ARCHITECTURAL STRUCTURES |:

StaTICS AND STRENGTH OF MATERIALS
ENDS 231

Dr. ANNE NicHoLS
SPRING 2008

lecture

twenty four

column design

Column Design 1

Architectural Structures |
Lecture 24

S2008abn
ENDS 231




Design Methods

e know
— loads or lengths

e select
— section or load

— adequate for
strength and
no buckling
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Allowable Stress Design (ASD)
« AICS 9" ed

ﬁm’tical _ 1272-2E

‘" FS. _23(1(%)2

e slenderness ratio ﬁ

r

—forkllr 2C, =126.1 with F, = 36 ksi
= 107.0 with F, = 50 ksl
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C. and Euler’s Formula
o Kl/r <C,

— short and stubby

> R

I
il 'I'Ir:"1+
| |

— parabolic transition [ esss S J T
T o -r

o Kl/r>C,

— Euler’s relationship [_————
— < 200 preferred (x50

FL _.| r
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C. and Euler’s Formula
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Short / Intermediate

o L J/r<C, -

F =1

a

Al

y

2C?

F.S.
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8C.
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Procedure for Analysis

1. calculate KL/r

e Dbiggest of KL/r with respect to x axes and y
axis

2. find F_ from Table 10.1 or 10.2

. pp. 361 - 364

3. compute Pygpape = FaA
e orfindf = P/A

actual —

4. 1sP —<Pallowable? (Or IS 1:actual —<Fa?)
 Yyes: ok
* no: overstressed and no good
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Procedure for Design

1. guess a size (pick a section)

2. calculate KL/r

e Dbiggest of KL/r with respect to x axes and y
axis

3. find F, from Table 10.1 or 10.2
e pp. 361 -364

4. ComDUte Pallowable — Fa’A
e orfindf = P/A

actual —
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Procedure for Design (cont’d)

O. iS P —<Pallowable? (Or iS 1:actual —<Fa?)
e Yyes: ok

* no: pick a bigger section and go back to step
2.

6. check design efficiency

[
percentage of stress = actud ’ 100 %

allowable

If between 90-100%: good

If <90%: pick a smaller section and go back
to step 2.
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Column Charts

Table C-50
Allowable Stress
For Compression Members of 50-ksi Specified Yield Stress Steel®

3 ki Ki F, 7 3 Ki

r r (ksi) r (ksi) r

29.94 41 81 121 10.20 161
42 82 122 10.03 162
83 123 9.87 163
84 124 8.71 164
a5 125 9.56 185

86 126 9.41 166
87 127 8.26
88 128 8.11 168
89 129 8.97 169
90 130 8.84

91 131 8.70
92 132
93 133
84 134
85 135

96

- l=

20.80

DOO~Nm OaWh —=

& GLBRL 88555 &1d
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Column Charts

COLUMNS
W shapes

Allowable axial loads in kips

w8

yect to least radius of gyration r,

Column Design 11 Architectural Structures | S2008abn
Lecture 24 ENDS 231




Wood Columns

e slenderness ratio = L/d

—d; = smaller dimension
— 1./d <50 (max)

min

P

== <F'
f.==<F,

r . .
—where F isthe allowable compressive

C

strength parallel to the grain
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Allowable Wood Stress

 wher ¢ (CoXCuNEXCC

F.= compressive strength
parallel to grain

Cp = load duration factor

C, = wet service factor
(1.0 dry)

C, = temperature factor
Ce = size factor

C, = column stability factor ~ (Table 10.3)

Column Design 13 Architectural Structures | S2008abn
Lecture 24 ENDS 231




Strength Factors

e Wood properties and Ioad duration, Cg,

— short duration
* higher loads

— normal duration
« > 10 years
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— combination curve - tables

F/=FC, =

C
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C, Charts — Appendix A, Table 14

Column Stability Factor Cﬁ
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Column Charts — Appendix A, 12 & 13

Table 12 Allowable Column Loads—Selected Species/Sizes. (Continued)

Eff. | ] Bx# A=T125 Bx12

Col. (Hd)sq | Fee FeelFc Cp Felpsi)| Pa (k) Pa

Len(ft) | Norm | Snow | Normm | Snow | Norm | Snow | Norm | 7 (1 Snow | Norm
! — o - I-

19.2 3eH.64 | 130208 E 1.30 1.13 | 7315 3 841 43.5 n 599 66.7
1208 | 43264 [ 110947 | 111 | 096 | 7258 | 6767 | 726 | 778 | 40.8 | 438 554 | 626
14 [224 | 50176 | 956.63| 096 | 0.83 | 6767 | 6235 | 677 | 717 | 38.1 3 [ 482 511 | 584
15 |2400| 57600 | 83333 | 0.83 | 072 | 6235 | 5694 | 624 | 655 | 351 | 368 | 444 | 467 | 538
16 |25.60| 65536 | 73242| 073 | 0.64 | 5747 | 5244 | 575 | 603 | 323 | ' 430 | 496
17 |2720] 739.84 | 64879 0.65 | 0.56 | 5303 | 4744 516 | 29.8 378 | 389 | 457
18 ;Eﬁ.ﬁq"_ 82044 | 57870 058 | 050 | 4873 | 4336 499 | 27.4 37| 355 | 420
19 30.40 924.16 519.539 0.52 0.45 A47H i 457 25.2 5. 31, 326 38.6
20 |32.00] 102400 | 46875 | 047 | 041 | 4122 [ 3673 422 | 232 | 23. 4| 301 | 356
3360 112896 | 42517 043 | 037 | 3826 | 3360 | 383 | 386 | 215 | 217 | 27.3| 275 | 33.0|
35.20 | 1239.04 38740 0.39 U'.,_i-;” -":5|S -.:_-"r'llﬁ 5 359 19.8 . 5. 255 30.3

36.80 | 135424 | 35444 | 035 | 031 | 3199 | 2869 330 | 180 6 | 28| 235 | 76

38.40| 147456 | 32552 | 033 | 0.28 | 3035 | 2615 301 | 17.1 9 | 216] 214 | 262|

40.00 | 160000 300000 | 0.30 026 | 2785 | 2442 281 IE.?J‘ . | 200 240

4160 173056 | 277.37 | 0.28 | 0.24 | 2615 | 2267 261 | 147 | 14 186 | 226
4320| 186624 | 257.20 | 026 | 0.22 | 2442 | 2090 | 240 | 137 | 13. 171 | 211
44,80 | 2007.04 23916 | 024 0.21 2267 2000 | 227 230 | l:”& E . 164 19.6
4640| 215296 | 22295| 022 | 0.19 | 2090 | 1819 | 209 | 209 | 118 | 118 149 | 180
48001 230406120833 | 021 [ 048 [ 2000 [ 1728 [ 200 [ 199 [ 13| m2 | 142 | 173
[DF-L No.1 (P&T) | N\ Fe=1000 E=16|

[DF-L No.1 & BtDimLum| ) Fe= 1500 E=18
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Procedure for Analysis

1. calculate L /d;,
2. obtain F

— compute FCE:

K E

2
e K,=0.3 sawn (L% )

« K.=0.418 glu-lam
3. compute F, ~F_C,
4. calculate F ¢/F;" and get C, (table 14)
5. calculate F/=F, C,
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Procedure for Analysis (cont’d)

e orfindf,,, =P/A

7. iS P —<Pallowable? (OI’ factual <F ,c’?)
e yes: OK

 no: overstressed & no good
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Procedure for Design

1. guess a size (pick a section)
2. calculate L /d

min KcEE

3. obtain F', £z =

L /Y
— compute (4)

e K.=0.3 sawn
 K.=0.418 glu-lam

4. compute F, ~F_Cp
5. calculate F¢/F." and get C, (table 14)
6. calculate F/=F, C,

Column Design 19 Architectural Structures | S2008abn
Lecture 24 ENDS 231




Procedure for Design (cont’d)

e orfindf,,, =P/A

7. iS P —<Pallowable? (OI’ factual <F ,c’?)
e yes: OK

 no: pick a bigger section and go back to step 2.
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LRFD design
e |Imit states for failure PM 3¢an

¢c — 085 I)n — F;rAg
1. yielding

A, <1.5 ; Kl [F, L%
c T = I

2. buckling 7z
A.>1.5

. — column slenderness parameter
A, - gross area
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Compact Sections

e flanges continuously connected to the
web or webs and width-thickness
rations < limiting values

— no local buckling of flange or web

—for A, <15  F, (o 658"
0.877

—for 4. >1.5 F,
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Column Charts

Fy=50 ksi Table 4-2 (cont.).

| 6Py = 0.85Fpr Ag W-Shapes
Design Strength in Axial

| Compression, ¢.FP,, kips

ius of gyration ry

H

ol

N
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