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Glulam Production
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Glulam Properties

* Grading — AITC or APA-EWS

» Orientation — x and y axis

* Density values

* Resawn glulams for narrower sections

GRAD/G, APEARANCE. !
STANDARD Vse:
B RENSG 180 ":::f",‘r‘::
2 COMORESSIH A McH =/ RAL
¢ messo Rt 2 PREMI U4

FURT No,

speies

COMBINAT IO
SYMBot

LAMIRATING &PLC

LLULAN ST DARD

University of Michigan, TCAUP Wood

x %%,

USUAL CASE UNUSUAL CASE
Type of glulam Unit weight
Southern Pine 36 pef
‘Western Species
Douglas Fir-Larch 35 pef
Alaska Cedar 35 pef
Hem-Fir and California Redwood 27 pef

GLULAM FROM
[ NOMINAL 2 LAMS

SAW KERF
23"

l— RESAWN GLULAMS
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Glulam Properties

Dimensions

* Limited mostly by transport

Lam THICKNESSES: —, N
WESTERN SPECIES = /4
SouTHERN ANE = [3"

« Standard dimension given in NDS
Supplement

* Depth based on lam thickness
and number

* Flatter members use 1 2" or
1 3/8” lams

« Tightly curved members use
thinner lams, %"

University of Michigan, TCAUP Wood

2" LAMINATIONS ARE USED
FOR TIGHTLY CURVED
MEMBERS T0 REDUCE
BUILT-IN STRESSES

TOTAL DEPTH =
LAMINATION THICKNESS
X NUMBER OF LAMS

[(rfT ]
NIRRT
EXEE
prTioTy

{ STANDARD GLULAM  WIDTHS !

WESTERN SPECIES 34, 5,64, 8%, 10F
SOUTHERN FINE 3, 5, ¢}, 8%, 10#

"

13" (or [§") LAMINATIONS USED Fork
STRAIGHT OR SLIGHTLY GURVED
MEMBERS
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Glulam Properties

Effects of Defects

Joining methods

W

=

l, ] =

1
k45'/\/0 JOINT SPLICES ARE To BE
WELL SCATTERED UNLESS THE

% / SAWN LUMBER

§
18N

Ll

II i
knoT DISPLIKSED> @ \GLULAM

THROUGHOUT

JOINTS ARE PROOF LOADED MEMBER
(HORIZON TAL FINGER JOINT SHOWN)
T T
|
3 H |
N S S W SR N
VERTICAL HORIZONTAL SCARF _JOINT
FINGER JOINT — FINGER JOINT
University of Michigan, TCAUP Wood
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Glulam Properties

Layup Strategies

outer vs core
top vs bottom

effects on stress
effects of orientation

GLULAM

BEAM

COMPRESSION

LA

—_——

TENSION /
BENDING BEAM
STRESS SECT

P
P

University of Michigan, TCAUP

Wood

WIDE FACE @

@ OF LAMINATIONS
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Allowable Stress Design by NDS — Ch. 5

Flexure

Allowable Flexure Stress
F,’

F, from tables determined by species
and grade

F,’ =F, (usage factors)

usage factors for flexure:
Cp Load Duration Factor
Cys Moisture Factor
C, Temperature Factor
C_ Beam Stability Factor
— Cy Volume Factor
C;, Flat Use
——— C,Curvature Factor
— C, Stress Interaction Factor

University of Michigan, TCAUP

Wood Structures

Actual Flexure Stress
fb
f, = Mc/l = M/S

S = I/c = bd?/6
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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
Cyy Moisture Factor
C, Temperature Factor
C,, Shear Reduction Factor

University of Michigan, TCAUP

f,=VQ/1b=15V/A

maximum

Actual Shear Stress fv

Can use V at d from support as

Shear at Supports

43 34

d
Loads 1o the left of the
dofted line. ool be
s
TR

Wood Structures
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Allowable Stress Design by
Compression

NDS

Allowable Compression Stress
F.

F. from tables determined by species and
grade

*F.’ = F, (usage factors)

» usage factors for flexure:
— CpLoad Duration Factor
— Cy Moisture Factor
— C;Temperature Factor

— Cp Column Stability Factor

fy

f, = PIA

Actual Compression Stress

Ne c,,

University of Michigan, TCAUP

Wood Structures
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Adjustment Factors

Table 5.3.1 Applicability of Adjustment Factors for Structural Glued
Laminated Timber

ASD ASD and LRFD LRFD

only only
3| 3| E| | 3| 2| 8|3 |5 | E| §|E E
- s|8|8| = == -

Ke | ¢
Fb=F, x [Cp Cy C C Cy Cu, C. C - - - 254085 1
F,=F, x [[€giCx C - - - - - - - - [BHOKSIE
F,=F, x f&8 Cy C - - - - - Cn, - - [DIRENOWSHEY
Fa=F. x [fEllC C2 - - - - - - - - [EISRE0sSEEN
Fo=F. x [€p Cv C - - - - - - Cp - 240090 2
Fu=F.x B Csy C - - - - - - - C, HiGHOGHEEE
E=E x [lB@Cy C - - - - - - - - NS
Ewin =Ewinx | - O G - - - - - - - - 176085 -

1 The beam stability factor, Cy, shall not apply simultaneously with the volume factor, Cv, for structural glued laminated timber bend-
ing members (see 5.3.6). Therefore, the lesser of these adjustment factors shall apply.
2 For radial tension, Fy;, the same adjustment factors (Cys and C;) for shear parallel to grain, F,. shall be used.

University of Michigan, TCAUP Wood
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Adjustment Factors

Allowable Flexure Stress F’

F, from tables determined by species and grade

v

F,=F,(Co CyC,C_CyCsC.C)

Usage factors for flexure:
Cp Load Duration Factor
C, Temperature Factor

v/

Table 2.3.3 Temperature Factor, C,

Reference Design In-Service Ce
Valees Moisture
Conditions' T<100°F 100°F<T<I125'F  125°F<T<ISO'F
F EE Wet or Dry 1.0 09 09
Dry 1.0 08 a7
Fa, By F andFoy Wet 10 07 os

T Wet and &y serv e cond i for wrw s bamber, sructenl gheed Lamamted Snber, prefaraated wood | poeta, dractaal
componite husber, and wood sirncteral panels are specifind s 414,515,714 114 snd 913, respectvely

2012 NDS

University of Michigan, TCAUP Wood

Table 2.3.2 Frequently Used Load
Duration Factors, C*

Load Duration Cp Typical Design Loads
Permanent 0.9 Dead Load
Ten years 1.0 Occupancy Live Load
Two months 1.15 Snow Load
Seven days 1.25 Construction Load
Ten minutes 1.6 Wind/Earthquake Load
Impact? 2.0 Impact Load

(1) Actual stress due

to (DL) <(0.9) (Design value)
(2) Actual stress due

to (DL+LL) < (1.0) (Design value)
(3) Actual stress due

to (DL+WL) < (1.6) (Design value)

(4) Actual stress due
to (DL+LL+SL)
(5) Actual stress due
to (DL+LL+WL)
(6) Actual stress due
to (DL+SL+WL)
(7) Actual stress due
to (DL+LL+SL+WL)

< (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 NDS tables

F,=F,(C, C,C,C.C,C;{,C.C))

Usage factors for flexure:
Cy Moisture Factor
C;, FlatUse

Wet Service Factor, Cy;

When structural glued laminated timber is used where
moisture content will be 16% or greater, design values
shall be multiplied by the appropriate wet service factors
from the following table:

Wet Service Factors, Cy,

F F F, F. F.

Eand E,;,

0.8 0.8 0.875 0.53 0.73 0.833

Flat Use Factor, Cy,

Tabulated bending design values for loading parallel
to wide faces of laminations, Fyy. shall be multiplied by
the following flat use factors when the member dimension

> parallel to wide faces of laminations is less than 12"

Flat Use Factors, C,

o = /Z

Member dimension parallel
Z ! , ’<ll' to wide faces of laminations Cr
10-3/4" or 10-1/2" 1.01
8-3/4" or 8-1/2" 1.04
6-3/4" 1.07
5-1/8" or 5" 1.10
3-1/8" or 3" 1.16
2-1/2" 1.19
University of Michigan, TCAUP Wood Slide 13 of 33
Adjustment Factors
5.3.6 Volume Factor, Cv

Allowable Flexure Stress F,’

F, from NDS tables

F,'=F, (Co Cy ct@cfu c.c)

Usage factors for flexure:
C, Volume Factor

/GLULAM BEAM -
e 2 ‘g,’i
| L= 2/FT l
1 1

University of Michigan, TCAUP

When structural glued laminated timber members
are loaded in bending about the x-x axis, the reference
bending design values. Fy;'. and Fyy. shall be multi-
plied by the following volume factor:

1/x 1/x
L(gﬁg) (2222)" 10 (5.31)
o) Ua) Uy

where:

L = length of bending member between points
of zero moment, ft

d = depth of bending member, in.

b = width (breadth) of bending member.
For multiple piece width layups, b = width of
widest piece used in the layup.
Thus, b <10.75".

x = 20 for Southern Pine

x = 10 for all other species

Wood Slide 14 of 33




Adj u Stm e nt F a CtO rs 5.3.9 Stress Interaction Factor, C;

For the tapered portion of bending members ta-
pered on the Tompression face. the reference bending

Allowable Flexure Stress Fb’ design value, Fy,. shall be multiplied by the following
stress interaction factor:
F, from NDS tables c = (5.3-4)

T \/14,(& tan8/F.C,, )’ +(F, tan 6fF., )’
Fo' =Fp (Cp Cy C;C Cy C, C. C))

where:
Usage factors for flexure: 6 = angle of taper, degrees
cc Curvature Factor For members tapered on the compression face, the
C, Stress Interaction Factor stress interaction factor, Cy. shall not apply simultane-

ously with the volume factor, Cy. therefore, the lesser
of these adjustment factors shall apply.

For the tapered portion of bending members ta-
pered on the tension face. the reference bending design
value, Fyy. shall be multiplied by the following stress
interaction factor:

5.3.8 Curvature Factor, C.

For_curved portions of bending members. the ref-

erence bending design value shall be multiplied by the
following curvature factor:

Co =1 - (2000)(t / R)? &

o

-3) .

\/1+(Fb tang/F,C, ) +(F, tan*6fF, )’

where: G

t = thickness of laminations, in.
where:
R = radius of curvature of inside face of mem-
—_—

ber, in. 6 = angle of taper, degrees

t/R < 1/100 for hardwoods and Southern Pine .
) . For members tapered on the tension face. the

t/R < 1/125 for other softwoods stress interaction factor. Cy. shall not apply simultane-
ously with the beam stability factor, Cy. therefore. the
lesser of these adjustment factors shall apply.

Taper cuts on the tension face of structural glued
laminated timber beams are not recommended.

The curvature factor shall not apply to reference
design values in the straight portion of a member. re-
gardless of curvature elsewhere.

University of Michigan, TCAUP Wood Slide 15 of 33

Adjustment Factors - C;
Allowable Flexure Stress F’

F, from tables determined by species and grade
Fy'=F,(Cp CyC;C Cy Cy, C. C)

Table 3.3.3 Effective Length, ¢,, for Bending Members

Cantilever' when €,/d <7 when £,/d > 7

Uniformly distributed load €~=133¢, €=0.90 €, +3d
ted end €=1.87¢, €=1.44¢,+3d

Conc d load at

PP

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 ¢, €~=137¢€,+3d
diate lateral support

Concentrated load at center with lateral €=1.11¢,

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 €=173 ¢,

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:
€.=2.06 €, when €/d <7
€=163€,+3d when7<€/d<143
€=184€, when €/d> 143

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

University of Michigan, TCAUP Wood Slide 16 of 33




C| Beam Stability Factor

C,_ is calculated using equation 3.3-6
The maximum allowable slenderness, Rg is 50

C, is not used together with C,. Use the lesser.
C_ is not used together with C,. Use the lesser (see commentary).

3.3.3.6 The slenderness ratio, Rz, for bending where:

members shall be calculated as follows:
Fo* = reference bending design value multiplied by

eed 3325 all applicable adjustment factors except Cru,
Rs = b2 (3:3-5) Cv (when Cv < 1.0), and C. (see 2.3), psi
3.3.3.7 The slenderness ratio for bending members, '
= 120 Emm
Rg, shall not exceed 50. Re= 3
3.3.3.8 The beam stability factor shall be calculated Re
as follows:

3.3.3.9 See Appendix D for background infor-
* * 2 * 1 1 il 1 s
_ 1 +(FbE /Fn) ) J[ 1 +(FbE JF: )} R JE; (3.3-6) mation concerning beam stability calculations and Ap

. pendix F for information concerning coefficient of vari-
1.9 1.9 0.95

ation in modulus of elasticity (COVE).

3.3.3.10 Members subjected to flexure about both
principal axes (biaxial bending) shall be designed in
accordance with 3.9.2.

University of Michigan, TCAUP Wood Slide 17 of 33

Adjustment Factors for Shear

Allowable Flexure Stress F,’ Shear at Supports
F, from tables determined by species and grade @ @ @ @
F,” =F, (usage factors) : T ]
.j ; : T
Usage factors for flexure: dm;mmmm
Cp Load Duration Factor ittt bo grorod
Cy Moisture Factor
C, Temperature Factor
C,, Shear Reduction Factor
5.3.10 Shear Reduction Factor, Cyr | o 1 2.0’ | L47")
a ’ ! w = 1.20 % 1 ]
The reference shear design values. F.x and F.y. MODIFIED 1 ‘ -
shall be multiplied by the shear reduction factor, Cy, = LOAD A 2
0.72 where any of the following conditions apply: 1 544 K ? 5,44 K

1. Design of non-prismatic members.

. ——— . .
2. Design of members subject to impact or repet-
itive cyclic loading.
Design of members at notche

Design of members at connectid
_—
11.1.2,11.2.2).

544

y |
(<) \J

5.44

Modified shear V' used to compute reduced shear f,

(9%}

&

University of Michigan, TCAUP Wood Slide 18 of 33




Glulam - Analysis

Example Problem

7. Glulam - Beam

Analyze the cantilever Glulam beam for the given nvur load
(CD=:.3);. Determine the factored allowable stress and actual
stress for the maximum positive and negative moments.

sing the maximum shear force. The

braced by the fiwve =) The
lengths C and D are used for L in calculating Cv for + and -
moments respectively. Determine the required bearing length
at the cantilever support.

DATASET: 2 |EH
Combination Symbol
Species (outer/core)

20F-V2
SP/SP
3.5x13.75IN

2000 PS)

Section Size

Tabulated Allowable x-x Bending
stress, Fbx+

Tabulated Allowable x-x Bending
Stress, Fbx-

Tabulated Allowable x-x
Comp.Perp. Stress, Fcpx
(tension face)

Tabulated Allowable x-x Shear
Stress, Fvx

Total load (D+L)
Beam Span, A
Cantilever Span, B

1550 PSI

740 PSI

300 PS)

0.231231 KLF
25FT
10FT

University of Michigan, TCAUP Wood Slide 19 of 33
Glulam - Analysis
Example Problem
ggction
1. calculate shear and 3.5"%13,%" e o
moment. SR/cehcE/yaninlic 957, Z e
2. determine point of Cp=i1.25
Wehw=8.08"
contraflexure .
15 i
EMe, 2 0= 80871125 -Ry (29) ITe3iELe d ]
\ Kl T K« Z;I KL 10! \
Kz 25,60 . T ,2'43 Lufor + moment Sigg)$ Lufor-moment |
s l n. )
EM, =p = R(25) — 8,085 (15) & , 2.9 !
‘zo. ' K : ( ; Ioﬁ':’“'m
Ri=2,4% T, ; i
YY) ~ !
Marknel. To V=0, M pax ; |
N \ L for - moment CV
X = Z.42€5%.23|m = 0,5 j O L
)=l - el “\! :
HMB)‘ f’oSlTwE = '2' ? Lfoumomentcv ’ u 5“—' |

Mmax NEeATIve = || .5 Kol
\/mi\)‘ = 30 ;{K
Rmax = Gbl® (Brdring)

University of Michigan, TCAUP Wood
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Glulam —

Analysis - Example Problem 20F-V2 SP/SP

Table 5SA Expanded - Ref Design Values for Structural Glued Laminated Softwood Timber Combinations*
(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-Y Axis Axially Loaded Fasteners
(Loaded Perpendicular to Wide Faces (Loaded Parallel to Wide Faces
of Laminations) of Laminations)
Compression Shear Parallel Modulus. Compression | Shear Parallel Modulus. Tension | Compression | _ Specific Gravity
Bending Perpendicular to Grain of Perpendicular to Grain of Parallel to| Parallel to for
to Grain - Elasticity Bending to Grain Elasticity Grain Grain Fastener Design
m Tension | Compression| For For
‘Bottom of beam Top of Beam Face i Deflection ‘Stability Top or
Svessedin Sressedin Calculations® Calculations Calcutations™ Calculations, Bottom | Side Face
tepaion Teraion c L Face
L < (2) 3)
Gombination|  Species | Fix Fux Foix Fo® Fi® | Eywue | Eyap | Evmin ] Fe F. s
: : o
Symbol _| Outer/Core | _ (psi) (psi) (psi) (psi) (psi) (10 psi) | (psi) (ps»_
A6F-1.3E | 1800 | 025 _ 315 185 Ri) & 5 675 025 a1
DF/DF 1600 1250 560 560 265 230 975 1500
DF/DF 1600 1600 265 230 1000 1600
HFMHF 1600 1050 215 190 825 1150
DF/DF 1600 1200 265 230 975 1600
DF/DF 1600 1600 265 230 1000 1600
HF/HF 1600 1600 215 190 875 1250
SP/SP 1600 1400 300 260 15 14 074 1000 1300
SP/SP 1600 1450 300 260 15 14 0.74 975 1400
SP/SP 1600 1600 300 260 16 15 0.79 1000 1550
SP/SP 1600 1250 300 260 17 16 0.85 1050 1550
1600 300 260 LT 1.6 0.85 11 1550
1100 195 £ 170 1.3 12 ois ¥ 75" 925
1450 265 230 16 15 0.79 1000 1550
2000 265 230 17 16 0.85 1050 1600
1400 265 230 15 14 0.74 925 1500
2000 265 230 15 14 0.74 950 1550
1450 265 230 15 14 0.74 900 1600
2000 265 230 15 14 074 900 1600
1400 215 190 15 14 0.74 925 1350
1200 265 230 17 16 085 1050 1600
2000 265 230 17 16 0.85 1150 1650
2000 215 190 15 14 0.74 1050 1450
1300 200 175 15 14 074 825 1100
|24F-E/SPF1 SPF/SPF 2400 2400 215 190 . s 16 085 1150 2000
24F-E/SPF3 | SPF/SPF 2400 1550 215 195 16 15 0.79 900 1750
1550 300 260 15 14 1000 1400
“Svo~ 260 16 15 0.79 1000 1400
2000 300 260 18 14 074 1050 1500
1300 300 K B . 260 ;] 16 0.85 1050 1550
2000 650 650 300 18 1.7 0.90 1700 650 260 1.7 1.6 0.85 1150 1600 0.56 0.55
1450 # 210 ol T 1.7 0.90 1050 315 185 14 13 | 069 75 1000 042
1600 650 650 215 18 17 0.90 1350 375 200 16 15 0.79 1100 1450 0.50 043
2400 650 650 215 19 18 0.95 1450 375 200 16 15 0.79 1150 1550 0.50 043
2400 500 500 215 19 18 0.95 1550 375 190 16 15 079 1150 1550 043 043
[24F-E15 HFMHF 2400 1600 500 500 215 1.9 18 0.95 1200 375 190 16 15 079 975 1500 043 043
[24F-V1 1750 740 650 300 18 LF 0.90 1450 650 260 16 15 0.79 1100 1500 0.55 055
24F-V4 @ SP/SP 2400 1650 740 650 210 18 57 0.90 1350 470 230 16 15 0.79 975 1350 055 043
[24F-V5 SP/SP 2400 2400 740 740 300 1.8 1.7 0.90 1700 650 260 17 16 0.85 1150 1600 0.55 0.55
Y n
3.6 °x13,% Loho
D+Lp= 23(RLF
SP/sP 20F /v  M.c. 9.5
\ N YA
¢
R + tHoAdcoT
e Z( :
Cp =115 Cr
: [
= 1\Z0 2 '
4 2 126 \2
o
( L idlas
Tz =
YA 13,35 3.4
x 4’ - !
I 932 = .ol = oz >0
==
B
e vsg (O
o
University of Michigan, TCAUP Wood Slide 22 of 33




Glulam - Analysis
Example Problem

3. Determine factors

use lesser of CL or CV

S v

5

University of Michigan, TCAUP

R, + ttoAdLoT
EYM“$ F40 000 Pl

Fb = ZDOO(-si

N ves'y!
C,
Ky=25 =300 Sl = 25(12) /1335 = 21.82 > 143

Ke :__"»_Bff/(u

= |.84 (300") =552" (see table footnote)

Re = s 24.89 < 50 v
FbE = |:ZO(740000\= '433'2 5t
24’4'}-&5 _— F ; C )
Fb’ll = Zooo (I:Z;_") = 2500 pei c
CL =0.541
—
(L < CV Az Cl_ MC‘V
Wood Slide 23 of 33

Glulam - Analysis
Example Problem

Table 1D  Section Properties of Southern Pine Structural Glued Laminated Timber (Cont.)
4. Check stress
Depth | Area | X-X Axis Y-Y Axis
d@n) | AG) | LG _[~SG) [ r(in) L(n") | S,(in)
( 3-12 ip)Width (ry=1.010 in.)
5-12 19.25 48.53 17.65 1.588 19.65. 11.23
6-7/8 24.06 94.78 27.57 1.985 24.56 14.04
8-1/4 28.88 163.8 39.70 2.382 29.48 16.84
9-1/4 32.38 230.8 49.91 2.670 33.05 18.89
9-1/2 33.25 250.1 52.65 2.742 33.94 19.40
9-5/8 33.69 260.1 54.04 2.778 34.39 19.65
11 38.50 388.2 70.58 3,175 39.30 22.46
11-1/4 39.38 415.3 73.83 3.248 40.20 22.97
11-7/8 41.56 488.4 82.26 3.428 42.43 24.24
12-3/8 43.31 552.7 89.33 3.572 44.21 2527
13-3/4 48.13 758.2 ‘ 1105 3.969 49.13 28.07
14 49.00 800.3 114.3 4.041 50.02 28.58
15-1/8 52.94 1009 133.4 4.366 54.04 30.88
16 56.00 1195 149.3 4.619 57.17 32.67
16-1/2 57.75 1310 158.8 4.763 58.95 33.69
17-7/8 62.56 1666 186.4 5.160 63.87 36.49
Co?<L o C.
C <o
F Zooa (l Z,S 0.541 ) = 13;3 Ps!
12300 (1)
,5 le. 3
University of Michigan, TCAUP Wood Slide 24 of 33




SgpcTion

Glulam - Analysis s ;
5.6 'x13.%5

Example Problem

Loko
D+l 23\ RLF

SP/sP 2of/ve We. 9.5
o _ / ?z' Co=1.25
Now check section with negative W hw = 808"
moment %5 ;
[ 23/ PLF -~ ]
R ] R ] 4
t Tz"‘;& Lu forz:‘ri)ment 5‘LJK LMﬂt’(‘:’
243 , 20" .
}m: 0.5 f“_’m‘
Mo £ b eest ) 5 i
) | -t S \
g — torpT 7 LA ; |
r;a ’,ﬂfﬁ@_, / Y : et
= ¢ < Z N = o =2 N d Sor-momen
o 250 (91 ﬁ;!mﬂ O Pl 1 : f ntcv
Cp=125Y Cy=1L0 Susg l.o -~ N
Cp ‘ _lL=)4' x = 28— 2l W
b0 Aldl=B ez 925 e :
ﬁg= ;?'Zf) z 12,94 0.94,+3d

Fok = .20 Faoeco

T = 301 i

FY = 15% (125D = (937
CL=0.9313 < C, .. use Co HeT Cy

t.o

University of Michigan, TCAUP Wood

0.9(2)+3(13.35) —dtes’
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Glulam - Analysis

Example Problem 2pction
. . . 3.5"'%13,% " Loho
Now check section with negative moment SP/er 2ot /vt M, 9.5 D+lr= 23(RF
Cr=125
W ho= 8.08%
cC %5 :
.S " Ieareee < |
r’b - lsfo ("zs’ 0.4?3 > - I‘é&i' Kl T1.4;& Lufor+mur'nen| i@ufolr?m;ment I\
= QD= . p53 ¢ 1685 v ok v | e !
x lo.3 —_ )@N; o5 1A |8 |
T L ‘ )
! Sl i ' (V4
CD : ' 4 momeLlCV
E!. 300(l.25) = 375 psl il
\Y ot >-4
S e ZII _’_' \ - |
v 5 (3350) , '
r\/ = _i_ 7\— - |;4(8 ‘30 = '04 ( 37{ \/UK L for + moment CV ' :

Fo=F40(113 ) sAy 2" (cwst o sawe
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Glulam - Design
Procedure

Given: Glulam grade, loading, bracing,
conditions (moisture, temperature)

Find: section dimensions

1. Guess section: d in inches — 0.9 L in feet
b/d —» 1/3to 1/5

Calculate C,,

Calculate C,

Estimate DL

Calculate moment

Determine actual bending stress f, = M/Sx
Determine F’

© N o ko

Check bending stress, revise if required
9. Check shear stress

10. Check bearing

11. Check deflection
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Glulam - Design
Example Problem

X
Ltonkd Dl J/F‘ L¥se
Peor  ZoF-v3 [T Secp
F = 2000 psi ‘T\ 30! a4
X 1335 + SELF
Fox = 265 psi
E‘Y min ijoecers braced at supports and load point
Vensty 3.2 fcf
&y
éwn:?’; Sz ! ,
da ol 20.9(30) =27 '
1. Guess section: d” —- 0.9 L’ b l ) S|
- X T T TRY .12 Kz
b/id — 1/3 to 1/5 L% 3y TR Ry

RY 51265 x 2F  A=138.4.0 Sx =61}
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Glulam — Analysis - Example Problem 20F-V2 SP/SP

Table5A E ded - Ref Design Values for Structural Glued Laminated Softwood Timber Combinations*
(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-Y Axis Axially Loaded Fasteners
(Loaded Perpendicular to Wide Faces (Loaded Parallel to Wide Faces
of Laminations of Laminations)
‘Compression Shear Parallel Modulus Compression | Shear Parallel Modulus Tension | Compression Specific Gravity
Bending Perpendicular to Grain of Perpendicular to Grain of Parallel to| Parallel to for
to Grain Elasticity Bending to Grain Elasticity Grain Grain Fastener Design
Tension | Compression| For For For For
‘Bottom of beam Top of Beam Face ‘ace Deflection ‘Stability Deflection ‘Stability Top or
Svessedin p— Calculations™® Calculations| Calcutations™ Calculations, Bottom | Side Face|
tonsicn Teraion Face
Gombination |~ Species Fu® Foy Eywwo | Evao [ Eymin | Fu Fo G
Symbol _| Outer/ Core (psi) (psi) (10°psi) | (10°psi) | (10°psi) | _(psi) (psi)
16F-1.3E | 185 315 Ttz | a4 | ose 675 025 a1
16F-V3 DF/DF 265 560 16 15 079 975 1500 0.50 0.50
DF/DF 265 560 16 15 0.79 1000 1600 0.50 0.50
HFMHF 215 375 14 13 0.69 825 1150 043 043
DF/DF 265 560 16 15 0.79 975 1600 0.50 0.50
DF/DF 265 560 16 15 079 1000 1600 0.50 0.50
HFMHF 215 375 14 13 0.74 875 1250 043 043
SP/SP 300 260 15 14 074 1000 1300 0.55 055
SP/SP 300 260 15 14 0.74 975 1400 0.55 0.55
SP/SP 300 260 16 15 0.79 1000 1550 055 0.55
SPISP 300 260 17 16 0.85 1050 1550 055 055
SP/SP 300 260 LT 16 0.85 1100 1550 0.55 0.55
SE 195 £ _ 170 13 12 063 | 725 925 & @
DF/DF 265 1450 560 230 16 15 0.79 1000 1550 0.50 0.50
DF/DF 265 1450 560 230 T 16 0.85 1050 1600 0.50 0.50
AC/AC 265 1250 470 230 15 14 0.74 925 1500 0.46 046
AC/IAC 265 1250 470 230 15 14 0.74 950 1550 046 046
POC/POC 265 1300 470 230 15 14 0.74 900 1600 046 046
POC/POC 265 1300 470 230 15 14 074 900 1600 0.46 0.46
HF/HF 215 1200 375 190 15 14 0.74 925 1350 043 043
DF/OF 265 1400 560 230 17 16 085 1050 1600 0.50 0.50
DF/DF 265 1550 560 230 17 16 0.85 1150 1650 0.50 0.50
HF/HF 215 1450 375 190 15 14 0.74 1050 1450 043 043
ESI/ES 200 1000 315 175 15 14 074 825 1100 0.41 0.41
24F-E/SPF1 SPF/SPF 215 1150 470 190 . s 16 085 1150 2000 042 0.42
24F-E/SPF3 SPF/SPF. 215 1200 470 195 16 15 0.79 900 1750 0.42 0.42
300 16 15 0.79 1450 650 260 15 14 0.74 1000 1400 0.55 0.55
300 16 15 0.79 1600 650 260 16 15 0.79 1000 1400 0.56 0.55
300 17 16 0.85 1450 650 260 18 14 074 1050 1500 0.55 0.55
300 18 37 0.90 1400 650 260 ;] 16 0.85 1080 1550 0.56 0.5
300 18 1.7 0.90 1700 650 260 1.7 1.6 0.85 1150 1600 0.56 0.55
210 : g 1.7 0.90 - 1050 | 315 185 14 13 | 069 75 1000 . 042
215 18 17 0.90 1350 375 200 16 15 0.79 1100 1450 0.50 043
215 19 18 0.95 1450 375 200 16 15 0.79 1150 1550 0.50 043
2400 2400 500 500 215 19 18 0.95 1550 375 190 16 15 079 1150 1550 043 043
[24F-E15 HFMHF 2400 1600 500 500 215 19 18 0.95 1200 375 190 16 15 0.79 975 1500 043 043
[24F-V1 SP/SP 2400 1750 740 650 300 18 LF 0.90 1450 650 260 16 15 0.79 1100 1500 0.55 055
24F-V4 @ SP/SP 2400 1650 740 650 210 18 57 0.90 1350 470 230 16 15 0.79 975 1350 055 043
[24F-V5 SP/SP 2400 2400 740 740 300 1.8 1.7 0.90 1700 650 260 17 16 0.85 1150 1600 0.55 0.55
Glulam - Desi
g 5.3.6 Volume Factor, Cv
Example Problem
When structural glued laminated timber members
are loaded in bending about the x-x axis. the reference
. . o . .
bending design values. Fyy'. and Fpy. shall be multi-
plied by the following volume factor:
1/x 1/x 1/x
21 12 5125 3
c, == [==] |Z==] <10 (5.3-1)
L d b
where:
L = length of bending member between points
2. Calculate C,, of zero moment, ft
= depth of bending member, in.
= width (breadth) of bending member.
For multiple piece width layups, b = width of
widest piece used in the layup.
Thus, b <10.75".
x = 20 for Southern Pine
x = 10 for all other species
: % e x =10
Cu = (% Tl AdE g
= ¢
- /7 £ 5 L= 30
Jd=e3"
C,z2 ©, 8 9 "
v b = 5128
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Glulam - Design

Table 3.3.3 Effective Length, ¢,, for Bending Members

Example Problem

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

support at center

€=1.11¢,

3. Calculate C_ c
L

= i

Ry, =

use lesser of C,, or C,

A,
44
T

= |t ZEymn

= 1%

= 1L = 1998

[179.8(2®)
= W - 14:;3

1.2 (7'100“‘3 - 14%5.¢ Fst

FbE,

ﬁ;*

Re? 14.33°

2000 (Cb> z 2000

- O, 0,889 = vse Co
Ci= 0181 < O0BEI7Cy ReT C
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Glulam - Design
Example Problem A 135
UJGE-LF =P m = 3l.2 —,ng'" = %0 PLF
4. Estimate DL
. FL wd® 2150 (30) ?0(3031
5. Calculate moment % U —L(%— e
i i = T+ 33 ¢ ‘Hq e
6. Determine actual bending stress M = BnseH ek
fo = M/Sx
. Mo 76499 (12D
; s — = P2 l
7. Determine F'b £, . " 474 0
8. Check bending stress, revise if
required
FlL=E (e ) = 2ese (27310 = 14720
Fi=1478 > 1474 = §, péss
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Glulam - Design

Example Problem DrL \Lf’z 2750%
9. Check shear stress [ Sete sl
10. Check bearing + B 30! T
11. Check deflection \315 + SELF
U AR
\/ = —E + u_:_/'? = .él-s:-o; 3_‘1—;:) 2 l’s—;{‘-!- 4{02(&25—*
max — 2 3 A 2

FL'—‘ 265 ps >l‘7-75*-ﬁ, S PASS
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