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Wood of the Day

Douglas Fir

DOUGLAS FIR-LARCH
Select Structural 1,500 1,000 180 625

No. 1 & Btr 1,200 800 180 625
No. 1 2" & wider 1,000 675 180 625
No. 2 900 575 180 625

No.3
2" & wider 700

DOUGLAS FIR-LARCH 1NORTH)

1,700
1,550
1,500
1,350

1,900,000
1,800,000
1,700,000
1,600,000

No. 1 & Bir RS 1,150 750 180 625
No. 1/ No. 2 vader 850 500 180 625

No. 3 475 300 180 625

DOUGLAS FIR-SOUTH

1,800
1,400
825

1,800,000
1,600,000
1,400,000

University of Michigan, TCAUP
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Design Procedure

Given: load, wood, span
Req’d: member size

1. Find Max Shear & Moment
+ Simple case — equations
+ Complex case - diagrams

Estimate allowable stresses
Solve S=M/F,’

Choose a section from Table 1B
* Revise DL and F,’

5. Check shear stress
* First for V. max (easier)
« If that fails try V at d distance
from support.
+ If the section still fails, choose a new
section with A=1.5V/F/

Check deflection
Check bearing

University of Michigan, TCAUP

X-X AXIS Y-Y AXIS
Standard Area Moment Moment
Nominal Dressed of Section of Section of
Size Size (S4S) | Section [Modulus| Inertia |Modulus| Inertia
bxd bxd A Syx b Sy lyy
in. x in. in.2 in.} in.* in.2 in*
Boards'
1x3 3/4 x 2-1/2 1.875 0.781 0.977 0.234 0.088
1x4 3/4 x 3-1/2 2.625 1.531 2.680 0.328 0.123
1x6 3/4 x 5-1/2 4.125 3.781 10.40 0.516 0.193
1x8 3/4x7-1/4 5.438 6.570 23.82 0.680 0.255
1x10 3/4 x 9-1/4 6.938 10.70 49.47 0.867 0.325
1x12 3/4 x 11-1/4 8.438 15.82 88.99 1.055 0.396
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
2x4 1-1/2 x 3-1/2 5.250 3.06 5.359 1.313 0.984
2x5 1-1/2 x 4-1/2 6.750 5.06 11.39 1.688 1.266
2x6 1-1/2 x 5-1/2 8.250 7.56 20.80 2.063 1.547
2x8 1-1/2 x 7-1/4 10.88 13.14 47.63 2.719 2.039
2x10 1-1/2 x 9-1/4 13.88 21.39 98.93 3.469 2.602
2x12 | 1-1/2x11-1/4 | 16.88 31.64 178.0 4.219 3.164
2x14 | 1-1/2x13-1/4 | 19.88 43.89 290.8 4.969 3.727
3x4 2-1/12 x 3-112 8.75 5.10 8.932 3.646 4.557
3x5 2-1/2 x 4-1/2 11.25 8.44 18.98 4.688 5.859
3x6 2-1/2 x 5-1/2 13.75 12.60 34.66 5.729 7.161
3x8 2-1/2x 7-1/4 18.13 21.90 79.39 7.552 9.440
3x10 2-1/2 x 9-1/4 23.13 35.65 164.9 9.635 12.04
3x12 | 2-1/2x11-1/4 | 28.13 52.73 296.6 11.72 14.65
3x14 | 2-1/2x13-1/4 | 33.13 73.15 484.6 13.80 17.25
3x16 | 2-1/2x15-1/4 | 38.13 96.90 738.9 15.89 19.86
4x4 3-1/2x 3-1/2 12.25 7.15 12.51 7.146 12.51
4x5 3-1/2 x 4-1/2 15:75 11.81 26.58 9.188 16.08
4x6 3-1/2 x5-1/2 19.25 17.65 48.53 11.23 19.65
4x8 3-1/2x 7-1/4 25.38 30.66 111.1 14.80 25.90
4x10 3-1/2 x 9-1/4 32.38 49.91 230.8 18.89 33.05
4x12 | 3-1/2x11-1/4 | 39.38 73.83 415.3 22.97 40.20
4x14 | 3-1/2x13-1/4 | 46.38 | 102.41 | 678.5 27.05 47.34
4x16 | 3-1/2x15-1/4 | 53.38 | 135.66 1034 31.14 54.49
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Design Example (joist)

Given: total load, wood, span
Req’d: member size

1. Find Max Shear & Moment
+ Simple case — equations
+ Complex case - diagrams

University of Michigan, TCAUP

OHIEN Fé = 006 sl
Fv = loe pS\
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PL+LL = 80 PLF
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Design Example

X-X AXIS Y-Y AXIS
Standard Area Moment Moment
. Nominal Dressed of Section of Section of
2 . EStImate a"owab'e stresses Size Size (S4S) | Section |[Modulus| Inertia |Modulus| Inertia
. . . bxd bxd A Skx le Sy ks
(given in this example) in. x in. in.2 in.} in. in.} in.*
F’, = 1000 psi Boards'
. . 1x3 34 x2-1/2 | 1.875 | 0.781 | 0977 | 0.234 | 0.088
F’, =100 psi 1x4 3/4x3-1/2 | 2625 | 1531 | 2680 | 0328 | 0.123
1x6 3/4x51/2 | 4125 | 3781 | 1040 | 0516 | 0.193
1x8 3/4x7-1/4 | 5438 | 6570 | 2382 | 0680 | 0.255
3. Solve S=M /Fb’ 1x10 | 34x9-1/4 | 6938 | 1070 | 49.47 | 0.867 | 0325
1x12 | 3/4x11-1/4 | 8438 | 1582 | 88.99 | 1.055 | 0.396
Dimension Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)
2x3 | 1-1/2x2-1/2 | 3.750 | 1.56 | 1.953 | 0.938 | 0.703
. M M - 2x4 | 1-1/2x3-1/2 | 5250 | 3.06 | 5359 | 1.313 | 0.984
F’ - = F 2x5 | 1-1/2x4-12 | 6750 | 506 | 11.39 | 1.688 | 1.266
b Sﬂ( 2x6 | 1-1/2x5-1/2 | 8250 | 7.56 | 20.80 | 2.063 | 1.547
2x8 | 1-1/2x7-1/4 | 1088 | 13.14 | 4763 | 27119 | 2.039
l 4 4 O ( ( Z) 3 2x10 | 1-12x9-1/4 | 1388 | 21.39 | 98.93 | 3469 | 2.602
4 {7 Z o 2x12 | 1-12x11-1/4 | 1688 | 3164 | 1780 | 4219 | 3.164
S X = . O wa 2x14 | 1-1/2x13-1/4 | 19.88 | 43.89 | 290.8 | 4.969 | 3.727
| 0O 3x4 | 2-1/2x3-12 | 8.75 510 | 8.932 | 3.646 | 4.557
3x5 | 2-1/2x4-12 | 1125 | 844 | 1898 | 4.688 | 5.859
3x6 | 2-1/2x5-1/2 | 1375 | 1260 | 3466 | 5729 | 7.161
3x8 | 2-1/2x7-1/4 | 1813 | 2190 | 79.39 | 7552 | 9.440
3x10 | 2-1/2x9-1/4 | 23.13 | 3565 | 164.9 | 9635 | 12.04
. 3x12 | 2-1/2x11-1/4 | 2813 | 5273 | 2966 | 11.72 | 1465
4. Choose a section from S table 3x14 | 2-1/2x13-1/4 | 33.13 | 73.15 | 4846 | 13.80 | 17.25
. , 3x16 | 2-1/2x15-1/4 | 38.13 | 96.90 | 738.9 | 15.89 | 19.86
. Revise DL and F x4 | 312x32 | 1225 | 7.45 | 1251 | 7.146 | 12.51
4x5 | 31/2x4-1/2 | 1575 | 11.81 | 2658 | 9.188 | 16.08
4x6 | 31/2x51/2 | 1925 | 1765 | 4853 | 11.23 | 19.65
4x8 | 31/2x7-1/4 | 2538 | 3066 | 111.1 | 14.80 | 25.90
p & 4x10 | 3-1/2x9-1/4 | 3238 | 49.91 | 2308 | 18.89 | 33.05
2 5 IO Sa=rl.817 11D . 4x12 | 3-1/2x11-1/4 | 3938 | 73.83 | 4153 | 22.97 | 4020
A = 12.88 w2 4x14 | 3-1/2x13-1/4 | 46.38 | 10241 | 6785 | 27.05 | 47.34
4x16 | 3-1/2x15-1/4 | 53.38 | 135.66 | 1034 | 31.14 | 54.49
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Design Example
216 | el eV Ies
A e 58
5.  Check shear stress
. First for V max (easier) —:i e i 5' 4&0 l i B8 ;
. If that fails try V at d distance ‘fv A e g

(remove load d from support)
. If the section still fails, choose a
new section with A=1.5V/F/

6. Check deflection
7.  Check bearing

University of Michigan, TCAUP
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Design Example (joist)

Given: load, wood, span
Req’d: member size

4. Wood Beam Design

Design a 2x dimensioned lumber floor joist to carry the
given dead + live floor load. Assume the floor meets
conditions of 4.4.1 so CL=1.0. Also Ct, Cfu, and Ci = 1.0.
Find the short term deflection of your chosen beam under
live load only (100% LL is short term). Compare your LL
deflection with the code limit of L/360.

DATASET:1 |EX

Wood Species

Wood Grade

Span

Joist Spacing, o.c.
Moisture Content, m.c.
Floor DL

Floor LL

University of Michigan, TCAUP

HEM-FIR
No.1
20FT
12IN
15 %
7PSF
35 PSF

Arch 544
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Design Example

Determine allowable stresses
*+ F, and F, (from NDS)

Table 4A Reference Design Values for Visually Graded Dimension Lumber
(Cont.) (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 Comp i Comp Grading
Spacies an:: de ercial classxs'::ation parallel | parallel | perpendicular parallel Specific | Rules
g Bending | tograin | to grain to grain to grain Modulus of Elasticity | Gravity' | Agency
F, F, F, F.. F. E | E. G
= — —
lect Structural 1,400 925 150 205 1,500 1,600,000 | 580,000
No. 1 & Btr 1.100 725 150 405 1,350 1,500,000 550,000
No. 1 2" & wider 975 625 405 1,350 1,500,000 | 550,000
No. 2 850 525 150 405 1,300 1,300,000 | 470,000 Heis
No. 3 500 300 150 405 725 1,200,000 440,000 043 WWP,
ud - D - | 675 | | 150 | 05 DR i 0,000 | 440,000 G
University of Michigan, TCAUP Arch 544 Slide 8 of 29




Design Example

Determine allowable stresses

X-X AXIS Y-Y AXIS
Standard Area Moment Moment
Nominal Dressed of Section of Section of
Size Size (S4S) | Section |Modulus| Inertia [Modulus| Inertia
bxd bxd A Sx hex S,y lyy
in. xin. in.2 in.} in.* in in.*
Boards'
1x3 3/4 x 2-1/2 1.875 0.781 0.977 0.234 0.088
1x4 3/4 x 3-1/2 2.625 1.531 2.680 0.328 0.123
1x6 3/4 x 5-1/2 4.125 3.781 10.40 0.516 0.193
1x8 3/4 x 7-1/4 5.438 6.570 23.82 0.680 0.255
1x10 3/4 x 9-1/4 6.938 10.70 49.47 0.867 0.325
1x12 3/4 x 11-1/4 8.438 15.82 88.99 1.055 0.396
Dil ion Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)
2x3 1-1/2 x 2-1/2 3.750 1.56 1.953 0.938 0.703
2x4 1-1/2x 3-1/2 5.250 3.06 5.359 1.313 0.984
2x5 1-1/2 x 4-1/2 6.750 5.06 11.39 1.688 1.266
2x6 1-1/2 x 5-1/2 8.250 7.56 20.80 2.063 1.547
2x8 1-1/2 x 7-1/4 10.88 13.14 47.63 2719 2.039
I 2x10 1-1/2 x 9-1/4 13.88 21.39 98.93 3.469 2.602
2x12 | 1-12x11-1/4 | 16.88 31.64 178.0 4.219 3.164
2x14 | 1-1/2x13-1/4 | 19.88 43.89 290.8 4.969 3.727
3x4 2-1/2 x 3-112 8.75 5.10 8.932 3.646 4.557
3x5 2-1/2 x 4-1/2 11.25 8.44 18.98 4.688 5.859
3x6 2-1/2 x 5112 13.75 12.60 34.66 5729 7.161
3x8 2-112x7-1/4 18.13 21.90 79.39 7.552 9.440
3x10 | 2-1/2x9-1/4 | 2313 | 3565 164.9 | 9.635 12.04
3x12 | 2-1/2x11-1/4 | 28.13 52.73 296.6 11.72 14.65
3x14 | 21/2x13-1/4 | 33.13 73.15 484.6 13.80 17.25
3x16 | 2-1/2x15-1/4 | 38.13 96.90 738.9 15.89 19.86
4x4 3-1/2x 3-1/2 12.25 7.15 12.51 7.146 12.51
4x5 3-1/2x4-1/2 15.75 11.81 26.58 9.188 16.08
4x6 3-1/2x 5-1/2 19.25 17.65 48.53 11.23 19.65
4x8 3-1/2x7-1/4 25.38 30.66 1111 14.80 25.90
4x10 3-1/2x 9-1/4 32.38 49.91 230.8 18.89 33.05
4x12 | 3-1/2x11-1/4 | 39.38 73.83 4153 22,97 40.20
4x14 | 3-1/2x13-1/4 | 46.38 102.41 678.5 27.05 47.34
4x16 | 3-1/2x15-1/4 | 53.38 | 135.66 1034 31.14 54.49

University of Michigan, TCAUP

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 el d to

Flat Use Factor, C,,

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, Fy, shall also be multiplied
by the following flat use factors:

Flat Use Factors, Cy,

support the design load. Width Thickness (breadth)
(depth) 2"&3" 4"

Wet Service Factor, Cy, &3 10 o
When dimension lumber is used where moisture con- T 11 1.0
tent will exceed 19% for an extended time period, design 5" 1.1 1.05

— .

values shall be multiplied by the appropriate wet service 6 L15 1.05
factors from the following table: 8 LIS 1.05

10" & wider 12 1.1

Wet Service Factors, Cy
F, F, F, F.. F. EandEn, NOTE
0.85% 10 097 067 08** 09 To ﬁ‘lcilil?le |hle use of Table 4A, shading has been

* whea (RXG) < 1,150 psi, Cy= 1.0
** whea (FXCr) < 750 psi. Cu = 1.0

Size Factor, Cy

p to inguish design values based on a
4" pominal 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

Fy F F.
Thickness (breadth)
Grades Width (depth) 2"&3" 4"
2",3" &4" 15 15 1.5 115
Select " 14 14 1.4 1.1
Structural, 6" 13 13 1.3 1.1
No.l & Btr, 8" 12 13 1.2 1.05
No.1,No.2, 10" 1.1 12 1.1 10
No3 12" 1.0 11 1.0 1.0
14" & wider 0.9 1.0 0.9 09
2",3" &4" 1.1 1.1 1.1 1.05
Stud S"&6" 1.0 1.0 1.0 1.0
8" & wider Use No.3 Grade tabulated design values and size factors
Construction, 23" &4" 1.0 10 1.0 10
Standard
Utility 4" 1.0 1.0 1.0 10
2"&3" 0.4 — 0.4 06

(& j)ht © American Wood Council. Downloaded/printed pursuant fo License Agreement. No reproduction or fransfer authorized.
i AERCANWOOD CONGIL
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Design Example

Determine allowable stresses.

Since the size is not known you have to
skip Cg (or make a guess).

University of Michigan, TCAUP

I"L = £ (wcors))
=91 (Lo« 115 « Lo x Cel)x N2 Pl

Fv, = Fy <C‘7

/ ’ /
Cyp Cr C

Cw Cp G

Arch 544

)

c150(1.0x [.ox1.0x1.2) = [£0pe]
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Design Example

Determine moment from loading.

First find the uniform beam load, w,

from the floor loading. (7436 2 = dg
I
2
With the beam loading, calculate e w e AT | 5100 7Y
the maximum moment. s T &
University of Michigan, TCAUP Arch 544 Slide 11 of 29

Design Example

Estimate the Required Section Modulus.

M 2leaid | 55,4778
b [zl

Compare this required Sx to the actual Sx
of available sections in NDS Table 1B.
Remember CF will be multiplied which

may make some pass which at first fail. Prom TAELL 1B (rPS))

Sx
Zx 1o 21,39 (Cp= 1) PIaHT wekK

Z2x12 2064 (ce-1.0)

University of Michigan, TCAUP Arch 544 Slide 12 of 29




Design Example

Choose a section and test it (by analysis with all factors including C¢)

X-X AXIS Y-Y AXIS
Standard Area Moment Moment
Nominal Dressed of Section of Section of
Size Size (S4S) | Section |Modulus| Inertia [Modulus| Inertia
bxd bxd A Sux ks Sy [
in. xin. in.? in.} in.* in in.*
Boards'
1x3 3/4 x 2-1/2 1.875 0.781 0.977 0.234 0.088
1x4 3/4 x 3-1/2 2.625 1.531 2.680 0.328 0.123 TK\I z X 'O C.F = ' l

1x6 3/4x512 | 4125 | 3781 | 1040 | 0516 | 0.193

1x8 | 3/4x714 | 5438 | 6570 | 2382 | 0680 | 0.255 ) - _ r
1x10 | 3/4x9-1/4 | 6938 | 10.70 | 4947 | 0867 | 0.325 Fb = Q?b ( WS |> = 123%.2 psi
1x12 | 3/4x11-1/4 | 8.438 | 1582 | 88.99 | 1.055 | 0.396
i ion Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5) y ( \
2x3 | 1-12x2-112 | 3.750 | 156 | 1.953 | 0.938 | 0.703 zitoo (12 . .
2x4 | 1-12x312 | 5250 | 306 | 5359 | 1.313 | 0.984 1C‘o = V = == =20 T8 psi <12 gg(f,/ ‘/oK
2x5 | 1-12x412 | 6750 | 506 | 11.39 | 1.688 | 1.266 ¥ 21,39

D

(%)

2x6 | 1-12x512 | 8250 | 7.56 | 20.80 | 2063 | 1547 3 = ( 420

2x8 | 1-12x7-14 | 1088 | 13.14 | 4763 | 2719 | 2039 ( -3V _ L5 ( - 4; 29c. < 150058 VoK
2x10 | 1-12x9-14 | 1388 | 2139 | 9893 | 3469 | 2602 VT Z A 3,68 SR

2x12 | 1-1/2x11-1/4 | 1688 | 31.64 | 1780 | 4219 | 3.164 '

2x14 | 1-1/2x13-1/4 | 19.88 | 43.89 | 2008 | 4.969 | 3727

3x4 | 212x312 | 875 | 510 | 8.932 | 3.646 | 4557 ; -

3x5 | 212x412 | 1125 | 844 | 1898 | 4.688 | 5.859 Jo UsSE Ixlo

3x6 2-1/2x 5-1/2 13.75 12.60 34.66 5729 7.161
3x8 2-112x7-1/4 18.13 21.90 79.39 7.552 9.440
3x10 2-1/2x9-1/4 23.13 35.65 164.9 9.635 12.04
3x12 | 2-1/2x11-1/4 | 28.13 52.73 296.6 11.72 14.65
3x14 | 2-1/2x13-1/4 | 33.13 73.15 484.6 13.80 17.25
3x16 | 2-1/2x15-1/4 | 38.13 96.90 738.9 15.89 19.86
4x4 3-1/2x 3-1/2 12.25 7.15 12.51 7.146 12.51
4x5 3-1/2x 4-1/2 15.75 11.81 26.58 9.188 16.08
4x6 3-1/2 x 5-1/2 19.25 17.65 48.53 11.23 19.65
4x8 3-1/2x7-1/4 25.38 30.66 1111 14.80 25.90
4x10 3-1/2 x 9-1/4 32.38 49.91 230.8 18.89 33.05
4x12 | 3-1/2x11-1/4 | 39.38 73.83 415.3 22.97 40.20
4x14 | 3-1/2x13-1/4 | 46.38 | 102.41 | 678.5 27.05 47.34
4x16 | 3-1/2x15-1/4 | 53.38 | 135.66 | 1034 31.14 54.49

University of Michigan, TCAUP Arch 544 Slide 13 of 29

Design Example
Check Deflection

In this case LL only against IBC code limit of L/360
For short term load there is no creep factor Kcr

TABLE 1604.3 DEFLECTION LIMITS® b ¢ h.i _
LL =25 PsF =25 PLr

CONSTRUCTION L ([Sorwflp+199 4
Roof members:® - L u
Supporting plaster or stucco ceiling|/360 [ /360 | 1240 A PR ‘p = 5(3{3(20) <l7 28) 20, s“{ q
Supporting nonplaster ceiling 240 1240 11180 Lty Sa (
Not supporting ceiling 180| /180 | 1120 334 Zt 33‘-' l;oo@oa)(?s, q3>
Floor members 360 — 11240
Exterior walls
With plaster or stucco finishes — 360 —
With other brittle finishes —_ 240 — A LT L w l( lZ\ i
With flexible finishes — | 1120 — . = O1bé 7
=
Interior partitions:® 60
With plaster or stucco finishes 360 — - 360 3
With other brittle finishes 240 — —
With flexible finishes 120) — —
3
Farm buildings — — 11180 O,M DI ? o ol ? . FA‘ "ﬁ
Greenhouses — — 11120

International Building Code (IBC)

University of Michigan, TCAUP Arch 544 Slide 14 of 29




Timber Beam Design

Given: load, wood, span
Req’d: member size (in this example both b and d)

5. Sawn Lumber - Beams

Design the central timber beam shown in the floor system
using the given species and grade. Use the given floor D+L
load plus the beam selfweight based on the given wood
density (moisture is already included). Assume dry conditions
(M.C. < 19%) and normal temperatures. Find the timber
section with the least area to pass the adjusted allowable
stress. Finally, calculate the total D+L deflection including
creep. Assume 30% of the Live Load is sustained (long-
term).

DATASET: 1 |EA

. COAST SITKA
Wood Species SPRUCE
Wood Grade No.2
Span A 19FT
Span B 16 FT
Dead Load 19 PSF
Live Load 55 PSF
Wood density, D 30 PCF

University of Michigan, TCAUP Structures Il

Slide 15 of 29
Timber Beam Design
J,F
Find applied load and force o }
/F | "ﬂl 4 ,r
SPAN A
19 ft. p—
CoasT SI1TKA Sfruce  Hez 15y ™M.c.
[ G2 0. 43 PEASITY = 30 PCF
Trial 1:
SPAN B gsTiMaTe S12& (Rug or THOUE S
16 ft. dx e = 'Y = .3" 2156 = 16"
bid=112 =87
s ESTIMATE &xle

¥
i pL= 197F (L =459 P5F
P, = (19+55) (TRiuriRy AREA)
= 24 (152) = || 248 (85
SPAN B W = 24.22 fLF (TA8 1B)
16 ft.
M = fj_ . HZ‘!’&(“” - 5% 425 ‘g
r= 4 P .
1 Mo sod AR oz ¥
s & 4
54 521 '-¥
University of Michigan, TCAUP Structures Il Slide 16 of 29




Timber Beam Design

;. ESTIMATE &x 16

pL= 19BF LL =445 PS5F
try 8 x 16 P.. = (19455 ) (TRiBuriry AREA)
= 74 (152) = || 248 (85
30 PCF w = 24.22 fLF (Ti8 1B)
24.22 PLF oo L Weds (1) | sg e’ ¥
rF= 4 . 4 )
¥
w*( ZA.'LZ(!DO _ 10‘)3 -
Mubtos S=g— =
b2 + =
SRl ol T
Table 1B Section Properties of Standard Dressed (S4S) Sawn Lumber (Cont.)
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 (S4S) Section (Modulus| Inertia |Modulus| Inertia
bxd bxd A Sux 15 Syy l, |25 Ibs/ft’| 30 Ibs/ft’| 35 Ibs/ft’| 40 Ibs/ft®|45 Ibs/ft’| 50 Ibs/ft’
in. x in. in. in® in.* in.? in.*
Beams & Stringers (see NDS 4.1.3.3 and NDS 4.1.5.3)
6x10 5-1/2 x 9-1/2 52.25 82.73 393.0 47.90 131.7 9.071 10.89 12.70 14.51 16.33 18.14
6x12 5-1/2x11-1/2 | 63.25 121.2 697.1 57.98 159.4 10.98 13.18 16.37 17.57 19.77 21.96
6x14 | 5-1/2x13-1/2 | 74.25 167.1 1128 68.06 187.2 12.89 15.47 18.05 20.63 23.20 25.78
6x16 | 5-1/2x15-1/2 | 85.25 220.2 1707 78.15 214.9 14.80 17.76 20.72 23.68 26.64 29.60
6x18 5-1/2x17-1/2 | 96.25 280.7 2456 88.23 242.6 16.71 20.05 23.39 26.74 30.08 33.42
6 x 20 5-1/2 x 19-1/2 107.3 348.6 3398 98.31 270.4 18.62 22.34 26.07 29.79 33.52 37.24
6x22 | 5-1/2x21-1/2 118.3 423.7 4555 108.4 298.1 20.53 24.64 28.74 32.85 36.95 41.06
6x24 | 5-1/2x23-1/2 129.3 506.2 5948 118.5 325.8 22.44 26.93 31.41 35.90 40.39 44.88
8x12 7-1/12 x 11-1/2 86.3 165.3 950.5 107.8 404.3 14.97 17.97 20.96 23.96 26.95 29.95
8x14 | 7-1/2x13-1/2 101.3 227.8 1538 126.6 474.6 17.58 21.09 24.61 28.13 31.64 35.16
8x16 | 7-1/2x15-1/2 116.3 300.3 2327 145.3 544.9 20.18 24.22 28.26 32.29 36.33 40.36
8x18 | 7-1/2x17-1/2 131.3 382.8 3350 164.1 615.2 22.79 27.34 31.90 36.46 41.02 45.57
8x20 | 7-1/2x19-1/2 | 146.3 475.3 4634 182.8 685.5 25.39 3047 35.55 40.63 45.70 50.78
8x22 7-1/2 x 21-1/2 161.3 577.8 6211 201.6 755.9 27.99 33.59 39.19 44.79 50.39 55.99
8x24 | 7-1/2x23-1/2 | 176.3 690.3 8111 220.3 826.2 30.60 36.72 42.84 48.96 55.08 61.20
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T' m be r Bea m DeS| n The following formula shall be used to determine the
I g density in Ibs/ft* of wood:
G m.c.
. ity= 624 ——MM =y
Find allowable stress P oeneiy 6-~4[1 3 0(0.009)(,“_6,)][‘ 100 ]
= QI5 sl
e )
where:
E, = s st
v G = specific gravity of wood
E = (Zoo%0e Py mc. =moisture content of wood, %
From NDS Supplement: Ews 440000 15
Coast Sitka Spruce No2 m.c=15% G =043

density = 29.2 pcf use 30

Reference Design Values for Visually Graded Timbers (5" x 5" and larger)'®

(Tabulated design values are for normal load duration and dry service conditions, unless specified
otherwise. See NDS 4.3 for a comprehensive description of design value adjustment factors.)

Table 4D

USE WITH TABLE 4D ADJUSTMENT FACTORS

Design values in pounds per square inch (psi)
Speci d ial si Tension Shear Compression | Compression Grading
pecies ag Zommerma . .;.ze " parallel | parallel | perpendicular parallel Specific | Rules
rade classiication Bending | to grain to grain to grain to grain Modulus of Elasticity Gravity‘ Agency
Fy, Fy F, Fei F. E Enmin G
COAST SITKA SPRUCE
Select Structural 1,150 675 115 455 775 1,500,000 550,000
No.1 UStW'W il 950 475 115 455 650 1,500,000 550,000
No.2 rngers 625 325 115 455 425 1200000 | 440000 | | \ica
Select Structural it d 1,100 725 115 455 825 1,500,000, 550,000 :
No.1 s Za“ 875 575 115 455 725 1,500,000 | 550,000
No.2 imberg 525 350 115 455 500 1,200,000 | 440,000
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Timber Beam Design

Trial 1:

choose S, and size

S,=M/F,

TRY |
Fl,a& F, = &25 rsi
- =21 (X (12)
Sy = M/F' e BAsU " (Ie)

- b ey’ Q%H‘
Sx= |o47,° (Require?)
3 FAILS

S B x 16 5= 3005%
TRY 12x24 Sy = 1058m°

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

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 (S4S) | Section [Modulus| Inertia |Modulus| Inertia
bxd bxd A Sux L S,y I, |25 Ibs/ft’|30 Ibs/ft’| 35 Ibs/ft’| 40 Ibs/ft’|45 Ibs/ft’| 50 Ibs/ft’
in. x in. in.2 in.} in* in.} in.*
Beams & Stringers (see NDS 4.1.3.3 and NDS 4.1.5.3)
10x14 [ 9-1/2x13-1/2 | 1283 288.6 1948 203.1 964.5 22.27 26.72 31.17 35.63 40.08 44.53
10x16 | 9-1/2x15-1/2 | 147.3 380.4 2948 233.1 1107 25.56 30.68 35.79 40.90 46.02 51.13
10x18 | 9-1/2x17-1/2 | 166.3 484.9 4243 263.2 1250 28.86 34.64 40.41 46.18 51.95 57.73
10x20 | 9-1/2x19-1/2 | 185.3 602.1 5870 293.3 1393 32.16 38.59 45.03 51.46 57.89 64.32
10x22 | 9-1/2x21-1/2 | 204.3 731.9 7868 3234 1536 35.46 42.55 49.64 56.74 63.83 70.92
10x24 | 9-1/2x23-1/2 | 2233 874.4 10274 353.5 1679 38.76 46.51 54.26 62.01 69.77 77.52
12x16 | 11-1/2x 15-1/2| 178.3 460.5 3569 341.6 1964 30.95 37.14 43.32 49.51 55.70 61.89
12x18 | 11-1/2x17-1/2| 201.3 587.0 5136 385.7 2218 34.94 41.93 48.91 55.90 62.89 69.88
12x20 |11-1/2x19-1/2 | 224.3 728.8 7106 429.8 2471 38.93 46.72 54.51 62.29 70.08 77.86
12x22 | 11-1/2x21-1/2| 2473 886.0 9524 473.9 2725 42.93 51.51 60.10 68.68 77.27 85.85
12 x 24 1 11-1/2x 23-1/2 | 270.3 1058 12437 518.0 2978 46.92 56.30 65.69 75.07 84.45 93.84
14x18 |13-12x17-1/2 | 236.3 689.1 6029 531.6 3588 41.02 49.22 57.42 65.63 73.83 82.03
14x20 |13-1/2x19-1/2| 263.3 855.6 8342 592.3 3998 45.70 54.84 63.98 73.13 82.27 91.41
14x22 |13-1/2x21-1/2 | 290.3 1040 11181 653.1 4408 50.39 60.47 70.55 80.63 90.70 100.8
14x24 |13-1/2x23-1/2| 317.3 1243 14600 713.8 4818 55.08 66.09 77.11 88.13 99.14 110.2
University of Michigan, TCAUP Structures Il Slide 19 of 29
Trial 2: 12x24 LL+DL m.c.<19% notflat use
Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber
ASD LRFD
ASD and LRFD
only only
3
‘5 = ‘5 = 5
5| «| 5| 2 5| 2| s 8| 2| s
1 1 ] 5 5 = S [ 3 ) [+
sl E| 22| g| BB 2| 5| 9| |8 |2
[~ ] = > = & 2 £ >
e8| g gl &£ 8| =«| | E| S| & 8| B| | 3
g g3 2 5 = 2 20 K 2 = = o R 2
E z g = o 2 £ p> [ = < = Z =
A 5] g 7 8 4 z o v a - s o~ «w
s | B| S| 2| 8| 2| £| 8| 2| §| B g
2 ° = ™ = = g = a 3 E
Tl 2| | g i 2| 3| & & :
= 1 (o} =
[ @
Ke | ¢
Fv =Fp x[Cb Cv C CL C Ca C C - - - 254085 A
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Timber Beam Design

Trial 2: 12x24 LL+DL m.c.<19%

not flat use

Table 4D Adjustment Factors

Size Factor, Cy

When visually graded timbers are subjected to loads
applied to the narrow face, tabulated design values shall
be multiplied by the following size factors:

Size Factors, Cy

Depth Fb Ft Fc
d>12" (12/d)"® 1.0 1.0
d<12" 1.0 1.0 1.0
Flat Use Factor, Cq,

‘When members classified as Beams and Stringers* in
Table 4D are subjected to loads applied to the wide face,
tabulated design values shall be multiplied by the follow-
ing flat use factors:

Flat Use Factor, Cy,
Grade F, |E and E,;,| Other Properties
Select Structural 0.86 1.00 1.00
No.1 0.74 0.90 1.00
No.2 1.00 1.00 1.00

*"Beams and Stringers" are defined in NDS 4.1.3 (also see Table 1B).

University of Michigan, TCAUP

Wet Service Factor, Cy

When timbers are used where moisture content will
exceed 19% for an extended time period, design values
shall be multiplied by the appropriate wet service factors
from the following table (for Southern Pine and Mixed
Southern Pine, use tabulated design values without further
adjustment):

Wet Service Factors, Cy

F, F, F, Fo, F.  EandEy,
1.00 1.00 1.00 0.67 0.91 1.00
%
ce=(%23.5)7 = 098
Structures Il Slide 21 of 29

Timber Beam Design
CL
Table 3.3.3

“Concentrated load at center
with lateral support at center”

L,=111¢,
CL g
/Pu = Q.‘f
= 4"

&= Lt (4

"o

Lac{nd) =125

&347;_?.—_4.74

Er,’ z 12 Ewn (.2(440000) ~
T - 4'}42 23482 fs!

Fof = R(ce ) =¢5 (o128) = 580

= o5

CT\T
)

C’L = O/ ‘?Q‘?

University of Michigan, TCAUP

Structures Il

Trial 2: 12x 24

3.3.3.6 The slenderness ratio, Rg, for bending mem-
bers shall be calculated as follows:

¢.d
RB=/5—2

3.3.3.7 The slenderness ratio for bending members,
R, shall not exceed 50.

3.3.3.8 The beam stability factor shall be calculated
as follows:

o 1+Re/R) [1+(FbE/F;)T_

(3.3-5)

Fe /Ry
0.95

(3.3-6)

* 1.9 19

where:

F,” = reference bending design value multiplied
by all applicable adjustment factors except
C., C,andC, (see2.3)

~1.20E,,

min
Foe =

Rg?
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Timber Beam Design

Trial 2: 12x24 S, =1058in® A =270in?

TRY Z ceor.
\Z x 24 C‘F =0.928 C-(,-—'&‘?‘I‘i Cp= 10O
FozR(cp cr €)= 425 (1 0928 0.999) = 579.3 ps

W = REA Lk
st = D OLRER . 3o W, 5445 e

ML 44
- wdh 2Ts (19)"
Mw - ___5__ - 56 )8( ﬁ) - Zgga FT-Ls

M. =Mp +M, = 63428 +2532 = 55949 er-p

' M
Fua = = ZIAD oy

1159.4 > 1058 so 12 x 24 is too small
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Timber Beam Design
Trial 3: S, req’d = 1159 in3

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

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 (S4S) Section |[Modulus| Inertia [Modulus| Inertia
bxd bxd A S [ S,y l, |25 Ibs/ft’|30 Ibs/ft’| 35 Ibs/ft’| 40 Ibs/ft’| 45 lbs/ft’| 50 Ibs/ft’
in. x in. in.2 in? in* in. in.

Beams & Stringers (see NDS 4.1.3.3 and NDS 4.1.5.3)

10x 14 | 9-1/2x13-1/2 | 1283 288.6 1948 203.1 964.5 2227 26.72 31.17 35.63 40.08 44.53
10x16 | 9-1/2x15-1/2 | 147.3 380.4 2948 233.1 1107 25.56 30.68 35.79 40.90 46.02 51.13
10x18 | 9-1/2x17-1/2 | 166.3 484.9 4243 263.2 1250 28.86 34.64 40.41 46.18 51.95 57.73
10x20 | 9-12x19-1/2 | 185.3 602.1 5870 293.3 1393 32.16 38.59 45.03 51.46 57.89 64.32
10x22 | 9-1/2x21-1/2 | 204.3 731.9 7868 323.4 1536 35.46 42.55 49.64 56.74 63.83 70.92
10x24 | 9-1/2x23-1/2 | 223.3 874.4 10274 353.5 1679 38.76 46.51 54.26 62.01 69.77 77.52

12x16 [11-1/2x15-1/2| 178.3 460.5 3569 341.6 1964 30.95 37.14 43.32 49.51 55.70 61.89
12x18 [11-12x17-1/2| 201.3 587.0 5136 385.7 2218 34.94 41.93 48.91 55.90 62.89 69.88
12x20 [11-1/2x19-1/2| 224.3 728.8 7106 429.8 2471 38.93 46.72 54.51 62.29 70.08 77.86
12x22 (11-1/2x21-1/2| 247.3 886.0 9524 473.9 2725 42.93 51.51 60.10 68.68 .27 85.85
12x24 [11-1/2x23-1/2| 270.3 1058 12437 518.0 2978 46.92 56.30 65.69 75.07 84.45 93.84

14x18 [13-1/2x 17-1/2| 236.3 689.1 6029 531.6 3588 41.02 49.22 57.42 65.63 73.83 82.03
14x20 [13-1/2x19-1/2| 263.3 855.6 8342 592.3 3998 45.70 54.84 63.98 73.13 82.27 91.41
14x22 [13-1/2x21-1/2| 290.3 1040 11181 653.1 4408 50.39 60.47 70.55 80.63 90.70 100.8
14 x24 [13-1/2x23-1/2| 317.3 1243 14600 713.8 4818 55.08 66.09 7711 88.13 99.14 110.2

16x20 [15-1/2x 19-1/2| 302.3 982.3 9578 780.8 6051 52.47 62.97 73.46 83.96 94.45 104.9
16x22 | 15-1/2x21-1/2| 333.3 1194 12837 860.9 6672 57.86 69.43 81.00 92.57 104.1 115.7
16 x24 | 15-1/2x23-1/12| 364.3 1427 16763 941.0 7293 63.24 75.89 88.53 101.2 113.8 126.5

try 14 x24 S, =1243in3
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Timber Beam Design

Trial 3: 14x24 (13%x23%) S,=1243in3

revise adjustment factors:

-

Cr= (10 V4 L o928 & =125

e o 126.5 (23.5)
TR ]S e

F. - L2 (4400@:\)
BT oz T 323718 g

B = 425 (0.928) = 520.0 e
R 32359.8 _ -
Vet = oo = TP

CL z ©.199
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Timber Beam Design

Trial 3: 14x24 A=3173in?> S,=1243in® wp =66.1 PLF

TRY 3

check stresses:
14 x 24 A= 317.3:2 5y = 1242.633

Fi = 625 (lo 0.928 ©.937) = 5719.5 51

gt LB

‘_/'Kf_th-‘. Mu=q44's "
Cdeck fb=r}5 e %‘%’% _544.5(91 £519.6=F

X

A8
Cieck suche,s Vmar = w} 2_ 44,15!93+112aa e
7—
£ —\4 = i _6,2_5_1 = 9.5, . < - /
'qu"l—/-\ == 29.56 psi <ll‘>—rv

o over 1Hx 24
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Timber Beam Design

Trial 3: 14 x 24 |, = 14600 in*

check deflection: assume 30% of LL is sustained

see NDS 3.5 K, = 1.5 “seasoned lumber”

3.5 Bending Members - Deflection

3.5.1 Deflection Calculations

If deflection is a factor in design. it shall be calcu-
lated by standard methods of engineering mechanics
considering bending deflections and. when applicable.
shear deflections. Consideration for shear deflection is
required when the reference modulus of elasticity has
not been adjusted to include the effects of shear deflec-
tion (see Appendix F).

3.5.2 Long-Term Loading

Where total deflection under long-term loading
must be limited. increasing member size is one way to

provide extra stiffness to allow for this time dependent
deformation (see Appendix F). Total deflection. Ar.
shall be calculated as follows:

At = Ker At + Ast 5

(3.5

[5%)

-1)
where:
Ker = time dependent deformation (creep) factor

= 1.5 for seasoned lumber, structural glued
laminated timber, prefabricated wood I-joists,
or structural composite lumber used in dry
service conditions as defined in 4.1.4,5.1.4,
7.1.4, and 8.1.4, respectively.
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Timber Beam Design
. . FLECTord
Trial 2: 14 x 24 1, = 14600 in* ve ©
Lowg ~Terml ! w, P" 30% 0
. . 4 4
check deflection: . . A Swe AT s (ee) () (1728 e
assume 30% of LL is sustained Wo 284 g1 384 (12e0oooy((4Go0)
3 3
A b £ 2888 (19) (1728) .
= — = C£7°7 2 Tl o o.o40]
see NDS 3.5 VT 4z 4g (1200ce0)(144°0))
K, = 1.5 “seasoned lumber” 3 3
cr Aﬁ.zoz zo.ZCﬁ.)/ _ 0.3(83000()(72) 0.035 v
48 1 45 (1200000 )(14400) N
I
TABLE 1604.3 DEFLECTION LIMITS® b: & . Air = O o8¢t
— C(;))NSTERUCTION L [SorwflD+ 99 S\—\o#\TfTERN( : 707' FL
30 m?rT - er or stucco ceiling|/360 | /360 1240 3 3
gugggging El;ws;;laster éeflmog 2 240 | 1240 [ 1180 A P = o+ C F(.),( 0.1 <6 3603(’ ﬁ) C’ZZ&> w
Not supporting ceiling 180 /180 | 1120 LIy = = 0.0825
Floor members 360 — 1240 4& [N 48( (oo Mo)([‘l' 6&0)
E".:(i:ﬁr:)lzgzlrlsor stucco finishes — 360 —_
With other brittle finishes — 11240 —
With flexible finishes - 120 -
Interior partitions:® ‘1’0775' (.. VZFL—ZC'FLOM .
With plaster or stucco finishes gjg - -
With other brittle finishes — ===
With flexible finish: 120 = = + A
Farm beuildirelgs —= — — 11180 A\ g = [<Cr /‘\LT’ ST I
Greenhouses — — 11120 -
= of = 0.21
= |.5 (0.0841) + 0.08L5 = M\Z/}/\_

L/240 = 19(12)/240 = 0.95”
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Structures Il
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Timber Beam Design  Trial2: 14x24 b=135"

check support bearing:
C, = 1.0 (end support)

3.10.4 Bearing Area Factor, C,

Reference compression design values perpendicular

Frlap Moo /(b ;
to grain, F.,, apply to bearings of any length at the ends
of a member, and to all bearings 6" or more in length at

any other location. For bearings less than 6" in length L - 4 617 =Y

and not nearer than 3" to the end of a member, the ref- 1

erence compression design value perpendicular to € F& € ( CM C X (@ ,( C
[

o)
grain, F.;, shall be permitted to be multiplied by the =
. 4;;(/.0 [0 1.O '0) :A‘;;,ps(
r

A
\

following bearing area factor, Cy:

¢ +0.375
C,=—"—— (3.10-2) F w
€ Rz END REACTION = - GUT1.9 08
where:
-
€» = bearing length measured parallel to grain, in. R (ﬁ Z 6 ! 07 — A iy
""‘F __,.:’——’—");r’sl

Equation 3.10-2 Igiv.es the follgwing bearing area cL ~ Ty - /,\b /(b

factors, Cy, for the indicated bearing length on such

small areas as plates and washers: @ 2570, 9 Le

/"
Ao = 57 agsen - 107 G

Table 3.10.4 Bearing Area Factors, C»

€ 058N SISt gt e 3T 4R 6 or more
Cy 11755138 1:25 “1:19.. 1.13~ 1:10 1.00

For round bearing areas such as washers, the bear-
ing length, €y, shall be equal to the diameter.
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