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1. Vertical Forces Exam – Friday Breadth
� Wood, 4 out of 40 questions: sawn beams, glue-laminated beams, 

columns, engineered lumber, bearing walls trusses, bolted, nailed, and 
screwed connection

2. Vertical Forces Exam – Friday Depth
� 4 - 1 hour problems, will include a wood structure.

3. Lateral Forces Exam – Saturday Breadth
� Wood, 3 out of 40 questions: shear walls, plywood diaphragms and sub-

diaphragms

4. Lateral Forces Exam – Saturday Depth
� 4 - 1 hour problems, may include a timber structure.

Focus on the bold topics. Use ASD.

NCEES Guide
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Timber experience – feedback via chat

How many at site have 

A. Little or none

B. A short course and/or a little design 

C. Design simple buildings/elements

D. Design timber routinely

E. Design timber in sleep – a timber wiz, etc.

Any timber design experience? – Courses or Design

4



Assume you have access to NDS 
and Commentary

Newer Edition

As per NCEES, Use the NDS-2015 ASD/LRFD 
Standard
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Assume you have access to NDS 
Supplement

By the way, there are addendums to 
the Supplement 

Newer Edition

As per NCEES, Use the NDS-2015 ASD/LRFD 
Standard
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Assume you have access to AWC-
SDPWS

Newer Edition

As per NCEES, Use the AWC-SDPWS 2015 Standard
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Also recommend manual

As per NCEES, Use the NDS-2015 ASD/LRFD 
Standard

8



�Generally 3 methods used 

�Prescriptive – for conventional construction, limited to 
typical residential construction, span and height tables, not 
addressed

�Allowable Stress Design (ASD) – engineered, most 
common historically, [f ≤ adjusted F], in NDS (National 
Design Standard)

� Load Resistance Factor Design (LRFD) – newer. What I 
normally teach, but to keep it simple I am presenting ASD.

Wood Design Methods -
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� ܦ  ܨ

� ܦ  ܪ  ܨ  ܮ

� ܦ  ܪ  ܨ  ܴ	ݎ	ܵ	ݎ	ܮ

� ܦ  ܪ  ܨ  0.75 ܮ  0.75 ܴ	ݎ	ܵ	ݎ	ܮ

� ܦ  ܪ  ܨ  ܧ0.7	ݎ	0.6ܹ

� ܦ  ܪ  ܨ  0.75 0.6ܹ  ܮ0.75  0.75 ܴ	ݎ	ܵ	ݎ	ܮ

� ܦ  ܪ  ܨ  0.75 ܧ0.7  ܮ0.75  0.75 ܵ

� ܦ0.6  0.6ܹ  ܪ

� 0.6 ܦ  ܨ  ܪ  ܧ0.7

ASD Load Combinations – IBC 2015/ASCE 7-10 
VERT. & LATERAL
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Table 4.3.1 Applicability of Adjustment Factors for Sawn 
Lumber VERT. & LATERAL
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ASD 
only ASD and LRFD LRFD only
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Fb’ = Fb x CD CM Ct CL CF Cfu Ci Cr - - - 2.54 0.85 λ

Ft’ = Ft x CD CM Ct - CF - Ci - - - - 2.70 0.80 λ

Fv’ = Fv x CD CM Ct - - - Ci - - - - 2.88 0.75 λ

Fc’ = Fc x CD CM Ct - CF - Ci - CP - - 2.40 0.90 λ

Fc┴’ = Fc┴ x - CM Ct - - - Ci - - - Cb 1.67 0.90 -

E’ = E x - CM Ct - - - Ci - - - - - - -

Emin’ = Emin x - CM Ct - - - Ci - - CT - 1.76 0.85 -

Table 5.3.1 Applicability of Adjustment Factors for 
Structural Glued Laminated Timber VERT. & LATERAL
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ASD 
only ASD and LRFD LRFD only
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Fb’ = Fb x CD CM Ct CL CV Cfu Cc CI - - - 2.54 0.85 λ

Ft’ = Ft x CD CM Ct - - - - - - - - 2.70 0.80 λ

Fv’ = Fv x CD CM Ct - - - - - Cvr - - 2.88 0.75 λ

Frt’ = Frt x CD CM Ct - - - - - - - - 2.88 0.75 λ

Fc’ = Fc x CD CM Ct - - - - - - CP - 2.40 0.90 -

Fc┴’ = Fc┴ x - CM Ct - - - - - - - Cb 1.67 0.90 -

E’ = E x - CM Ct - - - - - - - - - - -

Emin’ = Emin x - CM Ct - - - - - - - - 1.76 0.85 -

1. The beam stability factor, CL, shall not apply simultaneously with the volume factor, CV, for structural glued laminated timber bending 
members (see 5.3.6). Therefore, the lesser of these adjustment factors shall apply.



Table 7.3.1 Applicability of Adjustment Factors for 
Prefabricated Wood I-Joists - VERT. 

13

ASD only ASD and LRFD LRFD only
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ܯ
ᇱ ൌ ܯ x CD CM Ct CL Cr KF 0.85 λ

ܸ
ᇱ ൌ ܸ x CD CM Ct - - KF 0.75 λ

ܴᇱ ൌ ܴ x CD CM Ct - - KF 0.75 λ

ᇱܫܧ ൌ ܫܧ x - CM Ct - - - - -

ܫܧ 
ᇱ ൌ ܫܧ  x - CM Ct - - KF 0.85 -

ᇱܭ ൌ ܭ x - CM Ct - - - - -

Two Basic Types of Systems

Light Timber Systems

� Plywood 

� Joists – sawn timber or EWP (Eng. Wood Products)

� Beams – sawn timber or EWP

� Stud Walls 

� Posts – columns, pipe columns

Wood Systems and Elements VERT. & LATERAL
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Light Timber Systems VERT. & LATERAL
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Sawn Timber 
Floor Joists

Sawn Timber 
Stud Walls

Light Timber Systems VERT. & LATERAL
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Sawn timber trusses and 
other engineered products 
substituted for roof/floor 
joists and beams , usually 
design using load tables

Also heavy –



Heavy Timber System (“Post 
and Beams”)

�Planks

�Glu-laminated beams and 
girders (sometimes sawn 
timber)

�Glu-laminated columns or 
posts

Wood Systems and Elements VERT. & LATERAL
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General – under flexure only

�Check bending capacity ( ݂  ௌᇱܨ )

Under service level loads

�Check shear sapacity ( ௩݂  ௩ௌᇱܨ )

Under service level loads

�Check deflections (∆max  ∆
max allowed

)

Under service level live loads

Wood Beams – Flexural Design VERT. & LATERAL
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Get basic layout, then

1. Determine span and spacing

2. Determine load – max unfactored shear and moment.

3. Select size/species to ensure ݂௫ and ௩݂௫  ௌᇱܨ

and ܨ௩ௌᇱ . (adjusted allowables)

4. Check deflect. Resize or reduce spacing or span if 
needed.

Wood Design “Guess and Check” VERT. 
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Examples for Sawn Timber VERT. 
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From calculations - Dead load including joist weight and partitions = 12 psf
Live load = 40 psf

48
'-0

"

12
'-0

"
12

'-0
"

12
'-0

"
12

'-0
"

5/8" Ply wood sheathing 
2 x 10 wood joists @ 16" OC  Assume braced by sheathing

(3) 2 x 10 Built up Beams?

16'-0" 16'-0" 16'-0" 16'-0" 16'-0"



Design joists – max span 12 ft

Live load ൌ 40 ൈ 16 12⁄ ൌ 53.3	 lb ft⁄

Dead load ൌ 12 ൈ 16 12⁄ ൌ 16	 lb ft⁄

Max moment ൌ 69.3 12 ଶ 8⁄ ൌ 1,247.4	lb · ft

Now either guess at size of joist or wood species and grade

Try a 2x10 ܵ ൌ 1.5 9.25 ଶ 6⁄ ൌ 21.4	inଷ

ܣ ൌ 1.5 ൈ 9.25 ൌ 13.9	inଶ

See tables in NDS Supplement

Example Sawn Timber Beam VERT. 
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Look at the NDS Supplement VERT. & LATERAL
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Section Tables Sawn Timber VERT. & LATERAL

Sawn Timber Design Equation

݂௫ ൌ ௫ܯ ܵ⁄  ᇱܨ

ᇱܨ ൌ ܥܥ௨ܥிܥܥ௧ܥெܥܥܨ

ܨ is from the tables depending on species, grades, size, 
grading rules etc. See Supplement.

Check Bending – ASD VERT. & LATERAL 
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ெܥ = Tables (4 A, B, C, D, E, F) – See Supplement

= 0.85 or 1.0 for visually graded sawn timber

4A (2 or 4) or 4D (5x5 or larger) when EMC > 19% for extended time

Note ܥெ ൌ 1.0 if ܨܥி  1,150	psi

௧ܥ ൌ 1.0 for ܶ  100°	F (2.3.3 in code)

Bending VERT. & LATERAL
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Table 2.3.3 Temperature Factor, Ct

Reference Design 
Values

In-Service Moisture 
Conditions1

Ct

ܶ  100Ԭ 100Ԭ ൏ T  125Ԭ 125Ԭ ൏ T  150Ԭ

Ft, E, Emin Wet or Dry 1.0 0.9 0.9

Fb, Fv, Fc, and Fc┴

Dry 1.0 0.8 0.7

Wet 1.0 0.7 0.5

1. Wet and dry service conditions for sawn lumber, structural glued laminated timber, prefabricated wood I-joists, 
structural composite lumber, and wood structural panels are specified in 4.1.4, 5.1.4, 7.1.4, 8.1.4, and 9.3.3, 
respectively.

26

Adjustment Factors VERT. & LATERAL



F’b VERT. & LATERAL
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CF = for sawn timber
Size Factor, CF

Tabulated bending, tension, and compression parallel to grain design values for dimension lumber 2” to 4” 
thick shall be multiplied by the following size factors:

Size Factors, CF

Fb Ft Fc

Grades Width (depth)
Thickness (breadth)

2” & 3” 4”

Select Structural, No. 1 & Btr, No. 1, 
No. 2, No. 3

2”, 3”, & 4” 1.5 1.5 1.5 1.15

5” 1.4 1.4 1.4 1.1

6” 1.3 1.3 1.3 1.1

8” 1.2 1.3 1.2 1.05

10” 1.1 1.2 1.1 1.0

12” 1.0 1.1 1.0 1.0

14” & wider 0.9 1.0 0.9 0.9

Stud

2”, 3”, & 4” 1.1 1.1 1.1 1.05

5” & 6” 1.0 1.0 1.0 1.0

8” & wider Use No. 3 Grade tabulated design values and size factors

Construction, Standard 2”, 3”, & 4” 1.0 1.0 1.0 1.0

Utility
4” 1.0 1.0 1.0 1.0

2” & 3” 0.4 - 0.4 0.6

F’b VERT. & LATERAL
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Cfu = flat use factor – when lumber is turned flat

Ci = Incising factor – when dimension lumber is grooved > 0.4” & up to 
3/8” long – density 1,100/ft2
Then Ci = 0.8 For Fb, Ft, Fc, Fv
For E and Emin Ci = 0.95. For all other cond. Ci = 1

Flat Use Factors, Cfu

Width (depth)
Thickness (breadth)

2” & 3” 4”
2” & 3” 1.0 -

4” 1.1 1.0
5” 1.1 1.05
6” 1.15 1.05
8” 1.15 1.05

10” & wider 1.2 1.1



F’b VERT. & LATERAL
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Cr = repetitive member factor – must have at least three members, 2-4 
thick, spaced up 2’ apart and joined by other members such as floors then 
= 1.15, otherwise = 1.0.

CD = Duration Factor –
see Appendix B – Use 
shortest for a given 
load combo.

Table 2.3.2 Frequently Used Load Duration Factors, CD
1

Load Duration CD Typical Design Loads

Permanent 0.9 Dead Load

Ten years 1.0 Occupancy Live Load

Two months 1.15 Snow Load

Seven days 1.25 Construction Load

Ten minutes 1.6 Wind/Earthquake Load

Impact2 2.0 Impact Load
1. Load duration factors shall not apply to reference modulus of elasticity, E, 
reference modulus of elasticity for beam and column stability, Emin, nor to 
reference compression perpendicular to grain design values, FcI, based on a 
deformation limit.

Bending    VERT. & LATERAL
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CL = Stability factor (braced vs. unbraced beams)

See Spec 3.3.3 – CL = 1.0 if braced, blocked, or near square. See requirements of 
Section 4.4.1 for sawn timber only.

ாܨ ൌ
ଵ.ଶா

ᇲ

ோಳ
మ

3.3.3.6 The slenderness ratio, RB, for bending members shall be calculated as 
follows:

ܴ ൌ
ℓௗ
మ

(3.3-5)

3.3.3.7 The slenderness ratio for bending members, RB, shall not exceed 50.

3.3.3.8 The beam stability factor shall be calculated as follows:

ܥ ൌ
ଵା ி್ಶ ி್∗⁄

ଵ.ଽ
െ ଵା ி್ಶ ி್∗⁄

ଵ.ଽ

ଶ
െ ி್ಶ ி್∗⁄

.ଽହ
(3.3-6)



Table 3.3.3 Effective Length, ℓe, for Bending Members
VERT. & LATERAL

31

Cantilever1 where ℓu/d < 7 where ℓu/d ≥ 7

Uniformly distributed load ℓe = 1.33 ℓu ℓe = 0.90 ℓu + 3d

Concentrated load at unsupported end ℓe = 1.87 ℓu ℓe = 1.44 ℓu + 3d

Single Span Beam1,2 where ℓu/d < 7 where ℓu/d ≥ 7

Uniformly distributed load ℓe = 2.06 ℓu ℓe = 1.63 ℓu + 3d

Concentrated load at center with no intermediate lateral support ℓe = 1.80 ℓu ℓe = 1.37 ℓu + 3d

Concentrated load at center with lateral support at center ℓe = 1.11 ℓu
Two equal concentrated loads at 1/3 points with lateral support at 1/3 points ℓe = 1.68 ℓu
Three equal concentrated loads at 1/4 points with lateral support at 1/4 
points

ℓe = 1.54 ℓu

Four equal concentrated loads at 1/5 points with lateral support at 1/5 points ℓe = 1.68 ℓu
Five equal concentrated loads at 1/6 points with lateral support at 1/7 points ℓe = 1.73 ℓu
Six equal concentrated loads at 1/7 points with lateral support at 1/7 points ℓe = 1.78 ℓu
Seven or more equal concentrated loads, evenly spaced, with lateral 
support at points of load application

ℓe = 1.84 ℓu

Equal end moments ℓe = 1.84 ℓu
1. For single span or cantilever bending members with loading conditions not specified in Table 3.3.3:

ℓe = 2.06 ℓu where ℓu/d < 7
ℓe = 1.63 ℓu + 3d    where 7 ≤ ℓu/d < 14.3
ℓe = 1.84 ℓu where ℓu/d > 14.3

2. Multiple span applications shall be based on table values or engineering analysis.

Fb   
VERT. & LATERAL

32

Fb Values listed in 
Supplement for varies 
species and grades of 
lumber



Fb – Choose from Table   VERT. & LATERAL
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For the Sawn Timber Beam (Joist) Example VERT.

34

ᇲܨ ൌ ܯ ܵ⁄ ൌ 1,247.1 21.4	inଷ⁄ 12 ൌ 699	psi

ᇱܨ ൌ ܨܥܥ௨ܥிܥܥ௧ܥெܥܥ

Dry service, normal temps, no incisions ܥ௧ ൌ ெܥ ൌ ܥ ൌ 1.0
Braced by sheathing & bridging so ܥ ൌ 1.0, 
on edge ܥ௨ ൌ 1.0, 
(D+L) load ܥ ൌ 1.0
Multiple member so ܥ ൌ 1.15, 
ிܥ ൌ 1.1 for #1-3 for 2” width
So Fb must be  699 1.15 1.1⁄
ൌ 553	psi
Choose a species and grade with
ܨ  553	psi



Fb – Choose from Table 4A  VERT. & LATERAL
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Example Sawn Timber Beam VERT.

36

A No 1 or 2 SPF 2 x 10 would work 

ܨ ൌ ݅ݏ	875  553 ܨ) required)

Look at shear design for sawn timber beams



Shear Design – Sawn Timber  VERT. & LATERAL
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௩݂  ௩ᇱܨ

௩݂ ൌ ܸܳ ⁄ܾܫ & for rectangular cross sections

௩݂௫ ൌ 1.5 ܸ ⁄ܣ

௩ௌᇱܨ ൌ ௩ܨܥ௧ܥெܥܥ

ெܥ ൌ 0.97 for shear wet service

= 1.0 for dry service

The rest is the same 

for bending.

Shear Design  - VERT. & LATERAL
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Can reduce shear and design for shear at d from supports

If notched - look to Section 3.4.3 for certain conditions or use 
mechanics



For Sawn Timber Beam (Joist) Example VERT.
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௩݂௫ ൌ 1.5ܸ ⁄ܣ ൌ 1.5 69.3 12 /2 1 13.9⁄ ൌ 44.9	psi

Only ܥ, ܥ and ܥ௧ – all = 1.0

SPF (any grade) has a ܨ௩ௌ ൌ 135	psi
௩ௌᇱܨ ൌ ௩ܨܥ௧ܥெܥܥ ൌ 1 1 1 1 135 ൌ 135 psi 
OK in Shear – 135 psi > 44.9  psi
Note should add the weight of the joist and re-check stresses 
– by inspection OK

Deflections VERT. 

40

Service Level Loads Deflection
Limit live load deflections to L/360 or L/240
Long term effects – creep 
∆ൌ ∆்ܭ  ∆ௌ்
Where:
ܭ = time dependent deformation (creep) factor
= 1.5 for seasoned lumber, structural glued laminated timber, prefabricated wood 
I-joists, or structural composite lumber used in dry service conditions as defined in 
4.1.4, 5.1.5, 7.1.4, and 8.1.4, respectively.
= 2.0 for structural glued laminated timber used in wet service conditions as 
defined in 5.1.5.
= 2.0 for wood structural panels used in dry service conditions as defined in 4.1.4.
= 2.0 for unseasoned lumber or for seasoned lumber used in wet service 
conditions as defined in 4.1.4.
∆் = immediate deflection due to the long-term component of the design load
∆ௌ் = deflection due to the short-term or normal component of the design load



Sawn Timber Joist Example VERT. 

41

From calculations  - Dead load including joist weight and partitions = 12 psf
Live load = 40 psf

48
'-0

"

12
'-0

"
12

'-0
"

12
'-0

"
12

'-0
"

2 x 10 wood joists @ 16" OC  Assume braced by sheathing

(3) 2 x 10 Built up Beams?

16'-0" 16'-0" 16'-0" 16'-0" 16'-0"

Example Sawn Timber Joist - VERT.

42

Check deflections – only short term (2x10)

ܫ ൌ 1.5 9.25 ଷ 12⁄ ൌ 98.9	inସ ܮܹ ൌ 1.33 40 ൌ 53.3	 lb ft⁄

∆௫ൌ 5 53.3 12 ସ 12 ଷ 384 510,000 98.9⁄ ൌ 0.49	݅݊.

ൌ ܮ 292⁄ What’s wrong with this?

Use 2x10 x 16” OC – SPF No. 2 or better



E from Table 4A for Light Members  VERT. & LATERAL
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Example Sawn Timber Joist  VERT. & LATERAL

44

Check deflections – only short term

ܫ ൌ 1.5 9.25 ଷ 12⁄ ൌ 98.9	inସ

∆௫ൌ 5 53.3 12 ସ 12 ଷ 384 , ,  98.9⁄ ൌ 0.17	݅݊.

ൌ ܮ 801⁄ Less than L/360 or L/480 OK

Use 2x10 x 16” OC – SPF No. 2 or better



Heavy Timber Beam Design -VERT. & LATERAL

45

� The same design procedures as before for sawn timber, but 
use Table 4D for heavy timbers to get some factors and 
reference stresses (ܨ, ܨ௩, etc.) 

�Heavy Timbers are usually glulams – glulam beams 
designed essentially the same, but again, some adjustment 
factors are different from sawn timber

�Also, reference stresses and sections are different Tables 
5A, B, C, D

Glued Laminated Timbers - VERT. & LATERAL

46

� Glued-laminated timbers are 
made up of wood laminations, or 
"lams" that are face bonded 
(glued) together with waterproof 
adhesives.

� The grain of all laminations run 
parallel with the length of the 
member. Lams are typically less 
than 2" inches thick. 

� Glulam range in net widths from  
2 1/2 to 10 3/4 inches, although 
nearly any member width can be 
produced. 



Table 5.3.1 Applicability of Adjustment Factors for 
Structural Glued Laminated Timber - VERT. & LATERAL

47

ASD 
only ASD and LRFD LRFD only
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KF ϕ

Fb’ = Fb x CD CM Ct CL CV Cfu Cc CI - - - 2.54 0.85 λ

Ft’ = Ft x CD CM Ct - - - - - - - - 2.70 0.80 λ

Fv’ = Fv x CD CM Ct - - - - - Cvr - - 2.88 0.75 λ

Frt’ = Frt x CD CM Ct - - - - - - - - 2.88 0.75 λ

Fc’ = Fc x CD CM Ct - - - - - - CP - 2.40 0.90 -

Fc┴’ = Fc┴ x - CM Ct - - - - - - - Cb 1.67 0.90 -

E’ = E x - CM Ct - - - - - - - - - - -

Emin’ = Emin x - CM Ct - - - - - - - - 1.76 0.85 -

1. The beam stability factor, CL, shall not apply simultaneously with the volume factor, CV, for structural glued laminated timber bending 
members (see 5.3.6). Therefore, the lesser of these adjustment factors shall apply.

Design Properties of Glulam - VERT. & LATERAL
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�Bending members are specified w.r.t. maximum allowable 
bending stress.

� For example, a 24F has allowable bending stress of 2,400 
psi., and 26F an allowable bending stress of 2,600 psi.

�Various layups are used. An unbalanced 24F layup using 
visually graded Douglas-fir lumber is a 24F-V4. The "V" 
indicates visually graded lumber. A 24F-E4 indicates 
mechanical graded lumber. 



Glulam Sizes for Western Species and Southern Pine 
(1d) Shown in Supplement - VERT. & LATERAL
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Table 1C Section Properties of Wester Species Structural Glued Laminated Timber (cont.)

Depth Area X-X Axis Y-Y Axis

d (in) A (in2) Ix (in4) Sx (in3) rx (in) Iy (in4) Sy (in3)

3-1/2 in. Width ௬ݎ) ൌ 1.010	inሻ

6
7-1/2

9
9-1/4
9-1/2
10-1/2
11-1/4

21.00
26.25
31.50
32.38
33.25
36.75
39.38

63.00
123.0
212.6
230.8
250.1
337.6
415.3

21.00
32.81
47.25
49.91
52.65
64.31
73.83

1.732
2.165
2.598
2.670
2.742
3.031
3.248

21.44
26.80
32.16
33.05
33.94
37.52
40.20

12.25
15.31
18.38
18.89
19.40
21.44
22.97

11-7/8
12

13-1/2
14
15
16

16-1/2

41.56
42.00
47.25
49.00
52.50
56.00
57.75

488.4
504.0
717.6
800.3
984.4
1195
1310

82.26
84.00
106.3
114.3
131.3
149.3
158.8

3.428
3.464
3.897
4.041
4.330
4.619
4.763

42.43
42.88
48.23
50.02
53.59
57.17
58.95

24.24
24.50
27.56
28.58
30.63
32.67
33.69

18
19-1.2

20
21
22

22-1.2
24

63.00
68.25
70.00
73.50
77.00
78.75
84.00

1701
2163
2333
2701
3106
3322
4032

189.0
221.8
233.3
257.3
282.3
295.3
336.0

5.196
5.629
5.774
6.062
6.351
6.495
6.928

64.31
69.67
71.46
75.03
78.60
80.39
85.75

36.75
39.81
40.83
42.88
44.92
45.94
49.00

5.3.8 Curvature Factor, Cc - VERT. 
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For curved portions of bending members, the reference 
bending design value shall be multiplied by the following 
curvature factor:

ܥ ൌ 1 െ 2,000 ݐ ܴ⁄ ଶ (5.3-3)

Where:

t = thickness of laminations, in.

R = radius of curvature of inside face of member, in.

ݐ ܴ⁄  1 100⁄ for hardwoods and Southern Pine

ݐ ܴ⁄  1 125⁄ for other softwoods



Cv = Volume Factor - VERT. & LATERAL
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௩ܥ ൌ
ଶଵ


ଵ ௫⁄ ଵଶ
ௗ

ଵ ௫⁄ ହ.ଵଶହ


ଵ ௫⁄
 1.0 (5.3-1)

Where:

L = length of bending member between points of zero moment, ft

d = depth of bending member, in.

b = width (breadth) of bending member. For multiple piece width layups, b 
= width of widest piece used in the layup. Thus, ܾ  10.75 in.

x = 20 for Southern Pine

x = 10 for all other species

Table 5A - VERT. & LATERAL

52



Table 5A - VERT. & LATERAL
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Table 5B - VERT. & LATERAL
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Table 5B
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Glulams - VERT. & LATERAL
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� Table 5C is for hardwood glulams loaded primarily in 
bending 

� Table 5D is for hardwood glulams loaded primarily in axial 
tension or compression



Wood Design Example 2 – Previous Prelim. Design 
VERT. 
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Plan

COLUMNS 
10 x 10 posts

Glulam Girders  40 ft  
Medium to heavy loads 
span 24 " Deep pg 61

40'-0" 40'-0"

20
'-0

"
20

'-0
"

20
'-0

"

HEAVY WOOD SYSTEM ALTERNATIVE 1

Glulam Beams @ 10' Centers 
Light to Medium loads,  
20' span ,13.5 " deep Pg61 Planks 10 ft span 3 or 4" thick 

pg 51 light to medium loads

Design Load = 40 live load psf and 20 psf dead (not including girder wts.)

Example Exterior Glulam Girder - VERT.
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Use trib. width and uniform load analysis

Live load ൌ 40 ൈ 10 ൌ 400	 lb ft⁄

Dead load ൌ 20 ൈ 10 ൌ 200	 lb ft⁄

Max moment ൌ 600 40 ଶ 8⁄ ൌ 120,000	lb · ft

Now either guess at size of girder or wood species and grade

Try a 6.75 x 39 glulam ܵ ൌ 1,711	inଷ

ܣ ൌ 263.3	inଶ weight ~ 65 lb/ft



Example Exterior Glulam Girder - VERT. 
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	ᇲௌܨ ൌ ܯ ܵ⁄ ൌ 133,000 1,711	inଷ⁄ 12 ൌ 932	psi

ௌᇱܨ ൌ ܥ௧ܥெܥܥ or	ܥ ܨூܥܥ௨ܥ

Dry service, normal temps, no curvature not on flat

ூܥ ൌ ௨ܥ ൌ ௧ܥ ൌ ெܥ ൌ ܥ ൌ 1.0

Unbraced length Table 3.3.3

Simple span beam – ܮ ൌ 1.54 ൈ ௨ܮ ൌ 10′ ൌ 15.4 –

concentrated loads and bracing at ¼ points or = 2.06 Lu
ܮ ൌ 10ሺ2.06ሻ ൌ 20.6 for uniform loads braces at supports

Use ܮ ൌ 20.6 – check slenderness ratio ൌ ܴ ൌ ݀ܮ ܾଶ⁄ ଵ ଶ⁄

ܴ ൌ 20.6 12 39 6.75ଶ⁄ ଵ ଶ⁄ ൌ 14.55 ൏ 50 (limit)

Example Exterior Glulam Beam  VERT. 
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ாܨ ൌ ᇱܧ1.2 ܴଶ⁄

Guess 16ܨ െ ܧ1.3 ܨ16 െ ܸ6 - from Table 5A ܧ ൌ 850,000

௫ܨ ൌ 1,600 so ܨ∗ ൌ 1,600	psi

ாܨ ൌ 1.2 850,000 14.55 ଶ⁄ ൌ 4,818	psi

ܥ ൌ 1  ாܨ ⁄∗ܨ 1.9 െ 1  ாܨ ⁄∗ܨ 1.9⁄ ଶ െ ாܨ ⁄∗ܨ 0.95⁄ ଵ ଶ⁄⁄

ൌ 0.977

Check ܥ௩ ൌ 21 ⁄ܮ ଵ ௫⁄ 12 ݀⁄ ଵ ௫⁄ 5.125 ܾ⁄ ଵ ௫⁄ ൏ 1.0

ܺ ൌ 10 for all but southern pine

L in feet and d and b in inches

௩ܥ ൌ 21 40⁄ ଵ ଵ⁄ 12 39⁄ ଵ ଵ⁄ 5.125 6.75⁄ ଵ ଵ⁄ ൌ 0.811 ൏ ܥ Gov.



Table 5A - VERT. & LATERAL
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Example Glulam Girder VERT. 
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ௌᇱܨ ൌ 0.811 ൈ 1,600 ൌ 1,297  932	psi

OK in bending

Check shear

௩݂௫ ൌ 1.5 ܸ ⁄ܣ ൌ 1.5 665 40 2⁄ 263.3⁄ ൌ 75.8	psi

௩ௌᇱܨ ൌ only ܥ, ܥெ and ܥ௧ ൌ 1.0 all

ܨ16 െ ܧ1.3 6ܸܨ16 , ௩ᇱܨ ൌ 265 1 ൈ 1 ൈ 1 ൌ 265	psi  75.8

OK in shear



Example Glulam Girder   VERT. & LATERAL

63

Check deflections – only short term

ܫ ൌ 33,370	inସ (Table 1C)

∆௫ൌ 5 400 40 ସ 12 ଷ 384 , ,  33,370⁄ ൌ 0.43	݅݊.	

ൌ 1,112/ܮ OK for 360/ܮ

Use 6.75 x 39” 16F-1.3 E (16FV6) glulam

What would change in the girder design if the deck was 
assumed to fully brace the girder? VERT. 

64

Possible Answers

A. The ܥ factor would change and the girder capacity would 
increase. 

B. The ܥ factor would change and the girder capacity would 
decrease.

C. The ܥ factor would change and the girder capacity would 
decrease.

D. The ܥ factor would change and the girder capacity would 
not change. 



Possible Breadth Exam Problems - VERT.
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a) Given a loading and span, select grade of lumber of a 
given size (or given grade, select size) to resist load. 
Beam Ex 1 or 2, just use size given.

b) Given a beam, what is the maximum load that can be 
applied – smaller of that given by moment, shear or 
deflection check. Beam Ex 1 or 2, just use size given 
and check flexure, etc. 

c) Given a beam, find max. moment capacity or shear 
capacity, etc. Beam Ex 1 or 2, just use size given and 
check flexure, etc. 

Compression Loading VERT. & LATERAL
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�Compression parallel to grain – usually columns

�Compression perpendicular to the grain – usually bearing



Compression Parallel to Grain - VERT. & LATERAL
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� ݂ ൌ ܲ ܣ  ⁄ௌᇱܨ

� ௌᇱܨ ൌ ܨ ൈ ܥ ൈ ܥ ൈ ௧ܥ ൈ ܥ ൈ*

� ௧ܥ ,ெܥ ,ܥ as with bending

� * ிܥ , andܥ are also applied for sawn timber – as with 
bending

Compression Parallel to Grain - VERT. & LATERAL

68

�Code classifies three column types – solid, spaced or  
built-up



Compression Parallel to Grain - VERT. & LATERAL
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ܥ ൌ
ଵା ிಶ ி∗⁄

ଶ
െ ଵା ிಶ ி∗⁄

ଶ

ଶ
െ ிಶ ி∗⁄



∗ܨ ൌ adjusted allowable except ܥ

ாܨ ൌ
.଼ଶଶா

ᇲ

 ௗ⁄ మ ܿ ൌ 0.8 sawn timber, 0.9 for glulams

Largest ݈ ݀⁄ governs and must not exceed 50, ݈ ൌ ݈ܭ

App G suggests

ି݁ܭ
ൌ 1.0 and ܭ

݁௫ௗି௫ௗ
ൌ 0.65

Spaced Columns - VERT. & LATERAL
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ாܨ ൌ
.଼ଶଶೣா

ᇲ

 ௗ⁄ మ

ܿ ൌ 0.8 sawn timber, 0.9 for glulams

Largest l/d governs and must not 
exceed 50 or 40 (see Section 15.2)

݇௫ ൌ 2.5 for condition a and 3.0 for 
condition b

݈ ൌ ݈ܭ

Note that split ring systems must 
provide capacity as defined in 15.2



Built-up Columns - VERT. & LATERAL
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ܥ ൌ ݂ܭ
1  ாܨ ⁄∗ܨ

2ܿ
െ

1  ாܨ ⁄∗ܨ
2ܿ

ଶ

െ
ாܨ ⁄∗ܨ

ܿ

ாܨ ൌ
.଼ଶଶா

ᇲ

 ௗ⁄ మ

ܭ ൌ 0.6 for built-up columns where ℓଶ ݀ଶ⁄ is used to 
calculate ܨா and the built-up columns are nailed in 
accordance with 15.3.3

ܭ ൌ 0.75 for built-up columns where ℓଶ ݀ଶ⁄ is used to 
calculate ܨா and the built-up columns are bolted in 
accordance with 15.3.4

ܭ ൌ 1.0 for built-up columns where ℓଵ ݀ଵ⁄ is used to 
calculate ܨா and the built-up columns are either nailed 
or bolted in accordance with 15.3.3 or 15.3.4, 
respectively

ܿ ൌ 0.8 for sawn lumber

ܿ ൌ 0.9 for structural glued laminated timber or 
structural composite timber

Example Sawn Timber Column - VERT. 
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Assume Column as Shown – Pin–Pin supports

P = 5,760 lb dead + 24,000 lb live = 29,760 lb

Dry service, normal temps, no incising 
ܥ ൌ ௧ܥ ൌ ܥ ൌ 1.0 – guess ܥ ൌ 0.8
Guess larger than 2-4” use Table 4D post and 
timber SPF#1
ܨ ൌ ݅ݏ	700 ൌ ∗ܨ since factors except ܥ are = 1.0 
(including ܥி)

Then area required ൌ 29,760 700⁄ ൈ 0.8 ൌ 53.1	݅݊ଶ

Try an 8 x 8 in – area ൌ ሺ7.5ሻଶൌ 56.25	݅݊ଶ

9 ft



Example Sawn Timber Column - VERT. 
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Example Sawn Timber Column    VERT. 
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ாܨ ൌ 0.822 ܧ ܮ ݀⁄ ଶ⁄ ൌ 0.822 470,000 9 ൈ 12 7.5⁄ ଶ⁄ ൌ 1,863	psi

ܥ ൌ 1  ாܨ ⁄∗ܨ 2ܿ െ 1  ாܨ ⁄∗ܨ 2ܿ⁄ ଶ െ ாܨ ⁄∗ܨ ܿ⁄
ଵ ଶ⁄

ൗ

ൌ 0.906 (note ܿ ൌ 0.8 for sawn timber and ܥி ൌ 1)

ᇱܨ ൌ 700 ൈ 1 ൈ 1 ൈ 1 ൈ 0.906 ൌ 634	psi

݂ ൌ 29,760 56.25⁄ ൌ 529	psi ൏ 634 OK

Use a 8x8 SPF #1 Post



Example Built-up Sawn Timber Column  VERT. 
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Similar to previous example – pinned-pinned supports. Find 
capacity of the column.

Assume (5) 2 x 6, SPF #2 Built-up Column

Dry service, normal temps, no incising 

ܥ ൌ ௧ܥ ൌ ܥ ൌ 1.0

Use Table 4A , 	 ிܥ ൌ 1.1, & (SPF #1&2) ܨ ൌ 1,150	psi

Assume nailed to meet 15.3.3. ܭଶ ൌ 0.6 for buckling about 
nailed axis and ܭଵ ൌ 1.0 for buckling about solid axis

Area ൌ 5 ൈ 1.5 ൈ 5.5 ൌ 7.5 ൈ 5.5 ൌ 41.25	inଶ

9 ft

5 x 1.5 

5.5 

Example Built-up Timber Column - VERT. 
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ாଵܨ ൌ 0.822 ܧ ଵܮ ݀ଵ⁄ ଶ⁄ ൌ 0.822 510,000 9 ൈ 12 5.5⁄ ଶ⁄ ൌ 1,087	psi
ாଶܨ ൌ 0.822 ܧ ଶܮ ݀ଶ⁄ ଶ⁄ ൌ 0.822 510,000 9 ൈ 12 7.5⁄ ଶ⁄ ൌ 2,022	psi
∗ܨ ൌ 1.1 ൈ 1,150 ൌ 1,265	psi

ଵܥ ൌ ଵܭ 1  ாଵܨ ⁄∗ܨ 2ܿ െ 1  ாଵܨ ⁄∗ܨ 2ܿ⁄ ଶ െ ாଵܨ ⁄∗ܨ ܿ⁄
ଵ ଶ⁄

ሻൗ

ൌ 0.636 for ܭଵ ൌ 1.0

ܥ ൌ ଶܭ 1  ாଶܨ ⁄∗ܨ 2ܿ െ 1  ாଶܨ ⁄∗ܨ 2ܿ⁄ ଶ െ ாଶܨ ⁄∗ܨ ܿ⁄
ଵ ଶ⁄

ሻൗ

ൌ 0.495	for		ܭଶ ൌ 0.6 governs

(note ܿ ൌ 0.8 for sawn timber) 
ᇱܨ ൌ 1,265 ൈ 0.495 ൌ 626	psi
Capacity ൌ 41.25 ൈ 626 ൌ 25,830	lb



Possible Breadth Exam Problems - VERT.
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a) Given a loading and height, select grade of lumber of a given size (or 
given grade, select size) to resist load. Column Ex 1 or 2, just use 
size given.

b) Given a column, what is the maximum load that can be applied. 
Column Ex 1 or 2, just use size given and back calculate load 
from stress.

c) Truss compression members – design as a column after load is 
determined. Usually pin-pin supports.

Combined Axial Load and Bending - VERT. & LATERAL
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3.9.1 Bending and Axial Tension

Members subjected to a combination of 
bending and axial tension (see Figure 3G) shall 
be so proportioned that:

ிᇲ
 ್

ி್∗
 1.0

(3.9-1)

and
್ି
ி್∗∗

 1.0

(3.9-2)

Where

∗ܨ ൌ reference bending design value multiplied 
by all applicable adjustment factors except ܥ
∗∗ܨ ൌ reference bending design value multiplied 
by all applicable adjustment factors except ௩ܥ

For truss tension 
members, no bending, 
just limit ௧݂ ൌ ܶ ⁄݊ܣ  ௧ᇱܨ



Combined Axial Load and Bending - VERT. & LATERAL
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3.9.2 Bending and Axial Compression

Members subjected to a combination of bending about one or both 
principal axes and axial compression (see Figure 3H) shall be so 
proportioned that:


ிᇲ

ଶ
 ್భ

ி್ భ
ᇲ ଵି  ிಶభ⁄  ್మ

ி್ మ
ᇲ ଵି  ிಶమ⁄ ି ್భ ி್ಶ⁄ మ  1.0 (3.9-3)

Ch. 15.4 NDS – Columns with eccentric axial loads and/or side loads, 
slightly different formula

Diaphragms & Load Distribution - LATERAL
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� Design sheathing and framing to 
take shear and 

� End/edge elements to take cord 
forces (columns - tension members)

� Chord force = M/d

� Design chord elements for extra 
axial force – beam column. Be 
careful with bearing on plates at 
base of shear walls and anchors.

� d – distance between centerline of 
chords

Shear Wall

Reaction from Diaphragm 
to top of  Shear wall

Wall

Moment

Shear

C
TC

ho
rd

 E
le

m
en

ts
 -S

W

C
ho

rd
 E

le
m

en
ts

 -S
W

Length Shear Wall

Wood diaphragms are almost always flexible –

Lat. Load distribution w.r.t. trib. width



Shear Walls and Diaphragms - LATERAL
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� Get shear per unit length = 
shear/net length of shear wall or 
depth of diaphragm from:

� AWC SDPW&S – I will use this 
since it is specifically referenced by 
the NCEES Materials.

� IBC Section 2305 can also be 
used.

� Aspect ratios of diaphragm limited 
to 3:1 (no blocking) or 4:1 in NDS 
SDPW&S for structural panels

Shear Wall

Reaction from Diaphragm 
to top of  Shear wall

Wall

Moment

Shear

C
T

C
or

d 
El

em
en

ts
 -S

W

C
or

d 
El

em
en

ts
 -S

W

Length Shear Wall

Table 4.2.4 Maximum Diaphragm Aspect Ratios 
(Horizontal or Sloped Diaphragms)

Diaphragm Sheathing Type Maximum L/W 
Ratio

Wood structural panel, unblocked 3:1

Wood structural panel, blocked 4:1

Single-layer straight lumber sheathing 2:1

Single-layer diagonal lumber sheathing 3:1

Double-layer diagonal lumber sheathing 4:1

Shear Walls and Diaphragms - LATERAL
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For segmented shear walls, three 
methods of design are used –

The simplest is to design full 
height segments to have a sum of 
resistances that is greater that the 
total diaphragm reaction. OK as 
long as same materials.

Must have chord elements at edge 
of each segment.

Segments must meet SDPWS 
Section 4.3.4 aspect ratios & 
shear walls 3.5:1 to 1.5:1

HD HD HD HD HD HD

Table 4.3.4 Maximum Shear Wall Aspect Ratios

Shear Wall Sheathing Type Maximum ݄ ܾ௦⁄
Ratio

Wood structural panels, unblocked 2:1

Wood structural panels, blocked 3.5:1

Particleboard, blocked 2:1

Diagonal sheathing, conventional 2:1

Gypsum wallboard 2:11

Portland cement plaster 2:11

Structural Fiberboard 3.5:1

1. Walls having aspect ratios exceeding 1.5:1 shall be 
blocked shear walls.



Use the AWC-SDPWS 2015 Standard LATERAL
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Diaphragm Capacities - LATERAL 
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Diaphragm Capacities - LATERAL
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Also have tables of high load diaphragms and lumber diaphragms

Allowable values = nominal resistance/2 

Simple Diaphragm Example LATERAL

86

48
'-0

"

12
'-0

"
12

'-0
"

12
'-0

"
12

'-0
"

2 x 10 wood joists @ 16" OC  with sheathing

+Wind load  =27 psf x 10’/2 = 135 lb/ft

16'-0" 16'-0" 16'-0" 16'-0" 16'-0"

-Wind load  =9 psf x 10’/2 = 45 lb/ft
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Determine the shear flow, q

Critical diaphragm shear = (135 + 45) lb/ft x (5)(16’) x 1/2 = 7,200 lb

0.6W = 7,200 x 0.6 = 4,320 lb

Use Table 42C   Unblocked – Assume Case 1 (But any will work)  

Unblocked – 2 inch members, 6d nails @ 6 inch OC,  single floor 
sheathing .

qallow =  ½ x 420 = 210 lb/ft > 90 lb/ft Therefore OK

Note for all other cases ,  qallow =  ½ x 310 = 155 lb/ft > 90 lb/ft

Simple Diaphragm Example LATERAL

4,320 90 lb/ft
4 12

q
x

  

Diaphragm Capacities - LATERAL
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Allowable 
values = 
nominal 
resistance/2 



Shear Walls – Also Have Tables for Gyp. Board LATERAL
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Example Shear Wall - LATERAL
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A stud shear wall – assume 
2x4 SPF #2 Studs, 16” OC, 
with 7/16” Structural I 
sheathing and 8d nails at 6” 
O.C. at panel on edges and 
12” OC intermediate 
fasteners. 

What is the shear (seismic) 
diaphragm reaction allowed 
and the chord forces on the 
wall?

9 ft

Reaction from Diaphragm

8 ft



Example Shear Wall - LATERAL
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The aspect ratio ൌ ݄ ݈⁄ ൌ 9 8⁄ െ 1.125 ൏ 2 allowed for 
structural sheathing and seismic (slide 84)

Check max shear allowed in Table 4.3A

= nominal shear/2

Shear Walls – Also Have Tables for Gyp. Board -LATERAL
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Note 2 states that if 
16” OC studs, use 

15/32 values



Example Shear Wall - LATERAL
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Nominal shear per unit length = 560 lb/ft (seismic)  

Allowable shear per unit length ൌ 560 2⁄ ൌ 280	 lb ft⁄

Adjust for specific gravity adjustment factor ൌ 1 െ 0.5 െ ܩܵ

Table 11.3.2A – NDS – SG SPF = 0.42

Allowable diaphragm reaction ൌ 280 ൈ 8 ൈ ሾ1 െ ሺ0.5 െ
0.42ሻሿ ൌ 2,061	lb

For this reaction, the chord forces are:

Assume (2) 2x4 on each edge ݀ ൌ 96 െ 3 ൌ 93" ൌ 7.75′

Chord forces ൌ 2,061 ൈ 9 7.75⁄ ൌ േ2,400 lb

Table 11.3.1 Applicability of Adjustment Factors for 
Connections - VERT. & LATERAL
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ASD 
only ASD and LRFD LRFD only
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Lateral Loads

Dowel-type 
Fasteners (e.g. 
bolts, lag screws, 
wood screws, 
nails, spikes, drift 
bolts, & drift pins)

ܼᇱ ൌ ܼ x CD CM Ct Cg C∆ - Ceg - Cdi Ctn 3.32 0.65 λ

Split Ring and 
Shear Plate 
Connectors

ܲᇱ ൌ ܲ
ܳ′ ൌ ܳ x CD

CD

CM
CM

Ct
Ct

Cg
Cg

C∆
C∆

Cd
Cd

-
-

Cst
-

-
-

-
- 3.32 0.65 λ

Timber Rivets ܲᇱ ൌ ܲ
ܳ′ ൌ ܳ x CD

CD

CM
CM

Ct
Ct

-
-

-
C∆

5
-
-

-
-

Cst
4

Cst
4

-
-

-
-

3.32 0.65 λ

Spike Grids ܼᇱ ൌ ܼ x CD CM Ct - C∆ - - - - - 3.32 0.65 λ

Withdrawal Loads

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

ܹᇱ ൌ ܹ x CD CM
2 Ct - - - Ceg - - Ctn 3.32 0.65 λ
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Table 12.2A Lag Screw Reference Withdrawal Design Values, W1

Tabulated withdrawal design values (W) are in pounds per inch of thread penetration into side grain of wood member. Length of thread penetration in main member shall not include the length of the tapered tip.

Specific Gravity, G2
Lag Screw Diameter, D

1/4” 5/16” 3/8” 7/16” 1/2" 5/8” 3/4" 7/8” 1” 1-1/8” 1-1/4”

0.73 397 469 538 604 668 789 905 1016 1123 1226 1327

0.71 381 450 516 579 640 757 868 974 1077 1176 1273

0.68 357 422 484 543 600 709 813 913 1009 1103 1193

0.67 349 413 473 531 587 694 796 893 987 1078 1167

0.58 281 332 381 428 473 559 641 719 795 869 940

0.55 260 307 352 395 437 516 592 664 734 802 868

0.51 232 274 314 353 390 461 528 593 656 716 775

0.50 225 266 305 342 378 447 513 576 636 695 752

0.49 218 258 296 332 367 434 498 559 617 674 730

0.47 205 242 278 312 345 408 467 525 580 634 686

0.46 199 235 269 302 334 395 453 508 562 613 664

0.44 186 220 252 283 312 369 423 475 525 574 621

0.43 179 212 243 273 302 237 409 459 508 554 600

0.42 173 205 235 264 291 344 395 443 490 535 579

0.41 167 198 226 254 281 332 381 428 473 516 559

0.40 161 190 218 245 271 320 367 412 455 497 538

0.39 155 183 210 236 261 308 353 397 438 479 518

0.38 149 176 202 227 251 296 340 381 422 461 498

0.37 143 169 194 218 241 285 326 367 405 443 479

0.36 137 163 186 209 231 273 313 352 389 425 460

0.35 132 156 179 200 222 262 300 337 373 407 441

0.31 110 130 149 167 185 218 250 281 311 339 367

Get Cg, W, Z and Other Values from Tables 
VERT. & LATERAL
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Get Cg, W, Z and Other Values from Tables
VERT. & LATERAL



Conclusion
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Thank you for your attention!

Any questions?

m.mcginley@louisville.edu

See www.awc.org for free education modules and info.


