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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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Structural Continuity

Continuous Beams Simple vs. Continuous Beams . CONTINGOUS BEAM- THREE EQUALSPANS 0N END SPAN UNLORDED
1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD A L 1B 1 _I_C__J e
i . PR Ra =0.383wl Re = 120wl Re = 0.450 wi +
» Continuous over one or more supports = T . U e - it o581t ol Ro=—t03ul
i ithi T REE e S s s tT SHEAR 0.617 wl 0.417 sl 0.033 i
— Most common in monolithic concrete " E o v amaniee —e(d-0) ‘ P
1 1 —u.
— Steel: continuous or with moment e | S T | Uy OBl AN HO05M | —0.033 ul
. N N L 1] M P MOMENT | L e el |
connections ) . E:TY 05831 | ‘ |
. [ ‘ il o (‘“‘""" ) """ E 4 Max. (0.430 I from A) = 0.0089 wi*/E1
— Wood: as continuous beams, ! - e T RP———
. Wpmeny 35. CONTINUOUS BEAM-—THREE EQUAL SPANS—END SPANS LOADED
affected long Glulam spans two spans - simply supported wl P S—
i i i = Simple Beam Al 118 ¢ JC 1 D
» Statically indeterminate P Ram040ul  Ros 050wl  Ro=050wl gyl g4s0ul
— Cannot be solved by the three o — End moments =0 el TR ‘”’| loas0t
. . _ =wl 2/8 = 2 s
equations of statics alone ) —T‘—— ——— Mmax at C.L = wL®/8 = 0.125wL. ‘ 01013 et S0eBet 01013 el |
— Internal forces (shear & moment) as | ‘ Continuous Beam momenT [T e
L] [P b
well as reactions are affected by ) - A Max. (0473 Trom & or D) = 8,009 wit/E1
two spans - continuous — Exterior end moments = 0
movement or settlement of the Interior support moments are 3. CONTINUOUS BEAM—THREE EQUAL SPANS—ALL SPANS \’_OADED
- wl wl w
supports i N 51 R b
usually negative . L‘Emd _ ni’i.mm R:’I;um —
— Mid-span moments are usually S:Elzjﬁwl T 0400wl
positive —0.100 wlt —0.100 ui
+0.080 wi? | +0.025 wl?_ A +0.080 wl
MOMENT | o aoc17 Losoo st | o]
MNote: moments shown reversed = e =
4 Max. (0.886 [ from A or D) = 0.0068 wi*/EI
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Structural Continuity

MAXIMUM VALUES: SLOPE, DEFLECTION, AND BENDING MOMENT
TE: VALUES OF SLOPE AND DEFLECTION TO BE PIVIDED BY "EI”
Slope Method Kt

Deflection Method “ -
. - : w=2 o Q_E+
Two continuous, symmetric spans ; o\ nhp  Paeem ﬂ,"a{, L sore-Fllh

* Symmetric Load b R PL¥g «periecrion perecrion-PLY
. Slope equations: hd
A B ElIA=0 c Wiz
Procedure: 2
W Wifg wil L il
Y24 24 v
3 sy, tw 8
1. Remove the center support and calculate Y M = —[E[@l + E[@n] :

the center deflection for each load case as - =\ LI + L, 2 2uitfs -
a simple span. Tt IQC,___-—’ - o T sy, C z V4
4

o N3
2. Remove the applied loads and replace the L) TW /éo

center support. Set the deflection equation El= 52 Wify
for this case (center point load) equal to M C LS Wi
the deflection from step 1. Ml wig, W ay, Lt m/afm
______ - 3w w I
3. Solve the resulting equation for the center L e I ““““““ . l 3 ? M 20
reaction force. (upward point load) = \k ==Y =2 s & us P us s Pl 23
4. Calculate the remaining two end reactions. T Elfe= i—;’ f [ TD rg P2 py sn%, 2P/q 4P,
= PL
5. Draw shear and moment diagrams as B=pP " n P iss 5
usual. /L.' /L Liy Plfa P% Pt,u Lig 3L/
2 PL 2, 3P
EIA, + EIA, =0 T o || T e
1 2 HPLAM
University of Michigan, TCAUP Structures I Slide 6of 16
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tructural Continuity

CHAPTER EIGHT

FIGURE 8.1 Continuous versus simple beams and typical types of continuous beams
[ ]
om0 T oy oy U
[ I I

Continuous Structures: Beams

FIGURE 8.14 U:
consti n. Creatin

ofa

(a) Loading

(b) Moment diagram

(a) Typical continuous beam structures
1
|_| (c) Use of construction joints (typically [ [ 9 ol O ]
pinned connections) at each point . ‘ - ‘ Ay L
Simple beams. A load on any one span causes curvatures ~ Continuous beam. A load on any one span causes of inflection. The resultant structure | ‘ |
and bending moments to develop in that span alone. No curvatures and bending moments to develop in all is unstable when partially loaded. ! !
other span is affected. The only part of the total assembly ~ spans. Consequently, all spans share in carrying the load Rigid construction joints capable
playing a role in carrying the load is the member directly on any one span. Member sizes can be smaller than those of carrying some moment could
beneath the load. in a simply supported system because comparable design 'c’;huse# fo a‘:h'e‘ﬁ :‘a""t"y'
moments are smaller and rigidity greater. OfIg0, 0.2 0 Jptiona
gidity g shown must be adopted.
[ O ]
|_| |_| (d) Use of construction joints in end span e o =
only. The resultant configuration is ‘ ‘
. tabl loading. The joint:
Simple beams. Each beam deflects independently. Continuous beams. Reverse curvatures are common. faz.x.:‘ing:;;::ct?:: I??\e c:nltzlrn s‘;an
The s‘ysterﬁ is typically stiffer (deflections are less) would be put in place followed by the Fi Q
than in a simply supported system. end spans. v
(b) General behavior of continuous beam structures
(e) Use of construction in middie
span. Again, the resultant structure
ads . an in o - fate Sbrlc is stable under any loading. The end [ ) ] ]
ads a sma 2 parabl 2 S.
lg ads are often maller than }n comparable determin lt.e structures. Thus, {1\1e.mber S woukd be patin place fir e — — —
sizes can often be reduced. Smaller amounts of material also are more efficiently followed by the middle span
used. Disadvantages in structures of this type include their sensitivity to support set-
tlements and thermal effects. Support settlements, for example, can cause undesirable
bending moments to develop in continuous beams over several supports, while not

necessarily affecting a comparable series of simply supported beams.

Use of construction joints in middle
span is coupled with shaping of structure
to reflect moments present.




Problem Set 06

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 W8X31

Fy 36 KSI
Span A 32FT
Span B 30FT
Height L 17FT
Floor Dead Load 39 PSF




Problem Set 06

#Q1: Total unfactored floor dead load on the column

6. Steel Column Analysis

For the given axiallv 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 W8X31

Fy 36 KSI
Span A 32FT
Span B 30FT
Height L 17FT
Floor Dead Load 39 PSF




Problem Set 06

#Q2: Controlling slenderness ratio

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
LETH

DATASET: 1

W-section W8X31

Fy 36 KSI
Span A 32FT
Span B 30FT
Height L 17FT
Floor Dead Load 39 PSF

DIMENSIONS AND PROPERTIES

Table 1-1 (continued)
W-Shapes

Dimensions

DIMENSIONS AND PROPERTIES

Table 1-1 (continued)
W-Shapes
Properties




Problem Set 06
#Q3: Transition slenderness value, 4.71(E/Fy)*.5 Analysis of Steel Columns

Short columns
Fail by material crushing

For the given axially loaded steel W-section, determine Plastic behavior
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

_— AISC Equation E3-2
e (inelastic buckling)

6. Steel Column Analysis

Point of tangency of curves

MNexural buckling stress

. AISC Equation E3-3
" [elastic buckling)

FJ

equations to determine phi Pn and the load. E = 29000 Intermediate columns ST :

Sk Crush partially and then buckle (10 £, £ 360 113 £y 0K )
Inelastic behavior

Floxural orsional bugkling - twistin

W-section W8x31 g 9

Fy 36KSI

Span A 32FT i short intermediate  long

Span B 30FT Long columns

Height L 17FT Fail in Euler buckling

Floor Dead Load 39 PSF

Elastic behavior Transition
Slenderness

University of Michigan, TCAUP Structures Il Slide 4 of 20



Problem Set 06

#Q4: Euler stress, Fe
#Q5: Critical stress, Fcr

DATASET: 1

W-section W8X31

Fy 36 KSI
Span A 32FT
Span B 30FT
Height L 17FT
Floor Dead Load 39 PSF

| Short & Intermediate Columns:

F, = 1:0.658?:}7),

Equation E3-2

Long Columns:
F. = 0877F,

Equation E3-3

University of Michigan, TCAUP

Point of tangency of curves

. AISC Equation E3-3
" (elastic buckling)

F, Mlexizral buckling siress

- Transition XL between equations

(134 for F_.-r-.‘ﬁhi.ll.‘k-l Fy= 30 ksi, eic.)
short I long
Transition | E
Slenderness ah F,
Pn = FCF'Ag

‘nbcP n= (;ch crAg
(¢ = 0.90)




Problem Set 06

#Q6: Nominal strength, Pn
#Q7: Factored nominal strength, phi Pn

DATASET: 1

W-section W8X31

Fy 36 KSI
Span A 32FT
Span B 30FT
Height L 17FT
Floor Dead Load 39 PSF

Analysis of Steel Columns -

Euler equation:

Short & Intermediate Columns:

F
= [0.658Ff:|Fy

Equation E3-2

Long Columns:
F. = 0877F,

Equation E3-3

LRFD

__— AISC Equation E32
< (inelastic bockting)

Poiat of tangency of curves
P

SC Equation E33
P

F., fiexural buckling siress

*Transition XL between

(34 for F, = \ew IU'DIF S0ksi, etc)
short l long
Transition / E
Slenderness 42 F;

B, = F,A,
¢Pn = ¢ F crAg
(¢ = 0.90)

Table 1-1 (continued)
W-Shapes

Dimensions

|A e
rea, e
p Width, Thu:kness, 7 V:%::'
b | Ko | |

1516(1.33 | 1505




Problem Set 06

#QB: UN-factored live load on column (aCtual total LL) Procedure - AnaIys.is of Steel Beams — for Zone 1 L, <L,
#Q9: Actual unfactored floor live load Pass/Fail

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

1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD
DATASET: 1 : i Yol Squv. UnkormLeod - . . =
W-section W8X31 . Calculate the factored design load w,, | T "

= 1

Fy 36 KSI Wy 1'2wDL * 1‘6wLL W e s wosumiee wie =v(§-%)
Span A 32FT . Determine the design moment M,. p e hoanan BE
Span B 30FT M, will be the maximum beam e (o) o et
Height L 17FT moment using the factored loads R il
Floor Dead Load 39 PSF

. Insure that L, < L, (zone 1)

L,=1.761, JE/Fy : , _

. Determine the nominal moment, Mn E B
M, =F, Z, (look up Z, for section) w i
MOMENT ' X

. Factor the nominal moment
oM, =0.90 M,

. Check that M, < gM,, Lp i3
. Check shear Ly (et gt

. Check deflection

University of Michigan, TCAUP Structures Il Slide 6 of 19
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No lab for today ;)
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