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Welcome to Recitation session 02/09
Mohsen Vatandoost ih.o., m.sc., m. Arch)

mohsenv@umich.edu

Office: Room 3104
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 02/09

Outline:

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

= Lab: Steel beam analysis
= Tower Project: How to start

Please feel free to ask questions.
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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 - [IRRRRRRanRAn e L e E T .
u - DL b LL Y& =+ &+ = 5 5 5 = = s = - D('— )
, , - e wmas. (stosmter) ... . e
2. Determine the design moment M. 1 TT}_J;L e . _fu_“
M, will be the maximum beam i D e o (......) """ -
moment using the factored loads Tl ' PR R
B « s+ 4 s s o e s ow - “r{-’—h +at)

[

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 s s
M, =F, Z, (look up Z, for section) g PLASTE 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 e et o)

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

p— Totsl Equiv, Uniform Load . . . = w
i (i e T SR R '5"(‘ )
YE & & & ¢ o s % & & &« =P -'--
1. Determine the unbraced length of the  ++ P awi{mee) &5 ol
compression flange (L,). =T e e -Fu-n
A, (ltﬂllﬂ') " o @ = pun
2. Find the L, and L, values from the "ﬁ ] 11 _ s —iope ¥ sabiw ur s ,Eﬁw_h “
AISC Z, Table 3-2 -
3. Compare L, to L, and L, and — i o TONER: 5. SRD
determine which equation for M, or gjg
M., to be used. %E L FIRST VIELO
4. Determine the beam load equation for _§§ e
maximum moment in the beam. e
. E Plastic failure at Mp Inelastic buckling « Elastic buckling - LTB
5. Calculate load based on maximum

moment. M, = ¢, M, P -

L Laterally Unbraced Length
b \ of Compression Flange
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ARCHITECTURE & URBAN PLANNING

UNIVERSITY OF MICHIGAN Arch324: STRUCTURES I slide 6 of 23




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 - —
Seana 21 FT - —
Span B 14FT

- 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/180% 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

|
Table 1-1 (continued) Table 1-1 (continued)
W-Shapes | W-Shapes
Dimensions } Properties
W12-W10
Web [ Flange Distance |Nm__ Compact ) Torsional
o | Area, | Depth, Thickness, | 1, | Width, | Thickness, k Waork- inal | Gsﬂﬂhmm”a Axis X-X Puxis Y-Y w | B Properties
ape A d ‘ = b t ky | T | able wt. | : I — J Cor
- ! f Kaes | Koot Gage | o [ b | T § |r| 2| 1 | 8| r]| 2
| In? in, n. | in. in. in. i | in | im. | . | i 20 | & | int | in? |im [ in? | int [in? | in | in? | im | in. | in? in®

W58 | 17.0 |12.2 [127|0.360] 35 | % [10.0 (10 |0.640] s [1.28 |1Y2 | S| Vs | 5
w3 156 (121 |12 |D.345| 3 e (1000 |10 0575 %e (118 (134 Shgl Qe | 52
W20 | 146 [12.2 [12%]0.370] % | e | 8.08| 8% |0640| Sia [1.14 (1% | 15hs| 9V | 5%

=45 131 121 |12 |0.335| %6 | %e | 8.05|8 0.575) %6 [1.08 [1%e | "hs| | ¢‘
«dD | 117 [11.9 [12 |0.205| S | 3 | 801|8  |0515] e 102 13 | T | Y

W1235% | 103 125 |12V:)0.3000 She | e | 656 6% |0520( " 082013 | e |10V 3%
30 | BTEN2.3 1% 0.260] Ve | Ve | 6526V | 0440 The | 0.740/1Ve | s | *

782(270 | 475 | 780 | 528 864 | 107 | 214 [251 | 325 281 116 | 210 | 3570
469281 | 425 | VOB | 523 V79| 958 | 192 (248 | 241 (279 (115 | 1.58 3160

6.31|2685 | 39 642 | 518) 718 | 563 | 139 [196 | 213 |225 |16 1.7 1880

T.00[29.6 | 348 ar.g | 55| 642 | 500 | 124 | 1.95 | 190 (223 [11.5 1.76 1650

707|336 | 307 915 | 513 570 441 ) 110|194 ! 168 221 (114 | 0906 | 1440
|

631362 | 285 456 | 525 52| 245 747154 | 115 [1.79 120 | 0741 ara

TAU41E | 238 | 386 | 5.21) 431 | 203 | B24{ 152 | 956|197 |11.9 | 0457 Tan
G54472 | 204 | 334 | 547 W2 | 173 | 53415 B17|1.75 |11.8 | 0.300 607

| 424418.] 156 254 am| 203 | g6 231 .Il-&ﬂl ~HELN04 118 | 0203 | 164,
5720462 | 130 | 213 | 4.82] 247 _yg_ma&_n._&z_z‘_g.g_s 102 {119 | 0180 | _ 131

=26" | T.EEIIZ.Z 12%(0.230) Y | Yo | 649(6% (0380 % |06801e | We | Y

Wi<2°_| 5481123 [12v:[02600 Yo | s | 403|4 _ |0,425| v L0705 she %5 _l10%) 20

02601 Jo o L 40314 _ 10425 ‘e L0725 Tha s _{10%s

rc'l'?l‘_‘ 557/12.2 [12V|0.235] "+ | M | 401[4 0.350( Y (0650 e | %e
¥

X167 | TA7[120 |12 (0220 T T [380[4 'Efﬁﬁ"_»u'l'ﬂ.?ﬁﬁ" g Une |
x14% | 416/11.9 |117(0.200| 6 | Yo | 397|4  |0225 e 0525 % | e | ¥

753(494 | 103 | 171 | 467| 201 | 282 141[0773
882|543 | BBG| 149 | 462) 174 | 2.3ﬁ| 1.19 0.753

2260863117 | 0103 96.9
1.90{ 0961 |11.7 | 00704 B0.4

a2l B8R 558 833
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Provide the solution for the assignment — HW4

Fﬁzio kST
wii2mid | L1y | Thble 11| Bz 24.% jw’

Assume the beam iS ,Equ braCeJJLb<Lf (Zou?)

(MQ: Z“Fg ~ (Z‘{f)(%,)b: 1235 K_w

. 3
v

=

N

@ In Iaenclfnj: 0.9

@AM, = 0.9 %1235 = IIN.5 K_ v

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

M B M

we | Assame M, (—:%uul Co @Mh

-5 K.oaw — 92.625 k_Ft

v &0 FT

Wuﬂi
ve s Skl W
2 - /—'\
Nu_% 5|—|_|i 1 |\(|D 4 : ),
o) L M
2
92.625 — Wu %7l > wy = 1.6802%  KLF
5 ——
TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

Totel cuﬁu»otbmd Deod lood -  Floor 0L +be,a,m geffwu;wt

tah
10 xzw L9 =H50 T s 10159

S NGRS
PLF

warte  Convertion

Foctored 0L : 12 % 0459 = 0-1908

Wu\: LZWDL ,‘_‘.6 WLL
169027 = .2 (0459 4 16 (w,)

Sy V-6 W L )4BIIR | KLF Poctored Live lowd

e ! five /o-»ql
Wi = 0-9303 kL ¥ o

KLF pLt
b 71 = 9.939) _ 0.06699Xl0ve = 66.49
=t o B 14
P
TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

Sheov:
kLF FT
R,R:v-saoz? K 2! —17.642% Kk =
w] =D+t Fy - e WEB YIELDING (Most beam sections fall into this category)
]
JOTTTTTTTTTTITY 1 ‘* it 4 s 245 [EF, =59 (tor 50 ksl steel)
R\Z‘f—‘—"ﬂ ’Qf?ﬁ'\i’
b [ 5 then: V., =06F, A,
L

{ 245 & _50 (for Bo KSI steel)

VH:Q—6F3 ﬁ'w
Toble 11 - 46.% {50 ¥

Bu o d tu = (12)(ars) 2867 in"

Vh: 0.6 PQ-AW = 0.6(50)(2.3623 - B g.0]

Check  Shear: N dv [ 7

176428 £ %6.00 J ok

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW4

ngjflfctfon -
Iimie| L - gl I-¢) i
oo ’ﬁ‘o il ( ) o
thmCtbl‘td IOO\J CP" ‘Jt
DL+LL g
Q x L 21X IZ
AMK e N (A I = > (\081% "’ ) R ( - 1.2650
3bY 339‘\(2‘”@, ( 130 ) z (v

PSI IN

-rm‘)f€1—1 &1

Total — wn fockpred /wol-——y(DL) _,_(ge,{ﬂwu‘}kt) -rLLlr) ) 5c0L4
ANmy Ry e

h ax —
40 + 19 +930_°) = j0%3.%0 /)(.F ‘l | ‘l max 384E]
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Lab: Steel Beam Analysis

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

R

Procedure

1. Position the U shaped section with the free edges on the upper side of the span.

2. 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.

3. Repeat the procedure with the section inverted and the free edges downward.

4. Compare the load level carried by each orientation of the paper beam and describe
the behavior under load.

TAUBMAN COLLEGE
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Tower Project: How to start

Team up (groups up to 4 persons) and Sign up.

Due date for the Preliminary report is Feb 16
Tower Test : March 18

TAUBMAN COLLEGE
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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 OZ)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 Praliminary Report 40 ps

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 . F',
Use 1.0 for all
factors except Cp
TAUBMAN COLLEGE
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Tower Project: How to start

v’ Team up!

v Look at examples online: similar towers and high-rise buildings

v’ Look at student’s work in the last semester in the course website
v’ Familiar yourself with Dr. Frame (download it on the course website)

v’ Test different material

v’ Sketch your idea

v’ Develop your design

TAUBMAN COLLEGE
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Tower Project: How to start

Taper tower (optional)
For the sake of material saving, the top and bottom sections,
could be different

Control the Lateral stability

Test different patterns 0m
Test different geometry |
Be creative!

AN

lllustration of the patterns

X

[7Pi] [zP2]| [7P3] | TP4] |IP5] [TP6] D1 D2 D3 D4 | D5 o6 | o7 D8
lattice tower structure

<]

VALV

DN N

"r

7

AN

20 nr

:"F

XX
><

10 nr]

N
/]

XX

Figure 3: The patterns that are used in designing the lattice tapered towers
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Tower Project: How to start

Shukhov water tower |

'] # joints= 920 #joints= 324
Weight = 101.8 ton Weight = 114.5 ton

#joinls= 8§76

v X ’ s
) Weight = 258.4 ton
1 11
000 4
o——
% - | .
750 J
: l E,
sk # foints= 170 .
W Weight = 17.7 ton y
i 'R T
= B P .
£ 3 g . # joints= 93
g 5, s00 bl Weight = 245.5 ton
H 2 LY
B § s .‘5&- . A .
H = '1:' r .
s - . : 2
T, o . _"' . > . - J
L 1 A * 5 "
| : '.:;.-"l' l. I . ...-
# joints= 30 %0 " s ., .
Weight = 36.5 ton ) b T
ey e Tt ¢ et |
Zrdncs o Y
-, B, e e Sl R ks
f& L = T‘:O-t’- L Pl et
L'l L
0 75.000 150.000 225.000 300,000
Total_Weight
i

Figure 10: A graph that illustrate the number of joints vs. total weight of the solutions.
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Arch324: STRUCTURES I

Thank you.

Any question?

Please feel free to ask questions.
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