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Office Hours

— Office Hours
— Day: Fridays, 12:00 PM - 1:00 PM
— Location Options:
- In-person meetings: [2223B]
- Virtual meetings via Zoom
Please make sure to sign up at least 24 hours in advance to allow for proper scheduling via this link:

https://docs.google.com/forms/d/e/1FAIpQLSdOb4gAc6SoCdsMAZP4zKrn3ecPyGt6dwVahVcOD3EqXGG-0A /viewform?usp=dialog

If the slots are fully booked or if you have a time conflict, please email me directly to find an alternative time (arfazel@umich.edu)



https://docs.google.com/forms/d/e/1FAIpQLSdOb4gAc6SoCdsMAZP4zKrn3ecPyGt6dwVahVcOD3EqXGG-oA/viewform?usp=dialog
mailto:arfazel@umich.edu
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Steel Column Analysis

Leonhard Euler (1707 - 1783) Analysis of Steel Columns

Euler Buckling (elastic buckling)

[ ShOl't CO|UmnS _g." AISC Equation E3-2
s . . . = (inelastic buckling)
B m?AE  m?IE r= 1 Fail by material crushing
cr = = P|aSt| c behavi or ‘_‘ Point of tangency of curves
(KL) 2 (KL) 2 _E AISC Equation E3-3
T‘ ;j : (elastic buckling)
[ = Ar? ) - i
Intermediate columns T T
Crush partially and then buckle (134 1or F, £ 3645, 1 o F = 0k tc)
— A= Cross sectional area (in?) At E 'Fand 7 Inelastic behavior
_ - e : : portrait by Emanuel Handmann, )
E Mgdulus of elasticity of the material (Ib/in?) Local buckllng _ flange or web slenderness ﬁ
— K = Stiffness (curvature mode) factor = I t . | buckli twisti ' - -
— L = Column length between pinned ends (in.) exural torsional buckling - ISting
—  r=radius of gyration (in.) S —
1 short intermediate  long
2E P Long columns
f, =——<F ¥ Fail in Euler buckling
cr 2 — T er . . "
KL Elastic behavior Transition E
47
- Slenderness F,
r
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Steel Column Analysis

Analysis of Steel Columns

Analysis of Steel Columns
pass / fail by LRFD
_ _ TABLE C-A-7.1 Data:
Estimate of K: Approximate Values of Effective +  Column — size, length
Length Factor, K + Support conditions
) ® © @ ) 0 * Material properties — F,
! IR - Factored load - P,
g b?—‘ ] 'T" zs.yu I? /] ?
y ; I \ | ’,’ i | Required:
/ / . <
Buckled shape of / |‘ // \\ // | "' Pu =9 Pn (paSS)
column is shown by I | / | ] | ]
dashed line “ l\ \\ // 'l /' J /
E \ / AN / 1. Calculate slenderness ratios: L./r, and L./r, (L. =KL)
\ ,z,&l, | ¥ The largest ratio governs.
} ”rf" ”T” ”f" I ’T’ f '“4?' 2. Check slenderness ratio against upper limit of 200 (recommended)
L T 10 10 20 | 20 3. Calculate transition slenderness 4.71,/E /Fy
lecommen esign | o .
e whon o [ WOR 3 5 a1 | 20 and determine column type (short or long) F =|o 658% P
| e 4. Calculate F based on slenderness “ ' ¥ Shor
“¥“ Rotation fixed and translation fixed
49 poeation res and ansiaton ied 5. Determine @P,, and compare to P,
End condition code Al ‘ P = F A ¢ = 09
4 Rotation fixed and translation free n cr g _
Rotation free and translation free 6 If Pu é @ Pn % then OK FC’ - 0'877Fe Long
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Steel Column Design

- DESIGN OF COMPRESSION MEMBERS Steel Connections

Table 4-1a (continued) Shop vs. Field Connections
Available Strength in

Axial Compression, kips
W-Shapes

Design of Steel Columns
with AISC Strength Tables

Fy = 50 ksi

Shop Connections:

Data:

!
Stage . WE

T o A | (] o ] o [ ] [ | ¢ Welding preferably performed in the shop as
: Column —length — s 0 i opposez F’:o the fie\lldpdue to controlled en5ironment
. Support conditions . s
. Material properties — Fy E E * Members can be positioned for more economical
. Applied design load - Pu , i = welding (welding upside down is difficult)

i !% * Welding may have an equipment advantage in the
Required: i S shop
. Column Size E * Shops use both welding and bolting

f . .
1. Enter table with height, KL = Lc § Field Connections:
2 Read allowable load for each section to * Bolting easily performed in the field and generally preferred

find the smallest adequate size. when possible

3. Tables assume weak axis buckling. If

* Bolting provides a method to erect the members

the strong axis controls the length and peleata e crane ook quickly

must be divided by the ratio rx/ry
4. Values stop in table (black line) at
slenderness limit, KL/r = 200

AsRcs TITUTE OF STERL CossTRucTioss
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Connections

Tension Connection — Angle Failure example Steel Frame Construction

Tensile Yielding i "'\ %r

Tensile Rupture

Block Shear

Bearing and Tearout at Bolt Holes
Bolt Shear

Bearing and Tearout at Bolt Holes
Block Shear

Tensile Rupture

Tensile Yielding

0. Tension Rupture in Weld

ICENOOA WS

gusset plate

single angle bracing member

4
OOO\ —

University of Michigan — North Quad
bolts

weld

S AL
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Steel Frame Construction

Branching Columns (tree columns) Branching Columns (tree columns)
Frei Otto

Stuttgart Airport Terminal,
Gerkan, Marg und Partner
Schlaich, Bergermann und Partner

Kocommas, I\iajilis al Shura :%Lf‘-

= S lali
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Problem Set 05

5. Steel Beam Design

Choose the lightest steel W-section to support the
applied dead and live floor loads on Beam B1. Choose a
steel W-section from AISC Table 3-2 (posted on
Canvas). For the selection of the beam, neglect
selfweight (for loads marked with *). After selecting the
lightest section from Table 3-2, revise the DL to include
the beam selfweight. Check that the final Mu including
selfweight is less than the beam strength, phi Mn.
Assume the beam is fully braced, Lb < Lp.

DATASET: 1

Fy 50 KSlI
Span A 27T FT
Span B 14 FT
Floor Dead Load 19 PSF
Floor Live Load 90 PSF

|~SPAN BSPAN B«‘
O—-10—0

R1--—-—-—




Problem Set 05

#Q1: The unfactored floor dead load on
beam B1 (neglecting selfweight), w_DL*

5. Steel Beam Design

Choose the lightest steel W-section to support the
applied dead and live floor loads on Beam B1. Choose a
steel W-section from AISC Table 3-2 (posted on
Canvas). For the selection of the beam, neglect
selfweight (for loads marked with *). After selecting the
lightest section from Table 3-2, revise the DL to include
the beam selfweight. Check that the final Mu including
selfweight is less than the beam strength. phi Mn.
Assume the beam is fully braced, Lb < Lp.

DATASET: 1

Fy 50 KSI
Span A 27T FT
Span B 14 FT
Floor Dead Load 19 PSF
Floor Live Load 90 PSF




Problem Set 05

#Q2: The unfactored floor live load on
the beam, w_LL

5. Steel Beam Design

Choose the lightest steel W-section to support the
applied dead and live floor loads on Beam B1. Choose a
steel W-section from AISC Table 3-2 (posted on
Canvas). For the selection of the beam, neglect
selfweight (for loads marked with *). After selecting the
lightest section from Table 3-2, revise the DL to include
the beam selfweight. Check that the final Mu including
selfweight is less than the beam strength. phi Mn.
Assume the beam is fully braced, Lb < Lp.

DATASET: 1

Fy 50 KSI
Span A 27T FT
Span B 14 FT
Floor Dead Load 19 PSF
Floor Live Load 90 PSF




Problem Set 05

#Q3: The total factored design load on
the beam (neglecting selfweight), wu*

5. Steel Beam Design

Choose the lightest steel W-section to support the
applied dead and live floor loads on Beam B1. Choose a
steel W-section from AISC Table 3-2 (posted on
Canvas). For the selection of the beam, neglect
selfweight (for loads marked with *). After selecting the
lightest section from Table 3-2, revise the DL to include
the beam selfweight. Check that the final Mu including
selfweight is less than the beam strength. phi Mn.
Assume the beam is fully braced, Lb < Lp.

DATASET: 1

Fy 50 KSI
Span A 27 FT
Span B 14 FT
Floor Dead Load 19 PSF
Floor Live Load 90 PSF

Procedure - Analysis of Steel Beams — for Zone 1 L, <L,

Pass/Fail

Given: yield stress, steel section, loading, bracing (L)
Find: pass/fail of section

1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD

. Calculate the factored design load w,
w, = 1.2wp + 1.6w

. Determine the design moment M,,.
M, will be the maximum beam
moment using the factored loads

. Insure that L, <L, (zone 1)
L,=1.76r,/E/Fy

. Determine the nominal moment, Mn
M, =F, Z, (look up Z, for section)

. Factor the nominal moment
oM, =0.90 M,

. Check that M, < sM,
. Check shear
. Check deflection

University of Michigan, TCAUP Structures Il

Plastic failure at Mp | Inelastic buckling

:—»
{ Elastic buckling - LTB
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w = 2.33 KLF

A

v

R1 27 FT R2

W,.L*> 233 (27)?

3 =212.79K — FT

M, =

8
12 IN
oM, =M,, =09 xM,, =212.79 »> M,, = 23641 K — FT X = 2837.268 K — IN

1FT




Problem Set 05

#Q6: The plastic modulus of the section
(neglecting selfweight), Zx*

#Q7: The nominal depth of the lightest
passing W-section from Zx table (include
selfweight)

DATASET: 1

Fy 50 KsSI
Span A 27 FT
Span B 14 FT
Floor Dead Load 19 PSF
Floor Live Load 90 PSF

Example - Design of Steel Beam

3. Determine Z, required (assume zone 1)
Mn=F,

4. Select the lightest beam with a Z, greater
than the Z, required from AISC table

Mo 247‘500 #2475 ver
M by, <205 261

Ny 275w (u_z_‘)
R * gt et

Zoess® 6o w®
Seeer WOIBDEG
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DESIGN OF FLEXURAL MEMBERS

Table 3-2 (continued)
W-Shapes
Selection by Zx

.nm-mm ps m R

I_—_—_—_—.I._—I-'

* Shape exceeds compact limit for flexure with F, = 50 ksi.
¥ Shape does not meet the h/t limit for shear in AISC Specification Section G2.1(a) with £, = 50 Ksi;
therefore, ¢, = 0.90 and ©, = 1.67.




PrOblem S et O 5 Table 1-1 (continu le 1-1 (continued)
W-Shapes W-Shapes

Dimensions Properties

w21-W18

#Q8: The weight of the lightest passing W- e ———
l ] mﬂﬂnnnriin

8.7

section from Zx table

#Q9: The plastic modulus of the section for
the chosen section, Zx




Wp = Wp. + W (beam self weight) = 266 + 35 = 301 PLF

W, =12Wp, + 1.6 W = 1.2(301) + 1.6(1260) = 2377.2 PLF = 2.3772 KLF




W,L?> 2377 (27)? 12 IN
= =216.62 K — FT x

3 3 TFT = 2599.44 K — IN

M, =

oM, = 0.9(F, x Z,) = 0.9(50 X 66.5) = 2992.5 K — IN

Note: For Q14,we are asked to findeM,, of the beam we have selected, not what we calculated in design




Lab04

Structures Il Nemetl COLUMNS
Arch 324 Neme2 W SHAPES W shapes
Name 3 Dimensions Design axial strength in kips (¢ = 0.85)

Steel Columns

Description i W8

This project gives the opportunity to identify steel sections and determine their properties
and strength using the AISC tables.

Goals [ 36 [ 50| 3 [50 | 36 [50 | 3 [s0 [ 3 [50 | a6 [ o)

To identify a steel section based on dimensions.
To determine the sectional properties using AISC table
To determine the load capacity based on AISC column table.
Procedure
1. Measure the steel column section shown below. (your GSI will tell you which one)
2. Based on the sectional dimensions find the shape in the steel table.
3. Use the column table and the given height to find the load capacity. Both columns
are A-36 steel (Fy = 36 ksi).
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Puo (Kips)
P, (kips/in.)
Pus (Kips)
Pp, (Kips)
Lo (ft)
L ()

3 A(in?)
L=15ft. - 4in. L=13ft. 4in. ke (in%)
Iy (in)
1 (in)
: Section: W___x Design Strength kips Ratio r,/1,
1

.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION




Lab04

— Group work instructions
Please form groups of 2 to 4 students.
Please do not forget to write all group members' names on both sheets.
Return the completed sheets to me at the end of the session.
Please ensure that you attend the recitation sessions.

If you are unable to attend a session, send me an email so that we can discuss how to proceed. Fmail: arfazel@umich.edu
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