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Office Hours

— Office Hours
— Day: Fridays, 12:00 PM - 1:00 PM
— Location Options:
- In-person meetings: [2223B]
- Virtual meetings via Zoom
Please make sure to sign up at least 24 hours in advance to allow for proper scheduling via this link:

https://docs.google.com/forms/d/e/1FAIpQLSdOb4gAc6SoCdsMAZP4zKrn3ecPyGt6dwVahVcOD3EqXGG-0A /viewform?usp=dialog

If the slots are fully booked or if you have a time conflict, please email me directly to find an alternative time (arfazel@umich.edu)



https://docs.google.com/forms/d/e/1FAIpQLSdOb4gAc6SoCdsMAZP4zKrn3ecPyGt6dwVahVcOD3EqXGG-oA/viewform?usp=dialog
mailto:arfazel@umich.edu
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— Summary
— Wood beam design

— Problem Set

— Problem set 02 (wood beam design)

— Lab
— No Lab for today!




Wood beam desi;

Analysis Procedure (capacity)

11

Design Procedure

XX AXIS Y-Y AXIS
G | d d d d Standard Area Moment Moment
H - H T iven: oad, wood an rade, span, Nominal Dressed of Section of Section of
Given: member size, material a_nd span. a9 p sie | St (848) | Section |Moduus| nerte [Mocktue] inerse
Req'd: Max. Safe Load (capacity) other usage conditions bxd bxd Al Sa b . by,
. . in. x in. in. in. in. in. in.
. Table 4A  Reference Design Values for Visual Req'd: member size Bo::d;' Fax21/2 | 1875 | 0781 | 0977 | 0234 | 0.088
Determine F, and F', (Cont.) (2" - 4" thick)**? ; 1x4 | 34x312 | 2625 | 1531 | 2680 | 0328 | 0.123
o (All specles except Southem Pine—see 1. Find Max Shear & Moment 1x6 | axs512 | 4125 | 3781 | 1040 | 0516 | 0.193
2. Assumef, =F) duration and dry service conditions. See NDS + Simple case — equations 1x8 | Wx7.14 | 643 | 650 | 2382 | 0800 | 0268
. _ " : x10 | %ax914 | 6938 | 1070 | 49.47 | 0.867 | 0.325
* Maximum actual = allowable stress adjustment factors.) + Complex case - diagrams 1x12 | 3M4x11-1/4 | 8438 | 1582 | 88.99 | 1.055 | 0.396
3 Sol . for f ) Dimension Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)
. olve stress equations for force USEWITHTABLE 4A AL 2. Determine allowable stresses, Fb 2x3 | 112x212 [ 3750 | 156 | 1.953 | 0938 [ 0.703
. M=£S 2x4 | 112x312 | 5250 | 308 | 5359 | 1313 | 0.984
=1y Design val ; 2x5 | 1-12x4-12 | 6750 | 506 | 1139 | 1688 | 1.266
+ V=066fA Rhia e . 3 Tension | Shear * Apply usage factors to get F', 2x6 | 1uzxsi2 | 8250 | 758 | 2080 | 2063 | 1547
v e T paraliel | parailel 3. Solve S = MIF.’ 2x8 | 1-12x7-14 | 1088 | 13.14 | 4763 | 2719 | 2039
H Bending | to grain | to grain . e b 2x10 1-1/2x 9-1/4 1388 21.39 98.93 3.469 2602
4. Use maximum moment to find loads . ., ., ; 2x12 | 1-12x11-1/4 | 1688 | 3164 | 1780 | 4219 | 3.164
+  Back calculate a load from moment 4. Choose a section from Table 1B 2ute viputotie ] 1080 | 4380 | 208 L 490 | 3727
3 : 4 A2 x3- D A : 4.
+ Assumes moment controls "oef: . ':u;fua' — 'a-‘:;U ﬁ :iﬁ * Revise DL and F, 3 i 5 2.1/2:4.1/2 1125 | 844 | 1898 | 4688 | 5859
5. Check Shear po 3 i I I * Check step 3 and revise. 3xe | 24rzxr1ia | 1813 | 2150 | 7930 | 7562 | 940
. Shd 7 & wider e =G0 L] 3x10 | 2422x9-4/4 | 2313 | 3565 | 1649 | 9635 | 12.04
+ Use load found is step 4 to check shear 1000 | so0 135 5. Check shear stress 3x12 | 242x11-14 | 2813 | 5273 | 2066 | 11.72 | 1465
stress T-4#wide | S0 | 25 135 First for V max (easier) 3x14 | 242x13-114 | 3313 | 7315 | 4846 | 1380 | 17.25
- 275 125 135 * FIrs % ‘ ;i y ' '
e , i - . 4 3x16 | 2-12x151/4 | 3813 | 9690 | 7389 | 1580 | 1086
= Ifitfails (f, > F'), then find load based on + If that fails, try V at d distance ax4 | 3-12x312 | 1225 | 7.15 | 1251 | 7.146 | 12.51
4x5 | 312xa12 | 1575 | 1181 | 2658 | 9188 | 16.08
shear. from NDS 2012 I;‘:rr‘n suprt).ort. il fails. b 4x6 | 3-12x512 | 1925 | 1765 | 4853 | 11.23 | 1965
; . e section still fails, choose a new 4x8 | 32x7-14 | 2538 | 3086 | 111.1 | 1480 | 25.90
Check deflection section with A=1.5V/F.’ 4x10 | 3-12x9-14 | 3238 | 4991 | 2308 | 1889 | 33.05
. ion wi =1. v 4x12 | 3-12x11-1/4 | 3938 | 7383 | 4153 | 2297 | 4020
7. Check bearing " ax14 | 3-12x13-14 | 4638 | 10241 | 6785 | 27.05 | 47.34
6. Check deflection 4x16 | 3-12x15-14 | 5338 | 13566 | 1034 | 31.14 | 54.40
7. Check bearing
University of Michigan, TCAUP Structures |I Slide Zof 21 University of Michigan, TCAUP Structures |1 Siide 5 of 21




Relationships of Forces and Deformations

Sequential Integrals

w LOAD

,\A[\'B\ Ve-Va = wdx
|
SHEAR \" —

V =f"’dx d®y  dM 1 14
\I shear =03= g BI = FI
Me - Ma = Vdx
_;r__ =
M =[Vdx  yoent M/ F\ moment, = LY w M
dr2 EI

0= J’ M dx SLOPE 9
£l B = dope &
-*T: dz

Be - B = (MX)/(EI)
y= I&Ix

DEFLECTION 'y deflection = y

N

|

ye-ya = Bdx

\




Symmetrically Loaded Beams

. tangent |

L/2

tangent

LOAD

—

i'-"k' :

P/2

P/2

\%\\“\‘13-‘
* Maximum slope occurs at the ends of the beam B pcared |
P/2
. . SHEAR
» A point of zero slope occurs at the center line.
This is the point of maximum deflection. PL/4

Moment is positive for gravity loads.

x!

Shear and slope have balanced + and - areas. o /’_

(PL%)/(16EI)

(PL3/(16E1) —"“/

Deflection is negative for gravity loads.

DEFLECTION

X

A = (PL)/(48E1)

v



Cantilever Beams

* One end fixed. One end free

* Fixed end has maximum moment, L fl_C \L]o J,P PL
ut zero slope and deflection P7T 3 L Qrﬁ
F

* Free end has maximum slope and |, T——-ﬁ
deflection, but zero moment. =fi —
M
» Slope is either downward (-) or <
PL & P = x! FL

upward (+) depending on which = 4
endis fed. ® 'Q El.
eL*
» Shear sign also depends of which ! 3
end is fixed. D
'x!/ 3 o
P FL
* Moment is always negative for 3 g

gravity loads.
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Table 4A Reference Design Values for Visually Graded Dimension Lumber

Problem Set 02
(Cont.) (2" - 4" thick)>?

#Ql: Tablﬂated AllOVV- Bendlng StreSS, Fb (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

#Q2: Tabulated Allow. Shear Stress, Fv adjustment factors.)

USE WITH TABLE 4A ADJUSTMENT FACTORS

#Q3: Tabulated Modulus of Elasticity, E Design vatues i pounds per sauae imch ()

Species and commercial Size Tension || Shear Compression | Compression Grading
P classification parallel : parallel perpendicular parallel Specific | Rules
Bending | to grain [|! to grain to grain to grain = -Nreyurs of Elasticity | Gravity' | Agency
DATASET: 1 -2- -3- H
2l e menpes S N S 2 I . -
Wood Species PIN
E-FIR 5 T400,000 | 510,000
Wood Grade No.1/No.2 - 5 1,300,000 | 470,000
1,200,000 440,000
Span 15FT . 5 5 1,100,000 | 400,000
Joist Spacing, o.c. 12N
Moisture Content, m.c. 15 %
Floor DL 7 PSF
Floor LL 35 PSF

1,100,000 400,000
1,100,000 400,000
1,000,000 370,000
300,000 330,000

=
m
m
m
=
m
=
3]
m
=)
m
o
3]
=
<
>
-
c
m
»

700 |-l
1135
135




Problem Set 02

#Q4: Total Applied Floor Load, (DL+LL)

#Q5: Load on Joist, w
DATASET: 1
: SPRUCE-

Wood Species PINE-FIR
Wood Grade No.1/No.2
Span 15 FT
Joist Spacing, o.c. 12 IN
Moisture Content, m.c. 15 %
Floor DL 7 PSF
Floor LL 35 PSF




w = 42PLF

A
\4

5 5 R1 15 FT R?
w. L 42 X 15
Mmax= 3 = 3 = 1181.25 FT — LB
w. L 42 X 15
‘ Vmax = 5 = 5 = 315 LBS

Hint: Some online sources for drawing the beam diagrams and check your calculations



https://skyciv.com/free-beam-calculator/
https://optimalbeam.com/beam-calculator.php

Table 1B Section Properties of Standard Dressed (§48) Sawn Lumber
Problem Set 02

Standard Moment Approximate welght in pounds per linear foot (Ibs/ft)

#Q8-16 nal| | Dresseq | or | Secton | of | secton| of

8  Nominal Depth of the Final Joist Used bxd
9 Size Factor, CF
1-1/2 x 2-1/2
10 Repetetive Member Factor, Cr 1-1/2 x 3-1/2
11 Wet Service Factor for Fb, CM_b axets
12 Wet Service Factor for Fv, CM_v P Hﬁ X Zilfi
: . A PR
13 Factored Allow. Bending Stress, F'b 1-1/2 x 13-1/4

14 Factored Allow. Shear Stress, F'v
15 Actual Bending Stress, fb_actual

16 Actual Shear Stress, fv_actual Size Factor, Cy
Tabulated bending. tension, and compression parallel to grain design values for dimension lumber 2" to 4" thick shall
be multiplied by the following size factors:

Size Factors, Cy

Grades

Select

Structural,

No.l & Btr,
-

Stud

Use No.3 Grade tabulated design values and size factors

Standard
Utility o+ ] o [ w0 1.0
&y | o4 | 00— 1 04 | 06

Copyright © American Wood Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized.
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Problem Set 02
#Q8- 16

8

9

10
11
12
13
14
15
16

Nominal Depth of the Final Joist Used
Size Factor, CF

Repetetive Member Factor, Cr

Wet Service Factor for Fb, CM_b
Wet Service Factor for Fv, CM_v
Factored Allow. Bending Stress, F'b
Factored Allow. Shear Stress, F'v
Actual Bending Stress, fb_actual
Actual Shear Stress, fv_actual

Table 4A Adjustment Factors

Repetitive Member Factor, C,
Bending design values, F;, for dimension lumber 2"
o 4" thick shall be multiplied by the repetitive member
actor, 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"
n center, are not less than 3 in number and are joined by
other load distributing elements adequate to

Wet Service Factor, Cy
When dimension lumber is used where moisture con-
ent will exceed 19% for an extended time period, design
ralues shall be multiplied by the appropriate wet service
tors from the following table:

F.. F. Eand E;,
0.67 0. 0.9

Size Factor, Cy

Flat Use Factor, Cy,

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, Cy,
Width Thickness (breadth)
(depth) 2" & 3"
& 3"
4"
5n
6"
g
10" & wider

NOTE
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 shall

be multiplied by the following size factors:

Size Factors, Cy

Grades

Select
Structural,
No.l & Btr,
No.l1.No.2.
No.3

Stud
Construction,

Standard
Utility

0.6

Copyright © American Wood Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized.
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Problem Set 02
#Q8- 16

8

9

10
11
12
13
14
15
16

Nominal Depth of the Final Joist Used
Size Factor, CF

Repetetive Member Factor, Cr

Wet Service Factor for Fb, CM_b
Wet Service Factor for Fv, CM_v
Factored Allow. Bending Stress, F'b
Factored Allow. Shear Stress, F'v
Actual Bending Stress, fb_actual
Actual Shear Stress, fv_actual

3.2 Bending Members - General
3.2.1 Span of Bending Members

For simple, continuous and cantilevered bending
members, the span shall be taken as the distance from
y

face to face of supports, plus 2 the required bearing
length at each end.

3.2.2 Lateral Distribution of Concentrated
Load

Lateral distribution of concentrated loads from a
critically loaded bending member to adjacent parallel
bending members by flooring or other cross members
shall be permitted to be calculated when determining
design bending moment and vertical shear force (see
15.1).

3.3 Bending Members - Flexure
3.3.1 Strength in Bending

The actual bending stress or moment shall not ex-
ceed the adjusted bending design value.

3.3.2 Flexural Design Equations

3.3.2.1 The actual bending stress induced by a
bending moment, M, is calculated as follows:

£ =$=g (33-1)

For a rectangular bending member of breadth, b,
and depth, d. this becomes:

3.3.2.2 For solid rectangular bending members with
the neutral axis perpendicular to depth at center:

=moment of inertia, In.* (3.33)

=section modulus, in.* (3.3-4)

3.2.3 Notches

3.2.3.1 Bending members shall not be notched ex-
cept as permitted by 4.4.3, 5.4.5, 7.4.4, and 84.1. A
gradual taper cut from the reduced depth of the member
to the full depth of the member in lieu of a square-
cornered notch reduces stress concentrations.

3.2.3.2 The stiffness of a bending member, as de-
termined from its cross section, is practically unaffected
by a notch with the following dimensions:

notchdepth < (1/6) (beam depth)

notch length < (1/3) (beam depth)

3.2.3.3 See 3.4.3 for effect of notches on shear
strength.

3.3.3 Beam Stability Factor, C..

3.3.3.1 When the depth of a bending member does
not exceed its breadth, d < b, no lateral support is re-
l.quind.and.C.s [ R
1 3.3.3.2 When rectangular sawn lumber bending
1 members are laterally supported in accordance with
V441,c=10.

T3333 TWheEn the TomMpression dge of 4 beidmg —

member is supported throughout its length to prevent
lateral displacement, and the ends at points of bearing
have lateral support to prevent rotation, C = 1.0.

3.3.3.4 Where the depth of a bending member ex-
ceeds its breadth, d > b, lateral support shall be provid-
ed at points of bearing to prevent rotation. When such
lateral support is provided at points of bearing, but no
additional lateral support is provided throughout the
length of the bending member, the unsupported length,
€, is the distance between such points of end bearing,
or the length of a cantilever. When a bending member
is provided with lateral support to prevent rotation at
intermediate points as well as at the ends, the unsup-
ported length, €,, is the distance between such points of
intermediate lateral support.

3.3.3.5 The effective span length, €., for single span
or cantilever bending members shall be determined in
accordance with Table 3.3.3.

Copyright © American Wood Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized
AMERICAN WOOD COUNCIL
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4.4 Special Design Considerations
4.4.1 Stability of Bending Members

4.4.1.1 Sawn lumber bending members shall be de-
signed in accordance with the lateral stability calcula-
tions i or shall meet the lateral support require-
ments in 4. d 4. .

44.1.2 As an altemmative to 4.4.1.1, rectangular
sawn lumber beams, rafters, j or other bending
members, shall be designed in accordance with the fol-
lowing provisions to provide restraint against rotation
or lateral displacement. If the depth to breadth, d/b,
based on nominal dimensions is:

lateral support shall be required.
2 < d/b < 4: the ends shall be held in position,
as by full depth solid blocking, bridging, hang-
ers, nailing, or bolting to other framing mem-

< d/b < 5; the compression edge of the mem-

1 ber shall be held in line for its entire length to

I prevent lateral displacement, as by adequate

: sheathing or subflooring, and ends at pomt of

1 bearing shall be held in position to prevent ro-

I tation and/or lateral displacement.

3 Tridzing. fmldepilisolid Blocking
or diagonal cross bracing shall be installed at
ntervals not exceeding 8 feet, the compression
edge of the member shall be held in line as by
adequate sheathing or subflooring, and the ends
at points of bearing shall be held in position to
prevent rotation and/or lateral displacement.

(e) 6=db < 7; both edges of the member shall be
held in line for their entire length and ends at
points of bearing shall be held in position to
prevent rotation and/or lateral displacement.

4.4.1.3 If a bending member 1s subjected to both

flexure and axial compression, the depth to breadth ra-
110 shall be no more than 5 to 1 1f one edge 1s fumly
held in line. If under all combinations of load, the un-
braced edge of the member is in tension, the depth to
breadth ratio shall be no more than 6 to 1.

4.4.2 Wood Trusses

4.4.2.1 Increased chord stiffness relative to axial
loads where a 2" x 4" or smaller sawn lumber truss
compression chord is subjected to combined flexure
and axial compression under dry service condition and
has 3/8" or thicker wood structural panel sheathing
nailed to the narrow face of the chord in accordance
with code required roof sheathing fastener schedules
(see References 32, 33, and 34), shall be permitted to
be accounted for by multiplying the reference modulus
of elasticity design value for beam and column stabil-
itV, Epgg, by the buckling stiffness factor, Cy, in column
stability calculations (see 3.7 and Appendix H). When
{. < 96", Cy shall be calculated as follows:

Kyl )
C,=1+—M = (4.4-1
=4+ K,E )

where:

e = effective column length of truss compression
chord (see 3.7), in.

Kwm = 2300 for wood seasoned to 19% moisture
content or less at the time of wood structural
panel sheathing attachment.

= 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)
= 0.82 for products with COVe <0.11 (see
Appendix F.2)

When €, > 96", C; shall be calculated based on €, =
96",

4.4.2.2 For additional information concerning metal
plate connected wood trusses see Reference 9.

Copyright © American Wood Council. Downloaded/printed pursuant o License Agreement. No reproduction or transfer authorized
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Problem Set 02
#Q8- 16

8

9

10
11
12
13
14
15
16

Nominal Depth of the Final Joist Used
Size Factor, CF

Repetetive Member Factor, Cr

Wet Service Factor for Fb, CM_b
Wet Service Factor for Fv, CM_v
Factored Allow. Bending Stress, F'b
Factored Allow. Shear Stress, F'v
Actual Bending Stress, fb_actual
Actual Shear Stress, fv_actual

2.1 General
2.1.1 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 val-
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-
justment factors specified herein.

2.2 Reference Design Values

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.

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
timber. and connection design values is defined in 4.3,
5.3,6.3,7.3,83,9.3,10.3, and 11.3, respectively.

2, Load Duration Factor, Cp (ASD Only)

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
vears. 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 elasti 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 factor. Cp. from Table
2.3.2 or Figure Bl (see Appendix B) to take into ac-
count the change in strength of wood with changes in

lmddmmu_________

2 2 The load duration factor, Cp. for the shonest

' duration load in a combination of loads shall apply for
J that load combination. All applicable load combinations
1 shall be evaluated to determine the critical load combi-
I nation. Design of structural members and connections
1 shall be based on the critical load combination (see Ap-
| IOV (RS0 = G
2.3.2.3 The load duration factors, Cp. in Tabl

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.
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Table 2.3.2 Frequently Used Load Duration
Factors, Co!

Load Duration ical Design Loads

Permanent . Dead Load

Ten years 1

Two months 1

Seven da 1
1
5

Construction Load

Ten minutes J Wind/Earthquake Load

Impact 2.0 mpact Load

1. Load duration factors shall not
1y, E, reference modulus of
Exin. nor to reference com perpendicular to grain design val-
ues, ., based on a deformation limit.

2. Load duration factors greater than 1.6 shall not be used in the design of
structural members pressure-treated with water-borme preservatives
(see Reference 30), or fire retardant chemicals. Load duration factors
greater than 1.6 shall not be used in the design of connections or wood.
structural panels,

2.3.3 Temperature Factor, Ct

Reference design values shall be multiplied by the
temperature factors, C,. in Table 3 for structural
members that will experience sustained exposure to ele-
vated temperatures up to 150°F (see Appen

2.3.4 Fire Retardant Treatment

The effects of fire retardant chemical freatment on

strength shall be accounted for in the design. Adj ﬁted
. including adjusted connec

values, for lumber and structural glued laminated imber
pressure-treated with fire retardant chemicals shall be
obtained from the company providing the treatment and
redrying service. Load duration factors greater than 1.6
shall not ly to structural members pressure-treated
with fire retardant chemicals (see Table 2

Table 2.3.3 Temperature Factor, Ct

Reference Design In-Service
Values Moisture

Conditions' T<100°F 100°F<T<I.

Fy Fp. Feo and Fo

1.0

2.3.5 Format Conversion Factor, K¢ (LRFD
Only)

For LRFD. reference design values shall be multi-
plied by the format conversion factor, K, specified m
Table 2 fi i K. shall not

for de:lgus in au.cmdam.e with ASD methods

2.3.6 Resistance Factor, ) (LRFD Only)

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

2.3.7 Time Effect Factor, . (LRFD Only)
For LRFD. reference design values shall be multi-
plied by the time effect factor, A. specified in Appendix

N.3.3. The time effect factor. 2. shall not apply for de-
igns in accordance with ASD methods specified herein.

125°F<T<150°F

Wet and dry service conditions for sawn lumber, stoetural glied laminated
compasite humber, wood structural pancls and cross-laminated timber arc specified in 4.1.4, 5.1.4, 7.1.4,

10.1.5 respectively.

Copyright © American Wood Council. Downloaded/printed pursuant to License Agresment. Na reproduction or transfer authorized.
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F, = Fp (Cp Cpy €y € Cp Cpy. €~ C)
=875(1x1x1x1x11x1x1x1.15)
==1,106.87 PSI

F‘;J = F, (Cp Cpy Cp Cy)
=135(1x1x1x1)
= 135 PSI




Table 1B Section Properties of Standard Dressed ($4S) Sawn Lumber

X-X AXIS Y-Y AXIS
Standard Area Moment Moment Approximate weight in pounds per linear foot (Ibs/ft)
Nominal Dressed of Section of Section of of piece when density of wood equals:
Size Size (S48) Section |Modulus| Inertia |Modulus| Inertia
bxd bxd A S [ Sy ly |25 Ibsift’] 30 Ibs/ft®| 35 Ibs/ft’| 40 Ibs/ft®|45 Ibs/ft’| 50 Ibsift®
in. x in. in2 in. in.* in.? in.

Dimension Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)
2x3 1-1/12 x 2-1/2 3.750 1.56 1.953 0.938 0.703 0.651 0.781 0.911 1.042 1.172 1.302
2x4 1-1/2 x 3-1/2 5.250 3.06 5.359 1.313 0.984 0.911 1.094 1.276 1.458 1.641 1.823
2x5 1-1/2 x 4-1/2 6.750 5.06 11.39 1.688 1.266 1.172 1.406 1.641 1.875 2.109 2.344

2x6 | 1-1/2x5-1/2 8.250 |.-786.. 20.80 2.063 1.547 1.432 1.719 2.005 2.292 2.578 2.865

Tial 2 Lox8 1| 112x7-14 | 1088 |113.14 | 4763 | 2719 | 2039 | 1888 | 2266 | 2643 | 3021 | 3308 | 3776

TXA04| 1-1/2x0-1/4 | 1388 |[2T30 | 9893 | 3469 | 2602 | 2400 | 2801 | 3372 | 3854 | 4336 | 4818

1 2 IN 1z 1<12x 11-114 | 1688 |-316x| 1780 | 4219 | 3184 | 2930 | 3516 | 4102 | 4688 | 5273 | 5850
2x14 | 1-12x13-1/4 | 19.88 | 4380 | 2008 | 4968 | 3727 | 3451 | 4141 | 4831 | 5521 | 6211 | 6.901

1181.25 FT — LB X

LFT _ 178 N3

ST 1,106.87




Table 1B Section Properties of Standard Dressed ($4S) Sawn Lumber

y . y X-X AXIS Y-Y AXIS
Trlal 2 . assummlng 2 X 8 Standard Area Moment Moment Approximate weight in pounds per linear foot (Ibs/ft)
Nominal Dressed of Section of Section of of piece when density of wood equals:
Size Size (S48) Section |Modulus| Inertia |Modulus| Inertia
bxd bxd A S [ Sy ly |25 Ibsift’] 30 Ibs/ft®| 35 Ibs/ft’| 40 Ibs/ft®|45 Ibs/ft’| 50 Ibsift®

F’ — F (C . C . C . C . C . C C . C ) in. x in. in2 in. in.4 in in4
b b D m t L F fu- i T Dimension Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)

2x3 | 1-12x2-172 | 3.750 | 156 | 1.953 | 0938 | 0703 ] 0651 | 0.781 | 0911 | 1.042 | 1.172 | 1.302

875(1 X 1 X 1 X 1 X 1 2 X 1 X 1 X 1 15) 2x4 | 1-12x3-12 | 5250 | 306 | 5359 | 1313 | 0984 | 0911 | 1094 | 1276 | 1458 | 1641 | 1823

c c 2x5 | 1-12x4-12 | 6750 | 506 | 1139 | 1688 | 1266 | 1172 | 1408 | 1841 | 1875 | 2100 | 2344

_2x6 _| 1-zxs2 | 8250 | _7.56 [ 2080 | 2063 | 1547 | 1432 | 1719 | 2005 | 2202 | 2578 | 2865

1, 207 5 PSI [ 2x8 1| 1-12x7-1/4 |1 1088 1) 13.14 1| 4763 | 2719 | 2030 | 1.888 | 2266 [ 2643 | 3.021 | 3398 [ 3776

SR [ T TZ R TS.88 | 2T 30 TUB US| TIAEY | "ZBUL | TZ4UY | TZBYT | TI37Z | TIE54 | T4336 | T4818

2x12 | 1-12x11-174 | 1688 | 3164 | 1780 | 4219 | 3164 | 2930 | 3516 | 4102 | 4688 | 5273 | 5850

2x14 | 1-12x13-114 | 19.88 | 4389 | 290.8 | 4.969 | 3727 | 3451 | 4141 | 4831 [ 5521 | 6211 | 6.901

Fy, = F, (Cp Cpy Cy Cy)
135(1x1x1x1)
135 PSI

M 1181.25 FT — LB ><M
max __

1FT
S = = = 11.73 IN3 < 13.14 = pass
x=F 1,207.5 3

|4 315
F, =15 - =15 = =43.42 PSI <135 PSI = pass

M 118125 FT — LB x224Y
S

— LFT _ 1078.76 PSI

Fy

13.14




Problem Set 02

#Q17: Factored Allow. Modulus of Elasticity, E'

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber

ASD LRFD
ASD and LRFD
only only

Size Factor

‘Wet Service Factor
Temperature Factor
Beam Stability Factor

E:uu‘» = Emm

4.3.5 Beam Stability Factor, C.

Reference bending design values, Fy. shall be mul-
tiplied by the beam stability factor, Cy. specified in

4.3.6 Size Factor, C¢

4.3.6.1 Reference bending, tension, and compres-
sion parallel to grain design values for visually graded
dimension lumber 2" to 4" thick shall be multiplied by
the size factors specified in Tables 4A and 4B.

4.3.6.2 Where the depth of a rectangular sawn lum-
ber bending member 5" or thicker exceeds 12", the ref-
erence bending design values, Fy,. in Table 4D shall be
multiplied by the following size factor:

C,=(12/d" <10 (4.3-1)

4.3.6.3 For beams of circular cross section with a
diameter greater than 13.5", or for 12" or larger square
beams loaded in the plane of the diagonal, the size fac-

Flat Use Factor

Incising Factor

Buckling Stiffness Factor
Bearing Area Factor
Resistance Factor
Time Effect Factor

Repetitive Member Factor
Column Stability Factor

2.54 0.85
2.70 0.80
288 0.75

2.40 0.90

- 176 0.85

tor shall be determined in accordance with 4.3.6.2 on
the basis of an equivalent conventionally loaded square
beam of the same cross-sectional area.

4.3.6.4 Reference bending design values for all
species of 2" thick or 3" thick Decking, except Red-
wood, shall be multiplied by the size factors specified
in Table 4E.

4.3.7 Flat Use Factor, Cr,

4.3.7.1 When sawn lumber 2" to 4" thick is loaded
on the wide face, multiplying the reference bending
design value, Fy, by the flat use factors, Cg, specified in
Tables 4A, 4B, 4C, and 4F. shall be permitted.

4.3.7.2 When members classified as Beams and
Stringers are loaded on the wide face. the reference
bending design value, F,. and the reference modulus of
elasticity, (E or Eyu), shall be multiplied by the flat use
factors, Cg,. specified in Table 4D.

Copyright @ American Wood Council. Downloaded/printed pursuant to License Agreement. No reproduction or transfer authorized.
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15QL+LL) _15GB8) _ oo AT
span 15 12IN_ “ e

Sw; L* 5(2.916)(15 x 12)*

Live Load on joist =

Avi=s5a555 = = 0.597 IN
W™ 384 FE'I = 384 (1400000)47.63
L 15 FT X 20N
Short Term Deflection Limit = = = 0.5IN = Fails

360 360




Lab

No Lab for this session ;)
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