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Steel & Wood Column Design
Design Aims
If we know the loads, we can select a section that is adequate for strength & buckling.

If we know the length, we can find the limiting load satisfying strength & buckling.

Design Code Methodologies

Allowable Stress Design (ASD): the stress in a member must be less than an allowable stress
which is equal to the yield stress divided by a factor of safety.

Load and Resistance Factor Design: more efficient method that factors loads for importance and
compares the summation to a nominal strength that has been adjusted by a reduction factor.
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Procedure for Analysis

1. Calculate KL/r for each axis (if necessary). The largest will govern the buckling load.
2. Find F, as a function of KL/r from Table 10.1 or 10.2 (pp. 361-364)
3. Compute Pajiowanle = Fa-A or alternatively compute facrua = PIA
4. s the design satisfactory?
IS P < Pajowable? = Yes, it is; no, it is no good

or IS Taenal < Fa? = yes, it is; no, it is no good

Procedure for Design

Guess a size by picking a section.
Calculate KL/r for each axis (if necessary). The largest will govern the buckling load.
Find F, as a function of KL/r from Table 10.1 or 10.2 (pp. 361-364)

Compute Pgajiowable = Fa-A or alternatively compute facya = PIA

o M W DN

Is the design satisfactory?
IS P < Pajiowable? = YeS, itis; no, pick a bigger section and go back to step 2.

or 1S Tacual < Fa? = yes, it is; no, pick a bigger section and go back to step 2.
6. Check design efficiency by calculating percentage of stress used = M.loo%

allowable

If value is between 90-100%, it is efficient.
If values is less than 90%, pick a smaller section and go back to step 2.

The critical load with respect to the slenderness ratio is presented in chart format in ASD, 8" ed,
as well as the allowable stress charts for compression members.

Allowable Stress Design - Wood

National Design Specification for Wood Construction (1992):

Any slenderness ratio, L¢/d < 50:

f.=S<E F=F(C,)e, e )e e, )

The curve uses factors to replicate the combination curve:



ENDS 231 Note Set 24 S2008abn

g
where: | g
F.’ = allowable compressive stress parallel to %I CE it
the grain ¥ 3 33 3 -
¢ = compressive strength parallel to the grain g 2o 3 § S
Cp = load duration factor > 3 L PR
Cwm = wet service factor (1.0 for dry) 8 7 | 2 ?;‘ W ™
C: = temperature factor g e i §| |
Cr = size factor 3 v 3 v x
Cp = column stability factor off chart 13 S
Ql .2 Ca E
For preliminary column design: §J - L
F/=F.C,=(F.C,)C, N A

DURATION OF LOAD (Time)

Procedure for Analysis

N o g bk~ w

Calculate L¢/dmin
Obtain F’,,

ZcET
()
Compute F. = F.C,, with Cp =1, normal, Cp =1.25 for 7 day roof...
Calculate F, / F and get C, from Appendix A, Table 14 (pp. 413-414)
Calculate F/=F,C,

Compute P

compute F,, = with K ¢ =0.3 for sawn, = 0.418 for glu-lam

= F'c-A or alternatively compute faca = P/A

allowable

Is the design satisfactory?
IS P < Paowanle? = YeSs, itis; no, it is no good

or 1S Tacual < F'c? = yes, it is; no, it is no good

Procedure for Design

Guess a size by picking a section
Calculate Le/dmin
Obtain F’¢

e
()
Compute F. = F.C, with Cp =1, normal, Cp =1.25 for 7 day roof...
Calculate F, / F. and get C, from Appendix A, Table 14 (pp. 413-414)

compute F, = with K ¢ =0.3 for sawn, = 0.418 for glu-lam
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6. Calculate F/=F,C,

7. Compute P = F'¢-A or alternatively compute facra = P/A

allowable

8. Is the design satisfactory?
IS P < Paiowanle? = V€S, itis; no, pick a bigger section and go back to step 2.

or IS facwat < F'c? = yes, itis; no, pick a bigger section and go back to step 2.

Load & Resistance Factor Design

American Institute of Steel Construction (AISC) Manual of LRFD, 3" ed:

Xy, Q. < PP, where
v is a load factor
Q is aload type
¢ is a resistance factor
P, is the nominal load capacity (strength)

Load combinations, ex: 1.4D (D is dead load)
1.2D +1.6L (L is live load)

For compression, ¢. = 0.85 and P, = AgF¢
where :

Ay is the cross section area and F is the critical stress shown below
(in Compact Sections).

Compact Sections

Compact sections are defined as sections with flanges continuously connected to the web or
webs and the width-thickness rations are less than limiting values given in the manual. This is to
avoid local buckling of the flange or the web.

Kl |F, Kl L,

Formula parts depend on 4, = ——1/—— where — =—-,
rz \ E r r

when 4, <1.5:
F. :(0.658iz )Fy where F¢ is the critical stress

when 4, >1.5:
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Sample AISC Table for Allowable Axial Loads (ASD)
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Example 1 (pg 367)
Example Problem 10.10 (Figure 10.41)

A 24-ft.-tall, A572 grade 50, steel column (W14x82) with an
F, = 50 ksi has pins at both ends. Its weak axis is braced at
midheight, but the column is free to buckle the full 24 ft. in
the strong direction. Determine the safe load capacity for
this column.

Example 2 (pg 371) + chart method

Example Problem 10.14: Design of Steel
Columns (Figure 10.48)

Select the most economical W12 X column 18' in height to
support an axial load of 600 kips using A572 grade 50 steel.
Assume that the column is hinged at the top but fixed at
the base.

ALSQO: Select the column using the ASD design charts,

and the LRFD charts assuming that the load is a dead load
(factor of 1.4)

S2008abn

F’allcuw.
Wi
H

(a)

\ {
\ {
1 \ Mid-height
! =& X bracing
| o~
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| \KL=0.5%24'=12

Figure 10.41 (a) Strong axis buckling.

(b) Weak axis buckling.

KL=12.6'

L=18'
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Example 3 (pg 379)
Example Problem 10.18 (Figures 10.60 and 10.61)

An 18 tall 6x8 Southern pine column supports a roof load
(dead load plus a 7-day live load) equal to 16 kips. The
weak axis of buckling is braced at a point 9'6" from the bot-
tom support. Determine the adequacy of the column.

F. =975 psi, E = 1.6 x 10° psi

S2008abn

Roof joists

8x12
Southern pine
roof beam

i~ \
Bracing
3 S
>
<./
A"| T~——8" nominal
] (6x8 S4S Southern pine)

Bracing

'

KL=18'

er——

%& W

(a) (b)

Figure 10.61 (a) Strong axis. (b) Weak axis.
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Example 4 (pg 381)

Example Problem 10.20:
Design of Wood Columns(Figure 10.66)

A22'-tall glu-lam column is required to support a roof load
(including snow) of 40 kips. Assuming 8%;" in one dimen-
sion (to match the beam width above), determine the min-
imum column size if the top and bottom are pin supported.

Select from the following sizes:
834" X 9" (A = 78.75in.%)
8%," x 104" (A = 91.88in.%)

83/" x 12" (A = 105.00 in.?)

L= 22

83/,"

-

|

S2008abn

X___
roof beam

— Glu-lam post

Pin supports
top and bottom



