Bending Member Design
* Check:

* Flexure
» Shear
» Deflection

» Bearing

Bending Member Design

 Check:




Bending Member Design
Avoid notching whenever possible -
especially on tension faces of beams

NDS states “bending members shall not be
notched except as permitted by 4.4.3, 5.4.4,
7.4.4,and 8.4.1.”

Use gradually tapered notches

Square cut notches result in greater problems
from stress concentrations

Bending Member Design

» See Figure 4A for SAWN LUMBER notch
recommendations

* No notches in middle third of span

* Interior notches located in outer thirds of
span are permitted; depth can’t exceed 1/6
beam depth

* Interior notches are not permitted on
tension side of nominal 4 in. thick members

* Notches at ends of member over a support
can be larger — not greater than s beam
depth




Figure 4A Notch Limitations for
Sawn Lumber Beams
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Bending Member Design
» Notching requirements for GLUED-
LAMINATED TIMBERS:
* Don’t notch tension side of glulam beams

* Notches are permitted on tension side at
ends of beams over a support

* Notch depth can’t exceed lesser of 1/10
depth or 3 in.

* Notches are permitted on compression side
of beam only at the ends, and notch depth
can’t exceed 2/5 depth of beam




Bending Member Design

* Notching requirements for Wood I-JOISTS:
* In general, don’t notch I-joists.

» Consult with manufacturer before
notching

* Notching for STRUCTUAL COMPOSITE
LUMBER

+ Use same recommendations as glulam

» Flexural design equations (NDS 3.3.2):

for rectangular beams : d
; _M_6M
® S bd?

f <F,'=-F,C,C,C,C,C.C,C.CC.C.C,




Table 4.3.1 Applicability of Adjustment Factors for Sawn Lumber

Load Duration Factor
Wet Service Factor
Temperature Factor
Beam Stability Factor
Flat Use Factor
Incising Factor
Repetitive Member Factor
Form Factor
Column Stability Facior
Buckling Stiffness Factor
Bearing Area Factor

Size Factor
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Example Test Beam

Sample beam from bending test. The tension
face of the beam is shown here at midspan.

Bending failure on tension face of beam




» Beam stability factor, C,: 1

* whend<b,C, =1
d
b

 when compression edge is
fully supported to prevent
lateral displacement, C, =1

* When sawn lumber bending
members are designed in
accordance with NDS 4.4.1,
C =1

Bending Member Stability

* Test beam after
load was applied




Bending Member Stability

» Lateral torsional
buckling occurs on
compression edge ¢ INTRON
of beam
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7 INSTRON

+ Beam stability factor, C, :

« when d > b and no
additional lateral
support provided
beyond that at the
bearings, C, is
calculated

find unsupported length,
I

u

then find effective
length, I, from Table
3.3.3




Table 3.3.3 Effective Length, i, for Bending Members

Cantilever! when €,/d <7

Uniformly distributed load €=133 & -

Concentrated load at T t=s €, Ceia ledd
unsupported end

Single Span Beam!:? when €,/d <7 when €,/d 27

Uniformly distributed load

Concentrated load at center
with no intermediate lateral support

Concentrated load at center
with lateral support at center =111 6,

Two equal concentrated
Ioads at 173 points with £,=168 €,
lateral support at 1/3 points

Three equal concentrated
loads at 1/4 peints with €.=158 €,
luteral support at 1/4 points

Four equal concentrated
loads at 1/5 points with €.=168 €,
lateral support at 145 points

" Five equal concentrated
loads at 1/6 paints with &=113 €
lateral support at 1/6 points

Six equal concentrated X
loads ot 1/7 points with €.=178 €,
lateral support at 1/7

Seven or more equal concentrated

loads, evenly spaced. with lateral =184 £,
support at points of load application
Equal end moments =184 0,

1. For single span or cantilever besufing membors with loading conditions net specificd i Table 131,
f £

eam bility factor, C
s find I,

+ find slenderness ratio, Rg

Ld < 5

b2

« calculate stability factor, C,:




+ Beam stability factor, C, :

+ F,* is tabulated bending design value multiplied by
all adjustments except C;,, C,, and C,

Fb* — FbCDCMCtCFCiCrCch

+ Beam stability factor, C, :

E'=EC,,C,CC;

* K, = 0.439 for visually graded lumber
* K,e = 0.561 for MEL
* K. =0.610 for MSR, glulam




* Flexural design equations:

f = % <F,'=F.C,C,C,C,C.C,C,CC.C.C,

. B

Beam Design Example

 Given:

« Beam supporting roof trusses; 18 ft Span

» 4 point loads, 6 ft OC; 3200 Ib. Snow + 1600
Ib. Dead

» Lateral restraint at supports and at each
load application point

4800

6ft —§—3 (| Uib.Tvp
|

TYP
V' A
I— 18ft ——




Find:

* Southern pine glulam beam size and
combination that will carry loads

1 ! A ! A
e Assume: A—

* Dry conditions
* Normal temperatures

» Maximum live load deflection = L / 360

Solution:

« Max. Bending Moment = 28,800 Ib.ft
* Max. Shear Force = 4,800 Ib.

* Max. Reaction Force = 9,600 Ib.

4 @ 4,800 Ib.
I
L) L
9,600 Ib. 9,600 Ib.




84 REFERENCE INFORMATION

Figure 10.9 Simple Beam - Two Equal Concentrated Loads Symmetrically Placed|
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* Find trial size first by assuming that we will

use a 24F-1.8E stress class; initial guess for
F,’ = 2400 psi

(28,800 Ib.ft ) 12

S >
2400 psi



Trial Size:

* Try a glulam beam with a 3.0 in. width and find
size with S > 144 in3

* From NDS Supplement Table 1D, we can try a
3.0 x 17.875 in. beam (S = 159.8 in3)

* This is based on the assumption that we have
a 24F-1.8E glulam stress class

Table 5A Design Values for Structural Glued Laminated Softwood Timber

(Members stressed primarily In bending) (Tabulated design values are for normal load duration and dry service conditions. See NDS
5.3 for a comprehensive description of design value adjustment factors.)

Use with Table 5A Adjustment Factors

Bending About X-X Axis Bending About ¥-Y Axis Axially Loaded Fasteners
Loaded Porpendicutar 1o Wide Leadod Parabel to Wide
. Faces of Laminaticns | Facos of | tions |
) Extrome | Comprossion | Ghaar | Woouks | Tenson | Compmssion| Modus | Speciic Gty Species Group for
Extroms Fitat in Perpendoular | Paralel o Fioer i | Perpenciculsr | Paralel o Pasalel 0| Paralel o of tor Dl Tygst Spit Ring and Shear
[ w0 Geain toGmin | Easicly |Bending| toGein | womn | Bastoty | Grain Gran | Dastcty Diesign
(Harizaraal) | (Herizanmsl)
Tension Compresaicn
Zone Ione
Stressed Stresaed
in Toraion in Tesion
Top or Botiom |
(Postive llercng) iegatre Berder) Faos S Face
lstress Class Fus” Fo Fa Fu | B | Fu Fuy | B | E F -
_ Lpi) fpsh | lpsi) fpsi) |(10°ps) (pei) | (ps) | (s 110 psih| (osd) —
35 155 | 11 | ezs 035 [ [
315 155 | 12 T8 042 c c
| ms | o | 13 | 75 042 c | c |
soo | 210 | 18 | 1100 050" A B
560 2™ | 16 | nse 050 A [
650 235 17 | reso 0.55 A A
30F-2.1E 5P ™ 21™ | 1750 650 235 17 1250 0.86 A A

1. For balanced layups, F,,' shall be cqual to F,," for the stress chass, Designer shall specify when balanced layup is required
Negative bending stress, F, is penmisted o be increased 1o 1850 psi for Douglas Fir snd ta 1950 psi for Souther Pine for specific combénations, Designer shall specify when thess increased stresses ae
regquired.

3, For structurs] ghoed lamisated timber of Southern Pise, shear stress s permitied o be increased toc F,, = 270 psi, F,, = 235 psk.

4 For non-pristmatic members, notched members, memibers subject 1o impact of cyclic Joading, or shear design of bending mermbers at connections (NDS 3.4.3.3), the design value for shear dhall be maltiplied
by a factor of 0.8, For the descrmisation of radisl tension design values (NDS 5.2.2) the design vabae for shear shall be muhlp'llcd hr a factor of 0.7 for DF-L and 5P or by 08 for all other mrun

5. Design vabses are for timbers with laminations made from a single piece of lumber across the widsh or multiple pieces that have b di ded. For timbers frven phe piece |
[across wideh) that are not edge bonded, value shall be mushiplied by 0.4 for mensbers with 3, 7, or 9 laminations or by 0.5 for all other members. This reduction shall be cumsslative witls the adjustment in
footnate ()

6. Certain Southern Pine combinations may contaln coarse grain lumber with wane. [f bamber with wane ks used, the design vaboe for shear parallel o grain, Fyy, shall be multiplied by 067 if wass is allowed
o both sides, 1f wane i limited tn one side, Fyy shall be mubtiplied by 053, This reduction shall be cumulative with the adpsument in footmole (4).

7. 26K 25F, and 30F beanws are not produced by all manufacturers, therefare, availability nsay be limised. Costact supplier or manafacturer for details.

B 0F combimations are restricied 1o a maximum 6 in. poeminal width.

9. For 23F and 30F members with more than 15 lamisations, E, = 20 million psi.

10

For stroctural ghasd lamisased timber of Southem Pine, specific gravity for fastencr design is permitied 10 be increased to 0.

Design values in this table represent design values for groups of similar glued laminated timber combinations. Higher design values for some properties may be obtained
by specitying a particular combination listed in AITC 117-2001 Design or APA-EWS ¥117. Design values are for members with 4 or more laminations. For 2 and 3 lamination
members, soe Table 58. Some stress classes are not available in all species. Contact glued timber for




Table 1D Section Properties of 5. Pine Glued L

Depth | Ama | T XX A
i) | AdinT) | i [ B, in ) [ niad
3172 In. Widih (r, = 0.722 vy
52 13,75 12,60 1.588
674 17.19 a: 1985
Bl/a 2063 2382
958 2406
11

EEETN
1518
16112
173

146104

esign Dat 24F-1.8E southern pine 3.0 x 17.875

A =53.63 in? Foxx = 2400 psi

Sxx = 159.8 in® = 650 psi

Ixx = 1428 in* F..x = 240 psi
E,, = 1.8 x 106 psi




Design Data: 24F-1.8E southern pine 3.0 x 17.875

Co=1.15forsnowload C_=NA

Cy=1.0 C;=NA

C,=1.0 c,=1.0

C, = ? (to be determined) C, = NA

C, = ? (to be determined) C;=NA

C;,,=NA

C.=NA

C.=NA

* Volume Factor, C,
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use C, =1.0




« Beam Stability Factor, C,

 Effective length for 2 equal concentrated
loads @ 1/3 points

|, =1.68l,=(1.68(72 in)=12096 in
+ Slenderness Ratio, Rg

(120.96 in.)17.875 in.)
(3.0in.)
R, =15.5

- Beam Stability Factor, C,

F ot =lFC.C e e T




« Beam Stability Factor, C,

~EC,C,CC, =1.8x10° psi

KyeE' _ (0.610)(1.8x10° psi)

=4570 psi
(15.5) P

— F.C, = (2400 psi)1.15)= 2760 psi

- Beam Stability Factor, C,

4,570 psi
2,760 psi

1.9

C. =

4,570 psi 4,570 pSI
2 760 pSI 2,760 pSI

0.95




» Check Bending Stress:

M
f = <
35

(28,800 Ib.ft)(lz 'frlj

f =
° (159.8 in?)

f, = 2163 psi

F'

» Check Bending Stress:

Fb': FbCDCL

F,'= (2400 psi)1.15)0.94)
F,'= 2594 psi




+ Check Bending Stress:

f, = 2263 psi < F, '= 2594 psi

Conclusion: beam size is acceptable in
bending stress




