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Arch324: STRUCTURES II

Welcome to Recitation session 01/17

Qutline:

= Quick Recap of the week
» Provide the solution for the assignment (Homework 1)
= Answering student’s questions

= Lab: Beam Deflection

Please feel free to ask questions.
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Recap of the week

TAUBMAN COLLEGE

ARCHITECTURE & URBAN PLANNING
UNIVERSITY OF MICHIGAN

Allowable Stress Design by NDS
Flexure

Allowable Flexure Stress F,’

F, from NDS Supplement tables determined
by species and grade

F,’ = F, (usage factors)

usage factors for flexure:
Cp, Load Duration Factor
C,, Moisture Factor
C, Temperature Factor
C, Beam Stability Factor
Cg Size Factor
Cy, Flat Use
C, Incising Factor
C, Repetitive Member Factor

Arch324: STRUCTURES I

Actual Flexure Stress f,

f, = Mc/l = M/S
S = Ifc = bd%/6

Check/
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Recap of the week

Allowable Stress Design by NDS

Shear
Allowable Shear Stress Fv’ Actual Shear Stress fv
F, from tables determined by species f,=VQ/lb=15VIA
and grade
Can use V at d from support as
F,’ = F, (usage factors) maximum
usage factors for shear:
Cy Load Duration Factor Pr—— —
C,; Moisture Factor
C, Temperature Factor —
C, Incising Factor @ 8 a 3

. it Check/
TAUBMAN COLLEGE
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Recap of the week

Adjustment Factors

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber

Y ASD and LRFD Ll
only , ) ) ) 1 ) ) only
AR 3 ; i EE, - ; 5
SRR AE RN AR IR AR IR A0
Bl 52| 2|5 2|85 |¢&|¢ AlF
IHEEIHEE R R IR IR R
AR IR AR AR N § I
1|3 | & g i 2|3 E =
Fy =Fp X|Cp Cuw G C C Cu G G - - Kr & A
F, =F, x|Cp Cu C - C - G - =« =« - K & A
F, =F, b G G - - - G - - - - K & A
Fo=Fu x| - CuM G - - - G - - - C Ke 6 A
F. =F, X|1Cp Cuw G - G - G - G - - K & A
E=E =G - - -G - - - -
Emin =Emn x| - Cu G - - - G - - Cr - Kf &
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Provide the solution for the assignment — HW1

1. Wood Beam Analysis

SPAN B
Analyze the given 4x dimensioned lumber beam to o P ro b I em.
determine if it passes or fails the NDS code criteria. The : 4xd Wood Beam
beam carries both dead and live floor load plus its own I:l \
selfweight. Check the actual shear and bending | Y -
stresses against the factored allowable stresses | [ SR
including all applicable factors from the NDS. Load | I [ -
duration is based on the live load (CD = 1.0). AssSuUmmc || Rt [ —_—
normal temperature, and no incising (Ct = Ci=1.0).
Find the beam selfweight including the given moisture | [P R — SPAN A
content. The beam is braced at the ends and the C.L. | [ I S
(meets criteriain 44 .1)so CL=1.0.

O O—1

DATASET: 1 ’_7 B/o | e B/o 4% _
NORTHERN | Section
Wood Species WHITE 4
CEDAR P

Wood Grade No.1 Nirchern whits Cedor —+ 4h 340, 4E Load Diagram d
Span A 16 FT specific  Gravity = 0.3 ;ﬂs 16"
Span B 14FT Aloisoue | COnEREL moc.| (28l Lid

Nominal Depth of Beam, d 16 IN
Moisture Content, m.c. 20 %
Floor DL 9 PSF

Floor LL 45 PSF

Mate: (ﬁ]_ or less  Considered o[yy COanb'a'J q

——»
L

Span B |

woold  Pen Sn’t;
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Provide the solution for the assignment — HW1

SPAN B # uestion Your Response
\ 1 Tabulated Allow. Bending Stress, Fb I s
4xd Wood Beam
u Y N 2  Tabulated Allow. Shear Stress, Fv I s
_____________ — A 3  Tabulated Wood Dry Density (specific gravity) ]
_____________ - 4  Total Actual Applied Point Load, P I L S
N R 5 Wood Density (Including M.C.) [ e
————————————— — | SPANA 6 Beam Selfweight (Including M.C.), w [ i3
I 7  Actual Beam Bending Moment, M I L6
————————————— — 8  Actual Maximum Shear Force (at reaction) , V I L Bs
_____________ . L 9 Size Factor, CF
D D 10 Wet Service Factor for Fb, CM_b
"7 B2 4'_\—'7 512 4'_( Section Wet Service Factor for Fv, CM_v
4 Factored Allow. Bending Stress, F'b
) P d Factored Allow. Shear Stress, F'v
Load Dlagram l Actual Bending Stress, fb_actual
W Actual Shear Stress, fv_actual
A [ ] Bending Stress Passing: enter "1" for pass or "0"
\ﬁ Span B _| for fail
| | Shear Stress Passing: enter "1" for pass or "0"
for fail
TAUBMAN COLLEGE
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Provide the solution for the assignment — HW1

Analysis Procedure

Given: loading, member size, material and span.

Req’d: Safe or Unsafe (Pass/Fail)

1. Find Max Shear & Moment

Simple case — equations
Complex case - diagrams

2. Determine actual stresses

f. = M/S
fb =1.5V/A 4. Check that actual = factored allowable
' f, < F,
3. Determine allowable stresses L=
F, and F, (from NDS) : -
F.’ = F, (usage factors) 5. Check deflection < building code max.
F, = F, (usage factors) 6. Check bearing (F., 2 Reaction/Ayeaing )
O e
UNIVERSITY OF MICHIGAN Arch324: STRUCTURES Il
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Provide the solution for the assignment — HW1

NDS Supplement Wood Species = Northern White Cedar
Wood Grade = No.1

Table 4A Reference Design Values for Visually Graded Dimension Lumber
(2" - 4" thick)'?3
(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.)

USE WITH TABLE 4A ADJUSTMENT FACTORS

Design values in pounds per square inch (psi)
. . . Tension Shear Compression | Compression Grading
Species and commercial Size . -
. . parallel parallel perpendicular parallel Specific | Rules
grade classification . N . . . . 4
Bending | to grain to grain to grain to grain Modulus of Elasticity Gravity” | Agency
Fy F; F, Fo F. E Emin G
NORTHERN WHITE CEDAR
Select Structural 775 450 120 370 750 800,000 290,000
Q1 o & wider 325 370 600 700,000 260,000
Qz 550 325 120 370 475 700,000 260,000
325 175 120 370 275 600,000 220,000
2" & wider 425 120 370 600,000 220,000 0.31 NELMA

UNIVERSITY OF MICHICAN Arch324: STRUCTURES I Slide 10 of 27




Provide the solution for the assignment — HW1

The following formula shall be used to determine the
density in Ibs/ft® of wood:

[NDS- Supplement- p 12] . G m.c.
density= 624 1+ G(0.009)(m.c.) * 100] c/easit;[ — 2.9 _9_1______ TE
-+ 931 (0:009) (20 ) 100
where:

G = specific gravity of wood

i\

21.9%  pCF L%ts)

m.c. =moisture content of wood, %

Table 1B  Section Properties of Standard Dressed (545) Sawn Lumber
XX AXIS Y-¥ AXIS
Standard Area Moment Moment Approximate weight in pounds per linear foot (lbs/ft)
Nominal Dressed of Section of Section of of piece when density of wood equals:
Size Size (S45) Section | Modulus] Inertia |Modulus| Inertia |
bxd bxd A Sux hee Sy ly |25 Ibs/ft’| 30 Ibs/ft®] 35 Ibs/ft’| 40 Ibsift’| 45 Ibs/ft’| 50 Ibs/ft®
in. x in. in.2 in.? in. in.? in.*

4x4 IR w312 12.25 715 12.51 7146 12.51 2127 2552 2977 3403 3828 4253
4x5 32 x 4112 1575 11.81 26.58 9.188 16.08 2734 32 3828 4375 4922 5.469
4x6 32 %5112 1925 1765 | 4853 11.23 19.65 3.342 4.010 4 679 5.347 6.016 6684
4x8 H2xT14 | 2538 30.66 1111 1480 2590 4.405 5286 6.168 7.045 7.930 881
410 2% 914 32.38 49.91 230.8 18.89 3305 5621 6.745 7.869 8993 10.12 11.24
4x12 | AHA2x 11144 | 3938 7383 4153 2297 4020 6.835 8203 8570 10.94 12.30 1367
4x14 | 312x1314 | 4638 | 10241 | 6785 2705 47.34 £8.051 9661 11.27 12.88 14 .49 16.10
4x16 | 3A1/2x151/4 | 5338 | 13566 1034 31.14 54.49 9266 1112 12.97 14.83 16.68 18.53

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW1

pL: 9 A
LL: 45 pSF ’-‘—SPANB
4xd Wood Beam
'omo’ Con (€ ° DL—}-LL D w _____ _|:| ‘
Catdaibtios | df | Pore Joold: S
4 \é ::::::: ::::::: SPAN A
é*é LRI R I EE TADE B (s [
b, L] []
24 ’_iB - By o]
2 | 2 Section
5 4
Bemm  Self weidht: Load Diagram ICI
Toble 1B >

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW1

l f = 3024 (16) - Wz%_\._(;g%«-t
T+HF3J I JJ T
5 o fomd J¢ go)
ng‘ =% T,Qz-_ % we dest] X Cross_gection Arts
Touble : 93.3%
w=219% K5338 _ gauzs 1b (pLF)
1632 1512 + L%’g Az Pt
| Shear [\
4 ¥ 51 T
L_____/_. %.W?‘bi"‘s_ 51.03
—I1512 Ak -

R, (517 45%-03 =1569.03

—+ /’\ b
/\ nmer€ | S @
o al s,.w?b("'f

Ll |8 HTO
M:FX,’:— :302?1%— Ft-1b “Ersl 3
RNk
w
M= —+
Pq <

Z
14
Ll
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Q3

’-— SPAN B
4xd Wood Beam
U— = —L—
T 1 sPanNA
] —1
B -l By .|
2 /2 Section

P
Load Diagram l Id

——»
L
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Provide the solution for the assignment — HW1

Actuod SEress: re. b
F,o_ m [ 107 32.62X12 _ 953 g3 (b Ql4
b= 13566 w =¥ b= 7 ! =-333.5 (ﬁ)
l'r\3 PS.[
ib
Fyz 3 L LB 151998 gy 09 ()
53.3% N "
Q‘) 53.38 i~ " PSL Q15
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Provide the solution for the assignment — HW1

Table 2.3.2 Frequently Used Load Duration
Factors, Cp!

Load Duration Cp Typical Design Loads
Permanent 0.9 Dead Load

Ten years 1.0 Occupancy Live Load
Two months 1.15  Snow Load

Seven days 1.25  Construction Load

Ten minutes 1.6 Wind/Earthquake Load
III]HHCtz 2.0 Impact Load

Load duration is based on the live load (Cb = 1.0)

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW1

Table 2.3.3 Temperature Factor, C:

Reference Design In-Service C;
Values Moisture
Conditions’ T<100°F 100°F<T<125°F 125°F<T<150°F
F.E.E . Wet or Dry 1.0 0.9 0.9
Dry 1.0 0.8 0.7

F,.F,.F..and F_,

Wet 1.0 0.7 0.5

1. Wet and dry service conditions for sawn lumber, structural glued laminated timber, prefabricated wood I-joists, structural
composite lumber, wood structural panels and cross-laminated timber are specified n 4.1.4, 5.1.4,7.1.4, 8.1.4, 9.3.3, and
10.1.5 respectively.

normal temperature, Ct = 1.0

TAUBMAN COLLEGE
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Provide the solution for the assignment — HW1

Q9

TAUBMAN COLLEGE

ARCHITECTURE & URBAN PLANNING
UNIVERSITY OF MICHIGAN

Size Factors, Cy
F F E.
Thickness (breadth)
Grades Width (depth) 27 & 3 4"
23", & 4" 1.5 1.5 1.5 1.15
Select 5" 1.4 1.4 14 1.1
Structural, 6" 1.3 1.3 1.3 1.1
Mo.l & Bir, 8" 1.2 1.3 1.2 1.05
No.l, No.2, {1 1.1 1.2 1.1 1.0
No.3 12" 1.0 1.1 1.0 1.0
14" & wider 0.9 1.0 0.9 0.9
2" 3" &4 1.1 1.1 1.1 1.05
Stud " &6" 1.0 1.0 1.0 1.0
8" & wider Use No.3 Grade tabulated design values and size factors
Construction, 235 & 4" 1.0 1.0 1.0 1.0
Standard
Utility 4" 1.0 1.0 1.0 1.0
&3 0.4 — 0.4 0.6

Size Factors, CF=1.0

Arch324: STRUCTURES I
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Provide the solution for the assignment — HW1

Wet Service Factor, Cy,
When dimension lumber is used where moisture con-

Table 4.3.8 Incising Factors, Ci tent will exceed 19% for an extended time period, design
values shall be multiplied by the appropriate wet service
Design Value C; factors from the following table:
E. Eoin 0.95 Qi1
F,. F,. F.. F., 0.80 Wet Service Factors, U,
Fo. 1.00 F, E, F, F., F. EandE,,

0.85* 1.0 0.97 0.67  0.8** 0.9
* when (F(Cp) < 1,150 psi, Cy = 1.0
** when (F NCg) = 750 psi, Cy= 1.0

Fo* Cir=575<1150then Cm =1 | Q10

no incising, Ci=1.0 Wet Service Factors, CMm

TAUBMAN COLLEGE

ARCHITECTURE & URBAN PLANNING
UNIVERSITY OF MICHIGAN

Arch324: STRUCTURES I Slide 18 of 27




Provide the solution for the assignment — HW1

3.3.3.6 The slenderness ratio, Rg. for bending
members shall be calculated as follows:

7.

RB: F

(3.3-5)
3.3.3.7 The slenderness ratio for bending members,
Rg. shall not exceed 50.

3.3.3.8 The beam stability factor shall be calculated
as follows:

. 1+(Re/R) 1+(Re/R) [ Ro/R (3.3-6)
B ) _

19 19 0.95

Beam stability factor, CL

Table 3.3.3

Effective Length, (., for Bending Members

Cantilever’ where €,/d <7 where {/d > 7
Uniformly distributed load =133 ¢, {=0.90 €, +3d
Concentrated load at unsupported end €=187¢, {=144€,+3d

Single Span Beam™™

where €,/d <7

where €,/d =7

Uniformly distributed load

{=2.06 ¢,

{=1.63¢,+3d

Concentrated load at center with no inter-
mediate lateral support

(=180 ¢,

€=1.37€,+3d

Concentrated load at center with lateral {=1.11¢,
support at center

Two equal concentrated loads at 1/3 points (=168 ¢,
with lateral support at 1/3 points

Three equal concentrated loads at 1/4 points {=1.54¢€,
with lateral support at 1/4 points

Four equal concentrated loads at 1/5 points {~=1.68¢,
with lateral support at 1/5 points

Five equal concentrated loads at 1/6 points {=1.73 ¢,
with lateral support at 1/6 points

Six equal concentrated loads at 1/7 points {=1.78 ¢,
with lateral support at 1/7 points

Seven or more equal concentrated loads, (=1844¢,
evenly spaced, with lateral support at points

of load application

Equal end moments (=1841¢,

The beam is braced at the ends and the C.L. (meets criteria in 4.4.1) so CL = 1.0.

TAUBMAN COLLEGE
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Provide the solution for t

TAUBMAN COLLEGE
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Co

C.=1.0
when bracing meets 4.4.1
for the depth/width ratio

Otherwise

C.<1.0
calculate factor using
section 3.3.3

ne assignment — HW1

2X6
2x8

be held in position

Beam Depth/
Width Ratio Type of Lateral Bracing Required Example
2tol MNone
 ENP plLeekiNg
~TPI#T #F- BEAM
3tol The ends of the beam should

S5tol

2x10

Hold compression edge
in line (continuously)

g AL
SHERTH I/ DEe MG

6tol

2x12

Diagonal bridging should be used

Ttol

2x14

Both edges of the beam
should be held in line

HA| LED S=EATHI NG 2F-
— PRt T-'Fqé-ﬂ Ll

Arch324: STRUCTURES I
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Provide the solution for the assignment — HW1

Repetitive Member Factor, C, Flat Use Factor, C,,
Bending design values, F,, for dimension lumber|2" Bending design values adjusted by size factors are
to 4" thick shall be multiplied by the repetitive member based on edgewise use (load applied to narrow face). When
factor, C; = 1.15. when such members are used as joists, dimension lumber is used flatwise (load applied to wide
truss chords. rafters. studs. planks. deckingl or similar face). the bending design value, Fy, shall also be permitted
members which are in contact or spaced not more than 24" to be multiplied by the following flat use factors:
on center, are not less than 3 in number and are joined by ’ )
floor, roof, or other load distributing elements adequate to Flat Use Factors, Cy,
support the design load. Width Thickness (breadth)
(depth) 2" & 3" 4"
2" & 3" 1.0 -
47 1.1 1.0
5" 1.1 1.05
6" 1.15 1.05
8" 1.15 1.05
10" & wider 1.2 l.1

M TAUBMAN COLLEGE
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Provide the solution for the assignment — HW1

SPAN B
fo?Qo @’@@0 e

iF FC,_-\(“CW——‘:

————————————— — | sPanA
S 6 )C) Q ! —
PT 2 E— DN 0 | _
S - Q13 o -1
=
I 0.9% ’_iB - By .|
/2 | /2 Section
; 4
P, =05388 » F =975 s el Q16 P I
Load Diagram l d
ACtae! A Il ownb/e g
Fo = 4403 < Fo =16y —r p=¥ Q17 w
& [ ]
l Span B I
TAUBMAN COLLEGE
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Lab: Wood Beams Stability

Beam Properties

b=15IN
d=11.25IN
L=45FT

Description

This project uses observation and calculation to understand how bracing effects the
stability and performance of a wooden beam.

Goals

To observe the bending behavior of a simple span beam through physical modeling.
To see the effects of unbraced length on lateral buckling.
To calculate the effective length for different bracing conditions.

TAUBMAN COLLEGE
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Lab: Wood Beams Stability

Beam Properties

b=15IN
d=11.25IN
L=45FT

Procedure

1. Set the 1/16"x1/2" basswood stick in the support as shown. This approximately
models a 2x12 (1.5" x1.25") at 1:24 scale with a span of 45 FT.

2. First load the unbraced stick (fu = 45’) at the center line with you finger. Observe
the lateral buckling failure. Find fe and calculate Rg from the NDS formula 3.3-5

3. Next brace the stick at the center load point (fu = 22.5). Again observe the lateral
failure. Find fe and calculate Rs from the NDS formula 3.3-5

TAUBMAN COLLEGE
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Lab: Wood Beams Stability

Table 3.3.3  Effective Length, (e, for Bending Members

Cantilever' where £,/d <7 where {,/d =7
Uniformly distributed load €=133¢, €.=090¢,+3d
Concentrated load at unsupported end {=1.87¢, €.=1.44 €,+3d
Single Span Beam'” where {/d <7 where {/d =7
Uniformly distributed load £~2.06 £, €~1.63¢€,+3d
Concentrated load at center with no inter- €.=1.80¢, £€=137¢€,+3d
mediate lateral support
Concentrated load at center with lateral £=1.11¢,
support at center
Two equal concentrated loads at 1/3 points {.=1.68¢,
with lateral support at 1/3 points
Three equal concentrated loads at 1/4 points £=154¢,
with lateral support at 1/4 points
Four equal concentrated loads at 1/5 points {=1.68 €,
with lateral support at 1/5 points
Five equal concentrated loads at 1/6 points =173 ¢,

_with lateral support at 1/6 points ] ]
Six equal concentrated loads at 1/7 points €=1.78 ¢,
with lateral support at 1/7 points
Seven or more equal concentrated loads, €=1.84¢,

evenly spaced, with lateral support at points
of load application
Equal end moments t=1.84 ¢,

TAUBMAN COLLEGE
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Lab: Wood Beams Stability

Beam Properties

b=15IN
d=11.25IN
L=45FT

4. Now brace and load the stick at the 1/3 points (fu = 15') and observer the lateral
failure. Find fe and calculate Re from the NDS formula 3.3-5

5. Finally, brace and load the stick at the 1/4 points (fu = 11.25') and again observer
the failure. Find fe and calculate Re from the NDS formula 3.3-5

6. Compare the Re values found for the 4 bracing conditions and note how the bracing
effects the slenderness. Note which case comes closest to 50 and which one is the
smallest. As Rs decreases the beam gets more stable and stronger.

TAUBMAN COLLEGE
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Arch314: STRUCTURES |

Thank you.

Any question?
Please feel free to ask questions.
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