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HW2 - Wood Beam Design

2. Wood Beam Design

Design a 2x dimensioned lumber floor joist to carry the
given dead + live floor load (neglect joist selfweight).
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 EA E3

: WESTERN
Wood Species CEDARS

Wood Grade No.1
Span 16 FT
Joist Spacing, o.c. 16 IN
Moisture Content, m.c. 12 %
Floor DL 7 PSF

Floor LL 40 PSF

JOISTS

Given:

certain wood type
beam span
loading

Goal:
member size?
deflection?



Allowable Stress Design by NDS

Flexure

Allowable Flexure Stress F’

F, from NDS Supplement tables determined
by species and grade

F, = F, (usage factors)

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

Actual Flexure Stress fi,

f, = Mc/l = M/S
S =l/c = bd?/6

Allowable Stress Design by NDS

Shear

Allowable Shear Stress Fv’

F, from tables determined by species
and grade

F,” = F, (usage factors)

usage factors for shear:
Cp Load Duration Factor
C, Moisture Factor
C, Temperature Factor
C, Incising Factor

Actual Shear Stress fv

f,=vQ/lb=15V/A

Can use V at d from support as
maximum

Shear at Supports

YLy,

|
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1. Tabulated Allow. Bending Stress, Fb = 725 psi

2. Tabulated Allow. Shear Stress, Fv = 155 psi

R 3. Tabulated Modulus of Elasticity, E = 1000000 psi
S T T T S B SPAN NDS Supplement table 4A

D 4_ I:I ML Table 4A Reference Design Values for Visually Graded Dimension Lumber

\ (Cont.) (2" - 4" thick)**?*
JOISTS (All species except Southern Pine —see Table 4B) (Tabulated design values are for normal load
uration and dry service conditions. See .3 for a comprehensive description of design value

adjustment factors.)

USE WITH TABLE 4A ADJUSTMENT FACTORS

! WESTERN —— Dlllg: vllm:': :::ul: per ::;:::::n[pllj din
Wnnd SM'ES GEDARS Species and commercial Size ;.ﬂ:.l pihr::llll ::rp:“i:l:‘“ c p:rllllll Specific GRHI:LE
grade classification Bending | to grain | te grain to grain to grain Modulus of Elasticity | Gravity* | Agency
Wood Grade No.1 Fp F, Fy Fo Fe E | Emin G

Span 16 FT

WESTERMN CEDARS

Joist Spacing, o.c. 16 IN slect Structural 1000
: ' |No. 1 . 725 |
Moisture Content m.c. e Mo

Mo. 3 400 WCLIB

Floor DL 1T PSF Stud 2" & wider 550 800,000 ] 036 1 wwea

Floor LL 40 PSF




Wood Species

Wood Grade

Span

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

Floor LL

WESTERN
CEDARS

No.1
16 FT
16 IN
12 %
T PSF
40 PSF

4. Total Applied Floor Load, (DL+LL)

7+40=47 PSF

5. Load on Joist, w

W=(DL+LL)*0.c.=47*16/12 = 62.6 plf



6. Actual Beam Bending Moment, M Arch 314 Shear Bending

1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD
e ; Total Equiv. Uniform Load . . . . . .
ke N7 R=V oo,
OO
A A 2
— L_--‘_ L ] “’u .....
2 F]
v[ My, (ateenter) . . ... .. .....
el U
1 Swi’
H'f Anas (atcenter) . . . ... ... ... = 384 E
Moment - 3 _
Ay e e Tl 202 + 1%

:J OISTS

M = w”*span?/8 = 62.66"16%/8 = 2005.12 Ibs-ft

7. Actual Maximum Shear Force (at reaction), V

. WESTERN 1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD
Wood Species CEDARS o | Total Equiv. Uniform j:i
Wood Grade No.1 N ; -
Span 16 FT - =wL;-]
Joist Spacing, o.c. 16IN LU =
Moisture Content m.c. e L My seveaswssmisnaves =Zr-xn
Floor DL 7PSF i Ml o CatcEnte) . - o
Floor LL 40 PSF B b e PR,

V = w*span/2 = 62.66*16/2 = 501.28 Ibs



8. Nominal Depth of the Final Joist Used

_ | M, V (actual load) Fb, (based on the wood type)
S T T O T T \ / F’=F*factor
TP TP ] span 'V'/Fb Rough Fb’ (without size factor CF and CM)
A ! - Estimate Requwed Sx (rough) Bigger size
— Most efficient
JOISTS  Meet the estimated

required Sx Choose member size
Nominal
Wood Species nggigg Fb’(with size factor CF and CM), Fv
Wood Grade No.1 fo=M/Sx

Span 16 FT fv=3V/2A

Joist Spacing, o.c. 16 IN
Moisture Content, m.c. 12 %

Floor DL 1 PSF fb, fv

Floor LL 40 PSF \ Fb'<fb?

Fv'<fv?




NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION B 8_ Nominal De pth Of the Fi nal JOiSt Used

table 4.3.1 from the MAIN NDS book

Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber Wet Service Factor, 'CM NDS Supplement table 4A
f:,ly) ASD and LRFD Lﬁf '| Wh i ionJumber is used where moisture con-
i ! 5] .| s i . tent willlexceed 19%|for an extended time period, design
sl &2 ; 5| B8 ; Sl gl E) 8 ; ; values shall be multiplied by the appropriate wet service Moisture Content
Els| B 8|e|2 8322|355 4|8 factors from the following table:
= = @ & (3 E
Kel ¢ i Wet Service Factors, Cy; 12%<19%,
Fy =F, x[Ch Cu C C G Cu G G - - |254085 2 > _ _
[Lon o : ' : F, F___F  F. F EandE, CM_b=CM_v="1
Fi =F: x|[Chb Cu C - Cp C; - 2.70 0.80 A P
R - ~—Towor : 2,085 10 097 067 08 09
S C . . . .l * when (F,)(Cp) < 1,150 psi, Cyy = 1.0
H3k gy (Fc)(C < 750 psi, Cy = 1.0
FCL’=FCL x[ - Cu G - - - G- - - Cp 167090 -
ESE x|- MG - - - 9 - - Tabulated Allow. Bendlng Stress CF: size factor ?
Emin =Emin x| - Cu C - - - G - - Cr - 176085 -

Table 4A Adjustment Factors

Repetitive Member Factor, C,

Bending design values, Fy, for dimension lumber 27
to 4" thick shall be multiplied by the repetitive member
factor. | 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.



8. Nominal Depth of the Final Joist Used

— Fb'_rough= Fb x(CD x CM_b x Ct x CL x OF x Cfu x Ci x Cr)
= 725*1*1.15 = 833.75 psi

R SPAN SX_rOUgh= M/Fb’_rough= 2005.12*12/833.75 = 28.86 in*®

T I\I 1 Table 1B  Section Properties of Standard Dressed (S45) Sawn LumMrNDS Supplement tab|e 1B

|:| 4 I:I -----L X-X AXIS Y- AXIS

\ Standard Area Moment Moment Approximate weight in pounds per linear foot (Ibs/ft)
Mominal Dressed of Section of Section of of piece when density of wood equals:
JOISTS Size Size (S4S) | Section |Modulus| Inertia |Modulus| Inertia
bxd bxd A Six L, s, l, |25 1bsift’|30 Ibsift’|35 Ibsift’| 40 Ibsift’| 45 Ibsift’| 50 Ibsft®
in. x in. in2 in.? in* in.? in.*

Boards'
1x3 34 x 22172 1.875 0.781 0877 0.234 0.088 0.328 0.391 0458 0.521 0.586 0.651
1x4 34 % 3-172 2.625 1.631 2680 0328 0123 0.456 0.547 0.638 0.728 0.820 0.911
1x86 34 x 5-1/2 4125 3.781 10.40 0.516 0.193 0718 0.859 1.003 1.146 1.289 1.432

. WESTERN 1x8 34 x 7-1/4 5438 | 6570 | 2382 | 0680 | 0255 | 0944 | 1133 | 1322 | 1510 | 1699 | 1888
Wn[)d SDEEIES 1x10 34 x8-1/4 6.938 10.70 | 49.47 | 0.867 0.325 1.204 1.445 1.686 1.827 2168 | 2.409
CEDARS 1x12 | 34x11-14 | 8438 | 1582 | 8859 | 1055 | 0396 | 1465 | 1758 | 2051 | 2344 | 2637 | 2930

Dimension Lumber (see NDS 4.1.3.2) and Decking [see NDS 4.1.3.5)
Wood Grade No 1 2x3 T12x2-1/2 | 3.750 156 1953 | 0938 | 0703 | 0651 | 0781 | 0211 | 1042 | 1172 | 1302
2x4 1-12x 312 | 5250 306 5353 | 1.313 | 0984 | 0911 | 1094 | 1276 | 1458 | 1641 | 1823
Span 16 FT 2x5 | 1-12xa12 | 8750 | 508 | 1139 | 1688 | 1286 | 1172 | 1408 | 1841 | 1875 | 2100 | 2344
_ _ 2x6 1-1/2x51/2 | 8250 755 | 2080 | 2083 | 1547 | 1432 | 1719 | 2005 | 2202 | 2578 | 2885
Joist SDHEIHQ 0C 16 IN 2x8 1-12x7-14 | 1088 | 1314 | 4763 | 2719 | 2039 | 1888 | 2266 | 2643 | 3021 | 3398 | 3776
: 2x10 | 1-1/2x91/4 | 1388 | 2139 | o883 | 3480 | 2602 | 2409 | 2891 | 3372 | 3854 | 4336 | 4818
Moisture Content, m.c. 12 % ex12 ) 1-12x 11-1/4 1780 | 4219 | 3184 | 2930 | 3516 | 4102 | 4688 | 5273 | 5859

2x14 1=-1/2 % 13-1/4 18.88 43.89 290.8 4. 968 3727 3.451 4141 4831 5.521 6211 5.901

Floor DL 1 PSF

Floor LL 40 PSF Choose 2” * 12" Sx = 31.64 in® > 28.86 in3
A = 16.88 in?




8. Nominal Depth of the Final Joist Used

_ | M, V (actual load) Fb, (based on the wood type)
S T T O T T \ / F’=F*factor
TP TP ] span 'V'/Fb Rough Fb’ (without size factor CF and CM)
A ! - Estimate Requwed Sx (rough) Bigger size
— Most efficient
JOISTS  Meet the estimated

required Sx Choose member size
Nominal
Wood Species nggigg Fb’(with size factor CF and CM), Fv
Wood Grade No.1 fo=M/Sx

Span 16 FT fv=3V/2A

Joist Spacing, o.c. 16 IN
Moisture Content, m.c. 12 %

Floor DL 1 PSF fb, fv

Floor LL 40 PSF \ Fb'<fb?

Fv'<fv?




Size Factor, Cy

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

be multiplied by the following size factors:

8. Nominal Depth of the Final Joist Used

NDS Supplement table 4A

Wet Service Factor, C,,
'I Whendi ionlumber is used where moisture con-
tenf willfexceed 19%[for an extended time period, design

values shall be multiplied by the appropriate wet service

Eand E_;,

Size Factors, Cy
Fh I-::I: F\:
Thickness (breadth) factors from the following table:
Grades Width (depth) 2" & 3" 4" .
Wet Service Factors, Cy,

2", 3" & 4 15 L5 1.5 .15
Select 5" 1.4 L4 1.4 L1 F F F F F
Structural, 6" 13 13 1.3 11 0 : v = ¢
No.1 & Bir, 8" 12 13 11 L05 2 . 0.85% 1.0 0.97 067  (.8%* 0.9
No.l, No.2, 10" 1.1 12 1.1 L0 . .
No.3 12" o L1 1.0 1.0 * when (F,)(Cy) < 1,150 psi, Cy, = 1.0

14" & wider 0.9 L0 0.9 09 gy F)(c < 750 psi, Cy = 1.0

2,3, & 4" L1 L1 1 : 1.05
Stud 5" & 6" 1.0 L0 .

8" & wider Use No.3 Grade tabulated mumvmmﬁmmm Bend|ng Stress C F. SlZe fa CtO I
Construction, 2",3", & 4" 1.0 L0
Standard
Utility 4" 1.0 L0 1.0 L0

2" & 3" 0.4 i 0.4 06

Moisture Content =12%,
12%<19%,
CM b=CM v=1



Wood Species

Wood Grade
Span

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

Floor LL

JOISTS

WESTERN
CEDARS

No.1
16 FT
16 IN
12 %
1 PSF
40 PSF

8. Nominal Depth of the Final Joist Used

Fb'=Fb x(CD x CM_b x Ct x CL x CF x Cfu x Ci x Cr)
= 725*1*1*1.15 = 833.75 psi

fbo = M/Sx = 2005.12*12/31.64 = 760.47 psi < 833.75 psi Pass

Fv'=Fvx (CD x CM_v x Ct x Ci)
= 155*1 = 155 psi

fv = 3V/2A = 3*501.28/(2*16.88) = 44.54 psi < 155 psi Pass

Allowable Stress Design by NDS

Flexure

Fy

Allowable Flexure Stress F,’

F, from NDS Supplement tables determined
by species and grade

Fy,’ = F, (usage factors)

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

\Y

vV

fy

Actual Flexure Stress f,

f, = Mc/l = M/S
S = lic = bd?6

Allowable Stress Design by NDS

Shear

F,

Allowable Shear Stress Fv’

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
C, Incising Factor

\Y

v

f

\")

Actual Shear Stress fv

f,=VQ/Ib=15VIA

Can use V at d from support as
maximum




8. Nominal Depth of the Final Joist Used

_ | M, V (actual load) Fb, (based on the wood type)
S T T O T T \ / F’=F*factor
TP TP ] span 'V'/Fb Rough Fb’ (without size factor CF and CM)
A ! - Estimate Requwed Sx (rough) Bigger size
— Most efficient
JOISTS  Meet the estimated

required Sx Choose member size
Nominal
Wood Species nggigg Fb’(with size factor CF and CM), Fv
Wood Grade No.1 fo=M/Sx

Span 16 FT fv=3V/2A

Joist Spacing, o.c. 16 IN
Moisture Content, m.c. 12 %

Floor DL 1 PSF fb, fv

Floor LL 40 PSF \ Fb'<fb?

Fv'<fv?




Input your answers to question 8-16

|

Question Your Response Correct Answer
Tabulated Allow. Bending Stress, Fb 125 PSI 25 PSI
Tabulated Allow. Shear Stress, Fv 155 PS5 155 PS5
Tabulated Modulus of Elasticity, E 1000000 PSI 1000000 PSI
Total Applied Floor Load, {(DL+LL) 4f PSE 47 PSF
Load on Joist, w 62.66 PLF 62 66666667 PLF
Actual Beam Bending Moment, M 200512 F1-LB 2005333333 F1-LB
Actual Maximum Shear Force (at reaction) , V 201.28 LBS 001.3333333 LBS
Nominal Depth of the Final Joist Used 12 IN 12 IN
size Factor, CF 1

Repetetive Member Factor, Cr 1.15

Wet Service Factor for Fb, CM_b 1

Wet Service Factor for Fv, CM v 1

Factored Allow. Bending Stress, F'b 833.75 PS5l 833.75 PS5
Factored Allow. Shear Stress, F'v 125 PS5 155 PS5
Actual Bending Stress, fb_actual 760.47 PSI 160.5412346 P3SI
Actual Shear Stress, fv_actual 44 54 PS5l 44 56296296 PSI

1
pi
3
4
4]
6
f
8
9
1




17. Factored Allow. Modulus of Elasticity, E'(PSI)

WESTERN CEDARS

ot Structural
2° & wider
WCLIB
2" & wider 900,000 d 0.38 WAWPA
Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber
5D ASD and LRFD ERED
only only Wet Service Factor, C,;
s AR j Whgmrdimension lumber is used where moisture con-
8 5 . = .
% A i g 8] AR é& :&2 5| 3|8 tent willlexceed 19%] for an extended time period, design
4 3 o] = o =1 5 E 5 .
Bl E % AR E 3 AN g il e values sheH-be-maedefplied by the appropriate wet service
v w | 3 |- £ . : .
[HIEARAE =8 £ g ; 3 E EHl e factors from the following table:
Fo=F» x|Cb Cu C Cu Cr Cu G G Ke 0 A Wet Service Factors, Cu
F,=F, x|Co Cu G - G - G - - - - Ki & A Ey E E, Foy F, rE and Em,-,j
' # $ok
rer B o - . - o . . . . e 0.85 10 097 067 08 09 J
: * when (F,)(Cp) < 1,150 psi, Cyy = 1.0
Fo =Fa1 x| - Cu C - - - G- - - Gy K 0, A *= when (F.)(Cp) £ 750 psi, Cy = 1.0
F. =F, x|Ch Cv G - C - G - C - - Ke & X . _
- : ’ ’ Moisture Content =12%,
[E'=E x| - Cu G - - - G ] - - - - - CM E =1
Emin=Emin x| - Cum G - - - G - - Cr - Kp & - B

E'=E*(CM*Ct* Ci)=1000000 x 1= 1000000 psi



18. Short Term Deflection for 100% LL

Y AR

“Zg4er

i

T I I SPAN W_LL=LL*OC=40*16|n/12=5333 plf

L Deflection = 5 * w_LL * Span*/ (384 * E’ * 1)
m = 5% (53.33 * ) * (16*12)*/ (384 * 1000000 * 178 ) = 0.44 in
\JDISTS

Table 1B Section Properties of Standard Dressed ($4S) Sawn I.umbab‘l{f S SU pp|ement table 1B

X-X AXIS Y=Y AXIS
. WESTE RN Standard Area Moment Moment Apprﬂximaie?zlg/htin pounds per linear foot (lbs/ft)
wnm S[ﬂfles Mominal Dressed of Section of Section of of giece when density of wood equals:
CEDARS Size Size (S45) Section |Modulus| Inertia |Modulus| Inertia ( i - " bt s
bxd bxd A S.x by Sy by 25 lbs 0 lbsift™ (35 Ib 40 Ibs/ft |45 | 50 |bsift
wnm Grﬂm Nﬂ1 in. xin. in.2 in.? int in? in* }‘)
Span 16 FT Soards
pa 1x3 34 x 2112 1875 | 0781 | 0877 | 0234 | 008 D.326 | 0391 | 0456 | 0521 | 0588 | 0651
c : 1x4 34x312 | 2625 | 1531 | 2680 | 0328 | 0443 | 045 | 0547 | 0838 | 0729 | 0820 | 0811
Joist BDHEIHQ, 0.C. 16 IN 1x6 | 3d4xs52 | 4125 | 3781 | 1040 | 0516 [ 0193 | 0716 | 0859 | 1003 | 1146 | 1288 | 1432
: 5 1x8 34x7-14 | 5438 | 6570 | 2382 | o0s8 0255 | 0944 | 1133 | 1322 | 1510 | 1899 | 1888
Moisture Content, m.c. 12 % 1%x10 | 34x9-14 | 6938 | 1070 | 4947 | 0867 | 0325 | 1204 | 1445 | 1686 | 1927 | 2168 | 2.409
1%12 | 34x1114 | 8438 | 1582 | 8899 | A0ss | 0396 | 1485 | 1758 | 2051 | 2344 | 2837 | 2930
Floor DL T PSF Dimension Lumber (see NDS 4.1.3.2) and Decking (366 NDS 4.1.3.5)
2x3 | 1-12x212 | 3750 | 158 | 1853 | 0038 | 0703 | 0651 | 0.781 | 0911 | 1042 | 1172 | 1302
Floor LL 40 PSF 2x4 | 112x312 | 5250 | 306 | 5350 | 1313 | 0984 | 0911 | 1004 | 1276 | 1458 | 1641 | 1823

2x5 1-172 x 4-1/2 6.750 5.06 11.39 1668 1.266 1.172 1.406 1.641 1.875 2108 2344
2x6 1-1/2 x 5-1/2 8250 7.568 20.80 2063 1.547 1.432 1719 2.005 2.292 2578 2.885
2x8 1-12 x 7-1/4 10.88 13.14 47 63 2718 2038 1.888 2266 2643 3.021 3.388 3778
2x10 1-1/2 % 9-1/4 13.88 21.39 93.83 3.4689 2.602 2.409 2.8 3.372 3.854 4.336 4818
2x12 1-12 x 11-1/4 16.88 31.64 4.219 3.164 2.930 3.516 4.102 4638 5273 5.859
2x14 1-142 % 13-1/4 18.88 43.89 008 4.968 3.727 3.451 4141 4.831 5521 6.211 6.901




19. Short Term Deflection Limit for L/360

Deflection_limit = L/360 = Span/360 = 16*12/360 = 0.53 in

20. Deflection Passing, 1 for pass, 0 for fail

0.44in<0.53in Pass!

WESTERN
CEDARS

Wood Grade No.1
Span 16 FT
Joist Spacing, o.c. 16 IN
Moisture Content, m.c. 12%
Floor DL T PSF

Floor LL 40 PSF

Wood Species




Any Questions?

yifanma@umich.edu

Thank You!
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