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Welcome to Recitation session 02/14
Mohsen Vatandoost h.o., m.sc., M. Arch}

mohsenv@umich.edu

Office: Room 3122
hours:

walk-ins welcome!

U U
D Click here to make an appointment
Please feel free to ask questions.
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Welcome to Recitation session 02/14

Qutline:

= Quick Recap of the week
» Provide the solution for the assignment (Homework 4)
= Answering student’s questions

= Lab: Steel beam
= Tower Project: due date is extended! Feb 16

Please feel free to ask questions.
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Recap of the week

Flitched Beams & Scab Plates

wooD WooD
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TAUBMAN COLLEGE

ARCHITECTURE & URBAN PLANNING
UNIVERSITY OF MICHIGAN




Recap of the week

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

1. Calculate the factored design load w, — ::mm"m _ ::
W = 1 2W + 1 BW - [IRRERRRRnRAn e L e E T .
u - DL b LL V& =+ & = 5 5 5 = = s = - D('—l
. _ o e, (stoenter) ... . =5F
2. Determine the design moment M. 1 TT}_J,:L —re _IH
M, will be the maximum beam i D e o (......) """ -
moment using the factored loads Tl ' e
B « s+ 4 s s o e s ow - Mr[’—h +at)

et

3. Insure that L, < L, (zone 1)
Lp =1.76 ry JE/Fy ZONE 1 , ZONE2 , ZONE3

e
4. Determine the nominal moment, Mn ~ £3 PR
M, =F, Z, (look up Z, for section) g AT M
EE MD?:;ENT
5. Factor the nominal moment 2 ’
gMn = Ugo Mn 2 Plastic Tailure at Mp Inelastic buckling « Elastic buckling - LTB
6. Check that M, < gM, Lp Lr
7. Check shear L L)

8. Check deflection
TAUBMAN COLLEGE
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Recap of the week

Procedure - Analysis of Steel Beam - Capacity

Given: yield stress, steel section, bracing
1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD

Find: moment or load capacity

e Totsl Equiv. Uniform Load . . . = w
i (i e, N MR bR & '5"(‘ )
YE & & & ¢ & s & & & &« =P '--
1. Determine the unbraced length of the ‘r'mi' i o o S
compression flange (L,). =T e e -u-n
AFan (ltﬂ“ﬂ') @ & & = L
2. Find the L, and L, values from the "ﬁ 1l s _f-&“l,_h -
AISC Z, Table 3-2 o
3. Compare L, toL,and L, and - o o TONRR:_ 5. SOARD
determine which equation for M, or gg
M, to be used. &= - FIRST YIELD
2t oo N
4. Determine the beam load equation for £ Mp
maximum moment in the beam. R
. E Plastic failure at Mp Inelastic buckling « Elastic buckling - LTB
5. Calculate load based on maximum

Lp Lr

L Laterally Unbraced Langth
b\ of Compression Flange

moment. M, = ¢, M,

TAUBMAN COLLEGE
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Recap of the week

Design of Steel Beam —Procedure (zone 1)

TAUBMAN COLLEGE
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UNIVERSITY OF MICHIGAN

. Use the maximum moment equation, and

solve for the ultimate moment, M,,.

Set oM, = M, and solve for M,

3. Assume Zone 1 to determine Z, required

5.

Select the lightest beam with a Z_greater
than the Z, required from AISC table

Determine if h/tw < 59
(case 1, most common)

Determine A,
Aw=d t,

Calculate V,;:
V,=06F,A,
Calculate Vu for the given loading
V,=w,L/2 (e.g.unif. load)
Check V,<¢ V,
¢ forV=1.0

10. Check deflection



Provide the solution for the assignment — HW4

- Problem:

4. Steel Beam Analysis

Analyze the given W-section for beam B1, to determine SPAN B SPAN B
the maximum live load capacity the floor can carry.

Determine the shear and bending forces and check the

maximum deflection against an allowable of L/180.

Assume the beam is fully braced, Lb < Lp (zone 1).

- R1 - I
DATASET: 1 - —_—
W-section W12X19 - B1) — - SPAN A
Fy 50 KSI - —
SRan 21 FT - —
Span B 14 FT

- R2 -
Floor DL 10 PSF _ v

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW3

# Question Your Response
1 The plastic modulus of the section, Zx I NG
2  The nominal bending moment, Mn I <N
3  The factored bending resistance, phi Mn I <N
SPAN B SPAN B 4  The factored design moment, Mu I <-FT
5  The total factored design load, wu I <LF
6 The total unfactored dead load on the beam, I <LF
w DL
l The total factored dead load on the beam, _ KLE
R1- wu_DL
— The factored live load on the beam, wu_LL I <LF
- The actual beam live load (capacity), w_LL I <LF
— The actual floor live load (floor capacity), LL I Fsr
B1 — SPAN A The maximum factored design beam shear force, I <
— Vu_max
- The web area, Aw I N2
T The factored shear resistance, phi Vn I <
. R2: . Y Is the section safe for shear? (1=yes, 0=no) ]
The actual (unfactored) deflection due to total DL I N
+LL
The deflection limit L/180 I N
Is the actual deflection less than the limit L/1807 T
(1=yes, 0=no)
TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

Given W-section : W12x19 - AISC, Table 1-1

1-26 DIMEMSIONS AND PROPERTIES DIMENSIONS AND PROPERTIES 1-27

e Ny = —

|
Table 1-1 (continued) Table 1-1 (continued)
W-Shapes | W-Shapes
Dimensions } Properties
W12-W1i0
..... S B I
Web [ Flange Distance |N Compact Torsional
om- i ] e Y-
|Area. | Thickness, | &, Width, | Thickness, k Waork- inal | m Ao X-X Aode Y-Y fe | s Froperties
Shape | A d by | T | able Wt | ‘ I . J
b a b ol Kotes | Koot Gage [ o | 0| s [ r]| 2 I 1 8] r ]| 2 - G
[N 0 | P A [ SN [ P O 1 . __in, i | in | im. | . | i bft| 26 | & | int | in? [in | in® | it | ind | i | in?® | in [ in | int in®
W1 2chl 17.0 (122 12003600 s | ¥ 1000 (10 (0B40| 5% |1.24 |1V [ 54| 0%e| B 58| 7821270 | 475 780 | B.2B| B854 | 107 ;21.-1 251 | 325 (281 |16 | 210 B0
53 156 [12.1 |12 {0345 3 | ¥ 100 (10 |0575 %e|1.18 |13 We| 9% | G 53| H.69)28.1 425 706 | 523 7789 | 958 | 192 | 248 | 21 |279 |15 | 158 JG6D
W1 250 146 |12.2 120,370 3% | 3he | B.08) 8% (0640 5% | 1.4 [TV | 'She| 9| 5 50| 631|268 | 39 642 | 518 719 | 563 139|196 | 21.3 (225 |11.6 1.7 1880
*45 131 121 |12 |0.335| %6 | % | 8.05|8 0.575| %6 [1.08 |13 1518 * 45| 7.00|29.6 345 .0 | 515 42 | 900 | 124 (1495 | 190 | 223 |11.5 1.26 1650
=A0 | 1.7 [11.9 12 |0.295) She | 34s | 801| 8 0515 e [1.02 |18% | T Y 40| 777|336 o7 815 | 513 570 4471 | 11.0 [ 1,94 ! 168 1221 (114 01,506 1440
WiZ35¢ | 103 (125 |121%|0.300) S | ¥he | 6.56| 6% (0520 W+ |0820{13hs | 3« [10Ve] 3V 5| 631|362 285 456 | 525 512 | 245 | 747154 ; 1.5 (1.79 [120 0.7 ara
x30° | B.T912.3 1202600 Ve | Ve | 65262 | 0440 The | 0740/ | Ye | * W) 748 | 238 36 | 521 431 | 203 | 624152 | 956|177 |11.9 | 0457 T20
weht | ?.55I12.2 12002300 e | Vo | 649) 6% |0.380( ¥ | 0.680)1%s | Ve Y 26| 554472 204 334 | 547 IF2 173 | 534151 | BA7|1.75 118 0.300 07
W12t | 8481123 |121el0.2601 Vs | Yo | 40314 _ 10425 T |0.725) YShe s _110%) 2V | _ _| 22| 474la18 | 156 | 254 | 401| 293 | 466 231 .Il-ﬂﬂl ~HB6L04 (11,9 L 0203 | 164
vas [ ssriioa Tr2veloas] e | | aorls " Tossol % Tossol T [Zone | | 11T T e s oasa] Tiso] oy arel Toan a6l 188osee| 298102 J119 | o180 [ 131
maﬂ'} 471120712 ~|0:220] T | T[40 4~ ~[0.366[ T~ |0.568] g Ve 16 753404 | 103 | 171 | 467] 200 | 282 141[0773 226{0983[11.7 | 0103 | 968
ki 416/11.9 |117:{0.200| 3| Yo | 3.97[4 0.225) W | 0.525 31| %e Y 14| £.82|54.3 BRG] 149 | 462 174 | 2.3ﬁ| 119 0753 1.90(0961)11.7 00704 B0.4
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Provide the solution for the assignment — HW4

FH = bu kT plastic modulus of the section,
L 3 Ql

Wwil2ip9 | Ly  Thble1 12| RP= 24.£ i

fAssume the beom iS ,EuHJ braceJJLb<Lﬂ (Zou?)

M,\f_MF
nominal bending moment
(M)=2Fy = (rg)(50) = 1235 Kk_w Q2
“ " l""g }’!‘;
@ In bend“'\j.' 0.9
@AM, = 0.9 %1235 = IIN.5 K_ v Q3

The factored bending resistance

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

My £ B M, The factored design moment

we  Assarme M, €3aw/ to @M

-5 K. @ - 92.625 K_ft Q4

v tD FT

2
Mk_\ﬂgﬂ
W :
z T /N
Nu_M 5'1“ 1Ho N )
o) L M

92.625 | Wu A2l > wy = 1.6802%  KLF Q5

% —

The total factored design load,

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

Totel | anfuctored Peed lood :  Floor 0L 4 bean selfwerpht

L
10 ;(25?""‘,3 9 =70 h1_> 0.169 Q6

S S @i/,@u
PLF

warte ConVertion

Foctored OL : 12 % 0459 = 01908 1 QF

Wy = l,?_wDL + 6w,

169027 = 1.2 (0459) 4 1.6 (w,)

iy (16w L )48 | WLF Poctored Live lond || Q8
KLF Actunl Dve fowd Q9

WiL = 0-9397

KLF pLr
WY L 0.939) _ 006699000 = 6699 Q10
=t b B X
P
TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

Sheow:
KF FT Qll
R,R:v-ssoz? K 2! —17.6429% Kk =
wl =pUFtt Fh E = WEB YIELDING (Most beam sections fall Into this category)
N

JOTTOT T T TR 1 ‘* it 4 s 245 [EF, =59 (tor 50 ksl stee)
R\Z",’/"’Q ﬂfTﬁ%f
de | - then: V., =06F, A,

{245 & _50 (for Bo KSL steel)

VH:Q—6F3 ﬁ—W

Table 1.1 = 46.2 {50 ¥

Ao =|dit, |- (“'1)(0-234) L2.96F |in® E
Va=0.6F4Aw = 0.6(50)(2.86?3; 3 6.0l -
Q13

Check  Shear: . (v, :
176429 ¢ 36.01 J ok Q14

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

ngjfle(tfon .
= Il . 16
Iimie| L — gixit I-9) in Q
T = e =0
tho\Ctbl"td /OO\J O)n‘""«t
DL+LL Y
Q"l '/' a 1 1w
A~ 21X
A’MK s NP il il NN > (\083% ""c ) L ( ) =11-2650 Q15
3bY 32:‘\(2‘)>ua) ( 130 ) s (o
PSI N
-rm‘)f€1—1 '{bﬂt

Total — wn fockpred /wol-——y(DL) _,_(ge,!ﬂwu‘}lwt) +(J.‘r) ) 5oL 4
ANmy Ry e

h ax —
40 + 19 +930_°) = 10%3.%0 /)(.F ‘l | ‘l max 384E]

TAUBMAN COLLEGE
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Lab: Steel Beam Analysis

——

| e e e . === = | 2 e
Description

This project uses observation to understand how unbraced compression edges and
lateral torsional buckling reduce the ultimate load capacity of steel beams.

Goals
To observe the behavior of unbraced section edges in compression vs tension.

To measure capacity loss due to lateral torsional buckling.

TAUBMAN COLLEGE
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Lab: Steel Beam Analysis

Procedure

1.
2.

3.
4.

TAUBMAN COLLEGE

ARCHITECTURE & URBAN PLANNING
UNIVERSITY OF MICHIGAN

Position the U shaped section with the free edges on the upper side of the span.
Test how many washers the section can support at mid span. Use a wood block to
position the load. Observe the mode (how) it fails.

Repeat the procedure with the section inverted and the free edges downward.
Compare the load level carried by each orientation of the paper beam and describe
the behavior under load.

Arch324: STRUCTURES I

Slide 18 of 23



Tower Project: How to start

Criteria
[ ]

TAUBMAN COLLEGE

The tower is to be made of wood. Either linear wood (sticks) or wood panels (sheets) can be
used. Glue can be used to connect the elements. Gusset plates at the joints are allowed and can
also be glued. But no steel pins or fasteners may be used.

Wood: any species. maximum cross-sectional dimension = 1/4".

MO paper, mylar or plastic or string or dental floss.

If a member is made by laminating multiple pieces together, the maximum cross-sectional
dimension or thickness still cannot exceed 1/4".

The height of the tower = 48".

The tower must hold at least 50 Ibs.

The entire tower can weigh no more than 4 oz.

The top of the tower must be loadable. The weights will be stacked on top of the tower, but you

may optionally use a loose piece of MDF or plywood as a tray under the weights. (It will not be
counted in either weight or load)

Towers will be graded on their low weight, high load-carrying capacity, and the load/weight ratio.
The evaluation formula is:

(4/weight in OZ) + (load in LBS/50) + (load LBS/weight 0Z)x1.5

The score will be normalized to a range of 50 to 100. It is used together with report scores to
assess your project (a detailed evaluation form is given separately).

UNIVERSITY OF MICHIGAN Arch324: STRUCTURES ||
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Tower Project: How to start Preliminary Report 40 pts

Testing 60 pts

Final Report 150 pts
Procedure

1. Develop a structural concept for a tower meeting the above criteria.

2. Analyze the design concept with either hand calculations or a computer program (e.g. Dr. Frame)
3. Determine the capacity of the major members and of the overall tower (total capacity in LBS)
4. Estimate your expected score using the formula above.
5. Write the preliminary report.
6. Construct the structural model.
7. Testthe model. 5-pound steel bars will be placed on top of the model, until the model fails.
(bar size: 1 72" x 2" x 5 13/167).
8. Produce final report documenting requirements and process. See also score sheet.
Use NDS approach
Find load P and Analysis Capacity Design
stress F'c for each P P
f =—<F. P=F_A A=—
member AT S - F'
Use 1.0 for all
factors except Cp
TAUBMAN COLLEGE
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Arch324: STRUCTURES II

Thank you.

Any question?
Please feel free to ask questions.

TAUBMAN COLLEGE
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