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6. Steel Column Analysis

For the given axially loaded steel \W-section, determine
the maximum floor live load capacity, P LL. Assume the
column is pinned top and bottom: K = 1.0, and there is
no intermediate bracing. Use AISC-LRFD steel

equations to determine phi Pn and the load. E = 29000
ksi.

DATASET: 1

W-section

Fy

Span A

Span B

Height L

Floor Dead Load

HW - Steel Column Analysis

Given:

Pinned top and bottom (Le=L)
No bracing
Member size

Goal:
Floor Live Capacity?

1. Calculate slenderness ratios. Lc/rx and Lc/ry, Lc=KL
The largest ratio governs.

2. Check the slenderness ratio against the upper limit of
200 (recommended)

3. Calculate transition slenderness 4.71,/E/Fy and
determine column type (short or long)

F
F,= [0.6585}1:),
4. Calculate Fcr based on slenderness Short

5. Determine gPn and F,, = 0.877F, Long
Compute allowable capacity:
Pn=Fcr*Ag Pu=gPn
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6. Steel Column Analysis

For the given axially loaded steel \W-section, determine
the maximum floor live load capacity, P LL. Assume the
column is pinned top and bottom: K = 1.0, and there is
no intermediate bracing. Use AISC-LRFD steel

equations to determine phi Pn and the load. E = 29000
ksi.

DATASET: 1
W-section

Fy

Span A

Span B

Height L

Floor Dead Load

1. Total unfactored floor dead load on the column

P_DL= DL *SpanA* SpanB = 42*36*34/1000 = 51.408 Kips

2. Controlling Slenderness ratio

Slenderness Ratio = KL/r

1-28

DIMENSIONS AND PROPERTIES DIMENSIONS AND PROPERTIES 1-29
- Eh—lk —
T Table 1-1 (continued) Table 1-1 (continued)
o I'x— —x |7 W-Shapes W-Shapes
ﬁ': Dimensions Properties
L—"L.J_h W8-W4
- Web Flange Distance Compact Torsional
) Dmn‘. Thickness, | ¢, | Width, | Thickness, k |7 Vrk- tom-| Section Axis X-X Axis Y-Y v | n, | Properties
Sheon tw | 2| B DI e e o il T Y I 2 U T 4 |l
in? | in. in.__| in. in. in. [ in. | in. [ in. | in [wt] 2t | t [ int | ind [in [ in® [ int [ind | in | ind | in [ in | it | in®
Wex67 [ 19.7 [ 000 0 [0.570] e | She | 8.28]8V4 |0.935] | 1.33 [1% | 'She| 5% | 5V 67 | 443111 | 272 | 604|372 701 | 886|214 [212 | 327 [243 [ 807 505 | 1440
x58 | 17.1 | 875 8%0.510) Yo | Vs | 822{8% |0810| s 1.20 [1% | U 58 | 507124 | 228 | 520 | 365 508 | 751|183 210 | 27.9 |239 | 794 333 | 1180
x48 | 141 | 850 8Y%[0.400) s | Yis | 8.11(8% |0.685| "is|1.08 |1 | e 48 | 592|159 | 184 | 432 |361| 490 | 609 | 150|208 | 229 |235 | 7.82| 196 | 93
x40 | 117 | 825 84/0.360) Y5 | Y | 8.078% |0.560| % [0.954/1% | e 40 | 721176 | 146 | 355|353 308 | 491|122 [204 | 185 |231 | 760 112 | 726
103 | 812( 8Y%(0.310 %6 | Yio | 8028 [0.495| Vo |0.888| 1% | s 35 | 810205 | 127 | 312 347 | 426 | 106 |203 | 161 |228 | 7.63| 0769 | 619
9.13) 800 8 |0.285( % | Yis | 800[8  [0.435| 7o |0.829|1% | % 31 | at9l223 | 110 | 275 304 | 371 9.27 141 |226 | 7.57| 05% | 530
W8x28 | 825 806 8 [0.285 % | Yis | 6.54|6% |0.465| e |0.859) " e |6%| 4 28 | 703223 | 980 243|345 272 | 217 | 663162 | 101 |184 | 760 0537 | 312
x24 | 7.08 798| 776|0.245 s | Ys | 650(6% |0400| % |0.794 s | % 6| 4 24 | 812259 | 827 209|342 231 | 183 | 563[161 | 857|181 | 7.53| 0346 | 250

rx=3.47>ry=2.02
KL/ry>KL/rx
Controlling Slenderness ratio= KL/ry = 1*15*12/2.02 = 89.11



Analysis of Steel Columns Analysis of Steel Columns - LRFD

Euler equation:

AISC Equation E3-2

al
i) (inelastic buckling)

AISC Equation E3-2

- (inelastic buckling)

Point of tangency of curves

Fail by material crushing
Plastic behavior

AISC Equation E3-3
(elastic buckling)

Point of tangency of curves

F,, flexural buckling stress

AISC Equation E3-3
(clastic buckling)

F,, flexural buckling stress

|
|
=

Transition £Z between equations

Crush partially and then buckle (14tor 7, £ 34113 o = 0k ) : short

Inelastic behavior
Local buckling — flange or web Transition
Flexural torsional buckling - twisting r = Slendernéss

short intermediate  long

Fail in Euler buckling :
Elastic behavior Long Columns:

(e = 0.90)




6. Steel Column Analysis

3. Transition slenderness value

For the given axially loaded steel \W-section, determine
the maximum floor live load capacity, P LL. Assume the
column is pinned top and bottom: K = 1.0, and there is

no intermediate bracing. Use AISC-LRFD steel 4 71 /E/F =471* \/29000/50 = 113.4

equations to determine phi Pn and the load. E = 29000

ksi. Point of tangency of curves
‘\8@\14\ ' / AISC Bquation E3-3
> Controlling Slenderness ratio= 89: ! wﬁ‘mg)

DATASET: 1

AISC Equation E3-2
T (inelastic buckling)

tress

(@S]
ing s

flexural buckl

F,

BAO s
S h 0 rt COI U m n Transifion % between equations
Controlling Slenderness ratio=89.11 e
il 4 EUIer Stress’ Fe slenderness value=113.43
Floor Dead Load
m’E

= TR = 12*29000/89.11% = 36.04 ksi

5. Critical stress, Fcr E
iz = OGO |5 Short & Intermediate
F

F, = | 0658 |F,

F, = 0877F, Long
= 0.658%(50/36.04)*50

= 27.976 ksi




6. Sieel Coldrmin Anialss 6. Nominalstrength,Pn T

ki gk
= |
For the given axially loaded steel W-section, determine Y Table 1-1 (continued)
the maximum floor live load capacity, P LL. Assume the ¢ X—f—x |r W—Shapes
column is pinned top and bottom: K = 1.0, and there is - * — * — i ty—— . :
R jiate bracing. Use AISC-LRFD steel Pn= Fcr Ag 27.97679.13 = 255.42 klpS ] Dimensions
equations to determine phi Pn and the load. E = 29000 o
ksi. Web Flange Distance
Shape ":" D'f,"" Thickness, Width, | Thickness, | K s i P
tw by i Kaes | Koot i Gage
in.? in. in, in. in. in. | in. | in. |in. | in

8.28|8"s |0.935| '%hs|1.33 |1% | "S/s| 5%
8.22(8% |0.810 "¥16[1.20 |12 | e l

W8x67 | 19.7 | 9.00| 9 |0.570| %hs

DATASET: 1 x| 171 | 875 #0s10] 12

Wisection 7. Factored Nominal Strength, phi Pn @ s

Fy [ar [ amaaod| s |azss o

Span A Wex28 | 825 8.6 B |0.285) %
. =24 7.08( 7.93] 77/s{0.245| s

e Pu = gPn = 0.9*255.42 = 229.878 kips

Height L

Floor Dead Load

a
=

8.11|8"s |0.685| "hs|1.08 |1% | e
B.07|8Ys [0.560| % |0.954|1% | "3
8.02|8 0495 "2 |0.889|1%. | "
8.00(8 0.435| 7he [0.829|1%s | ¥a

6.54|6'2 |0.465| "he |0.859] "id ¥s |6V
6.50|6'2 [0.400| ¥s [0.794| s | % | 6Ys

S greegels g
> - O - > -

R N

8. UnFactored Live Load on column LRFD Analysis
(actu al total L L) Load & Resistance Factored Design (LRFD)

Use forces with strength factor ¢

Pu=gPn=12P DL+1.6 P_LL T

applied I)load < Presisling I)resisting = ¢ ) Pmater ial

Design Strength Pu < (I) P}'l Required (Nominal) Strength

P_LL=(229.878-1.251.408) /1.6 = 105.118 kips

2.3 LOAD COMBINATIONS FOR STRENGTH DESIGN

. 14D
[2. 12D+ 1.6L + 0.5(L, or S or R)|

. 12D+ 1.6(L, or S or R)+(L or 0.5W)

. 12D+ 1.0W+L+05(L, or Sor R)

. 09D + 1.0W

9.Actual unfactored floor live load PSF

LL = P_LL/ (SpanA * SpanB) = 105.118/(36*34) * 1000 = 85.88 PSF




Any Questions?

yifanma@umich.edu

Thank You!
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