


Hybrid Course Outline

1Module 1 Introduction — Limit states
2Module 2 Tension

3Module 3 Compression

4Module 4 Corrosion and Software
5Module 6 Beams

6Module 7 Beam Columns and Plate Girders
7Module 7 Steel Connections

8 Module 8 Composite Steel Design
9Module 1a Introduction to Timber

10Module 2a Design of Timber 2

This module series can be used with 379/4t year
steel design providing these listed topics are
discussed.

The module series takes approximately 4 50 minute
lectures. It is based on the construct of :

Chorlton, B., Mazur, N and Gales, J. (June 2019)
Incorporating Timber Education into Existing
Accredited Engineering Programs. 10th Canadian
Engineering Education Association’s Annual
Conference., Ottawa, Canada. 8pp.

This second module is not intended to be included
with second year curriculum as it requires
knowledge of limit states.
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Typical Timber Undergraduate Course Outline

Introduction

 Wood as a green building material '\Qggécgogs%n
* History of wood structures /@
Physical and mechanical properties of wood

* Molecular and cell structure

* Physical properties

* Mechanical properties

Structural wood products & structural forms

Strength and modification factors

» Specified strength of wood, size, use, species and grades

* Modification Factors

* Shrinkage calculation

e Modification factors

Fire safety

Design Process

* Limit States Design — Ultimate & Serviceability Limit States

Purple we will cover in Module 2.
Blue is covered elsewhere in Steel Design.

Design of Tension Members Red covered elsewhere in Module 1.
Design of Compression Members
Design of Bending Members Diaphragms are not covered herein

Combined bending and axial load

Connections
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Sawn Lumber (Tension)
Tensile resistance parallel to the grain can be taken as:

Tr — d] |:t An KZt

Table 6.3.1A
Specified strengths and modulus of elasticity for
structural joist and plank, structural light framing,
and stud grade categories of lumber, MPa

° M Compression
r E e C a re a r I I l Bending Perpen-  Tension
' at Longi Parallel dicular  parallel Modulus of elasticity

Species extreme tudinal tograin, tograin, tograin, °
° ° ° identification Grade fibre, f;,  shear, f, f. fo fi Eys
D Fir-L SS 16.5 19.0 10.6 12 500 8500
— U 9 No.1/No.2 10.0 1.9 140 7.0 5.8 11000 7000
- " No. 3/Stud 4.6 73 2.1 10 000 5500

F, = f, (Kp Ky Ke, Ko) specified strength .5 "

f. = specified strength in tension factors :
parallel to grain, MPa
(CSA 086 Tables 6.3.1A, 6.3.1B,
6.3.1C, 6.3.1D, 6.3.2 and 6.3.3)

13.0 6.2 7 500 5500
13 10.4 3.5 4.0 7000 5000
52 2.0 6500 4000

A, = net area of cross section, mm?

Kz = size factor in tension
(CSA 086 Table 6.4.5)

fl\.“‘l“.‘;l" WOOd Canadian  Conseil
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Glulam Members (Tension)

The factored tensile resistance, Tr, parallel grain is calculated as the lesser of :

Table 7.3
I — F A Specified strengths and modulus of elasticity
r tn 1] for glued-laminated timber, MPa

(See Clauses 7.5.9.3, 10.5.3, 10.5.4, 10.5.5, 10.6.3.1, 10.6.3.6, 10.6.3.7, A.6.5.6.3.6.)

Douglas Fir-Larch

D r 24LE 24LFEX  20£E  200EX  IBLE 160-F
Bending moment (pos.), f; 30.6 306 25.6 25.6 243 14.0
Bending moment (neg.), 23.0 306 19.2 25.6 243 14.0
Longitudinal shear, f, 20 2.0 2.0 2.0 2.0 2.0
I r — ¢| Ft A Compression parallel, f; 30.2* 30.2¢ 0.2 3020 30.2 30.2
g g Compression parallel combined 30.2* 30.2 30.27 30.2 30.2 30.2
with bending, f,
Compression perpendicular, f; 7.0 7.0 7.0 7.0 7.0 7.0
Compression face bearing
Tension face bearing 7.0 7.0 7.0 7.0 7.0 7.0
¢, — 0 9 Tension net section, fi,, 204 204 20.4° 20.4 23.0 20.4
- (see Clause 7.5.11)
W e re * Tension gross section, f(g 15.3* 153 15.3* 15.3 17.9 153
.
Ftn = fln (KD KH KSt KT) Tension perpendicular to grain, fi,  0.83 0.83 0.83 0.83 0.83 0.83
Modulus of elasticity, £ 12 800 12 800 12 400 12 400 13 BOO 12 400
F = f (K K K K ) Hem-Fir and
tg tg D "™H St ThT Spruce-Lodgepole Pine-Jack Pine Douglas Fir-Larch
20f-E 20f-EX 14t-E 12c-E 24{-E 24-FX
f,, = specified strength in tension parallel Bending moment (pos), 36 e 25 s 06 308
H H Bending moment (neg.), f; 19.2 25.6 243 o8 230 30.6
to grain at the net section, MPa nar 91
Longitudinal shear, #, 1.75 1.75 1.75 1.75 1.75 1.75
(CSA 086 Table 73) Compression parallel, f. 25.2* 2527 25.2 25.2 — —
Compression parallel combined 25.2° 252 252 25.2 — —
. . . with bending, f,,
f‘(g - SpeCIfled Strength In ten8|on para"el Compression perpendicular, f, 5.8 5.8 5.8 5.8 4.6 7.0
H H C face be
to grain at the gross section, MPa ompression face bearing
Tension face bearing 5.8 5.8 5.8 5.8 7.0 7.0

(C SA 086 Table 7 3) Tension net section, fy, 17.0° 17.0 179 17.0 20.4* 20.4

(see Clause 7.5.11)

_ H 2 Tension gross section, f(g 12.7* 12.7 134 127 15.3* 153
An o net area Of Cross SeCtlon’ mm Tension perpendicular to grain, fi,  0.51 0.51 0.51 0.51 0.83 0.83
Modulus of elasticity, £ 10 300 10 300 10 700 9700 13100 13 100

A, = gross area of cross section, mm?2

WOOd Canadian Conseil
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Sawn lumber (Compression) Pare——

Not as simple as timber. 10+ gt
Slenderness factor, Kc, is Py = ¢ Fo AKzy Ko for buckling I direction of d
used to relate the P = ¢ Fo AKzes Ko 1.0+ gepCe |
slenderness to load capacity. where for buckling in direction of b

It is based on a cubic p =08

expression (Rankine- F. = f. (Ko Ky Kss Ko

Gordon). Reliability is set to f. = specified strength in compressiol

0.8 is based on a nominal Tables 631, 6318, 6310, = gttt aven 1 054
load eccentricity of 5% of 6.3.1D, 6.3.2 and 6.3.3) E,. = modulus of elasticity for design of
the member dimension in A = area of the cross-section, mm? compression members, MPa
the direction of buckling K, = size factor " 6310 for visualy graced lumber
(averaged). Slenderness Kyoq= 6.3(dL) % < 1.3 for buckling in ] Ei :Z::E’Em::

ratio Cc, is restricted to a direction of d

max of 50 (If violated add Kzee= 6.3(bLy)""2 < 1.3 for buckling in

. : direction of b
supports or increase size).

fu.:\“l‘;gl‘l WOOd Canadian  Conseil /
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Glulam (compression)

For cases where compression is alone,
16¢-E Douglas Fir or and 12c-E in spruce
pine is recommended. Where
combined with bending effects. It is
generally most economical to use
bending grades in either of the above
group combinations.

The wood design manual contains
column selection tables that assist in
determining appropriate column
sections.

Module 2: Design of Timber

Factored compressive resistance parallel to
grain, P,, may be calculated as

P,
where
b
Fe
fe

b Fo A KzgKs

0.8
fo (Ko Ky Ksc Kq)

specified strength in comprassion
parallel to grain, MPa (CSA OBE6
Table 7.3)

cross-sectional area, mmé
0.68 20" 1.0
member volume, m*

slenderness factor

FC‘ K.Ecg GCS l—1

1.0+
35E0s Kee Kr

modulus of elasticity for design of
glulam columns, defined as

E.. = 0.87 E (the value used for
modulus of elasficity for design of
long columns is taken as a 5th
percentile value because
compressive resistance of a
column is an ultimate limit state)

41 Il WOOd Carar
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Effective length

TAEBLE 8.1

K, factor for columns  Degrse of end restraint of Effective length Symbaol

(from CSA 086 compression member factor K

Table A6.5.6.1) - - — - i
Effectively held in position and restrained 0.65

against rotation at both ends K

Effectively held in position at both ends, 0.80
restrained against rotation at one end !

Effectively held in position at both ends, 1.00
but not restrained against rotation

Effectively held in position and restrained 1.20

against rotation at one end, and at the

other restrained against rotation but not ex
held in position

Effectively held in position and restrained 1.50

against rotation at one end, and at the
other partially restrained against rotation
but not held in position

Effectively held in position at one end but 2.00
not restrained against rotation, and at the

other end restrained against rotation but

not held in position

Effectively held in position and restrained 2.00 -
against rotation at one end but not held KN
in position nor restrained against rotation S

at the other end

Note:

Effective length L, = K.L where L is the distance between centres of lateral supports of the compression member
in the plane in which buckling is being considered. At a base or cap detail, the distance should be measured

from the outer surface of the base or cap plate. The effective length factor K is required to be not less than what
would be indicated by rational analysis. Where conditions of end restraint cannot be evaluated closely, a conserva-
tive value for K, should be used.

¥

WOOd Canadian Conseil
SMART  Comi  autor.
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Considerations for CLT (compression walls)

CLT panels are more commonly being used for wall applications to resist axial
loads in the plane of the panel. The contribution of the orientation of the
layers of the panel are very important as most contribution comes from those
parallel to applied load. Those perpendicular are generally neglected (see CL
8.2.4). The effective thickness is proportional to the effective radius of
gyration (calculated only for contributing planes). Design is similar to sawn
lumber, in that slenderness effects are still at play but calculated differently
however these are limited now to 43 and not 50 as before.

N | \/\/OOd Canadian  Conseil
Module 2: Design of Timber canadien
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Considerations for CLT (compression walls)

The effective wall thickness for a CLT panel IS The factored compressive resistance of CLT

equivalent to V12r.¢ since CSA 086 requires pa”ils ”:”je; af' faiis caloulated as
layers in CLT walls with laminations oriented e
. ) ] where
perpendicular to the applied axial load to be o 08
ignored. The ratio L./ regr is limited to less than - f'(K < Ke K
150 and therefore, the slenderness ratio is Tooee e

f. = specified strength in compression

limited to approximately 43, parallel to grain of the laminations
. i o oriented parallel to the axial load,

The size factor K. is calculated similar to sawn MPa (CSA 086 Table 8.2.4)
lumber except the effective wall thickness A = effective cross-sectional area of

. . . CLT panels accounting only for the
V12r¢ is substituted for the member thickness layers with laminations oriented
because the layers with laminations oriented parallel to the axial load, mm?
perpendicular to the axial load are neglected. Kze= size factor for compression

-0.13
Slenderness factor K is also based on the same = 63(Vizr,L) <13
calculation approach for sawn lumber.

'.‘\ I‘.,i' WOOd Canadian  Conseil /
Module 2: Design of Timber 2t Wood canadien
¢ [l S M A RT Council du bois



Considerations for CLT (compression walls)

The factored compressive resistance of CLT
panels under axial load is calculated as:

Pr = ‘b Fl: Aeh‘ KE{: K{}

where

Kc = slenderness factor

-1
3
:[m FoKa }
35E05 (KSE KT)

Eos = modulus of elasticity for design of
compression members, only for the
laminations oriented parallel to the
axial load, MPa (CSA 086 Clause
8.2.4)

CzLe

© o2

L, = effective length
= KoL

K. = effective length factor for
compression members (Table 8.1)

L = height of the panel, mm

Module 2: Design of Timber

Acti =

effective radius of gyration, mm

leﬁ

Aeﬁ
effective out-of-plane moment
of inertia of the panel accounting
only for the layers with laminations
oriented parallel to the axial load,
mm*

effective cross-sectional area of the
panel accounting only for the layers
with laminations oriented parallel to
the axial load, mm?2
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Sawn Lumber / Glulam / CLT

Governed through six limit states which require consideration. These are

®* Moment (bending) resistance (ultimate)

® Shear resistance (Ultimate)

®* Bearing with compression perpendicular to the grain (Ultimate) — refer
to Module 6 for details on how to consider this.

* Deflection (service)

®* Vibration (service)

','\‘ I‘.;F WOOd Canadian  Conseil /
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Bending theory

Bending about the principal axis

Straight lumber beam Stress distribution

G =My/l

where

6 = unit bending stress at a given fibre - Centroidal axis

M = bending moment at the section

y = distance of the given fibre from d/?
the neutral axis — Plane sections before bending Distance from neutral axis to
— moment of inertia of the section remain plane after bending extreme fibre = d/2
about the neutral axis
where S = section modulus=1/y and Bending members are subjected to out-of-plane loading
applied perpendicular to the longitudinal axis of beam or plane

M=-0c_3S5 of panel

Applications:
* Joists, beams and purlins

* Sheathing and decking 1 M wood Canadian  Conseil /

I
- [ im v -l— Wood i
Module 2: Design of Timber “I S M A R Coicr)]c” Zinsccjliusen




Bending theory

Curved glulam beam ¢ Stress distribution
|
b,
(17 7 A
d _-_{w{;ﬁ{.L-_ - =L - - Centroidal axis
[ if 7= | /1~ MNeutral axis
E 50
~ d2
J — Plane sections before bending Distance from neutral axis to
remain plane after bending extreme fibre = d/2

Similar to sawn lumber, glulam bending stress is assumed to be proportional to strain and is directly
proportional to the distance of the neutral axis

WOOd Canadian Conseil
SMART  Comi  autor.
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Sawn Lumber (bending resistance)

M, = ¢ Fp S Kz Kp
where
b =09
Fo = o (Ko Ky Kgp Ky)
Table 6.4.5

fb — SpECiﬁEd strength in bending’ Mpa Size factor, K for visually stress-graded lumber

(CSA 088 Tables 6.3.1 A, 631 B, Tension CoxnprE§si011 Compression

6.3.1 C, 6.3.1 D, 6.3.2 El.nd 8.3.3) Bending and shear ?:rgarlzz:ll ?j;ﬂ:lilr?,mu}ar g?;?r:m tO All other

Kzp, Kzy Kz Kzep Ky, properties

KD — Ioad durat'on factor ]&?l]_{g:;_s.ml Smaller dimension, m1n]140r

(CSA 086 Table 5322) mm " 38to64 8910102 more  All Al Al All

38 1.7 — — 1.5 See Va!us (umpute.d 1.0

Ky = system factor 6 17— = s e e 10

(CSA 086 Table 6.4.4) y oo T o . . .

While considering bending

Ks, = service condition factor in bending sa191 12 . R, o ) .

(CSA 086 Table 6.4.2) resistance, lateral stability also
K. — treatment factor wress 05 10 10 o8 o needs consideration (buckling)

(CSA 086 Table 6_4_3} 387 or larger 0.8 0.9 0.9 0.8 1.0

2

S = section modulus = l%] mm?3

K;, = size factor in bending
(CSA 086 Table 6.4.5)

K, = lateral stability factor

WOOd Canadian Conseil
SMART  Comi  autor.
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Lateral stability explanation

where
Mﬂrit —_ iy'fEhr GJ El, = bending stiffness in the lateral direction
L GJ = St. Venant torsional rigidity

L, = effective length

The effective length depends on the unsupported length of the beam and

the loading and support conditions. The unsupported length is the length

between those supports that prevent the beam from buckling. (the supports

which keep the compression fibres restrained from lateral movement il | wWood Canadian  Consei

: i i Wood i
IMSMART & o




Sawn Lumber (Shear)

V, = q)Fv[an]KZu Loads are considered to be distributed down through the
where member in compression perpendicular to the grain. In this case
longitudinal shear stress is parabolically distributed over the
¢ =09 depth of the member. At neutral axis, the shear stress is 1.5x the
F, =1, (Kp Ky Ksy Ky) average shear stress.
f, = specified strength in shear,

MPa (CSA 086 Tables 6.3.1A,
6.3.1B, 6.3.1C, and 6.3.1D

Note: For MSR and MEL lumber, b Average value of —*——‘
- . shear stress = V_
specified strengths in shear are not b
grade-dependent and are taken o
from Table 6.3.1A for the APl
appropriate species.) "1 eatal e L) e
d e A S | o
A, = net area of cross section, mm? |
a2 : Parabolic shape
K., = size factor in shear D Reeton

(CSA 086 Table 6.4.5)

Cross section Shear stress distnibution

Effect of all loads acting within a distance from a support equal to depth of

member shall be ignored. A Wood oo conee
Module 2: Design of Timber ‘I S M A R-l- \CNood | Zansdien
I ounci u bois




Glulam (bending resistance)

While considering bending

The factored bending moment resistance, M,, b = bea_m "‘“-_"'idth (for si_ngle piece : "’

of glued-laminated timber members laminations), or width of the resistance, .Iateral. stability ?ISO

is the lesser of M,, and M,, calculated as: widest piece of lamination (for needs consideration (buckling)
My = 6FpS Kug Ky multiple piece laminations)

M, — 6F,SK K, d = beam depth Assumptions for treating as unity
where L = length of the glulam beam are Fhe Same for sawn lumber,
6 =09 from point of zero moment but if outside these bounds

to zero moment i i i i

Fo = o (Ko Ki Keo Kr) direct calculation is required
fu = specified strength in bending, K. = lateral stability factor

MPa (CSA 086 Table 7.3) K, = curvature factor For curvature, refer to Kx in
Kzng = size factor for glulam beams (Kyx = 1.0 for straight members; 7.5.6.5.2

) [130)%[510)%[9100}%< s and Ky < 1 for curved member)
b d s S = section modulus
7.5.6.5.2

For the curved portion only of glued-laminated timber members, the specified strength in bending shall
be multiplied by the curvature factor, taken as follows:

t 2
Ky = 1_2000(5)

where

t = lamination thickness, mm

R = radius of curvature of the innermost lamination, mm AU . .
,I\:“h“,lfl" WOOd Canadian  Conseil

The minimum radius of curvature permitted for a given thickness of IaminatkwI srgllllmpzqt B‘Ie . fTimb D
requirements of CAN/CSA-O122 (see Table A.7.5.5). odule 2: Uesigh ot Timber 7 i“
Note: Ky = 1.0 for straight members and the straight portion of curved members. S

SMART o ausos.




Glulam (Curvature effect-Kx)

Ky is required to account for the shifting of neutral axis, creating a larger extreme fibre stress than when the NA is
located at the centroid for straight beam.

centrosaal

axis \

Pearson, 2011

7.5.6.5.2
For the curved portion only of glued-laminated timber members, the specified strength in bending shall

be multiplied by the curvature factor, taken as follows:

t 2
Ky = 172000(5)

where
t = lamination thickness, mm

R = radius of curvature of the innermost lamination, mm

The minimum radius of curvature permitted for a given thickness of lamination shall meet the

requirements of CAN/CSA-O122 (see Table A.7.5.5).
Note: Ky = 1.0 for straight members and the straight portion of curved members.

WOOd Canadian Conseil
SMART  Comi  autor.
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Glulam (lateral stability - slenderness ratio)

7.5.6.4 Calculation of lateral stability factor, K;

7.5.6.4.1 Unsupported length, 7,

When no additional intermediate support is provided, the unsupported length, ¢, shall be the distance
between points of bearing or the length of the cantilever. When intermediate support is provided by
purlins so connected that they prevent lateral displacement of the compressive edge of the bending
member, the unsupported length shall be taken as the maximum purlin spacing, a (see Table 7.5.6.4.3).

7.5.6.4.2 Prevention of lateral displacement

When the compressive edge of the bending member is supported throughout its length so as to prevent
lateral displacement, the unsupported length may be taken as zero. For decking to provide such support,
it shall be fastened securely to the bending member and adjacent framing to provide a rigid diaphragm.

Module 2: Design of Timber

7.5.6.4.3 Slenderness ratio, Cy
The slenderness ratio of a bending member shall not exceed 50 and shall be taken as follows:

[Ld
“=\y
where
L, = effective length, mm, from Table 7.5.6.4.3

Table 7.5.6.4.3
Effective length, L, for bending members

Intermediate support

Yes No
Beams
Any loading 1.92a 1.92¢,
Uniformly distributed load 1.92a 1.92¢,
Concentrated load at centre 1.1a 1.611¢,
Concentrated loads at 1/3 points 1.68a
Concentrated loads at 1/4 peints 1.54a
Concentrated loads at 1/5 points 1.68a
Cencentrated loads at 1/6 points 1.73a
Concentrated loads at 1/7 points 1.78a
Concentrated loads at 1/8 peints 1.84a
Cantilevers
Any loading 1.92¢,
Uniformly distributed load 1.23¢,
Concentrated load at free end 1.69¢,

Note: {,, and a are as defined in Clause 7.5.6.4.1.

B SMART ol dubois
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Glulam (lateral stability)

7.5.6.4.4 Calculation of lateral stability factor, K;

The lateral stability factor shall be taken as follows:
(a) when Cgdoes not exceed 10:

(b)

(c)

K =1.0

when Cgis greater than 10 but does not exceed C:

4
C
KL=1—1-—E
el

where

[0.97EK ek
V' h

when Cgis greater than C; but does not exceed 50:

c__x:

 0.65EK Ky

L 2
CafuKx

where
Fp = f,(KpKy Ksp K7

where
f, = specified strength in bending, MPa (Table 7.3)

Ky = curvature factor (Clause 7.5.6.5.2)

Module 2:

1.0 7

0.67 1

Design of Timber

Recall:
K=1
A « =1—l[&Jq,CK ||0_97 EK K _ 2? for all mogiﬁcation factors =1.0
! 3l C, \ F, since 400 < T < 500
i
I
_____________ 'r______________ max
I |
i i 0.65 EK K,
i i CiF,
Zone 1: | Zone 2: . | Zone3:
No buckling ! Inelastic buckling | Elastic buckling
M, =¢FS ! 1(‘;: } —
r "M =6FS|1-=— _B] | _ 0.65 EK K. —_—
A oF, { alc,) | M=0FS o _
| s ! ! !
10 20 30 40 50
Beam Slenderness
- |Ld
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Glulam (Shear- no notch)

Simplified approach (Volume <2m?3) Advanced approach (Volume > 2m?3 or simplified method does not
satisfy required resistance)
v, = oF, 2As 7.5.7.2 Shear resistance at locations other than end notches
' ‘3 The factored shear resistance of glued-laminated members shall be determined as follows:
where (a) For beams of any volume, the total factored loading, W;, acting normal to a member shall not exceed

, 0.0 the total factored shear resistance, W,, calculated as follows:

FL o= 1, (Ko Ky Ke, K W= ¢ F,0.484,C,Z %18 = W,

f, = specified strength in shear Note: As an alternative for beams less than 2.0 m® in volume, the factored shear resistance may be calculated using

(CSA 086 Table ?_3), Mpa H’ié‘ eq'uatf'on in Item {b)
A, = bxd (b) For members other than beams, the factored shear resistance, V,, shall not be less than the maximum
factored shear force, V, and shall be taken as follows:
= gross cross-sectional area, mm?2
2A
Vi = oF, Tg
Tables 7.5.7.5 a-e give direct values for where
Cv. If the loading condition is not in 9 =09
. F, = f(KpKyKs,Kp)
these tables. This value needs to be where
Calculated directly f, = specified strength in shear, MPa (Table 7.3)
= = _secti 2 (Clause 5.3.8)
C, = shear load coefficient (Clause 7.5.7.5)
Z = beam volume, m?

Note: The shear resistance requirements of this clause are additional to those applicable to notched members
{Clauses 7.5.7.3 and 7.5.7.4).

\/\/OOd Canadian
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Glulam (Shear- no notch)

Table 7.5.7.5A
Shear load coefficient, Cy, for simple span beams

Number of equal loads equally i

and symmetrically spaced 0.0 0.5 2.0 10.0 and over
1 3.69 3.34 2,92 2.46

2 3.69 3.37 3.01 2.67

3 3.69 3.41 3.12 2.84

4 3.69 3.45 3.21 2.97

5 3.69 3.48 3.28 3.08

6 3.69 3.51 3.34 3.16

.. _ total of concentrated loads

total of uniform loads

WOOd Canadian Conseil
SMART  Comi  autor.
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Glulam (Shear- no notch)

Table 7.5.7.5B
Shear load coefficient, Cy, for distributed loads

Pmm/Pm.-u
Type of loading 0.0 0.2 0.4 0.6 0.8 1.0
3.40 3.55 3.63 3.67 3.69 3.69
P‘
Pml-n max
[ L .
Table 7.5.7.5C
Shear load coefficient, Cy, for cantilevered beams
r!
Beam type and loading Ly/Ly 0.0 0.5 2.0 10.0 and over
0.05 3.91 5.64 4.06 2.73
0.10 4.13 5.19 3.07 2.08
0.20 4.55 4.36 2.53 1.75
L L]__l 0.30 4.88 3.83 2.31 1.62
L= f_'| + f_z
0.05 4.13 6.19 7.13 4.86
HH“H”“J 0.10 4.58 6.72 5.42 3.72
ry ry 0.20 5.50 6.90 4.49 3.7
Le, L Lo 0.30 6.40 6.31 4.10 2.97
L= Lz + ZL]

total of concentrated loads
total of uniform loads

*

WOOd Canadian Conseil
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Glulam (Shear- no notch)

Table 7.5.7.5D
Shear load coefficient, Cy, for 2-span continuous beams

r!c
Loading casef L,/L 0.0 0.5 2.0 10.0 and over
0.2 4.09 3.04 2.35 2.01
0.3 5.10 3.48 2.57 215
| { I Ry 0.4 6.09 3.96 2.82 2.32
0.5 6.66 4.42 3.07 2.50

‘*—h—*l

) : !

total of concentrated loads
total of uniform loads

1 The specified values correspond to the worst position for the concentrated loads.

| ‘ ! r WOO d Canadian Conseil
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Glulam (Shear- no notch)

7.5.7.5 Shear load coefficient, Cy,

For any load condition not specified in Tables 7.5.7.5A to 7.5.7.5F, the coefficient for simple span,
continuous, or cantilevered beams of constant depth may be determined using the following procedure
(the principle of superposition of loads does not apply):

(a) Construct the shear force diagram for the beam. If the beam is under moving concentrated loads,
construct the diagram of the maximum shear forces occurring along the full length of the beam
without regard to sign convention. (Positive and negative maximum shear forces both show positive.)

(b) Divide the total beam length, L, into n segments of variable lengths, 7, such that within each
segment there are neither abrupt changes nor changes from negative to positive in the shear force in
the shear force.

(c) For each segment determine
(i) V,=factored shear force at beginning of segment, N;

(i) V= factored shear force at end of segment, N; and
(iii) V. =factored shear force at centre of segment, N

and calculate the factor G as follows:
G=tq[Vi +V5 + 4/ |

(d) Determine the coefficient, C,, as follows:
(i) for stationary loads:

[ 02
C, =1.825W;| —
=125 - |
where
W; = the total of all factored loads applied to the beam, N
(i) for moving loads:
[ 02
C, =1.825W;| —
’ ”[_zc)
where

W; = the total of all factored moving loads and all factored distributed loads applied to the beam, N
Module 2: Design of Timber

The procedure involves a number of
steps and requires prior
determination of the shear force
diagram of the beam

Factored shear
force diagram

A
i
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Glulam (Shear- with notch)

7.5.7.3 Shear resistance at locations with compression side notches
The factored shear resistance, V,, shall not be less than the maximum factored shear force, V;, and shall be

taken as follows:

(a) fore.>d: V, = ¢F,

2A
(b) fore <d:-v =g¢F, 39 (1

where
o = 0.9

F,= fv(KDKH Ks, K r}

where

f, = specified strength in shear, MPa (Table 7.3)

A, =
Ay =
b = member width, mm
d = member depth, mm
dp, =
g =

i

24,
3

b x d = gross cross-sectional area of member, mm

notch depth, mm (which shall not exceed 0.25d)
length of notch, mm, from inner edge of closest support to farthest edge of notch

b(d — d.) = net cross-sectional area of member, mm? (Clause 7.5.4)

2

Table 7.3

Specified strengths and modulus of elasticity
for glued-laminated timber, Ma

{See Clauses 7.5.9.3, 10.5.3, 10.5.4, 10.5.5, 10.6.3.1, 10.6.3.6, 10.6.3.7, A.6.5.6.3.6.)

Douglas Fir-Larch

24f-E 24f-EX 20f-E 20f-EX 18t-E 16c-E
Bending moment {pos.), f; 30.6 30.6 25.6 25.6 243 14.0
Bending moment (neq.), fy 23.0 30.6 19.2 25.6 243 14.0
Longitudinal shear, f, 2.0 20 2.0 2.0 2.0 20
Compression parallel, f, El 30.2* 0.2~ 30.2* 30.2 30.2
Compression parallel combined 3.2 30.2 0.2+ 30.2 0.2 30.2
with bending, fg
Compression perpendicular, f 7.0 7.0 7.0 7.0 7.0 7.0
Compression face bearing
Tension face bearing 7.0 7.0 7.0 7.0 7.0 7.0
Tension net section, fi; 20.4* 20.4 20.4* 20.4 23.0 20.4
(see Clause 7.5.11)
Tension gross section, f!g 15.3% 15.3 15.3% 15.3 17.9 15.3
Tension perpendicular to grain, fi;  0.83 0.83 0.83 0.83 0.83 0.83
Madulus of elasticity, E 12 80O 12 800 12 400 12 400 13 800 12 400
Hem-Fir and
Spruce-Lodgepole Pine-Jack Pine Douglas Fir-Larch
20f-E 20f-EX 14t-E 12c-E 24f-E 24-EX
Bending moment (pos.), fy 25.6 25.6 243 9.8 30.6 30.6
Bending moment (neq.), f; 19.2 25.6 243 9.8 23.0 306
Longitudinal shear, f, 1.75 1.75 1.75 1.75 1.75 1.75
Compression parallel, f. 25.2* 25.2* 25.2 25.2 — —
Compression parallel combined 25.2* 25.2 25.2 25.2 — —
with bending, fs
Compression perpendicular, f, 5.8 58 5.8 5.8 4.6 7.0
Compression face bearing
Tension face bearing 5.8 58 5.8 5.8 7.0 7.0
Tension net section, fi,; 17.0% 17.0 7.9 17.0 20.4* 20.4
(see Clause 7.5.11)
Tension gross section, '[:g 12.7% 12.7 13.4 12.7 15.3* 15.3
Tension perpendicular to grain, fi; 0.5 0.51 0.51 0.51 0.83 0.83
Maodulus of elasticity, E 10 300 10 300 10 700 9 700 13 100 13100

*The use of this stress grade for this primary application is not recommended.

MNotes:

. . (1) Designers should check the availobility of grades befare specifying.
Module 2: Design of Timber(2) Tabulated values are based on the following standard condlitions:

{a) dry service conditions; and

(k)  standard term duration of load.



Glulam (Shear- with notch)

7.5.7.4.1 Longitudinal shear resistance of residual member above notch
Tension side notches not exceeding 0.25d may be permitted within a distance ‘d’ from the inner edge of
the closest support to the farthest edge of the notch without a reduction in shear resistance as calculated
in accordance with Clause 7.5.7.2.

7.5.7.4.2 Fracture shear resistance at notch
The factored fracture shear resistance at a notch on the tension side at a support, F,, shall not be less than
the maximum factored shear force, V¢, and shall be taken as follows:

fr= f.ﬂFng Ki
where
6 =09
Fe = f(Kp Ky K5 Kp)
where
fi = specified fracture shear strength at a notch, MPa
= 2.5 b7%2 or 0.9 MPa, whichever is greater
where

b = effective lamination width (mm)

= beam width (for single-piece laminations) or the width of widest piece (for multiple-piece
laminations)

Ky = service condition factor for fracture shear

K; = treatment factor
2

"

Legend:

A; = b x d=gross cross-sectional area, mm i+ denth of notch
= depth of notc
Ky = notch factor e” _ Ieanln‘h of notch
1
= [0.0060‘(1 .6(1—1]+q2[i3—1)]] ’
o o
where
d = member depth (unreduced), mm
a = 1-(d,/d)
where
d, = notch depth, mm (Figure 6.5.5.3.2, which shall not exceed 0.25 d)
n = e/d
where
e = notch length, mm (Figure 6.5.5.3.2) Module 2: Design of Timber

Figure 6.5.5.3.2

Determination of length and depth of notch
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Cross Laminated Timber

grain direction of the outer layer

grain direction of the outer layer

Bending in minor strength direction

Bending in major strength direction

Out of plane bending design is prescribed in 086 and based on panels made in accordance to ANSI/APA PRG 320
standard with alternating orthogonal layers. These panels may be subjected to bending in either the major or minor
direction. The major direction refers to the length wise or parallel orientation of the grain of the limitations in he
outer layers of he panel.

Longitudinal layers refer to laminations oriented parallel to the major strength direction, else they are transvers

layers.
—/,"\3“;: ‘wl' WO O d Canadian  Conseil
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Cross Laminated Timber

grain direction of the outer layer

grain direction of the outer layer

Bending in minor strength direction

Bending in major strength direction

For short or intermediate spans, moment and shear will govern, as the spans increase though deflection and
serviceability effects will govern the design.

Mechanical properties of CLT panels are directionally dependent. Higher strength laminations are placed in the
longitudinal layers. Bending is placed with the grain direction of the longitudinal layers parallel to the direction of the
induced bending stress.

\/\/OOd Canadian  Conseil
SMART o avoeis
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Cross Laminated Timber

Analytical methods aimed to determine the basic mechanical
properties and stress distributions are provided in the FPInnovations
CLT handbook.

Methodologies therein describe the shear analogy method which is
considered the most accurate.

The methodology characterizes the a CLT panel as two virtual beams.
Beam A captures the inherent flexural stiffness of individual layers
along their own neutral axes, whereas Beam B includes additional
flexural stiffness of individual layers when measured against the panel
neutral axis and the panel shear stiffness.

The twin beams are assumed to be connected by infinitely rigid
members so equal deflection is obtained. The distributions between
the beams oof shear and bending are based on the continuity of the
two beams. The procedure is similar though not identical to the

concept of deflection compatibility in composite beam (steel) theory
Module 2: Design of Timber
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Cross Laminated Timber — Shear Analogy Method

(i) For the major strength direction
(Figure 7.13):

Mr,:.r = '13 Ft. sa-ff,y Krb,;.r FIGURE 7.13
h KT = treatment factor (CSA 086 P,y’;,’,’;aeﬂ,eviﬁ;;e, a) Properties for the major strength direction
where CLT panel —
Clause 8.3.3) t, E,. G,
¢| = 0.9 S _ (El)eﬁy E '(2_ - & E.G.
T E h AR E___ ey BpiGy
Fo = folp Ky Kgp Kq) (El)o, = effective bending stiffness of the ] 5 Bl
- . panel for the major strength e ¥ Ee
f, = spEF:IfIE':d be_ndlng strer_'lgth_ of direction, Nemm? (calculation 3 : : T
laminations in the longitudinal details provided below) ' b, !
b) Properties for the minor strength direction
layers, MPa (CSA O86 Table E = specified modulus of elasticity of B —— - &
8.2.4) laminations in the longitudinal Y B , -
) layers, MPa (CSA O86 Table L 7% &G
Ko = load duration factor 8.2.4, Figure 7.13) honl ] R — . IZ; i L,
(CSA 086 Table 5.3.2.2) | i & s
h = thickness of the panel, mm 2 o
. ] I8 G
Ky = system factor (Figure 7.13) 1 2
10 Kpy =0.85 ’, '
- ) (Source: Figure 8.4.3.2, CSA 086-14 — Engineering design in wood. ©® 2014 Canadian Standards Association)
Ks = service condition factor for
bending
= 1.0

WOOd Canadian Conseil
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Cross Laminated Timber — Shear Analogy Method

Table 8.2.4
Specified strengths and moduli of elasticity of
laminations in primary CLT stress grades, MPa

Stress Longitudinal layers Transverse layers

grade f K i K fe B E R i fy
E1 28.2 11700 154 193 050 53 7.0 9000 3.2 9.0 0.50 53
E2 239 10300 11.4 18.1 063 7.0 4.6 10000 2.1 7.3 0.63 7.0
E3 17.4 8300 6.7 15.1 043 35 4.5 6500 2.0 5.2 0.43 3.5
V1 10.0 11000 58 140 063 7.0 4.6 10000 2.1 7.3 0.63 7.0
V2 11.8 9500 55 11,5 050 53 7.0 9000 3.2 9.0 0.50 5.3

Notes:

(1) Tabulated values are based on the following standard conditions:
(a) dry service; and
(b) standard-term duration of load.

(2) The specified values are taken from Table 6.3.2 for MSR lumber and Table 6.3.1A for visually stress-graded lumber. The
specified strength in rolling shear, f, is taken as approximately 1/3 of the specified strength in shear, f,, for the
corresponding species combination. See Figure 8.2.4 for clarification of rolling shear.

(3) The transverse modulus of elasticity, E |, may be estimated as £/30.

(4) The shear modulus, G, may be estimated as E/16.

(5) The rolling shear madulus, G |, may be estimated as G/10. See Figure 8.2.4 for clarification of rolling shear.

(6) The modulus of elasticity for design of compression members, Eys, shall be taken form Table 6.3.1A for visually
stress-graded lumber and 0.8 2F for MSR lumber.

f,x\i‘,l‘;.“l‘l WO O d Canadian  Conseil
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Cross Laminated Timber — Shear Analogy Method

8.2.3 CLT stress grades
The primary CLT stress grades shall be as specified in Table 8.2.3. Custom CLT stress grades shall be
specified by the product manufacturer.

Table 8.2.3
Primary CLT stress grades

Stress grade Species combinations and grades of laminations

E1l 1950 F,-1.7E Spruce-Pine-Fir MSR lumber in all longitudinal layers and No. 3/Stud
Spruce-Pine-Fir lumber in all transverse layers

E2 1650 Fp-1.5E Douglas fir-Larch MSR lumber in all longitudinal layers and No. 3/Stud
Douglas fir-Larch lumber in all transverse layers

E3 1200 F-1.2E Northern Species MSR lumber in all longitudinal layers and No. 3/Stud

Northern Species lumber in all transverse layers

V1 No. 1/No. 2 Douglas fir-Larch lumber in all longitudinal layers and No. 3/Stud Douglas
fir-Larch lumber in all transverse layers

V2 No. 1/No. 2 Spruce-Pine-Fir lumber in all longitudinal layers and No. 3/Stud Spruce-Pine-Fir
lumber in all transverse layers

,/I"\:_"J,‘If}' \/\/OOd Canadian  Conseil
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Cross Laminated Timber — Shear Analogy Method

Rolling shear is affected by the cross-layer density, lamination thickness, moisture content and sawing configuration. It
is important to consider as it accounts for the shear stress acting on the radial —tangential plane perpendicular to the
grain. It basically is the rolling fibres on to of one another as can be seen below

). e v

(Source: Figure 8.2.4, CSA 0O86-14 — Engineering design in wood. © 2014 Canadian Standards Association)

Module 2: Design of Timber
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Cross Laminated Timber — Shear Analogy Method

(i) For the major strength direction

ep £ Sep 0
FIGURE 7.13 (EDsy = -Z’Eib" 12t ZEibytiZi
it o < -
P,y';,’,’,’:aeﬂﬁ,se‘;;;e, a) Properties for the major strength direction where
CLT panel E.G b, = width of the panel for the major
i strength direction, mm (Figure
EiGis 7.13)
E, G, E = modulus of elasticity of
laminations in the i-th layer,
EreGu MPa
B G = E for laminations in the

longitudinal layers, MPa

= E, for laminations in the
transverse layers, MPa

G
= where
&G E = longitudinal modulus of
Ei4/Gis elasticity, as provided in CSA
086 Table 8.2.4
E;: G,
. E, = transverse modulus of
-5 elasticity, taken as 1/30 of
longitudinal modulus of
elasticity E
(Source: Figure 8.4.3.2, CSA 086-14 — Engineering design in wood. © 2014 Canadian Standards Assoclation) n = number of layers in the panel
t = thickness of laminations in the
i-th layer, mm
Z; = distance between the centre

point of the i-th layer and the
panel neutral axis, mm (Figure
7.13)

WOOd Canadian Conse.il
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Cross Laminated Timber — Shear Analogy Method

For CLT panels with alternating orthogonal
layers, the effective shear stiffness, (GA),

affects the shear deflection and is calculated
FIGURE 7.13

e —— as follows:
ty;))lf:al !ﬁ/se:la;er a) Properties for the major strength direction . . . i
CLT panel (i) For the major strength direction
E. G, 2
t, t
E..G. [h - 51 - E“]
E, G, (GA)GHZY = t n—i t‘ t
g ) +—"
PRSI 2Gb, =Gb, 2Gpb,
E.. G, where
G = shear modulus of laminations
in the i-th layer, MPa
G,
B = G for laminations in the
& G longitudinal layers, MPa
EjriGis
EA' G4 . . .
. = G, for laminations in the
45 transverse layers, MPa
where
(Source: Figure 8.4.3.2, CSA 086-14 — Engineering design in wood. © 2014 Canadian Standards Association) G = shear modulus, as provided in
CSA 086 Table 8.2.4
G, = rolling shear modulus,
estimated as G/10
h = thickness of the panel (Figure

7.13), mm

WOOd Canadian Conse.il
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Cross Laminated Timber — Shear Analogy Method

(i) For the minor strength direction
(Figure 7.13):

Mr.}c = ¢ Fb Serﬁ.}c Krb.x
where

f, = specified bending strength of
laminations in the transverse
layers, MPa (CSA O86 Table
8.2.4)

(Bl 2
fix T E h,

(El)ot . = effective bending stiffness of the
panel for the minor strength
direction, Nemm?2 (calculation
details provided below)

E = specified modulus of elasticity
of laminations in the transverse
layers, MPa (CSA O86 Table
8.2.4, Figure 7.13)

h, = thickness of the panel without
the outer longitudinal layers, mm
(Figure 7.13)

Kpox =1.0

Module 2:

FIGURE 7.13

Properties of a

typical five-layer
CLT panel

Design of Timber

a) Properties for the major strength direction

E. G,

t e ]

(Source: Figure 8.4.3.2, CSA 086-14 — Engineering design in wood. © 2014 Canadian Standards Association)
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Cross Laminated Timber — Shear Analogy Method

FIGURE 7.13

Properties of a
typical five-layer a) Properties for the major strength direction

CLT panel \

~

Eu Gy [El}aﬂ‘.x

Y EiuG

EY . where

]

— A
< -
1<l &1

Z L4 14 bx

-

of

(Source: Figure 8.4.3.2, CSA 086-14 — Engineering design in wood. © 2014 Canadian Standards Association)

Module 2: Design of Timber

(ii) For the minor strength direction

n_1Eb ti3 rHEb .
E h E } 7
=2 o 12+ i=2 I :t| I

width of the panel for the
minor strength direction, mm
(Figure 7.13)

modulus of elasticity of
laminations in the i-th layer,
MPa

E for laminations in the
transverse layers, MPa

E, for laminations in the
longitudinal layers, MPa
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Cross Laminated Timber — Shear Analogy Method

FIGURE 7.13
Propertie f
3',‘_")5’;; ,’,’Zefla;er a) Properties for the major strength direction B ﬁl} FDr thE minﬂr Strength directiﬂn
bt E. G, 2
tz_ i & Eu' G_z h —_ t_1 —_— t_n
h t:._ : P-—--—-Y E, G, {GA} 2 2
g effzx = -1
t‘_ zZ ErCBu t1 ti + tr|
t E.. G, .
4 M 4 2Gb, = Gb, 2Gb,
| b |
! where
G,
E.G, G = shear modulus of laminations in
Eiw Gl the i-th layer, MPa
E" G‘ " " "
. = G for laminations in the
transverse layers, MPa
(Source: Figure 8.4.3.2, CSA 086-14 — Engineering design in wood. © 2014 Canadian Standards Association) = GJ. for laminations in the

longitudinal layers, MPa

WOOd Canadian Conse.il
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Cross Laminated Timber — Shear Analogy Method

The factored shear resistance, V., is direction-

ally dependent and is calculated as follows: () For the mmg;strength direction:
- - T V.= — 3= .
(i) For the ma]c;:h'eng‘[h direction: r= O B Rolling shear strength of
Vig = d:E% where wood is low when
where & =09 compared to the
longitudinal shear strength.
¢ =09 F, = 1Ko Ky Ko, Ko) e s
F = fKo Ku Koy K2 For this reason , only the
s = ToKo Ku Koy Kr f. = specified strength in rolling shear rolling shear strength is
f, = specified strength in rolling shear of of laminations in the longitudinal used for the shear
laminations in the transverse layers, layers, MPa (CSA 086 Table 8.2.4) _
MPa (CSA 086 Table 8.2.4) resistance. Other types of
A,., = gross cross-sectional area of the Aoz = gross cross sectional area of the lumber such as sawn or
EE"E'TD" the Tﬂiﬂ" strength Eﬁih{: m':gmnm strengt EWPs, this is not the case.
Irection, mm '

,/I"\:_"le“l" WOO d Canadian  Conseil
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Combined Bending and Axial Loading

Many structural systems have an element of combined loading effect. This may be from eccentric loading, or
members with lateral load conditions such as that from wind. Inclined columns will also have this effect that needs to

be considered.

Wind

Top chord is designed

@ for bending and axial load
”U@@V BJQUU
&UV 3!

5 Triangular roof truss
L L
[ [ [
o< < <
=
> Columns should be designed
[ > |_[ Soil for axial compression plus bending
I from wind, equipment, soil or other
‘:> lateral loads.
=
=
LK LI K
i (] 1
Exterior Column with lateral Foundation
Column point load Column

Hl | wood
| MSMART

Canadian
Wood
Council
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Combined Bending and Axial Loading

For most members combined bending can be considered following this formula:

(5

where

1
P
s

=1

v

P; = factored compressive axial load

P, = factored compressive load

resistance parallel to grain
calculated in accordance with
the requirements of CSA 086

M:; = factored bending moment

M, = factored bending moment resistance

calculated in accordance with the
requirements of CSA 086

= Euler buckling load in the direction
of the applied moment

TEZEGE Kse Kyl
(K Ly

where

= modulus of elasticity for design of

compression members, MPa
0.82E for MSR lumber
0.75E for MEL lumber

as specified in Tables 6.3.1A to
6.3.1D for visually graded lumber

0.87E for glulam

= service condition factor

= treatment factor

effective length in the direction of
the applied bending moment

11 I WOO0QO Canadian
Bme Wood
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Combined Bending and Axial Loading

For most sawn lumber truss members combined bending can be considered following this formula:

B e

where

Ku = bending capacity modification factor
(CSA 086 Table 6.5.13.5)

Note that the K factors used for each variable may
be different in the calculation for studs. Additional
some loads may be directionally dependent based

For studs used in preserved wood foundations:

2
(%) . mf 1_P <1 (CSA 086 on the applied eccentricity.
‘ r 1-P—; Clause A6.5.12.6)
where

M; = maximum factored bending
moment on stud

4l i WOoOod Cansdr
v Woo
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Combined Bending and Axial Loading

For CLT combined bending can be considered following this formula:

&Jr % 1P <1 Pe = Euler buckling load in the plane
r M Pf of the applied bending moment Recall the
Ewv in accordance with CSA 086 :
importance for
vhere Clause 7.5.12, where Eg; and |z P i ti in th
P; = factored compressive axial load are determined .a"“”'f‘““?’ only consiaeration in the
for the layers with laminations effects of shear
P, = factored compressive load oriented parallel to the axial loac with CLT!
resistance under axial load, (CSA 086 Clauses 8.2.4 and :
calculated in accordance with 8.4.5.3)

CSA 086 ClI 8.454
ause (GA)+ = effective shear stiffness for out-

M; = factored bending moment of-plane bending accounting for
M, = factored bending moment glu?g s (CSA 086 Clause

resistance, calculated in accordance
with CSA 086 Clause 8.4.3

Pg, = Euler buckling load in the plane of
the applied bending moment
adjusted for shear deformation

pE
_ 1 P I\“ ul' WOO d Canadian  Conseil
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Types of Fasteners

Covered here:

Shear plates and split rings
Nails and spikes

Bolts

Wood screws

Drift pins

Lag screws

Timber rivets

Truss plates

Joist hangers

Module 2: Design of Timber

5]

N—

1

Right photo from Chris Naum of a timber mill showing
a connection circa 1871. Left photo of the Scarborough
Library glulam connection circa 2019.

Modern connections can be made through
advancements in precision cutting.
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Shear Depth (d.)

Shear plates and split rings

Particular to a wood member loaded at an 0/
angle. This results in a shear component d, o
that induces tensile stresses perpendicular

to the grain of the wood. Stress is greatest

at the boundary of the fasteners. we need \I:/
to limit the total depth to an effective one. Other fasteners

The shear force to utilize is from the shear
force diagram.

U
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Consideration for Moisture (Service Condition)

Table 12.2.1.6
Service condition factor, Ky, for connections

Wood is weaker when wet so wood connections

Moisture content of wood when

used in wet service conditions will have less connection is fabricated
resistance. When fasteners are installed in wood 15%) o 19% o Angleof
th at W| I I d ry | n se rVI ce or Wh ere WOOd mo | St ure Ser:ce conditions Dry Wet Dry Wet detail grain
Timber rivets
contents fluctuate seasonally, shrinkage damage Lateral loads 100 080 050 080 Al Al
. . Withdrawal loads 1.00 * 0.60 *
may occur. In fastenings, shrinkage damage may
. . . connectors, and truss plates
rESUIt In Spllts at the ConneCtlons' Bolts, dowels, drift pins, and 1.00 0.67 1.00 0.67 A All
lag screws 1.00 067 100 067 B 0°
. ey e 1.00 0.67 0.40 0.27 B 90°
A service condition factor, Ksf reflects that wood Y0 oer 040 0ar  c u
is generally weaker when wet, and that shrinkage Nails, spikes, and wood screws
. . . La_teral loads 1.00 0.67 0.80 0.67 All AIIO
can occur when installed from drying. This may el lon: 100 067 040 o040 A 2
. . Legend:
Spht at the fa Stener wea ker"ng the Connector a;\ ia s!ngle fastener or single row Parallel to grain with steel splice plates .
= a single row para.llel to grain with wood Fpllce plates, two.rows parall.el to grain not more than
un I ess accou nted fo r S h rin kage in Wood is ;slfcg"l;?a?epsafr:)r\p\g;igs rfaowmmon wood splice plate, or multiple rows with separate wood or steel
. . . . C = all other arrangements
greater perpendicular to the grain direction and “No data avalable for this condition.
L. . , I . I En ca!c;féaif{;n; )of tf;re !atera!;.esi;sta_r:c_e of 'bofrs! ';!"Id oéowe.fcs} Kse S;’F;ﬂ i;e ;pf;ffd to yi‘.z;’dfng (s?e?
S p I Ittl ng Wi | I resu It fro m WOOd S 10w te nsiie modes i‘nv.of‘vfr.rg s'hearpanﬁ;‘ tension parc%!e! ro';rafn,gthe correspondf}ié s'ervice condition f-acrors, Ks, and
reS|Sta nce pe rpe N d icu I ar tO th e gra in. Ks:, shall be applied (see Clauses 12.4.4.4, 12.4.4.5 and 12.4.4.6).

Al | WOOd Canadian  Conseil
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Consideration for Moisture (Service Condition)

Splitting may be prevent with detailing to these

conditions:

 Assemble wood structures at a moisture
content that will be used in service conditions

e Use nails or slender bolts which are ductile

* One line of fasteners

* Minimize fasteners perpendicular to the grain hen wood s
» Separate splice plates for each row of oving across
fasteners

* Slot splice plates perpendicular to the grain
where practical to allow the wood to move.

Motldel @ ntiPedigrtiohfionbienber
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Load Duration

Assume the same behaviour as the wood itself for Kd

Treatment (preservative)

If the treatment contains copper it will be reactive (corrosive risk) for metallic connections so care needs to
be taken for preservative treatment of exterior connections outside. Fire protection preservatives
mechanisms can also effect the strength of he timber.

Desig of Timber
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Geometry of Fasteners

Early theories supported the total strength of a joint with fastenings (small ductile, and widely spaced) is the
product of the single fastener times the number of fasteners. Though more modern tests have indicated
that the strength is lower. For spilt rings, shear plates and lag screws the load carrying capacity per fastener
decreases with the number of fasteners in a row parallel to the load, but there is no reduction for the
number of rows. A group modification factor (Jg), is provided below for split rings, shear plates and lag
screws.

Table 12.2.2.3.4B
Modification factor, J;, for timber connector and lag screw connections with steel side plates

Table 12.2.2.3.4A
Modification factor, J;, for timber connector and Area Number of fastenars in a faw

. . . ot A, 2 3 1 5 3 7 & o 10 11 12
lag screw connections with wood side plates 22 16000-26000  1.00 084 087 0ED 073 067 D61 056 051 0.46 0.42
2600142000 1.00 086 092 DEF DA 07s 070 066 0.62 0.58 055
Area  The lesser of A, Number of fasteners in a row 4200176000 1.00 0.08 095 0.01 DE7 082 0.78 0.75 072 0.69 0.66
ratio*  or A 2 3 1 5 6 7 8 9 10 11 12 76001130000 1.00 0ee 097 0.95 0.82 DE?  0ES 0.E4 0.81 0.78 0.78
1218 2600142000 1.00 088 094 080 0ES DED 075 0.70 0.67 0.62 0.58
0.5 < 8000 1.00 092 084 076 0.68 0.61 0.55 049 0.43 0.38 0.34 o — - . 096 . - 0Es ez 79 075 07z .68
8 001-12 000 1.00 095 088 082 075 068 062 057 052 048 043 76D0M-130000  1.00 1.00 098 0.95 0.94 082 0.E9 D.E6 0.83 0.80 0.78
12001-18000  1.00 097 093 088 082 077 071 067 063 059 055 abL (o 1o 1w o oA o o 9 0% o% o
1824 2600142000  1.00 100 0.9 093 DED DE4 079 0.74 0.69 0.64 0.58
18 001-26 000 1.00 098 09 092 087 083 079 075 0.7 0.69 0.66 42001-76000  1.00 1.00 0.7 0.94 0.2 D.69 0.E6 D.E3 0.80 0.76 0.71
2600142000 1.00 1.00 097 094 090 086 083 079 076 074 072 76001130000 100 100 089 0S8 086 0B4 082 080 088 086 085
=130 000 1.00 1.00 1.00 1.00 008 086 095 083 0.92 0.02 0.91
> 42 000 1.00 1.00 098 095 091 0.88 085 082 080 078 0.76 TR I AZ 000 1.00 098 054 090 0ES 00 0.7 0.5 DS 0.8 OSE
1.0 < 8 000 1.00 097 092 085 078 071 0.65 059 054 049 044 4200176000  1.00 0.59 097 0.83 0.80 0.B6 0.E2 o.rg 0.76 0.73 0.7
76001110000 1.00 1.00 098 0.96 084 082 089 DET 0.85 0.81 0.81
8 001-12 000 1.00 098 094 089 084 0.78 0.72 0.66 0.61 0.56 0.51
=130 000 1.00 1.00 0.89 .08 0E7 085 0.93 0.82 0.90 0.80 088
12 001-18 000 1.00 1.00 097 093 089 0.85 0.80 076 072 0.68 0.64 15 26 D042 000 1.00 0.96 092 D.ES D.ED 0.74 0.68 064 0.60 057 0.55
18001-26000 1.00 1.00 0.99 096 092 0.89 085 083 080 078 075 42D-7EGO0 100 058 085 080 0BG OE1 076 D72 068 068 06
76001130000 1.00 089 097 095 0.82 DEE  0ES DE2 0.80 0.78 077
26 00142 000 1.00 1.00 1.00 097 094 091 0.88 0.85 0.84 0.82 0.80 - 130 000 1.00 1.00 008 007 005 003 0.50 0ED 087 086 088
=42 000 1.00 1.00 1.00 099 096 093 091 088 0.87 0.8 0.85 3542 2600142000 1.00 085 0.89 0.E2 0.7s 0.69 0.63 0.58 0.53 0.48 0.46
“Area ratio — the lesser of A_J/A. o AJA 4200176000 1.00 0e7 003 0.E2 0.2 077 07l 0.67 0.63 0.58 0.56
1A, = gross cross—secn’onalgmé ofmsm'nmmember, mm2 76 001-130 000 1.00 0.98 0.96 0.93 089 D.ES 081 0.78 076 0.73 0.71 Conseil
§A; = sum of gross cross-sectional areas of side members, mm? ~ 130000 100 0.5 o8 0.5 053 0E0 0E7 04 a8z nEo o.78 .
Note: For area ratios between 0.5 and 1.0, interpolate between tabulated values. For area ratios less than 0.5, Module Z'W‘B@g“g'WOT Timber canadien
extrapolate from tabulated values. :Tgmssmsmemmmm af maln momber, mm? du bois

Ay = ST OF GVOSS Cross-Sectional aren of stesl side piates, mm?



Geometry of Fasteners

The capacity of a bolted connection is dependent on the
number of bolts in a row, number of rows and the
geometry (right for interpretation especially when
staggered lines are considered).

Truss plates and joist hanger are developed empirically
from tests, the group effect is direct incorporated into the

resistance values. Likewise timber rivet connections.

Smaller joints made of ductile nails and spikes the group
effect is ignored.

Module 2: Design of Timber

Single line of staggered fasteners

Ona row of six

Even number of multiple lines

>
Two rows of six -—-‘

.
= I T -9
o _ P . , ."m——[{:
““-.___. - - .__ﬂ/ -9 L
Four rows of thrae S=4a

- & 1‘ ———— > ——— a

> —————— - ————————— L 3 2
*+———— . —————— *-————— Ja
*——————— - o

Odd number of multiple lines

One row of six and ona row of three (where total capacity = lowest fastener capacity x number o

fasteners in joint) or three rows of threa (whichaver has the least factored resistance)

- &+ *————— a
*-———————— -+ e}
- o+ *—————
Three rows of three S<da
*-——————— —&————#————& ————— .
- —— - . l
*-———————— - *————— -
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Net Area Reductions

For;

e split rings

e shear plates
* bolts

e lag screws

e drift pins

Area reduction due to bolt, lag screw or drift pin holes is equal to the
diameter of the hole multiplied by the thickness of the member.

Anv= Ac- Ar

where:

Ac= gross cross-sectional area

Ax= area removed due to drilling, boring, grooving
or other means

Az must not exceed 0.25 Ac

For staggered rows of fasteners, adjacent fasteners must be

considered to occur at the same cross-sectional plane when the centre-to-centre
spacing along the grain is less than the following values:

2 x fastener diameter for split rings and shear plates

8 x fastener diameter for bolts, lag screws or drift pins

",'\‘ I‘.;I‘! WOOd Canadian  Conseil /
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Net Area Reductions

Area removed for Number Member thickness

shear plate and Bolt of faces mm

split ring joints Size size with

(mm? < 10°) Connector in. in.  connector 38 64 80 89 130 140 175 191 215 241

Split rings 2-1/2  1/2 111 148 171 184 243 257 3.07 330 3.64 4.02
1.68 205 228 241 3.00 314 364 387 421 458
1.97 251 284 3.02 387 407 479 512 562 6.15
316 3.70 4.02 421 506 526 598 631 681 7.34
131 185 218 236 320 341 413 446 496 5.49

1
2
1
2
1
2 184 237 270 289 3.73 394 466 499 550 6.02
1
2
1
2

4 3/4

Shear plates 2-5/8 3/4

4 3/4 212 265 298 317 401 422 494 527 576 6.30
- 399 432 450 534 555 627 660 710 7.63
4 7/8 219 280 3.18 340 438 461 545 583 640 7.02

- 409 447 468 566 589 673 711 7.68 8.30

,/I'?\‘ ";J}' \/\/OOd Canadian  Conseil
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Geometry of Fasteners

Load parallel to grain Load perpendicular to grain
S a S a
P L P Notes
..... = row of fasteners
— N — a = unloaded end distance
e _ .
Y R 9> ry - a = loaded end dlsial:lce
e = unloaded edge distance
Sq Sq i . ey = loaded edge distance
! ! Sp = spacing parallel to grain
r _..', __________ _..’ r - * * Sg = spacing perpendicular to grain
€ €a @ = fastener

i

The arrangement of fasteners in a connection is defined in terms of end
distance, edge distance and spacing as shown. A row is defined as one or more
bolts, lag screws, shear plates or split rings aligned in the direction of the load.

r/,x\:“::“flfl" WOO d Canadian  Conseil
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Loading

The lateral resistance of most fasteners depends upon the angle of load to grain. The
angle is 0° when the load is parallel to grain, and 90° when the load is perpendicular to

grain. Loading at an intermediate angle to grain may be calculated from the following
empirical equation:

hQ
" Psinf0+Q, cos?0

N.= factored resistance at an angle © to grain

P.= factored resistance parallel to grain

Q = factored resistance perpendicular to grain

0 = angle between grain direction and direction of load

N:; may also be determined from Design Handbook (Table 7.1)

'/1'?\‘ I‘;:l‘l WOOd Canadian  Conseil /
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Design Tables (7.1-Handbook)

Angls

of load L

to grain

L+ 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1
0 1 1 1 1 1 1 1 1 1
5 0.97 0.98 0.99 0.99 0.99 1 1 1 1
10 0.89 0.93 0.96 0.97 0.98 0.99 0.99 1 1
15 0.79 0.86 0.91 0.94 0.96 0.97 0.98 0.99 1
20 0.68 0.79 0.85 0.20 0.93 0.95 0.97 0.99 1
25 0.58 071 0.79 0.85 0.89 0.93 0.96 0.98 1
30 0.50 0.63 0.73 0.80 0.86 0.90 0.94 0.97 1
35 043 0.57 0.67 0.75 0.82 0.88 0.92 0.96 1
40 0.38 0.51 0.62 0.71 0.78 0.85 0.9 0.96 1
45 0.33 0.46 0.57 0.87 0.75 0.82 0.89 0.95 1
50 0.30 0.42 0.563 0.63 0.72 0.80 0.87 0.94 1
&5 0.27 0.29 0.50 0.60 0.69 0.78 0.86 0.93 1
&0 0.25 0.36 0.47 0.57 0.87 0.76 0.84 0.92 1
65 0.23 0.34 0.45 0.55 0.65 0.74 0.83 0.92 1
70 0.22 0.33 0.43 0.53 0.83 0.73 0.82 0.91 1
Fi= 0.21 0.31 0.42 0.52 0.62 0.71 0.e1 0.9 1
80 0.20 0.31 0.41 0.51 0.81 0.71 0.80 0.90 1
85 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.80 1
90 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.980 1
Mote:

Determine the resistance at an angle to grain N[ as follows:

a) Calculate D;‘F'r = Perpendicular to grain resistance/Parallel to grain resistance.
b) Selectc cient X for given OJ/P, ratio and angle 8.

c) N.=XP,

f,x\i‘,l‘e‘.“l‘l WOO d Canadian  Conseil
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Other Considerations

Notching

joints that cause tension perpendicular to grain stresses should be
avoided. This occurs for example in cases where simple beams have
been notched on the tension side at the supports. In this case,
tension perpendicular to grain stresses can be caused by

prying action caused by secondary moments.

Decay Prevention

Moisture barriers, flashing and other protective features should be
used to prevent moisture or free water from being trapped.
Adequate site drainage must always be provided, all metals should
be protected against corrosion by use of corrosive-resistant metals
or resistant coatings or platings.

Lateral Restraint at Supports
Lateral restraint to prevent displacement and rotation must be
provided at points of bearing for all beams with a depth-to-width

[ I\!‘.‘r WO O d Canadian  Conseil
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Split Rings and Shear Connectors

Round steel connectors installed in
grooved wood. Split Rings are mainly for
wood to wood connection. Formed
through identical grooves in matching
faces of two members. Shear plates are
best adapted for wood steel, but can be
used in wood wood connections. Shear
plates transfer shear through the
fastener (bolt or lag screw) through the
center of the connector.

Split rings and shear plate joints are used
more generally in heavy timber or glulam
structures where there are large loads to
be resisted (trusses, purlin to beam,
column to foundation, arch peaks, or
bridges).

-ﬂ“\% JE -

One split ing in single shear

‘Wood members

-Bloit : Split ring connactor
_al—q [ ‘$ _ :_I ' - {Available in 2-1/2" and 4" dia.)
Spiit ring 4’

Two split ings in single shaar

g

One shear plate in single shear

Stesl Plate
Shear Plate

O — o
1
& -ﬂ% o
Wood
Meamber

= ﬂ+$

Ll

i \' '%I
Qn‘ Rl
WA/

Pressed sted

shear plates (2-5/8" dia.)
WA

i || 0 ||

a4

Ialleable ron
shear plates (4° dia)

Two shear plates in single shear

&*HEHE«-&

Two shear plates, each in single shear

il &
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Split Rings and Shear Connectors

Timber connector

types and sizes

Split ring connector

Steel ring with tongue and groove
division; section of ring is wedge shaped

for easy insertion in specially cut grooves.

P

J

Split ring dimensions

Shear plates

2-1/2" 4"

mm mm
Inside diameter at centre when closed, d, 63.5 101.6
Thickness of steel at centre, t 41 4.9
Depth of steel, w 19.0 25.4

For wood to wood joints,
two shear plates are placed
back to back in connection.

For wood to metal joints,
a single shear plate is placed
in wood member.

Module 2: Design of Timber

Malleable iron, front

=D €8

Pressed steel, back
= (@)
=) - :

- =

Q_ ) (=D

o \e

Malleable@, back

0

0

Shear plate dimensions
2-5/8" 4"
3/4" bolt 7/8" bolt

mm mm mm
Diameter of plate, d, 66.5 1021 1021
Diameter of bolt hole, d, 20.6 20.6 23.9
Thickness of plate, t 4.3 5.1 5.1
Depth of flange, w 10.7 15.7 15.7

WOOd Canadian  Conselil
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Design of Split Rings and Shear Connectors

Qy = qy (Kp Ker Ky)
q, = lateral strength resistance

Factored lateral Strength perpendicular to grain, kN

(CSA 086 Table 12.3.6B)
resistance parallel to the grain Ko = load duration factor

Kse = service condition factor
(CSA 086 Table 12.2.1.6)

P, =d¢P,ngd = 0.6
' q) u TR ¢ K; = fire-retardant treatment factor
P = P (KD KSF KT]' (CSA 086 Clause 12.2.1.8)
u u
Factored lateral Strength _ N = number of fastening units
p, = lateral strength resistance parallel

Je Jadedrdo de

resistance perpendicular to the to grain, kN
. ; Jz = factor for groups of fastenings
grain (CSA 086 Table 12.3.6A) " (CSA 086 Tables 12.2.2.3.4A and B)
Jo = minimum configuration factor
(CSA 086 Tables 12.3.3A, B, and C)

Q= ¢ QungJe ,
Jr = thickness factor
(CSA 086 Table 12.3.4)
_Srr_es_stsdisrnbuﬁon Spilit ring connector joint Shear plate connector joint JO = factor for connector orientation
in join

f in grain
o E = 1.00 for side grain installation

_ 0.67 for end grain and all other

= Tn?!.?'n‘é?n'ﬂiﬁem_t = installations

— % = Steel sice plate = Jo = factor for lag screw penetration

(CSA 086 Table 12.3.5)
AR WAAW, canaaian consell

SMART o ausos.
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Design of Split Rings and Shear Connectors

Table 12.3.6A
Lateral strength resistance parallel to grain, o,

. . . of timber connector unit, KN Table 12.3.4
Th e Ca pa C |ty Of as pl |t rl ng Split fings Shear plates Thickness factor for timber connector, J;
. Specias 21/Zin 4in 2.5/8in 4in e
is dependent upon the e 5 = z = Connecorigpe e SR 0TS eknesor
. . Ham-Hr 7 49 ] 44 and size COMMECIS o 3 holt piece, mm It
combined action of the sonce e 5w n oa Ziang E i
| . . Morthermn Specles pal az z 40 s 0.85
b d h Hotes: 2 51 1.00
0 t an rlng' T € CapaCIty m?:’r.emsror-fm:nm-pum:rremrpmwmz,ummru.r—:rmmm 748 I boits, 18 080
f h t t f N B e e e 1 et 4 I 5% Ang 1 18 1.00
Where wood skie e LG WIET 4 i Shear pRte, resitanoes are S0% of the tabuisted :
of the connector unit o (2) e woos s s p :
| is limited Table 12.3.65 2 76 1.00
th €S h ear p at €IS | Im Ite Lateral strength resistance perpendicular to 64 nas
grain, i, of timber connector unit, KN
by the shear strength of 3
Split Fings Shear plates 18 0.65
t h e bO It . Species 21/2in 4in 25/8in  4in 2-5/8 In shearplate 1 4 1.00
Douglas Fir-Lanch 72 42 23 LY 51 0.95
Hem.Fir 18 EL 14 2 e 0.95
Spruca.Pine. FIr 7 1 7 2 E &4 1.00
Morthem Spacies 15 1\ 15 2 = 085
18 07s
4 In shear piste 1 as 1.00
18 085
Table 12.3.6C 2 - 100
Maximum factored strength resistance per shear plate unit, KN 76 085
4 in shear plate &4 0.85
2.5/8 in shear 51 075
Type of 1oad plate Ifdinbolt 78 in bolt a4 0.65
‘Washers providid — nio bearing on 18 3z 41
threaded portan of the boit
‘When bearing can ooour on the 16 28 iE

threaded portion of the baolt

WOOd Canadian Conse'il
SMART o autoe |
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Design of Split Rings and Shear Connectors

If lag screws are used instead of bolts, Table 12.3.5
. . Penetration factor, Jp, for split rings and
FESIStance IS dependent on the depth Of shear l]];_-]u_l-l,_ s with [ag SUTFEWS
penetration (table 12.3.5 086) gives Penetration of lag wCrew Into member recelving point
. .f. d t .I. . (numbes of shank diameters)
requirements. Specific detailing is p—
required to utilise the full capacity of the _  Douglas | Sprace Northern
. . . ConneChr Penetfation Fir-Lasch Hem-Fir Pine-Fr EFEHH j',-
connection. Holes must first be drilled Z7Zm Srandard : 0 T T 100
. spilt Fing
and then installed. e r YT
41
Is:lrrlear"plate'
Z-5/8 Inshear  Standard i 7 ) ] 1.0
plate® kAlnImwm 15 4 4 B8 0.75

*Whan sheel side plates are wsed with sheor piates, uss fp = 1.0,
Note: For Intermemiote penatrations, Sneor INtapoiation may be usad for volues of [ betwaen 0.7
and 1.00.

fl\.“‘l“.‘;l" WOOd Canadian  Conseil
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Bolts and Dowels

Design information is provided in the Wood Design Manual based on bolts and dowels
conforming to the requirements of ASTM Standard A307 or SAE J429 Grade 2 bolts and dowels.
The holes for bolts and dowels must meet the requirements of CSA 086. Bolts are required to
have pre-drilled holes that are between 1 mm and 2 mm larger than the bolt diameter.

The bolt and dowel design provisions in CSA 086 ve, e
address: ee 7
-Yielding of the bolt or dowel -
-Wood failure mechanism around the connection i ’ ﬁ N
including: —\— —— —A—
 Row shear parallel to grain along each
fastener row
* Group tear-out of a connection with multiple T oe—e
rows of bolts loaded parallel to grain ! | " ‘
* Net tension of member loaded parallel to = b - |
grain’ and Row shear Group tear-out Net tension

* Splitting of members loaded perpendicular to i B wood Coradion Coneal
Wil i onsei

grain. Module 2: Design of Timber il SMART ZVOOd| ;ansdien 7
| ounci u bois



Sizing of Bolts and Dowels

Finished Minimum thread length (T) and mass (M) per 100, without nuts
. . Machine bolts and hex bolts ; .
Hex bolts height Width across nuts - threaded ASTM A307 Bolt Diameter (in.)
: length and mass
mcg;;ee,?:igfsnd Bolt diameter Head Nut Flats Corner Egg;fgggé V2 o8 s "8 1
in. mm mm mm mm in. T M T M T M T M T M
mm kg mm kg mm kg mm kg mm kg

1/2 8 12 19 22 4 32 115 38 18.2 44 272 51 384 57 513

5/8 10 14 24 28 4-1/2 32 12.8 38 20.2 44 30.0 51 423 57 56.4

3/4 12 17 29 33 5 32 14.0 38 22.1 44 32.9 51 46.1 57 61.4
6 32 16.6 38 26.1 44 38.6 51 53.9 57 715

/8 14 19 34 39 6-1/2 38 17.8 44 28.1 51 41.4 57 57.7 63 76.6

1 16 22 38 44 7 38 1941 44 30.0 51 44.2 57 61.6 63 81.6

1-1/8 18 25 43 50 8 38 21.6 44 34.0 51 49.9 57 69.3 63 91.7
9 38 241 44 37.9 51 55.6 57 7741 63 102

1-1/4 20 27 48 55 10 38 26.7 44 41.9 51 61.3 57 84.8 63 112

1-1/2 24 33 58 66 11 38 292 44 458 51 67.0 57 925 63 122

1-3/4 28 38 67 77 12 38 317 44 49.8 51 72.6 57 100 63 132

5 31 44 77 a8 13 38 34.2 44 53.7 51 78.3 57 108 63 142
14 38 36.8 44 57.7 51 84.0 57 115 63 152
15 38 39.3 44 61.6 51 89.7 57 124 63 162
Hex nuts - 1.7 - 13.3 - 15.4 - 18.6 - 12.8

WOOd Canadian Conse'il
SMART o autoe |
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Tension Resistance of Bolts and Dowels

Bolt diameter Tensile resistance, T,
in. kN

1/2 31.5

5/8 49.2

3/4 70.8

7/8 96.4

1 126

MNote:

T. = 0.75 ¢, A, F, where ¢, = 0.80 (from CSA 516)
A = area of bolt (mm?)
minimum specified tensile strength = 414 MPa

n
I

'/1.?\‘ I‘;;l‘l WOOd Canadian  Conseil /
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Modification Factors of Bolts and Dowels

Ky 1.0 when the loading is “standard” term
1.15 for short term loading {e.g. dead plus wind)

(.65 for permanent loads (e.g., dead loads alons)

1.0 when the loading is “standard” term
1.06 for short term loading (e.g. dead plus wind)
(.65 for permanent loads (e.g., dead loads alone)

1.0 when the service conditions are “dry” and the lumber is seasoned
(moisture content < 19%) prior to fabrication

For other conditions, determine K from Table 7.8.

Kg, = 1.0 when the service conditions are “dry” or the least dimension of
sawn lumber is over 88 mm
= (.96 for sawn lumber in wet service conditions and the least dimsension

of sawn lumber is 89 mm or less
= (.87 for glulam in wet service conditions

7

Kg, = 1.0 when the service conditions are “dry” or the least dimension of
sawn lumber is over 89 mm
= (.84 for sawn lumber in wet service conditions and the least dimension
of sawn lumber is 89 mm or less
= 0.75 for glulam in wet service conditions

K; = 1.0 when the wood is not treated with a fire retardant or other strength
reducing chemical. For wood treated with a fire retardant or other
strength reducing chemical see the Commentary for further guidancs.

WOOd Canadian  Conseil
d di
SMART Goa  auves 1
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Minimum Spacing Bolts and Dowels

Load parallel to grain, P, Load perpendicular to grain, Q,

r

1/2" diameter bolt 3@ 51
L
el -t e ;gi
T e e o si : :
= = i m:gn m Parallel to grain loading; rows in line
parallel to grain — a [— "‘F_|
5/8" diameter bolt — — =
B ] Girain i T —»
e) 2
— 4 —as
48]
| weeed e |:> —s— 8
T2 &4 =] Section
]_ - TlL
— [-== @
3/4" diameter bolt 57 78 dF—] f
iy N
ol 48 <8 : =alili -
7L 448 - 48 = o ; !
gl - = - ;.—,J_ Edge Distance
b—= L = | L= o 8, 1.5d, or 5./2 {whichavar is graatsn
End Distance
4, 5d, or 50 mm for members in tension
p—— r bolt P 32 4d, or 50 mm for member In compression
. Proper end distance must also be provided for centre members
e]
WE ::::zi _:: |F> 7 : ’ ;TE_-&Q in Rows
8] =
111 ) ) ) * :
Spacing Between Rows
3 5, 23d,
(When 5_ =125 mm, separate sphce plates ere used for each row of fasteners.)
1" diameter bolt 76 102
[l 38
o7 - ~e > 1 L 2N ]
oT - -8 ’ *
1 1327 | 102 102 102
iy
Motes:

1. & = the greater of 1.5 imes bolt diameter or half of actual spacing between rows

WOOd Canadian Conse'il
SMART o autoe |
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Design of Bolts and Dowels

Bolts can be hot dipped galvanized, stainless steel (including washers and nuts) or plated to
provide resistance to corrosion.

Bolts are widely used in applications of heavy loads. They are seen in purlin to beam, beam to
column, column to base, truss, arches, post and beam, pole-frame, bridges and marine
structures (with care for corrosion considered.

There are a suite of equations provided from Clause 12.4.4.2 which capture the possible modes
of failure. In this case the minimum resulting value is the selected lateral resistance.

’1.\‘ I‘;;I‘l WOOd Canadian  Conselil /
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Design of Bolts and Dowels

The factored lateral resistance depends upon the angle of load to grain and is
calculated as follows;

(@) Ni < N, (b) Pr < Pr ) Qr=Q (d) For loading at an angle to grain, 8:
where where where < P.Q
P; = factored load parallel to grain P,sn’8 + Q,cos®

N; = factored load on the connection Q; = factored load perpendicular to grain where

P, = factored resistance parallel to grain

N,= factored lateral yielding resistance Q,= QS,,, factored perpendicular-to-

i e . 8 = angle between the applied load
grain splitting resistance

and the grain

the lesser of factored row shear
resistance PR, factored group
tear-out resistance PG, or
factored net tension resistance
TN+

WOOd Canadian Conse'il
SMART o autoe |
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Design of Bolts and Dowels

Yielding resistance is a function of the number of shear planes in the connection it is based
on the unit lateral yielding resistance which is determined based on the number of
member connections;

(a) Ne < N, N, = dé,nn:ne
where
N:; = factored load on the connection where
N, = factored lateral yieldi ist . . NPT
actored lateral yielding resistance ¢, = resistance factor for yielding
= 0.8
n, = unitlateral yielding resistance, N
n. = number of shear planes

in the connection

n: = number of fasteners
in the connection

I\‘!“I' WOO d Canadian  Conseil
: Desi i i S -|- Wood i
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Design of Bolts and Dowels

n, = unitlateral yielding resistance, N

For two-member connections, only ltems (a),
(b} and (d) to {g) are considered valid.

For three-member connections, anly ltems (a),
(c), (d) and (g) are considered valid.

a) fidet, {_I?}h:} ZE%I—}

b) fodgts ‘:I% El'_.}

c) %&d,tz ggg}_}
-

P A .H %}I::a

A\ B(fi+f2)fr

e
&) fid? [«. B(h+f)f ' 5, =

i
=
z <

/ f-;
0 fick Sty =

0 o 44

f1.f2 =

embedment strength of members 1
and 2, where member 1 is the side
member, MPa

diameter of the fastener, mm

member thickness or dowel
bearing length, mm

yield strength of fastener in bending

310 MPa for ASTM A307, SAE J429
Grade 2 bolts and dowels

For wood maember embadment strength:

fe =

fig =

faf,
— Bl K K
fasin"@ + fyoos™0 ot

embadment strength of member i
for a fastenar bearing at angle &
relative to the grain, MPa

embadment strength for a fastaner
bearing parallel to grain (8=0)

50G(1-0.01d.) J,

adjustment factor for connections
in CLT

0.9 for CLT
1.0 for all other cases

embadment strangth for a fastaner
bearing panpendicular to grain
(8=907)

22G(1-0.01)d:

mean relative density (G54 086
Table A12.1)

= |load duration factor

service condition factor
treatment factor

For non-wood based matenals, the ambed-
ment strength is takan as follows:

Stealil,, (e, T, MPa
Concrete or Masonry: 125 MPa

whara

Kep

L

&

3.0 for mild stesl referenced
in CSA 16

2.25 for cold-formed light gauge
steal referenced in CSA 5136

specifisd minimum tenzile strength
of stesl, MPa

resistance factor for steel plates in
connections with bolts and dowels

0.8 for mild steal referenced
in CSA 816

0.5 for cold-formed light gauge
steal referenced in CSA 5136

0.8 ({resistance factor for yielding
failuras in wood members in
connections with bolts and dowels)

(:IEE]ED WOOd Canadian  Conseil
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Design of Bolts and Dowels

(b) P; < P,
where
P; = factored load parallel to grain
P, = factored resistance parallel to grain

= the lesser of factored row shear
resistance PR, factored group
tear-out resistance PG, or
factored net tension resistance
TN+

Parallel-to-grain Row Shear Resistance

The total factored parallel-io-grain shear resis-
tance of a joint is calculated as the sum of the
factored row shear resistance of the wood
members resisting load, as follows:

PR, =ZPR)

The total factored row shear resistance of fas-
tenars in a wood member, i, is calculated as
follows:

PR: = #wPRymnNg
whera
B, = resistance factor for brittle failures
= 0.7

PRy mn = minimurn row shear resistance of
any row in the connection from PR,
to PRyg

number of fastaner rows

shear rasistance of fastener row j in
member i, M

1214, (Kp Kgy Kp) Kis tng ag,

Mg

FR

|

specified shear strength for
member i, MPa

= C5A 086 Tables 6.3.14, 6.3.1C,
6.3.10, and 7.3, or 0.6 x {, in Table
6.3.1B)

K = .65 for side member
= 1.0 for internal member

s
I

t = meamber thicknass, mm

n, = number of fasteners in row j of
member i

8oy = minimum of a, and 3 for row j of
member i, mm

The capacity of each member in the joint
must be checked separately for resistance to
row shear failura.

Parallel-to-grain Group Tear-Out Rasistance

Tha total factored group tear-out resistance of
a joint is calculated as the sum of the factored
group tear-out resistance of the wood mem-
bers rasisting load, as follows:

PGy = Z(PG

The total factored group tear-out resistance of
fastanars in a wood member | with n; rows is
calculated as follows:

PR +PR
PG, =4, erm+ £ KKK, ]AF@J
whers
t, =07

PH; =121, (Ko Ks, Ko Ko tnoag,

= shear resistance along row 1 of
member | bounding the fastenar
group, N

PRa =121 Ky Kay KKe t e 8
= shear rasistance along row ng of

member | bounding the fastenar
group, M

fi = specified strangth in tension of
member i, MPa

= C5A 08B Tables 6.3.14, 68.3.1C,
6.3.1D and 7.3, or 0.65 = f, in
Table 6.3.1B

Ay = critical perpendicular net area
betwesn rows 1 and n, of member

i, mm®

Group tear-out is not possible if the member
end-distance is in comprassion. The capacity
of each member must be chacked separately.

Module 2: Design of Timber

Recall from the module on
Tension;

Welele
S M A RT Council du bois

MNet Tension Resistance
The total factored net tension resistance of

the wood members loaded parallel to grain at
a group of fasteners is calculated as follows:

TNrT= ETNrI

TN, , of member, i, at a group of fastenars is
determined using the method outlined in
Chapter 9.1. The cross-secticnal area
deductad from the gross cross-saction must
not be greater than 25% of the member gross
ared.

T =6FAK,
whera
b =09
Fp = fi (Ko Ky Ka: Ko
fi = specified strength in tension

parallal to grain, MPa
{CSA 086 Tables 6.3.14, 6318,
6.3.1C, 6.3.1D, 6.3.2 and 8.3.3}

A, = net area of cross saction, mmé

Ka = size factor in tension
{CSA 086 Table 6.4.5)

Canadian  Conseil
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Design of Bolts and Dowels

. Perpendicular-to-Grain Splitting Resistance
() Qr=Qr The total factored splitting resistance of a

where joint is calculatad as the sum of the splitting
Q; = factored load perpendicular to grain resistance of the wood members resisting the
load as follows:

Q,= QS,, factored perpendicular-to-
grain splitting resistance

Q5= 1035,

The factored perpendicular-to-grain splitting
resistance of mamber i, M, iz calculated as

follows:
Q3 = $0S, (Kokseky)
wheara
b = 0.7
0s= 14t [_Os
Vg
t = member thickness, mm
d, = d - &, effective member depth, mm
d = member depth, mm
&, = unlpaded edge distance, mm

Module 2: Design of Timber
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Design of Bolts and Dowels

Designing of bolts and dowels tends to be a trial and error process; Selection tables from 7.4 from the Hand

book assists:
Bolt and Dowel Selection Tables

Single Shear, Wood Side Plates m Single Shear, Wood Side Plate

Factored lateral resistance - 1/2" Bolt or Dowel

. . ﬁ PA; — Row shear resistance Gy — Group tear-out
<:| . . I;‘> Capacity per bolt or dowel Tension resistance
Type 2 Type 3 Type 2 Type 3
. . Spacing | Type 1 Side Par.  Side Type 1 Side Par.  Side
Parallel to grain Ioadlng Species  Side plate [Member | parallel | Side Par.  Main Parp. Group | Side Par.  Main Parmp.
T 1 Sawn thickness |thickness |to grain' | Main Par. Perp. Main Par. | width® | Main Par.  Perp. Main Par.
ype lumber  mm mm mim kN KN kM mm  |kN kN kN
DFir-L 38 38 51 2.00 2.00 2.00 38 1.31 1.31 1.31
80 2.38 238 2.38 76 261 261 261
=84 3.30 2.38 2.38 114|382 3.82 3.82
g 38 89 51 200 200 310 |38 |13 131 3.0
85 3.35 3.35 3140 76 261 261 6.12
=119 |468 3.35 310 114|392 382 9.18
.o . . 38 140 51 2.00 2.00 340 38 1.3 1.31 7.57
.. 1 Side plate parallel to grain 102 |a02 402 310 |78 |26 2,61 15.1
loading. Member perpendicular =119  |468 4.02 310 114 [392 3.92 227
to grain loading. 38 191 51 2.00 2.00 3.10 38 [1.31 1.31 103
102 4.02 402 3.10 76 261 2,61 206
Type 2 =119 |468 402 3140 114|392 392 31.0
. . . 89 g9 51 469 469 407 38 3.06 3.06 3.06
Side plate perpendicular to grain =66  |6.07 474 407 76 6.12 6.12 6.12
loading. Member parallel to 1141918 9.18 9.18
grain |Oading_ 89 140 21 4.69 4.69 4.07 38 3.06 3.06 71.67
=66 6.07 474 407 76 6.12 812 15.1
Type 3 114|918 9.18 227
839 191 51 4,69 469 4.07 38 3.06 3.08 10.3
=66 6.07 474 407 76 6.12 812 206
114|918 9.18 31.0

,/]"\:“ ":,‘If}' WOO d Canadian Conse'il
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Design of Bolts and Dowels

Designing of bolts and dowels tends to be a trial and error process; Selection tables from 7.4 from the Hand
book assists:

Bolt and Dowel Selection Tables
E Double Shear, Wood Side Plates

Double Shear, Wood Side Plates

<0 . 2 ﬁﬁ Factorad lateral resistance - 1/2" Bolt or Dowel
(:j - @@ L PRy — Row shear resistance G, — Group tear-out
Parallel to grain loading Capacity per bolt or dowel Tension resistance
Type 4 Types  Types Typa 5 Type &
Spacing | Type 4 Side Par. Side Type 4 Side Par. Side
— | Species Side plate | Member |parallel |Side Par. Main Perp. Group | Side Par.  Main Parp.
Sawn thickness |thickness | to grain’ | Main Par. Perp. Main Par. | width® | Main Par. Perp. Main Par.
b lumber mm mm mm kN kN kM mm kN kN kN
D.Fir-L 38 38 51 3.08 363 3.08 38 1.31 261 1.3
| | 102 6.20 3.63 6.20 76 261 523 261
: ': Tj" Side p[a'[ﬁﬁ, pﬂrﬂ“ﬁl fo grﬂin =136 B.26 363 6.20 114 3.92 T.84 3.92
—_— loading. Member perpendicular 38 29 51 4.01 4.01 6.20 8 (2.1 2.61 3.08
' to grain leading. 102 8.05 B.05 6.20 76 5.23 523 6.12
=119 8.37 B.05 B.20 114 7.84 T7.84 918
Type 5
. . 38 140 51 4.01 4.0 B.20 38 281 261 7.57
Side plates perpandicular 102 B.05 8.05 6.20 76 5.23 523 154
to grain loading. Member paralls] =119 |9.a7 8.05 6.20 114 |7.84 7.84 227
to grain loading. as 191 51 4.01 4.01 6.20 a8 |26 261 10.3
Type 6 102 B8.05 8.05 B.20 76 5.23 523 206
=119 9.37 8.06 6.20 114 7.84 T.84 3.0
89 89 51 7.22 851 T.22 38 3.06 6.12 3.06
57 815 851 B.A5 78 612 12.2 i
=85 121 851 B.A5 114 918 18.4 9.18
89 140 51 B.96 9.38 B.15 38 812 6.12 7.57
=69 121 9.48 8.5 78 12.2 12.2 151
114 18.4 184 227
89 191 b1 9.38 9.38 8.15 38 612 6.12 103
= 66 121 9.48 8.15 76 12.2 122 2086
114 184 184 30

,/]"\:“ ":jlf}' WOO d Canadian Conse'il
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Design of Bolts and Dowels

Designing of bolts and dowels tends to be a trial and error process; Selection tables from 7.4 from the Hand

book assists: Bolt Selection Tables
Single Shaar, Steel Side Piates E Single Shear, 6 mm Steel Side Plate

Fan Factored lateral resistance based on A36 stecl grade plates
LI "
—A— 142" bolt 5/8" boft
Type 7 - Paralld to grain resistance Type 8 Type 7 - Parallel to grain resistance Type 8
PR, - Row shear |G - Group tear-out| Q' PR_-Rowshear |G- Group tear-out) O,
=" . e O . ; Bolt Eoit
spacing Pamp.to | spacing Parp. to
) ) _ Spaecies  Member |parallel | Capacity | Group | Tension grain yisld | parallel | Capacity | Group | Tension | grain yield
Parallel to grsin loading Perpendicular to grain loading Sawn  thickness|to grain’ |perbolt |width? |msistance |resistance |tograin' |perbott |width? | resistance | resistance
Type 7 Type 8 lumber mm mim kN mm ] kM mim kN mm kM kM
D.Fir-L |38 51 2.00 38 1.3 363 54 250 48 1.66 4.38
‘G =209 |8.26 76 261 =252 9.90 895 332
A ' 114 3.92
89 51 469 38 3.08 567 G4 5.86 48 3.89 B8.70
=92 8.50 76 6.12 =14 13.0 85 7.78
. . 114 9.18
140 51 582 38 7.57 567 54 7.28 48 962 8.70
=74 8.50 76 154 =114 13.0 895 19.2
-ﬂ” 114 227
\I_I_/ 191 51 7.85 38 10.3 567 G4 9.93 48 134 B8.70
CLT parallel to major strength axis CLT perpendicular to major strength axis 254 8.50 76 208 =83 13.0 85 263
Type T Type 8 114 31.0
244 =5 8.50 a8 13.0 567 54 125 48 166 8.70
76 261 = B6 13.0 895 334
114 391
292 =5 8.50 38 15.8 567 =64 13.0 48 204 B8.70
76 318 85 401
114 474

fl'\‘ I“.‘:}' \/\/OOd Canadian  Conseil
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Design of Bolts and Dowels

Designing of bolts and dowels tends to be a trial and error process Selection tables from 7.4 from the Hand
book assists:

Bolt Selectlon Tables
Double Shear, Steel Sida Plates m Double Shear, 6 mm Steel Side Plate

LI D
'y Factored lateral resistance based on A36 steel grade plates
1/2" bolt 5/8" bott
Type 8 - Parallel to grain resistance Type 10  |Tvpe 9 - Paralld to grain resistance Type 10
l_> . PR, - Row shear |G, - Group tear-out Q' PR, - Row shear |G} - Group tear-ouff O
<_].I P .. Boft Bolt
spacing Perp o |spacing Perp to
Para 3 : . : Species  Member |parallel | Capacity | Group | Tension grain yield |parallel | Capacity| Group | Tension | grain yield
llel to grain loading Perpendicular to grain loading Sawn  thickness|to grain' | per boit | width? |resistance | resistance [to grain® |perbolt |width? | msistance | resistance
Typeo Type 10 lumber mm mm kN T kM kM mim kN T kM kM
D.Fir-L |38 51 3.08 38 1.31 3.63 64 3.85 48 1.66 438
=136 |B.26 T8 261 =164 99 95 332
[}G 114 3.92
| "'qu 89 51 722 |38 (308 851 &4 9.02 |48 3.89 10.3
=120 |17.0 76 6.12 =164 23.3 85 7.78
114 (918
140 51 8.96 38 757 113 B4 11.2 48 9.62 16.1
. 296 17.0 76 151 =148 26.1 95 19.2
114 227
A 191 51 12.2 38 10.3 1.3 [ 15.3 48 13.1 17.4
v 1 2T 17.0 T8 208 =108 261 95 26.3
Ik 114 [31.0
GLT parallel to major strength axis CLT perpendicular to major strength axis 244 51 154 38 13.0 1.3 64 19.3 48 166 i74
Type 9@ Typa 10 = 66 17.0 76 261 = BB 261 95 331
114 391
292 251 17.0 38 156.8 113 B4 23.4 48 201 17.4
76 3.8 =71 26.1 95 401
114 |47 4

fl'\“l“.‘:}' WOOd Canadian  Conseil
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Design of Bolts and Dowels

Designing of bolts and dowels tends to be a trial and error process; Selection tables from 7.4 from the Hand
book assists:

Table 7.10 1/2" bott 5/8" balt 314" bolt 7/8" bott 1" bolt
Spl_rthng i i ) , ,
z?ﬁmﬁ;m Member depth e, a's, e, a's, 8, Q's, 8 a's, e, Q's,
loaded mim mm  kN/mm | mm  kNmm | mm kWYmm | mme kNmme | mme kNGmm
perpendicular 114 19 0234 |24 0204 |28 0481 |33 0163 |38 0148
to grain, per
mm thicknass 5F 04108 |&7 0406 |57 0105 |57 0108 |57 0105
Q's ;. (kN/mm) 140 19 0202 |24 o286 |20 0229 |33 0207 |38 0.490
70 0116 |70 0416 |70 0416 |70 0116 |70 0116
152 19 0319 |24 o280 |20 0251 |33 0228 |38 0209
78 0121 |76 0421 |76 0421 [FE 0421 |76 0121
184 19 0391 |24 0345 |20 0310 |33 0283 |38 0260
92 0133 |92 0433 |92 0133 |92 0133 |92 0133
191 19 0407 (24 0358 (20 0323 |33 0295 |38 0271
96 0135 |96 04135 |9 0435 |9 0135 |96 0135
228 19 0400 |24 0433 |20 0391 |33 0358 |38 0330
114 0448 [114 0448 114 0148 |414 0448 | 114 0148
235 19 0506 |24 0447 |20 0404 |33 0368 |38 0342
118 0150 [118 0450 |[418 0450 |418 0450 | 118 0450
244 19 0518 (24 0458 |28 0415 |33 0380 |38 0.351
121 04562 [121 04582 [121 0452 421 0482 |121 0452
266 19 0575 (24 0510 |29 0481 |33 0422 |38 0.391
133 0460 [133 0460 [133 0460 |433 0460 |133 0.1460
286 19 0620 |24 0850 |20 0497 |33 0456 |38 0423
143 0166 [143 0166 |143 0186 |143 04166 | 143 0166
292 19 0634 |24 0562 |29 0508 |33 0466 |38 0432
146 0167 |[146 0167 |146 0487 |1468 04167 | 146 0187
304 19 0661 |24 0586 |20 0530 |33 0487 |38 0451
152 0471 [152 0471 [1582 0471 |152 0471 | 152 0ATH
343 19 0748 |24 0684 |20 0602 |33 0553 |38 0513
172 0481 (172 0481 [172 0481 |172 0481 |172 0484
380 19 0832 |24 0739 |20 0670 |33 066 |38 0572
190 0181 [180 0191 [180 0491 |190 0481 | 180 0191
394 19 0863 |24 0767 |20 069 |33 0640 |38 0595
197 0195 [197 0495 [197 0485 |4197 0495 | 197 0.195
418 19 0917 |24 0815 |20 0740 |33 0681 |38 0633 d . .
209 0200 |209 0200 |209 0200 |209 0200 |209 0.200 W O O Canadian  Conseil
458 19 1002 |24 o892 \lmdudeo?: Basigmof|[Beim e S M A R -l— Wood canadien
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Drift Pins

Elevation
penstration
These are round steel dowels that - | {
do not have heads and are not “length 1
threaded. The ends are shaped so Isometric ' ‘=:“‘mm
that the pin can be inserted in a pre-
drilled hole to minimize wood Dﬁg-imbgfm

damage. Members are aligned and
geld in place. Hole diameters are

Plan showing minimum spacing,

end and edge distances
. . . , W
slightly undersized 1mm to give a |
. . Mote: drift pin
tight fit. g,
d, B

. —:? F - j‘_ | 212 d,
These are usually used where gravity ®
or mechanical restraint prevents 4,
axial tension stress. These may also i o —
be used to anchor beams and N T
columns. Shpd 48, oiid

r/,x\:“::“flfl" WOO d Canadian  Conseil
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Factored Lateral Strength

DeSign Of Drift Pi ns The factored lateral strength of a drift pin con-

nection, P, Q,, or N, must be greater than or
equal to the effects of the factored loads, as

The factored lateral resistance will fﬂnﬂj& . oading. P is th
be 60% of that of a bolt or dowel in ) for perlelto-grain osding, B lnthe
single shear. At any shear plane with b) for perpendicular-to-grain loading, Q, is
two overlapping members, a taken as 0.6 QS+,

. . . c) for yielding resistance, N, is taken as
maximum of two drift pins can be 0.6 N.; and
considered as resisting shear forces. d) for loads at angle 8 to grain, the factored

resistance on the joint, N,, is as follows:

Drift pins should be slightly shorter N = P,a‘n?epl%,msi‘e
than the combined members depth where
so to prevent interface between the PR, ;= factored row shear resistance
pins in successive Iayers as they are Ps 1 = factored group tear out resistance
tightened. Tw+ = factored net tension resistance

Q5, ;= factored splitting resistance

/ N. = factored lateral yielding resistance

fl\.“‘l“.‘;l" WOOd Canadian  Conseil
vioruie zbesn et M SMART e cuseis’




Counterbore Lead hole

Lag Screws -
7 e
Also known as lag bolts, are larger / Eﬁﬁt
than screws, and installed in one 2 - ~ Lengih ot
face of the member. Shown right is a Shank — E 2 SO =
typical member. Very specific — \F
detailing is required in installation e piate or /Lengthnfpmeimtiun:Lp
where a lead hole is made for the secondany memost 74 e
threaded portion and a counter bore N Z
for the unthreaded portion. The
screw is turned with a wrench. If the
procedures are not followed the Driting o Diing e
load carrying capability is reduced. sorowhols IS | tebore | eenods DL e, P
Diameter same as shank 65 to 85% 60 to 75% 40 to 70%
of shank of shank of shank
They are used to anchor metal or Depth samoasshak | foadod ireaded ireaded
wood in places where through bolts
are undesirable or impractical. They Note: For[sad hole diameter, the [arger percentags applies to [arper ag screws.
may be loaded laterally or where
withdrawal resistance is desired. 4 I WOoO0d Canadian  Conseil
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Spacing of Lag Screws

Same as bolted equations but with certain exceptions:

¢ [For parallel to grain loading, minimum
spacing between rows, S-. may be 2 d-, and

* [For perpendicular to grain loading, mini-
mum spacing betwean rows is :

— Sp22.5d: for L'de of 2 or less
— Sp25d: for L'd: of 6 or greater

Interpolation may be used for L'd. ratios
between 2 and 6

Module 2: Design of Timber
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Design of Lag Screws

Yield Model (European) is used for the
ultimate strength of a lag screw
connection. The same yield equations
as used for bolts are used. The
embedding strengths are also the
same, however modification factors
are not incorporated (load, treatment,
service conditions). Phi is also changed
to 0.6 as opposed to 0.8 as is seen in
bolts. Section 7.6 gives selection
guidance in the handbook.

These resistancess are for members
laterally loaded, for perpendicular,
resistance is 2/3 the calculated value if
wood plates are used, if steel , - 1/2.

where

Kee

¢'5tee| =

embedding strength of steel side
plate, MPa

Ksp {‘t'steeP;‘t'wtcd} fu

= 3.0 for mild steel referenced in

CSA 516

2.25 for cold-formed light gauge
steel referenced in CSA 5136

specified minimum tensile strength
of steel

400 MPa for ASTM A36/A 36M steel

450 MPa for CSA G40.21 steel,
Grades 300W and 350W

310 MPa for cold-formed light
gauge steel, Grade SS 230

resistance factor for steel plates

0.8 for mild steel referenced in
CSA 516

0.5 for cold-formed light gauge steel
referenced in CSA S136

resistance factor for wood members
0.6

Module 2: Design of Timber

Wood
il ‘!| S M A RT Co?Jcr)mil du bois

Factored Lateral Strength Resistance
Factored lateral strength resistance parallel to
the grain is calculated as

P, = 6P, ne Jg Jp

Factored lateral strength resistance perpen-
dicular to the grain is calculated as

Q, = 6Q, N Jg Jp,

Factored lateral strength resistance
for loads at an angle & to the grain is
calculated as
N - P.Q
" Psn"8+ Qos0

where
& = 0.6
P, = pu (Ko Kee Ky
Q, = g, (Ko Kee Ky)

Jg = factor for group of fasteners

Jm = factor for reduced penetration
0.625 for penetration of 5d
1.0 for penetration of 8d or greater

Parameters p, and q, are determined in
accordance with Clause 12.6.6.1.2 of CSA OB6
in & manner similar to that used for bolts.

WOood

Canadian  Conseil
canadien



Design of Lag Screws

Withdrawal resistance also needs
consideration. It is a function of the
screw diameter and length, and
specific gravity. The effective length in
withdrawal is equal to the threaded
length excluding the length of the tip.
The screw should also be checked for
resistance. These are the same
criterion for ASTM A307 bolts.

Factored withdrawal resistance in side grain iz
calculated as

P, = bY,L nJg
whers

b =08

Yo = Yo Ko K K}

Ve = basic withdrawal resistance per
millimater of threadad shank
penstration into main member,
Mfmm

= 59 dFI:I.BE' GL?T "'I:-:
wihere
d- = nominal lag scrow diametar, mm

5 = mean relative density of main
membear (C5A 086 Table A12.1)

J =09 for CLT
= 1.0 for all other cases
K; = load duration factor
Kz = sarvice condition factor
K = fire-retardant treatment factor

L, = length of threaded shank
penetration ino main member, mm

=
k1l
Il

number of lag screws

end grain factor for lag screws
0.75 in end grain

0.67 in panal edge of CLT

1.0 for all other cases

Module 2: Design of Timber i"
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Timber Rivets

Timber rivets were formerly known as glulam rivets. These are high strength fasteners that are now used
for glulam and heavy timber construction as seen below,.

Elevation Section
— 3.2 mm minimum
7. 2
/ Direction
of
b >
LT~
%, Rivet plate ,/f-/
; ]
Main member -
[
/% Y
Length of penetration=
2 to 3 mm typ. [— | g. P LF'
Rivet length = L

These are a favoured construction technique for glulam because they are stiffer and transfer greater

loads, drilling is not required, simplifies fabrication as gross cross section can be relied on, easy to inspect
ad favoured for as asethics reasons.

Rivets must be used with atleast 3.2mm thick steel plates. Al WOOJ Canadian  Conseil /
SMART Wood canadien
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Design of Timber Rivets

Usually found in truss connections, purlin
beam connections, beam column
connections, arch to base connections.
Assembly is done on site to prevent
damage.

It is a good alternative to lag screws because
neither will penetrate the member full, and
driving can be easier that turning. However,
it requires more materials than lag screws
would.

086 Appendix A 12.7.2.3 gives formulas for
these failure modes which is largely trail and
error. To simplify the process, basic
resistance values are tabulated for typical
design configurations. When outside this,
the appendix is used,

For timber rivet connections loaded parallel to
the grain, three types of failures are
considered:

1. Rivet yield accompanied by local crushing
of the wood.

2. The wood fails in tension parallel to grain at
the edge of the connection.

3. The wood fails in a plug shear mode
around the rivets.

For timber rivet connections loaded perpen-
dicular to the grain two types of failures are
considered:

1. Rivet yield accompanied by local crushing
of the wood.

2. Wood failure in tension perpendicular
to grain at the edge of the connection.

:].‘\‘ I‘;;I‘l WOOd Canadian
Module 2: Design of Timber ‘|| S M A R-l— Z\éic;ci”
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Design of Timber Rivets

Factored lateral resistance parallel to the grain
per rivet joint is calculated as

P, = $PH
Factored lateral resistance perpendicular to
the grain per rivet joint is calculated as

Q, = ¢QH
where

P, = lesser of P, and P,

P, = (1.09L.%%ngnc)Jy(KspKy) for
rivet capacity

P, = p.{KoKseK;) for wood capacity

Q, = lesserof Q,and Q,,

Q, = (0.62L.™*nanc)Jv(KseK) for
rivet capacity

Q, = (L2 CI(KpKseKy) for wood
capacity

ng = number of rows of rivets parallel to
direction of load

N: = number of rivets per row

L, = length of penetration
of the rivet, mm

= overall rivet length - plate
thickness - 3.2

P, = lateral resistance parallel to grain
(CSA 086 Clause 12.7.2.3 ar
Clause A12.7.2.3.1)

q, = lateral strength resistance for
wood capacity perpendicular to
grain loading (CSA O86 Table
12.7.2.5A or Clause A.12.7.2.3.2)

C, = factor relating to edge distance
(CSA 086 Table 12.7.2.5B or
Clause A12.7.2.3.2)

load duration factor

service condition factor

= fire-retardant treatment factor

side plate factor

0.8 for side plates between 3.2 mm
and 4.7 mm in thickness

0.90 for plates between 4.7 mm
and 6.4 mm in thickness

1.00 for side plates 6.4 mm and
more in thickness

material factor
1.0 for Douglas Fir-Larch glulam
0.8 for Spruce-Pine glulam

0.5 for Douglas Fir-Larch sawn
timber

0.45 for Hem-Fir sawn timber

0.40 for Spruce-Pine-Fir sawn
timber

0.35 for Northern Species sawn
timber

Module 2: Design of Timber

Withdrawal resistance is calculated as

Prw = q}YwLannG
where
& =06

Yo = YulKseKq)
Yoo 13 N/mm for glulam
7 N/mm for sawn lumber

L... Nng and n; are as defined for lateral loading.
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Truss Plates

These are used to assemble dimensional lumber in roof and floor trusses.
The are produced by punching 16-20mm gauge galvanized steel. The
pattern of the teeth varies to the manufacturer.

These would be installed every joint of a light frame wood truss. The
plate size would vary depending on the loads that need to be transferred.
These would be embedded via a hydraulic press and by the
manufacturer. So the design is largely proprietary as a consequence.
Though this must follow specific standards (tightfitting, non deformed,
direction normal to the surface of the lumber, fully embedded to a
specific depth, and the quality of the lumber)

Truss plates must be designed so that the fol-
lowing criteria are satisfied:

1. Factored ultimate lateral resistance of the
teeth, N, > factored lateral load, N,

2. Factored tensile resistance of the plate
T, = factored tensile force, T,

3. Factored shear resistance of the plates
V., = factored shear force, V;

4. Factored lateral slip resistance
M = specified lateral load, N,

},'\‘ I‘;;I" WOOd Canadian  Conselil /
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il S M A RT Council du bois



Nails and Spikes

Manufactured in many lengths and diameters (see text book figure 11.27). Nails are usually 1 to 6 inches
and spikes are 4 inches to 14 inches. Nails are normally made of low or medium carbon steels or aluminum.

Splitting can be reduced by blunting the point of the nail before driving. A long diamond point may be easier
to drive but it can split harder wood species. Uncoating in cedar species can cause staining of the wood
galvanization is an alternative.

Nails are common in all types of construction, but seen mostly with wood frame, post and beam, heavy
timber, shear walls, nailed gussets and panel assemblies.

FIGURE 11.27
Types of nails Finishes

and Common lengths
Type of nail Head Shank  Point Material coatings  mm in.
Common (Spike)  F C.5 D 5 E B 100 to 350 410 14
Eavestrough Ce, F C.5 DN S B, Ghd 125 to 250 S5to 10

{Spike)
[
) FRORDRRORRERD 00 e

1 _ _
Standard or F GRS D ASE BGe 25t0150 108, ecion of Timb 0\ -."| WOOd Sinajlan Cons((j!I
Common odule 2: Design of Timber 00 canadien
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Edge Distances for Nails and Spikes

d di
c
a
c
bjd] d

\“‘—Addltlm_al nails staggared diagonally
betwean rows are parmitted

|

ﬂ\‘\ m WOOd Canadian  Conseil /
Wood di
SMART o dubois |
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Edge Distances for Nails and Spikes

Minimum
:,‘“;,‘:,“;,’,,":,‘ :ﬂ;ﬁ'"ﬂ' D.Fir-L S-P-F
diztances for Hem-Fir Narthern
nails and spikes Min. Min. Min. Min.
spacing Min. spacing Min. spacing Min. spacing  Min.
parallel end perp. adge parallel end perp. edge
to grain distance  to grain distance | to grain distance to grain distance
PY M Length  Diameter | a b c d a b c d
F Ig 7 . 4 a n O O Typa in. mm mm mm mim mm mim mm mm mm
Common 1 1.83 a7 28 19 10 30 22 15 B
wirsnails 425 203 41 a 21 11 33 25 17 9
1.5 2.34 47 38 24 12 38 20 19 10
1.5 252 5 35 26 13 41 AN 21 11
1.75 264 53 40 27 14 43 a2 22 11
2 2.64 57 43 29 15 48 35 23 12
2 287 58 44 29 15 48 35 23 12
225 205 50 45 ao 15 48 e} 24 12
2.5 3.35 &5 49 a3 17 52 a0 268 13
2.5 3.33 B7 50 34 17 54 40 27 14
2.75 3.33 67 a0 34 17 54 40 27 14
3 3.66 74 bE a7 19 59 44 30 15
3 3786 78 57 as 19 81 46 H 16
35 4.06 B2 61 4 21 B85 40 33 17
35 412 B3 62 42 21 B6 50 33 17
4 488 o8 74 49 25 79 50 40 20
45 5.26 106 79 53 27 B85 B4 43 22
4.5 5.38 108 81 54 27 B7 65 44 22
5 574 115 87 58 29 92 2] 48 23
5 D89 118 84 58 30 a5 [a 48 24
5.5 6.2 124 a3 62 N 100 L] 50 25
5.5 6.4 128 96 B4 a2 103 7 52 26
;] 5.66 134 100 B7 34 107 80 54 27
5] 7.01 141 106 71 36 113 85 57 28
Common 4 6.4 128 06 B4 32 103 77 52 26
spikes ] 7.62 153 115 77 30 122 a2 &1 31
8 823 165 124 83 42 132 ag 66 33
Common 2-142 277 56 42 28 14 45 34 23 12
spiral nails 3 3.1 52 a7 EX 18 50 ag 25 13
3172 386 78 58 a9 20 62 47 H 16
4 433 B7 65 44 22 52 a5 18
5 488 o8 74 49 25 50 A0 20
Al | VVOOU Canadian  Conseil

Module 2: Design of Timber i”
|

SMART o auos




Design of Nails and Spikes

Factored lateral strength resistance is
calculated as

086 applies only for common round
steel wire nails and spikes and
common spiral nails spiralled to head
as defined in CSA Standard B111 Wire
Nails, Spikes and Staples.

Nails are usually specified by the type
and length in inches. Nails are available
in lengths from 1/2 to 6 inches and
spikes range in size from 4 to 14
inches.

N,
where

¢
N,

My

Ko

Ksz

K.

Ne

= $pNynengde

0.8
ny(KoKseKy)

unit lateral strength resistance p
nail or spike, N

load duration factor

service condition factor

fire retardant treatment factor

number of fasteners in
the connection

number of shear planes per nail
or spike

Jedadadn

factor for nailing into end grain

factor for toe nailing

factor for nail clinching

factor for diaphragm and
shearwall construction

Module 2: Design of Timber

Kg = 1.0 when the lpading is “standard”™ term
= 1.1% for short tarm loading (2.q., dead plus wind)
= 065 for permanent loads (2.g., dead loads alone)

Kgr = 1.0 when the service conditions are “dry” and the lumber is seasoned
(moisture content < 19%) prior fo fabrication
= 0.8 for uns=asoned lumber in dry service conditions under
lateral loads
= 067 far wet service conditions under lateral loads, regardless
of seasoning

K; = 1.0 when the wood is not treated with a fire retardant or other
strength-reducing chemical.

For wood treated with a fire retardamt or other strength-reducing
chemicals, sea the Commentary for further guidance.

[
m

= 1.0 when the nails are used in side grain
= 067 for end grain use

J, = 1.0 when the nails are not used as toe nails
= (.83 for toe nailing provided the nail is started at approximately
1/3 the nail length from the and of the piece and at an angle
of 30° to tha grain

Jp = 1.0 for unclinched nails in single shear, or nails in a multiple
shear connection
= 1.6 when nailg are in single shear and clinched on the far side
{Note: The cinched portion of the nail should be at least three nail diameters long.)

Jp = 1.0 when nails are not used as a fastener in shearwalls or diaphragms
= 1.3 when nails are used 1o fasten sheathing in shearwall and

diaphragm construction
N I‘,E' WOOd Canadian  Conseil
2 Wood canadien 1
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Unit Lateral Strength Resistance

The unit lateral strength resistance, n, (per
shear plane), is taken as the smallest value
calculated in accordance with items (a) to (g)
as follows:

For two-member connections, only Items (a),
(b) and (d) to (g) are considered valid.

For three-member connections, where nails
penetrate all three members and mest the
minimum penstration requirements, only ltems
(&), (c), (d) and ig) are considered valid.

& 7,0t

(o) f20et

(© 1i.dgt,
2

f, 1t
fdz( .'1 fé ¥ 1)
R T

f-|d .I-'r-l 'r'Et i 1 t=
@ Fz("-,-' 6+ f) t 5 dp)

At £t
mf‘dgs(dﬁ t, uF)

f

2t f,

@ e T,

where
t

d:

Design of Nails and Spikes

= head side member thickness for two
member connections, mm

= minimum side plate thickness for
three member connections, mm

= nail or spike diameter, mm

= embedding strength of main
member, MPa

= 50G (1 - 0.01d;) J,
where
G = mean relative density

J, = 0.9 for CLT

= 1.0 for all other cases

= length of penetration into point side
member for two member
connections, mm

= centre member thickness for three
member connections, mm

= embedment strength of main
member where failure is fastener
yiglding, MPa

= 110G™&(1 — 0.01dg) J,
= nail or spike yield strength, MPa
= 50016 - dp

Module 2: Design of Timber

f; = embedment strength of side
member, MPa

For lumber and CLT: where
f; = 850G(1 - 0.01dy) J, G

For structural panel side plates:
f; = 104G - 0.1dy)

For steel side plates:
B = Ko Baaat Puod)

where

Ko

3.0 for mild steel referenced in
CSA 516

2.7 for cold-formed light gauge steel
referenced in CSA 5136

0.49 for DFP
0.42 for CSP and OSB

Puee = resistance factor for steel member
in connections with nails and spikes

= 0.8 for mild stesl referenced
in CSA S16

= 0.4 for cold-formed light gauge steel
referenced in CSA 5136

Puceg = resistance factor for steel member
in connections with nails and spikes

= 0.8

1, = specified minimum tensile strength
of steel

= 400 MPa for ASTM A 36/A 36M

= 450 MPa for CSA G40.21, Grades
300W and 350W

= 310 MPa for cold-formed light
gauge steel, Grade 35 230
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Design of Nails and Spikes

Withdrawal resistance is based on the squeezing
effect of broken and displaced fibres from the
installation process. With time this will relax.,
and the depth, duration of loading and service
conditions will become more important to the
strength.

If nails are clinched, withdrawal resistance will
increase by 60%. Nails in end grain have no
resistance. Toe nails are partially resisted in the
end grain of the wood, about 67% when installed
in the side grain

Module 2: Design of Timber

Factored lateral withdrawal resistance is cal-
culated as

Prw
where

Al
i

) “
2| ‘I

& Yo LonNpdaJg

0.6
Vi (Kgr Ky)

withdrawal resistance per mm of
penetration, N/mm

16.4 dpee G2,

nail or spike diameter, mm

mean relative density
(CSA 086 Table A.12.1)

0.9 for CLT

1.0 for all other cases

= service condition factor

fire-retardant treatment factor

penetration length into
main member, mm

number of nails or spikes
factor for toe-nailing

factor for nail-clinching
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Design of Joist Hangers

Proprietary product generally made of 16 to 20 gauge
galvanized steel. Most are face mount, but top mount is
possible for heavier loads.

Installation is with the manufacturer's requirements.
Where specifying a joist hanger, designers must ensure Face mount Top mount
that the hanger is at least half the depth of the joist, and
capable of providing lateral support; the hanger is fastened
to both the header and joist. Detailing to splitting must be

The factored resistance of joist hangers is cal-
culated from the following formula:

. I.%"r = ¢' I‘%“lu
considered as well as lateral support. where
¢ = 0.6

Since joist hangers are proprietary, CSA 086 provides a method
for determining design values but does not provide the design . | .
values in the Standard. Instead it requires that joist hangers be = #{;”\f‘;ﬁfg'f,fﬁaie; orm tha
tested in accordance with ASTM Standard D 1761 Standard Test CCMC evaluation report.

Methods for Mechanical Fasteners in Wood.
;1.‘\‘ ".;F WOOd Canadian  Conseil /
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Desigh of Wood Screws

CSA 086 is applicable only for wood screws that meet the requirements of ASME B18.6.1
Wood Screws. Procedure is very similar to nails with small exceptions

For two- or three-member joints, the factored

lateral strength resistance, N,, of a wood Ko
screw connection is based on the same yield

equation used for nail design. Yield strength

1.0 when the loading is ®standard™ term
1.15 for short term loading (e.g., dead plus wind
0.65 for parmanent loads (2.9., dead loads alone)

values for wood screws are provided in Kge = 1.0 when the service conditions are “dry” and the lumber is sea-
Table 11.10. soned {moisture content < 18%) priar to fabrication
= 0.5 for unseasoned lumber in dry service conditions under lateral
Nr = (I)NU nF ns ‘JAJE loads
b = 0.8 = 0.87 for wet service conditions under lateral loads, regardiess of sea-
soning
Ny, = ny (Kp Kse Ky) K: = 1.0whenthe wood is not treated with a fire retardant or ather
. . strength reducing chemical.
n, = unit lateral strength resistance, N For wood treated with  fire retardant or other gth-reducing
K, = load duration factor chemicals, see the Commentary for further gquidance.
Je 1.0 when the screws are used in side grain

Ksr = service condition factor 0.67 for and grain use.

. Jy = 1.0when the screws are not toe-screwed
K: = fire retardant treatment factor = 0.83 for toe-screwing provided the screw is started at approximately
) 1/3 of the screw length from the end of the piece and at an angle
N = number of fasteners in the of 30° to the grain.
connection
N = number of shear planes per screw
Jy = toe screwing factor
Je = factor for fastening into end grain

1\ I‘.;!‘! \/\/OOd Cana:ian Conseil
Module 2: Design of Timber | Woo canadien 1
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Desigh of Wood Screws

The factored withdrawal resistance is taken For a connecticn with threa members, the For connections with lumbear, glulam, CLT or
as the lesser of the factored screw withdrawal threaded length penetration is the maximum structural panel side plates, the factored head
resistance of the main member or the fac- threaded | itk ber athar tha ; ; -
: . ength within any member other than pull-throwgh resistancs is taken as follows:
tored head pull-through resistance of the side the head-side membser
member. | _
- . For connections with steal side plates, the P = B34tinekp
For a two-member joint connected with wood factored head pull-throuah resistance. P is
screws, the factored withdrawal resistance, p_ g R o whare
P,,. of the main member is taken as follows: taken as follows: 0.4
P = 0 YuLuns Pp = 158t dyfyn; ¢ =0
where t; = side plate thickmeass, mm
¢ =086 dy, = diameter of screw head, mm
Y, = KoK K . . i
v = Yo KiKs) f, = specified minimum tensile strength

Yo = basic withdrawal resistance per of steal, MPa
millimetre of the threaded shank '
penetration in main member, = 400 MPa for ASTM A 36/A35M
N/mm
stesl
_ EQd?:MGI”J:

= 450 MPa for C5A G40.21 steel,

Kp = load duration factor
¢ Grada 300W and 350W

Ksr = service condition factor

= 310 MPa for cold-formed light
gauge stesl, Gradas 55 230

K; = fire retardant treatment factor

dr = nominal wood screw diameter,

mm ne = number of wood screws in
G = mean relative density of main the connection

member

J, = 09forCLT Kz = load duration factor

= 1.0 for all other cases

L,; = threaded length penetration in
the main member, mm

WOOd Canadian Conse'il
SMART  Comei  autor
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Desigh of Wood Screws

Screw Selection Tables
m Single Shear, Sawn Lumber Main Member

Basic factored lateral resistance

D.Fir-L Hem-Fir S-P-F North
When using selection tables note the Side piate
.. ] . thickness Screw  Screw  Screw | Minimum Minimum Minimum Minirmum
omissions of information and how the Sawn lumber gauge length diameter | penetration | N':n, | penetration | N'n_ | penetration | N':n, | penetration | N’ -n,
{mirm) number  (in.) {mm} {mmy} (kM) {mm)} (kM) (mm) (kM) (mm) (kM)
. L . . /|
equations are re-arra nged 38 6 2.5 3.5 18 0612 |18 0582 |18 0.541 |18 0.467
38 B 2.5 4.16 Py 0833 (21 0.7 | 0.735 |21 0.634
For two- or three-member joints, the factored a8 B 3 416 9 0833 | 21 0.791 9 0.735 | 21 0.634
lateral strength resistance, N,, of a wood
screw connection is based on the same yield 1.07 24 1.02 24 0.947 24 0.708
equation used for nail design. Yield strength Nr K, .J
values for wood screws are provided in r n5 nF F 1.07 24 1.02 24 0.947 24 0.708
Table 11.10.
N, = oNynengJ,Js 1.33 27 1.25 27 1.14 27 0.949
¢ =08 . . . 1.33 27 125 |27 1.14 |27 0.049
N, = n, (Ko Kee K are the factored lateral resistances given in the Screw
n, = unit lateral strength resistance, N SEIECHOH Tables
Ko = load duration factor . ; ; aximum , =Maximurm , =Maximurm , zMaxirmumm ,
. - is the number of shear planes. (n, is equal to 1 in the Screw [enetration | N'.n, | penetration | N'/n_ | penetration | N'.n, | penetration | N'/n,
Ksr = service condition factor Selecﬁon Tables] m) (kM) {mm) (kN fmmy) (kM fmm;) (KN
K: = fire retardant treatment factor
0718 |26 0.681 | 26 0632 | 26 0.543
n: = number of fasteners in the number Qf sScraws
connection 0906 |26 0.860 | 26 0.798 | 26 0.687
n, = number of shear planes per screw 1.02 a9 0,073 | 24 no14 | 26 0.805
Ju = toe screwing factor
o . 1.10 26 1.04 26 0969 | 26 0.816
Je = factor for fastening into end grain
1.28 36 1.23 a7 115 38 0.979
1.55 38 1.45 38 1.33 38 1.11
1.60 41 1.51 43 1.40 45 1.20

}1.‘\ ",}}' \/\/OOd Canadian  Conseil
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Example 1: Tension Member

Check the adequacy of the bottom chord member shown. The member is 140 x 191 mm No.1

grade D.Fir-L, connected with a single row of 4” diameter shear plates with 3/4” diameter bolts.
The conditions are as follows:

e factored tensile force = 144 kN (dead plus snow load)
e dry service conditions

e untreated

e truss spacing exceeds 610 mm

Free body

diagram 1 ~
(all forces -
i it

£ - -L'\
I 125 191
LN L &

fl';\‘ I‘;:l‘l WOO d Canadian  Conseil /
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Example 1: Tension Member

For sawn lumber or sawn timber:
Ta= ¢ FAKa(N)

F.= . (Ko Ku K. Kr) (MPa)

f.= specified tensile strength (MPa)
A.= net area of cross section (mm:)
$=0.9

For glulam:

Tow= & FuwAs(N)

Te= CI) FtGAg(N)

Foo= fun (KD Kh Kt KT) (MPa)

Fe= ftG(KD Kh Kst KT) (MPa)

fa= specified tensile strength at net section (MPa)
fe= specified tensile strength at gross section (MPa)
A.= net area of cross section (mm:)

A.= gross area of cross section (mm:)

$=0.9

fl';\‘ I‘;:l‘l WOO d Canadian  Conseil /
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Example 1: Tension Member

Calculation s o s
T:= (factored tensile Ioad)= 144 kN Tension Member Selection Tables

. : . Sawn Timb
Since the chord is connected with shear plates, X sawn Timber

Select Structural No.1

. . .
the tensile resistance at net section must be b v it e s oo i el
or split rings (kM) or split rings (kN)
C h e C ke d . Size(bxd |T, 2-5/8" 58H PL 4" SH PL T 2-5/8" SH PL 4" SHPL
Species mm kN 1row 2rows |1row Z2rows | kN 1row 2rows [1row  2rows
D.Fir-L 140 = 140 245 196 186 148
140 x 191 309 264 245 234 199 185
140 = 241 334 295 256 279 234 207 179 185

140 x 292 368 33z 297 e 258 233 208 223

From the Tension Member Selection Tables: kvl ool - IV i oo QoS v S

140 x 394 397 369 340 357 7 278 258 238 250 222

Hem-Fir 140x140 [181 145 138|110
Tr= 185 kN > 144 kN Acceptable 140x191 |228 |19s 181 173|148 137
140x241 |247 |218 189|207 174|153 133|145
140x292 |272 |2468 220 235 191|173 154|168
140x343 |288 |284 241 [285 221 |202 186  1e@ [179 156
140x334 |294 |273 252 (284 235 207 (192 177|186 165

. S-P-F 140 x 140 170 136 128 103

140 = 181 214 182 169 162 138 128

Use 140 x 191 mm No.1 grade D.Fir-L.
Northern 140 x 140 161 128 122 a7.1

140 = 181 202 172 160 153 13 121

140 = 241 217 192 166 181 154 136 118 128

O =
O = o L

One row Twio rows

,/I'\“",‘:}' WOO d Canadian  Conseil
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Example 2: Compression

Design columns for the following conditions:

e specified dead load = 2.0 kPa

e specified live load = 2.4 kPa

e tributary area = 25 m:

e unbraced length=5m

e dry service conditions

e untreated

e column effectively pinned at both ends (K.= 1.0)
® no eccentricity considered

Use No.1 D.Fir-L.

'/1.\\3_!;‘;{" WO O d Canadian Conse'il /
M SMART &ra b




Example 2: Compression

Available sizes (sawn)
Grades Column sizes for all grades (mm)
Select Structural, No.1, No.2 140 = 140
181 = 191
241 = 241
292 x 292
140 = 191
197 = 241
2471 = 292

Available sizes (glulam)

Column thickness for all species and grades
Species and stress grades {mm}

D.Fir-L: 16c-E B0
Spruce-Pine: 12¢-E 130

175
215
265
315
J65

'}1.;\‘ I‘;:l‘l WO O d Canadian  Conseil
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Example 2: Compression

Sawn Timber
P, is the lesser of:
Pra = Fc AKzeg Keg or Py = ¢ Fo A Koy Ky
where:
$ F_, = factored compressive resistance strength (MPa) given in Table 3.6
K;. = size factor
K, = 6.3 (dLy) ™™ < 1.3 for buckling in direction of d

Kzep = 6.3 (bL) ™ = 1.3 for buckling in direction of b
Ke = slenderness factor

;
Koy = [1‘[)4_%}{3“0;} for buckling in direction of d

Koy = [1.D+%KEDC‘L] | for buckling in direction of b
F./ E' = strength to stiffness ratio given in Table 3.7
Coy = K::IL" ,Cop = K'I’JL“ (C,q or C, = 50 is not permitted)
K, = effective length factor, given in Figure 3.1
L. Ly = unsupported length associated with d or b (mm)
d = depth of member (mm)
b = thickness of member (mm|

WOOd Canadian Conse'il
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Example 2: Compression

Table 3.6
Ez":::::sm Service conditions Dry service Wet service
strength for Short Short
sawn timbers Load duration® Std. Perm. term Std. Perm. term
¢ F; (MPa)’ Species Grade
D.Fir-L Sel Str 11.0 T8 12.7 10,0 6.53 11.6
No. 9.76 6.34 11.2 8.88 577 10.2
MNo.2 .00 3.90 6.890 5.48 3.55 6.28
Hem-Fir Sel Str 9.04 £.88 10.4 8.23 5.35 9.46
Mo.1 B.00 5.20 9.20 7.28 4.73 8.37
Mo.2 4.88 347 5.61 4.44 2.89 501
8-P-F Sel Str 7.92 .15 9.1 7.21 4.68 8.29
Mo.1 6.96 4.52 8.00 6.33 412 T.28
Mo.2 4.32 2.81 4.97 3.83 2.56 4.52
Morthern Sel Str .00 3.80 6.90 546 3.55 6.28
Mo.1 5.36 3.48 6.16 4.88 347 8.8
Mo.2 3.28 213 3077 2.98 1.94 3.43

WOOd Canadian Conse'il
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Example 2: Compression

Table 3.7
Table 3.7
Si_rengﬂl to Service conditions Diry service Wet sarvice
Fifiness ratio Short Short
timbers Load duration® Std. Perm. term Std. Perm. term
F./E (x10%) Species Grade
D.Fir-L Sel Str 49.3 32.0 56.7 44.9 29.2 81.6
Mo.1 53.6 34.9 61.7 48.8 3.7 56.1
Mo.2 35.7 23.2 411 32.5 211 374
Hem-Fir Sel Str 45.1 30.0 53.0 42.0 27.3 48.3
Mo.1 47.6 31.0 548 43.3 28.2 49.8
Mo.2 3.7 20.6 38.4 28.8 187 33.2
S-P-F Sel Str 47.1 30.6 542 42.9 279 49.3
Miz.1 49.7 32.3 7.2 45.2 29.4 52.0
Mo.2 34.3 223 39.4 3.2 203 35.9
Morthern Sel Str 39.0 263 44.8 35.5 23.0 40.8
Mo 38.3 249 44.0 34.8 22.6 401
Mo.2 29.3 19.0 33.7 26.7 17.3 30.6

WOOd Canadian Conse'il
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Fig 3.1

Degree of end restraint of
comprassion member

Effective length
factor Kg

Effectively held in position and restrained
against rotation at both ends

0.65%

Effectively held in position at both ends,
restrained against rotation at one end

0.80

Effectively held in position at both ends,
but not restrained against rotation

1.00

Effectively held in position and restrained
against rotation at one end, and at the other
restrained against rotation but not held

in position

1.20

Effectively held in position and restrained
against rotation at one end, and at the other
partially restrained against rotation but not
held in position

1.50

Effectively held in position at one end but
not restrained against rotation, and at the
other end restrained against rotation but not
held in position

2.00

Effectively held in position and restrained
against rotation at one end but not held in
position nor restrained against rotation at
the ather end

2.00
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Example 2: Compression

Glulam
P, =pF_ A I'IZEcEi Ko

where:
# F_ = factored compressive resistance strength (MPa) given in Table 3.8
chg = 0.68 (£)%13 < 1.0, where Z = member volume in m?

I'ﬁiG = slenderness factor

F 1
= [1 .U+E'=J{EDQE§'}
F./ E' = strength to stiffness ratio given in Table 3.9

C. = the greater of H"-‘;“' or H'i‘“' (C. = 50 is not permitted)
Kg = effective length factor, given in Figure 3.1

L. L, =unsupported length associated with d or b (mm)

d = depth of member (mm)

b = thickness of member (mm)

MA.[ WQO d Cana;lian Conseil /
I Woo canadien
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Example 2: Compression

Calculation
Tributary area > 20 mz
Therefore, live load reduction factor from Part 4 of the NBC is:

170 Compression Members

ﬂ = 0.926 Column Selection Tables

Y 25 _
»|-MHN Sawn Timbers
N°.1 S timbel Rectangular timb

= 0.3+

Total factored load:
b {mm) | 140 1M 241 292 140 191 241
— d (mm) | 140 i 241 292 1AM 241 292
Pi=(1.25x2.0+1.5x0.926 x2.4) x 25
D.Fir-L L P, P, P, P, P, P P, P P, P
No.1 m KM KN KM KN KN KN KN KM |kN KA
- 146 kN — 20 198 343 629 915 288 270 499 498 756 TB3
S 256 168 360 543 ar4 264 229 470 454 722 719
. L ! 3.0 138 324 556 834 238 189 440 409 B6B8 673
From Column Selection Tables select i N2 e st e |2 18 |40 e |ess 62
4.0 89.5 261 474 74T 184 122 375 37 617 574
. K,=10 45 71.3 217 431 701 159 97.3 341 274 578 522
191 x 191 mm: B B I B R EEE N
b5 45.8 1659 348 605 116 62.5 276 200 499 421
6.0 374 135 310 557 99.0 50.6 245 170 480 375
Pr= 186 kN > 146 kN Acceptable 6.5 303 115 274 510 B43 413 |[217 145 421 332
7.0 25.0 98.0 242 485 718 341 182 124 384 294
. 7.5 83.8 214 423 61.4 170 106 349 259
Use 191 x 191 mm No.1 D.Fir-L column.
8.5 62.0 167 347 45.4 132 78.2 286 202
9.0 53.6 147 313 39.3 117 67.7 269 178

,/I'?\‘ ";J}' WOO d Canadian  Conseil
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Example 3: Bending
Design the glulam beams for the flooring system shown using 20f-E bending grade Spruce
Pine. Because the joists are closely spaced, the loading on beam B1 may be considered as
uniformly distributed. Note beam tables need to be provided to students in this example.
o Swoomm | G0owm Unfactored loads
- il Dead load = 1.2 kPa (not including self weight)
Live load =4.8 kPa

B1 J1 B1 J
J1 J
J1 J1

6000 mm

% 38 mm IJ
400 mm
400 mm

— | | | |

«I—I——H(}mm

Plan elevation

A | WOOd Canadian  Conseil
Module 7: Design of Bending Members 2 Wood canadien
il S M A RT Council du bois

( Ji )

B1

( J1 )

B1

2870 mm
3000 mm




Example 3: Bending

Use the tributary area to convert the area loads into linear loads

Calculate load combinations and maximum factored shear and bending moment
Determine the standards modification factors

Collect the needed specified strengths for the type and grade

Use the beam selection tables to select a member

Calculate the size factor for bending and the lateral stability factor

Calculate bending and shear resistance

® N O U A W N R

. Check deflection

"]'\‘ I‘.;F \/\/OOd Canadian  Conseil
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Example 3: Bending
Convert the area loads into uniformly distributed linear loads using the tributary width for B1

| 3000 mm | 3000 mm |
|
v \ A / ) 4
I I : : I I

T Bl
< 6000 mm >
SR 8 Tributary width for B1 =1.5m + 1.5m = 3.0m
4 L Use the distance from center to center not edge to edge

i1 L

6000 mm

Dead load (not including self weight )
D=1.2kPa*3.0m=3.6kN/m

— 38 mm

Estimated self weight = 0.4 kN/m

] 400 mm

400 mm

Total dead load W, =3.6 + 0.4 = 4.0 kN/m

“T500mm T 1500 130 mm
']\‘ ",:I’ \/\/OOd Canadian  Conseil
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Example 3: Bending

Case Load combination
: _ _ Principal loads Companion loads
Live load W, = 4.8 kPa x 3.0m = 14.4kN/m —t e :
. . _ 2 |(1.250r0.9D) + 1.5L | 1.0S or 0.4W
Using the specified linear loads apply load case 3 |(1.250r0.9D) + 1.55 | 1.OL or 0.4W
. . . . 4 (1.25 0or 0.9D) +1.4W | 0.5L or 0.5S
combination 2 to find the factored design load A il 055

W,=1.25W, +1.5W, =1.25x4.0 + 1.5 x 14.4 = 26.6 kN/m

Using the design load find the maximum factored shear force and the maximum
factored bending moment

V=W, L/2=26.6 kN/mx6m/2=79.8 kN

M.=W; L?/8=26.6 kN/mx6m?/8=120 kN m

A | WOOd Canadian  Conseil
Module 7: Design of Bending Members | Wood canadien
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Example 3: Bending

As no additional information was given assume 1.0 for all modification factors excluding
K. and K, which will be calculated later

Ko = Ky, = Ke, = Ke, = Koo = Kgp = K;=1.0

Scp

As the beam is a straight member Kx =1.0

Use Table 7.3 of CSA 086 to find the specified strength for 20f-E Spruce- Pine Glulam

Notice note 2 at the bottom of the table

(2) Tabulated values are based on the following standard conditions:
(a) dry service conditions; and
(b) standard term duration of load.

If the modification factors did not equal one the values taken from the table would need

to be multiplied to account for them
;‘\I‘-.il WOOd Canadian  Conseil /
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Table 7.3

Specified strengths and modulus of elasticity

for glued-laminated timber, M'a
iSee Clauses 7.5.9.3, 10.5.3, 10.5.4, 10.5.5, 10.6.3.1, 10.6.3.6, 10.6.3.7, A.6.5.6.3.6.)

Irouglas Fir-Larch

24f-E 24f-EX 20f-E 20f-EX 18t-E 16c-E
Bending moment (pos.), f; 30.6 306 256 25.6 243 14.0
Bending moment (neg.), f, 230 306 19.2 25.6 243 14.0
Longitudinal shear, £, 20 20 20 20 2.0 20
Compression parallal, f 30.2* 302 30.2* 30.2* 0.2 0.2
Compression parallel combined 302 302 302 30.2 30.2 30.2
with bending,
Compression perpendicular, fqu 70 70 7.0 70 7o 7.0
Compression face bearing
Tension face bearing 70 70 70 70 7.0 7.0
Tension net section, f 20.4* 20.4 20.4* 0.4 230 20.4
(see Clause 7.5.11)
Tension gross section, fiy 15.3* 153 15.3* 153 17.9 15.3
Tension perpendicular to grain, f,  0.83 0.83 0.83 0.83 0.83 0.E3
Modulus of elasticity, F 12 B0 12 800 12 400 12 400 13 80D 12 400
Hem-Fir and
Spruce-Lodgepole Pine-lack Pine Douglas Fir-Larch
20FE  20FEX  140E 12cE 24FE 243N
Bending moment (pos.), fp 256 25.6 243 0.8 0.6 3
Bending moment (neg.), f; 19.2 25.6 243 0.8 230 0.6
Longitudinal shear, £, 1.75 1.75 1.75 1.75 1.75 1.75
Compression parallel, f 252 257 252 25.2 — —
Compression parallel combined 252 252 252 252 —
with bending, fz
Compression perpendicular, fqu 5.8 58 58 5.8 4.6 7.0
Compression face bearing
Tension face bearing 58 5.8 58 5.8 7.0 7.0
Tension net section, fi, 17.0* 17.0 179 17.0 204 20.4
(see Clause 7.5.11)
Tension gross section, f!g 12.7* 127 13.4 127 15.3* 15.3
Tension perpendicular to grain, frp 0.51 0.51 0.51 0.51 0.83 0.E3
Modulus of elasticity, F 10 300 10 300 10 700 9 700 13100 13100

*The use of this stress grode for this primary applcation & mot recommended.

Notes:

{1y Designers should check the availaobility of grades before specifying.
(2) Tobuwloted volues are based on the following standard conditions:

(@) dry service conditions; and

{b)  standard term duration of load.

Spruce-Lodgepole Pine-lack Pine

204-E 206-EX 14t-E 12c-E
Bending moment (pos.), 25.6 25.6 243 Q.8
Bending moment (neg.), f, 19.2 25.6 24.3 0.8
Longitudinal shear, £, 1.75 1.75 1.75 1.75
Compression parallel, 25.2* 252 252 252
Compression parallel combined 25.2* 25.2 252 252
with bending, {4
Compression perpendicular, f-'-'.ﬂ 5.8 5.8 5.8 5.8
Compression face bearing
Tension face bearing 5.8 5.8 5.8 5.8
Tension net section, fi; 17.0* 17.0 17.9 17.0
(see Clause 7.5.11)
Tension gross section, @g 12.7* 12.7 134 12.7
Tension perpendicular to grain, f|'|'.'| 0.51 0.51 0.51 0.51
Modulus of elasticity, £ 10 300 10 300 10 700 Q 700

f, =25.6 MPa f, =1.75 Mpa E=10300 MPa
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Example 3: Bending

Spruce-Pine
20f-E Stress Grade

[

3 [T

.

The plan design was created with M. v wiss Eg

r

an assumed width of b =130 mm B1 o D7D | e kN Nem018 Mo

130 mm 130 = 152 11.5 2007 112 392

{30 ~228 | 260 311 186 1320

Use the provided beam selection tables to find the deptr 1305504 |45 352 107 3190
of a 130 mm wide Spruce-Pine 20f-E member with Jab el s g e
130 = 418 ar.2 ar.1 256 B150

M’ > M.=120 kN m 130 « 404 122 D 7.4 204 13500

r f 130 = 532 141 r2a 312 16800

While the 130 x 494 member has sufficient moment j20x608 |186 (Gao 9e8 28100

. . . . . 130 = 646 208 BB.2 366 30100

resistance shear is the governing value in this case 130 <684 | 234 @34 383 35700

130.760 |288 105 418 49000

V. > Vf =79.8 kN 130 < 798 | 318 109 435 56700

r— * 130 = B36 249 114 452 65200

130 = Br74 281 119 469 T4500

A 130 x 608 member will be sufficient for both 130912 | 415 124 485 84600

moment and shear Page 68 of WDM

— ']\‘ ",II’ \/\/OOd Canadian  Conseil
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Glulam Beam Example — Size Factor for Bending

With all three dimensions of the beam known the size factor for bending of a glulam
member can be calculated

b=130 mm d=608 mm  L=6000 mm
Kzog = (130/b)%* x (610/d)%*x (9100/L)°%* < 1.3
Kzg = (130/130)°1 x (610/608)°* x (9100/6000)°* = 1.04

Kzpg = 1.04 < 1.3 Okay

Additionally volume needs to be calculated to verify if the simplified shear method can
be used, as volume is less than 2 m3 the simplified method can be used

V=bxdxL=0.13x0.608 x 6.0=0.47 m3

Module 7: Design of Bending Members [




Glulam Beam Example — Effective Length

Per the plan we can see the distance
between supports L, =400 mm t A00 mm
Referring to Table 7.5.6.4.3 4 | 400 mm
For a uniformly distributed load with no
intermediate supports Table 7.5.6.4.3
Effective length, L, for bending members
The Effectlve Iength Intermediate support
Yes No
Le - 1-92 Lu - 1-92 X 400 - 768 mm Beams
Any loading 1.92a 1.92¢,
The Slenderness rat|0 Uniformly distributed load 1.92a 1.92¢,
Concentrated load at centre 1.11a 1.614,

C,= (L. d / b2)%5 = (768 x 608 / 1302 )05

CB - 5 . 3 A ",II’ \/\/OOd Canadian  Conseil
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Glulam Beam Example — Lateral Stability Factor

Look to Clause 7.5.6.4.4 for determining K|

C,=5.3<10 K,=1.0
The section modulus

S=bxd?/6=130x6082/6
S$=8.01x10° mm?3

The factored bending strength

Fo=f, (Kp Ky Kgp, K) =25.6 (1x1x1x1)

F, = 25.6 MPa

Module 7: Design of Bending Members

7.5.6.4.4 Calculation of lateral stability factor, K;
The lateral stability factor shall be taken as follows:

(a)

(b) when Cgis greater than 10 but does not exceed C;:

(c)

when Cg does not exceed 10:
K, =1.0

L

4
1(Cy
Ko =1--| =2
t 3[Cﬁ)

where
IIIU.Q?EKSEKT
V. ooh
when Cg is greater than Cy but does not exceed 50:

_ 0.65EKcK;
: CEFDKX

Cy =

where
Fy = f(KpKyy Ksp K7)

where
fi, = specified strength in bending, MPa (Table 7.3)

Ky = curvature factor (Clause 7.5.6.5.2)
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Glulam Beam Example — Moment Calculations

The factored bending moment resistance
M,=0dF,S Kzbg Kx
M., =09x256x801x10°%1.04x1.0=192 x 10°N mm
M., =192 kN m 2 M=120 kN m Okay

M, =& F, SK Ky
M, =0.9x25.6 x8.01x10°x1.0x1.0=185 x 10°N mm

M, =185kNm 2 M;=120 kN m Okay

Notice M, =192 kN m > M_, =185 kN m, M, governs

A ",II’ \/\/OOd Canadian  Conseil
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Glulam Beam Example — Shear Calculations

The factored shear strength
Fo=f, (Ko Ky Ko Kp) =1.75 (1x 1 x 1 x1)
F,=1.75 MPa

The factored shear resistance

V.=¢ F,(2xbxd/3)
V.=0.9x1.75(2x 130 x 608 /3 ) =83000 N =83.0 kN

V.=83.0kN=> V,=79.8kN Okay

WOOd Canadian  Consei il
Module 7: Design of Bending Members S M A RT Wood canadien
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Glulam Beam Example — Deflection Calculations

The deflection limit for floors is suggested to be L/360 for the specified (unfactored) live
loads . See Table 2.1 of the WDM for different deflection criteria for different systems

A = 6000 /360 = 16.7 mm

allowable
The flexural rigidity of the 130 x 608 beam
E.I=E (K xK;) (bxd?®/12)
E.1=10300(1x1)(2130x608°/12)=25100 x 10° N mm?
The deflection of the 130 x 608 beam
A=5W, L*/384E,|I
A=(5x14.4x6000%) /(384 x 25100 x 10°)
A=9.68 mm<A =16.7 mm Okay

Module 7: Design of Bending Members "I
I
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Glulam Beam Example — Summary

In summary

M,=192kNm> M, =185 kN m > M;=120 kN m Okay
V. =83.0kN > V;=79.8 kN Okay
A=9.68 mm < 16.7 mm Okay

Therefore a 130 x 608 beam is adequate for bending moment, shear and
deflection additional bearing calculations would also be required

]\ I‘.;!‘! \/\/OOd Canadian  Conseil
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Example 4: Combined Loading

Design the glulam column shown below. Use untreated 20f-EX Spruce-Pine glulam in dry service
conditions. The axial load consists of 10 kN dead load and 40 kN snow load. The specified wind
load is 10 kN for strength calculations and 7.5 kN for serviceability calculations. The specified
wind loads are based on the gusochourly wind pressure, wind importance factors, internal and
external pressure coefficients and the tributary wind load area. (To really practice this problem

you do need the handbook)

P =50 kN

A

—

[~

w.m=mkw?gj—- ¥——+ - |d
Restrained in i} —

weaak direction 95 m

25m

P =50 kN
,}I'?\‘ ";J}' WOO d Canadian  Conseil
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Example 4: Combined Loading

Calculation
Load Case 1: (1.25D + 1.5S)
P:= (1.25 x 10) + (1.5 x 40) = 72.5 kN

Load Case 2: (1.25D + 1.4W + 0.5S)
P:=(1.25 x 10) + (0.5 x 40) = 32.5 kN
W:=1.4x 10 =14 kN

Load Case 3: (1.25D + 1.5S + 0.4W)
P:=(1.25 x 10) + (1.5 x 40) = 72.5 kN
W:=0.4 x 10 =4 kN

1. For Load Case 1 (standard term load) C,, = Kede = 1.0X9000 39 Governs
Select initial trial section 130 x 152 mm: .= Kol _1.0x2500 g,

Since buckling about X axis governs, Column Selection Tables may be used
because K.Ls= L.

Therefore, from Column Selection Tables:
P.= P»=101 kN > 72.5 kN Acceptable

The 130 x 152 mm section is adequate for Load Case 1.
}]\‘ ",}I" WOO d Canadian Conse'il
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Example 4: Combined Loading

Calculation Table 1.3 — Load combination of ultimate limit states
Load Case 1: (1.25D + 1.5S) - P p————
Pi= (125 X 10) + (15 X 40) =72.5 kN 1ase — Principal loads _Companion loads
Load Case 2: (125D +1.4W + 055) 2 (1.25 0or 0.9D) + 1.5L 0.5S or 0.4W

3 (1.25 or 0.9D) + 1.5S 0.5L or 0.4W
P:=(1.25 x 10) + (0.5 x 40) = 32.5 kN 4 (1.25 or 0.9D) +L.AW _| 0.5Lor 0.55
sz 14 X 10 - 14 kN 5 1.0D + 1.0E 0.5L + 0.25S
Load Case 3: (1.25D + 1.5S + 0.4W)
P:=(1.25 x 10) + (1.5 x 40) = 72.5 kN
W:=0.4 x 10 = 4 kN
1. For Load Case 1 (standard term load) C,, = Kede = 1.0X9000 39 Governs
Select initial trial section 130 x 152 mm: o _ Kels_10x2500 _1q,

cy b 130

Since buckling about X axis governs, Column Selection Tables may be used
because K.Ls= L.

Therefore, from Column Selection Tables:
P.= P»=101 kN > 72.5 kN Acceptable

The 130 x 152 mm section is adequate for Load Case 1.
"]\‘ ",:}’ WOO d Canadian Conse?l
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130 mm

20f-EX

d {mm]) 114 152 180 228
L Px Py |Pu Py |Pu Py |P. P,
m KN kN kN kN [kN kN kN kN
2.0 208 231 | 337 308 | 455 3BS | 557 456
2.5 162 190 |293 2564 |413 312 | 518 369
3.0 121 150 | 243 199 | 365 245 | 475 290
3.5 89.8 11& | 197 153 | 317 189 | 431 224
4.0 666 BBO|158 117 | 271 145 | 388 173
4.5 50.0 &8.4 6 904 | 229 112 | 342 134
5.0 38.2 B53.2 Q11 704193 875|300 104
b.5 206 418|812 5654|1681 69.0|281 825
6.0 333|668 442|136 5650|226 658
6.5 268|638 357|114 44419 532
7.0 443 96.0 170
7.5 36.9 81.3 147
8.0 69.3 127
8.5 593 111
9.0 511 96.7
9.5 442 84.6
10.0 T4.4
105 G65.6
11.0 58.0

Example 4: Combined Loading

Glulam

Spruce-Pine
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Example 4: Combined Loading

2. Check 130 x 152 mm section for Load Case 2 (short term load)
a) Calculate P.

For short term loads Column Selection Tables cannot be used.
P=@ Fo A Kz Kc

® Fou=23.2 MPa from Table 5.2

Table 5.2 Dry service Wet service
—_ —_ Factored
A - 130 X 152 - 19760 mm: cgm:ressive Load duration Load duration
_ _ strength for Short Short
Zcg — 0.68 (0.130 X 0.152 X 5.0)'0'13— 0.92 gul;:jer::‘tedtu Grade Std. Perm. term Std. Perm. term
combined D.Fir-L 24f-EX and 242 15.7 278 1841 11.8 208
bending D.Fir-L 20f-EX
and axial .
H: _ 1 D. FGI:I I{ GB .|1 compression Spruce-Pine 20f-EX 20.2 1341 23.2 151 9.83 174
c = M+ E MZegeo o F g, (MPa) Notes:
1. 9 F =0 1, Ky K, Ko, K, (Refer to Clause 7.5.8.4 of CSA O8E).
2. For fire-retardant treatment, multiply by a freatment factor K.
Standard o padig 2 dead loods phos load
3. ard term loading = pads plus snow or occupancy loads
Fcb/ EI - 92 4 X 10—6 from Ta ble 5 3 Permanent loading = dead loads alone
* * Sheort term loading = dead plus wind loads

Ke=[1.0+92.4x 10sx 0.92 x (32.9):].=0.25
P-=23.2x 19760 x 0.92 x 0.25 = 105 kN

fl';\‘ I‘;:l‘l WOO d Canadian  Conseil /
d di
M SMART &Gna abee




Example 4: Combined Loading

b) Determine M.using Beam Selection Tables:

A review of the checklist for beams indicates that the tabulated M'-values may
be multiplied by 1.15 for short term loading. (Note that Kz;=1.22 and K.= 1.0)
M:.=1.15x11.5=13.2 kNm

M= 17.5 kNm > 13.2 kNm Not Acceptable

c) Select a larger section:

Try 130 x 228 mm section

Co«=1.0x 5000/ 228 = 21.9 Governs
A=130x228=29640 mm:

Kz=0.68 (0.13 x 0.228 x 5.0)+s= 0.87
Ke=[1+92.4x10-x0.87 x(21.9):]:=0.54
P.=23.2x29640x 0.87 x 0.54 =323 kN
M:=1.15x26.0=29.9 kNm

Note that since d / b < 4, the factor K.may be taken as unity.

According to Table 2.10, Kz,=1.17. | /
']\‘ ",:}’ WOO d Canadian Conse?l
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Example 4: Combined Loading
d) Calculate amplified bending moment and verify interaction equation:

E.sl = 0.87 x 1320 x 107 = 1150 x 10% Nsmm?

2 2 g
P - Bl _= 1150x10 — 454 kN

" (KLY (5000)

. Wik , 14.0x5

I.-" —
[E] i — =[32‘5] +—2 _|-064<1
\P) M |, P | \323) 209 |, 325

. r £ P
Pe 454

e) Check shear
Vi=14/2 =7.0 kN
beam volume =0.130x0.228 x 5.00 = 0.148 m:< 2.0 ms

Check V.from the Beam Selection Tables.

V:values may be multiplied by 1.15 for short term loading.
V:=1.15x31.1=35.6 kN > 7.0 kN Acceptable

fl.\\";l"‘.“l‘l WOO d Canadian  Conseil /
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Example 4: Combined Loading

f) Check L/180 deflection limit based on serviceability wind load

Egl = 1320 x 10? Nemm?
w,_ L2
Elacan = ‘IBD[ v }-13@[?5002?002}

=703 x 10° Nemim? < 1320 x 10% Nemm?

3. Check 130 x 228 mm for Load Case 3 (short term load)

, WL
R), 4
F) M

, 14.0x5
725 a 1
- * =0.25
[ 323 } 209 |, 725

454

1

P
1-——L
PE

Use 130 x 228 mm 20f-EX Spruce-Pine glulam.
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Example 5: Tension Splice

An arena roof is to be framed with heavy timber trusses. The bottom chords are
130 x 342 Douglas-fir glulam. The bottom chord splice is constructed with four 10 x
100 mm steel side plates and sixteen 2- 5/8” shear plates per side. There are two
shear plates per 3/4” bolt arranged as two rows of four pairs per side.

a) What is the net section of the bottom chord?
b) What is the group modification factor?

c) The arena will be subject to changes in moisture content. What can be done
to minimize splitting at the connection?

2-5/8" shear plate

,710 x 100 mm steel side plates

’7130 x 342 glulam

[ J \

OO DO OO
o I o o o T o o
i i l i \ i i i i
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Example 5: Tension Splice

a) Net section

Anet = Agross — Area removed for connection

=130 mm x 342 mm — 2(3.73 x 10> mm?)
=37.0 x 103 mm?

A . = 0.75A (Acceptable)

net — gross

‘u\w WOO d Canadian  Conseil /
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Example 5: Tension Splice

Table 12.2.2.3.4B
Modification factor, J;, for timber connector and lag screw connections with steel side plates

Number of fasteners in a row

b) Dete rmine JG f:l't(-l‘(]}* Ay 2 3 4 5 6 7 8 9 10 11 12

212 1600026000 1.0 094 087 080 073 067 061 056 051 046 042

2600142000 100 096 092 08 08 075 070 066 062 058 055

A = 1 30 mm X 342 mm 42001-76000 100 098 091 08 08 078 075 072 069 066
m 76001130000 100 099 097 095 092 089 086 084 081 079 078
1218 2600142000 100 098 094 090 085 080 075 070 067 062 058

_ 2 42001-76000 100 099 096 093 090 08 082 079 075 072 069

- 44 5 OO mm ) 76001-130000 100 100 098 095 094 092 08 08 08 080 078

> 130000 100 100 100 098 097 095 093 091 09 08 087

1824 2600142000 100 100 096 093 089 084 079 074 069 064 059

A — 4( 10 mm X 100 mm ) 42001-76000 100 100 097 094 092 089 08 083 08 076 073
S 76001-130000 1.00 100 099 098 096 094 092 090 08 08 085

> 130000 100 100 100 100 098 096 095 093 092 092 09

) 2430 2600142000 100 098 004 090 085 080 074 069 065 061 058

= 4000 mm 4200176000 100 099 097 093 09 08 08 079 076 073 071
76001-130000 100 100 098 096 094 092 08 087 08 083 08

>130 000 100 100 099 098 097 095 093 092 09 08 089

Am/As = 1 1 . 1 3035 2600142000 100 096 092 086 080 074 068 064 060 057 055
42001-76000 100 098 095 09 08 08 076 072 068 065 062

76001130000 100 099 097 095 092 08 08 082 080 078 077

> 130000 100 100 098 097 095 093 09 08 08 08 085

Four fasteners in a row e
From CSA 086 Table 12.2.2.3.4B
Js=0.95
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Example 5: Tension Splice

c) Details to prevent splitting:
 Use of separate splice plates for each row of fastenings
* Minimize spacing between rows for fastenings
* Maximize end distance in the connection

 Use a different detail which will only use one row of fastenings. For example:
design joint with 4” diameter shear plates.
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Example 6: Split Ring Tension Splice

The bottom chord of a truss consists of two 89 x 286 mm S-P-F lumber members
spaced at 306 mm on centre. A tension splice for the chord consists of 64 x 286 mm
spruce lumber side plates on both sides of each member, with split rings between
each member and side plate, and a filler to close up the connection. The truss

members will be unseasoned when assembled but will be used in a dry service
location.

Double bottom chord, 89 x 286 mm
Side plates

Filler 89 x 286 mm

3/4" ¢ rod 4" § split ring 4" ¢ split ring
[
% : ] :
|— 64 mm q

I
% el ey 89 mm N L A T A R i e 15
= 6amm e | S S S S 2
89 mm E E ! i
(.'G o
n——ﬂ—n—j;j:ét ! e 64 mm @ 250 230 250 | 250 | 230 250
[ % 89 mm mm mim mim mm mim mm
_____-E_ Hr__—__ __ __:__ T T T
| 64 mm
ey juwy
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Example 6: Split Ring Tension Splice

Design a 4” diameter split ring connection for a tensile force of 160 kN due to

factored dead and snow loads.
P;= 160 kN

Factored lateral strength resistance of 4” diameter split ring connection, parallel to
grain, P, is given by:

P.=¢dP,n;J;
where
P,=® p, (Kp Ke Ky)
p, = 45 kN (CSA 086 Table 12.3.6A)
P,=45x(1.0x0.80 x 1.0) =36 kN
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Example 6: Split Ring Tension Splice

[ A I B

where

Jg and J. are assumed to be 1.0, but should be verified once the number of split
rings and joint configuration has been determined. Table 12.3.4

J; = 1.0 (CSA 086 Table 12.3.4 since thickness > 76 mm) Mo heieriorfmhercomnedton o

Number of faces of a

Jo = 1.0 (side grain installation) o oTe e e,
J, = 1.0 (bolts used and not lag screws) T s e
Je=dgdcdido dp s . s
=1.0x1.0x1.0x1.0x 1.0 o 0ss

- 1 . O (Continued)
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Example 6: Split Ring Tension Splice

P,=0.6x36 kN xngx 1.0
=21.6 n. (P, kN)

P.= P;

21.6 np = 160 kN

ng=7.41

Therefore, use eight, 4” split rings as shown
Js = 1.0 (since two fasteners per row)

Adjust J., so that n. = 8.0 and P, = 160 kN
Jc.=7.41/8.0

=0.93
w‘.‘}‘ WOO d Canadian  Conseil
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I MSMART &na e




4" split rings

Example 6: Split Ring Tension Splice PP

. R e &
Angle of load to grain: 6 =0° 125 =
Angle of connector row to grain: 3 = 0° LT e 7
T At
| a | 230

Minimum edge distance = 65 mm
Minimum end distance = 245 mm for J.= 0.93 (CSA 086 Table 12.3.3B)

Table 12.3.3B
Values of J. for timber connector end distance

End distance, mm Tension

2-1/2 in split ring

or 2-5/8 in shear 4 in split ring or

. i . ] plate shear plate
For members For members
=z 130 mm thick < 130 mm thick #=0° to 90° # =0" to 90°

70 105 0.62 —

75 115 0.65 —

80 120 0.68 —

85 130 0.70 —

90 135 0.73 0.63

95 145 0.76 0.65
100 150 0.78 0.67 ‘\‘}\ WOO d Canadian  Conseil

il Wood canadien
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Example 6: Split Ring Tension Splice

Minimum spacing between connectors for J.= 0.93 is, by interpolation (CSA 086
Table 12.3.3C)

0.93-0.75
125+ [1.00—0.75

Therefore, use the following:

] x [230 — 125] = 201 mm

Table 12.3.3C

Edge d | Sta nce Timber connector spacing, mm, for values of J- between 0.75 and 1.0
143 m m > 65 m m (Acce pta b I e) | Angle o ﬁ:i;:imum spacing between connectors measured centre-to-centre,
At}glc of conrnccmr 2-1/2 in split rings and 4 in split rings and
d d . :;:Z?nm rr’{;:i]:(l 2-5/8 in shear plates 4 in shear plates
En ISta nce 6° .I B° J Jo=0.75 Je=1.00 Je=0.75 J-=1.00
0 0 20 170 125 230
250 mm > 245 mm (Acceptable) 15 90 160 125 21
30 90 135 125 185
Spacing between connectors 4 % 1o 125 1ss
60 90 100 125 140
230 mm > 201 mm (Acceptable) 73 0 ° 125 o
20 90 20 125 125

:";L‘:P WOOd Canadian Conse'il /
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Example 7: Shear Plate — Beam to Girder

A 130 x 342 mm Douglas fir glulam floor beam is supported by a hanger on a 175 x
608 mm Douglas fir glulam girder. The hanger is connected to the girder using shear
plates, transferring specified dead and live loads of 7.5 kN and 22.5 kN respectively
from the floor beam. Design the connection using 2-5/8” diameter shear plates.

Girder

/ Beam

342 mm

o
[
C
r 12 mm
3/4" ¢ bolts
2-5/8" ¢ shear plat

plate
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Example 7: Shear Plate — Beam to Girder

Factored load from the beam:
Q;=1.25D + 1.5L
=1.25(7.5) + 1.5(22.5)
=43.1 kN
Factored lateral strength resistance of 2-5/8” diameter shear plate perpendicular to
srain, b= d b dg b

_ J
Q.= Q,ne ) =1.0x1.0x1.0x1.0x 1.0
Q, = q,(Kp KseKy) =1.0

=23 kN (1.0x1.0x 1.0)
=23 kN
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Example 7: Shear Plate — Beam to Girder

Q=¢Q,n;J
' utEF Table 12.3.6C
— Maximum factored strength resistance per shear plate unit, kN
=0.6x23xn:x1.0
4 in shear plate
= 13.8 nF (kN) 2-5/8 in shear
Tvpe of load plate 3/4in bolt  7/8 in bolt
Washers provided — no bearing on 18 32 43
Qr 2 Qf threaded portion of the bolt
When bearing can occur on the 16 28 38
13 . 8 N E > 43 . 1 kN threaded portion of the bolt

Therefore, use four 2-5/8” diameter shear plates in two rows.

Factored load per shear plate:
43.1 kN/4 =10.8 kN

From CSA 086 Table 12.3.6C maximum factored strength resistance per shear plate is:

18 kN > 10.8 kN (Acceptable)
'{v\;."‘;l'! WOOd Canadian Conse'il /
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Example 7: Shear Plate — Beam to Girder

Js=0.1 (since two fasteners per row) o
Adjust J.so that n =4.0 and Q, =43.1 kN P
).=3.1/4=0.78 ol t t
o @& @ )
Angle of load to grain: 6 = 90° o

Angle of connector row to grain: 3 =90°

Minimum loaded edge distance = 45 mm (for J.= 0.83, CSA 086 Table 12.3.3A)
Minimum unloaded edge distance = 40 mm

Loaded edge distance is determined by the floor beam’s depth:
608 —342 + 38 =304 mm
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Example 7: Shear Plate — Beam to Girder

Minimum spacing between connectors for J.= 0.78 is, by interpolation (CSA 086 Table
12.3.3C)

0.78—0.75
1.00—-0.75

9o+[ ]x (110 — 90]= 92 mm

Therefore, use the following:
Loaded edge distance

304 mm > 45 mm (Acceptable)
Unloaded edge distance

204 mm > 40 mm (Acceptable)
Spacing between connectors

100 mm > 92 mm (Acceptable)
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Example 8: Bolts

Determine if two rows of 1/2” bolts are adequate for the attachment of the beam
to the wooden tension member. The wood tension member consists of two 38 x
140 mm D.Fir-L No.2 grade, untreated sawn lumber members. The beam is 89 x 140
mm D.Fir-L No.2 grade, untreated sawn lumber. The total factored tension force is
20 kN. The load duration is standard, the material is seasoned, and the service
conditions are dry.

Elevation

140

70

Plan

51

|

jm 140

=70mm T
19
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Example 8: Bolts

Yielding Resistance

Factored yielding resistance of a bolted connection, N, is given by: N, = ¢, n,n;n;
where

$,=0.8

n,= unit lateral yielding resistance, N

n,= 2 (humber of shear planes in connection)

n. =4 (hnumber of fasteners in connection)

Determine the unit lateral yielding resistance, n , for each shear plane of each bolt.
d-=1/2inch (12.7 mm)
f,= 310 MPa for ASTM A 307 bolts
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Example 8: Bolts
Modification Factors

f, = f,pKpKeK; for 8 = 0° (parallel to grain loading) where | k.= 1.0 (loading is standard term)

f . =50G (1-0.01d.)] Koy= 1.0 (loading is standard term)
1P ' Fiox Ks= 1.0 (service conditions are dry, material is
G = 0.49 (CSA 086 Table A.12.1) seasoned)
_ Ks.= 1.0 (dry service conditions)
f1p=50x0.49 (1-0.01x12.7)x1.0 Ks«= 1.0 (dry service conditions)
=21 MPa K:= 1.0 (wood members are not treated)

f;=21x1.0x1.0x1.0=21 MPa

f, = f,QKpKseKs for 8 = 90° (perpendicular to grain loading) where
Table A.12.1

f2Q= ZZG (1 —001 dF) Relative density values
Glued-laminated MSR (or MEL) Mean oven-dr
G = 0.49 (CSA 086 Table A.12.1) Visually graded lumber timber E Grades of S-P-F* CLT relative densit{r
13 800-16 500 MPa 0.50
_ D Fir-Larch D Fir-Larch, Hem-Firt Vi
f,q=22x0.49 x (1-0.01x 12.7) =]
Hem-Fir Hem-Firt 0.46
= 9_4 MPa Spruce-Pine 0.44
Spruce-Pine-Fir 8 300-11 700 MPa V2, El 0.42
f,=9.4x1.0x1.0x 1.0 = 9.4 MPa 5 o
t; =38 mm and t,=89 mm Wl Welele S\jmac(jlian cOns§?| /
| oo Canadien
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Example 8: Bolts

For a three member connection, n, will be the minimum of the following equations:

a) n,=f dt;=21x12.7 x 38
=10.3 kN

c) n,= % f,dct,= % Xx9.4x12.7 x 89

=5.32 kN

1 f, f, 1t
9 o=t (\E(f +f)?‘+__>

9.4 310

) 2, A_2
=21 x(12.7)%x <\/; (21+9.4) 21

=5.03 kN

1
+§(

38

12.7

)
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Example 8: Bolts

_ 2( (2 f, f
B = hid (ﬁmmﬁ)

_ 2 2 94 310
=21x(12.7) x(\/;(21+9.4) 51

=5.93 kN
Case d governs. Therefore,
N, =, n,nn;
=0.8x5.03x2x4
=32.2 kN > 20 kN (Acceptable)
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Example 8: Bolts

Table 6.3.1A

Ll
ROW Shea r ReS|Sta nce Specified strengths and modulus of elasticity for
structural joist and plank, structural light framing,
P R z ( P R ) and stud grade categories of lumber, MPa
rT i Compression
— Bending Perpen-  Tension
P R ri -_ d)W P Rl min n R at Longi-  Parallel dicular  parallel @ g1 0F clasticity
J Species extreme tudinal tograin, to grain, tograin, )
identification Grade fibre, f,  shear, f, [, fep fi E Egs

W h e re D Fir-L sS 16.5 19.0 10.6 12 500 8 500
No. 1/No.2 10.0 14.0 7.0 58 11 000 7 000
No. 3/Stud 4.6 73 2.1 10 000 5500
¢W= 0 . 7 Hem-Fir 55 16.0 17.6 9.7 12 000 8 500
No. 1/No.2 11.0 1.6 14.8 4.6 6.2 11 000 7 500
No. 3/Stud 7.0 9.2 3.2 10 000 6 000
n R = 2 Spruce-Pine-Fir 55 16.5 14.5 8.6 10 500 7 500
No. 1/No.2 11.8 1.5 11.5 53 55 9 500 6 500
P R 1 2 f ( K K K ) K t No. 3/Stud 7.0 9.0 3.2 9 000 5500
o= . n a i Northern 55 10.6 13.0 6.2 7 500 5500
IJ v D SV T IS c cri No. 1/No. 2 7.6 1.3 10.4 35 4.0 7 000 5000
No. 3/Stud 4.5 5.2 2.0 6 500 4 000

f, = 1.9 MPa (CSA 086 Table 6.3.1A)
K,.= 0.65 (for side member)

t=38 mm

n =2

a.,;=7/0mm
PR,=0.7x(1.2x1.9x(1.0x1.0x1.0) x0.65x38x2x70)x2=11.0kN

PR=PR,+PR,=11.0+11.0=22.0kN >20kN (Acceptable)
‘\I‘}‘ WOO d Canadian Conse'il
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Example 8: Bolts

Group Tear-Out Resistance
PG, =2(PG,)
Pr = &, [Per +PR

¢, =0.7

PRy, = 1.2, (KK K;)K it n a4
=1.2x1.9x(1.0x1.0x1.0)x0.65x38x2x70
=7.88 kN

PR,;=PR,,=PR,,=7.88 kN

f.=5.8 MPa (CSA 086 Table 6.3.1A)

Ave = 38 x (70 - (12.7 + 2)) = 2100 mm?
PG, = 0.7 X [788057880 +[5.8(1.0 x 1.0 x 1.0) 2100]]
- 14.0 kN
I:)GrTz I:)Grl'l- PGrZ

=14.0+14.0
=28.0 kN > 20 kN (Acceptable)

2 1 f,(KDKStKT)APGi| where
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Example 8: Bolts

Net Tension Resistance
TN = 5(TN,))
TN, = ¢, F.A K, where
$,,=0.9
Fe = fi (KoK} KeiKy)
f,=5.8 (CSA 086 Table 6.3.1A)
A,=(140-2x(12.7+2)) x 38
= 4.20 x 103 mm?
A, = 0.75A, (Acceptable)
K, = 1.3 (CSA 086 Table 6.4.5)
TN, =0.9x (5.8x1.0x 1.0 x 1.0 x 1.0) x 4.20 x 103x 1.3

= 28.5 kN
TNrT = Ter + TNrZ

=57.0kN /
:}\\‘Ji‘;";“;’}" WOO d Canadian Conse'il
I BMSMART &Gna aeas

P,= minimum of PR ;, PG;or TN ;
P,=22kN >20 kN (Acceptable)




Example 8: Bolts

Splitting Resistance
QS,. = ¢ QS, (K KsK;) where
b, =0.7

QS, = 14t where

t=89 mm
d =140 mm and ep=19
d.=d-e,=140-19 =121 mm

121

121
140

QS,=26.0kN >20kN (Acceptable)

QS, = 0.7 x 14 x 89

x(1.0x1.0x 1.0)
1

il

il
Zimn
7
[ HTIA

WOOJO
SMART

Canadian  Conseil

Wood
Council

canadien
du bois

/




Example 8: Bolts

Beam Shear Resistance

For a group of fasteners, the effective shear depth d, is measured from the extremity of the fastener
group to the loaded edge of the member (CSA 086 Clause 12.2.1.5).

Therefore,
d,=70+51+12.7/2 =127 mm

The shear resistance at the location of each connection row is

2A
Vr=¢Fv 3n KZv

where

b, = 0.9

F, = F(KpKKs Ky)

f = 1.9 MPa (CSA 086 Table 6.3.1A)
A =89 x 127 = 11303 mm?

K,, = 1.55 (linear interpolation using CSA 086 Table 6.4.5) n
ﬁ‘?\;."“‘.}-‘ WOOd Canadian  Conseil
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Example 8: Bolts

2A
Vrzd)Fv 3n KZv

=0.9x(1.9x1.0x1.0x1.0x1.0)x2/3x11303 x 1.55
=20.0 kN
The factored shear force per fastener row
=20/2
=10 kN
Therefore,
V,=20.0 kN >V, =10 Kn (Acceptable)
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Example 8: Bolts

Spacing Requirements
Load Applied Parallel to Grain (outside Members)
Unloaded Edge Distance
e, = maximum of 1.5d; or 0.55.
e,=35mm (Acceptable)
Unloaded End Distance
a = maximum of 4d. or 50 mm
a=51mm
Load End Distance
a, = maximum of 5d.or 50 mm

a, =70 mm (Acceptable)

Spacing in a Row

Sg = 4d;

Sg =70 mm (Acceptable)
Spacing between Rows

Sc = 3d;

Sc =70 mm (Acceptable)

:.‘; ‘.‘:1,! WOO d Canadian  Conseil /
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Example 8: Bolts

Load perpendicular to grain (centre member):
Loaded Edge Distance
eq = 4d;

eq =51 mm (Acceptable)

Therefore, use four 1/2” bolts.

Unloaded End Distance Elovation
eq = 1.5d;

eq =19 mm (Acceptable)

140

70

Plan

Spacing in a Row o |
S, = 3d. i B
Sg = 70 mm (Acceptable) L r

Spacing between Rows
Sc = 3d;

SC = 70 mm (Acceptable) pl‘w WOOd Canadian Conse'il /
(M SMART  coa oo
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Example 9: Connections Nails and Screws

Determine the size and number of nails required for the plywood tension splice shown
below (dimensions in mm). The lumber members are kiln dried, untreated 38 x 140 mm
S-P-F and the plywood is 12.5 mm sheathing grade Douglas Fir. The factored load is 8 kN
due to dead plus snow loads. Service conditions are dry.

P

Plywood splice
12.5 J_ ~

(e )

T; =8 kN T; =8 kN

,\ I‘.;!‘! WOOd Canadian  Conseil /
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Example 9: Connections Nails and Screws

Modification Factors

Ko= 1.0 (standard term load)

Kss= 1.0 (dry service condition)

Kr= 1.0 (untreated)

Je= 1.0 (nailed in side grain)

Ja=1.0 (not toe nailed)

Je= 1.0 (clinch factor does not apply)
Jo=1.0 (not a shear wall or diaphragm)
Therefore,

K'=1.0

Je= 10

fl\.“‘l“.‘;l" WOOd Canadian  Conseil
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Example 9: Connections Nails and Screws

Try 2-1/2” common wire nails driven from alternate sides of the
main member.

Nail Selection Tables

For double shear connections penetration into the point side m Single Shear, Sawn Lumber Main Member
member must be 5 nail diameters (15mm) or greater (guidance). s .

The connection cannot be considered double shear. e s et
From the Nail Selection Tables: DR T I v |0 s | o ;: oo
Minimum penetration into the main member is 16 mm and : 23 z 32 m 43
corresponding : S 1l et KA (ol S
N’, ngis 0.395 kN v S U O N Y s = R [
When penetration into the main member is 2 30 mm, the s am |m fom |w oo o m o
corresponding soorf ok R EE R

N’. n.is 0.544 kN
Actual penetration is 38 mm, and therefore N’, ns is equal to
0.544 kN.

fl';\‘ *;:}l \/\/OOd Canadian  Conseil
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Example 9: Connections Nails and Screws

N, =N n n. Kl
N, =0.544 x n.x 1 x 1 = 0.544 nF kN
n; required = 8 (kn) / 0.544 = 14.7 retired spocing

end and edge
. . . distances for Hem-Fir Northern
Therefore, use fifteen 2-1/2" nails per side. nais and spies
Determine minimum spacing, end distance and AN B A N T R S E—
edge distance from Figure 7.4 (See right)): N N N S N T N N
minimum spacing perpendicular to grain ¢ =26 mm RN T " S ——
minimum edge distance d = 13 mm P TR A S " S T S S ST
Therefore, use two rows of nails spaced at 70 mm, EESE S NS I N T i
with 35 mm edge distance: minimum spacing S TR ——
parallel to grain a =52 mm, use 60 mm B e M W e n m m w %
minimum end distance b =39 mm, use 60 mm 7 T S R W i S A
The final connection geometry is shown below next e S - S " —— —
slide (dimensions in mm). Note T S | e e T S

that the tensile resistance of the plywood and

lumber members should also
be checked. ",'\‘I‘.;F WOOd Canadian  Conseil

Module 2: Design of Timber | Wood canadien 17,
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Example 9: Connections Nails and Screws

Mail drivan from near side

/ Mail drivan from far side

Mailing symatrical
about cantre line

60 30303030303030303030 60

Module 2: Design of Timber
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W h at co n n e Ct i o n d o I u S e ? Typical Connection Details

Beam to Masonry

Detail 7.1 This standard anchorage to a masonry wall

The handbook (Sect 7.12) gives detailing information ST

when required to distrib

larger area of masonry. Clearance should be

regarding the construction of each connection with el e

consideration to service conditions and the effects of
notching.

The handbook also provides detailing to the type of

member connection or the hybrid connection with specific
requirements for detailing.

Typical Connection Details
Beam to Column

The simplest connection for a beam continu-
ous over a column is a steel dowel driven
through a hole drilled partially or fully through
the beam. Rotation of the column is to be
prevented at the base or by other framing.

Typical Connection Details
Moment Splice

Detail 7.40 This connection detail provides for the maxi-
mum lever arm between splice plates. Direct
thrust is transferred through a 3 mm pressure
plate between the ends of the members to
avoid end grain penetration of fibres. Shear
forces are transferred through pairs of shear
plates and 19 mm diameter by 225 mm long
dowels in the member end faces. Lag screws
or bolts together with shear plates may also be
used with this connection.

Detail 7.8 Uplift is resisted by this standard beam-to-col-
umn connection. The shear plates and dowel
are only included when lateral forces are to be
resisted, in which case some form of bracing
would be required. A separate bearing plate
may be included when the cross section of the
column does not provide adequate bearing for
the beam.
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