ARCHITE@TURE 324
Strucﬂlres II

Recitation 03

Q
B

G

o

oY | Joee | TR
ha /I’WF%I\NN

M LT Pt LU0 O o

v ! ' !'Ali za | azengﬁl ! , N A\ Mg }
& 8 § = 3? %.  FAEes - il U H




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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Wood Column Analysis

Analysis of Wood Columns Capacity Analysis of Columns
Data: P Data: _

. Column - size, length @ + Column - size, length

. Support conditions % . SUPPC_th COI‘Idlllc_'nS

. Material properties —F_, E .., * Material properties — Fc, Emin

. Load Required:

NP

. . Maximum Load Capacity, P, ¢
Required: % —~ N 7

. Pass/Fail or margin of safety

1. Calculate slenderness ratio |./d /

1. Calculate slenderness ratio I./d largest ratio governs. Must be < 50

largest ratio governs. Must be < 50

2. Find adjustment factors
2. Find adjustment factors Cp Cy C, C: C, N

CpCy G, C: G,
3. Calculate Cp

3. Calculate Cp

4. Determine F’'. by multiplying the tabulated F,
4. Determine allowable F', by multiplying the by all the above factors

tabulated F_ by all the above factors ,
5. Set actual stress = allowable, f. = F'_

5. Calculate the actual stress: f. = P/A 6. Find the maximum allowable load
6. Compare Allowable and Actual stress. Prax=F¢ A
F’.> 1. passes



Wood Column Design

Timber Column Design Stud Wall Design

Given:
. Lumber species, grade Given:
. Conditions of use . Lumber species, grade and size =
+  Load «  Conditions of use /
Required: +  Load &
+  column size Required: T"Vw‘ ]
_ _ +  Stud spacing K fl
1. Find adjustment factors (all except Cp) /|T I Ml
o W W o 1. Calculate _slenderness ratio I./d | o ©
largest ratio governs. Must be < 50 sTup 1)
Guess Cp

2. Find adjustment factors (all except Cp)
Cp Cyy C; C: C, e

3. Calculate Cp il

Estimate Area and d (based on bracing)

Calculate slenderness ratio |./d

largest ratio governs. Must be < 50

Calculate C 4. Determine F'_ by multiplying the tabulated F_ by

i all the above factors ZOUGH OPCMING
Determine F’c by multiplying the tabulated Fc by 2 15 PRAMING
all the above factors 5. Set actual stress = allowable: f.=F',
Revise Area: A =P/F’, 6. Find the capacity of one stud: Pmax=F', A
Revise Cp 7. Find allowable spacing (12", 16” or 24" 0.c.)
Repeat until F’. > P/A 8. Check bearing.



Columns (General principles)

Crushing failure

P

(a) Short column:The member fails by a crushing
action. Its strength depends on the cross-sectional
area and crushing strength of the material used.

U Neutral equilibrium

(¢) Long column (load = buckling load): When the load
on the column reaches the critical buckling load, the
member changes into a state of neutral equilibrium.

If the member is displaced from its original linear
configuration, it will remain in its new position and not
spring back. The buckling load is the maximum load
that the column can carry,

\ Stable equilibrium

\

! )777% Initial state

}‘— 3 Position after displacing

,r . force is applied

| ,}77@%/ Position after displacing
force is removed

(b) Long column (load less than the buckling load): The
member is in a state of stable equilibrium. If the
member is displaced slightly at midheight, it will
spring back to its original configuration.

Unstable equilibrium
6 ﬁ
1 W?)%

P> P,

(d) Long column (load greater than the buckling load):
If the load on the column is increased beyond the
critical buckling load, the member changes into a
state of unstable equilibrium. The member will
continue to deform under a constant load
level until it finally snaps.

(e) General relationship between member length and
buckling load. Short members tend to crush while
longer ones tend to buckle. The longer the member,
the lower its load-carrying capacity (the buckling
load of a long member varies inversely
with the square of its length).

Short Long
column Sl= column
P = area

(crushing failure)

Pe /12
Max (buckling failure)

load




Columns (General principles)

) ’ B ,mmmm
‘ I ﬂ
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(a) Stress distributions under eccentric loads

Kern area Member in compression

(b) Placing a load anywhere within the middle one-third of the section produces only compressive
stresses in the cross section. Placing a load outside the middle one-third leads to the
development of tensile stresses on one face of the member.

FIGURE 7.2 Eccentrically
loaded columns.

FIGURE 7.3 Euler buckling in long columns.
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Columns (General principles)

FIGURE 7.4 Buckling of asymmetric cross sections.
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(a) The moment of inertia about
one axis is greater than that

about the other.
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(b) The member can potentially fail
by buckling about either axis. The
load required to cause it to buckle
about the stronger axis, however,
exceeds the load that will cause
buckling about the weaker axis.

>~

(c) Consequently, the member will
buckle at £, = n®El, /L in the

¥
mode shown.

P Direction of buckle



Columns (General principles)

FIGURE 7.5 Effects of end conditions on critical buckling loads.
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pinned fixed and one end fixed | and one end fixed
Pinned } Fixed | Pinned } Free
. - .
~
2
- S
s 2 = 3 |lss 9 lss
1<) - =) o Jo 2D
g8 )N |28 1|28 ull by .
= £ B
= ~ C
VAR S I
k=) ] N o
B YTT < S © T "2
Pinned T £ Fixed < | Fixed 1 % Fixed I* o E
c % £ | w
2 8 w /
£ 55 5§
3 £3 £3
u g E o E
k=1.0 k=050 k=07 k=2.0
— r2E1)L] )2 -2 2 =2 2
P=2ElL2 P=m*ElGL) P =n?EI(0.7L) P 11: El(2L)
= 4n2Ei/L2 = 2n2El/L? = IIEEHLZ
A B C D

FIGURE 7.6 Effects of lateral
bracing on column buckling.
Bracing a column changes its
buckling mode and, consequently,
its effective length. The more a
column is braced, the shorter its
effective length becomes and the
greater is the load required to
cause buckling. If bracing is used,
it is usually more effective when
placed symmetrically.
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(a) No bracing (b) Midheight bracing (c) Third-point bracing

(d) Asymmetric bracing




Columns (General principles)

FIGURE 7.9 Ineffective use of bracing. Columns always buckle in the
mode associated with the highest slenderness ratio (L/1). The columng
shown will buckle as illustrated. The corresponding buckling loads relate
to an unbraced or unsupported column length of L and are the same as
if the columns were not braced at all. The bracing patterns shown are
ineffective in increasing the load-carrying capability of the columns.
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(a) The load-carrying capacity of a
symmetrical column can be
increased to the maximum extent
possible by putting in a sufficient
number of brace points such that
the effective length of the column
is reduced to the point where
short-column behavior obtains.
Consequently, no portion of the
column would be susceptible
to buckling. The maximum load
would be associated with crushing
rather than buckling.
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(b) When the plane of the bracing possible
is fixed, the load-carrying capacity of a
column of a given cross-sectional area
can be increased by varying the relative
proportions of the cross section with the
objective of making the column equally
likely to buckle in any of its possible
modes (i.e., making the slenderness ratios
of the column similar in all directions).
This occurs when the following ratios
obtain:

l/ly=(Ly | Ly)or r/ry=Ly I L,

FIGURE 7.10 Effective
use of bracing.




Problem Set 03

3. Wood Column Analysis

For the given dimensioned lumber column with 1/3 point
weak axis bracing, determine the maximum load
capacity of the given load type. Moisture Content =
15%. Ct = Ci = 1.0. Assume pinned end conditions
(K=1).

DATASET: 1

: SPRUCE-
Wood Species PINE-FIR
Wood Grade No.1/No.2
Strong Axis Length, L1 1MFT
Weak Axis Length, L2 3.666666667 FT
Narrow Width, d2 2IN
Wide Width, d1 8 IN
LoadType Live Load




(All species except Southern Pine—see Table 4B) (Tabulated design values are for normal load
duration and dry service conditions. See NDS 4.3 for a comprehensive description of design value
adjustment factors.)

#Q1: Tabulated Allow. Compressive Stress, USEWITHTABLE 48 ADJUSTHENT FAGTORS

#Q2: Tabulated Minimum Modulus of Elasticity, Emin e

1400000 | 510,000
1,300,000 | 470,000

3. Wood Column Analysis : : e | 1200000 | 440000

1,100,000 | 400,000

For the given dimensioned lumber column with 1/3 point
weak axis bracing, determine the maximum load

S3ANTVA N9DIS3A FIONFHI4TH

capacity of the given load type. Moisture Content = ' ” 1100000 | 400000

15%. Ct = Ci = 1.0. Assume pinned end conditions : o e | e

(K=1).

DATASET:1 B3 E3 L ’ : ; +a00000 I S0 0t0
; SPRUCE- 12200 000" =00

Wood Species PINE-FIR

Wood Grade No.1/No.2

1,300,000 470,000

1,200,000 | 440,000
1,100,000 | 400,000
1,000,000 | 370,000

2" & wider

T.700,000 | 400,000
1,000,000 | 370,000
1,000,000 | 370,000
900,000 330,000

2" & wider

T200,000 | 440,000
1,100,000 | 400,000
1,000,000 | 370,000
900,000 330,000

2" & wider




Problem Set 03

#Q3: Load Duration Factor, CD

3. Wood Column Analysis

For the given dimensioned lumber column with 1/3 point
weak axis bracing, determine the maximum load
capacity of the given load type. Moisture Content =
15%. Ct = Ci = 1.0. Assume pinned end conditions
(K=1).

DATASET: 1

SPRUCE-
PINE-FIR

Wood Grade No.1/No.2
Strong Axis Length, L1 MFT
Weak Axis Length, L2 3.666666667 FT
Narrow Width, d2 2 IN
Wide Width, d1 8IN
LoadType Live Load

Wood Species

2.1 General
2, General Requirement

Each wood structural member or connection shall
be of sufficient size and capacity to carry the applied
loads without exceeding the adjusted design values
specified herein.

2.1.1.1 For ASD, calculation of adjusted design v:
ues shall be determined using applicable ASD adjust-
ment factors specified herein.

2.1.1.2 For LRFD. calculation of adjusted design
values shall be determined using applicable LRFD ad-
Jjustment factors specified herein.

Reference design values and design value adjust-
ments for wood products in 1.1.1.1 are based on meth-
ods specified in each of the wood product chapters.
Chapters 4 through 10 contain design provisions for
sawn lumber, glued laminated timber, poles and piles,
prefabricated wood I-joists, structural composite lum-

2.1.2 Responsibility of Designer to Adjust
for Conditions of Use

Adjusted design values for wood members and con-
nections in particular end uses. shall be appropriate for
the conditions under which the wood products are used.
taking into account conditions such as the differences in
wood strength properties with different moisture con-
tents, load durations, and types of treatment. Common
end use conditions are addressed in this Specification. It
shall be the final responsibility of the designer to relate
design assumptions with design values, and to make
design value adjustments appropriate to the end use
conditions.

2 Reference Design Values

ber. wood structural panels. and cross-laminated timber,
respectively. Chapters 11 through 14 contain design
provisions for connections. Reference design values are
for normal load duration under the moisture service
conditions specified.

2.3 Adjustment of Reference Design Values

2.3.1 Applicability of Adjustment Factors

Reference design values shall be multiplied by all
applicable adjustment factors to determine adjusted de-
sign values. The applicability of adjustment factors to
sawn lumber, structural glued laminated timber, poles
and piles. prefabricated wood I-joists, structural compo-
site lumber, wood structural panels, cross-laminated
umber and connection design values is defined in 4.3,
5.3,6.3.7.3,8.3.9.3,10.3, and 11.3, respectively.

2.3.2 Load Duration Factor, Cp (ASD Only)

2.3.2.1 Wood has the property of carrying substan-
tially greater maximum loads for short durations than
for long durations of loading. Reference design values
apply to normal load duration. Normal load duration
represents a load that fully stresses a member to its al-
lowable design value by the application of the full de-
sign load for a cumulative duration of approximately ten
years. When the cumulative duration of the full maxi-
mum load does not exceed the specified time period, all

reference design values except modulus of elasticity. E.
modulus of elasticity for beam and column stab
E . and compression perpendicular to grain, F.,. based
on a deformation limit (see 4.2.6) shall be multiplied by
the appropriate load duration fact “p. from Table
or Figure Bl (see Appendix B) to take into ac-
count the change in strength of wood with changes in
I.Q.i‘d.WWL
2.3.2.2 The load duration factor. Cp for the shortest
uration load in a combination of loads shall apply for
1 that load combination. All applicable load combinations
shall be evaluated to determine the critical load co
j nation. Design of structural members and connections
hall be based on the critical load combination (see Ap-
Lp:ndl\.B..L__________ [ ——
2.3.2.3 The load duration factors, Cp. in Table
and Appendix B are independent of load combination
factors. and both shall be permitted to be used in design
calculations (see 1.4.4 and Appendix B.4).

Copyright & American Wood Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized.
AMERICAN WOOD COUNCIL

Table 2.3.2 Frequently Used Load Duration

1.0 Occupancy Live Load
115 Snow Load
i Construction Load
Ten miinutes . Vind/Earthquake Load
Impact’ i act Load
0 reference modulus of clas
compression perpendiculsr to grsin design vk
ues. F. based on a deformation imit

Load duration factors greater than 1.6 shall not be wsed in the design of
structural members pressure-reated with water-bome preservatives

structural panels.

2.3.3 Temperature Factor, C;

Reference design va lu:s shall be lunlnphed by the
temperature factor 3 for structural
members that will experience sustained exposure to ele-
vated temperatures up to 150°F (see Appendix C).

2.3.4 Fire Retardant Treatment

The effects of fire retardant chemical treatment on
strength shall be unted for in the design. Adjusted
i s, including adjusted connection design
for lumber and structural glued laminated timber
e-treated with fire retardant chemicals shall be
d from the company providing the rreatment and
redrying service. Load duration factors greater than 1.6
shall not apply to structural members pressure-treated
with fire retardant chemicals (see Table 2.3.2).

2.3.5 Format Conversion Factor, K¢ (LRFD
only)

For LRFD. reference design values shall be multi-
plied by the format conversion factor, Ky, specified in
Table 2.3.5. The format conversion factor, Kr. shall not
apply for designs i accd ice with ASD methods
specified I I

2.3.6 Resistance Factor, ¢ (LRFD Only)

For LRFD, reference design values shall be multi-
plied by the resistance factor, ¢, specified in Table X
The resistance factor. ¢. shall not apply for designs m
accordance with ASD methods spec herem.

2.3.7 Time Effect Factor, . (LRFD Only)

For LRFD, reference design values shall be multi-
plied by the time effect factor. i. specified in Appendix
3.3. The time effect fi shall not apply for de-
signs in accordance with ASD methods specified herein.

T<100°F 100°F<T<125°F 125°F<T<150°F

T, Wet and dry service sonditions fo sawn hber, stractural gha

1.0 0.5
wrood T-joists, strastural

muposite lumber, wood structural panels and cross-laminated timber are specified in 4, 714,814,933, and

o
10.1.5 respectively.

Copyright & American Wood Counci. Dewnloaded/printed pursuant to License Agreement. No reproduction or transfer suthorized
AMERICAN WOOD COUNCIL
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Problem Set 03

#Q4: Size Factor, CF

3. Wood Column Analysis

For the given dimensioned lumber column with 1/3 point
weak axis bracing, determine the maximum load
capacity of the given load type. Moisture Content =
15%. Ct = Ci = 1.0. Assume pinned end conditions
(K=1).

DATASET: 1

. SPRUCE-
Wood Species PINE-FIR
Wood Grade No.1/No.2
Strong Axis Length, L1 1MFT
Weak Axis Length, L2 3.666666667 FT
Narrow Width, d2 2 IN
Wide Width, d1 8 IN
LoadType Live Load

Table 4A Adjustment Factors

Repetitive Member Factor, C,

Bending design values. Fy. for dimension lumber 2"
to 4" thick shall be multiplied by the repetitive member
factor, C; = 1.15, when such members are used as joists,
truss chords, rafters, studs, planks, decking, or similar
members which are in contact or spaced not more than 24"
on center, are not less than 3 in number and are joined by
floor, roof, or other load distributing elements adequate to
support the design load.

‘Wet Service Factor, Cy;

When dimension lumber is used where moisture con-
tent will exceed 19% for an extended time period, design
values shall be multiplied by the appropriate wet service
factors from the following table:

‘Wet Service Factors, Cy,
F, F, F.. F. Eand E,,

0 1.0 . 0.67 0 0.9
* when (F,)(Cp) < 1,150 psi, Cy
## when (F)(Cy) £ 750 psi, Cy = 1.0

Size Factor, Cy

Flat Use Factor, Cg,

Bending design values adjusted by size factors are
based on edgewise use (load applied to narrow face). When
dimension lumber is used flatwise (load applied to wide
face), the bending design value, F,, shall also be permitted
to be multiplied by the following flat use factors:

Flat Use Factors, C;,
Width i s (breadth)
(depth)
2" &
4
5
6

3"

i
2

8
10" & wider

To facilitate the use of Table 4A, shading has been
employed to distinguish design values based on a
4" nominal width (Construction, Standard, and Util-
ity grades) or a 6" nominal width (Stud grade) from
design values based on a 12" nominal width (Select
Structural, No.1 & Btr, No.1, No.2, and No.3 grades).

Tabulated bending, tension, and compression parallel to grain design values for dimension lumber 2" to 4" thick shal

be multiplied by the following size facto

Grades

Select
Structural,
No.l & Bir,
No.1.No.2.
No.3

T 0]
14" & wider

Stud

8" & wider Use No.3 Grade tabulated design values and size factors

Construction,
Standard
Utility

Copyright © American Wood Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized.
AMERICAN WOOD COUNCIL




Problem Set 03

#Q5: Factored Allow. Modulus of
Elasticity, E'min

3. Wood Column Analysis

4.4 Special Design Considerations
1 Stability of Bending Members

44.1.1 lumber bending members shall be de-
e with the lateral ity caleula-
all meet the lateral support require-
ments in 4.4 d 4. 3
As an alternative to 4.4.1.1, rectangular
sawn lumber beams, rafters, joists, or other bending
members, shall be designed in accordance with the fol-
lowing provisions to provide restrmnt against rotation
or lateral displacement. If the depth to breadth, &
based on nominal dimensions is:
(a) d'b 0 lateral support shall be required
- the ends shall be held in position,
11 depth solid blocking, bridging, hang

4.4.2 Wood Trusses

4.4.2.1 Increased chord suffness relative to axialy
loads where a 2" x 4" or smaller sawn lumber truss]
compression chord is subjected to combined flexurel
I compression under dry service condition andl

3/8" or thicker wood structural panel sheathin;

nailed to the narrow face of the chord in accordanc:
with code required roof sheathing fastener schedulesy
(see Reference 3, and 34), shall be permitted tol
be accounted for by mulplying the reference modulusl
f lue for beam and column stabil
v bucl tiffness factor, Cy, colulrm=
caleulations (see 3.7 and Appendix H). Wheny

"y shall be calculated as follows:

Table 4.3.1

Load Duration Factor

‘Wet Service Factor

Temperature Factor

Size Factor

Flat Use Factor

Applicability of Adjustment Factors for Sawn Lumber

i~ ASD and LRF
only an only

ive Member Factor
Buckling Stiffness Factor
Bearing Area Factor
‘ormat Conversion Factol
Time Effect Factor

Column Stabi

2.54 0.85

ling, or boltng to other framing mem
bers, or other acceptable means,

2.70 0.80

YIGWNT NMY'S

For the given dimensioned lumber column with 1/3 point
weak axis bracing, determine the maximum load
capacity of the given load type. Moisture Content =
15%. Ct = Ci = 1.0. Assume pinned end conditions
(K=1).

H3dINNT NMYS

2.88 0.75

SHEcTTvE Colomn length of truss compressios
chord (see 3.

subflooring, and ends at point o
g shall be held in position to prevent ro- 1
tation and/or lateral displacement.

2.40 0.90
K = 2300 for wood seasoned to 19% molsture
content or less at the time of wood structural
panel sheathing attachment.

or diagonal cross bracing shall be installed at ¢y, 1.67 0.90
intervals not exceeding 8 feet, the compression
edge of the member shall be held in line as by
adequate sheathing or subflooring, and the end:
at points of bearing shall be hel
prevent rotation and/or lateral displacement.

(¢) 6= d'b <7 both edges of the member shall be
held n lme for their entire length and ends at
points of bearing shall be held i position to
prevent rotation and/or lateral displacement.

4.4.1.3 If a bending member 1s suby

1
1
= 1200 for unseasoned or partially seasoned |
wood at the time of wood structural panel
sheathing attachment.
Kr = 1 - 1.645(COVe)

= 0.59 for visually graded lumber

= 0.75 for machine evaluated lumber (MEL)
‘Wet Service Factor, Cy;

- = e dimension lunber is used where maisture con-
1 tent will exceed 19% for an extended time period, gesign
“Values Shall fe multplied 6y the appropiiate wet service
factors from the following table:
| Wet Service Factors, C I
F, F. Fu T
1.0 0.97 0.67

* when (FNCy) < 1,150 psi, Cy = 1.0
* when (F)(Cp) < 750 psi, Cy = 1.0

= 0.82 for products with COV: .11 (see
Appendix F.2)

When (,

tio shall be no more than 5 to 1 if one edge is firmly
held in line. If under all combinations of load, the un-
braced edge of the member is in tension, the depth o
breadth ratio shall be no more than 6 to 1.

"', Cy shall be calculated based on €,

8"

2.2 For additional information concerning meta 10" & wid:
. wider

To facilitate the use of Table 4A, shading has been
employed to distinguish design values based on a
4" nominal width (Construction, Standard, and Uti

ity grades) or a 6" nominal width (Stud grade) from
design values based on a 12" nominal width (Select
Structural, No.1 & Btr. No.1, No.2, and No.3 grades).

Copyright © American Waod Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized.
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Problem Set 03

#Q6: Strong Axis (x-x) Slenderness Ratio, lex/d1
#Q7: Weak Axis (y-y) Slenderness Ratio, ley/d2
#Q8: Controling Slenderness Ratio, le/d

Strong Axis Length, L1 MFT
Weak Axis Length, L2 3.666666667 FT
Narrow Width, d2 2IN
Wide Width, d1 8IN

Table 1B Section Properties of Standard Dressed (S4S) Sawn Lumber

Nominal
Size

Standard
Dressed
Size (848)
bxd
in. x in.

34 x 2-112
3/4x3-1/2
304 x 5-1/2
34 xT-1/4
304 x 9-1/4
34 x 1114

1-1i2x 2-112
1-1i2x 312
112 x4-112
L2
1-1/2 x 7-1/4

AMLTTY

1-1/2x 11-1/4

212 x11-1/4
2-1/2 x13-1/4
2-1/2 x 15-1/4
312x312
312 %412
3-12x 5112
32 xT-14
312914
3-12x 11-1/4
312x 13114

[ xxaxis |  Y-Yaxs |

Approximat
of

e weight in pounds per linear foot (I

American Waod Council. Downloaded/printed pursuant to License Agreement. No reproduction of transfer authorized.

AMERICAN WOOD COUNCIL
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Problem Set 03

#Q9: Critical Buckling Design Value for Compression, FCE

3.6.6 Column Bracing

Column bracing shall be installed where necessary
to resist wind or other lateral forces (see Appendix A).

3.7 Solid Columns
3.7.1 Column Stability Factor, Ce

3.7.1.1 When a compression member is supported
throughout its length to prevent lateral displacement in
all directions, Cp = 1.0.

3.7.1.2 The effective column length, €., for a solid
column shall be determined in accordance with princi-
ples of engineering mechanics. One method for deter-
mining effective column length, when end-fixity condi-
tions are known, is to multiply actual column length by
the appropriate effective length factor specified in Ap-
pendix G, €. = (K.)(€).

3.7.1.3 For solid columns with rectangular cross
section, the slenderness ratio. €./d. shall be taken as the
larger of the ratios €.,/d, or €../d, (see Figure 3F) where
each ratio has been adjusted by the appropriate buck-
ling length coefficient, K., from Appendix G.

3.7.14 The slenderness ratio for solid columns,
€./d. shall not exceed 50. except that during construc-
tion €./d shall not exceed 75.

3.7.1.5 The column stability factor shall be calcu-
lated as follows:

_M_{

B
B 2¢

<" = reference compression design value parallel
to grain multiplied by all applicable adjust-
ment factors except Cp (see 2.3), psi

cE

(€0

¢ = 0.8 for sawn lumber

¢ = 0.85 for round timber poles and piles

¢ = 0.9 for structural glued laminated timber,
structural composite lumber, and cross-
Lo lamin timber

_____ N —

3.6.7 Lateral Support of Arches, Studs, and
Compression Chords of Trusses

Guidelines for providing lateral support and deter-
mining €./d in arches. studs, and compression chords of
trusses are specified in Appendix A.11.

3.7.1.6 For especially severe service conditions
and/or extraordinary hazard, use of lower adjusted de-
sign values may be necessary. See Appendix H for
background information concemning column stability
calculations and Appendix F for information concern-
ing coefficient of variation in modulus of elasticity
(COVy).

3.7.2 Tapered Columns

For design of a column with rectangular cross sec-
tion, tapered at one or both ends, the representative di-
mension, d, for each face of the column shall be derived
as follows:

d=d+ (A — dm){a -0.15[1 -gﬂ” (.72

max
where:

d = representative dimension for tapered column,
in.
dmin = the minimum dimension for that face of the
column, in.

dmax = the maximum dimension for that face of the
column, in.

Support Conditions

Large end fixed, small end unsupported
or simply supported

Small end fixed, large end unsupported
or simply supported

Both ends simply supported:
Tapered toward one end
Tapered toward both ends

For all other support conditions:

A=y, + (A —din)(1/3)

Copynight & American Wood Council. Eownloaded/pnnted pursuant to License Agreement. No reproduction or transfer authorized.
AMERICAN WOOD COUNCIL
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Problem Set 03

#Q10: Reference Compression Design Value, Fc*

3. Wood Column Analysis

For the given dimensioned lumber column with 1/3 point
weak axis bracing, determine the maximum load
capacitv of the aiven load type. Moisture Content =

15% Ct = Ci = 1.0. Assume pinned end conditions
(K=1).

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber

Temperaure Factor
Beam Stability Factor

3.7 Solid Columns
3.7.1 Column Stability Factor, Cr

3.7.1.1 When a compression member is supported
throughout its length to prevent lateral displacement in
all directions, Cp = 1.0

3.7.1.2 The effective column length. .. for a solid
column shall be determined in accordance with princi-
ples of engineering mechanics. One method for deter-
mining effective column length, when end-fixity condi-
tions are known. is to multiply actual column length by
the appropriate effective length factor specified in Ap-
pendix G. €. = (K.)(€).

7.1.3 For solid columns with rectangular cross
section, the slenderness ratio, €./d. shall be taken as the
larger of the ratios €.,/d, or £.,/d, (see Figure 3F) where
each ratio has been adjusted by the appropriate buck-
ling length coefficient, K.. from Appendix G.

3.7.14 The slendemess ratio for solid columns,
€./d. shall not exceed 50, except that during construc-
tion €./d shall not exceed 75.

3.7.1.5 The column stability factor shall be calcu-
lated as follows:

1+(Fe/R)
2c -

eference compression design value parallel
to grain multiplied by all applicable adjust-
ment factors except Cr (see 2.3). psi

¢ = 0.8 for sawn lumber
¢ = 0.85 for round timber poles and piles

¢ = 0.9 for structural glued laminated timber.
structural composite lumber, and cross-
laminated timber

Size Factor

Flat Use Factor
‘Time Effect Factor.

7.1.6 For especially severe service conditions
and/or extraordinary hazard. use of lower adjusted de-
sign values may be necessary. See Appendix H for
background information concerning column stability
calculations and Appendix F for information concer
ing coefficient of variation in modulus of elasticity

(COVg).
3.7.2 Tapered Columns

For design of a column with rectangular cro
tion, tapered at one or both ends, the representative di-
‘mension, d, for each face of the column shall be derived
as follows:

oo s-0sf - | 022

L™
‘where:

d = representative dimension for tapered column,
n.

demin = the minimum dimension for that face of the
column, in.

imax = the maximum dimension for that face of the
column, in.

Support Conditions

Large end fixed, small end unsupported
or simply supported

Small end fixed. large end unsupported
or simply supported

Both ends simply supported:
Tapered toward one end
Tapered toward both ends

For all other support conditions:

d=d,, +(d.. —d,)(1/3)

Copyright merican Wood Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized.
WOOD COLNC
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Problem Set 03

#Q11: Constant for Sawn Lumber, ¢
#Q12: Column Stability Factor, CP

3.7 Solid Columns

8.7.1 Column Stability Factor, Cp

3.7.1.1 When a compression member 1s supported
throughout its length to prevent lateral displacement in
all directions, Cp= 1.0

3.7.1.2 The effective column length. {.. for a solid
column shall be determined in accordance with princi-
ples of engineering mechanics. One method for deter-
muning effective column length, when end-fixity condi-
tions are known. is to multiply actual column length by
the appropriate effective length factor specified in Ap-
pendix G, £, = (K)(().

3.7.1.3 For solid columns with rectangular cross
section, the slenderess ratio. €./d. shall be taken as the
larger of the ratios €,,/d, or see Figure 3F) where
each ratio has been adjusted by the appropnate buck-
ling length coefficient, K., from Appendix G.

3.7.14 The slenderness ratio for solid columns,
€./d, shall not exceed 50, except that during construc-
tion €./d shall not exceed 75.

3.7.1.5 The column stability factor shall be calcu-
lated as follows:

— 1+lF|:E/FC.) o

Ce

Fc* = reference compression design value parallel
to grain multiplied by all applicable adjust-
ment factors except Cp (see 2.3), psi

¢ = 0.8 for sawn lumber
¢ = 0.85 for round timber poles and piles

¢ = 0.9 for structural glued laminated timber,
structural composite lumber, and cross-
laminated timber

3.7.1.6 For especially severe service conditions
and/or extraordinary hazard, use of lower adjusted de-
sign values may be necessary. See Appendix H for
background information concerning column stability
calculations and Appendix F for information concern-
mg coefficient of vanation in modulus of elasticity

(COVg).
3.7.2 Tapered Columns

For design of a column with rectangular cross sec-
tion, tapered at one or both ends, the representative di-
mension, d, for each face of the column shall be derived
as follows:

d=dy, + (U, fdm.“)la -0 :—JJ 672

max
where:
d = representative dimension for tapered column,
in.
dmin = the minimum dimension for that face of the
column, in.

dmax = the maximum dimension for that face of the
column, in.

Support Conditions

Large end fixed. small end unsupported
or simply supported

Small end fixed, large end unsupported
or simply supported

Both ends simply supported:
Tapered toward one end
Tapered toward both ends

For all other support conditions:

d=d, +(d, =)L/ 3)

- —CEpyTgHCmericarr/ Yo od S sureit=Corrioaden /primed purseant to License Agreement. No reproduction or transfer authorized.
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Problem Set 03

#Q13: Factored Allow. Compressive Stress, F'c

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber

. ASD and LRFD
only £ an only

Load Duration Factor
Wet Service Factor
Temperature Factor

Beam Stability Factor

Size Factor
Flat Use Factor
Incising Factor
Buckling Stiffness Factor
Bearing Area Factor
Time Effect Factor

Column Stability Factor

Repetitive Member Factor

£
254 0.85

2.70 0.80

2.88 0.75

2
=
=
=
c
=
w
m
E

2.40 0.90

Cy 1.67 0.90

1.76 0.85




Problem Set 03

#Q14: Column Area, A e
#Q15: Maximum Allowable Axial Load Capacity, Pmax

314 x 2-1/2
34 %3112
314 x 5112
34 x7-114
34 % 8114
34 x 11-1/4

1-12x 212
1-1/2x 3112
1-1/2x 4172

2-12x11-1/4
2-12x13-114
2-1/2x 15-114
312 x 312
3-12x 4112
312x 5172
31i2x7-1/4
31/2x9-1/4
3-1/2x 11-1/4
3-1/2x13-17/4
3-1/2 x 15-1/4
Timbers (5" x 5" and larger)

-%--
12 1979 | 23252 | 1810 19463 105

23-12x23-12] 5523 | 2183 T 25415 [ 2183 [ 25415 | 9588 .IBI_

American Wood Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized.
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Description

Goals

Basswood Properties Buckling Equation: Crushing Equation:
Emin = 1,650,000. psi FcE = 2822 Eimin 2
min = 1,650, psi = T (e/d)z B SRS
Pcr = (Lesser of P, Pmax) P=FcE xA
Fc = 4745 psi
Area = 0.015625 in?
d1=0.25in
dz = 0.0625 in f= FJA
max
L=6" Ld=
Per = EULER Eavanen

d = 50

22



Failure Modes — Stability
Long Columns - fail by buckling

Structures Il
Arch 324

Traditional Euler

2
Columns - r’E

cr 2
Description (ﬁ)
This project uses observation and calculation to understand the effect of slenderness on L4
column capacity.
Goals E = Modulus of elasticity of the
To observe the buckling behavior of columns through physical modeling. column material (psi)
To find the controlling slenderness ratio. K = Stifiness (curvature mode) factor
_ — Tacalculate the critical buckling-and.crushing-laads. tn’cfe"s';”"" length:betwsen'ends
Procedure
i For the 1/16"x1/4” basswood column provided, with L=6" calculate the controlling r = radius of gyration = VI/A (inches)
(weak axis) slenderness ratio and Pcr using the Euler equation. Use K=1.0.
Find the actual critical buckling load approximating the load with your finger.
Repeat the procedure for L=3" and L=1".
Calculate the slenderness and Pcr for both of these lengths.
Calculate the ultimate crushing load based on the max compressive stress, Fe.
Approximately locate P for each length on the load vs. slenderness curve shown

University of Michigan, TCAUP

Slenderness Ratio le/d

Basswood Properties Equations:

0.822 E/min
Emin = 1,650,000. psi FCE =———
Fc = 4745 psi
Area = 0.015625 in?
d1=0.25in

(le/d)2 e Slenderness Limited to < 50

rgrgA

X~ X

~ 0.822Ep
CcE — 2
L
(@)

E’'min = reduced E modulus (psi)
le = Ke |, (inches)

d (inches)

0.822 = n2/12

Side 50127

Y-y
b=15

Analysis of Wood Columns

Column - size, length
Support conditions
. Material properties - F, E,,
@ Load
Required:
. Pass/Fail or margin of safety

Calculate slenderness ratio |./d
largest ratio governs. Must be < 50

Find adjustment factors
CpCuCiCe G

Calculate Cp

Determine allowable F’_ by multiplying the
tabulated F. by all the above factors

Calculate the actual stress: f. = P/A
Compare Allowable and Actual stress.
F'.>f. passes

- 1
University of Michigan, TCALIP Stuctures i

Analysis Example: Pass/Fail

Side 170f27

Data: section 4x8 (nominal)
Douglas Fir-Larch No1
M.C. 15%
P = 7000 LBS (Snow Load)

KL= 25" 5TRONG AXIS

Find: Pass/Fail

WEAK AXIS

From NDS Supplement Table 4A

WALL ELEVATION

X=X
Slenderness Ratios:
The larger ratio will fail first.
Try to balance for efficiency.
d=35
Y-Y

EULER Eavanes

Ke= l.o Ke= l.o
Aoz 1:0(9) Loz 1o(%)

L, % L X.
5] .5

: ;=27.4 b

s F. = 1500 psi
! E,.in = 620000 psi Spocies and commercial Size Compression | Compression
Y rade chassiication "'.T':.'f: 5 o ;-r:l.v: Modulus of Elasticit
Cp =1.15 (snow) 3 3 _]_E:Y
8’ C. » ;e)e:x o 560,000 | 690,000
" t s -
9% Cr=105 (4x8) [u Sanon
c=10 2 > 100000 | 10000
Ce=? 510,000
d
b

University of Michigan, TCAUP Structures I Siide 6 0f 27 University of Michigan, TCAUP Side 180f27




Lab02

— 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



ower project

Architecture 324 Prof. Peter von Buelow
Structures Il Winter 2025

Tower Project

Description

This project gives students the chance to apply concepts learned in column analysis to the design of
a structural system that carries primarily a compression load — a tower. Work is to be done in groups
of up to four peaple. The project is divided into 3 parts: 1) initial conceptual design, 2) design
development and testing, 3) final analysis and documentation.

Goals

to explore design parameters of geometry and material under compression.
«  todevelop a design of a compression member o meet the criteria below.
«  tomake some rough hand calculation to estimate the expected performance

. 1o test the compression member and record the results.
. 1o document the results in a well organized and clear report format.

Criteria
+ 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

s  Wood: any species. i Ctil 1 dil ion = 1/4",

= NO paper, mylar or plastic or string or dental floss.

« Ifamember is made by laminating multiple pieces together, the maximum cross-sectional
dimension or thickness still cannot exceed 1/4"

o 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)

s 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

e 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).

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. Test the model. 5-pound steel bars will be placed on top of the model, until the medel fails.
(barsize: 1 %" x 2" x5 13/16")
8. Produce final report documenting requirements and process. See also score sheet.
Due Dates Sc g
See Course Schedule Preliminary Report 40 pts
Testing 60 pts.

Final Report 150 pts

Architecture 324 Prof. Peter von Buelow
Structures Il Winter 2025

Tower Project — Preliminary Report Requirements

Explanation — describe how the design was developed, the basis of the structural concept, and how the principles
of column behavior influenced the design decisions

—include diagr that describe the structure in its entirety. At least a horizontal cross-
section and an elevation of the tower are required. Dimensions are to be included and the member
sizes labeled

Analysis — the report should include the following:

Choose wood type and stress properties. Either use values below for typical mode! grade Basswood
or use values in the NDS or find test values online. Indicate in the report which values you choose.
Determine the cross-sectional area of each member. Find the axial force P and the allowable stress
F'c. The force P can be determined either by a hand calculated truss analysis or as a second order
analysis in Dr. Frame or STAAD Pro. The stress F'c should be found using the NDS equations for Cr
and F'c. Other NDS stress adjustment factors (Co, Cu, Cr, G and C)) can be taken equal to 1.0. Size
members based on the predicted load, P and the allowable stress F'c. Target (or predict) some total
capacity load for the tower. A minimum of 50 LBS is required. Then size the members based on the
force in each member.

Predict the total weight of the tower. Provide a table with each member type showing, length, section
and weight for each. Make an estimate of the weight added by glue joints and/or gusset plates. The total
weight should be under 4 OZ.

Predict Capacity. Predict the ultimate capacity in pounds that the entire tower can carry based on the
actual cross-sections chosen. Produce a utilization table to show for each member type (e.g. main
vertical, horizontal tie, diagonal brace) the utilization ratio fc/F'c based on the predicted total capacity
load. This ratio should be below 1.0 for all members.

Calculate the buckling capacity of the tower as a whole. This is done by treating the tower as one
column loaded at the top, made up in cross section of multiple columns. Show the moment of inertia of
the tower cross-section, and use it to calculate the critical buckling load using the Euler equation. An
example of this calculation is given in the slides from the class lecture. The ultimate capacity is the lower
of the two capacities (critical member or tower as a whole).

Note: If an excel spreadsheet is used to make calculations, show the equations being used for each
cell or column in the table. If STAAD.Pro or Dr. Frame is used to do any of the above, include print-outs
showing the applied loads and resulting member forces

Format - Reports should be formatted for 8% X 11 paper. 11X17 format reports will not be accepted. Once
returned to you graded, save the original copy of the preliminary report for submission together with the
Final Report
The report is a professional document. Text should be clear, grammatically correct, and language should
be appropriate and professional. All calculations should be legible and clearly described — not just numbers
or results, but with a clear description of what is being calculated included.

Properties of Basswood: (like in the Media Center)
Density (oven dry) 29 pf

E (buckling) 1,650,000 psi **

F (Compression || to grain) 4745 psi*

F (Compression L to grain) 377 psi*

F (Tension | to grain) 4500 psi (estimate)

F (Tension L to grain) 348 psi*

F (Shear || to grain) 986 psi *

F (Flexure) 5900 psi *

* from http://www.matweb.com/ ** tested by PvB (small pieces in compression)

Proceedings of the IASS-SLTE 2014 Sympesium
“Srells, Membranes and Spatal Structures: Footprnts”

15 to 19 Seplember 2014, Brasitia, Brazi
Reyolando M LR F. BRASIL ard Ruy MO. PALETTI (eds)

Form Exploration and GA-Based Optimization of Lattice Towers
Comparing with Shukhov Water Tower

A. KHODADADI*, P. VON BUELOW*

*University of Michigan
2000 Bonisteel Blvd. Ann Arbor, Michigan
anahitak@umich.edu

* University of Michigan

Abstract

The main objective of this research is to develop a form exploration technique based on parametric form
generation using concepts of Formex algebra and evolutionary optimization based on ParaGen approach [1]
Accordingly, the design process of the lattice towers with polygon bases s studied. The focus of this research is
to demonstrate the ability of a computational form-finding method in multi-objective design, and to offer arrays
of comparable good solutions instead of a single "optimal” form. In addition, the Shukhov water tower i
considered in order to draw a comparison between the results of the presented form finding technique and a well
known successful design.

First, different tower configurations are described through geometrical concepts of Formex algebra [2]. Formex
algebra is a mathematical system that allows the designer to define geometrical formulation of forms. The
geometrical parameters used in formulations are the base shape of the towers, frequency of elements along the
height of the tower, diameter of bottom base and the mesh patterns. The constant parameters, such as the height
of the tower and diameter of the top are set to match the values of the Shukhoy water tower.

Then, the ParaGen framework uses a non-destructive, dynamic population GA (NDDP GA) to fill a database
with solutions linked to a variety of performance characteristics [1]. The database of solutions can then be
explored for any single or multi-objective performance criteria. Because the solutions are linked to deseriptive
images, the exploration process takes place at both a visual qualitative level as well as a performance driven
quantitative level. For the purpose of comparison, the properties of A-36 structural steel pipe sections are used.
Using STAAD.Pro (Bentley Systems) for the analysis, it was also possible to size all members using AISC steel
code as well as collect additional performance parameters such as deflection and modal frequency.

At last, results are entered into a SQL database which is linked to visual images of the designs. This allows for
the comparison of designs both visually and using quantitative data. Pareto front graphs were produced based on
the computational study, and the best performing results are plotted on these graphs in which the Shukhov water
tower is also located for comparison. In conclusion, the strengths and concerns of applying the proposed method
are also discussed, and it is explained how designers can expand their design perspective and be provided with
arrays of appropriate solutions, instead of simply ane best solution, using a dynamic process of form generation
and optimization.

Keywords: Topology Optimization, Genetic Algorithm, Formex Configuration processing, Lattice Towers

1. Introduction

Designing a form is broadly considered as a creative and purposeful procedure. In structural design usually some
concerns are defined in terms of parameters such as topology or geometry of the structural form, material
properties and load cases. Then, it is tried to achieve the best solution(s) that can meet the requirements. Within
this process of design and optimization two main challenges may be raised. First, there are multiple criteria
through the procedure which make the decision making more complicated. Second, using a trial-and-error
method to seek one single best solution demands a huge amount of time and effort, and at last it may decline the
designer’s tendency to explore all the possibilities. Hence, in order to expand the designer’s perspective

Copyright © 2014 by the authors.
Published by the International Association for Shell and Spatial Structures (IASS) with permission. 1
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Tower Project

Description
This project gives students the chance to apply concepts learned in column analysis to the design of
a structural system that carries primarily a compression load — a tower. Work is to be done in groups
of up to four people. The project is divided into 3 parts: 1) initial conceptual design, 2) design
development and testing, 3) final analysis and documentation

Goals

to explore design parameters of geometry and material under compression.
to develop a design of a compression member to meet the criteria below

to make some rough hand calculation to estimate the expected performance
to test the compression member and record the results.

to document the results in a well organized and clear report format.

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. i i I di
NO 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)

=1/4".

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: 172" x 2" x 5 13/16").
8. Produce final report documenting requirements and process. See also score sheet
Due Dates Scoring i
See Course Schedule Preliminary Report 40 pts i
Testing 60 pts H
Final Report 150 pts !
1
1

Architecture 324

‘Winter 2025

ARCHITECTURAL STRUCTURES Il (3)

Lecture and Assignment Schedule

DATE TOPIC Text Reading PROBLEMS (due dates online)
JAN 8 Course Intro Onouye, Schodek
JAN 13 1 - Wood Properties NDS
JAN 15 2 - Wood Beam Analysis Schodek 6.4.2
JAN 17 Recitation [1-Wood Beams]
Topic Quiz 1 1. Wood Beam Analysis
JAN 20 Martin Luther King Day **** No Class **** Martin Luther King Day *** No Class
JAN 22 3 - Wood Beam Design Onouye 8
JAN 24 Recitation
Topic Quiz 2
JAN 27 4 - Wood Column Analysis Onouye 9.1-9.2 & 9.4, Schodek 7.4.3
JAN 29 5 - Wood Column Design NDS Tower Intro
JAN 31 Recitation [2-Wood Columns]
Topic Quiz 3 2. Wood Column Analysis
FEB 3 6 - Cross Laminated Timbers ~ CLT Handbook
FEB 5 7 - Steel Properties AISC, Onouye 8.7
FEB7 Recitation — Tower Project
Topic Quiz 4
FEB 10 8 - Steel Beam Analysis Schodek 6.4.3
\---FEB.1 9. Steel Beam Analysi hodek 6.4 \
| FEB14 Recitation [3-Steel Beams] Prelim. Tower Report Due !
L Topic Quiz 5 3 Steel Beam Analysis 1
TTFEBA7T "0 - Steél Beam Design Chodek 6473
FEB 19 11 - Steel Column Analysis Onouye 9.3, Schodek 7.4 4
FEB 21 Recitation [4-Steel Columns]
Topic Quiz 6 4. Steel Beam Design
FEB 24 12 - Steel Column Design Onouye 9.3, Schodek 7.4.4
FEB 26 “Skyscrapers" David Macaulay video
FEB 28 Recitation
5. Steel Column Analysis
MAR 3 WINTER RECESS "™ NO CLASS " WINTER RECESS ™ NO CLASS ™™
MAR 5 WINTER RECESS **** NO CLASS **** WINTER RECESS “*** NO CLASS ****
MART7 WINTER RECESS ™" NO CLASS "~ WINTER RECESS "~ NO CLASS
MAR 10 13 - Continuous Beams I_Engel Ch_ 17, Schodek 8
MAR 12 14 - Gerber Beams Schodek 8.4 4
MAR 14 Recitation [5-Continuous Beams]
Topic Quiz 7 6. Three Moment Theorem
MAR 17 5 - Intro to Concrete — PCA video.
MAR 19 16 - Concrete Beams Schodek 644 -646
MAR 21 Recitation [6-Stress vs Strain]
' Topic Quiz 8
! MAR 24 Tower Testing **** Tower Testing **** Tower Testing **** Tower Testing "=~ :
WAR 26 TP CUNTrEte Beam: TENercm1s
MAR 28 Recitation
Topic Quiz 9 7. Concrete Beam Analysis
MAR 31 18 - Concrete Beam Design
APR 2 19 - Concrete Columns Schodek 7.4.5
APR 4 Recitation [7-Concrete Reinforeing]
Topic Quiz 10 8. Concrete Beam Design
APR7 20 - Composite Sections
APR 9 21 - Composite Sections
APR 11 Recitation [8-Composite Sections]
Topic Quiz 11 9. Composite Sections
APR 14 22 - Masonry Intro TMS 402
APR 16 23 - Masonry Walls TMS 402
APR 18 Recitation [9-Lateral Stability] Final Tower Report Due
Topic Quiz 12 10. Masonry Walls
APR 21 24 - Masonry Walls TMS 402
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