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56 MECHANICAL CONNECTIONS

10.1 General

10.1.1 Scope

10.1.1.1 Chapter 10 applies to the engineering design
of connections using bolts, lag screws, split ring or shear
plate connectors, drift bolts, drift pins, wood screws, nails,
spikes, timber rivets, metal connector plates or spike grids
in sawn lumber, glued laminated timber, timber poles, tim-
ber piles, structural composite lumber, prefabricated wood
I-joists, and wood structural panels. Except where spe-
cifically limited elsewhere herein, the provisions of
Chapter 10 shall apply to all fastener types covered in
Chapters 11, 12 and 13.

10.1.1.2 The requirements of 3.1.3, 3.1.4 and 3.1.5
shall be accounted for in the design of connections.

10.1.1.3 Connection design provisions in Chapters 10,
11, 12 and 13 shall not preclude the use of connections
where it is demonstrated by analysis based on generally
recognized theory, full scale or prototype loading tests,
studies of model analogues or extensive experience in use
that the connections will perform satisfactorily in their
intended end uses (see 1.1.1.3).

10.1.2 Stresses in Members at
Connections

Structural members shall be checked for load carry-
ing capacity at connections in accordance with all
applicable provisions of this standard including 3.1.2, 3.1.3
and 3.4.3.3. Local stresses in connections using multiple
fasteners shall be checked in accordance with principles
of engineering mechanics. One method for determining
these stresses is provided in Appendix E.

10.1.3 Eccentric Connections

Eccentric connections that induce tension stress per-
pendicular to grain in the wood shall not be used unless
appropriate engineering procedures or tests are employed
in the design of such connections to insure that all applied
loads will be safely carried by the members and connec-
tions. Connections similar to those in Figure 10A are
examples of connections requiring appropriate engineer-
ing procedures or tests.

10.1.4 Mixed Fastener
Connections

Methods of analysis and test data for establishing de-
sign values for connections made with more than one type
of fastener have not been developed. Design values for
mixed fastener connections shall be based on tests or other
analysis (see 1.1.1.3).

10.1.5 Connection Fabrication

Nominal lateral design values for connections in Chap- .
ters 11, 12 and 13 are based on:
(a) the assumption that the faces of the members
are brought into contact when the fasteners
are installed, and
(b) allowance for member shrinkage due to sea-
sonal variations in moisture content (see
10.3.3).

Figure 10A Eccentric Connections
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NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

10.2 Design Values

10 2.1 Single Fastener .

(N

(

- Connections

10.2.1.1 Chapters 11, 12 and 13 contain tabulated
nominal design values and design provisions for calculat-
ing nominal design values for various types of single
fastener connections. Design values for connections in a
given species apply to all grades of that species unless
otherwise indicated. Dowel-type fastener connection de-
sign values for one species of wood are also applicable to
other species having the same or higher dowel bearing
strength, F,.

10.2.1.2 Design provisions and nominal design val-
ues for dowel type fastener connections such as bolts, lag
screws, wood screws, nails and spikes, drift bolts and drift
pins are provided in Chapter 11.

10.2.1.3 Design provisions and nominal design val-
ues for split ring and shear plate connections are provided
in Chapter 12.

10.2.1.4 Design provisions and nominal design val-
ues for timber rivet connections are provided in Chapter

10.2.1.5 Wood-to wood connections involving spike
grids for load transfer shall be designed in accordance
with principles of engineering mechanics (see Reference
50 for additional information)

10.2.1.6 Metal plate connected wood truss construc-
tion shall be designed in accordance with ANSI/TPI 1.

10.2.2 Multiple Fastener
Connections

When a connection contains two or more fasteners of
the same type and similar size, each of which exhibits the
same yield mode (see Appendix I), the total allowable de-

sign value for the connection shall be the sum of the al-
lowable design values for each individual fastener

10.2.3 Design of Metal Parts

Metal plates, hangers, fasteners and other metal parts
shall be designed in accordance with applicable metal de-
sign procedures to resist failure in tension, shear, bearing
(metal on metal), bending and buckling (see References
39, 40 and 41)., When the capacity of a connection is
controlled by metal strength, rather than wood strength,
allowable metal strength shall not be multiplied by the
adjustment factors in this Specification. In addition, metal
strength shall not be increased by wind and earthquake
factors if design loads have already been reduced by load
combination factors (see Reference 5 for additional in-
formation).

10.2.4 Design of Concrete or
Masonry Parts

Concrete footers, walls and other concrete or masonry
parts shall be designed in accordance with accepted prac-
tices (see References 1 and 2). When the capacity of a
connection is controlled by concrete or masonry strength,
rather than wood strength, allowable concrete or masonry
strength shall not be multiplied by the adjustment factors
in this Specification. In addition, concrete or masonry
strength shall not be increased by wind and earthquake
factors if design loads have already been reduced by load
combination factors (see Reference 5 for additional in-
formation).

10.3 Adjustment of Design Values

10.3.1 Applicability of Adjustment
Factors

Nominal design values (Z, W) shall be multiplied by
all applicable adjustment factors to determine allowable
design values (Z', W'). Table 10.3.1 specifies the adjust-
ment factors which apply to nominal lateral design values
> (Z) and nominal withdrawal design values (W) for each
fastener type. The actual load applied to a connection

shall not exceed the allowable design value (Z', W") for
the connection.

10.3.2 Load Duration Factor, C,

Nominal design values shall be multiplied by the load
duration factors, Cp, < 1.6, specified in 2.3.2 and Appen-
dix B, except when the capacity of the connection is
controlled by metal strength or strength of concrete/ma-
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Applicability of Adjustment Factors for Connections

Tabie 10.3.1
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Lateral Loads
Dowel-type Fasteners Z=7Z2x|C ¢, C ¢ C, - C, - C; C,
Split Ring and Shear Plate pP=P x|C C4 C C, C C - C - -
Connectors 0=Qx|G ¢ ¢ (¢ C G - - - -
Timber Rivets P=P x|C¢ C, C - - - - Cc} - -
Q=Q x|&*' ¢, ¢ - Cf - - C}7 - -
Metal Plate Connectors Z=Z x|Cc, C4 C - - - - - - .
Spike Grids zZ=Z x|¢C, ¢, C - C(C, - - - - .
Withdrawal Loads
Nails, Spikes, Lag Screws, W=W x| C, C, C, - - - Cy - - C,
Wood Screws, and Drift
Pins

W R —

. The load duration factor, Cp, shall not exceed 1.6 for connections (see 10.3.2).
. The wet service factor, Cy, shall not apply to toe-nails loaded in withdrawal (see 11.5.4.1).
. Specific information concerning geometry factors C,, penetration depth factors C,, end grain factors, C,,, metal side plate factors,

C,, diaphragm factors, Cy, and toe-nail factors, Cy, is provided in Chapters 11, 12 and 13.

[« W RN

sonry (see 10.2.3, 10.2.4 and Appendix B.3). The impact
load duration factor shall not apply to connections.

10.3.3 Wet Service Factor, C,

Nominal design values are for connections in wood
seasoned to a moisture content of 19% or less and used
under continuously dry conditions, as in most covered
structures. For connections in wood that is unseasoned or
partially seasoned, or when connections are exposed to
wet service conditions in use, nominal design values shall
be multiplied by the wet service factors, Cy, specified in
Table 10.3.3.

. The load duration factor, Cp, is only applied when wood capacity (P,, Q,,) controls (see Chapter 13).
. The metal side plate factor, C,, is only applied when rivet capacity (P,, Q,) controls (see Chapter 13).
. The geometry factor, C,, is only applied when wood capacity, Q,,, controls (see Chapter 13).

10.3.4 Temperature Factor, C,

Nominal design values shall be multiplied by the tem-
perature factors, C,, in Table 10.3.4 for connections that
will experience sustained exposure to elevated tempera-
tures up to 150°F (see Appendix C).

10.3.5 Fire Retardant Treatment

Allowable design values for connections in lumber
and structural glued laminated timber pressure-treated with
fire retardant chemicals shall be obtained from the com-
pany providing the treatment and redrying service (see
2.3.4). The impact load duration factor shall not apply to
connections in wood pressure-treated with fire retardant
chemicals (see Table 2.3.2).
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Table 10.3.3 Wet Service Factors, C,, for Connections

Moisture Content
Fastener Type At Time of Fabfication In-Service Cu
Lateral Loads

Shear Plates & < 19% < 19% 1.0

Split Rings' > 19% < 19% 0.8
any >19% 0.7

Metal Connector < 19% < 19% 1.0
Plates? > 19% < 19% 0.8
any > 19% 0.7

Dowel-type < 19% < 19% 1.0
Fasteners >19% < 19% 0.4’
any >19% 0.7

Timber Rivets < 19% < 19% 1.0
< 19% >19% 0.8

Withdrawal Loads

Lag Screws & any < 19% 1.0
. (‘ Wood Screws any >19% 0.7
" Nails & Spikes - < 19% < 19% 1.0
>19% < 19% 0.25
< 19% >19% 0.25

>19% >19% 1.0

Threaded Hardened . any any 1.0

Nails

. For split ring or shear plate connectors, moisture content limitations apply to a depth of 3/4" below the surface of the wood.
2. For more information on metal connector plates see reference 9.
3. Gy = 0.7 for dowel type fasteners with diameter, D, less than 1/4", For dowel type fastener connections with:
1) one fastener only, or
2) two or more fasteners placed in a single row parallel to grain, or
3) fasteners placed in two or more rows parallel to grain with separate splice plates for each row,
Cy=1.0.

Table 10.3.4 Temperature Factors, C,
for Connections

SNOILLOINNOD TVIINVHOIN

In Service C, .
. Moisture

Conditions' T<100°F | 100°F<T<125°F |125°F<T<150°F

Dry 1.0 - 0.8 0.7
. Wet 1.0 0.7 0.5
{(

o

~ W' I, Wet and dry service conditions for connections are specified in 10.3.3.
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10.3.6 Group Action Factor, C,

10.3.6.1 Nominal lateral design values for split ring
connectors, shear plate connectors, or dowel-type fasten-
ers with D < 1" in a row shall be multiplied by the following
group action factor, C,:

- m{t.-m?) 1+Ren
G- n[(1+REAm“)(1+m)—1+m2”] [ 1-m ]

(10.3-1)

where:
Cg = 1.0 for dowel type fasteners with D < 1/4".
Nominal design values for timber rivet
connections account for group action effects
and do not require further modification by the
group action factor.

n = number of fasteners in a row

R, = thelesser of EsAs or EmAm
mam ES AS
E, = modulus of elasticity of main member, psi
E. = modulus of elasticity of side members, psi
A, = gross cross-sectional area of main member, in.2
A = sum of gross cross-sectional areas of side

members, in.2

m = y_yu2-1
144811 1
U= 13| E Ay EA,

§ = center to center spacing between adjacent
fasteners in a row, in.

v = load/slip modulus for a connection, ibs./in.

y = 500,000 Ibs./in. for 4" split ring or shear plate
connectors

¥ = 400,000 Ibs./in. for 2-1/2" split ririg or 2-5/8"
shear plate connectors

v = (180,000)D5) for dowel-type fasteners in
wood-to-wood connections

ONN

y = (270,000)(D*5) for dowel-type fasteners in
wood-to-metal connections
D = diameter of bolt or lag screw, in.

Group action factors for various connection geom-
etries are provided in Tables 10.3.6A, 10.3.6B, 10.3.6C
and 10.3.6D.

10.3.6.2 For determining group action factors, a row
of fasteners is defined as any of the following:

(a) Two or more split rings or shear plate con-

nector units, as defined in 12.1.1, aligned with
the direction of load.

(b) Two or more dowel-type fasteners of the same
diameter loaded in single or multiple shear
and aligned with the direction of load.

When fasteners in adjacent rows are staggered and
the distance between adjacent rows is less than 1/4 the
distance between the closest fasteners in adjacent rows
measured parallel to the rows, the adjacent rows shall be
considered as one row for purposes of determining group
action factors. For groups of fasteners having an even
number of rows, this principle shall apply to each pair of
rows. For groups of fasteners having an odd number of
rows, the most conservative interpretation shall apply (see
Figure 10B).

10.3.6.3 Gross section areas shall be used, with no

reductions for net section, when calculating A,, and A, for
determining group action factors. When a member is
loaded perpendicular to grain its equivalent cross-sectional
area shall be the product of the thickness of the member
and the overall width of the fastener group (see Figure
10B). When only one row of fasteners is used, the width
of the fastener group shall be the minimum parallel to
grain spacing of the fasteners.
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§ ~ Figure 10B  Group Action for Staggered Fasteners
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Table 10.3.6A  Group Action Factors, C,, for Bolt or Lag Screw Connections

With Wood Side Members?2

ForD=1",s=4", E = 1,400,000 psi

Number of fasteners in a row

AJA ! Al
in. 2 3 4 5 6 7 8 9 10 11 12
0.98 0.92 0.84 0.75 0.68 0.61 0.55 0.50 0.45 041 0.38
RN 0:61. 2| ~0:57 | 053
0.5 0.66 0.62
.76 ] 0:72. ] 5 0:69
. 0.78 0.75
5 1.00 0.97 0.91 0.85 0.78 0.71 0.64 0.59 0.54 0.49 0.45
12 -1:00-- 0.99 [70:96. | 093 | 0.88. | 0.84 079 | 0.74 0.70 0.65 0.61
1 20 1.00 0.99 0.98 0.95 0.92 0.89 0.86 0.82 0.78 0.75 0.71
28 1.00 { 099 | 098 |.097 | 094 | 092 | 0.89 | 0.86 0.83 0.80 0.77
40 1.00 1.00 0.99 0.98 0.96 0.94 0.92 0.90 0.87 0.85 0.82
64 1.00 1.00 {-°0.99 | 0.98 097 {096 | 095 | 093 | 091 0.90 0.88
I. When AJA,, > 1.0, use A_ /A, and use A,, instead of A
2. Tabulated group action factors (C,) are conservative for D< 1", s < 4" or E> 1,400,000 psi.
Table 10.3.6B  Group Action Factors, C,, for 4" Split Ring or Shear Plate
Connectors With Wood Side Members?
For s =9", E = 1,400,000 psi
Number of fasteners in a row
AJA! Al
in.2 2 3 4 5 6 7 8 9 10 11 12
5 0.90 0.73 0.59 0.48 041 0.35 0.31 0.27 0.25 0.22 0.20
12 0.95 0.83 0:71 0.60--| 0.52--{ 045 0.40 0.36 0.32 0.29 0.27
0.5 .20 0.97 0.88 0.78 0.69 0.60 0.53 0.47 0.43 0.39 0.35 0.32
28 -0.97 0.91 0.82 0.74- | 066 |-0.59 | 0.53 0.48 0.44 0.40 0.37
40 0.98 0.93 0.86 0.79 0.72 0.65 0.59 0.54 0.49 0.45 0.42
64 0:99:-1.0.95 -{-0.91. {:0.85 [+0.79 -} 0.73 }.0.67 | 0.62 0.58 0.54 0.50
5 1.00 0.87 0.72 0.59 0.50 0.43 0.38 0.34 0.30 0.28 0.25
12010007 20:937 11 0:83 | 0,72 50,637 | 0:55. -|-0.48 | :043 |- 039 | -0.36 | 0:33
1 20 1.00 0.95 0.88 0.79 0.71 0.63 0.57 0.51 0.46 0.42 0.39
281,001 0.97 1 0:91 1 0:83 076 17069 | 0:62.° 7057|052 047 | 0.44
40 1.00 0.98 0.93 0.87 0.81 0.75 0.69 0.63 0.58 0.54 0.50
.64 1100 {098 095|091 [0.87 | 082 | 077 0172 067 0.62. | -0.58

1. When AJA, > 1.0, use A, /A, and use A,, instead of A,.

2. Tabulated group action factors (C,) are conservative for 2-1/2"

split ring connectors, 2-5/8" shear plate connectors, s < 9" or E > 1,400,000 psi.
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Table 10.3.6C  Group Action Factors, C,, for Bolt or Lag Screw Connections
' | With Steel Side Plates? ‘

For D=1",s=4", E, .4 = 1,400,000 psi, E ;o = 30,000,000 psi

Number of fasteners in a row

AnAs | A,
in? 2 3 4 5 6 7 8 9 10 11 12

51097 |08 | 08 | 070 | 0.62 | 055 | 049 | 0.44 | 0.40 037 | 0.34
'8 | 098.| 093|085 | 077 .| 0.70 .| 0:63 | 0.57 | 0.52 |-0.47 | 043 | 0.40
16 | 099 |09 | 092 | 0.8 | 0.80 | 0.75 | 0.69 | 0.64 | 0.60 0.55 | 0.52
12 24 | 099 | 097 | 094 | 090 | 0.85 | 0.81 | 0.76 | 0.71 | 0.67 0.63-| 0.59

40 1.00 { 098 | 096 | 094 | 090 | 0.87 | 0.83 | 0.79 | 0.76 0.72 | 0.69

64 1.00 | 099 | 098 | 096.| 094 | 091 | 0.88 | 0.86 | 0.83 0.80 | 0.77
120 1.00 { 099 | 0.99 | 098 | 096 | 095 | 093 | 091 | 0.90 0.87 | 0.85
200 100 [ 1.00 | 099 | 099 | 098 | 097 | 096 | 095 | 0.93 092 { 0.90

5109 | 093 ; 08 | 0.76 | 068 | 0.61 | 0.54 | 0.49 | 0.44 041 | 0.37
8 [ 099 {095 | 090 | 083 | 075 | 0.69 | 0.62 | 0.57 | 0.52 0.48 | 0.44
16 1.00 | 098 | 094 | 090 | 085 | 0.79 | 0.74 | 0.69 | 0.65 0.60 | 0.56
18 24 100 { 098 | 096 | 093 | 0.89 | 0.85 | 0.80 [ 0.76 | 0.72 0.68 | 0.64
40 1.00 | 099 | 097 | 095 | 093 | 090 | 0.87 | 0.83 | 0.80 0.77 | 0.73
64 1.00 { 099 | 098 { 097 | 095 | 093 | 091 [ 0.89 | 0.86 0.83 | 0.81
120 1.00 | 1.00 | 099 | 098 | 097 | 096 | 095 | 093 | 0.92 090 | 0.88
200 1.00 [ 1.00 | 099 | 099 | 098 | 098 | 097 | 096 | 0.95 094 | 0.92

‘ 40 1.00 | 099 | 097 | 095 | 093 | 089 | 0.86 | 0.83 | 0.79 076 | 0.72

24 64 1.00 | 099 | 098 | 097 | 095 | 093 | 091 | 0.88 | 0.85 0.83 | 0.80
120 100 | 1.00 | 099 | 098 | 097 | 096 | 095 | 093 | 0.91 0.90 | 0.88
200 | 1.00 | 1.00 | 099 |.099 | 098 | 098 | 0.97 | 0.96 | 0.95 093 | 0.92

40 1.00 | 098 | 096 | 093 | 0.89 | 085 | 0.81 | 0.77 | 0.73 0.69 | 0.65
30 64 1.00 [ 099 | 097 | 095 | 093 | 0.90 | 0.87 | 0.83 | 0.80 0.77 | 0.73
120 1.00 | 099 | 099 | 097 | 096 | 094 | 092 | 090 | 0.88 0.85 | 0.83
200 1.00 | 1.00 | 099 | 098 | 097 | 096 | 095 | 0.94 | 0.92 090 | 0.89

40 | 099 | 097 | 094 | 091 | 086 | 0.82 | 0.77 | 0.73 | 0.68 0.64 | 0.60
35 64 1.00 | 098 | 096 | 094 | 091 | 0.87 | 0.84 | 0.80 | 0.76 0.73 | 0.69
120 1.00 | 099 | 098 | 097 | 095 | 092 | 0.90 | 0.88 | 0.85 082 | 0.79
200 1.00 | 099 | 099 | 098 | 097 | 095 | 094 | 092 | 0.90 0.88 | 0.86

40 | 099 [097 [ 093 [ 088 | 083 [078 [ 073 | 068 | 0.63 | 059 | 0.55
42 | 64| 099 | 098 | 095 | 002 088|084 | 0.80°| 0:76 | 072 | 0.68 | 064
120 | 1.00 | 0.99 | 097 | 095 | 093 | 0.90 | 0.88 | 0.85 | 0.81 | 0.78 | 0.75
200 | 1.00 | 099 | 0.98 | 0.97 | 096 | 0:94 | 092 | 0.90 | 0.88 | 0.85 | 083

40 | 099 | 096 | 091 | 0.85 | 0.79 | 0.74 | 0.68 | 0.63 | 0.58 | 0.54 | 0.51
50 64 | 0.99: 1097 | 094 | 090 | 085 1081 [.076 |.0.72.} 067 | 063.} 059
120 | 1.00 | 098 | 097 | 094 | 091 | 0.88 | 0.85 | 0.81 | 0.78 | 074 | 0.71
200 | 1.00 1099 | 098 | 096 | 0951092 | 090 | 087 | 085 | 082 | 0.

1. Tabulated group action factors (C,) are conservative for D < 1" or s <4".

@
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Group Action Factors, C, for 4" Shear Plate Connectors With
Steel Side Plates?

For s=9", Eyg0q = 1,400,000 psi, E,.; = 30,000,000 psi

Number of fasteners in a row

1. Tabulated group action factors (C,) are conservative for 2-5/8" shear plate connectors ors < 9".
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66 DOWEL-TYPE FASTENERS

11.1 General

11.1.1 Terminology

11.1.1.1 “Edge distance” is the distance from-the edge
of a member to the center of the nearest fastener, mea-
sured perpendicular to grain. When a member is loaded
perpendicular to grain, the loaded edge shall be defined
as the edge in the direction toward which the fastener is
acting. The unloaded edge shall be defined as the edge
opposite the loaded edge (see Figure 11G).

11.1.1.2 “End distance” is the distance measured par-
allel to grain from the square-cut end of a member to the
center of the nearest bolt (see Figure 11G).

11.1.1.3 “Spacing” is the distance between centers of
fasteners measured along a line joining their centers (see
Figure 11G).

11.1.1.4 A “row of fasteners” is defined as two or
more fasteners aligned with the direction of load (see F ig-
ure 11G).

11.1.1.5 End distance, edge distance and spacing re-
quirements herein are based on wood properties.
Wood-to-metal and wood-to-concrete connections are sub-
ject to placement provisions as shown in 11.5.1, however,
applicable end and edge distance and spacirg requirements
for metal and concrete, also apply (see 10.2.3 and 10.2.4).

11.1.2 Bolts

11.1.2.1 Installation requirements apply to bolts meet-
ing requirements of ANSI/ASME Standard B18.2.1.

11.1.2.2 Holes shall be a minimum of 1/32" to a maxi-
mum of 1/16" larger than the bolt diameter. Holes shall
be accurately aligned in main members and side plates.
Bolts shall not be forcibly driven.

11.1.2.3 A metal plate, metal strap, or washer not less
than a standard cut washer shall be between the wood and
the bolt head and between the wood and the nut.

11.1.2.4 Edge distance, end distance, and fastener
spacing required to develop full design values shall be in
accordance with Table 11.5.1A-D.

11.1.3 Lag Screws

11.1.3.1 Installation requirements apply to lag screws
meeting requirements of ANSI/ASME Standard B18.2.1.
See Appendix L for lag screw dimensions.

11.1.3.2 Lead holes for lag screws loaded laterally and
in withdrawal shall be bored as follows to avoid splitting
of the wood member during connection fabrication:

(a) The clearance hole for the shank shall have
the same diameter as the shank, and the same
depth of penetration as the length of un-
threaded shank. '
(b) The lead hole for the threaded portion shall
have a diameter equal to 65% to 85% of the
shank diameter in wood with G > 0.6, 60% to
75% in wood with 0.5 < G < 0.6, and 40% to
70% in wood with G < 0.5 (see Table 11.3.2A)
and a length equal to at least the length of the
threaded portion. The larger percentile in each
range shall apply to lag screws of greater di-
ameters.
11.1.3.3 Lead holes or clearance holes shall not be
required for 3/8" and smaller diameter lag screws loaded
primarily in withdrawal in wood with G < 0.5 (see Table
11.3.2A), provided that edge distances, end distances and
spacing are sufficient to prevent unusual splitting.

11.1.3.4 The threaded portion of the lag screw shall
be inserted in its lead hole by turning with a wrench, not
by driving with a hammer.

11.1.3.5 No reduction to design values is anticipated

if soap or other lubricant is used on the lag screw or in the
lead holes to facilitate insertion and to prevent damage to
the lag screw.

11.1.3.6 Minimum penetration (not including the

length of the tapered tip) of the lag screw into the main
member for single shear connections or the side member
for double shear connections shall be four times the di-
ameter, p;, = 4D.

11.1.3.7 Edge distance, end distance and fastener spac-

ing required to develop full design values shall be in
accordance with Table 11.5.1A-E.

11.1.4 Wood Screws

11.1.4.1 Installation requirements apply to wood
screws meeting requirements of ANSI/ASME Standard
B18.6.1.

11.1.4.2 Lead holes for wood screws loaded in with-
drawal shall have a diameter equal to approximately 90%
of the wood screw root diameter in wood with G > 0.6,
and approximately 70% of the wood screw root diameter
in wood with 0.5 <G <0.6. Wood with G<0.5 (see Table
11.3.2A) is not required to have a lead hole for insertion
of wood screws.

AMERICAN WOOD COUNCIL
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11.1.4.3 Lead holes for wood screws loaded laterally

shall be bored as follows:

(a) For wood with G > 0.6 (see Table 11.3.2A),
the part of the lead hole receiving the shank
shall have about the same diameter as the shank
and that receiving the threaded portion shall
have about the same diameter as the screw at
the root of the thread (see Reference 8).

(b) For G < 0.6 (see Table 11.3.2A), the part of
the lead hole receiving the shank shall be
about 7/8 the diameter of the shank and that
receiving the threaded portion shall be about
7/8 the diameter of the screw at the root of
the thread (see Reference 8).

11.1.4.4 The wood screw shall be inserted in its lead

hole by turning with a screw driver or other tool, not by
driving with a hammer.

11.1.4.5 No reduction to design values is anticipated

if soap or other lubricant is used on the wood screw or in
the lead holes to facilitate insertion and to prevent dam-
age to the wood screw.

11.1.4.6 Minimum penetration of the wood screw into

the main member for single shear connections or the side
member for double shear connections shall be six times
the diameter, pp;, = 6D.

11.1.4.7 Edge distances, end distances and spacings

shall be sufficient to prevent splitting of the wood.

11.1.5 Nails and Spikes

11.1.5.1 Installation requirements apply to common
steel wire nails and spikes, box nails and threaded hard-
ened-steel nails meeting requirements in ASTM F1667.
Nail specifications for engineered construction shall in-
clude the minimum lengths and diameters for the nails
and spikes to be used.

11.1.5.2 Threaded, hardened-steel nails and spikes
shall be made of high carbon steel wire, headed, pointed,
annularly or helically threaded, and heat-treated and tem-
pered to provide greater yield strength than for common
wire nails of corresponding size.

11.1.5.3 Nominal design values herein apply to nailed
and spiked connections either with or without bored holes.
When a bored hole is desired to prevent splitting of wood,
the diameter of the bored hole shall not exceed 90% of
the nail or spike diameter for wood with G > 0.6, nor 75%
of the nail or spike diameter for wood with G < 0.6 (see
Table 11.3.2A).

11.1.5.4 Toe-nails shall be driven at an angle of ap-
proximately 30° with the member and started approximately
1/3 the length of the nail from the member end (see Fig-
ure 11A).

Figure 11A Toe-Nail Connection

/
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11.1.5.5 Minimum penetration of the nail or spike into
the main member for single shear connections or the side
member for double shear connections shall be six times
the diameter, p, = 6D.

Exception: Symmetric double shear connections
when 12d or smaller nails extend at least three
diameters beyond the side member and are
clinched, and side members are at least 3/8" thick.

11.1.5.6 Edge distances, end distances and spacings
shall be sufficient to prevent splitting of the wood.

11.1.6 Drift Bolts and Drift Pins

11.1.6.1 Lead holes shall be drilled 0" to 1/32" smaller
than the actual pin diameter.

11.1.6.2 Additional penetration of pin into members
shall be provided in lieu of the washer, head andnuton a
common bolt (see References 52 and 53 for additional
information).

11.1.6.3 Edge distance, end distance, and fastener
spacing required to develop full design values shall be in
accordance with Table 11.5.1A-D.

11.1.7 Other Dowel-Type
Fasteners

When fastener type or connection fabrication and as-
sembly requirements vary from those specified in 11.1.2,
11.1.3,11.1.4, 11.1.5 and 11.1.6, provisions of 11.3 shall
be permitted to be used in calculation of nominal lateral
design values provided allowance is made to account for
such variation. Edge distances, end distances and spac-
ings shall be sufficient to prevent splitting of the wood.
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03 DOWEL-TYPE FASTENERS

11.2 Withdrawal Design Values

11.2.1 Lag Screws 11.2.1.2 When lag screws are loaded in withdrawal
. from end grain, nominal withdrawal design values, W,
11.2.1.1 The withdrawal design values, in 1bs./in. of shall be multiplied by the end grain factor, C,, = 0.75.

penetration, for a single lag screw inserted in side grain, 11.2.1.3 When lag screws are loaded in withdrawal,

with the lag screw axis perpendicular to the wood fibers, the allowable tensile strength of the lag screw at the net

shall be determined from Table 11.2A or Equation 11.2-1, (root) section shall not be exceeded (see 10.2.3).

within the range of specific gravities and screw diameters

given in Table 11.2A. Tabulated nominal design values, W,

shall be multiplied by all applicable adjustment factors (see »

Table 10.3.1) to obtain allowable design values, W'

0

W=1800G3/2D3/4 (11.2-1)

Table 11.2A Lag Screw Withdrawal Design Values (W)*

Tabulated withdrawal design values (W) are in pounds per inch of thread penetration into side grain of main member. :
Length of thread penetration in main member shall not include the length of the tapered tip (see Appendix L). }

Specific
Gravity Lag Screw Unthreaded Shank Diameter, D
G 1/4" | S5/16" | 3/8" | 7/16" | 12" 5/8" 3/4" 7/8" 1" 1-1/8" | 1-1/4"

604 | 668 | 789 | 905 | 1016 | 1123 | 1226

1. Tabulated w1thdrawal desngn values (W) for lag screw connections shall be mult1p11ed by all appllcable ad_|ustment factors (see Table 10 3. 1)
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11.2.2 Wood Screws

11.2.2.1 The withdrawal design value, in Ib./in. of
penetration, for a single wood screw (cut thread or rolled
thread) inserted in side grain, with the wood screw axis
perpendicular to the wood fibers, shall be determined from
Table 11.2B or Equation 11.2-2, within the range of spe-
cific gravities and screw diameters given in Table 11.2B.
Nominal design values, W, shall be multiplied by all ap-
plicable adjustment factors (see Table 10.3.1) to obtain
allowable design values, W'.

W = 2850 GD (11.2-2)

11.2.2.2 Wood screws shall not be loaded in with-
drawal from end grain of wood.

11.2.2.3 When wood screws are loaded in withdrawal,
the allowable tensile strength of the wood screw at net
(root) section shall not be exceeded (see 10.2.3).

11.2.3 Nails and Spikes

11.2.3.1 The withdrawal design value, in Ib./in. of
penetration, for a single nail or spike driven in the side
grain of the main member, with the nail or spike axis per-
pendicular to the wood fibers, shall be determined from
Table 11.2C or Equation 11.2-3, within the range of spe-
cific gravities and nail or spike diameters given in Table
11.2C. Nominal design values, W, shall be multiplied by
all applicable adjustment factors (see Table 10.3.1) to
obtain allowable design values, W',

W=1380G%2D (11.2-3)

11.2.3.2 Nails and spikes shall not be loaded in with-
drawal from end grain of wood.

11.2.4 Drift Bolts and Drift Pins

Drift bolt and drift pin connections loaded in with-
drawal shall be designed in accordance with principles of
engineering mechanics.

Table 11.2B Cut Thread or Rolled Thread Wood Screw Withdrawal Design

Values (W)!

Tabulated withdrawal design values (W) are in pounds per inch of thread penetration into side grain of main member.
Thread length is approximately 2/3 the total wood screw length (see Appendix L).

Specific Wood Screw Number
Gravity
G 6 7 8 9 10 12 14 16 18 20 24

0.73

1. Tabulated withdrawal design values (W) for wood screw conne:

ctions shall be multiplied by all applicable adjustment factors (see Table 10.3.1).

AMERICAN FOREST & PAPER ASSOCIATION

SHANALSV4 3dAL-TIMO0A




PR YN i s AT Tl et

0)

(1°¢°01 9]qBL 29s) s1010ey Jusunsnfpe s[qesridde [[e £q parjduinwt aq [{eYS SUOLIIUUO!

= 23 =

AMERICAN WOOD COUNCIL

7]
o
53]
=
1t}
T
[2)
[
L.
73]
o
>
s
—
3%
=
(=
(a)

1| £
001 | €6 £L
WL £€1-§ {931 | sO1:
6v1 | 8¢l 601

3 4 esi:| 991t vsT 7 QI TA B
¥l 121 | 201 | €6 961 | 8L | S91 ¥l | Of1 701
Wl070 | WLLT0 | u8PT0 | uSET'0 | W0TL'0 | WSLEO | WTIE0 | WE8T0 | WE9T0 | WFPTO | WSTT'O | Wl0OTO | uT6T0 | WTIT0 | u8PT°0 [.SEY'O | WIET0 | Wu8TI0 |LEIT0 |..660°0 O
d ‘IPpwelq 20 ( “1pRueliq fuerd
S[TeN papeaJyq], soqIdg a11pp UOWUIO)) PUE ‘S[TEN XOg ‘S[IEN 1A\ UOUIWO)) synadg

*("7 xipuaddy 93s) Toquidwr ugeul yo ureas apis oyui uonendud Jo your 13d spunod uy aTe (A)) sanfeA :w_moﬁ._utﬁwﬁ_k pale[ngel,

(M) sanjep ugisaq lemelpyjim ajids pue ieN JCIT ®iqel




NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

~ 11.3 Lateral Design Values

11.3.1 Yield Limit Equations side member holding the point for double
, . shear connections is greater than or equal to
For single shear and symmetric double shear connec- the minimum penetration required (see 11.1)
tions using dowel-type fasteners (see Appendix I, Figure The nominal design value, Z, shall be the minimum
11B and 11C) where: computed yield mode value using equations in Table
(a) faces of the connected members are in contact 11.3.1A and B. Nominal design values for connections
(b) the load acts perpendicular to the axis of the with bolts (see Tables 11A-I), lag screws (see Table 11J
dowel ' and K), wood screws (see Tables 11L and M) and nails
(c) edge distances, end distances and spacing are and spikes (see Tables 11N-R) are calculated for common
sufficient to develop full design values connection conditions in accordance with yield mode
(see 11.5) equations in Table 11.3.1A and B.

(d) the depth of fastener penetration in the main
member for single shear connections or the

Table 11.3.1A Yield Limit Equations

2 . . .
2F,(1+2R )D main member dowel bearing length, in.

side member dowel bearing length, in.

main member dowel bearing strength, psi (see
Table 11.3.2)

side member dowel bearing strength, psi (see
2(1+R) 2F,(2+R)D’ Table 11.3.2)

i k3=—1+
f R, 3F, (2

em:'s

Yield Mode Single Shear Double Shear o
o
z-2Fen 11.3-1 72 tnfen (11.3-7) 51
Im Rd ( T ) = Rd . "_
. -]
: :g
; 2D
]f’ ‘ I z-2 (11.3-2) z- 24 (11.3-8) m
: ¢ R, R, n
>
a
k,DUF,
Z= 1 es R m
II _Rd (11.3 _3) ﬁ
A
(7]
III Z =M (11.3-4)
m (1+2R)R, '
2k,D(F,
k,DUF,. z=_3_cem
m, 2= R OR, (139 Bt e
2D? | 25,Fy
: 2 | 2F,F, LozeE |
] v z-D0 | Dy ; R, \ 3(1-R 11.3-10
T (11.3-6) 2 \3U+R) ( )
Note:
D = diameter, in. (see 11.3.6)
TR 2(1+R +RD+R 2R 3~ N s
k,—‘/R‘ 2R (R R) R, R -RAR) F, = dowel bending yield strength, psi
(A+R,) R, = reduction term (see Table 11.3.1B)
Re = Fem/Fes
R, = 4/,
4, =

k2=—l+J 2(1+R )+

2
d emﬂm

o B P
3

4]
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72 DOWEL-TYPE FASTENERS

Table 11.3.1B Reduction Terms
Reduction
Fastener Size Yield Mode Term, R,
025"<D<1" LI 4K,
)i 3.6K,
I, I, 1v 32Ky
D <0.25" I, I, IL M0, I, TV Kp'
Notes:

K, =1+ 0.25(6/90)

6 = maximum angle of load to grain (0'<8<90") for any
member in a connection

D = diameter, in. (see 11.3.6)

K, =22 for D< 0.17"

K,=10D + 0.5 for 0.17" <D <0.25"

! For threaded fasteners where nominal diameter (see Appendix L) is greater
than or equal to 0.25" and root diameter is less than 0.25", Ry = K, K.

11.3.2 Dowel Bearing Strength

11.3.2.1 Dowel bearing strengths, F,, for parallel or
perpendicular to grain loading are provided for dowel-
type fasteners with 1/4" <D < 1" in Table 11.3.2. When
fastener diameter, D < 1/4", a single dowel bearing
strength, F,, is used for both parallel and perpendicular to
grain loading.

11.3.2.2 Dowel bearing strengths, F,, for wood struc-
tural panels are provided in Table 11.3.2B.

11.3.2.3 Dowel bearing strengths, F,, for structural
composite lumber shall be obtained from the manufacturer’s
literature or code evaluation report.

11.3.2.4 When dowel-type fasteners with D > 1/4"
are inserted into the end grain of the main member, with
the fastener axis parallel to the wood fibers, F,, shall be
used in determination of the dowel bearing strength of the
main member, F,.

11.3.3 Dowel Bearing Strength at
an Angle to Grain

When a member in a connection is loaded at an angle
to grain, the dowel bearing strength, F,,, for the member
shall be determined as follows (see Appendix J):

_ FBIFSJ.
- F,sin*0+F, cos®6

]

where:
6 = angle between direction of load and direction of
grain (longitudinal axis of member)

Figure 11B Single Shear Bolted
Connection

D
—l |-
ts=€sI L |

1t,,,=e,,,

Figure 11C Double Shear Bolted
Connections

D
—| k-

7]
1]

11.3.4 Dowel Bearing Length

11.3.4.1 Dowel bearing length in the side member(s) 'i)i )ﬁ’))'l

and main member, £, and €,, represent the length of dowel
bearing perpendicular to the application of load. The length
of dowel bearing shall not include the tapered tip of a
fastener for fastener penetration lengths less than 10D.

11.3.5 Dowel Bending Yield
Strength

11.3.5.1 Tabulated nominal design values for bolts, lag
screws, wood screws, nails and spikes are based on bend-
ing yield strengths provided in Tables 11A through 11R.

11.3.5.2 Dowel bending yield strengths, F,,, used in
calculation of nominal design values shall be based on
yield strength derived using methods provided in ASTM
F 1575 or the tensile yield strength derived using proce-
dures of ASTM F 606.

11.3.6 Dowel Diameter

11.3.6.1 When used in Tables 11.3.1A and 11.3.1B,

V)

the fastener diameter shall be taken as D for unthreaded
full-body fasteners and D, for reduced body diameter fas-
teners or threaded fasteners except as provided in 11.3.6.2.
For bolts defined in 11.1.2, the fastener diameter shall be
taken as D (see Appendix L).

AMERICAN WOOD COUNCIL

)




NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

Table 11.3.2 Dowel Bearing Strengths

W‘ Specific! Dowel bearing strength in pounds per square inch (psi)2
Gravity Fe Fe| Fe.
' G D<1/4" | D>1/4" | D=1/4" D=5/16" D=3/8" D=7/16" D=1/2" D=5/8" D=3/4" D=7/8" D=1"
0.73 9300 8200 | (7750> 6900 6300 5850 5450 4900 4450 4150 3850
0.72 9050 8050 7600 6800 6200 5750 5350 4800 4350 4050 3800
0.71 8850 | 7950 | 7400 6650 __ 6050 0600 __5250 4700 4300 3950 _ 3700

0.67 7950 7500 6850 6100 55650 5150 4850 4300 3950 3650 3400

0.66 7750 7400 6700 5950 5450 5050 4700 - 4200 3850 3550 3350
7500 300 5850 5350 4950 4600 4150 3750

T T T 3 BRI R 2 Y T 5 = e

T T
%

T

0.61 6700 6850 5950 5350 485 4500 4200 3750 3450 3200 3000
6500 6700 5800 5200 4750 4400 4100 3700 3350 3100 2900

6300 6600 5700 5100 4650 4300 4000 3600 3300
O R O S A e »

%

L2 : PR 5555
5550 6150 3900 3650 3250 2950
5350 6050 5000 4450 4100 3750 3550 3150 2900 2650 2500

5150 | 435 0 3050 2800

4350 390 2750 2500 2300
0.48 4300 | 5400 | 4200 3750 3450 3200 3000 2650 2450 2250 2100
4150 | 5250 | 4100 _ 3650 33 31, 2000 2600 2350 2200

S N 2‘,\ : A ?‘"V“

O
Q
=
m
T
-y
>
)
m
-
>
7]
3.
m
A
»

043 | 3500 | 4800 )l 3600 3200 2950 2700 2550 2250 2050 1900 1800
0.42 3350 4700 3450 3100 2850 2600 2450 2200 2000 1850 1750

0.41 3200 4600 3350 3000 2750 2550 2350 2100 1950
= — TR = = R : @z z Ty ? 2 s

i 0.37 2650 4150 2900 2600 2350 2200 2050 1850 1650 1550 1450
0.36 2550 4050 2750 2500 2250 2100 1950 1750 1600 1500 1400
2400 3900 2650 2400 2150 2000 1700 1550
Sl :

0.31 | 1900 | 3450 | 2250 2000 1800 1700 1600 _ 1400 1300 _ 1200 1100
1. Specific gravity based on weight and volume when oven-dry (see Table 11.3.2A). Different specific gravities (G) are possible for different grades of MSR and

MEL lumber (see Table 4C, Footnote 2).
2. F, = 11200G; F,, = 6100G**JD; F, for D<1/4" = 16600 G'*; tabulated values are rounded to the nearest 50 psi.

= oeof™S Gumple Jor DYy awd B0t e = Siop
W Sot D= gk B2 0 Fe =7t e
’ \D' * Uy

AMERICAN FOREST & PAPER ASSOCIATION
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Table 11.3.2A Assigned Specific Gravities

y)

Specific! : Specific!
Gravity Gravity
Species Combination G ' Species Combinations of MSR and MEL Lumber G
Aspen ‘ 0.39 Douglas Fir-Larch
Balsam Fir ) 0.36 E=1,900,000 psi and lower grades of MSR 0.50
Beech-Birch-Hickory - 0.71 E=2,000,000 psi grades of MSR 0.51

E=2,100,000 psi grades of MSR 0.52

o]

ﬁ)uglas Flr-idféh ox’th) . 049
Douglas Fir-South 0.46 Engelmann Spruce-Lodgepole Pine
Eastern Hemlock 0.41 1500f and lower grades of MSR 0.38
B S ; 1650f and higher grades of MSR 0.46
Hem-Fir
Easter-HemIocks: E=1,500,000 psi and lower grades of MSR 0.43
Eastern Softwoods E=1,600,000 psi grades of MSR 0.44
Eastern Spruce E=1,700,000 psi grades of MSR 0.45

Eastern White Pine

DO 000 ¢

H Jorth ' E=2,100,000 psi grades of MSR | 049
Mixed Maple E=2,200,000 psi grades of MSR 050
Mixed Oak E=2,300,000 psi grades of MSR 0.51 .7)))&
Mixed Southern Pine E=2,400,000 psi grades of MSR 0.52 s
! Southern Pine
E=1,700,000 psi and lower grades of MSR and MEL 0.55

' 9 E=1,800,000 psi and higher grades of MSR and MEL 0.57
Northern Species Spruce-Pine-Fir
Northern White Cedar E=1,700,000 psi and lower grades of MSR and MEL 0.42
Ponderosa Pine E=1,800,000 psi and 1,900,000 psi grades of MSR and MEL  0.46

T o E=2,000,000 psi and higher grades of MSR and MEL 0.50

iiédwood, close grain
Redwood, open grain
Sitka Spruce

"?‘m* 4
Western Cedars 0.36
Western Cedars (North) 0.35

Western Hemlock

1. Specific gravity based on weight and volume when oven-dry. Different specific gravities (G) are possible for different grades of SR and MEL lumber (sce
Table 4C, Footnote 2). ] SR s

-
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Table 11.3.2B Dowel Bearing
Strengths for Wood
Structural Panels

Dowel Bearing
Specific! Strength, F, in Pounds

Wood Structural Panel Gravity Per Square Inch
G (psi)
Plywood
Structural 1, Marine 0.50 © 4650
Other Grades' 0.42 3350
Oriented Strand Board
All Grades 0.50 4650

—

. Use G = 0.42 when species of the plies is not known. When species of the
plies is known, specific gravity listed for the actual species and the corre-
sponding dowel bearing strength may be used, or the weighted average
may be used for mixed species.

11.3.6.2 For threaded full-body fasteners (see Appen-
dix L), D shall be permitted to be used in lieu of D, when
the bearing length of the threads does not exceed 1/4 of
the full bearing length in the member holding the threads.
Altemnatively, a more detailed analysis accounting for the
moment and bearing resistance of the threaded portion of
the fastener shall be permitted (see Appendix I).

11.3.7 Asymmetric Three Member
Connections, Double Shear

Nominal design values, Z, for asymmetric three mem-
ber connections shall be the minimum computed yield
mode value for symmetric double shear connections us-
ing the smaller dowel bearing length in the side member
as €, and the minimum dowel diameter, D, occurring in
either of the connection shear planes.

Figure 11D Multiple Shear Bolted

Connection

11.3.8 Multiple Shear Connections

For a connection with four or more members (see Fig-
ure 11D), each shear plane shall be evaluated as a single
shear connection. The nominal design value for the con-
nection shall be the lowest nominal design value for any
single shear plane, multiplied by the number of shear planes.

11.3.9 Load at an Angle to
Fastener Axis

11.3.9.1 When the applied load in a single shear (two
member) connection is at an angle (other than 90 degrees)
with the fastener axis, the fastener lengths in the two mem-
bers shall be designated €, and £, (see Figure 11E). The
component of the load acting at 90° with the fastener axis
shall not exceed the allowable design value, Z', for a con-
nection in which two members at 90° with the fastener
axis have thicknesses t, = €, and t,, = £_,. Ample bearing
area shall be provided to resist the load component acting
parallel to the fastener axis.

11.3.9.2 For toe-nailed connections, use the minimum
of t, or L/3 for £, (see Figure 11A).

11.3.10 Drift Bolts and Drift Pins

Allowable lateral design values for drift bolts or drift
pins driven in the side grain of wood shall not exceed
75% of the allowable lateral design values for common
bolts of the same diameter and length in main member.

Figure 11E Shear Area for Bolted
Connections
Equivalent Shear Aﬁea
. es T

=

Parallel member connection
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11.4 Combined Lateral and Withdrawal Loads

11.4.1 Lag Screws and Wood
Screws

When a lag screw or wood screw is subjected to com-
bined lateral and withdrawal loading, as when the fastener
is inserted perpendicular to the fiber and the load acts at
an angle, o, to the wood surface (see Figure 11F), the
allowable design value shall be determined as follows (see
Appendix J):

[N (7.4
* (Wp)cos® o+ 2Z’sin’c.
where:
o. = angle between wood surface and direction of
applied load
p = length of thread penetration in main member, in.

11.4.2 Nails and Spikes

When a nail or spike is subjected to combined lateral
and withdrawal loading, as when the nail or spike is in-
serted perpendicular to the fiber and the load acts at an

W)
angle, o, to the wood surface, the allowable design value
shall be determined as follows:

Wp)z’

Z, = -
(Wp)cosa + Z’sina

where:
o’ = angle between wood surface and direction of
applied load
p = length of penetration in main member, in.

Figure 11F Combined Lateral and
Withdrawal Loading

S

x D)

11.5 Adjustment of Design Values

11.5.1 Geometry Factor, C,

11.5.1.1 When D < 1/4", C,= 1.0.

11.5.1.2 When D 2 1/4" and the end distance or spac-
ing provided for dowel-type fasteners is less than the
minimum required for full design value, but greater than
the minimum required for reduced design value, nominal
design values shall be multiplied by the smallest appli-
cable geometry factor, C,, determined from the end
distance and spacing requirements. The smallest geom-
etry factor for any fastener in a group shall apply to all
fasteners in the group. For multiple shear connections or
for asymmetric three member connections, the smallest
geometry factor, C,, for any shear plane shall apply to all
fasteners in the connection. Provisions for C, are based
on an assumption that edge distance and spacing between
rows of fasteners is in accordance with Table 11.5.1A and
Table 11.5.1D and applicable requirements of 11.1.

(a) When dowel-type fasteners are used and the

actual end distance for parallel or perpendicu-

AMERICAN WOOD COUNCIL

Table 11.5.1A Edge Distance
Requirementst?

Direction of Loading Minimum Edge Distance

Parallel to Grain:
when £/D<6 1.5D
when /D > 6 1.5D or ! the spacing between
rows, whichever is greater

Perpendicular to Grain:
loaded edge 4D
unloaded edge 1.5D

1. The €/D ratio used to determine the minimum edge distance shall be the
lesser of:
(a) length of fastener in wood main member/D = £, /D )
(b) total length of fastener in wood side member(s)/D = £/D |
2. Heavy or medium concentrated loads shall not be suspended below the 1
neutral axis of a single sawn lumber or glued laminated timber beam ex- ..
cept where mechanical or equivalent reinforcement is provided to resist Q)i;
tension stresses perpendicular to grain (see 3.8.2 and 10.1.3).




NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

Figure 11G Bolted Connection Geometry
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Parallel to grain loading

lar to grain loading is greater than or equal to
the minimum end distance (see Table 11.5.1B)
for reduced design value, but less than the

iy minimum end distance for full design value,

' the geometry factor, C,, shall be determined

as follows:
_ actual end distance
4" minimum end distance for full design value

(b) For loading at an angle to the fastener, when
dowel-type fasteners are used, the minimum
shear area for full design value shall be
equivalent to the shear area for a parallel
member connection with minimum end dis-
tance for full design value (see Table 11.5.1B
and Figure 11E). The minimum shear area
for reduced design value shall be equivalent

i to % the minimum shear area for full design

: value. When the actual shear area is greater

than or equal to the minimum shear area for
reduced design value, but less than the mini-
mum shear area for full design value, the
geometry factor, C,, shall be determined as
follows:

_ actual shear area

" minimum shear area for fuil design value

A

s 2|

Spacing

T

rows of bolts ?gem

A

Perpendicular to grain loading

Table 11.5.1B End Distance

Requirements
Minimum
End Distances
Design Value
Direction of Loadigg Reduced Full
Perpendicular to Grain 2D 4D
Parallel to Grain, Compression:
(fastener bearing away from member end) 2D 4D
Parallel to Grain, Tension:
(fastener bearing toward member end)
for softwoods 35D 7D
for hardwoods 25D 5D

AMERICAN FOREST & PAPER ASSOCIATION
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(c) When the actual spacing between dowel-type
fasteners in a row for parallel or perpendicu-
lar to grain loading is greater than or equal to
the minimum spacing for reduced design
value (see Table 11.5.1C), but less than the
minimum spacing for full design value, the
geometry factor, C,, shall be determined as
follows: )

_ actual spacing
minimum spacing for full design value

A

Table 11.'5.16 Spacing Requirements
for Fasteners in a Row

Minimum Spacing
Reduced Full
Direction of Loading Design Value Design Value
Parallel to Grain 3D 4D
Perpendicular to Grain 3D Required spacing for

attached members

Table 11.5.1D Spacing Requirements
Between Rows!?

Direction of Loading Minimum Spacing
Parallel to Grain 1.5D
Perpendicular to Grain:

when /D <2 2.5D

when 2< €/D < 6 (5 €+ 10D)/8

when €/D > 6 5D

1. The €/D ratio used to determine the minimum spacing between rows shall
be the lesser of:
(a) length of fastener in wood main member/D = {,/D
(b) total length of fastener in wood side member(s)/D = £,/D
2. The spacing between outer rows of fasteners paralleling the member on a
single splice plate shall not exceed 5" (see Figure 11H).

11.5.2 End Grain Factor, C__

11.5.2.1 When lag screws are loaded in withdrawal
from end grain, the nominal withdrawal design values,
W, shall be multiplied by the end grain factor, C,, = 0.75.

11.5.2.2 When dowel-type fasteners are inserted in
the end grain of the main member, with the fastener axis
parallel to the wood fibers, nominal lateral design values,
Z, shall be multiplied by the end grain factor, C,, = 0.67.

11.5.3 Diaphragm Factor, C

When nails or spikes are used in diaphragm construc-
tion, nominal lateral design values shall be multiplied by
the diaphragm factor, Cy; = 1.1.

11.5.4 Toe-Nail Factor, C,,

11.5.4.1 When toe-nailed connections are used, nomi-
nal withdrawal design values, W, for the nails or spikes
shall be multiplied by the toe-nail factor, C,, = 0.67. The
wet service factor, Cy,, shall not apply for toe-nails loaded
in withdrawal. ' :

11.5.4.2 When toe-nailed connections are used, nomi-
nal lateral design values, Z, shall be multiplied by the
toe-nail factor, C,, = 0.83.

Table 11.5.1E Edge and End Distance
and Spacing
Requirements for Lag
Screws Loaded in
Withdrawal and Not
Loaded Laterally

Orientation Minimum Distance/Spacing
Edge Distance 1.5D

End Distance 4D

Spacing 4D

Figure 11H Spacing Between Outer
Rows of Bolts

-

Spacing between
outer rows
of bolts < 5"
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11.6 Multiple Fasteners

11.6.1 When a connection contains multiple fasten-
ers, fasteners shall be staggered symmetrically in members
loaded perpendicular to grain whenever possible (see
3.1.2.2 and 10.3.6.2 for special design provisions when
bolts, lag screws or drift pins are staggered).

11.6.2 When a multiple fastener connection is loaded
at an angle to grain, the gravity axis of each member shall
pass through the center of resistance of the group of fas-
teners to insure uniform stress in the main member and a
uniform distribution of load to all fasteners.

SYIANILSVL 3dAL-TIMO0A
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80 DOWEL-TYPE FASTENERS

Table 11A BOLTS: Design Values (Z) for Single Shear (two member) i
Connectionsi? )‘j

J for Sawn Lumber or SCL with both members of identical specific gravity

Thickness

3| & $ G=055 . G=0.46
.(% g 2 g = g G=0.67 Mixed Maple G=0.50 G=0.49 Douglas Fir (S)
=Z|ns|dD Red Oak Southem Pine Douglas Fir-Larch Douglas Fir-Larch (N) Hem-Fir (N)

tw | & | D | 2y Za Zme Zi | Zy Zoy Zoy Zo | %y Zay Zew 2o} Ly Zy Z ZL | Ly Zy Z 24
in. in. in. | Ibs. ibs. Ilbs. Ibs. | Ibs. Ibs. Ibs. Ibs. |Ilbs. Ibs. lbs. bs. {lbs. Ibs. 1Ibs. |Ibs. | Ibs. Ibs. Ibs. |Ibs.
1/2 | 650 420 420 330} 530 330 330 250| 480 300 300 2207 470 290 290 210f 440 270 270 190
5/8 ( 810 500 500 370 660 400 400 280 600 360 360 240 590 350 350 240] 560 320 320 220
11/2111/2] 3/4 970 ) 580 580 41 0 800 460 460 310 720 420 420 270| 710 400 400 260} 670 380 380 240

s
350 250
420 420 280

620 390
770 470

520 320

650 380 380 250

780
3

13/4{13/4)

M2y D5t Eibitdatiity i
360 360 340 330 270
520 420 330 780 470 390 300
660 480 360| 940 520 450 330
+ BT Y

£ Mooy £ £y S ST B Bd~acd
480 540 660 400 420
5/8 {1070 660 630 520( 930 560 490 380} 850 520 430

217211172 890 720 1120 660 560

580 340 400 310
830 470 490 410
1140 520 550 450
= i rv"-—-s N A

480 560 660 400
1070 660 760 590| 940 560 620 500 880 520 540 460 870 520 530 450
890 900 1270 660

1172|

510 590 720 420 380 470 350 530 360 4t0 350
5/8 | 1160 680 820 620{ 1000 580 640 520 930 530 6560 460| 920 530 550 450 880 500 510 410 @)))‘ﬂ
31/2|13/4| 3/4 | 1530 900 9_40 7801 1330 770 720 580[ 1250 680 640 520 124‘(_) 660 620 500 »1190 600 y 580 460 h

P00 i EGR0
690 460 460 =410
690 690 550| 1070 650 650 500
1540 800 800 560

R 1203 Y 199y B i) g
830 590 590 750 520 720 490 490 430
5/8 | 1260 880 880 780| 1170 780 780 650/ 1120 700 700 560

3172 1860 1190 1190 950f 1690 960 96! 1610 870

B 470560 430
)| 1140 520 740 520
bR A R

520 590
780

040 560
0| 1270 660

1070 660 760
1450 890 990

112 ] iy

880 500 590 440
1190 600 780 590

530 630
660 810

1160 680 820 620 1000 580 690
1530 900 1050 800| 1330 770 8

51/4

5

QLA

i ik B i iR QA0 B0 02000 S TN TR ; : ;
5/8 1290 880 880 780 1170 780 780 680| 1120 700 730 630( 1110 690 720 ' 620( 1070 650 690 580
a2l 3/4 11860 1190 1240 1080| 1690 - 960 1090 850| 1610 870 1030 780) 1600 850 1010 750 1540 800 970 710

"l

“5/8 | 1070 660 760 500] 940 560 640 500] 830 520 590 460| 870 520 590 450| 830 470 560 430

112 3/4 11450 890 990 7801 1270 660 850 660| 1200 590 790 580/ 1190 560 780 560) 1140 520 740 520 ,
- < T d e .

51/2 prad iR 1020:810680790 2 £ D 0060 08012030850 1040 £ 850119305 ;
58| 1200 880 B8O 780] 1170 780 780 680 1120 700 730 630 1110 690 70 620] 1070 650 690 580
31/2|, 3/4 | 1860 1190 1240 1080| 1690 960 1090 850/ 1610 870 1030 780| 1600 850 1010 750| 1640 800 970 710
i ,E‘i_ . ﬁ ; il Ao AL i EET T g
5/8 | 1070 660 ’760 590 940 560 640 500] 880 520 560  460| 870 £20 500 450 830 470 560 430
3/4 | 1450 890 990 780| 1270 660 850 790 590( 1190 560 780 560| 1140 520 740 520
112 ook ot s on s L ey s D T
578 | 1200 880 880 780 1170 =380 780" 680! 1120 730 6301 1110 690 720 620] 1070 650 690 580
31/2|,3/4 | 1860 1180 1240 1080| 1690 960 1090 850| 1610 1030 780| 1600 850 1010 750| 1540 800 970 710

27 & : 1A0

1. Tabulated lateral design values (Z) for bolted connections Sha“ be multipliéd by all applicable adjustment factors (see Tabile 10.3.1).
2. Tabulated lateral design values (Z) are for "full diameter” bolts (see Appendix L) with bending yield strength (F,;,) of 45,000 psi.
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NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

Table 11A BOLTS: Design Values (Z) for Single Shear (two member)
(cont.) Connectionsi?

for Sawn Lumber or SCL with both members of identical specific gravity

€1109

Thickness G=0.36
) ool 5 Eastern Softwoods
2 8 © Spruce-Pine-Fir(S),
SEISE = E G=0.43 G=0.42 G=0.37 Western Cedars, G=0.35
SsSip=|md Hem-Fir Spruce-Pine-Fir Redwood (open grain) Western Woods Northem Species
tn | & | D | & Zy Zmi Zy | Zy Zy Zm Zu | %y Zey Ze 2| 2y 2y 2 % | 2y Z Zm 2.

)
5
]

lbs. lbs. Ibs. bs. | Ibs. Ibs. Ibs. Ibs. | Ibs. Ibs. Ibs. |Ibs.|Ibs. Ibs. Ibs. |Ibs. | Ibs. Ibs. Ibs. Ibs.
410 250 250 180 410 240 240 170] 360 210 210 140[ 350 200 200 130{ 340 200 200 130
5/8 | 520 300 300 190/ 510 290 290 190 450 250 250 160 440 240 240 150 420 240 240 150
11/2111/2 $_3/4 1620 350 210| 610 340 340 210/ 540 290 ?90 170] 520 280 280 170| 500 270 270 160

Py
=
nNj)-

5%
#

e

2] 480 290 200 210] 470 280 280 200 420 250 250 170 410 240 240 160 350 236 230 g0
58| 600 350 350 230| 590 340 340 220 520 200 200 190| 510 280 280 480| 490 270 270 170
13/4|13/4| 34| 720 400 400 250| 710 390 390 240 630 340 340 200] 610 330 330 190| 590 320 320 190

% € : o i G s :

12| 550 320 310 250] 540 320 300 240] 500 290 250 200| 490 280 240

190
; 5/8 | 730 420 360 270| 710 410 350 270| 630 350 300 220 610 330 290 210
21/2{11/2| 3/4 | 870 460 410 300{ 850 450 400 290| 750 370 340 240| 740 360 330 230

i 45
;! 3

= A ; . U
4 ¥ é SN AN B8 kg L tanes ik, d . 3 A 2 ik 2 BPRCS i o
. 1/2| 550 320 380 290] 540 320 370 280 500 290 320 250 490 280 300 250 E
S 5/8 [ 790 420 440 370[ 780 410 430 360/ 720 350 370 300/ 710 330 350 290 m
g 11/2| 3/4 (1100 460 500 400| 1080 450 480 390| 1010 370 410 320{ 990 360 400 310 '.-
) (% K (TRl r ks Sy oy N e e R e -
72540 800 5 =
; i 580 330 390 290{ 530 300 330 260 520 290 310 250 .ﬂ'lu
)E 5/8 820 470 450 360( 760 400 390 310( 740 380 360 280 -
31/2[13/4| 3/4 | 1130 5. 0] 1120 530 510 40011030 430 430 330| 1000 420 4 oy >
% 8 : 5 5‘-‘ ;: BRACLS - B 4 24 9'(5?’ < ;"*‘ ! f‘ i l;;;‘ u’
prlied 080 830 | = 64h Se01 4850 B0 T A0 510080380 10 400 v b0 b 75360 ~
1/2| 660 440 440 390 660. 430 430 380 620 400 400 330] 610 390 390 310 380 310 E
5/8 | 1040 600 600 450/ 1020 590 590 440| 960 520 520 370 950 500 500 350/ 930 490 490 340 m
31/2| 3/4 11450 740 740 500f 1420 730 650 1220 630 630 390 620 370 a

sk Frlees S

U5 4 ; ‘lﬁd- 5
0

790 420 530 400{ 720 350 470 710 330 46

330/ 700
1100 460 690 990 360 540 360 970
-.‘:&i?ﬂ 4..5;
840 480 560 480 360/ 730
51/4 |13 1130 549g{799 gggf 599 680 i 0 jpzow‘fzo 560 420| 1000
ﬂ 1040 600 660
; 3112} 1429"740‘ 900
. 460 330 700
; 112 570 360| 970
5 1/2
590 440! 930
312l 750 520 1330
)
790 420 530 460 330| 700
1100 460 700 ] 620 360{ 970
11/2 %
712
y 1040 600 500 440 930
'\ 31 1490 740 820 550] 1330

1. Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustmet factors (see Table 10.3.1 ).
2. Tabulated lateral design values (Z) are for "full diameter” bolts (see Appendix L) with bending yield strength (Fy») of 45,000 psi.
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Table 11B BOLTS: Design Values (Z) for Single Shear (two member) o
Connections?? ())))]E
for Sawn Lumber or SCL with 1/4" ASTM A36 steel side plate o

Thickness 2
§ -Fd = <A 8
5 | 5| 8 o 2 3 3 @ v ~ | SE58 g
_g 21 % - & = =z £ £ Ed B o 7]
£E| E x 8¢ < a g8 SEC2 c.
g O I ~© w25 8 o 8 © 8 o T N b N~ 8D SEEl 95
= 5| 80 | 8372 | 8L LT 1L | QL I8 | 582 |[ggafEl N8
5 (2|5| 58 | 523 | 33 | §3 |85 55 | 75 |78%8 (54288 %%
= || o (UX4 0w ® o O®a OO0 O T O ® ol jlodaz=2 0=z
th | ts 4, Z,| %y Z, | % 2%y Z | Z Z|ZLy Z,| %Ly Z |4 oz
in in ibs. |Ibs. | Ibs~ Ibs. | Ibs. Ibs. | Ibs. Ibs. | lbs. Ibs. | lbs. |Ibs. | Ibs. |Ibs. | Ibs. Ibs.
580 310 580 310 550 290| 520 280| 510 270| 470 240] 460 240l 450 230
730 360( 720 360/ 690 340| 650 320/ 840 320 590 290| 580 280/ 560 270
112 1/4 780 360
NEREOR fi}-@z\ &':\»s.\ 20001100 D040 450103
640 340/ 630 330( 600 310 570 290
870 430| 800 390{ 790 380| 750 360 710 340
13/4 | 1/4 . 9_60 4_40 95Q 430 ; 900 4‘10 869 380

400] 780 380| 740
980 430 920 400

0| 830 410
1050 470
1270 53

212 | 14|

~830 510 800 480
860| 1260 690[1210 610/1200 600|160 550
1670 680( 1660 660[ 1580 610

31/2] 1/4

e B 00 22% .“’, einidd

1370 1210 710/1200 700}1160 670[1130 640
3/4 11900 1140|1740 1000|1670 940| 1660 930| 1610 860|1560 770| 1550

IR T2 I V7Y Sl M SR uiietoted Nt teeletined IRt eted Ml ed Aot Bt

FBARA g
860| 1260 760

3y S v‘
ieikss ; G330 60 R0 RTON - A0 2B 925
5/8 (1370 860| 1260 7601210 710(1200 700]{1160 670/1130 640
3/4 [ 1900 1140|1740 1000{ 1670 940| 1660 930[1610 890|1560 810

51/2 | 1/4 B e S G e A L BB e SR DAL - BB B HAT

B g i j
> i 3 Sl SSRGS

.-3":».; 5 A B 3 2125 'W Tatoat S0:9
5/8 (1370 860( 1260 760(1210 710[1200 700[1160 670/1130 640
3/4 [1900 1140{ 1740 1000{ 1670 940{1660 930|1610 890|1560 850
7102 | /4 s R S L B D B R BB R A A D e DR R

1120

3/4 11900 1140( 1740 1000( 1670 940/ 1660 930[ 1610 890[1560 850| 1550 840[1460 760| 1450 750| 1420 740
91/2( 1/4| 7/8 12530 1460]2320 128012220 1210|2200 1180|2140 1130|2070 1080]2050 1070|1940 980| 1920 970|1890 930
1 13260 1820)2980 15902860 1500|2840 1470]2750 1420|2670 1350|2640 1330} 2490 1220|2470 1200|2420 1180
11 12| 1/ 7/8 | 2530 1460|2320 1280|2220 1210(2200 11802140 1130[2070 1080|2050 1070| 1940 98011920 970{1890 930
1 13260 1820|2980 1590|2860 1500|2840 1470(2750 1420|2670 1350|2640 1330|2490 1220|2470 1200|2420 1180
131/2} 1/4] 1 [3260 1820}2980 1590|2860 1500] 28640 1470|2750 1420|2670 1350|2640 1330|2490 1220| 2470 1200| 2420 1180

1. Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values (Z) are for "full diameter bolts (see Appendix L) with bending yield strength (Fyp) of 45,000 psi and dowel bearing
strength (F,) of 87,000 psi for ASTM A36 steel.
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DOWEL-TYPE FASTENERS

Table 11D BOLTS: Design Values (Z) for Smgle Shear (two member)

Connectionsi?
for Glued Laminated Timber with 1/4" ASTM A36 steel side plate

i

—Thickness 5 _ @
N = T o
58| g : | g $ $8
AR AN : £ g X x G
=)= |5]| 8¢ 22 gl g g8 883
- 73 T 3 235 ?5 %8 758
= 177 o O R [LY=! OazT O On Onh =S
tm ts D Z, zZ, Z, zZ Z, Z zZ Z, Z Z, Z
in. | in. | in. | bs. bs. | Ibs. Ibs. | Ibs. Ibs. lbs. | bs. Ibs. | Ibs. Ibs
w2 | - R 830 410 780 380 350 720 340 640 290
58| - - 1050 470 980 430 400 910  390{ 800 330
21/2

1/4

1/4

1/4

1260
1610

5
1260

1740

610
670

760
.1000]

760

1210

500
560

550
620]

710{ 1160 670

1110
1340

1130

460
510

640

380
420

8 1/2
3/4 - - 1670 940 1610 890 1560 850 1550 840 1450 750
83/4) 14 | 7/8 - - 2220 1210 2140 1130| 2070 1080f 2050  1070{ 1920 970
1 - - 2860 1500/ 2750 1420 2670  1350| 2640 1330 2470 1150
7/8 2320 1280 - - - - - - - - - -
10172) 14 1 2980 1590 - - - - - - - - - -
10 34| 1/ 7/8 - - 2220 1210 2140 1130| 2070 1080f 2050 1070/ 1920 970
1 - - 2860 1500/ 2750 1420 2670 1350| 2640 1330 2470 1200
1214 14 7/8 - - 2220 1210 2140 1130/ 2070 1080 2050 1070 1920 970
1 - - 2860 1500| 2750 1420 2670 1350 2640 1330 2470 1200
14 1/41 1/4 1 - - 2860  1500; 2750 1420 2670 - 1350{ 2640 1330 2470 1200

1. Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 10.3.1)
2. Tabulated lateral design values (Z) are for "full diameter” bolts (see Appendix L) with bending yield strength (Fyb) of 45,000 psi and

dowel bearing strength (F,

o) Of 87,000 psi for ASTM A36 steel.
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NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

Table 11E BOLTS: Design Values (Z) for Single Shear (two member)
mf‘ Connections*234

for Sawn Lumber or SCL to concrete ‘ '

s1104

Thickness 3
= £
. [ e
= 5 & 0 2 3 3 @
E= D =4 = = Ez
Ecel § £ wsE ow o @ 08 E
Bs gl = a @ g 2 w3 - <2k
EE5 2 | 3 522 13 %3 $25
wool @ @ O=v (LY = [LYs [UN ok~
tn t r4 Zy Z Zy Z,
in. in. Ibs. Ibs. Ibs. Ibs. Ibs.
400 620 370 620 360
880 520
1172 o|
2 d
1100 660 530
13/4 3/4 1460 870 1330 770 1270 1260 660
6.0 1870 1120 1720 700
: : 73 £2g N ARl
and
greater 0 ! 590
2172 3/4 1460 760
1850 970 9
7 Y g
2 ! m
31/2 1150 00 ll-
7/8 2390 1370 2280 1160 2230 2210 1050 2120 1000 -
1 3130 1620 2850 1390 2700 2670 1270 2570 1230 .
v
m
Thickness Iy
"R >
el 0 w
= Sepa 2
- 5 i Xk g m
- ] i ) ® . [ Re] a
5 o E | B £ 25 3£82 @ 2
Ecgl 2 8 of N & ~ 8o ecgEE w m
2c5| = ] < W < 8 ® g c ngds8s o2 ~
EREl 2| % 58 ig 738 Feegs TE
Wno| @ m O O@ o VW= (V4 Ul
tm t D Z z Z, Z, Z, Z z, Z, zZ,
in. in. in. Ibs. Ibs. Ibs. Ibs. . Ibs. Ibs. Ibs. Ibs. Ibs.
172 5§70 330 570 330 300 520 290 510 290
5/8 830 420 820 410 350 770 330 760 320
1172 3/4 1150 460 1140 450 370 1080 360 1060 350
13/4
4 6.0
: and
greater
2172
[ e L ORI ! e b
. 3172 3/4 1670 760 1560 750 1490 670 1470 660 1430 650
8 7/8 2030 940 2000 930 1850 850 1830 840 1780 810
1 2460 1170 2430 1150 2260 1020 2230 980 2180 950

1. Tabulated lateral design values (Z) for bolted connections shall be multiplied by ali applicable adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values (Z) are for "full diameter" bolts (see Appendix L) with bending yield strength (Fy») of 45,000 psi.

3. Tabulated lateral design values (Z) are based on dowel bearing strength (F,) of 6,000 psi for concrete with minimum fc=2000 psi.
4. 8" anchor embedment assumed.

CEaa

IR RN O R
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DOWEL-TYPE FASTENERS

Table 11F BOLTS: Design Values (Z) for Double Shear (three
member) Connections?? —0)

for Sawn Lumber or SCL with both members of identical specific gravity

BOLTS

Thickness

gl 5| % G=0.55 6046
.(% g 3 g = 5 G=0.67 Mixed Maple G=0.50 G=0.49 Douglas Fir(S)
ZEE|n=|an Red Oak Southemn Pine Douglas Fir-Larch Douglas Fir-Larch (N) Hem-Fir(N)

thn |t D Z Zo Zm | & Zy Zn | % Zy Zo | % Zy Zo | &L Zy Iy
in. in. in. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. ibs. Ibs. Ibs.
172 | 1410 960 730 1150 800 550{ 1050 730  470] 1030
5/8 | 1760 1310 810/ 1440 1130 610 1310 1040 530 1290
1730 1330 660 1580 1170

Vel

11211172

1350 850 640
5/8 | 2050 1370 940| 1680 1160 710
13/4(13/4] 3/4 | 2460 1810 1040/ 2020 1550 1770

610 1500
680| 1800

760] 1160 680 700
B60| 1660 940 780

12 1530 960 1120' 1320 800 910| 1230 730 . 790| 1210
5/8 | 2150 1310 1340 1870 1130 1020| 1760 1040 880 1740
2550 1330
e e

2172

2| 1530 960 1120 1320 800 940 1230 730 860
58 | 2150 1310 1510| 1870 1130 1200| 1760 1040 1190
1121 34 | 2800 1770 1980 13 '

i < T T T T S

S

720 850 1160
1030 1170| 1660
1130

810
1090

12| 1660 1030 1180] 1430 850 1030] 1330 770 940] 1310 750  920] 1250 710 870 o
58| 2310 1370 1630 1990 1160 1380] 1860 1070 1230 1840 1060 1200{ 1760 1000 1090 .)))
312|134 | 34 | 3060 1810 2070| 2670 1550 1550| 2510 1370 1370 1310 1310| 2370 1210 1210 :

SR A s AR R TR ‘ ST R
2| 1660 1180 1180| 1500 1040 1430 970 970 1420 960 960 1370 920 920
5/8 2580 1770 1770{ 2340 1560 1420| 2240 1410 1230| 2220 1390 1200 2150 1290 1090
32| a4 | 3730 2380 2070| 3380 1910 1550| 3220 1750 1370 3190 1700 1310 3090 1610 1210

.

5/8 | 2150 1310 1510 1870 1130 1290/ 1760 1040 1190 1740‘1030 1170 1660 940 1110

1112 b3 L 2890 1770 1980 2550 1330  1690] 2400 1170  1580| 2380 1130 1550| 2280 1040 1480
58 | 2310 1370 1630 1990 1160 1380 1860 1070 1270] 1840 1060 1250] 1760 1000 1180
5174 | 1304 |3/ | 3080 1810 2110 2670 1550 1790 2510 1370 1660 2480 1310 1630| 2370 1210 1550
5B | 2500 1770 1770 2340 1560 1560 2240 1410 1460] 2220 1390 1450] 2150 1200 1390
312 .34 | 3730 2380 2480 3380 1910 2180 3220 1750 2050| 3190 1700 1970 3080 1610 1810
58 | 2150 14310 1510 1870 1130 1290 1760 1040 11%0[ 1740 1030 1170 1660 940 1110
112 |34 2890 1770  1980) 2550 1330 1690 2400 1170 1580| 2380 1130 1550| 2280 1040 1480
5172 ;
5/8 [ 2500 1770 1770 2340 1560 1560| 2240 1410 1460] 2220 1390 1450| 2150 1290 1390 i |
312 L34 | 3730 2380 2480| 3380 1910 2180| 3220 1750 2050| 3190 1700 2020 3090 1610 1900 g
5B | 2150 1310 1510 1870 1130 1200( 1760 1040 1190 1740 1030 1170 1660 940 1110
112 |4 | 2890 1770 1980] 2550 1330 1690 2400 1170 1580 2380 1130 1550\ 2280 1040 1480
7112
58 | 2500 1770 1770 2340 1560 1560 2240 1410 1460] 2220 1390 1450| 2150 1290 1390
312 L 34 | 3730 2380 2480| 3380 1910 2180{ 3220 1750 2050{ 3190 1700 2020 3090 1610 1940

1. Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values (Z) are for "full diameter” bolts (see Appendix L) with bending yield strength (F,s) of 45,000 psi.
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NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

: Table 11F BOLTS: Design Values (Z) for Double Shear (three member)
l (Cont.) Connectionsi? | ]

for Sawn Lumber or SCL with both members of identical specific gravity

S1108

3

1 Thickness ‘ G=0.36

i _ s Eastern Softwoods

i 3 g 5 Spruce-Pine-Fir (S)

£E|lgE |55 G=0.43 G=0.42 G=0.37 Westem Cedars G=0.35

B SS|n=|ad Hem-Fir Spruce-Pine-Fir Redwood (open grain) Western Woods Northem Species
tm 4 D Zy Zy Iy r 2, Iy Z Zy  Zm Z Z,, Zn Z Zy ZIm
in. In. in Ibs. Ibs. {bs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs.

; 12 900 650 380 880 640 370/ 780 580 310/ 760 560 290 730 550 290
§ 5/8 1130 840 420/ 1100 830 410 970 680 350 950 660 330 910 640 320
! 11211127 34 1350 920 460/ 1320 900 450( 1170 740 370] 1140 720 360 1100 700 350

12 1050 670 450 1030 660 430 910 590 360 890 580 340/ 850 570 330
5/8 1310 950 490( 1290 940 480 1130 810 400 1110 770 380 1070 740 370
13/4 1580 1080

5/8 1590 840 980} 1570 830 960| 1450 690 810} 1430 660 770 1390 640 740

5/8 1670 950 980] 1650 940 960 1510 810 810} 1490 770 770{ 1450 740 740

3172 2270 1080 1080
1330 880 880 1230 800
5/8 2070 1190 980 2056 1170 960/ 1930 1030 810 1900 1000 770 1870 970 740

3172 2980 1490

1080 2720 1290

SYINILSV4 3dAL-TIMOA

660  920| 1390 0 90

1590 840
112 2190 920

=)

1670 950 1110

2270 1080 1460
o3

51/4 (1314}

1320]

2070

a1 2080 1490 1610 60 1290
k 1590 840 1450 690
i 112 2190 920 2010 740
: 5112
. 2070 1190 1320 1310 1930 1030 1210
s a1zl 2080 1490 1690 1650 2770+ 1200 1360
L!E
1500 840
12 2190 92
7112

2070 1190 1310/ 1930 1030 1210
201 2770 1290 16

312

1. Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values (Z) are for "full diameter” bolts (see Appendix L) with bending yield strength (Fy,) of 45,000 psi.
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88 DOWEL-TYPE FASTENERS
m Table 11G BOLTS: Design Values (Z) for Double Shear (three member) ;
oo Connectionsi?
l for Sawn Lumber or SCL with 1./4" ASTM A36 steel side plate =
° Thickness = = 0
m [ [ = =1 2
= [ F o S S a IJI_ 8 = Lo 8
283 X z . = & £ | £538] &
E | E x 8 c < a ° @ Q0= s
S| e s ~ 8 0= g o8 o g © 8T o o b ~ 8o Ceel wig
=214 © 0O 05 2 5 ) < 54 < 4% < w8c 8Esss =2
§l2ls| 53 | 583 | %2 | §82| 555 | 55 | §& | $38% |52288 5
s |o| o 04 0sa (oF=] 0o | oAz O O » Oore |oWagz3| 0=z ,»
ta |t | D | Zy Zo|Zv Z0|Zy 2o\ 20 Zu\Zy Zu | Zy Z0|% 2|4y |4 Z| 4 Z
in. |in.|in. |Ibs. Itbs. |[Ibs. Ibs. | Ibs. 1Ibs.|lbs. Ibs. [ Ibs. Ibs.|Ibs. Ibs. | Ibs. |Ibs. | Ibs. Ibs. | lbs. Ibs. | Ibs. Ibs.
1/2 11410 730[1150 550{1050 470| 1030 460| 970 420[ 900 380| 880 370{ 780 310 760 290| 730 290
5/8 11760 810[1440 610(1310 530|1290 520(1210 470{1130 420{1100 410{ 970 350 950 330| 910 320 |
11/2| 1/4| 3/4 12110 890({1730 660 1350 460| 1320 450|1170 370| 1140 360|1100 350
-\%‘ A o .q P RELC A—‘ A ,, ‘ ;.— R ey za.); : _r-:‘ ’ o g e
a¥ ek S % ey ke A 3
1/2 1 1640 850|1350 640 530{ 1130 490[1050 450|1030 430/ 910 360| 830 340| 850 330
5/8 [ 2050 940(1680 710 600| 1410 550(1310 490|1290 480]1130 400/1110 380|1070 370
13/41 1/4| 3/4 | 2460 1040|2020 770 1840 1580 540 1280 410
PR [REHN e L kit ; A
1870 1210 1470 610 1220 480
2740 1340|2400 1020 2010 780(1880 700]{1840 690 1580 550}1520 530
212 | 174} 3520 1480|2880 1110 702200 750| 1830 580
s A0 1480 GE440-10801:3220" 1068 3000800 i e Bh
1/2 {1870 1240( 1720 1100|1650 1030| 1640 1010|1590 9701540 830 1530 860( 1450 720{ 1430 680 1410 670
5/8 | 2740 1720|2510 1420[2410 1230|2390 1200(2330 1090|2260 9802230 960(2110 810{2090 770{2060 740 ¢§):
31/2| 1/4| 3/4 |3800 2070 3220 1210 3080 1050{2720 870(2660 8402560 810 “
PR R, e ik e AR TR e PR R N i AT T g
5/8 [ 2740 1720( 2510 1510 2410 1420 2390 1400 2260 1280|2230 1270
3800 2290|3480 2000 3340 1890} 3320 1850 3120 1610( 3090 1580
51/4 | /4| " AT g ;
578 | 2740 1720] 2510 1570|2410 1420|2300 1400|2330 1340| 2260 1280| 2230 1270
5121 14 3/4 13800 2290 3480 2000 3340 1890 3320 1850 3220 1780{3120 1690 3090 1650|2920 1360} 2890 1320|2840 1280
P . s s e L kL : : Zi
5/8 | 2740 1720 2510 1510 2410 1420 2390 1400 2330 1340(2260 12802230 1270(2110 1170]{2090 1140|2060 1120
712 | 14 3800 2290|3480 2000 3340 1890 3320 1850 3220 1780 3120 1690 3090 1670|2920 1530|2890 1500} 2840 1480
3800 2290( 3480 2000 3340 1890|3320 1850{ 3220 1780 3120 1690 3090 1670{2920 1530|2890 1500{2840 1480
912} 1/4 5060 29304630 2570|4440 2410(4410 2360{4280 2260|4150 2160{4110 2130|3880 1960|3840 1930|3770 1870
6520 3640|5960 3180|5720 3000|5670 2940|5510 2840|5330 2700|5280 2660|4990 24404930 2400|4850 2350
11 12| 1a 5060 2930[4630 2570|4440 2410|4410 2360|4280 2260(4150 2160|4110 2130|3880 1960|3840 19303770 1870
1 | 6520 3640|5960 3180|5720 3000|5670 2940|5510 2840|5330 2700|5280 2660|4990 2440|4930 2400|4850 2350
131/2] 1/4| 1 |6520 3640/5960 3180|5720 3000|5670 2940] 5510 2840|5330 2700|5280 2660|4990 2440|4930 24004850 2350
1. Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values (Z) are for "full diameter" bolts (see Appendix L) with bending yield strength (Fyb) of 45,000 psi and a dowel
bearing strength (F,) of 87,000 psi for ASTM A36 steel.
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NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

@

Connectionsi?
for Glued Laminated Timber main member with sawn lumber side member of identical species

Table 11H BOLTS: Design Values (Z) for Double Shear (three member)

—=

>t “Thickness
| 8| % G=0.50 G=0.46 G=0.36
: .% g ) qE) = _g G=0.55 Douglas Fir- Douglas Fir(S) G=0.43 G=0.42 Spruce-Pine-Fir(S)
S =S |o» =|m Al Southern Pine Larch Hem-Fir(N) Hem-Fir Spruce-Pine-Fir Western Woods
tn | ts D zII Zu.J. sz. zll Za_L ZrnJ.. zlI ZUJ. Zm,L zII ZsJ. sz. zII sz. Zm.l. zlI ZsJ. ZmL
in. | in. | in. [Ibs. Ibs. Ibs. | Ibs. Ibs. lbs. | Ibs. Ibs. |Ibs. [Ibs. lbs. Ibs.|Ibs. Ibs. Ibs. | Ibs. Ibs. Ibs.
; 12| - - - 11230 730 790{ 1160 680 700)1100 650 ©640({1080 640 610/ 980 560 490
58| - - - [1760 1040 880| 1660 940 780{1590 840 700(1570 830 690 1430 660
21/2|111/2} 3/4
718
1 B
17211320 800 940| - - - - - - - - - - - - - - -
5/8 | 1870 1130 1220{ - - - - - - - - - - - - - - -
3 |11/21 3/4 12550 1330 1330
7/8 [SaRbeTey ' '
1 .l 30 pi S 1 s § % vl
12 - - - 1230 730 860 1160 680 810 1100 650 760[1080 640 740/ 980 560 610
5/8 - - - |1760 1040 1090 1660 940 980[1590 840 880|1570 830 860| 1430 660 680
31/8/11/2| 3/4| - - 12400 1170 1220] 2280 1040 1080 2190 920 960/2160 900 940| 1990 720 750
7/8 ,
1 KB 5
ﬁ(‘ 5/8 1870 1130 1290 - - - - - - - - - - - - - - -
A 3/4 2550 1330 1690 - - - - - - - - - -
: 5 (112 S0 Ty "
1 3 b e iR N XA e 52) R
5/8 1760 1040 1190| 1660 940 1110 830 1040| 1430 660
3/4 2400 1170 -1580| 2280 1040 1480 900 1380 1990 720 1230
51/8|11/2 s s o v c; Sz
7/8 ’ ; i
5/8 830 1040 1430 660 920
634|112 3/4 1170 1580| 2280 1040 1480[2190 920 1400|2160 900 1380| 1990 720 1230‘?

7/8 |

1. Tabulated lateral design values (Z) for bolted connections shall be muitiplied by all applicable adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values (Z) are for "full diameter" bolts (see Appendix L) with bending yield strength (F,,) of 45,000 psi.

AMERICAN FOREST & PAPER ASSOCIATION
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DOWEL-TYPE FASTENERS

Table 111 BOLTS: Design Values (Z) for Double Shear (three member) _
Connectionsi?

J for Glued Laminated Timber with 1/4" ASTM A36 steel side plate ‘ =

Thickness ‘
. D 1
[& - = v X
[, — ir i ©
5058 £ i 2_ 4 §8
S| B | & = P wZ _ & &2
= = 2 B 2 3 I QI g8 289
§ | 2| % T3 % 3 T35 %5 A 758
S| % | 8 O3 04 ©Aazx oL O h OH2
tm t. Z,, ZJ_ Z,. ZJ. z|| Z.L Z,. ZJ_ Z,, ZJ_ zII ZJ.
in. | in. | in. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. ibs. Ibs. Ibs. bs. Ibs. Ibs.
172 . - 1650 790] 1590 700] 1500 640] 1470 610] 1270 490
5/8 - - 2190 880 2010 780 1880 700| 1840 690| 1580 550
212 14 | 34 - 2630 98 2410 860/ 2250 770, 2200 750| 1900 600
e’ B PN N oA o I L I ! Nt I, o

3 174 | 3/4 3460 1330

7/8
1 s : ol el 3 SO Lok TR A 3 Nz . & BT, AL as P & R AR S YA
12 98 ) 1540 800 1530 770 610
5/8 - - 2410 1090 2330 980 2260 880 2230 860 1980 680
318 1/4 3/4 3280 1220 3020 1080 2810 960l 2750 940 2370 750
7/8 5 ; % % of AV ¢

1

5/8

3/4
5 1/4 7/8
1 2 NN e i SEASICH RSP A R TS A fia .
5/8 - - 2410 1420 2330 1340 2260 1280 2230 1270 2090 1120
3/4 - - 3340 1890 3220 1770 3120 1580 3090 1540 2890 1230
518 14 7/8 g 3
1 i 4 ]
5/8 2510 15610 2410 1420 2330 1340 2260 1280 2230 1270 2090 1140
3/4 3480 2000 3340 1890 3220 1780 3120 1690 3090 1670 2890 1500

3/4 - - - -
812| 14 | 78 - - - - - - - - - -
1 - - - - - - - - - -
3/4 - - 3340 1890] 3220 1780 3120 1690 3090 1670 2890 1500
83/4| 14| 78 - - 4440 2410 4280 2260 4150 2160 4110  2130[ 3840 1930

- 5720 3000 5510 2840/ 5330 2700 5280 2660{ 4930 2400
7/8 4630 2570 - - - - - - - - - -

101/2| 1/4

1 5960 3180 - - - - - - - - - -
103/4] 174 7/8 - - 4440  2410; 4280 2260| 4150 2160 4110 2130 3840 1930

1 - - 5720 3000 5510 2840 5330 2700 5280 2660] 4930 2400 -
121/4] 14 7/8 - - - 4440 2410] 4280 2260 4150 2160 4110 2130 3840 1930

1 - - 5720 3000 5510 2840| 5330 2700 5280 2660 4930 2400
14 1/4} 1/4 1 - - 5720 3000 5510 2840 5330 2700 5280 2660 4930 2400

1. Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values (Z) are for "full diameter" bolts (see Appendix L) with bending yield strength (F;,) of 45,000 psi
and dowel bearing strength (F,) of 87,000 psi for ASTM A36 steel.
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DOWEL-TYPE FASTENERS

m Table 11) LAG SCREWS: Design Values (Z) for Single Shear
(two member) Connections?3
; for Sawn Lumber or SCL with both members of identical specific gravity
(+ P
Ea| 3.
0 22|5¢g G=0.55 G=0.46
3 3 ‘3, 5 G=0.67 Mixed Maple G=0.50 G=0.49 Douglas Fir(S) 4
m BsE | 88 Red QOak Southem Pine Douglas Fir-Larch Douglas Fir-Larch (N) Hem-Fir(N) ;
ts D | Zi 2y Zm Zu| Zw Zy Zm Z | T Zy Zm Z | T Za Zm L | T Zy T 2 ,
a in. in. Ibs. lbs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. i
12 1/4 150 110 110 110] 130 - 90 100 90| 120 90 90 80| 120 90 90 80| 110 80 90 80 i
< 5/16 170 130 130 120/ 150 110 120 100/ 150 100 110 100 140 100 110 90 140 100 100 90 5
3/8 180 130 130 120{ - 160 110 110 100{ 150 100 110 90| 150 90 110 90| 140 90 100 920 5
l 5/8 1/4 160 120 130 120 140 100 110  100[ 130 20 100 90 130 90 100 90| 120 90 90 80 i
5/16 190 140 140 130 160 110 120 110 150 110 110 100 150 100 110 100 150 100 110 90
3/8 190 130 140 120{ 170 110 120 100 160 100 110 100 160 100 110 90! 150 100 110 90
3/4 1/4 180 140 140 130 150 110 120 110 140 100 110 100 140 100 110 90 130 90 100 90
5/16 210 150 160 140 180 120 130 120 170 110 120 100 160 110 120 100 160 100 110 100
3/8 210 140 160 130 180 120 130 110 170 110 120 100 170 110 120 100 160 100 110 90
1 1/4 180 140 140 140 160 120 120 120 150 120 120 110 150 110 110 110 150 110 110 100
5/16 230 170 170 160 210 140 150 130 190 130 140 120 1980 120 140 120 180 120 130 110
3/8 230 160 170 160 210 130 150 120 200 120 140 110 190 120 140 110 180 110 130 100
11/4 114 180 140 140 140 160 120 120 120 150 120 120 110 150 110 110 110 150 110 110 100
5/16 230 170 170 160 210 150 150 140 200 140 140 130 200 140 140 130 190 130 140 120
3/8 230 170 170 160 210 150 150 140 200 140 140 130 200 130 140 120 190 120 140 120
11/2 1/4 180 140 140 140 160 120 120 120 180 120 120 : 110 150 110 110 110 150 110 110 100
5/16 230 170 170 160 210 150 150 140 200 140 140 130 200 140 140 130 190 140 140 130
210
720 830 630| 1080 560 710 540 1020 490 660 490| 1010 470 650 470 970 430 610 430
1 800 1010 780 1360 600 870 600/ 1290 530 810 530| 1280 500 790  500[ 1230 470 760 470
1314 | 14 140 140 140] 160 120 120 120 150 120 120 t10{ 150 110 110 110, 150 110 110 100
5/16 170 170 160 210 150 150 140 200 140 140 130 200 140 130 190 140 140 130
3/4 1030 580 720 520 890 480 600 430| 830 450 550 390 820 440 540 380| 780 420 510 360
7/8 1320 740 890 650| 1150 630 750 550/ 1070 570 700 510{ 1060 550 680  490{ 1010 500 650 470
1 1630 910 1070 790| 1420 700 910 670 1340 610 850 610| 1320 590 830 590| 1270 550 790 650
212 | 14 180 140 140 140 160 120 120 120 150 120 120 110[ 150 110 110 110 150 110 110 100
5/16 230 170 170 160 210 150 1580 140 200 140 140 130 200 140 140 130 190 140 140 130
b
490
00| 1280 630 830 550 1260 620 810 530 1190 580 770 500
720 1550 770 990 660| 1520 750 970  640; 1450 720 920 620
31/2 120 150 120 120 110 150 110 110 110/ 150 110 110 100
140 200
140 200
“ | i ol
1110 740 740 650{ 1010 650 650 560 960 600
1550 990 1000 860 1400 800 880 710] 1340 720 640f 1320 700 810 620 1280 780 570
1 2020 1140 1270 1010| 1830 930 1120 810| 1740 850 1060 740| 1730 830 1040 720| 1670 1000 680 ;:
7. Tabulated lateral design values (Z) shall be multiplied by all applicable adjustment factors (see Table 10.3.1). i\
2. Tabulated laterat design values (Z) are for "reduced diameter body" lag screws (see Appendix L) inserted in side grain with screw axis perpendicular to wood fibers; )} ‘
minimum screw penetration, p, into the main member equal to 8D; screw bending yield strengths (F): A
F,» = 70,000 psi for D = 1/4"; F,,, = 60,000 psi for D = 5/16"; Fyp = 45,000 psi for D = 3/8"
3. When 4D<p<8D, tabulated lateral design values (Z) shall be multiplied by p/8D.
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NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

Table 11J) LAG SCREWS: Design Values (Z) for Single Shear

; (Cont.) (two member) Connections23 r———F
@

for Sawn Lumber or SCL with both members of identical specific gravity

E G=0.36

E g 3 5 Eastern Softwoods

2 23 Spruce-Pine-Fir (S)

23| ok G=0.43 G=0.42 G=0.37 Western Cedars G=0.35

HE | S8 Hem-Fir Spruce-Pine-Fir Redwood {open grain) Western Woods Northern Species
K| ts D 2y Z, Zn 2 | T Zy 2 2| 4 Ly 2 % | W Zy T 2| % L, Zy 2,
¥ in. In Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. lbs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. lbs. Ibs. Ibs.

, 1/2 1/4 110 80 80 70 110 80 80 70| 100 70 70 60| 100 70 70 60 90 70 70 60
x 5/16 130 90 100 80; 130 90 90 80| 120 80 90 80| 120 80 20 70 120 80 80 70
- 38 140 80 100 801 130 80 90 80| 120 60 90 60| 120 60 80 60 120 60 80 60
5/8 1/4 120 80 90 8ol 110 80 920 700 110 70 80 70| 100 70 80 60| 100 70 70 60
5/16 140 9 100 90| 140 90 100 90; 130 80 90 80| 130 80 90 80| 120 80 90 70
3/8 140 90 100 80] 140 90 100 80| 130 80 90 70| 130 70 90 70| 120 70 90 70
3/4 114 130 9 100 80 120 80 90 80p 110 80 80 70| 110 70 80 70 110 70 80 70
516 150 100 110 901 150 100 110 90{ 130 90 100 80| 130 20 90 80[ 130 80 90 80
3/8 150 100 110 90] 150 90 110 90| 140 90 100 80| 130 80 90 70| 130 80 90 70
) 1 1/4 140 100 110 90] 140 100 100 90| 130 90 100 80| 130 80 90 80 130 80 920 70
. 5/16 170 110 130 100{ 170 110 120 100 150 90 110 90| 150 90 110 80| 150 90 100 80
38 170 100 120 100} 170 100 120 90; 150 90 110 80| 150 90 110 80| 150 90 100 80

SMINHIS IV

114 | 14 140 110 110 100 140 100 100 100 130 100 100 90 130 90 90 130 20 90 80
5/16 180 120 130 110 180 120 130 110 170 100 120 100 170 100 90 160 100 110 90
38 190 120 130 110 180 110 130 100 170 100 120 90 170 100 110 80
112 14 140 110 110 100 140 100 100 100 130 100 100 90 130 90 90 80
5116 180 130 1201 170 110 120 110 170 110 110 100

280 610 270 380 270
310 820 290 490 290
330| 1050 320 620 320

9| 130 90 90 80
10 110 100
110

13/4 | 14 140 110 110 100

SYANILSVH 3dAL-1IMOd

7/8 970 450 610 440{ 950 440 600 440} 880 870 360 530 360; 850 330 330
1 1210 490 750 490{ 1200 480 740  480| 1110 1090 380 650 380] 1070 370 370
21/2 | 14 140 110 110 100, 140 100 100 90 20 90| 130 90 80

34 | 890 430 550 380 880 420 540 370| 80D 380 500 320 780 370 490 320 760 360 480 310
78 | 1130 550 730 470| 1110 540 710 460| 1010 490 640 420| 990 480 620 410{ 970 470 600 390

1 | 1380 680 870 580| 1360 670 850 570 1240 760 510| 1220 550 750 500 1190 530 730 490
£ 32| 14 | 140 110 110 00| 140 100 100] 130 100 9| 10 90 90 90| 130 0 8
: 516 | 180 130 130 120| 180 130 120 170 120 110 170 120 120 110| 160 110 100
; 3/8 130 130 120| 180 130 110 170 120 100/ 170 110 100

500 440 490 430{ 830 370 820 420 490 410 4
7/8 1240 610 750 530 1220 600 520/ 1150 530 680 460] 1140 520 670 500 650 430
1 1610 740 950 630 1600 720 940 620] 1480 650 860 550/ 1450 630 850 540 1410 620 830 520
C 1. Tabulated lateral design values (Z) shall be multiplied by all applicable adjustment factors (see Table 10.3.1).

2. Tabulated lateral design values (Z) are for "reduced diameter body" lag screws (see Appendix L) inserted in side grain with screw axis perpendicular to wood fibers;
minimum screw penetration, p, into the main member equal to 8D; screw bending yield strengths (F):
Fys = 70,000 psi for D = 1/4"; F,, = 60,000 psi for D = 5/16"; Fy,, = 45,000 psi for D 2 3/8"

3. When 4D<p<8D, tabulated lateral deslgn values (Z) shall be multiplied by p/8D.
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LAG SCREWS

DOWEL-TYPE FASTENERS

Table 11K LAG SCREWS: Deslgh Values (Z) for Single Shear

(two member) Connections?3
with 1/4" ASTM A36 steel side plate, or ASTM A653, Grade 33 steel side plate (for t.<1/4")

=

k] D
g ﬁ ﬁ = g :’ [ "] g
g & & & ol 3
g |3 0 & 7 7 e_ 3 - 138 g
€2 | 3 x En' = w Lg £ 3 s BECS e
0 =] A3
g2 5| =8 8% 8 0l 28 g8 28 g8 585 85455\ 15§
2% | o 7 3 3% 3 i%s $35 %5 g8 S8 |g228%| §%
GE | 8 & 0= 8 68 682 68T o b & bee olifz= o2
ts D 2 z, Z, Z, Z Z, Z, Z Z Z, Z, zZ Zy zZ, Z zZ Zy Z, Zy z,
in. n. Ibs. Ibs. Ibs. Ibs. Ibs. ibs. Ibs. Ibs. |bs. ibs. lbs. Ibs. ibs. Ibs. lbs. Ibs. lbs. Ibs. Ibs. Ibs.
505 T 1a | 170 430 | 160 120 | 150 110 | 150 110 | 150 100 | 140 100 | 140 100 | 130 90 | 130 90 | 130 90
(t4gage) 5M6 | 220 160 | 200 140 | 190 130 | 190 130 | 190 130 } 180 120 180 120 | 170 110 | 170 110 | 160 100
a8 | 220 160 | 200 140 | 200 130 | 190 136 | 190 120 | 180 120 | 180 120 } 170 110 } 170 100 170 100
o105 w4 | 180 140 | 170 130 | 160 120 | 160 120 | 160 110 [ 150 110 | 150 110 | 140 100 | 140 100 | 140 90
(12gage)| 516 | 250 170 | 210 150 | 200 140 | 200 140 | 190 130 | 190 130 | 1%0 120 | 180 110 | 170 110 | 170 110
s | 230 160 | 210 140 | 200 140 | 200 130 | 200 130 | 190 120 | 190 120 | 180 110 | 160 110 170 110
o120 e | 190 150 | 180 130 | 170 120 | 170 120 | 160 120 | 160 410 | 160 110 | 150 100 | 150 100 140 100
(11gage) 516 | 230 170 | 210 150 | 210 140 | 200 140 | 200 140 | 190 130 | 1%0 130 180 120 | 180 120 | 180 110
ws | 240 170 | 220 150 | 210 140 | 210 140 | 200 130 | 200 130 | 190 120 | 180 110 } 180 110 | 180 110
o734 ua 200 150 | 180 140 | 180 130 | 170 130 | 170 120 | 160 120 | 160 110 | 150 110 | 150 100 150 100
(10gage) 516 | 240 180 | 220 160 | 210 150 | 210 140 | 200 40 | 200 130 | 200 130 180 120 | 180 120 | 180 120
we | 240 170 | 220 150 | 220 140 | 210 140 | 210 140 | 200 130 | 200 130 | 190 120 | 190 120 | 180 110
o175 | 1a | 220 170 | 210 150 | 200 150 | 200 140 | 190 140 | 180 130 | 180 130 | 180 120 ) 170 120 | 170 120
(Tgage)| 516 | 260 190 | 240 170 | 230 160 | 230 160 | 230 150 | 20 150 | 220 150 210 130 | 200 130 | 200 130
a8 | 270 190 | 250 170 | 240 160 | 240 180 | 230 150 | 220 140 | 200 140 | 210 130 | 210 130 200 130
0.239 290 180 | 220 160 | 210 150 | 210 150 | 200 140 | 190 140 [ 190 130 | 180 120 | 180 120 | 180 120
(3 gage)
1 | 1040 1100 | 1780 960 | 1710 910 | 1700 890 | 1650 ee0 | 1600 820 | 1590 810 | 1500 740 | 1480 730 | 1460 710
v T 7 | 240 980 | 220 160 | 210 150 | 210 150 | 200 140 | 200 140 | 190 130 | 180 120 ) 180 120 | 180 120
160 | 230 150 | 230 150 | 230 140
1100 640 | 1060 600 | 1050 590 Te00 470
1470 820 | 1410 770 | 1400 750 1220 620 | 1200 600
1870 1000 | 1800 950 | 1780 930 1550 760 | 1530 740

1. Tabulated lateral design values (Z) shall be multiplied by all applicabie adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values (Z) are for “reduced body diamet " lag

(see Appendix L) inserted In side grain with screw axis perpendicular to wood fibers; minimum screw

penetration, p, Into the main member equal to 8D; dowel bearing strengths (F,) of 61,850 psi for ASTM A653, Grade 33 steel and 87,000 psi for ASTM A36 steel and screw bending

yield strengths (Fy):  Fyy = 70,000 psi for D = 1/4% Fy = 60,000 psi for D = 5/16"; F,y, = 45,000 psi for D 2 3/8"
3. When 4Dsp<8D, tabulated lateral design values (Z) shall be multiplied by p/8D.
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NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTIO

Table 11L WOOD SCREWS: Design Values (Z) for Single Shear , E
(two member) Connections*23 l |
for Sawn Lumber or SCL with both members of identical specific gravity °
. _ =
2 ~ R7)
§ -::96 g &= § sea 8 U
- ; Q - . | a u- i o
5,13 |3 2k | 2 T | Z ! = | 2538 2
E 4 4] 5 S x Se u . Lz - a ® 2N £
§8 353 ¥ w=E 2 > 8 o 8E oE N$ ,\§m mEQEE w5
o 3 © O 0o 0 5 ¥ 5 < 5 < M < “M3zec MgoOoL2 «
221 85(8| 53 | 582 | 55 | $5 | 385 | g5 | %2 | £8% |z 3% 1%
o |20 | = [0F 4 U] 0o (0= 00T oI O o |[Owns2 Oz
.2 )
In. in. Ibs. Ibs. Ibs. Ibs. 1bs. Ibs. Ibs. Ibs Ibs. lbs
172 | 0.138] 6 88 67 59 57 53 48 a7 g 40 38 m
0.151] 7 96 73 65 63 58 53 52 45 44 42
0.164| 8 106 82 72 70 66 60 59 51 50 48 E
’ 0.242] 14 167 133 119 116 109 101 99 87 85 83 “,
5/8
i
: 77 =4
i 84
‘ 3/ | 0.438] 6 94 78 72 70 65 58 56 a7 46 44 5
! v
i " =~
0.190[ 10 152 122 106 103 95 86 83 70 69 66 o
m
-
>
7]
g
m
-~
v

1. Tabulated lateral design values (Z) shall be muiltiplied by all applica S

2. Tabulated lateral design values (Z) are for rolled thread wood screws (see Appendix L) inserted in side grain with screw axis perpendicular to wood fibers;
minimum screw penetration, p, into the main member equal to 10D ; and screw bending yield strengths (Fy):

i Fy» = 100,000 psi for 0.099"<D<0.142" F,;, = 90,000 psi for 0.142"<D<0.177" Fy, = 80,000 psi for 0.177"<D<0.236" F, = 70,000 psi for 0.236"<D<0.273"

3. When 6D<p<10D, tabulated lateral design values (Z) shall be multiplied by p/10D.

N
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DOWEL-TYPE FASTENERS

¢) Table 11M WOOD SCREWS: Design Values (Z) for Single Shear
(two member) Connections?3
with ASTM A653, Grade 33 steel side plate
02 E ”
(%)
§ ﬁ é Ly § e 8 é
@ i i
0 o = = Y- 3 2 2 & ~ | %88 8
F= o O o O = ] =~ c c C £ 3 g )
E 2 O = 5] ™ (] € w L. Lz o o® (20
S8 (v | o ~ 8 0w = 5 @ o8 o B o= o ¢ ~890 o bEE 0 E
2S¢ |8l wg © O wo 2 0 3 ¥ 5 < 5k < 5 8 ®2c “’56339 @ 2
23 |B5|8| 53 | 5385 | 59 | 52 | 535 | %5 | 5= | v8% |78233 3%
&FJJ—: 20 |2 (oY 4 0Sa [ofa ®a 0aT of Oh ol loldzz o2
D
n in. in. lbs. Ibs.  Ibs. bs Ibs. ibs. Ibs. Ibs. Ibs Ibs
0.036 | 0.138 6 88 75 70 68 65 61 50 54 53 51
(20 gage)| 0.151] 7 98 83 77 75 72 68 66 59 58 57
0.164] 8 113 96 89 87 83 78 76 68 67 65
0048 A A% Y aipd berred A g % 8 “aeed B s BV o A
(18 gage) v 1 &
; 0.060 | 0.138] 6 91 78 72 71 68 64 63 56 55
(16 gage)| 0.151} 7 101 86 80 78 75 70 69 62 61
0.164| 8 115 99 91 90 85 80 79 71 70
0'075 = 4 - ) & o i (I .. Hb T
(14 gage)| 0.151] 7 104 90 83 81 78 73 72
0.164| 8 119 102 94 93 88 83 82
0.177] 9 138 118 110 107 102 97 95
0.105 | 0.138] 6 104 90 83 82 78 74 =572
(12gage)| 0.151] 7 114 98 91 90 86 81 79
0.164| 8 128 111 103 101 96 91 89 80 79
= i AP g 39: 23220 LB 12 AT
0.242] 14| 212 183 169 166 159 150 147 132 130
0.120 | 0.138] 6 109 95 88 86 83 78 77 69 68
(11 gage)

0.179
(7 gage)

0239 ¢{
(3 gage) |

1. Tabulated lateral design values (Z) shall be multiplied by all applicable adjustment factors (see Table 10.3.1).

2. Tabulated lateral design values (Z) are for rolled thread wood screws (see Appendix L) inserted in side grain with screw axis perpendicular to wood fibers;
minimum screw penetration, p, into the main member equal to 10D; dowel bearing strength (F,) of 61,850 psi for ASTM A653, Grade 33 steel and screw
bending yield strengths (F):

Fy» = 100,000 psi for 0.099"sD<0.142" Fyp = 90,000 psi for 0.142<D<0.177" Fy, = 80,000 psi for 0.177"<D<0.236" Fy = 70,000 psi for 0.236"<D<0.273"

3. When 6D<p<10D, tabulated lateral design values (Z) shall be muttiplied by p/10D.
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Table 11N COMMON WIRE, BOX, or SINKER NAILS: Design Values
‘ (2) for Single Shear (two member) Connections'2:34

for Sawn Lumber or SCL with both members of identical spécific gravity

}

STIVN

= A7)

P g )i & §Egm 8
= L | ® ° & &
g1 8|S o8 7 3 e ) - | 2§88 g

T |2 = B £ & Eo 2 € 233 &
€93 E e _ 8 - 9c i ic Lz & 9@ ‘211'.
S0 & e B < ~® we g 2 o8 o8 E @Qf O R ‘DEQEE w §
2 B |E 2 B © O © 9 ) TS <5k <& S mfc w838 o
2% 5 | = 2| 93 | 583 | $2 | 32| 585 | §5 | §Z | %3% ;5E223 33
el 2 |8 8 & O 058 o8 08Z 087 o+ o8 ol {0fiHz=2| o2
t, D
in. in. | Pennywelght Ibs. Ibs. Ibs Ibs Ibs. Ibs. Ibs |bs Ibs Ibs
3/4 | 0.099 6d 7d 73 61 55 54 51 48 47 39 38 36
72
§

AP

L~
Q
S
m
3
—f
-
1
m
iy
»
(7))
-
m
4
m
)
L]

1. Tabulated lateral design values (Z) shall be multiplied by all applicable adjustment factors (see Table 10.3.1).
2. Tabulated lateral design values () are for common wire, box and sinker nalls (see Appendix L) inserted in side grain with nall axis perpendicular to wood fibers; minimum
nall penetration, p, into the maln member equal to 10D; and nail bending yleld strengths (F):
F,» = 100,000 psi for 0.099"<D<0.142"  Fy, = 90,000 psl for 0.142"<D<0.177"  F,, = 80,000 psi for 0.177"<D<0.236"  F, = 70,000 psi for 0.236"<D<0.273"
3. When 6Dsp<10D, tabulated lateral design values (Z) shall be multiplied by p/10D.
4. Nall lenth is insufficlent to provide 10D penetration. Tabulated lateral design values (Z) shall be adjusted per footnote 3.
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SPLIT RING AND SHEAR PLATE CONNECTORS

12.1 General

12.1.1 Terminology 12.1.2 Quality of Split Ring and
Shear Plate Connectors

A connector unit shall be defined as one of the fol-

lowing: 12.1.2.1 Design provisions and design values herein

(a) One split ring with its bolt or lag screw in apply to split ring and shear plate connectors of the fol-
single shear (see Figure 12A). lowing quality:

(b) Two shear plates used back to back in the con- (a) Split rings manufactured from SAE 1010 hot
tact faces of a wood-to-wood connection with rolled carbon steel. Each ring shall form a
their bolt or lag screw in single shear (see closed true circle with the principal axis of the
Figures 12B and 12C). . cross section of the ring mietal parallel to the

(c) One shear plate with its bolt or lag screw in geometric axis of the ring. The ring shall fit
single shear used in conjunction with a steel snugly in the precut groove. This shall be ac-
strap or shape in a wood-to-metal connection complished with a ring, the metal section of
(see Figures 12B and 12C). which is beveled from the central portion to-

ward the edges to a thickness less than at

midsection, or by any other method which will

Figure 12A Split Ring Connector accomplish equivalent performance. It shall be
cut through in one place in its circumference
to form a tongue and slot (see Figure 12A).

(b) Shear plate connectors:

(1) 2-5/8" Pressed Steel Type—Pressed steel shear
plates manufactured from SAE 1010 hot rolled %} é

carbon steel. Each plate shall be a true circle
with a flange around the edge, extending at
right angles to the face of the plate and ex-
tending from one face only, the plate portion
Figure 12B Pressed Steel Shear having a central bolt hole, with an integral hub

Plate Connector concentric to the hole or without an integral
hub, and two small perforations on opposite
sides of the hole and midway from the center

Figure 12C Malleable Iron Shear
Plate Connector

&)
- ® S
- @ ©
o=

and circumference (see Figure 12B).
(2) 4" Malleable Iron Type—Malleable iron shear
plates manufactured according to Grade
32510 of ASTM Standard A47. Each casting
shall consist of a perforated round plate with
a flange around the edge extending at right
angles to the face of the plate and projecting
from one face only, the plate portion having a
central bolt hole with an integral hub extend-
ing from the same face as the flange (see
Figure 12C).
12.1.2.2 Dimensions for typical split ring and shear
plate connectors are provided in Appendix K. Dimen-
sional tolerances of split ring and shear plate connectors
shall not be greater than those conforming to standard
practices for the machine operations involved in manu-
facturing the connectors.
12.1.2.3 Bolts used with split ring and shear plate con-
nectors shall conform to 11.1.2. The bolt shall have an

AMERICAN WOOD COUNCIL




o

NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION

unreduced nominal or shank (body) diameter in accor-
dance with ANSI/ASME Standard B18.2.1.

12.1.2.4 When lag screws are used in place of bolts,
the lag screws shall conform to 11.1.3 and the shank of
the lag screw shall have the same diameter as the bolt
specified for the split ring or shear plate connector (see
Tables 12.2A and 12.2B). The lag screw shall have an
unreduced nominal or shank (body) diameter and threads
in accordance with ANSI/ASME Standard B18.2.1.

12.1.3 Fabrication and Assembly

12.1.3.1 The grooves, daps and bolt holes specified
in Appendix K shall be accurately cut or bored, and shall
be oriented in contacting faces. Since split ring and shear
plate connectors from different manufacturers differ
slightly in shape and cross section, cutter heads shall be
designed to produce daps and grooves conforming accu-
rately to the dimensions and shape of the particular split
ring or shear plate connectors used.

12.1.3.2 When lag screws are used in place of bolts,
the hole for the unthreaded shank shall be the same diam-
eter as the shank. The diameter of the hole for the threaded

12.2 Design Values

portion of the lag screw shall be approximately 70% of
the shank diameter, or as specified in 11.1.3.2,

12.1.3.3 In installation of split ring or shear plate con-
nectors and bolts or lag screws, a nut shall be placed on
each bolt, and washers, not smaller than the size specified
in Appendix K, shall be placed between the outside wood
member and the bolt or lag screw head and between the
outside wood member and nut. When an outside member
of a shear plate connection is a steel strap or shape, the
washer is not required, except when a longer bolt or lag
screw is used, in which case, the washer prevents the metal
plate or shape from bearing on the threaded portion of the
bolt or lag screw. :

12.1.3.4 Tabulated nominal design values for split ring
and shear plate connectors are based on the assumption
that the faces of the members are brought into contact
when the connector units are installed, and allow for sea-
sonal variations after the wood has reached the moisture
content normal to the conditions of service. When split
ring or shear plate connectors are installed in wood which
is not seasoned to the moisture content normal to the con-
ditions of service, the connections shall be tightened by
turning down the nuts periodically until moisture equilib-
rium is reached.

12.2.1 Tabulated Nominal Design
Values

12.2.1.1 Tables 12.2A and 12.2B contain design val-
ues for a single split ring or shear plate connector unit
with bolt in single shear, installed in the side grain of two
wood members (see Table 12A) with sufficient member
thicknesses, edge distances, end distances, and spacing to
develop tabulated nominal design values. Tabulated nomi-
nal design values (P, Q) shall be multiplied by all
applicable adjustment factors (see Table 10.3.1) to obtain
allowable design values (P', Q").

Table 12A Species Groups for Split
Ring and Shear Plate
Connectors

Species Group Specific Gravity, G
G20.60

0.49 <G <0.60
042G <049

G<042

ogOw

12.2.1.2 Allowable design values (P', Q") for shear
plate connectors shall not exceed the limiting design val-
ues specified in Footnote 2 of Table 12.2B. The limiting
design values in Footnote 2 of Table 12.2B shall not be
multiplied by adjustment factors in this Specification since
they are based on strength of metal rather than strength of
wood (see 10.2.3).

12.2.2 Thickness of Wood
Members

12.2.2.1 Tabulated nominal design values shall not be
used for split ring or shear plate connectors installed in
any piece of wood of a net thickness less than the mini-
mum specified in Tables 12.2A and 12.2B.

12.2.2.2 Design values for split ring or shear plate
connectors installed in any piece of wood of net thickness
intermediate between the minimum thickness and that
required for maximum design value, as specified in Tables
12.2A and 12.2B, shall be obtained by linear interpola-
tion.
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SPLIT RING AND SHEAR PLATE CONNECTORS

12.2.3 Penetration Depth Factor, C,

When lag screws instead of bolts are used with split
ring or shear plate connectors, tabulated nominal design
values shall be multiplied by the appropriate penetration
depth factor, Cy, specified in Table 12.2.3. Lag screw
penetration into the member receiving the point shall not
be less than the minimum penetration for reduced design
value specified in Table 12.2.3. When the actual lag screw
penetration into the member receiving the point is greater
than the minimum penetration for reduced design value,
but less than the minimum penetration for full design
value, the penetration depth factor, Cy, shall be determined
by linear interpolation. The penetration depth factor shall
not exceed unity, C; < 1.0.

12.2.4 Metal Side Plate Factor, C,

When metal side members are used in place of wood
side members, the tabulated nominal design values paral-
lel to grain, P, for 4" shear plate connectors shall be
multiplied by the appropriate metal side plate factor speci-
fied in Table 12.2.4.

Table 12.2.4 Metal Side Plate
Factors, C_, for 4" Shear
Plate Connectors
Loaded Parallel to Grain

Species Grouping Cy
A 1.18
B 1.11
C 1.05
D 1.00

The allowable design values parallel to grain, P', shall
not exceed the limiting design values given in Footnote 2
of Table 12.2B (see 12.2.1.2).

12.2.5 Load at Angle to Grain

12.2.5.1 When a load acts in the plane of the wood

surface at an angle to grain other than 0° or 90°, the al-

lowable design value, N, for a split ring or shear plate

connector unit shall be determined as follows (see Ap-
pendix J):'

VSR i S—

P’ sin®e+Q’cos?e (12.2-1)

where:
6 = angle between direction of load and direction of
grain (longitudinal axis of member)

Table 12.2.3 Penetration Depth Factors, C, for Split Ring and Shear Plate
Connectors Used with Lag Screws ’

Penetration of Lag Screw
into Main Member Penetration
(number of shank diameters) Depth
Side Species Group (see Table 10A) Factor
Member Penetration Group A | Group B | Group C | Group D C,
2-1/2" Split Ring Minimum for 7 8 10 11 1.0
Wood Full Design Value
4" Split Ring or
Metal Minimum for 3 3-1/2 4 4-1/2 0.75
4" Shear Plate Reduced Design Value
Minimum for 4 5 7 8 1.0
Full Design Value
Wood
2-5/8" Shear Plate Minimum for 3 3-1/2 4 4-172 0.75
Reduced Design Value
Minimum for 3 3-1/2 4 4-1/2 1.0
Metal Full Design Value
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12.2.5.2 Allowable design values at an angle to grain,

N, for shear plate connectors shall not exceed the limit-
. ing design values specified in Footnote 2 of Table 12.2.B

(see 12.2.1.2).

12.2.6 Split Ring and Shear Plate
Connectors in End Grain

12.2.6.1 When split ring or shear plate connectors are
installed in a surface that is not parallel to the general
direction of the grain of the member, such as the end of a
square-cut member, or the sloping surface of a member
cut at an angle to its axis, or the surface of a glued lami-
nated timber cut at an angle to the direction of the
laminations, the following terminology shall apply:

- “Side grain surface” means a surface parallel to the
general direction of the wood fibers (o = 0°), such
as the top, bottom and sides of a straight beam.

- “Sloping surface” means a surface cut at an angle,
o, other than 0° or 90° to the general direction of the
wood fibers.

- “Square-cut surface” means a surface perpendicular
to the general direction of the wood fibers (o0 = 90°).

- “Axis of cut” defines the direction of a sloping surface
relative to the general direction of the wood fibers. For
a sloping cut symmetrical about one of the major axes
of the member, as in Figures 12D, 12G, 12H and 121
the axis of cut is parallel to a major axis. For an asym-
metrical sloping surface (i.e., one that slopes relative
to both major axes of the member), the axis of cut is
the direction of a line defining the intersection of the
sloping surface with any plane that is both normal to
the sloping surface and also is aligned with the general
direction of the wood fibers (see Figure 12E).

a = the least angle formed between a sloping
surface and the general direction of the wood
fibers (i.e, the acute angle between the axis of
cut and the general direction of the fibers.
Sometimes called the slope of the cut. See
Figures 12D through 12I)

¢ = the angle between the direction of applied load
and the axis of cut of a sloping surface,
measured in the plane of the sloping surface
(see Figure 1.21)

P' = allowable design value for a split ring or shear
plate connector unit in a side grain surface,
loaded parallel to grain (o = 0°, ¢ = 0°)

Q' = allowable design value for a split ring or shear
plate connector unit in a side grain surface,
loaded perpendicular to grain (.= 0°, ¢ = 90°)

Q'y, = allowable design value for a split ring or shear
plate connector unit in a square-cut surface,
loaded in any direction in the plane of the
surface (o = 90°)

P', = allowable design value for a split ring or shear
plate connector unit in a sloping surface, loaded
in a direction parallel to the axis of cut
(0°<a<90°%¢=0°

Q', = allowable 'design value for a split ring or shear
plate connector unit in a sloping surface, loaded
in a direction perpendicular to the axis of cut
(0° < o <90°, ¢ = 90°)

N', = allowable design value for a split ring or shear
plate connector unit in a sloping surface, when
direction of load is at an angle ¢ from the axis
of cut.

Figure 12D Axis of Cut for Symmetrical
Sloping End Cut

\
Figure 12E Axis of Cut for \
Asymmetrical Sloping End
Cut
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12.2.6.2 When split ring or shear plate connectors
are installed in square-cut end grain or sloping surfaces,
allowable design values shall be determined as follow (see
10.2.2):
(a) Square-cut surface; loaded in any direction
(0. = 90°, see Figure 12F).

Qu =0.80Q (12:2-2)

Figure 12F Square End Cut

Qo

of

(b) Sloping surface, loaded parallel to axis of cut '
(0° < <90° @ =0°, see Figure 12G).

Pf = P'Q'QO

* P’sin? a+Qy cos? o

(12.2-3)

Figure 12G Sloping End Cut with
Load Parallel to Axis of
Cut (=0

(c) Sloping surface; loaded perpendicular to axis
of cut (0° < <90°, @ =90°, see Figure 12H).
, Q' Q50

* " @’sin? a+Qpg OS2 0

(12.2-4)

AMERICAN WOOD COUNCIL

Figure 12H Sloping End Cut with
Load Perpendicular to
Axis of Cut (¢ =90°)

\ Axis of Cut

(d) Sloping surface; loaded at angle j to axis of cut
(0° < <90°,0° < @ <90°, see Figure 121).

N/ — P(’l Q(’l

/= (12.2-5)
P sin? ¢ +Q; cos% ¢

Figure 121 Sloping End Cut with
Load at an Angle ¢ to
Axis of Cut

\ Axis of Cut
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12.3 Placement of Split Ring and Shear Plate

Connectors

12.3.1 Terminology

12.3.1.1 “Edge distance” is the distance from the edge
of a member to the center of the nearest split ring or shear
plate connector, measured perpendicular to grain. When
amember is loaded perpendicular to grain, the loaded edge
shall be defined as the edge toward which the load is act-
ing. The unloaded edge shall be defined as the edge
opposite the loaded edge (see Figure12J).

12.3.1.2 “End distance” is the distance measured par-
allel to grain from the square-cut end of a member to the
center of the nearest split ring or shear plate connector
(see Figure 12J). If the end of a member is not cut at a
right angle to its longitudinal axis, the end distance, mea-
sured parallel to the longitudinal axis from any point on
the center half of the transverse connector diameter, shall
not be less than the end distance required for a square-cut
member. In no case shall the perpendicular distance from
the center of a connector to the sloping end cut of a mem-
ber, be less than the required edge distance (see Figure
12K).

12.3.1.3 “Spacing” is the distance between centers of
split ring or shear plate connectors measured along a line
joining their centers (see Figure 121).

Figure 12) Connection Gedmetry for
Split Rings and Shear
Plates

¢

A = End Distance

B = Unloaded Edge Distance
C = Loaded Edge Distance
S = Spacing

Figure 12K End Distahce for Members
with Sloping End Cut

AN
N
\ T
« T

-

A

A = End Distance
D = Connector Diameter

12.3.2 Geometry Factor, C,

Tabulated nominal design values are for split ring and
shear plate connectors with edge distance, end distance
and spacing greater than or equal to the minimum required
for full design value. When the edge distance, end dis-
tance or spacing provided is less than the minimum
required for full design value, tabulated nominal design
values shall be multiplied by the smallest applicable ge-
ometry factor, C,,determined from the edge distance, end
distance and spacing requirements for split ring and shear
plate connectors (see 12.3.3, 12.3.4 and 12.3.5). The small-
est geometry factor for any split ring or shear plate
connector in a group shall apply to all split ring and shear
plate connectors in the group.

12.3.3 Edge Distance

12.3.3.1 Members Loaded Parallel or Perpendicular
to Grain. Minimum edge distances and associated geom-
etry factors, C,, for split ring and shear plate connectors
installed in side grain and loaded parallel or perpendicu-
lar to grain are provided in Table 12.3. When the actual
loaded edge distance is greater than or equal to the mini-
mum loaded edge distance for reduced design value, but
less than the minimum loaded edge distance for full de-
sign value, the geometry factor, C,, shall be determined
by linear interpolation.
12.3.3.2 Members Loaded at Angle to Grain. When
members are loaded at an angle to grain, 0, other than 0°
or 90°, the minimum loaded edge distances for reduced
design value and the minimum unloaded edge distances
in Table 12.3 shall apply for all angles of load to grain.
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SPLIT RING AND SHEAR PLATE CONNECTORS

Minimum loaded edge distances for full design value shall
be determined as follows:

(a) When 45° < 0 < 90°, the minimum loaded
edge distance for full design value for per-
pendicular to grain loading shall apply.

(b) When 0° <0< 45°, the minimum loaded edge
distance for full design value shall be deter-
mined by linear interpolation between the
minimum loaded edge distance for reduced
design value and the minimum loaded edge
distance for full design value for perpendicu-
lar to grain loading.

When a member is loaded at an angle to grain, 0, other
than 0° or 90°, the geometry factor, C,, based on edge
distance requirements shall apply to both the tabulated
nominal parallel and perpendicular to grain design values

® Q).
12.3.4 End Distance

12.3.4.1 Members Loaded Parallel or Perpendicular
to Grain. Minimum end distances and associated geom-
etry factors, C,, for split ring and shear plate connectors
installed in side grain and loaded parallel or perpendicu-
lar to grain are provided in Table 12.3. When the actual
end distance is greater than or equal to the minimum end
distance for reduced design value, but less than the mini-
mum end distance for full design value, the geometry
factor, C,, shall be determined by linear interpolation.

12.3.4.2 Members Loaded at Angle to Grain. When
members are loaded at an angle to grain, 0, other than 0°
or 90°, minimum end distances for reduced design value
and minimum end distances for full design value shall be
determined by linear interpolation between tabulated end
distances for parallel and perpendicular to grain loading.

12.3.5 Spacing

12.3.5.1 Members Loaded Parallel or Perpendicular
to Grain. Minimum parallel and perpendicular to grain
- spacings and associated geometry factors, C,, for splitring
and shear plate connectors installed in side grain and
loaded parallel or perpendicular to grain are provided in
Table 12.3. When the line joining the centers of two adja-
cent split ring or shear plate connectors is at an angle to
grain other than 0° or 90°, the minimum spacing for re-
duced design value and the minimum spacing for full
design value shall be determined in accordance with the
graphical method specified in References 50 and 52. When
the actual spacing between split ring or shear plate con-
nectors is greater than the minimum spacing for reduced
design value, but less than the minimum spacing for full

design value, the geometry factor, C,, shall be determined
by linear interpolation. _

12.3.5.2 Members Loaded at Angle to Grain. When
members are loaded at an angle to grain, 6, other than 0°
or 90°, the minimum spacing for reduced design value
and minimum spacing for full design value shall be deter-
mined in accordance with the graphical method specified
in References 50 and 52.

12.3.6 Split Ring and Shear Plate
Connectors in End Grain

12.3.6.1 The provisions for edge distance, end distance
and spacing givenin 12.3.3,12.3.4 and 12.3.5 for split ring
and shear plate connectors installed in side grain shall ap-
ply to split ring and shear plate connectors installed in
square-cut surfaces and sloping surfaces as follows (see
12.2.6 for definitions and terminology):

(a) Square-cut surface, loaded in any direction -
apply provisions for perpendicular to grain
loading.

(b) Sloping surface with a from 45° to 90°, loaded
in any direction - apply provisions for per-
pendicular to grain loading.

(c) Sloping surface with a less than 45°, loaded
parallel to axis of cut - apply provisions for
parallel to grain loading.

(d) Sloping surface with a less than 45°, loaded
perpendicular to axis of cut - apply provisions
for perpendicular to grain loading.

(e) Sloping surface with a less than 45°, loaded
at angle ¢ to axis of cut - apply provisions for
members loaded at angles to grain other than
0° or 90°.

12.3.6.2 When split ring or shear plate connectors

are installed in end grain, the members shall be designed
for shear parallel to grain in accordance with 3.4.3.3.

12.3.7 Multiple Split Ring or Shear
Plate Connectors

12.3.7.1 When a connection contains two or more split
ring or shear plate connector units which are in the same
shear plane, are aligned in the direction of load and on sepa-
rate bolts or lag screws, the group action factor, C,, shall be
as specified in 10.3.6 and the total allowable design value
for the connection shall be as specified in 10.2.2.

12.3.7.2 If grooves for two sizes of split rings are cut
concentric in the same wood surface, split ring connec-
tors shall be installed in both grooves and the design value
shall be taken as the design value for the larger split ring

connector.
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