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Wood Column Design

» Design of Wood Columns
+ Stud Wall Design
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Timber Column Design

Given:

. Lumber species, grade -
. Conditions of use ~

. Load -~

Required:

. column size

1. Find adjustment factors (all except C;)
o7
CpCuy Ct@CL - o.5
2. GuessCp .0 =0
Estimate Area and d (based on bracing)
==

4. Calculate slenderness ratio I./d

largest ratio governs. Must be < 50
5. Calculate Cp

Determine F’c by multiplying the tabulated Fc by
all the above factors

\7. Revise Area: A = P/F’,
8. Revise Cp
9. Repeatuntil F,>P/A ~ (c
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Timber Column Design

Given:

White Oak, No.1 Fc = 825 psi
d?me, normal temp., not incised
Load: D+L=55 psf

Required:

column size

~

Ifind {adjus;melnt factors (all except Cp)
I .
Cp,CyC,CeC

-l — = 45 1%
el == a2 b

Flook-
vL® o rs;

2. GuessCp 2> 1try0.5 |
Table 4D Reference Design Values for Visually Graded Timbers (5" x 5" and larger)'?
(Cont.) (Tabulated design values are for normal load duration and dry service conditions, unless specified
otherwise. See NDS 4.3 for a comprehensive description of design value adjustment factors.)
USE WITH TABLE 4D ADJUSTMENT FACTORS
Design values in pounds per square inch (psi)
. 2 5 Tension Shear Compression ompression Grading
Specles and commorclal S:|.ze . parallel | parallel | perpendicular parallel Specific | Rules
Grade classification 3 X . = B - %
Bending | to grain to grain to grain to grain Modulus of Elasticity Gravity® | Agency
Fu F F, Fo, Fe E_ | | Ewal G
-
Select Structural B ? 1,400 825 205 800 900 1,000,000 | 370,000
No.1 g:lr:s ar’; 1,200 575 205 800 775 1,000,000 | 370,000
No.2 o 750 375 205 800 475 800,000 290,000 T
Select Structural — 1,300 875 205 800 950 1,000,000 |__370.000 :
N0 4~ : 1,050 700 205 800 - 1,000,000 l 370,000 |
No.2 Timbers l 600 400 205 800 700 800,000 | ¥ 290,000
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Timber Column Design

Given:

White Oak, No. 1 Fc = 825 psi
dry use, normal temp., not incised
Load: D+L=55 psf, P = 14080 Ibs

Required:
. column size
16’
Flooe. Arl6x 16 52564
pL= 101sF g

L= 45 fSFﬁ

=
1. Find adjustment factors (all except C;)
Cr,CyC,CcC, =10
2. GuessCp > try 0.5

ESTIMATE S12.€ -

Estimate Area and d (based on bracing)

Calculate slenderness ratio I./d
largest ratio governs. Must be < 50
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156G sk x 55 0sF

0.5 /

Luess CF <
AP idoso® _ 34"
Fe ¢ &esCer  —
®RY D T .
TA = 734 = 2.2
A G
TRY Gx6
v
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Timber Column Design

Given: cHECk Cp onl LgArd — ApJosT (F deeao
«  White Oak, No.1 =

_ ©.822 (3}o ter
. dry use, normal temp., Eower «cf_ 1 822 ( ji p = 443.7 -
not incised 5 —ic.1
. Load: D+L=55 psf ¥ () CmCr Cyc -8
i e F F L) =005 pan
Required: ‘ic e (v Cn LC) o=
. column size

Fe -i‘_l_s—':’-: 2
.%*__ ©.53%5

Y e

z s !
ly0.5315 ) [1+05378 9_221
5. Calculate Cp Cp = 2 (o.2) 2 (08 0.8

CF = 0‘4(0

/

Cp estimate chart
0; han
08 ‘\
N
N N
Ce 2 N
04 o
03 \
{/d
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Timber Column Design
Given: RENSE.0 FC ce
. White Oak, No. 1 Fc = 825 psi (o. 405 279.%
. dry use, normal temp., not incised ré = 515
. Load: D+L=55 psf P _1_4_12_5_0__  _ 27132
Required: Reap A = BT 319 =
. column size Cxb
G¥G: A=30.25 <31l . FAiLs
6. Determine F’c by multiplying the 25 z 53l
3 = b 0
tabulated Fc by all the above factors Lo 41.25 v -
. , v
7. Revise Area: A=P/F'c TNAY:
Revise Cp, /@/,1 _ 144 2618
Repeat until F’; > P/A _— 2.5 (sA,:w,—M bl
Table 1B  Section Properties of Standard Dressed cf = O. 4 1 (pa c».LAHc.LS
—
X-X AXIS Y-Y AXIS
Standard Area Moment Moment
Nominal Dressed of Section of Section of
Size Size (S4S) Section [Modulus| Inertia [Modulus| Inertia | =
bxd bxd A Sy L S, I F' = 376’ > psit
in. x in. in.2 in} in.* in.} in.* *x
Timbers (5" x 5" and larger)? / = |4080 34 [.% e
Post and Timber (see NDS 4.1.3.4 and NDS 4.1.5.3) L{l 75 at
75x5 4-1/2x4-1/2_|_20.25 /gﬁ 7 | _15.19 | 3417 /
X—76x6 | 512x51/2 | 3025 73 | 7626 | 27.73 | 76.26
- 6x8 | 51/2x7-12 |(a125]] 51.56 | 1934 | 37.81 | 104.0 339.5 > 3413 . ox
8x8 | 7-12x7-1/2 | 5625 | 7031 | 2637 | 7031 | 263.7 | C
8x10 | 7-12x9-1/2 | 7125 | 112.8 | 535.9 | 89.06 | 334.0 F c
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Timber Column Design
Design Aids

ASD/LRFD MANUAL FOR ENGINEERED WOOD CONSTRUCTION 19

example of a column chart

Table M4.5-2a ASD Column Capacity*2345 (P', P}, P',), Timbers

P = 1 4 080 | bS 6-inch nominal thickness (5.5 inch dry dressed size), Cp = 1.0.
Column Capacity (Ibs)
( Sslect Staictura)) No. 1 No. 2
. 6x6 6x8 6x6 | T .6x8 6x6 Texs
from AWC Manual for Engineered - 6" width 8" width 6" width 8" width 6" width 8" width
Wood Construction — 2005 Column | (=55 (=757 (=557 (=7.5" (=557 (=7.5%
Species Length (ft) P P'x Py P P'x. Py . P' P'x Py

34500 | 47,200 | 47,000 | 30,000 | 41,100 | 40900 | 21,000 | 28,800 | 28,700
4 33400 | 46400 | 45500 | 20200 | 40,500 | 39,800 | 20,500 | 28,400 | 28,000
6 31,100 | 45000 | 42500 | 27600 | 39,500 | 37,600 | 19,600 | 27,800 | 26,700
~—  Douglas Fir- 8 27,300 | 42700 | 37300 | 24,800 | 37,800 | 33,800 | 18,000 | 26800 | 24,500
Larch 10 22300 | 39,200 | 30400 | 20900 | 35300 | 28500 | 15700 | 25400 | 21,400

12 mﬂ 34,600 23,900 16,800 31,800 22,900 13,000 23,400 17,700
14 [ 13,700 29,500 18,700 13,300 27,800 18,200 10,500 20,900 14,300

16 10,900 24,700 14,800 10,700 23,700 14,600 8,500 18,200 11,500
2 29,200 40,000 39,800 25,500 34,900 34,800 17,300 23,600 23,600
4 28,200 39,300 38,500 24,800 34,400 33,800 16,900 23,400 23,000
6 26,200 38,100 35,800 23,300 33,500 31,800 16,100 22,900 22,000

22,800 36,000 31,100 20,800 31,900 28,400 14,900 22,100 20,300
18,400/' 32,900 25,100 17,400 29,700 23,700 13,100 21,000 17,800

——> Hem-Fir

YIFNT NMVS YN

14,300 | | 28800 | 19,600 | 1 26600 | [1 19400 | 19400 | 14,800

- 711,200 | 24,300 15,200 ,900 23,000 14,900 8,800 17,400 12,000

16 8800 | 20200 | 12,000 8700 | 19,500 | 11,900 7,200 | 15200 9,800

2 28500 | 39,000 | 38,900 | 24,800 | 33,900 | 33800 | 15,800 | 21,600 | 21,500

4 27,700 | 38500 | 37,800 | 24200 | 33500 | 33000 | 15500 | 21,400 | 21,100

6 26200 | 37,500 | 35700 | 23,100 | 32,800 | 31500 | 15,000 | 21,000 | 20,400

) 8 23500 | 35900 | 32100 | 21,200 | 31,600 | 28900 | 14100 | 20,500 | 19,200

Southerm Eine 10 19,000 | 33,500 | 27,100 |.18400 | 20,900 | 25100 | 12,700 | 19,700 | 17,400

12 16000 | 30200 | 21,800 | 15200 | 27500 | 20700 | 11,000 | 18500 | 15,000

14 12,700 | 26400 | 17,300 | 12,300 | 24500 | 16,700 9200 | 17,100 | 12,500

16 10100 | 22400 | 13,800 9900 | 21,300 | 13,500 7600 | 15300 | 10,300

2 24,000 | 32,900 | 32,700 | 21,000 | 28,800 | 28,700 | 15,000 | 20,600 | 20,500

4 23400 | 32400 | 31,900 | 20500 | 28400 | 28000 | 14700 | 20,300 | 20,100

6 22,100 | 31,600 | 30,100 | 19,600 | 27,800 | 26,700 | 14,100 | 19,900 | 19,300

o 8 19,900 | 30300 | 27,100 | 18000 | 26800 | 24500 | 13,100 | 19,300 | 17,900
Spruce-Pine-Fir

10 16,800 | 28300 | 23000 | 15700 | 25400 | 21400 | 11,600 | 18400 | 15800

12 13600 | 25600 | 18500 | 13000 | 23400 | 17,700 9800 | 17,00 | 13,400

14 10800 | 22400 | 14700 | 10500 | 20900 | 14,300 8000 | 15500 | 11,000

16 8600 | 19100 | 11,800 8500 | 18200 | 11,500 6500 | 13,700 8,900

1. P, values arc based on a column continuously braced against weak axis buckling.
2. P, values are based on a column continuously braced against strong axis buckling.

3. To obtain LRFD capacity, see NDS Appendix N.

4. Tabulated valucs apply to members in a dry service condition, Cy = 1.0; normal temperature range, C, = 1.0; and unincised members, C, = 1.0.
5. Column capacities are based on concentric axial loads only and pin-pin end conditions (K. = 1.0 per NDS Appendix Table G1).
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Stud Wall Design

Given:

zx4

. Lumber speci
. Conditions of use
. Load «

TOP PLATE

Required:
. Stud spacing —

AN

1. Calculate slenderness ratio 1./d
largest ratio governs. Must be < 50 STuo pi

—_—

2. Find adjustment factors e
Cr =ﬁ§%

(A é

3. Calculate _QB

4. Determine F’c by multiplying the tabulated Fc by
all the above factors Py
- =

2OUGH OPEMING
N FRAMING

. Set actual stress = allowable: fc=F'c

5

6. Find the capacity of one stud: _E’p&= Fc A
7. Find allowable spacing (12", 16” or 24” o.c.)
8

. Check bearing.
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Stud Wall Example - design

Data:

G,

. S-P-F, Stud M.C.=12%
. D+L Load = 2500 PLF

. Braced as shown K.=1.0
Required:
. 0.C. spacing

From NDS Supplement Table 4A
Fc =725 psi

2500 PLF
g, 40"
DRACING
‘a’ 4_?',
BRACING
\ {, 4o
ELEVATION 1%
‘.. soLip
T K K K% 5%y eecraveurae
PLAN /| secron

Emin = 440000 psi

Table 4A Reference Design Values for Visually Graded Dimension Lumber
(Cont.) (2" - 4" thick)*>*
p=1. species except Southern Pine—see Table abulated design values are for normal loa
= (Al i t Southern Pi Table 4B) (Tabulated d I f | load
duration and dry service conditions. See NDS 4.3 for a comprehensive description of design value
CMC =1.0 CME =1.0 adjustment factors.)
C ¢ = 1.0 USE WITH TABLE 4A ADJUSTMENT FACTORS
— Design values in pounds per square inch (psi)
CE - 1 . 0 (StUd) — . . Tension | Shear | Compression |[Compression) Grading
e pecies and commercial Size . Specific| Rul
- lassification parallel parallel perpendicular parallel peci ules
Ci - 1 . 0 e Bending | to grain | to grain to grain to grain Modulus of Elasticity Gravily‘ Agency
) Fy Fe Fy Fey Fe E Enmin G
CP - SPRUCE-PINE-FIR
elect Structural 700 135 725 7,400 7,500,000 | 550,000
2" & wider 450 135 425 1,150 1,400,000 510,000
250 135 425 650 1,200,000 440,000
—5 [stud 2" & wider 425 © 0.42 NLGA
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Stud Wall Example - design
STDD MLL‘ 7500 PLF Top PLATE
S-P-F STLD GRAPE. N '8 — || @) torTs
O = —
p; = 175 ¢st <\ [ [ YA )
N v == P =
Q-M;u = AL{O/ eac s - 9« -~ SitL
e z | Ce= LO
Cosl Cm r -+ 71’?/71& Flop SrACInG
X~ X G- D .
_n = 0“ .
I A e
' 24 s e a il P
4y AT e (T ALY,
= o
C ORTROLLISC /J - ,é,é’i
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Stud Wall Example - design

Ce

X~ K Yo7
L = 124.5" \ Loy = A°

124.5 _ :
,%: _,g?_zz.(p )

L, .
ConTROLLIFPG 74 :,?,é/'}»

Erin
£ . o.82 Ein \ O 532(445 e ot
e 26.1

1
o4 L HS(IEL) = F2Ses

086 _ . Fo7 o
T O T
Clo——st

NDSeq.3.7-1 —> Cop = oA
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2500 PLF

Stud Wall Example - design < : Ty do”
Q_'L/bucma

!y 401.
Q_i‘L/bzAcma

Iy 400

Find max allowable stress, F'c

Calculate max load per stud

ITor 1¢ or Z/{
Determine max stud spacing 2500 fuf I <= 16 B
T —— ‘ z A —
3345 Lesfston 2/ ( Rourn  Powr )
— b.oe "
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Stud Wall Example - design

Check bearing on sill plate
2x6

3.10.4 Bearing Area Factor, Cp,

Reference compression design values perpendicular
to grain, F.,, apply to bearings of any length at the ends
of a member. and to all bearings 6" or more in length at
any other location. For bearings less than 6" in length
and not nearer than 3" to the end of a member, the ref-
erence compression design value perpendicular to
grain, F.,. shall be permitted to be multiplied by the
following bearing area factor, Cy:

€,+0.375
Cb Ze—
b

where:

-»>

(3.10-2)

£v» = bearing length measured parallel to grain, in.

University of Michigan, TCAUP
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& STUD
/p A 1,5—'
b
" SitlL
3/" CRU$H7 L Y
- Cxas® ;L_ 3/4(,

Equation 3.10-2 gives the following bearing area
factors, Cp, for the indicated bearing length on such
small areas as plates and washers:

Table 3.10.4 Bearing Area Factors, Cs
€ 05" 1" (.52 2" 3" 4" 6" ormore
C, 175 138 1.19 1.13 1.10 1.00

For round bearing areas such as washers, the bear-
ing length, €y, shall be equal to the diameter.
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Stud Wall Example - design

Check bearing on sill plate
+ determine Cb
+ calculate F' |

- 3538
Clentes !l% 333315

P

\l/rswo

STUD

-

= BEARMY, AREZA

+ calculate f

t
Few

* check stress

o
bzl.8"
= (.25
&, B \[
<
b
| — "( = 63 l
F,, =4%pst  Fg, = 4z5(1.25> = 931 pai

Table 4A Reference Design Values for Visually Graded Dii _—
(Cont.) (211 - 4" th'ck)x,z,a

(All species except Southern Pine—see Table 4B) (Tat

duration and dry service conditions. See NDS 4.3 for a compi

adjustment factors.) F 2 3 3 5 X

USE WITH TABLE 4A ADJUSTMENT FAC ‘Ew. i~ 7\‘ ———y 404 psl
Design values in pounds\per squ 8 ‘ Z S
" " " Tension Shear, Compressiol Com 25“
Spactes snd commercial " sllze parallel parallgl perpendicular ] L~
grade classification Bending | to grain | to grajn to grain t 4 4 < 6" l F l \/p |<
Fy F F, Fo z =V c
f L o A

SPRUCE-PINE-FIR

700 135 425
425

425

2" & wider

2" & wider
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