
. . . LOAD (P) LOAD (P)

» Bending + Tension design checks: — —

» 2t 475 <10 (NDS Equation 3.9-1)
t b
APPLIED LOAD (w)

» f;a: ft < 1.0 (NDS Equation 3.9-2) APPLIED l l l l l l l ¥  APPLIED
b LOAD (P) LOAD (P)

<+ —

» Bending + Compression design checks:
E 2 fbl be 1 O
[Fc,] Flgl*[l_(fc/FcEl)] i Féz*[1_(fc/FcE2)_(fb1/FbE)2] -
(NDS Equation 3.9-3)
» Lo (%)2< 1.0 (NDS Equation 3.9-4)
bE

FcEZ

»
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Wood Design: Connections

Mechanical connections (NDS Chapter 11)
» Connectors:

» Dowel-type fasteners

»

»

»

»

»

»

»

»

Bolts

Lag screws

Wood screws

Nails

Spikes

Drift bolts

Drift pins

Other dowel-type fasteners

» Split ring connectors

»

»

»

»

Shear plate connectors

Timber rivets
Spike grids
Other fasteners

™
% -
/, = QN
5 .
Yo ' 3
APy D 5
Ay

iStock, ozgurdonmaz, 174679319



Wood Design: Connections

Dowel-type fasteners (NDS Chapter 12):
» Withdrawal / Pull-through (NDS Section 12.2)
» Lateral (NDS Section 12.3)

o
~n
o
¢ ]
>
[}
g =
2 - =
Y — = = ? =
S o » S aw 2o e o “« o S =8, =2 = 2e
- *® O - z=S o = - =0 = 52 o= S'= oz
] ﬁ ‘Dw g cm °¢.: g o Qm o - = = o ce‘)
= s > & 1 > & - 2 ~N > & o ™~ wn® ] N
x 23 z=x =3 Y x =k WF =3 g 2xX 25 3x
=% £ =X se I o =9 =2 wZ x e 5w ER)
=3 s - = = (=R s - =N == T= ax R o«
=5 B o8 m 2% W 2% m 94 &35 =5 32§
— % (o cC—m Cc—D == [ om
H = = ;

=TT

e
|

..m'g =3
i A

1 =S

«9L°0

i
-lBl'g )
A 2 B

«+EL°0

-0 |- >

¥
WJEND <3
)
."—<~\\\'\\‘\J\‘\‘\
" S\ AW N\ \ W W\

H: 3
1]
W90 <2
Y
!l
=

BP0 <3

=

w9’

% vie €
Simpson Strong-Tie

%

%z



Wood Design: Connections

Withdrawal design values: Fastener Size

Table 12.2B Cut Thread or Rolled Thread Wood Screw Reference Withdrawal Design Values, W*

Tabulated withdrawal design values, W, are in pounds per inch of thread penetiration into side grain of wood
member (see 12.2.2.1).

Specifie Wood Screw Number v
.| Gravity, |76 7 8 9 10 12 14 16 18 20 24 |
. G
0.73 209 229 249 268 288 327 367 406 446 485 564
0.71 198 216 235 254 272 310 347 384 421 459 533
0.68 181 199 216 233 250 284 318 352 387 421 489
0.67 176 193 209 226 243 276 309 342 375 409 475
0.58 132 144 157 169 182 207 232 256 281 306 356
0.55 119 130 141 152 163 186 208 231 253 275 320
0.51 102 112 121 131 141 160 179 198 217 237 275
0.50 98 107 117 126 135 154 172 191 209 228 264
0.49 94 103 112 121 130 147 165 183 201 219 254
Wood 0.47 87 95 103 111 119 136 152 168 185 201 234
0.46 83 91 99 107 114 130 146 161 177 193 224
0.44 76 83 90 97 105 119 133 148 162 176 205
Specific 0.43 73 79 86 93 100 114 127 141 155 168 196
0.42 69 76 82 89 95 108 121 134 147 161 187
0.41 66 72 78 85 91 103 116 128 141 153 178
G ravity 0.40 63 69 75 81 86 o8 110 122 134 146 169
0.39 60 65 71 77 82 93 105 116 127 138 161
0.38 57 62 67 73 78 89 99 110 121 131 153
0.37 54 59 64 69 74 84 94 104 114 125 145
0.36 51 56 60 65 70 80 89 99 108 118 137
0.35 48 53 57 62 66 75 84 93 102 111 130
0.31 38 41 45 48 52 59 66 73 80 87 102

AWC NDS, 2018



Wood Design: Connections

Withdrawal design values:

Table 12.2B Cut Thread or Rolled Thread Wood Screw Reference Withdrawal Design Values, W*

Tabulated withdrawal design values, W, are in pounds per inch of thread penetration into side grain of wood
member (see 12.2.2.1).

Specifie Wood Screw Number
Gra\;ity, 6 7 8 9 10 12 14 16 18 20 24
G
0.73 209 229 249 268 288 327 367 406 446 485 564
0.71 198 216 235 254 272 310 347 384 421 459 533
0.68 181 199 216 233 250 284 318 352 387 421 489
0.67 176 193 209 226 243 276 309 342 375 409 475
0.58 132 144 157 169 182 207 232 256 281 306 356
0.55 119 130 141 152 163 186 208 231 253 275 320
0.51 102 112 121 131 141 160 179 198 217 237 275
| 0.50 98 107 117 126 135 154 172 191 209 228 264 |
0.49 94 103 112 121 130 147 165 183 201 219 254
0.47 87 95 103 111 119 136 152 168 185 201 234
0.46 83 91 99 107 114 130 146 161 177 193 224
0.44 76 83 90 97 105 119 133 148 162 176 205
0.43 73 79 86 93 100 114 127 141 155 168 196
0.42 69 76 82 89 95 108 121 134 147 161 187
0.41 66 72 78 85 91 103 116 128 141 153 178
0.40 63 69 75 81 86 o8 110 122 134 146 169
0.39 60 65 71 77 82 93 105 116 127 138 161
0.38 57 62 67 73 78 89 99 110 121 131 153
0.37 54 59 64 69 74 84 94 104 114 125 145
0.36 51 56 60 65 70 80 89 99 108 118 137
0.35 48 53 57 62 66 75 84 93 102 111 130
0.31 38 41 45 48 52 59 66 73 80 87 102

AWC NDS, 2018



Wood Design: Connections

Lateral design values:

Table 12.3.1A Yield Limit Equations

Yield Mode

Single Shear

Double Shear

l]]'I

I1

I,

11,

IV

D€, F
7 = {m em
Rd

D(_F
Z: 5 B85

(12.3-1)

(12.3-2)

(12.3-3)

(12.3-4)

(12.3-5)

(12.3-6)

D{_F

Z=M
Rd

_2DC,F,

R

Z

d

5 =

(2+R,) R,

,_2ksDC.F,

em - yb

2D° |2F,F
Z:

R, V3(L+R,)

(12.3-7)

(12.3-8)

(12.3-9)

(12.3-10)

AWC NDS, 2018



Wood Design: Connections

Lateral design

Table 12.3.1A

Yield Mode

q
)

Ly

I1

11,

I,

IV

Single Shear Connections

- ]

T ]
‘Lﬂij»
T xh-
«i}+
F’f\t’,'
‘TLH:]-

Double Shear Connections

Mode I, * l_'l,,

Models £ .

Mode ||
Mode Il

Mode Ills <~ L -

Mode IV = (

] —o

BERE

| —o

12.3-7)

12.3-8)

12.3-9)

12.3-10)

| —o

AWC TR12, Figure 2-1

AWC NDS, 2018



Wood Design: Connections N |
— Wood Specific Gravity

Lateral design values:

Table 12L WOOD SCREWS: Reference Lateral Design Values, Z, for Sihgle Shear
(two member) Connections*?? |
for sawn lumber or SCL with both members of identical specific gravity

(tabulated lateral design values are calculated based on an assumed length of
wood screw penetration, p, into the main member equal to 10D)

Fastener
Size

pUum—

—
2 2 .
£ = = o w w
E ] % % o lf 8 E E B ‘g
g |11z |z g€ | 2 : 22 ! 2833 2
E aillcs | o x & £ v v Lz i o wg© = 2
Eg U)h_j W I~ © LﬂEq’ r_"g m‘_£ :o;_'LEI:L—_ o o b ~ g ogdEE mg
<13 2 © 0O = = 05 ) T o = i <o ™ 3 mgol8 oo
s9ll|sE |3 S o3 o 38 o3 S SE S E o2 o% |052%% oT
nElllza |2 O 0S5 oo 0o 08T O ¥ or |lofgzz] o2
t, D
in. in. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs.
1/2 111 0.138] 6 88 67 59 57 53 49 47 41 40 38
> 0.151| 7 96 74 65 63 59 54 52 45 44 42
0.164| 8 107 82 73 71 66 81 59 51 50 48
0.177| 9 121 94 83 81 76 70 68 59 58 56
0.190| 10/| 130 101 90 87 82 75 73 64 63 60
WO O d 0.216| 12 156 123 110 107 100 93 91 79 78 75
0.242| 14 168 133 120 117 110 102 99 87 86 83
5i8 || 0.138] 6 94 76 66 64 59 53 52 44 43 41
b 0.151] 7 104 83 72 70 64 58 56 48 47 45
M e m e r 0.164| 8 120 92 80 77 72 65 63 54 53 51
0.177| 9 136 103 91 88 81 74 72 62 61 58 00
. 0.190| 10 146 11 97 94 88 80 78 67 65 63 S
Th |CkneSS 0.216] 12 173 133 17 114 106 97 95 82 80 77 N
0.242] 14 184 142 126 123 115 106 103 89 87 84 A
34 [ 0.138] 6 94 79 72 71 65 58 57 47 46 44 =
0.151| 7 104 87 80 77 71 64 62 52 50 48 8
0.164| 8 120 101 88 85 78 71 69 58 56 54 <§E
0.177] o 142 114 a9 96 88 80 78 66 64 61



Wood Design: Connections

Lateral design values:

Table 12L WOOD SCREWS: Reference Lateral Design Values, Z, for Single Shear
(two member) Connections*?? |

for sawn lumber or SCL with both members of identical specific gravity

(tabulated lateral design values are calculated based on an assumed length of
wood screw penetration, p, into the main member equal to 10D)

3 5 o
£ = = o w w
E i S 2 _ = S Ly 3
813 |z e | & : 22 ! 2833 2
E bl 55| o x & £ v v Lz i o wg© = 2
Eg U)h_j W I~ © LﬂEq’ r_"g m‘_£ :o;_'LEI:L—_ o o b ~ g ogdEE mg
x| B 2 © 0O = = 05 ) T o = i <o ™ 3 mgol8 oo
8o | 8E |3 S o3 o 38 o3 S SE S E o2 o% |052%% oT
sE|[za |2 O X 0s3 o8 o8 O0Aaft oI O& or |ofszz| o2
t, D

in. in. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs.

1/2 0.138] 6 88 67 59 57 53 49 47 41 40 38

01511 7 96 74 65 63 59 54 52 45 44 42

0.164] 8 107 82 73 71 66 61 59 51 50 48

0177 9 121 94 83 81 76 70 68 59 58 56

0.190] 10 130 101 a0 a7 82 75 73 64 63 60

0.216] 12 156 123 110 107 100 93 91 79 78 75

0.242] 14 168 133 120 117 110 102 99 87 86 83

5/8 0.138] 6 94 76 66 64 59 53 52 44 43 41

0151 7 104 83 72 70 64 58 56 48 47 45

0.164| & 120 92 80 77 72 65 63 54 53 51

0.177| 9 136 103 91 88 81 74 72 62 61 58

0.190] 10 146 111 97 94 88 80 78 67 65 63

0.216] 12 173 133 117 114 106 97 95 82 80 77

0.242] 14 184 142 126 123 115 106 103 89 a7 84

3/4 0.138] 6 94 79 72 71 65 58 57 47 46 44

0151) 7 104 87 80 77 71 64 62 52 50 48

0.164| 8 120 101 88 85 78 71 69 58 56 54

01771 9 142 114 I a9 96 88 80 78 66 B4 61

AWC NDS, 2018



Wood Design: Connections

Adjustment Factors:

Table 11.3.1 Applicability of Adjustment Factors for Connections

ASD LRFD
ASD and LRFD
Only Only
. g
5l 5| 5| 8|~ g ST - I I F ?‘i 5
sl gl &l 2 2l s 2| | 2| B 2| =]
Sl s B2 R 2] 2| £ B 2| g«
S| 8 El 2| %] & 5| E| e 5| &| 8| B
S| El eS|l 2| =] 2|8 LE =
5 =
=}
Kr | ¢
Lateral Loads
Dowel-type Fasteners ‘
(e.g. bolts, lag screws, wood screws, Z =Z x | Cp Cu C  C, C, - Ceg - Caé Cun 332 065 A
nails, spikes, drift bolts, & drift pins)

Split Ring and Shear Plate P_: Px |C Cu C C C Gy - Cq - - 332 065 A
Connectors Q=Qx |G Cuw G C, C, Gy - - - - 332 0.65 )
. . P=Px [C, Cu C - - - - C& - - 3320651
Timber Rivets 0=Qx | Gy Cy C Soof - _oof - . 332 065 )
Spike Grids Z=Zx |Ch Cu C - Cy - - - - - 332065 A
Withdrawal Loads
Nails, spikes, lag screws, —wWx |Gy G2 G i ) .o, - . C, 332 065

wood screws, & drift pins

Pull-Through

Fasteners with Round Heads W, = Wy, x|

Cu

G,

3.32 0.65 A

AWC NDS, 2018



Wood Design: Connections

Adjustment Factors:

Table 11.3.1 Applicability of Adjustment Factors for Connections

ASD

A OIS LI NhZDh

LRFD

ASD
Only

ASD and LRFD

LRFD
Only

Load Duration Factor '
Wet Service Factor
Temperature Factor

Group Action Factor

Geometry Factor °
Penetration Depth Factor ~
End Grain Factor °
Metal Side Plate Factor *
Diaphragm Factor *

Toe-Nail Factor ”

Format Conversion Factor
Resistance Factor

Ke | ¢

Time Effect Factor

Withdrawal Loads

Nails, spikes, lag screws,
wood screws, & drift pins

W=Wx|C, CF C - - - Cq

Cw 332 065 A

Pull-Through

Fasteners with Round Heads W, = Wy, x| Ch, Cu C - -

- 332 065 A

AWC NDS, 2018



Wood Design: Connections

Prefabricated Hardware
» Capacity based on testing
» See manufacturer literature

Simpson LUS Hanger

Simpson BA Hanger

MiTek JUS
Joist Hanger

MiTek FSC Framing Clip
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