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Allowable Stresses
From the NDS Supplement

DESIGN VALUES FOR WOOD CONSTRUCTION - NDS SUPPLEMENT 35

Table 4A Reference Design Values for Visually Graded Dimension Lumber

(Cont.) (2" - 4" thick)*??
(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)

Species and commercial Size Tension | Shear Comp f" pressi | Grading
rade classification parallel parallel perpendicular parallel Specific | Rules
g Bending | tograin | to grain to grzi: to grain Modulus of Elasticity Gravity' | Agency
Fy F. F, W?’ F. E | Eo G

—
Igelecl Structural 1,400 925 150 405 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 975 625 150 405 1,350 1,500,000 | 550,000
No. 2 850 525 150 405 1,300 1,300,000 | 470,000 T
No. 3 500 300 150 405 725 1200000 | 440000 || o043 | oo
Stud 2" & wider 675 400 150 405 800 1,200,000 | 440,000
Construction 975 600 150 405 1,550 1,300,000 | 470,000
Standard 2" - 4" wide 550 325 150 405 1,300 1,200,000 | 440,000
Utilty 250 150 150 405 850 1,100,000 | 400,000
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Allowable Stress Design by NDS
Flexure

¢

Allowable Flexure Stress 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

C: Size Factor

C, Flat Use

C, Incising Factor

C, Repetitive Member Factor

Actual Flexure Stress f,

f, = Mc/l = M/S
S = I/c = bd?/6
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Allowable Stress Design by NDS
Shear
Allowable Shear Stress Fv’ Actual Shear Stress fv
F, from tables determined by species f,=vQ/1b=15V/A
and grade
Can use V at d from support as
F, = F, (usage factors) maximum
usage factors for shear:
Cp Load Duration Factor
. Shear at Supports
Cy Moisture Factor —
C, Temperature Factor g g
C, Incising Factor Vorag_D @ @
s |
yﬁ
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Allowable Stress Design by NDS

Compression

Allowable Compression Stress F_’ Actual Compression Stress f,
F. from NDS Supplement tables determined
by species and grade fe = P/A
F.’ = F. (usage factors)
usage factors for flexure:
Cp Load Duration Factor
Cy Moisture Factor
C, Temperature Factor
C. Size Factor
C, Incising Factor
Cp Column Stability Factor
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Adjustment Factors
Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber
ASD LRFD
ASD and LRFD
only only
5
s 5| s 2| s
s 5| 5| & S| £ 2| 5| 8| 2
g 8| a3 & .| &gl 8| 5| || 2]E]S Z
s | £ =] 2| 8| 28| 8| 2| 2| 8| 5| 2| g £
2| 8| Bl 5| &) 5| 5| £| 5| E|E| 8| 8| &
3| 2| 5| § S| 2| 5| 5| 2| 5| 8 g
= - &= 2 é :fj s 2 L
& aQ KF ¢
. e _l-wr-s
Fy =Fp x|Cb Cu G Co Ca G GY- - - 254085
Fx—F; X CD CM C:( . C]: . Ci = = = - 270080 A
Fv =Fy x|[Cp C» & - - - G - - - - 288075 A
F. =F. xfféplCy C - G - ¢ - G - - PEIGSIEN
Foo =Fa x| - Cu C - - - G- - - Cp, 1.67090 -
E=E X = Cm G = = = (8 = ] = = = = =
Ewn =Emn x| - v G - - - G - - Cr - 176085 -
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Adjustment Factors

Allowable Flexure Stress F’

F, from tables determined by species and grade

Fy =F, (Cp Cu C; C, C¢ C;, C; C,)

Usage factors for flexure:
Cp Load Duration Factor

Figure B1 Load Duration Factors, Co, for Various Load Durations

1.6
1.5
1.4

Load Duration Factor (Cp)
(BASED ON 10 YEAR "NORMAL" DURATION)
AN

* 1 SECOND
o 10 MINUTES
1 DAY

7 DAYS

2 MONTHS

1 YEAR

10 YEARS

Duration of Maximum Load

PERMANENT

Table 3.3.2 Frequently Used Load

Duration Factors, C*

Load Duration Cp Typical Design Loads
Permanent @4 0.9 Dead Load
Ten years LL 1.0 Occupancy Live Load
Two months - 115 Snow Load
Seven days L 1.25 Construction Load
Ten minutes 1.6 Wind/Earthquake Load
Impact? 2.0 Impact Load

(1) Actual stress due
to (DL)

(2) Actual stress due
to (DL

(3) Actual stress due
to (QLAWD) -~

(4) Actual stress due
to (DL+LLSL) ~

(5) Actual stress due
to (DL+LL

(6) Actual stress du
to (QL+SLAWL

(7) Actual stress due
to (DL+LL+SL:

< (0.9) (Design value)
< (L.0) (Design value)

< (L.6) (Design value)

IA

(1.15) (Design value)
< (1.6) (Design value)
< (1.6) (Design value)

< (1.6) (Design value)
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Adjustment Factors
Allowable Flexure Stress F’
F, from tables determined by species and grade
F,’=F, (Co Cy C;C.C: C, C; C,)
Usage factors for flexure:
C; Temperature Factor
Table 2.3.3 Temperature Factor, C:
Reference Design In-Service (o
Values Moisture
Conditions T<100°F 100°F<T<125°F  125°F<T<150°F
Fi. E. Enin Wet or Dry 1.0 0.9 - 0.9
Dry 1.0 0.8 0.7
Ep B Fo and Fo Wet 1.0 0.7 ¢ (0.3

1. Wet and dry service conditions for sawn lumber, structural glued laminated timber, prefabnicated wood I-joists, structural
composite lumber, wood structural panels and cross-laminated timber are specifiedin4.14,5.14,7.14,814,9.33, and

10.1.5 respectively.

University of Michigan, TCAUP

Arch 544

Slide 8 of 99




Adjustment Factors

Allowable Flexure Stress F’
F, from NDS tables

Fy’ =Fy (Co Cu G CL C¢ C, G, C; )

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,

__Eh Fl F v Fc

FE. EandE_,,

% sk
Usage factors for flexure: 0.85 1.0 0.97 0.67 0.8%% 0.9
CM Moisture Factor * when (E.)(Gp) 1,150 psi, Cyy = 1.0
CF Size Factor ** when (E))(Cy) £ 750 psi, Cy= 1.0
Size Factors, Cy
E E E
T}!ickncss (breadth)
Grades Width (depth) @& 3" 4
o3 &l 1.5 1.5 1.5 115
Select 58 1.4 1.4 14 1.1
Structural, 6" 13 1.3 1.3 1.1
No.l & Btr, 8" 12 1.3 1.2 1.05
No.1, No.2, 10" 1.1 1.2 1.1 1.0
No.3 1127 1.0 1.1 1.0 1.0
14" & wider 0.9 1.0 0.9 0.9
2S4S 1.1 il 151 1.05
Stud 5"&6" 1.0 1.0 1.0 1.0
- 8" & wider Use No.3 Grade tabulated design values and size factors
s Construction, DIN3E & 4% 1.0 1.0 1.0 1.0
. Standard
'U(ilily 4" 1.0 1.0 1.0 1.0
28&8h 0.4 — 0.4 0.6
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Adjustment Factors

Allowable Flexure Stress F’
F, from NDS tables

Fy’=F,(Cp Cy C;C_Cr C, C; C,)

Usage factors for flexure:
C;, FlatUse
C, Repetitive Member Factor

Repetitive Member Factor, C,

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, F,, shall also be permitted
to be multiplied by the following flat use factors:

Flat Use Factors, Cy,

Width Thickness (breadth)
(depth) 2" & 3" 4"
2" &3 1.0 —
4" 1.1 1.0
& 1.1 1.05
6" 1515 1.05
8" 1.15. 1.05
10" & wider 12 1.1

Bending design values, F,, 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.

University of Michigan, TCAUP
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Adjustment Factors

Allowable Flexure Stress F’
F, from tables determined by species and grade

Fy’ =Fy (Co Cu G CL C¢ C, G, C; )

Usage factors for flexure:
C; Incising Factor

Table 4.3.8 Incising Factors, C,

Design Value Ci

E, Emin 0.95
Fp, F, Fe, Fy 0.80
Fe. 1.00

University of Michigan, TCAUP
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Adjustment Factors

Allowable Flexure Stress F’
F, from tables determined by species and grade

Fy’=F, (Cp Cy C;C_Ce C, C; C,)

Usage factors for flexure:
C, Beam Stability Factor

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-
quired and Cp = 1.0.

3.3.3.2 When rectangular sawn lumber bending
members are laterally supported in accordance with
441,C.=1.0. ’

3.3.3.3 When the compression edge of a bending
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.

University of Michigan, TCAUP

Cp =

4.4.1 Stability of Bending
Members

2x4  (a) d/b <2;no lateral support shall be required.

7/ 2x6-8 (b) 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-
bers, or other acceptable means.

‘/2x10 (¢) 4 <d/b < 5; the compression edge of the mem-

ber shall be held in li
prevent lateral displacement, as by adequate
sheathing or subflooring, and ends at point of
bearing shall be held in position to prevent
rotation and/or lateral displacement.

2x12 (d) 5 < d/b £ 6; bridging, full depth solid blocking
or diagonal cross bracing shall be installed at
intervals 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.

2x14 (e) 6 < d/b < 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.
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C,

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

Otherwise

Beam Depth/
Width Ratio Type of Lateral Bracing Required Example
2to1 None
ENP BlockiNgG
IST 28~ BBAM
3tol The ends of the beam should

2X6
2x8

be held in position

C . <1.0
calculate factor using
section 3.3.3

5tol

2x10

Hold compression edge
in line (continuously)

NAILING
SHEATH INEr/pEzt NG

Je|oT or-BEAM

SHBATHING/ PB2KING

University of Michigan, TCAUP

6to1 Diagonal bridging should be used N
2X1 2 3 oc, BRPGING
prpaNG
7to1 Both edges of the beam %
should be held in line - e
2 1 4 NA|LEeP SH’F‘THIP‘?’PF
X PECENG ToF ¢poTToM
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C, Beam Stability Factor

In the case bracing provisions of 4.4.1 cannot be met,
C,_ is calculated using equation 3.3-6

The maximum allowable slenderness, R is 50
K, wieo utoatu
: 2

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

AR
Table 3.3.3 Effective I.engtor Bending Members

d

( Cantilever'

when @Jg <7

When (/4> 7 (33-5)

Ro =

b2

Uniformly distributed load

€~133 ¢,

€:~0.90 €, + 3d

Concentrated load at unsupported end

€~1.87 ¢,

€-144¢,+3d 3.3.3.7 The slenderness ratio for bending members,

[ Single Span Beam'”

when €,/d <7

when €,/d> 7 Rs, shall not exceed 50.

Uniformly distributed load
!

€206 €,
—

7
p—

3.3.3.8 The beam stability factor shall be calculated

€=1.63€,+3d
—

Concentrated load at center with no inter-
mediate lateral support

€~1.80 ¢,

€~137€,+3d

Concentrated load at center with lateral
Suppo rt at center

€=1.11¢,

Two equal concentrated loads at 1/3 points
with lateral support at 1/3 points

€~1.68 €,

as follows:
_ (3.3-6)
0.95

14(Re/R) 1+(Re/E)T
719 N 1.9

Three equal concentrated loads at 1/4 points
with lateral support at 1/4 points

€=154¢,

Four equal concentrated loads at 1/5 points
with lateral support at 1/5 points

€~1.68 ¢,

where:

Five equal concentrated loads at 1/6 points

with lateral support at 1/6 points

€=1.73 €,

Fo" = reference bending design value multiplied by

Six equal concentrated loads at 1/7 points
with lateral support at 1/7 points

€=1.78 €,

all applicable adjustment factors except Cru,

Seven or more equal concentrated loads,
evenly spaced, with lateral support at points
of load application

€=184¢,

Cv (when Cy £1.0), and CL (see 2.3), psi

Equal end moments

€~1.84 ¢,
—

Euui‘.

‘specified in Table 3.3.3:

1. For single span or cantile
€=206 €, when €/d<7
€=1.63€,+3d when7<€/d<143
€=184¢, when €/d> 14.3

2. Multiple span applications shall be based on table values or engineering analysis.

University of Michigan, TCAUP

_1.20E,,

=
Rg

FDE
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Adjustment Factors for Shear

Allowable Flexure Stress F/
F, from tables determined by species and grade

F,” =F, (usage factors)

Usage factors for shear:
Cp Load Duration Factor
Cy Moisture Factor

C, Temperature Factor

Q_i Incising Factor

Shear at Supports

47

3¢

F—a—

oo

d ] 92.06° | 147’
1 1 ’I
wr = 1.20 %/
MODIFIED =T 71 7
LOAD X ol
}s42 & ? 5.44 K
MAR ~ ~
’
4
544
Modified shear V' used to compute reduced shear f;
University of Michigan, TCAUP Arch 544 Slide 15 of 99
AnaIySIS Procedure XX AXIS YY AXIS
Standard Area Moment Moment
. Nominal Dressed of Section of Section of
Given: loading, member, size, material and span. Size Size (S4S) | Section |[Modulus| Inertia |Modulus| Inertia
— ——l
, bxd bxd A Sk lex S,y Iy
Req’d: Safe or Unsafe in. x in. in2 | ind | in* | in® | int
Boards'
1x3 3/4 x 2-112 1875 | 0.781 | 0.977 | 0.234 | 0.088
. 1x4 3/4x3-1/2 | 2625 | 1531 | 2680 | 0.328 | 0.123
1. Find Max Shear & Moment “«~ 1x6 | 34x512 | 4125 | 3781 | 1040 | 0516 | 0.193
. . 1x8 3/4x7-1/4 | 5438 | 6570 | 23.82 | 0680 | 0.255
*+ Simple case — equations 1x10 | 34xo-ua | 6938 | 1070 | 49.47 | 0.867 | 0.325
« Complex case - diagrams 1x12 | 3/4x11-1/4 | 8.438 | 1582 | 88.99 | 1.055 | 0.396
Di ion Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)
2x3 | 1-1/2x2-12 | 3.750 | 1.56 | 1.953 | 0.938 | 0.703
; 2x4 | 1-12x31/2 | 5250 | 306 | 5359 | 1.313 | 0984
—
2. Determine actual stresses 2x5 | 1-1/2x4-12 | 6750 | 506 | 11.39 | 1.688 | 1.266
« f,=M/S 2x6 | 1-1/2x51/2 | 8250 | 7.56 | 20.80 | 2.063 | 1.547
_ 2x8 | 1-1/2x7-1/4 | 1088 | 1314 | 47.63 | 2719 | 2.039
« f,=15V/A 2x10 | 1-1/2x9-1/4 | 1388 | 21.39 | 98.93 | 3469 | 2602
2x12 | 1-1/2x11-1/4 | 1688 | 3164 | 178.0 | 4219 | 3.164
. 2x14 | 1-1/2x13-1/4 | 19.88 | 43.89 | 290.8 | 4.969 | 3.727
3. Determine allowable stresses 3x4 | 21/2x3-12 | 875 | 510 | 8932 | 3.646 | 4557
3x5 | 2-1/2x4-12 | 1125 | 844 | 1898 | 4.688 | 5.859
« F, and F, (from NDS) suve. 3x6 | 2-1/2x5-1/2 | 1375 | 1260 | 34.66 | 5729 | 7.161
. - 3x8 | 2-1/2x7-1/4 | 1813 | 21.90 | 79.39 | 7.552 | 9.440
Fb’ Fp (M) 3x10 | 2-1/2x9-1/4 | 2313 | 3565 | 164.9 | 9635 | 12.04
* F,/=F, (usage factors) 3x12 | 2-1/2x11-1/4 | 2813 | 5273 | 2966 | 11.72 | 14.65
3x14 | 2-1/2x13-1/4 | 3313 | 7315 | 4846 | 13.80 | 17.25
3x16 | 2-1/2x15-1/4 | 3813 | 96.90 | 738.9 | 15.80 [ 19.86
< 4x4 | 312x3-112 | 1225 | 7.15 | 1251 | 7.146 | 12.51
4. Check that actual < allowable 4x5 | 3-12x4-1/2 | 1575 | 11.81 | 2658 | 9.188 | 16.08
e f,SFy o 4x6 | 31/2x5-1/2 | 1925 | 17.65 | 4853 | 1123 | 19.65
. f <P 4x8 | 312x7-14 | 2538 | 30.66 | 111.1 | 14.80 | 25.90
vy 4x10 | 3-1/2x9-1/4 | 3238 | 49.91 | 230.8 | 18.89 | 33.05
4x12 | 3-1/2x11-1/4 | 39.38 | 73.83 | 4153 | 2297 | 4020
. _ 4x14 | 3-12x13-1/4 | 46.38 | 102.41 | 6785 | 27.05 | 47.34
5. Check deflection 4x16 | 3-1/2x15-1/4 | 53.38 | 135.66 | 1034 | 31.14 | 54.49
. . -
6. Check bearing (F, = Reaction/Ayq.ing ) from NDS 2012
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Analysis Example

Given:
2x10

DATASET: 1 |Ed Yot i
SpanA 17FT 16” o.c. '
Span B MFT 2.578 PLF
Joist O.C. Spacing 16 IN
Wood Density 45 PCF
Joist Size 2x10 NOMINAL
Beam Size 6x16 NOMINAL /
Floor DL (not including joist) 3 PSF Beam A4 17

assembly area - 6x 16 '
Occupancy or Use fixed seats 26.64 PLF
Req'd: pass or fail for floor joist ASCE-7 Table 4.3-1: Live Load = 60 PSF

ASCE-72.41 ASD loadcase: D+ L
2x10 Joist + floor load:

v + L
( sewrwuear + 93,'-,_‘-') +(¢., 2 )
(4merne + 300 32 ) + (wotse 1= }

B8.336 AF  + B O PF = 88.33C ILF
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Analysis Example (joist)
1. Find Max Shear & Moment on Joist
By equations: L (R R —
TR T
Shear: 485.8% 485.8%
X
Wi - 88336 Q1) _ 485,848 Ibs w4868
2 2 — V4 ]\

8

Moment: (\l ¢
2 !
wit _883selit) . 332(“ ) 1336.08 ft-Ibs /’*\

University of Michigan, TCAUP Arch 544 Slide 18 of 99




Analysis Example

2. Determine actual stresses in joists

. f,=M/S
- f,=15VA
M 1386 - (=)

_F = == = .3 = 74 ?¢§ Psi
& Sy 21.3q —
(=3 Vv (.5 (485.8) - 52,5 pey
v zZ A 13.88 .2 .
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Species and Grade

3. Determine allowable stresses — NDS Supplement
+ F, =875psi
+ F, =135 psi

Table 4A Reference Design Values for Visually Graded Dimension Lumber
(Cont.) (2" - 4" thick)**?
(All species except Southem 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 WITHTABLE 4A ADJUSTMENT FACTORS

Design values in pounds per square inch (psi)
Speci z . Tension Shear Comp i Comp i Grading
pecies and commercial Size 2 specific | Rules
grade classification | £ nding | tograin | tograin |  to grai to grai ici i
g | to grain o grain o grain 0 grain Modulus of Elasticity | Gravity* | Agency
Fo F F; Ei F, E | Emm G
Select Structural 1,250 700 135 325 1,400 1,500,000 | 550,000
No. 1/ No. 2 2" & wider 1 450 i 425 1,150 1,400,000 | 510,000
No.3 — 500 250 135 425 650 1,200,000 440,000
Stud 2" & wider 675 350 135 425 725 1,200,000 440,000 042 NLGA
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Analysis Example

3. Determine allowable stresses — NDS Supplement

*  Adjustment Factors

Determine factors:

.

Ch=7
CM=1
Ct=1 Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber
=7
- ’7 ] o ASD and LRFD L
= an
CF =7 only only
Cfu=1
Ci=1 5 5 §ls| & g
5 g k] 3 g 5
Cr=7 - I IR NI HIEIE IR 1R I
gl s | 5| 2|82 & E 2 - -
Sl 8| 8| 5| 2|5 |5|8|5|€|2|8|%|3¢2
gl s Ils|28|=13|3|3 i 5
a Ql g Sl 52| 2 g 2 § 3 g 2
o - P = =
EREEAN: §‘ , g 33 E £
.
T e
Fo=F» x|Co o & C G o€ & C - - - K& & A
F, =F, x|[Ch Cvy C& - - - G - - - - Kr & A
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Analysis Example
Table 2.3.2 Frequently Used Load
Duration Factors, C*
CD Load duration factor Load Duration Cp Typical Design Loads
Permanent 0.9 Dead Load
= Ten years E 1.0 ) Occupancy Live Load
OCCUpancy I;I_-, (1 0 yearS) 1.0 Two months 1.15 Snow Load
Seven days 1.25 Construction Load
Ten minutes 1.6 'Wind/Earthquake Load
Impact? 2.0 Impact Load
Cr Size factor
Size Factors, Cy
2x10 B, F, E.
use 1.1 Thickness (breadth)
Grades Width (depth) @& 3 4"
25,3, &4 15 1.5 1.5 1.15
Select St 14 14 1.4 11
Structural, 6" 1.3 1.3 1.3 1.1
No.1 & Btr, 8" 1.2 1.3 1.2 1.05
No.1, No.2, (@ (1) 1.2 1.1 1.0
No.3 125 1.0 1.1 1.0 1.0
14" & wider 0.9 1.0 0.9 0.9
2830 & 48 il 1.1 1.1 1.05
Stud SE&I6E 1.0 1.0 1.0 1.0
8" & wider Use No.3 Grade tabulated design values and size factors
Construction, 2 SE &4z 1.0 1.0 1.0 1.0
Standard
Utility 4" 1.0 1.0 1.0 1.0
2" & 3" 0.4 — 0.4 0.6
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Analysis Example

C, Repetitive Member Factor

1670.c.:C,=1.15 <~

Repetitive Member Factor, C,

Bending design values, F,, 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.
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Analysis Example
Beam Depth/
Width Ratio Type of Lateral Bracing Required Example
C_ Repetitive Member Factor 2t1 None
GNP BloekiNgG
2x10 w/ flooring: C_ = 1.0 T
3tol The ends of the beam should

2X6
2x8

be held in position

5tol

—» 2x10

C =1.0

if depth/width ratio meets criteria in
441C =10

Otherwise:

C <1.0

calculate factor using section 3.3.3

University of Michigan, TCAUP

Hold compression edge
in line (continuously)

~— NAUNT
SHEATH INGr/PEet NG

JelaT op-BEAM

6tol

2x12

Diagonal bridging should be used

SHBATHING/ PBoKING

ToisT
BRADNG

7to1

2x14

Both edges of the beam
should be held in line

AN

A

NAILED SHEATHING: oF-
" pBopmng ToF ¢ BoTIOM

Arch 544
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Analysis Example

3. Determine allowable stresses
* Fy=Fu (Co)CL)(Ce)C))

« F, =875(1.0) (1.0) (1.1) (1.0) (1.15) = 1107 psi ¢
. - C . Cr‘ ey

F
¢ I:v’ = Fv (QD)
« F, =135(1.0) = 135 psi

—_—

4. Check that actual < allowable
« fy<F,
* fv < I:‘v

5. Check deflection
6. Check bearing (F;, = R/A,)

University of Michigan, TCAUP

M 1336~ (12) 4?‘;1,
f= %, 21398 A
* =
1.5 (485.8)

= 52.9 psy

13.8&.;,:’7
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Analysis Example

5. Check deflection
« NDS35

* Aj-Longterm -
*  Agr - Short term

* K, —creep factor
Ar =K, A+ Agr (NDS 3.5-1)

KCI’

+ 1.5 dry, seasoned lumber ¢—
+ 2.0 wet service conditions

+ 2.0 wood panels

* 2.0 CLT (dry) .

[5(3)(-2) + () =
4+ .14

University of Michigan, TCAUP

= 0. 14

30% LT - FoksST

4
Ag = A _ 5(88.336) Il (1728)
284 (1400 000)(78.3)

384 €I
= 0.210"
=MD el
340 360 B—

TABLE 1604.3 DEFLECTION LIMITS® b ¢ hii

CONSTRUCTION L ([SorwflD+ 199

Roof members:®
Supporting plaster or stucco ceiling|/360 | /360 | /240

Supporting nonplaster ceiling 240 | 1240 1/180
Not supporting ceiling 180| #180 11120
Floor members 360 - 11240
Exterior walls

With plaster or stucco finishes - 360 —
With other brittle finishes - 11240 —
With flexible finishes - 11120 —
Interior partitions:®

With plaster or stucco finishes 360 — i
With other brittle finishes 240 — -
With flexible finishes 120 — —
Farm buildings = — /180
Greenhouses — — 11120
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Analysis Example
3.10.4 Bearing Area Factor, Cp

Reference compression design values perpendicular
. . to grain@ apply to bearings of any length at the ends
6. Check bearmg ' EE__'< P/Ab of a member, and to all bearings 6" or more in length at
any other location. For bearings less than 6" in length
. and not nearer than 3" to the end of a member, the ref-
FcJ_ =425 psi erence compression design value perpendicular to
grain, F,, shall be permitted to be multiplied by the

following bearing area factor, C,:

P =R=48538Ibs

. ¢, +0.375
A, =15 (1")=15in2 G (3.102)
b
where:
485.8 . .
1:b = 15 = 3238 pSl < 4_2,\5 pS| Ok €y = bearing length measured parallel to grain, in.

Equation 3.10-2 gives the following bearing area
factors, C,, for the indicated bearing length on such
small areas as plates and washers:

%_Q Table 3.10.4 Bearing Area Factors, Cy

VAN (0 L b e L L 6" or more

— v

Cy, 1.75-1.38 125 119 1.13-1.10 1.00

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

University of Michigan, TCAUP Arch 544 Slide 27 of 99

Design Procedure — Joist or Rafter

Given: loading criteria, wood, span, size
Req’d: controlling load, o.c. spacing

1. Determine each load ~~
« check applicable load cases

« determine loads Unbalanced

* choose controlling load case

2. Find Max Shear & Moment " | Balanced |

* assume o.c. spacing = 12”

3. Calculate actual stresses ~

Calculate allowable stresses —
+ find applicable factors

5. Choose spacing -~
* determine utilization ratio: fb/Fb_
+ divide o.c. spacing by the ratio
* round down to modular spacing (1’2_, 16 or 2_11)

Check shear stress
Check deflection
Check bearing
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Design Example 2

Given: 2x10 Hem Fir No. 2 rafter

DATASET: 1

Location (city in Michigan) Gaylord
Terrain Category (Sec 26.7) C
Exposure of Roof (Tab 7.3-1) Partially Exposed
Thermal Factor, Ct (Tab 7.3-2) 1

Roof Surface Not Slippery

Risk Category (Tab 1.5-2) 1l

Roof Span, L 30FT
Roof Slope F" in 12" 4IN/12"

Req’d: rafter spacing

- 1. Determine Loads:
[Balanced” ]

Dead: ASCE-7 Tab. C3.1-1a — 7 PSF (12" o.c.)
Roof Live: ASCE-7 4.8.2 — 20 PSF
Snow: ASCE-7 Fig. 7.2-1: pg = 50 PSF

ASCE-7 2.4.1 ASD load combinations:
ot D Cp,=09 ~ "
D+Llr Co=125- "My

D+S Cp=1.15¢ H/m, —

University of Michigan, TCAUP Arch 544 Slide 29 of 99

Analysis Example (rafter)

Roof Live Loa
* Minimum L, between 12 PSF and 20 PSF
* L=20RR,

* See4.9.1
) for A, < 200 ft2(18.58 m2)
R,= 1.2-0001A,  for200 ft2 < A, < 600 ft2
06 for A, 2 600 f2(55.74 m2)

where A, = tributary area in ft? (m?) supported by

any structural member and 1z ’ 1
5 ft.

D orF D

R,= 1.2-0.05F for4 <F<12 1<
0.6 forF=12
30 ft.

where, for a pitched roof, F = number of inches of
rise per ft.
for an arch or dome, F = rise-to-span ratio multiplied
by 32.
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Design Example (rafter)

- flat roof snow load = 50 psf

p;=0.7 C, Ci L Py
- Eq.7.3-1

Low Slope Roofs
» Monoslope, hip or gable < 15°
e 4/12=18.4"

Minimum for Low Slope Roofs
*  Minimum where Pg =20=I Pg PSF
* Minimum where pg > 20 = I; 20 PSF

University of Michigan, TCAUP Arch 544

7.3 FLAT ROOF SNOW LOADS, p,

The flat roof snow load, py, shall be calculated in 1b/ft?
(kN/m?) using the following formula:

pr=0.7C.C,1p, (7.3-1)

7.3.1 Exposure Factor, C,
The value for C, shall be determined from
Table 7-2.

7.3.2 Thermal Factor, C,
The value for C, shall be determined from
Table 7-3.

7.3.3 Importance Factor, I,
The value for /, shall be determined from Table
1.5-2 based on the Risk Category from Table 1.5-1.

7.3.4 Minimum Snow Load for Low-Slope Roofs, p,,
A minimum roof snow load, p.. shall only apply to
monoslope, hip and gable roofs with slopes less than
15°, and to curved roofs where the vertical angle from
the eaves to the crown is less than 10°. The minimum
roof snow load for low-slope roofs shall be obtained
using the following formula:

Where p, is 20 Ib/ft* (0.96 kN/m?) or less:

Pm=1p, (Importance Factor times p,)
Where p, exceeds 20 Ib/ft* (0.96 kKN/m?):
Pe=20(l,) (20 Ib/ft* times Importance Factor)

This minimum roof snow load is a separate
uniform load case. It need not be used in determining

Slide 31 of 99

Design Example (rafter)

Ce — Exposure Factor
« Table7-2
» Terrain Category C
» Roof Exposure “Partially Exposed”
- Ce=1.0

Table 7-2 Exposure Factor, C,

Terrain Category

Exposure of Roof*

Fully Exposed  Partially Exposed ~ Sheltered

B (see Section 26.7)

scc Section 26.7)

D (see Section 26.7)

Above the treeline in windswept mountainous areas.

In Alaska, in areas where trees do not exist within a 2-mile (3-km) radius of

the site.

0.9 1.0 1.2
0.9 1.1
0.8 0.9 1.0
0.7 0.8 N/A
0.7 0.8 N/A

The terrain category and roof exposure condition chosen shall be representative of the anticipated conditions during the life of the structure. An

exposure factor shall be determined for each roof of a structure.

“Definitions: Partially Exposed: All roofs except as indicated in the following text. Fully Exposed: Roofs exposed on all sides with no shelter”
afforded by terrain, higher structures, or trees. Roofs that contain several large pieces of mechanical equipment, parapets that extend above the
height of the balanced snow load (/;), or other obstructions are not in this category. Sheltered: Roofs located tight in among conifers that qualify

as obstructions.

*Obstructions within a distance of 10h, provide “shelter,” where h, is the height of the obstruction above the roof level. If the only obstructions

are a few deciduous trees that are leafless in winter, the “fully exposed” category shall be used. Note that these are heights above the roof.
Heights used to establish the Exposure Category in Section 26.7 are heights above the ground.

University of Michigan, TCAUP Arch 544
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Design Example (rafter)

C, — Thermal Factor
+ Table 7.3-2
* given=1.0

I — Importance Factor
~ + Table15-2
+ given categor@: Is=1.0*"

Table 1.5-2 Importance Factors by Risk Category of Buildings and
Other Structures for Snow, Ice, and Earthquake Loads

Risk Snow Ice Importance Ice Importance Seismic
Category from Importance Factor— Factor—Wind, Importance
Table 1.5-1 Factor, I, Thickness, /; Iy Factor, /,
I 0.80 0.80 1.00 1.00

it 1.00 1.00 1.00
1 1.10 115 1.00 1.25
v 1.20 1.25 1.00 1.50

Note: The component importance factor, /,, applicable to earthquake loads, is
not included in this table because it depends on the importance of the
individual component rather than that of the building as a whole, or its
occupancy. Refer to Section 13.1.3.

University of Michigan, TCAUP

Table 7.3-2 Thermal Factor, C,

Thermal Condition® C,
All structures except as indicated below { 1.0
Structures kept just above freezing and others with cold, 1.1

ventilated roofs in which the thermal resistance (R-value)
between the ventilated space and the heated space exceeds
25°F x h x f2 /Btu (4.4 K x m?/W)

Unheated and open air structures 1:2
Freezer building 1.3
Continuously heated grecnh()usesh with a roof having a 0.85

thermal resistance (R-value) less than 2.0°F X h x ft*/Btu
(0.4 K xm?/W)

“These conditions shall be representative of the anticipated conditions during
winters for the life of the structure.

PGreenhouses with a constantly maintained interior temperature of 50°F
(10°C) or more at any point 3 ft (0.9 m) above the floor level during winters
and having either a maintenance attendant on duty at all times or a tempera-
ture alarm system to provide waming in the event of a heating failure.
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Design Example (rafter)

ps - flat roof snow load

pr=0.7 C¢ Gt L5 pg
0.7 1.0 1.0 1.0 50 = 35 psf

ps — sloped roof snow load

ps = Cs pf
* Eq.7.441

C, — Roof Slope Factor
» Figure 7-2
+ Ci=C
» Equations given in commentary C7.4
« given roof surface “not slippery”
+ Cs=1.0 v~

Ps

ps = C, p; = 1.0 35psf = 35 psf

—

University of Michigan, TCAUP

1.0 7 —
1
=27\ -
0.8 — X =
L. \ —
0.6 — \ Al —
\ Other Surfaces
Cs -
0.4 —  Unobstructed

Slippery Surfaces  \
I~ with R > 30" (5.3**) for
Unventilated Roofs
0.2 —or R = 30" (3.57) for
Ventilated Roofs

™ * °F-h-ft7Btu
0 "K-m’/W
I T AN N T N B
0 30° 60° 90°
Roof Slope
7-2a: Warm roofs with C1<1.0
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Design Example (rafter)

A gem g
Balanced e

* pg =35 psf = o P 1 % —
Unbalanced ‘

For W < 20FT

o I Xp, = 1.0 50 50 pSf Balanced Ll i l l l l l lp%—

s A Pg :
Unbalanced l«50 ‘/
For W > 20FT W <20 ft with 1*pg
roof rafter s_\'slemw = .
+ See Fig. 7.6-2 30,5
»l
2 h,Y ,‘"’\,"?
Unbalanced Gable Roof Loads Unbalanced e l ll ]t w =
& P20 2 2 2 Ty B
« Not for F > 7 on 12 (30.2°) o
. Not for F < 1/2 on 12 (2380) Note: Unbalanced loads need not be considered
for 8>30.2° (7 on 12) or for 6 < 2.38°(12 on 12).
FIGURE 7-5 Balanced and Unbalanced Snow Loads for Hip and Gable Roofs.
University of Michigan, TCAUP Arch 544 Slide 35 of 99
Analysis Example (rafter)
Controlling (greatest) load Jo Pst PLF

+ D =7 psf (on surface)

* S =50 psf (projected)

+ D+ S =57.38 psf (projected)

2. Find Max Shear & Moment

By equations (projected):

Shear:

w7l _ 57.32(15) - 430.3 Ibs
Moment:

lez _ 5738 (15%) _ 131‘} ft-lbs

University of Michigan, TCAUP
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Analysis Example

3. Determine actual stresses

. f,=M/S
« f,=15V/A
M AL SN =
f ==— v = =cio‘7. Pst
b S« 21,39 =
3 Vv . -3
fo= 2 < Lelied) | gy oy
13.88
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Species and Grade
4. Determine allowable stresses — NDS Supplement
+ F, =850 psi
« F, =150 psi
DESIGN VALUES FOR WOOD CONSTRUCTION - NDS SUPPLEMENT 35

Table 4A Reference Design Values for Visually Graded Dimension Lumber

(Cont.) (2" - 4" thick)*?*?
(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: i Grading
Species m:; cial clusssiﬁ.z:ation parallel | parallel | perpendicular parallel Specific | Rules
9@ Bending | to grain | to grain to grain to grain Modulus of Elasticity | Gravity' | Agency
F F, F, Foy F. E_| E. G
Ibelecl Structural 1.400 925 150 405 1,500 1,600,000 580,000
No. 1 & Bir 1,100 725 150 405 1,350 1,500,000 550,000
No. 1 2" & wider 975 625 0 405 1,350 1,500,000 550,000
No.2 & —ee— T 2 [850] 525 [ 150 | 405 1,300 1,300,000 | 470,000 i
No. 3 500 300 150 405 725 1,200,000 440,000 043 WWPA
Stud 2" & wider 675 400 150 405 800 1,200,000 | 440,000
975 600 150 405 1,550 1,300,000 | 470,000
2" - 4" wide 550 325 150 405 1,300 1,200,000 | 440,000
Utility 250 150 150 405 850 1,100,000 | 400,000
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Analysis Example

4. Determine allowable stresses — NDS Supplement
*  Adjustment Factors

Determine factors:

cp=2 1%
CM=1
Ct=1 Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber
=7
- =7 l" a5 ASD and LRFD LRED
CF=? 7 only a only
Cfu =
Ci . 5 gl 2 |8
g8 &8 3 s | < | 2] 8| & 8| 2| 5| &
AR IR IR IR AR ARER R AR
Sla| k|4 %53 8|qlz|8|S|3]:
2 1 - = 5 ; ~ =
Fb.=Fb x|Ch Cu C C. C Ca G C - - - K o A
F, =F, x|Cb Cy G - - - G - - - - K 6 A
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Analysis Example
y p Table 2.3.2 Frequently Used Load
Duration Factors, C*
H Load Duration Cp Typical Design Loads
Cp Load duration factor
Permanent 0.9 Dead Load
= Ten years 1.0 Occupancy Live Load
Snow Load (2 mOnthS) _1__1/5) Two months 1.15 Snow Load
Seven days 1.25 Construction Load
Ten minutes 1.6 ‘Wind/Earthquake Load
Impact? 2.0 Impact Load

Cr Size factor

Size Factors, Cy

2x10 F, F, F.
use 1.1 Thickness (breadth)
Grades Width (depth) 2" & 3" 4"
2",3", &4" 1.5 1.5 1.5 1.15
Select St 1.4 1.4 1.4 1.1
Structural, 6" 1.3 1.3 13 1.1
No.1 & Btr, 8" 1.2 1.3 12 1.05
No.1, No.2, 10" Ji1] 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
DSl 1.1 1.1 1.1 1.05
Stud 5" & 6" 1.0 1.0 1.0 1.0
8" & wider Use No.3 Grade tabulated design values and size factors
Construction, 2538 & 4x 1.0 1.0 1.0 1.0
Standard
Utility 4" 1.0 1.0 1.0 1.0
2" & 3" 0.4 — 0.4 0.6
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Analysis Example

C, Repetitive Member Factor

12" 0.c.: C,=1.15

Repetitive Member Factor, C,

Bending design values, F,, 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.
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Analysis Example
Beam Depth/
Width Ratio Type of Lateral Bracing Required Example
C_ Repetitive Member Factor 2t1 None
GNP BloekiNgG
2x10 w/ flooring: C_ = 1.0 T
3tol The ends of the beam should

C =1.0

if depth/width ratio meets criteria in
441C =10

Otherwise:

C <1.0

calculate factor using section 3.3.3

University of Michigan, TCAUP

2X6
2x8

be held in position

5tol

2x10

Hold compression edge
in line (continuously)

~— NALNT
SHEATH INGr/PEet NG

JelaT op-BEAM

6tol

2x12

Diagonal bridging should be used

SHBATHING/ PBoKING

ToisT
BRADNG

7to1

2x14

Both edges of the beam
should be held in line

AN

A

NAILED SHEATHING: oF-
" pBopmng ToF ¢ BoTIOM
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Analysis Example

4. Determine allowable stresses
* Fy=Fu (Co)CL)(Ce)C))
+ F, =850 (1.15) (1.0) (1.1) (1.0) (1.15) = 1236 psi

* I:v’ = Fv (CD)
« F,/ =150 (1.15) = 172.5 psi
r7-&
5. Check that actual < allowable ¢ M 1614”702 G054 st
. s = = = LA
fo<F b Sy 21.39:3 —
- f,<F,
3 Vv 1.5 (4d30-3)
6 Utili : Rati .r\/ == = T e 4&.4"6[
. Utilization Ratio zZ A 12.28
+ 905.4/1236 =0.732,
* 12°0.c./0.732 = 16.38
+ try2x10at16” 0.c. €—
+ f,at16” 0.c.= 905.4 (16/12) = 1207 psi
7. Check deflection
8. Check bearing (F,, = R/A,)
University of Michigan, TCAUP Arch 544 Slide 43 of 99
AnalyS|S Procedure XX AXIS YY AXIS
Standard Area Moment Moment
. ) . . Nominal Dressed of [ Section of | Section of
leen- Wa materlal and Span- Size Size (S4S) Section |Modulus| Inertia |Modulus| Inertia
1 . : bxd bxd A S b Sy Iy
Req'd: Max. Safe Load (capacity) g S e I T e O
Boards'
Tx3 34 x2-12 | 1.875 | 0.781 | 0.977 | 0.234 | 0.088
1. Assumef=F 1x4 | 34x31/2 | 2625 | 1531 | 2680 | 0328 | 0.123
. _ 1x6 3/4x51/2 | 4125 | 3781 | 1040 | 0516 | 0.193
+ Maximum actual = allowable stress 1x8 | 34x714 | 5438 | 6570 | 2382 | 0.680 | 0.255
1x10 | 34x9-14 | 6938 | 1070 | 4947 | 0.867 | 0325
. 1x12 | 34x11-1/4 | 8438 | 1582 | 88.99 | 1.055 | 0.396
2. Solve stress equations for force Dimension Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)
. M=F.S 2x3 | 1-1/2x2-12 | 3.750 | 1.56 | 1.953 | 0.938 | 0.703
=Fp 2x4 | 112x3-1/2 | 5250 | 3.06 | 5359 | 1.313 | 0.984
« V=066F A 2x5 | 11/2x4-1/2 | 6.750 | 5.06 | 11.39 | 1.688 | 1.266
v 2x6 | 1-12x5-1/2 | 8250 | 7.56 | 20.80 | 2.063 | 1.547
2x8 | 1-12x7-1/4 | 1088 | 13.14 | 47.63 | 2719 | 2.039
: - 2x10 | 1-1/2x9-1/4 | 1388 | 21.39 | 98.93 | 3.469 | 2602
3. Use maximum forces to find loads 2x12 | 1-11/2x11-1/4 | 1688 | 3164 | 178.0 | 4219 | 3.164
. Back calculate a load from forces 2x14 | 1-1/2x13-1/4 | 19.88 43.89 290.8 4.969 3.727
3x4 | 2172x3-12 | 8.75 | 510 | 8.932 | 3.646 | 4557
* Assume moment controls 3x5 | 21/2x4-12 | 1125 | 844 | 1898 | 4.688 | 5.859
3x6 | 2-1/2x5-1/2 | 13.75 | 1260 | 3466 | 5729 | 7.161
3x8 | 21/2x7-1/4 | 1813 | 2190 | 7939 | 7.552 | 9.440
4. Check Shear 3x10 | 2-1/2x9-1/4 | 2313 | 3565 | 164.9 | 9635 | 12.04
. 3x12 | 2-1/2x11-1/4 | 2813 | 5273 | 2966 | 11.72 | 1465
* Use load found is step 3 to check 3x14 | 21/2x13-1/4 | 3313 | 7315 | 4846 | 1380 | 17.25
shear stress. 3x16 | 2-1/2x15-1/4 | 3813 | 96.90 | 738.9 | 15.89 | 19.86
o , ) Ax4 | 32x312 | 1225 | 745 | 1251 | 7.146 | 1251
* Ifitfails (fv > F'v), then find load based 4x5 | 312x41/2 | 1575 | 11.81 | 2658 | 9.188 | 16.08
on shear 4x6 | 31/2x51/2 | 1925 | 1765 | 4853 | 1123 | 1965
. 4x8 | 31/2x7-1/4 | 2538 | 3066 | 111.1 | 14.80 | 25.90
4x10 | 3-1/2x9-1/4 | 3238 | 49.91 | 2308 | 18.89 | 33.05
. 4x12 | 31/2x11-1/4 | 39.38 | 73.83 | 4153 | 22.97 | 4020
5. Check deflection 4x14 | 3-12x13-1/4 | 46.38 | 10241 | 6785 | 27.05 | 47.34
6. Check bearing 4x16 | 3-12x15-1/4 | 53.38 | 13566 | 1034 | 31.14 | 54.49

from NDS 2012
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Analysis Example

- ; ; Lived @ SPAN = ' Pe
Given: member size, material and span. o Zxﬁ (l-f‘x 3_5\

load duration = 10 min. Fyp = 815psi  Fu= 135 psi
Req'd: Max. Safe Load (capacity)

4/!’

REG'D :  MAxiMoml LoAD P

1’ Table 4A Reference Design Values for Visual
(Cont.) (2" - 4" thick)*?*®

(All species except Southem Pine—see

duration and dry service conditions. See ND$

adjustment factors.)
USE WITHTABLE 4A AL
Design val
Species and commercial Size ::nr::;? psa"r:IaI:l
grade classification Bending | to grain | to grain
Fy F F,
Select Structural 1,250 700 135 |
No. 1/ No. 2 2" & wider 875 450 135
No. 3 500 250 135
Stud 2" & wider 675 350 135
1. Assumef=F
* Maximum actual = allowable stress
University of Michigan, TCAUP Arch 544 Slide 45 of 99

Analysis Example

Determine allowable stresses — NDS Supplement
*  Adjustment Factors

Determine factors:

CD=7?
CM=1
Ct=1 Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber
- i l el ASD and LRFD LEXE
CF =7 only _— only
Cfu=1
Ci=1 5 s | & 8§z % §
£ - £ ]
Cr=1 £ 5 il AR AR AN § HEIR
=l 5 z| 8| 2|3 £ 2 25
'§§§§*§ga§ﬂ35§§§
=] v P - 2 Py « » 3 2
S 2 2| £ | g
3 Ed & § & g_ § 3 E E 3 =
4 a w
Fo =Fp x|Cb Cv C C. Cr Cu G C - - - Ki ¢ A
F, =F, x[Cb Cy C - - - G - - - - Kg ¢ A
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Analysis Example

Size Factors, Cy

Table 2.3.2 Frequently Used Load
Duration Factors, C !

_ F, Load Duration Cp Typical Design Loads
Thickness (breadth) Permanent 09 Dead Load
Grades Width (depth) 2" & 3" 4" Ten years 1.0 Occupancy Live Load
o N Two months 1.15 Snow Load
S 2. 35',,& = ij i: Seven days 1.25 Construction Load
SL e : - 1. 2 = Ten minutes 1.6 Wind/Earthquake Load
s - N L Impact? 2.0 Impact Load
No.l & Bir, B 1.2 13
No.1, No.2, 10" 1.1 1.2
No.3 12" 1.0 1.1
14" & wider 0.9 1.0
2",3", &4" 1.1 1.1
Stud 5"&6" 1.0 1.0 g Fb Co Ce
8" & wider Use No.3 Grade tabulated design v: N —~ —
Construction, PENSENEIAS 1.0 1.0 gb = Fb - o ?7 <‘ '&X' 2 )
Standard |
Utility 4" 1.0 1.0 Fb = 7100 pso
DRSS 0.4 =
.3
§x z 5, 0(?5 W~
2. Solve stress equation for moment
« M=F, S, (i.e. moment capacity) 'v( |
$=F 2 7100 (3.063)
”
= [,4 22,3 - X
2 530 ' ¥
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Analysis Example (cont.)
M4 = FL/
3. Use maximum forces to find loads 4I>” 4
« Back calculate a maximum load from F‘-= ¢ /L
moment capacity - <4 >/
P=536 G
P =357
4. Check shear I
_F - 3 , = 71
+  Check shear for load capacity from Fv = [/\, (CD) = ’3>F" (, €)= 216 s
step 3. ¥
* Use P from moment to find Vmax P 257 X
= = = |78, 6
- Check that fv < Fv’ Vi 3/ 2 Ve b Z"*
fr=2X% 15 1386 Slpsi
z A 5,25 w2
4. Check deflection (serviceability) gl € 216 o
5. Check bearing (serviceability)
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. bived @ SO = 6' Ped
Question ... SECTION = Zxﬁ (l-f'x 3.5)
Fyp= 815psi  Fu= 135 psi

REG'D '  MUAximoml LoAC P

r

For the No.2 S-P-F 2x4 section

determine the safe center point load

capacity with the member flatwise.
Fy' =F, (Co Cy C;CL . C Cy, C, C) 4’

| 6

?

I:v' = Fv (CD CM Ct Ci )

, _ Flat Use Factor, Cy,

M=F, Sy P=M4/L 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" 4"
Check that f, < F’, 2"&3" 1.0 —
4" 1.1 1.0
S8 1 1.05
6" 1.15 1.05
8" 1.15 1.05
10" & wider 1.2 1.1
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Analysis Example 3
L 10’ L 10’ L
T 12 psf ! 20 psf ]
3. Sawn Lumber - Rafters P ps

Roof Live and Snow

= : 2 I N O I T A OO IO IO T A
Analyze the simple roof rafter system to determine safety in Hok.
Wind Load is 20 psf

flexure. Determine the controlling load combination (see normal fo roof
ASCE-7 2.4). Consider all load cases which include D, Lr, S (not shown)
and W together with the corresponding CD. Assume
adequate bracing to give CL=1. Also CM, Ct, Cfu and Ci
should be taken as 1.

FPOST UNDER
RAFTER

DATASET: 1

Wood Species Western Cedars
Wood Grade No.2
Rafter Size 2x10 I

Rafter 0.C. Spacing 16IN D l4pr 5 = 15,67 PuF

Rafter Span 10FT 15,67 '.-;“"_"_3 = 373,45 PLE (ProjecTER)
Roof Slope 18 IN/FT

Dead Load (includes selfweight) 14 PSF Liazese -i%

Roof Live Load 12 PSF .
Snow Load 20 PSF $: 2otsF 26.67TPLE (ProjeeTED)

16 PLF (ProjecTED)

1\

"

Wind Load (+ is pressure 20 PSF
inward)

»

W: 20 PF {:- 26.6TPE (NorMALY

University of Michigan, TCAUP Arch 544 Slide 50 of 99




Analysis Example 3

/
D: 14per -;ii = 14,67 fuF

16,67 -—_._"f:’ = 33,45 PLE(ProjeeTEn) Y 10 10 L
L
s 16 T 12 psf ' 20 psf 1
L:zpse 7 = |G PLF (ProjecTEn) _~Roof Live and Snow
HoR. SN N SN SN N N O N N T N
S 2ofMsF L 26.47PLF (ProjeeTen) Wind Load is 20 psf
1z normal to roof ?fggf

(not shown)

26.6TPLF (NorMALY

»

13
: o sl
W Z FﬁF T

j w2
w POST UNDER
2 RAFTER

Mormea Ts ¢

z
- SHié“’) = 426.6 Fr-ies
o

z
L: Je (1), zoo rrotes
&

S: 26.61(0Y, 333 3eries

2
Wi 26.67(1802%) 1583 5 pr s
g
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Analysis Example 3
Add this example
but first get numbers that match drawing
J‘ I|II
Slide 52 of 99
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Analysis Example 3

ASCE7 24
ASD Load Combinations

NOL AW

D

D+ L

D+ (L, or S or R)

D +0.75L+ 0.75(L, or S or R)
D + (0.6W)

. D+0.75L+ 0.75(0.6W) + 0.75(L, or S or R)
. 0.6D 4 0.6W

To find the controlling case :

Sum moments / C

the largest controls

University of Michigan, TCAUP

Lodn chses :
: 4tee - 4417.4
e.9
DiLet deo.o 1200 . A%, 5
)

Arch 544

P+ S: Hww.6+333.3 - (556
1145

O+.ew 1 Atos+-b (355> | 09,9
l.6

P+ I 6w N IS L,
Az0.0 +35(6 (083.9) + . T5(200)

l. &

= 6¢6!.3

prIs(Gew)t.IsS !
_ﬂi?" ;_7{(.6(/083.5’) #-75(“3- 33 - 723.;
(ARcEST

l. ¢ /\
CodTROLS

L Lodp cd3E 15

p+.75(6W)+ S

r'(é = 1|58 FT-L8s
VaVa Y e
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Analysis Example 3

Repetitive Member Factor, C,

Other stress adjustment factors:

Bending design values, F,, for dimension lumber 2"
to 4" thick shall be multiplied by the repetitive member

C. C factor, C, = 1.15, when such members are used as joists,
B for 16" truss chords, rafters, studs, planks, decking, or similar
or 0.C. members which are in contact or spaced not more than 24"
Cr =1.15 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.
Size Factors, Cy
F, F, F.
. Thickness (breadth)
Ce Size factor _
Grades Width (depth) 2"& 3" 4"
23", & 4" 1.5 1.5 1.5 1.15
2x10 Select 54 1.4 14 1.4 1.1
use 1 1 Structural, 6" 1.3 1.3 1.3 1.1
No.1 & Btr, 8" 1.2 1.3 1.2 1.05
No.1, No.2, 10" 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
Tl 11 1.1 11 1.05
Stud 5" & 6" 1.0 1.0 1.0 1.0
8" & wider Use No.3 Grade tabulated design values and size factors
Construction, DENTN T 1.0 1.0 1.0 1.0
Standard
Utility 4" 1.0 1.0 1.0 1.0
2" &3" 0.4 — 0.4 0.6
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Analysis Example 3

Tabulated allowable stress:

F, = 700 psi
USE WITH TABLE 4A ADJUSTMENT FACTORS
Design values in pounds per square inch (psi)
Species and commercial Size Tension | - :Shear Comprossi Compr,
P ade classification parallel | parallel | perpendicular parallel Specific
9 Bending | tograin | to grain to grain to grain Modulus of Elasticity | Gravity®
Fo Fy Fy Fa K E_| Em 6
R DAR
Select Structural 1,000 600 155 425 1,000 1,100,000 400,000
No. 1 o 725 425 155 425 825 1,000,000 370,000
No. 2 700 425 165 425 650 1,000,000 370,000
No. 3 400 250 155 425 375 00,000
A . RU— - . i - 0 0.36
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Analysis Example 3

allowable stress:
F, = 700 psi

Fp=F, (Cp Cy G, C C Cy, C,C))
F’, =700 psi (1.6 1.1 1.15) = 1416.8 psi

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber

23D ASD and LRFD CAER,
only only
5 5 Els| 2.8
El x| 5| ¢ N R 0 R £ 5| &
HHHENEIEIHEE IR
k o £ 3 ' ' = o B
s | g | &) 2|2 | 8| E 5 5| &
g B = 5 g 3 i g a =
= = (4
Fo =Fy x/|Cb Cm C C. C Cu G C - - - Ke $ A
F, =F, x[Cp Cvy G - - - G - - - - Kf ¢ A
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Analysis Example 3

actual stress:

f,=M/S,

f, = 1158.15 ft.-Ibs. (12) / 21.39 in®
f, = 649.7 psi

F, = 1416.8 psi > 649 psi ... OK

try 24” o.c. ?

check shear

University of Michigan, TCAUP Arch 544
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Analysis Example

Given: loading, member size, material and span.
Req’d: LL capacity in psf

4. Sawn Lumber - Joists

Analyze the given floor system for live + dead load. Determine
the maximum capacity for the floor based on the flexural
strength of the joists. Check the joists for shear strength.
Assume that the flooring does not supply bracing {i.e. braced
at CL. and ends as shown). Assume M.C. < 19%

DATASET 1 |EM

Wood Species Douglas Fir-South
Wood Grade No.2
Wood Size 2x10
Joist 0.c. spacing 24 IN
Joist Span 10FT
Floor D load including joists 13 PSE

University of Michigan, TCAUP Arch 544
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Analysis Example

Find Fb, Fv and Emin for Douglas Fir — South No2.
* (from NDS Supplement)

DESIGN VALUES FOR WOOD CONSTRUCTION - NDS SUPPLEMENT 35

Table 4A Reference Design Values for Visually Graded Dimension Lumber

(Cont.) (2" - 4" thick)*??
(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)
Species and commercial Size Tension Shear Compression | Compression . Grading
rade lassification _ parall.el parall.el perpendif:ular parallgl Specific | Rules
g Bending | tograin | to grain to grain to grain Modulus of Elasticity Gravity' | Agency
Fy F, F, Foy F. E_ | Ema G
Select Structural 1,350 900 180 520 1,600 1,400,000 510,000
No. 1 2 & wider 925 600 180 520 1,450 1,300,000 470,000
No. 2 850 525 180 520 1,350 1,200,000 440,000
No. 3 500 300 180 520 775 1,100,000 400,000 046 | wwea
Stud 2" & wider 675 425 180 520 850 1,100,000 | 400,000
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i XX AXIS Y-Y AXIS
A n a IyS I S Exa m p I e Standard Area Moment Moment
Nominal Dressed of Section of Section of
Size Size (S48) | S Moduls Inertia (M Inertia
Section Properties: il S Al & | % W
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
2 X 1 O (35 X 1 1 25 ) 1x6 3/4 x 5-1/2 4125 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 | 4947 0.867 0.325

_ ; 1x12 | 34x11-14 | 8438 | 1582 | 88.99 | 1.055 | 0.396
Area = 13.88 in? Dimension Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)

2x3 | 1-1/2x21/2 | 3.750 | 156 | 1.953 | 0938 | 0.703

2x4 | 11/2x312 | 5250 | 306 | 5359 | 1.313 | 0.984

. 2x5 | 1-12x412 | 675 | 506 | 11.39 | 1688 | 1.266
Sx=21.39in3 2x6 | 1-1/2x5-1/2 | 8250 | 7.56 | 2080 | 2063 | 1.547
2x8 | 1-12x7-1/4 | 1088 | 13.14 | 4763 | 2719 | 2039

2x10 | 1-1/2x9-1/4 | 1388 | 21.39 | 98.93 | 3469 | 2.602

2x12 | 11/2x11-1/4 | 1688 | 3164 | 1780 | 4219 | 3.164

19.88 | 4389 | 2008 | 4969 | 3727

8.75 5.10 8.932 3.646 | 4.557

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber 1125 | 8as | 1898 | 4688 | 5850

13.75 | 12.60 | 34.66 | 5729 | 7.161

ASD LRFD 1813 | 21.90 | 7939 | 7.552 | 9.440

ASD and LRFD 2313 | 3565 | 164.9 | 9635 | 12.04

only ‘ ‘ only | 2813 | 5273 | 2966 | 11.72 | 1465

3313 | 7315 | 4846 | 13.80 | 17.25

~ o §ls| 8| .| % 3813 | 96.90 | 7389 | 1589 | 19.86

S| 8| 5| 3 s | s | S| 8| &) 8| 2| 5| & 1225 | 7.45 | 1251 | 7.146 | 1251

Ele| | S| s 2|3 2|z| 8= 8 g 8 1575 | 11.81 | 2658 | 9.188 | 16.08

gl ¢ 82| 2| 5| & 5 é B 8| ¢ 3 19.25 | 17.65 | 4853 | 11.23 | 19.65

- 2lels|g|z2|a|a|3 3 i § 2538 | 30.66 | 111.1 | 14.80 | 25.90

= % g- - | » | &| 2| 2| 8| 2| € % 2 3238 | 49.91 | 2308 | 18.89 | 33.05

§ | & § 1R 3| % § || E 39.38 | 73.83 | 4153 | 22.97 | 40.20

‘ & | © ‘ a 2 46.38 | 102.41 | 678.5 | 27.05 | 47.34

5338 | 13566 | 1034 | 31.14 | 54.49
Fv =Fp x|Cp Cu & C C Cau G G - - - Kr b 7y
F, =F, x{Cb Cy & - - - G - - - - K& 0 A
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Design Example

2x10 Doug Fir S No2 M.C.<19%
Determine Adjustment Factors
C,=1.15

Cr=1.1
Cy=1.0

University of Michigan, TCAUP

Table 4A Adjustment Factors

Repetitive Member Factor, C,

Bending design values, F,, for dimension lumber 2"
to 4" thick shall be multiplied by the repetitive membe:
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

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 ickness (breadth)
. (depth) 2" &3 4"
‘Wet Service Factor, Cy & 3" 10 =
When dimension lumber is used where moisture con- - 11 10
tent will exceed 19% for an extended time period, design n 11 1.05
values shall be multiplied by the appropriate wet service 6" L1s 1.0
factors from the following table: 5 115 1.03
10" & wider 12 1.1
Wet Service Factors, Cy
F F F, Feo F.  Eand Egy NOTE
0.85* 1.0 097 067 0.8%* 09 To fncililal‘e llw use o_f T::ele_AA. ﬂ!shadhlgnri been
A o sign values ona
* whea (RXCy) < 1,150 pei, Cye= 1.0 ooty 5 x o
s b 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).
Size Factor, Cy
Tabulated bending, tension, and parallel to design values for di 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" LS 15 1.5 115
Select 5" 14 14 14 11
Structural, [ 13 13 13 L1
No.1 & Btr, 8" 12 13 1.2 1.05
No.l,No2, 10" 1.1 12 1.1 10
No3 12" 1.0 11 1.0 1.0
14" & wider 0.9 10 0.9 09
2".3% &4" 1.1 1.1 1.1 1.05
Stud 5" & 6" 1.0 1.0 1.0 10
8" & wider Use No.3 Grade tabulated design values and size factors
Construction, 2",3", &4" 1.0 10 10 10
Standard
Utility 4" 1.0 1.0 1.0 1.0
2"&3" 04 - 0.4 06

it © American Wood Coundil. Downloaded/printed pursusnt to License Agreement. No reproduction or iransfer authorized
Corrid ARERCANWODO CoIL o
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C| Beam Stability Factor

In the case bracing provisions of 4.4.1 cannot be met, C, is calculated using equation 3.3-6

The maximum allowable slenderness, Rg is 50

Table 3.3.3 Effective Length, ¢,, for Bending Members

{, =5 =60"

d= 9.25"

4,/d=648<7

{,=2.06¢ =123.6

Cantilever' when €,/d <7 when €,/d>7
Uniformly distributed load €~133¢, €.~0.90 ¢, +3d
Concentrated load at unsupported end €=1.87¢, €=1.44¢,+3d
Single Span Beam'” when €,/d <7 when €,/d >7
Uniformly distributed load €:~2.06 ¢, €~1.63 €,+3d
Concentrated load at center with no inter- €~1.80 €, €=1.37 €, +3d

mediate lateral support

Concentrated load at center with lateral €=1.114¢,
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 €~=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, €~=1.84¢,
evenly spaced, with lateral support at points
of load application
Equal end moments €~1.84¢,
1. For single span or cantilever bending members with loading conditions not specified in Table 3.3.3:

€=206¢, when €/d<7

€=1.63€,+3d when7<¢/d<143

€=184¢, when €/d> 14.3
2. Multiple span applications shall be based on table values or engineering analysis.
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C| Beam Stability Factor A= 123.0
In the case bracing provisions of 4.4.1 cannot be —
met, C, is calculated using equation 3.3-6 KF) . V{u_" it (9.25)

e |'0‘L - L5 Z

The maximum allowable slenderness, R is 50
: . = V‘}“ 5.1 = 22.574
3.3.3.6 The slenderness ratio, Rp, for bending mem- A & L 54

bers shall be calculated as follows: 2 :
- * i r
F o= gsoli.i 1,15 ) = (015 725
Ry el ars) b 78T SRR
B b2
i, - .
3.3.3.7 The slenderness ratio for bending members, FhE . ddto F’“'“ _ l.ee g“_‘ﬁo_i’il
Rg, shall not exceed 50. |{6‘ 22.54
3.3.3.8 The beam stability factor shall be calculated
as follows: Fe = 1039.1 o5

=

= 1.9 19 0.95

1+(Fe/F) 1+(Re/R)T Ro/R

+ + o 7¢ .

o tH(Re/R _J[ e b}_j/_., (3.3-6) né/ﬂ 1O aued
b

T o5 2

where:

140 w6t | T
C, = — — [—” .a B ] 095
Fo* = reference bending design value multiplied by L (| !

all applicable adjustment factors except Cry, . 7
Cv (when Cy < 1.0), and Ci (see 2.3), psi . 0547 = l.o349 — [, ol e

C.
1.20E,, - 0 - L8019
F"E:T CL:; (,0347-0’2‘3M" /Q/-\O/VJ/
B
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Analysis Example
Determine the Factored Allowable Stress
F’'b = Fb (adjustment factors)
Cp=1.0
C,=1.15 Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber
Ce=1.1 ASD LRFD
ASD and LRFD
Cy=10 ay| 0 S only
C_=0.8029 s .| .| s Ele| 5| s|8
AR AN sl g2 &< |35/ 3§
sl elgl 2| 8|2 |8|2|§|5/2|¢
12| :|} ARAEAR AR AN
4 o [
Fo =Fp x|Cb Cum C C. C¢ Cu G C - - Ke & A
F, =F, x[Ch Cw & - - - G - - - - K& o6 A

F'b = 850(1.15 x 1.1 x 0.8029) = 863.3 psi

F'v = 180(Cp Cy C; C, ) = 180 psi
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Analysis Example
Allowable Stresses

Determine LL capacity

F'b = 863.3 psi M = F’b Sx
F’'v =180 psi
z4
Wpr = [Bpegs T2 = 260F
XX AXIS Y- AXIS wee=?
Standard Area Moment Moment l il
Nominal Dressed of Section of Section of
Size Size (S4S) | Section |Modulus| Inertia |Modulus| Inertia T o t ‘r
bxd bxd A Sy s S,, Iy 1
in. x in. in? in? int in? in.
Boards'
L o ( Serss
Tx3 | 3Ax2i2 | 1875 | 0781 | 0.7 | 0. " = .3 =z 466 m-lb
1x4 | 34x312 | 2625 | 1531 | 2680 | 0. M= F L Se 86%.3 (231 ) 1&
1x6 | 3/4x54122 | 4125 | 3781 | 1040 | o ° T.
1x8 | a4x7-14 | 5438 | 6570 | 2382 | o - [538.8FT-16
1x10 | 34x9-14 | 6938 | 1070 | 49.47 | o.
1x12 | 3ax11-14 | 8438 | 1582 | 8899 | 1.
Dimension Lumber (see NDS 4.1.3.2) and Decking (see 1. 2 z
2x3 | 1-12x2-12 | 3.750 1953 | 0. w A /p - 1532.8 WC’°>
2x4 | tarxauz | 5250 | 306 | 5380 | 1. M= 2 =z
2x5 | 1-12x4-12 | 6750 | 506 | 1139 | 1. 5
2x6 | 1-1/2x5-1/2 | 8250 | 7.56 | 2080 | 2.
2x8 | 1-12x7-1/4 o | 4763 | 2 = LE
2x10 | 1-1/2x9-1/4 98.93 ¥ “’r.ug =23 r
2x12 | 1-12x 11-1/4 . 1780 | 4.
2x14 | 1-1/2x13-1/4 : 2908 | 4. W= 123.1( - 26 =?? Il PLE
3x4 | 2-12x3112 : 8932 | 3. 12 P
3x5 | 21/2x4-1/2 ; 1898 | 4. S - Ads
3x6 | 2-1/2x51/2 X 3466 | 5. Wy = 7.1 24 42.57 5
3x8 | 21/2x7-1/4 ! 79.39 | 7.
3x10 | 2-1/2x9-1/4 ! 164.9 | o Y
3x12 | 2-12x11-1/4 ; 206.6 ; |
3x14 | 2-12x13-1/4 i 4846 | 1380 | 17.25
3x16 | 2-1/2x 15-1/4 X 7389 | 15.89 | 19.86 Ac TuAL miv(
x4 | 3-112x3-12 : 1251 | 7.146 | 1251 (ZG +92.11 lb é 15 5.8
4x5 | 32x4-172 : 2658 | 9188 | 16.08 - ,. -
4x6 | 312x5-172 ! 4853 | 1123 | 1965 2
4x8 | 312x7-14 | 2538 | 30.66 | 111.1 | 1480 | 25.90 v ol 5' - <180
4x10 | 3-1/2x9-1/4 | 3238 | 49.91 | 2308 | 1889 | 33.05 .
4x12 | 31/2x11-1/4 | 39.38 | 7383 | 4153 | 2297 | 40.20 ( = ; -z, g =07 * 2z 5 p3t
4x14 | 31/2x13-1/4 | 4638 | 102.41 | 6785 | 27.05 | 47.34 LA [3.28
4x16 | 3-1/2x15-1/4 | 53.38 | 13566 | 1034 | 31.14 | 54.49
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Analysis Example

Given: loading, member size, material and span.
Req’d: safe or Unsafe

Logged in as: PvB

3. Wood Beam Analysis

Analyze the given 4x dimensioned lumber beam to
determine if it passes or fails the NDS code criteria. The
beam carries both dead and live floor load plus its own

4xd Wood Beamw

SPAN B

O

selfweight(CD = 1.0). Check the actual shear and
bending stresses against the factored allowable stresses

including all applicable factors from the NDS. Load

duration is based on the live load. Assume normal

temperature, and no incising (Ct = Ci = 1.0). Find the

beam selfweight including the given moisture content.

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

DATASET: 1

HEM-FIR

Select
Structural

16FT
12FT
12IN
15 %

Wood Species
Wood Grade
Span A

Span B

Nominal Depth of Beam, d
Moisture Content, m.c.

Floor DL
Floor LL

7 PSF
35 PSF
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Analysis Example

Determine Loading = % 77 d
- Find Tributary area, A, + L
6’'x 8 =48 SF 0974 1 r,,,:/|
17 S j
» Determine member selfweight (w) f ”. £
Lo Xos e
L= }FF
LL =35 PsF I
TotAL = 4| T fsF T n
PoF E D
) x5 '
P= Ar " 12
= Apxdl=2016
F= ZO'G&
o \
= ]
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Analysis Example

X-X AXIS Y-Y AXIS
Standard Area Moment Moment

Nominal Dressed of Section of Section of

Section Properties: Size Size (S4S) | Section [Modulus| Inertia |Modulus| Inertia
bxd bxd A S - S,y Iz
in. x in. in.2 in.} in.* in.} in.*

” ” BOﬂI’d81
4x12 (35 x 11 25 ) 1x3 3/4 x 2-112 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 5-112 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

Area 3938 In 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

Di 1 Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)

= in3 2x3 1-1/2 x 2-1/2 3.750 1.56 1.953 0.938 0.703
SX 7383 in 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 1-1/2x7-1/4 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 2-1/2x3-1/2 8.75 5.10 8.932 3.646 4.557

3x5 2-1/2x 4-1/2 11.25 8.44 18.98 4.688 5.859

3x6 2-1/2x 5112 13.75 12.60 34.66 5.729 7.161

3x8 2-12x7-1/4 18.13 21.90 79.39 7.552 9.440

3x10 2-1/2x 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 3-1/2x3-1/2 12.25 7.15 12.51 7.146 12.51
4x5 3-1/2x4-1/2 15.756 11.81 26.58 9.188 16.08
4x6 3-1/2x5-1/2 19.25 17.65 48.53 11.23 19.65
4x8 3-1/12x7-1/4 25.38 30.66 1111 14.80 25.90
4x10 3-1/2x9-1/4 32.38 49.91 230.8 18.89 33.05
4x12 | 3-1/2x11-1/4 | 39.38 73.83 4153 2297 40.20
4x14 | 3-1/2x13-1/4 | 46.38 | 10241 | 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 68 of 99




Analysis Example

Selfweight of member:

Density at 0 M.C. =62.4 x G (dry)
62.4 x 0.43 = 26.8 PCF

To include M.C. use NDS formula.

The following formula shall be used to determine the
density in Ibs/ft* of wood:
m.c.
+ —_—
100 ]

G
0.009)(m.c.) ][l

density= 62.4
[l +G(

where:
G = specific gravity of wood

m.c. =moisture content of wood, %

o r‘lg
| +043(0.009)(19)

15
P=é24 '*,;;J
725,25 x |,5 = 29.16 CF

fFLF = D MEA 4.6 39.38

w (PLF) = D (PCF) x Area (IN2)/144 W = e Y
W 2 7,975 RLF
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Analysis Example
Determine Beam Forces
by superposition equations _ w,ﬂ ﬁ
R==Z +2
N it Py 2ol
AT S e Lo ‘W?’[ | e
& Z T T -z
S un e : %5 + 1008 = [05%.8
Vf i Moy (atcenter) ... ......... :1“8’—2 Al 09
'I My :%(l— ) K
MI— Hﬂm A (atcenter) ... ... =358‘Z’;] \/Md)( = |
Homent A e = ﬁ;—, -2+ %)
/PZ
7. SIMPLE BEAM—CONCENTRATED LOAD AT CENTER w FL
. Total Equiv. UniformLoad . . ........ =2P M4 = 8 + -l:;-
....-I P RV [ sna it soun s onthionansd =§ z \
2 «é-»«-é-»ﬁ My (atpointofload) . .......... =% 7q-"§<’Z> +_ ZO’G’ ("2
v, . .
s I * [when.\-<5] ............. == % 4 /—6(
G Ane (@tpointofload) ... ........ -2 IAgl 5 + bo 45 =615
L e A (when e %] ............. = % (3P - 42
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Analysis Example

Determine actual stresses

. f,=M/S
- f,=15VA
X-X AXIS Y-Y AXIS
Standard Area Moment Moment
Nominal Dressed of Section of Section of
Size Size (S4S) Section Inertia |Modul Inertia
bxd bxd A Se o 8 -
in. x in. in2 in® in*

== /K CToA+ STRESS
Boards'
1x3 3/4 x 2-1/2 1.875 0.781 0.977 0.234 0.088 o ’3
1x4 3/4 x 3-1/2 2.625 1.531 2.680 0.328 0.123 g = '\’( - G I q /’ ¢> ( A
= = 2 - =
b
X

= [00&.% fed

1x6 3/4 x 5-1/2 4.125 3.781 10.40 0.516 0.193

1x8 3/4x7-1/4 | 5438 | 6570 | 23.82 | 0.680 | 0.255 ’,l 3 > 8 'g

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

2x3 1-1/2 x 2-1/2 3.750 1.56 1.953 0.938 0.703 I
v

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 2719 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 2-1/2 x 3-112 8.75 5.10 8.932 3.646 4.557
3x5 2-1/2x4-1/2 11.25 8.44 18.98 4.688 5.859
3x6 2-1/2x5-1/2 13.75 12.60 34.66 5.729 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 3-1/2x3-1/2 12.25 715 12.51 7.148 12.51
4x5 3-1/2 x 4-1/2 15.75 11.81 26.58 9.188 16.08
4x6 3-1/2x5-1/2 19.25 17.65 48.53 11.23 19.65
4x8 3-1/2x7-1/4 25.38 30.66 111 14.80 25.90
4x10 3-1/2x9-1/4 8 230.8 18.89 33.05
4x12 | 3-1/2x11-1/4 415.3 2297 40.20
4x14 | 3-1/2x13-1/4 |~ %6.38 2 678.5 27.05 47.34
4x16 | 3-1/2x15-1/4 | 53.38 | 135.66 | 1034 31.14 54.49

- 3/—\{' =. "5 las‘gla =z 1 ? 1
> WY __.AJO 22 51
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Analysis Example

Determine allowable stresses
« F, and F, (from NDS)

DESIGN VALUES FOR WOOD CONSTR

CTION - NDS SUPPLEMENT 35

Table 4A Reference Design Values for Visually Graded Dimension Lumber
(Cont.) (2" - 4" thick)*>?
(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)
Species and commercial Size Tension Shear Compression | Compression . Grading
i dlassification parallel | parallel | perpendicular parallel Specific | Rules
g Bending | to grain | to grain to grain to grain Modulus of Elasticity | Gravity' | Agency
Fy F, F, F., F. E | Eu G
—
IEEIect Structural 1,400 925 150 405 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 975 625 150 405 1,350 1,500,000 550,000
No. 2 850 525 150 405 1,300 1,300,000 470,000 WCLIB
No. 3 500 300 150 405 725 1,200,000 440,000 043 WWPA
Stud 2" & wider 675 400 150 405 800 1,200,000 | 440,000
Construction 975 600 150 405 1,550 1,300,000 | 470,000
Standard 2"-4" wide 550 325 150 405 1,300 1,200,000 | 440,000
Utility 250 150 150 405 850 1,100,000 | 400,000
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Analysis Example

3. Determine allowable stresses
+ F, =1400 psi
« F, =150 psi

Determine factors:

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber

ASD
CD =1.0 (LL) ASD and LRFD LRED
only only
CM =1.0 (15%)
Ct=10 5| | 5| 8 g z El s |8
3 g 3 s | o= | S 8| 2| 8| &
CL=1.0(4.4.1) 13| AR IEIF IR IR A
= gl | gl 2|8 %S| 8|5 &|8|8| 35| 3
cF SHEHEIHEIE IR IR IR IE R R IR
Cfu=1.0 E Z £l s | & 2|2 H 2 g Lé 5 F
Ci=1.0 "] e 18|23 °|8 a
Cr=1.0
Fb. =Fp x|Ch Cu C C. C Cau G C - - - K & A
F, =F, x|[Cb Cu G - - - G - - - - K& & A
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Adjustment Factors

Allowable Flexure Stress F
F, from tables determined by species and grade

Fy' =F, (Co Cu C;CLCr Cy, C, C,)

b/d=3.5/11.25=3.11 (case b)

Assuming ends are braced, CL = 1.0

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-
quired and C = 1.0.

3.3.3.2 When rectangular sawn lumber bending
members are laterally supported in accordance with
4.4.1,C.=1.0.

3.3.3.3 When the compression edge of a bending
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.

2012 NDS

University of Michigan, TCAUP

Arch 544

4.4.1 Stability of Bending
Members

2x4  (a) d/b <2;no lateral support shall be required.

2x6-8 (b) 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-
bers, or other acceptable means.

2x10 (c) 4 < d/b < 5; the compression edge of the mem-
ber shall be held in line for its entire length to
prevent lateral displacement, as by adequate
sheathing or subflooring, and ends at point of
bearing shall be held in position to prevent
rotation and/or lateral displacement.

2x12 (d) 5 < d/b £ 6; bridging, full depth solid blocking
or diagonal cross bracing shall be installed at
intervals 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.

2x14 (e) 6 < d/b < 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.
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Analysis Example

Determine allowable stresses

4x12
X-X AXIS Y-Y AXIS
Standard Area Moment Moment
Nominal Dressed of Section of Section of
Size Size (S4S) | Section [Moduls Inertia [Modult Inertia
bxd bxd A Sy [ Sy lyy
in. x in. in2 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 x7-1/4 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 1-1/2 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 2719 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 2-1/2x 3-112 8.75 5.10 8.932 3.646 4.557
3x5 2-1/2x4-1/2 11.25 8.44 18.98 4.688 5.859
3x6 2-1/2x 5112 13.75 12.60 34.66 5.729 7.161
3x8 2-12x7-1/4 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 | 21/2x11-1/4 | 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 3-1/2x3-1/2 12.25 7.15 12.51 7.1486 12.51
4x5 3-1/2 x4-1/2 15.75 11.81 26.58 9.188 16.08
4x6 3-1/2x5-1/2 19.25 17.65 48.53 11.23 19.65
4x8 3-1/2x7-1/4 25.38 30.66 111 14.80 25.90
4x10 3-1/2x9-1/4 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 | 10241 | 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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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., F. EandE,,
0.85* 1.0 0.97 0.67 0.8%* 0.9

* when (F,)(Cy) £ 1,150 psi, Gy = 1.0
** when (F)(Cg) £ 750 psi, Gy = 1.0

Size Factors, Cy

R F,
Thickness (breadth)
Grades Width (depth) 2% & 3" 4"
2", 3", &4" 1.5 1.5
Select 52 14 1.4
Structural, 6" 1.3 1.3
No.l & Btr, 8" 1.2 1.3
No.1, No.2, 10" 1.1 1.2
No.3 12" 1.0 | RN |
14" & wider 0.9 1.0
28, 38 & 4% 1.1 1.1
Stud 5" & 6" 1.0 1.0
8" & wider Use No.3 Grade tabulated design v
Construction, 2", 3", &4" 1.0 1.0
Standard
Utility 4" 1.0 1.0
2" & 3" 04 —
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Analysis Example

3. Determine allowable stresses
F, = F, (usage factors)

Cp 100 (Livelopo)

L, =10 15g<197, (Nps sor Pz2)
Cr = 1.0 Tert £ 1007

University of Michigan, TCAUP

BrAcip fet~ PPS 4.4, |
rob. Ar 1T (nws ot C 32)
(Mot > (HP5 <07 P12)

CL = }cO
Ce = I/

CFU = |.O

Gl (o (rerd (NoS P2a-30)
\ - ’

Cr = o (pero (NPS SuP P32)

L L) = (SHo P
Fly =1deo (1) = (EH0 ot
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Analysis Example

3. Determine allowable stresses
* F,/=F, (usage factors)

EZ cp = 11©
Cr, = Lo
Ly = 1o
el = ho

Flo=150(10Y =215 psi
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Analysis Example

Check that actual < allowable

f, < F,
f, < F,
1(19 <Fl
lo0t.% o <540 -
fo< ¥\
doizz 7si <igo - ox
Check deflection

Check bearing (F¢, = Reaction/Ayearng )
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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.
» [f 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 Six bex Syy by
in. x in. 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 x7-1/4 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
Di 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 1-1/2 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 1-1/2x7-1/4 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 1-1/2 x 11-1/4 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 3-1/2 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 2-1/2x5-1/2 13.75 12.60 34.66 5.729 7.161
3x8 2-112x7-1/4 18.13 21.90 79.39 7.552 9.440
3x10 2-1/2x 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 3-1/2 x 3-1/2 12.25 7.15 12.51 7.146 12.51
4x5 3-1/2x 4-112 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 30.66 111.1 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 2297 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
Reqg’d: member size

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

University of Michigan, TCAUP

OHIEN FL = |OOC gsi
F{/; o RS
Span = 12
PL+LL = 80 PLF

Rer'p: <eetiod gz

w= SO PLF
£ i
480 T iz’ T
480
VAN >
440"~
M




Design Example

2.  Estimate allowable stresses
(given in this example)
F’, = 1000 psi
F’, =100 psi

3.  Solve S=M/F,’

M/,
E/: M//gx 5?‘: /Fb
= 1440 (12)

| o>

4, Choose a section from S table
. Revise DL and F,/

s

e Sx

W

12. 868k
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R w53

ABSEZL2 -G

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 bex Syy by
in. x in. in.2 in.? in* in2 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 34 x7-1/4 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

Di 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 1-1/2 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 1-1/2x7-1/4 10.88 13.14 47.63 2719 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 2-1/2x3-112 8.75 5.10 8.932 3.646 4.557
3x5 2-1/2x 4-1/2 11.25 8.44 18.98 4.688 5.859
3x6 2-1/2x 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 2-1/2x9-1/4 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 3-1/2 x 3-1/2 12.25 7.15 12.51 7.146 12.51
4x5 3-1/2 x 4-112 15.75 11.81 26.58 9.188 16.08
4x6 3-1/2 x 5-112 19.25 17.65 48.53 11.23 19.65
4x8 3-1/2x 7-1/4 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 | 10241 | 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

5.  Check shear stress
. First for V. max (easier)
. If that fails try V at d distance
(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%
7 PSF
35 PSF

Arch 544

JOISTS

Slide 83 of 99

Design Example

Determine allowable stresses

+ F, and F, (from NDS)

Table 4A Reference Design Values for Visually Graded Dimension Lumber

(Cont.) (2" - 4" thick)'??

(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

Species and commercial Size
grade classification

University of Michigan, TCAUP

Design values in pounds per square inch (psi)

Tension Shear Compression | Compression Grading
parallel parallel | perpendicular parallel Specific | Rules
Bending | to grain | to grain to grain to grain Modulus of Elasticity | Gravity' | Agency
| G
WCLIB
043 wwpa
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Table 4A Adjustment Factors

Design Example

Repetitive Member Factor, C,

Bending design values, F,, for dimension lumber 2"
to 4" thick shall be multiplied by the repetitive member
factor, Coguleds, When such members are used as joists,
truss chords, rafters, studs, planks, decking, or similal
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

Determine allowable stresses

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, Cp,

support the design load. Width ickness (breadth)
depth " & 3" 3
X-X AXIS Y- AXL ‘Wet Service Factor, Cyy (2. : 3),. 2 1& 03 :
Standard Area Moment Moment When dimension lumber is used where moisture con- P 11 0
Nominal [  Dressed of |Section| of |Section| of tent will exceed 19% for an extended time period, design 5 11 1.05
Size Size (S4S) | Section |Modulus| Inertia (Modulus| Inertia values shall be multiplied by the appropriate wet service 6 L1s 105
bxd bxd Az s,,; I,,‘ s\,g l,,‘ factors from the following table: - ; i ::;5 ::?5
et in. x in. in. in. in.’ in.’ in.’ Wet Service Factors, Ca
B F F, Fo F. Eand Eng NOTE
1x3 3/4 x 2-112 1875 | 0.781 | 0977 | 0.234 | 0.088 o -
1x4 | aax312 | 2625 | 1531 | 2680 | 0328 | 0123 085* 10 0% 067 o0&+ 09 e e e
1x6 3/4x5-1/2 | 4125 | 3781 | 1040 | 0516 | 0.193 by ‘(F;fcﬂ){ e :C&:l‘: 4" nominal width (Construction, Standard, and Util-
1x8 3/4 x 7-1/4 5438 | 6570 | 23.82 | 0.680 | 0.255 e 2 ity grades) or a 6" nominal width (Stud grade) from
1x10 3/4 x 9-1/4 6.938 10.70 49.47 0.867 0.325 design values based on a 12" nominal width (Select
1x12 | 3/4x11-1/4 | 8438 | 1582 | 88.99 | 1.055 | 0.396 Structural, No.1 & Btr, No.1, No.2, and No.3 grades).
Dimension Lumber (see NDS 4.1.3.2) and Decking (see NDS 4.1.3.5)
2x3 | 1-12x2-1/2 [ 3750 | 1.56 | 1.953 | 0.938 | 0.703 Size Factor, Cy
2x4 | 1-12x31/2 | 5250 | 3.06 | 5359 | 1.313 | 0.984 Tabulated bending, tension, and c parallel to design values for di lumber 2" to 4" thick shall
2x5 1-1/2 x 4-1/2 6.750 5.06 11.39 1.688 1.266 be multiplied by the following size factors:
2x6 | 1-1/2x5-1/2 | 8250 | 7.56 | 20.80 | 2.063 | 1.547
2x8 | 1-12x7-1/4 | 10.88 | 13.14 | 4763 | 2719 | 2.039 Size Factors, Cy
I 2x10 | 1-1/2x9-1/4 | 13.88 | 21.39 | 98.93 | 3469 | 2.602 F F F.
2x12 | 1-1/2x11-1/4 | 16.88 | 3164 | 1780 | 4219 | 3.164 Thickness (breadih)
2x14 | 1-1/2x13-1/4 | 19.88 | 43.89 | 2908 | 4.969 | 3.727
3x4 | 2-12x3-12 | 875 510 | 8.932 | 3.646 | 4.557 Grades Width (depth) 2" &3 4
3x5 | 2-1/2x4-1/2 | 1125 | 844 | 1898 | 4688 | 5859 23" &4 15 5 L5 115
3x6 | 2-1/2x51/2 | 13.75 | 1260 | 3466 | 5729 | 7.161 Select 5 4 4 14 1
3x8 | 2-1/2x7-1/4 | 1813 | 21.90 | 79.39 | 7.552 | 9.440 Structural, & 13 13 13 L1
3x10 | 2-1/2x9-1/4 | 2313 | 3565 | 164.9 | 9.635 | 12.04 No.l & Btr, 5 12 13 12 105
3x12 | 2-1/2x11-1/4 | 28.13 52.73 296.6 11.72 14.65 No.1,No2, 10" 1.1 12 1.1 1.0
3x14 | 2-1/2x13-1/4 | 3313 | 73.15 | 4846 | 13.80 [ 17.25 No3 127 1.0 [N 10 10
3x16 | 2-1/2x15-1/4 | 3813 | 96.90 | 738.9 | 15.89 | 19.86 14" & wider 09 10 09 09
4x4 | 3-12x3-1/2 | 1225 | 7.5 | 1251 | 7.146 | 12.51 2".3" & 4" 1.1 1.1 L1 105
4x5 | 3-1/2x4-1/2 | 1575 | 1181 | 2658 | 9.188 | 16.08 Stud 5" &6 10 10 10 10
4x6 | 3-12x5-1/2 | 19.25 | 17.65 | 4853 | 11.23 | 19.65 el L T
4x8 | 312x7-14 | 2538 | 3066 | 1111 | 14.80 | 2590 Er e ZiEry L g 20 L0
axi2 | swpxtinia | 363 | 798 | 4153 | 2207 | 4020 iy z D io
& " g g 7 3 : 27 &3" 04 = 04 06
4x14 | 3-1/2x13-1/4 | 46.38 | 10241 | 6785 | 27.05 | 47.34
4x16 | 3-1/2x15-1/4 | 53.38 | 13566 | 1034 31.14 54.49 Copyright © American Wood Council. Downloaded/printed pursuant fo License Agreement. No reproduction or fransfer authorized
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Design Example
Determine allowable stresses.

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

r'!'ga £ (rowrs)
,qz;(l,ox 115 x .o x
7/

/
Cyp CM

/
Cr

i .
F, = F, (c‘,)cM/c,c y E

:15@([,0)( [.0o x[.0x L

University of Michigan, TCAUP Arch 544
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Design Example

Determine moment from loading.

C)l C [4
- z F
First find the uniform beam load, w, i C%F) 12 re

from the floor loading. (7+35Y 12 - g eF
12
2
With the beam loading, calculate w AT 47 (20" 2100 =
| Me 2= 2 o= =
the maximum moment. & &
University of Michigan, TCAUP Arch 544 Slide 87 of 99

Design Example

Estimate the Required Section Modulus.

_t:ll—— M £ 22,4?;»2

°x 7 F, el

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. Prord ThELL 1B (+PSY

Sx
2x o 21,39 (¢p=l.0) MaHT weRK

Zxlz 2164 (Ce=1.0)
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Design Example

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

X-X AXIS Y-Y AXIS
Standard Area Moment Moment
Nominal Dressed of Section of Section of
Size Size (S4S) | Section [Moduls Inertia [Modul Inertia
bxd bxd A Sy [ Sy lyy
in. x in. in2 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 4125 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
Dimension 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 1-1/2 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 2719 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 2-1/2x 3-1/2 8.75 5.10 8.932 3.646 4.557
3x5 2-1/2x4-1/2 11.25 8.44 18.98 4.688 5.859
3x6 2-1/2x 5112 13.75 12.60 34.66 5.729 7.161
3x8 2-12x7-1/4 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 3-1/2x3-1/2 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 3-1/2x5-1/2 19.25 17.65 48.53 11.23 19.65
4x8 3-1/2x7-1/4 25.38 30.66 111 14.80 25.90
4x10 3-1/2x9-1/4 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

TRY 2x10 1.

FlLz 975 (hig 1) = 12332 psi

My zioo (12)
‘Cb=/x‘ 71,329 =

Ce =

N

18 ’351\ < 'Zggrf,; ‘/oK

23V o L5 (A 429 . 1500
= S = . \ Pt oK
(v zZA 13,68 fs
Jr UsE Zxlo
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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

CONSTRUCTION L ([SorwflD+ 199
Roof members:®
Supporting plaster or stucco ceiling|//360 | /360 11240
Supporting nonplaster ceiling 240 | 1240 11180
Not supporting ceiling 180 /180 | 1/120
Floor members 360 - 11240
Exterior walls
With plaster or stucco finishes — 360 —
With other brittle finishes — 240 —
With flexible finishes - 120 —
Interior partitions:®
With plaster or stucco finishes 360 — -
With other brittle finishes 240 — —
With flexible finishes 1200 — =
Farm buildings — — 11180
Greenhouses - - 11120

International Building Code (IBC)

University of Michigan, TCAUP

LL =75 psF = 35 pLe

A = o™ _ 5 (3 (205 (1728
L m‘t " 334 (1500000)(98,92)

Avimr

L . ZO'(!’&\= 0'(,47”

360

360

0,849 »0.607F 2 FALS
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Timber Beam Design

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

5. Sawn Lumber - Beams

SPAN A
19 ft.

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

: 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
actual section width, b 135IN

University of Michigan, TCAUP Arch 544 Slide 91 of 99

Timber Beam Design

SPAN A

Find applied load and force 10 ft

p= Il 248"

o |

* ¥

CoAST kA STRUcE.
Ho 2
Density 30 PLF
M.c, 157%
L 19 €8F
LL S5PsF

Poro = (F1rssd(152 5F)
= lteds Les
W T BE STWWEGHT

SPAN B
16 ft.

g wzds (19> i
Me = o = —  ©53418 L oon
WA -— A A2 ——
Mg S
University of Michigan, TCAUP Arch 544
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Timber Beam Design

Find allowable stress
g = @5 9!
Fy = s  Ost
E = (200 ooe Pst
From NDS Supplement: s 440000 rst
Coast Sitka Spruce No2
Table 4D 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.)

USE WITH TABLE 4D ADJUSTMENT FACTORS

Design values in pounds per square inch (psi)
Species and commercial Size Tension Shear Compr = ion | Comp = Grading
Grade classification ) parall.el parall.el perpendicular parallel Specific| Rules
Bending [ tograin | to grain to grain to grain Modulus of Elasticity | Gravity* | Agency
Fy Fe Fy Fey Fe E Emin G
COAST SITKA SPRUCE
Select Structural Baams:and 1,150 675 115 455 775 1,500,000 550,000
No.1 SHifGER 950 475 115 455 650 1,500,000 550,000
No.2 9 625 325 115 455 425 1,200,000 440,000
Select Structural ——— T100 | 725 715 755 825 7500,000 | 550,000 | 043 | NLGA
No.1 Timbers 875 575 115 455 725 1,500,000 550,000
No.2 525 350 115 455 500 1,200,000 440,000
University of Michigan, TCAUP Arch 544 Slide 93 of 99
9 Tey |
| -
. F. xh =625 31
Trial 1: L
) . _w/_ 53428 (02) 4013
choose Sx and size Ox T F Y g
12 x 24
—_ = losg . . ®
Sx=M/Fb e B LB
A = 2Fo w®
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 Syx bx S, ly, |25 lbs/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)
10x 14 | 9-1/2x 13-1/2 | 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
10x 18 | 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 | 223.3 874.4 | 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
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 [13-1/2x17-1/2| 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
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Trial 1:

Timber Beam Design
12x24 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 F( Fu
d>12" (12/d)"® 1.0 1.0
d=i2" 1.0 1.0 1.0
Flat Use Factor, Cg,

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

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, F. F. EandEg,

1.00  1.00 1.00  0.67 0.91 1.00

Y%
ce=(823.5)" = 0,908

*"Beams and Stringers" are defined in NDS 4.1.3 (also see Table 1B).
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Timber Beam Design
Gy 8
Ko

Trial 1: 12 x 24

1

25 fufd = 4851

”4/1

L4,
Laclnd) =12¢.s

Ra =7/_€;j = 4.4

Be = 12 Bk 12(d440000)
Rg* 4.14°

Fof = Rlce ) =¢5 (o126) =580

"

Adjustment Factors:

c. %

)

1

Table 3.3.3
“Concentrated load at center

with lateral support at center”
le=1.111lu

= 23482 ¢

C’L =z 0, qqa
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Timber Beam Design

Trial 1: 12x24 Sx=1058in3 A =270in2
"VK\/ 1 ConT.
\2x 24 Cp =092 C 20999 Cp=1lo0

FozF(ep cr €.) =025 (1 2928 0.999) = 579.3 pal

Wege = D AREA | 25 2704 _ _

e z———,qq Jaq = fe.ts BuF

ey - (19)¢
My = _%:_ L 6.5 (19) = 7635 Fr-Ls

)

Mue = Mp +M, = 53428 + 2532 = 55949 Frce
/ M, 5
Seaa =T = TEIULD ey

519.3

1159.4 > 1058 so 12 x 24 is too small
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Timber Beam Design
Trial 2: Sxreq'd =1159in3

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 Sk b Sy l, |25 Ibs/ft’|30 Ibs/ft’| 35 Ibs/ft’| 40 Ibs/ft’| 45 lbsift’| 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)
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
10x 16 | 9-1/2 x 15-1/2 147.3 380.4 2948 2331 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 | 9-1/2x 19-1/2 185.3 602.1 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 | 11-1/2x 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
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 [13-1/2x 19-1/2| 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
16x20 [15-1/2x19-1/2 | 302.3 982.3 9578 780.8 6051 52.47 62.97 73.46 83.96 94.45 104.9
16x22 | 15-1/2x 21-1/2| 333.3 1194 12837 860.9 6672 57.86 69.43 81.00 92.57 104.1 115.7
16x24 | 15-1/2x23-1/2| 364.3 1427 16763 941.0 7293 63.24 75.89 88.53 101.2 113.8 126.5
try 14 x24 Sx=1243in3
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Timber Beam Design

Trial 2: 14 x24 (13 % x23 %) Sx=1243in3

revise adjustment factors:

Ce = (%;Y" = 0. 128 C.. _G=lws”

Ry = _Jfe 12¢.5 (23.5)
z = = = 4-037
b 13,5

F = Lt (4400&0)
BT ot ¢ 323918 s

¥ = 425 (0.128) = 520.0 pu

A 32359.8 _ -
% = o = T

C‘L = @199
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Timber Beam Design

Trial 2: 14 x24 A=317.3in?> Sx=1243in3

heck st :
check stresses TRy 2

= . = .3
w = 66.1 PLF 14x24 A=317.38 4= 124G

FL = 625 (l.o 0.922 ©.999) = 519,45 ps1

T
L REVSE My, = 1448 77 -

Cieek Cb = V} = Se41l9 | 544.8 £91 <5795 = F;

5){ 1242'6 -

wd P g (19), 1248 ,
CUECK SUEAe s Vinax = Sl e z u 2 Glalle
- _ 3V _ 362519 _ ,q. s y T
'Fv'z/-\ = Z._—_-——Bl’}"i 29.56 rsi <15 = F,,

5o over (Hx 24
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Timber Beam Design
Trial 2: 14 x 24 Ix = 14600 in*

check deflection:
assume 30% of LL is sustained

see NDS 3.5
Ker = 1.5 “seasoned lumber”

TABLE 1604.3 DEFLECTION LIMITS® b: ¢ h.i

CONSTRUCTION L

Roof members:®
Supporting plaster or stucco ceiling[/360 [ /360 [ 1240

Sorw'D+ 199

Supporting nonplaster ceiling 240 1240 11180
Not supporting ceiling 180 180 11120
Floor members 360 11240
Exterior walls

With plaster or stucco finishes — 360 —
With other brittle finishes - 11240 —
With flexible finishes — 1120 —
Interior partitions:®

With plaster or stucco finishes 360 — —
With other brittle finishes 240 — -
With flexible finishes 120 —_
Farm buildings — — /180
Greenhouses — . 11120

L/240 = 19(12)/240 = 0.95”

University of Michigan, TCAUP

PeriLcriond

Lomg ~Teart [ 4-»‘, p, so%r )
JSwe A7 5 (e6.1) (19) (1728

- _— N = P l "
Wo T 384 p1 384 (; 200 005 (144 00) 0.0l
3 3
Do . B L zsss (1) (172 L
T dser T TAg(izeeesr(1déco) o-eHe
3 3
AP L0307 0.3 (8300)(1%) ((728) IR—
48 1 4z (17""""")(146‘"17 +
n
ALT = 0:0641
SHer T-TERM @ Tol [
3 . 3
. A 2
Ay = oR(E)L", G (SNt Qrey o oot

45e1 49( (teo wo)(146oo)

ToAL VLELZCTIoN |

Z\T = [<c,- /‘\LT‘ + AST‘

= .5 (0.08¢1) + 0.08L5

i

0.213%

1]
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