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PART 1. General Dowel Equations

TECHNICAL REPORT NO. 12 1

1.1 Introduction

A generalized form of the MNational Design
Specification® (NDS®) for Wood Construction (AWC,
2024) yield limit equations applicable to dowel-type
fastener connections between members of solid cross
section is provided in Table 1-1 of this report.
Equations are also provided for connections with side
or main members of hollow cross section, in Tables 1-2
and 1-3, respectively. The variables for these tables are
defined in Section 1.6. These general dowel equations
are applicable to NDS connection conditions, allow for
evaluation of connections with gaps between connected
members, and include separate equation variables to
better account for varying bearing and moment
resistances of fasteners having more than one diameter
along their length (such as threaded fasteners).

1.2 Lateral Connection Values

Yield limit equations provided herein apply to
calculation of lateral values for single fastener
connections between wood-based members and
connections of wood-based members to steel and
concrete/masonry components. Design criteria for
dowel type fastener connections are provided in the
NDS for Wood Construction and include the following
considerations:

o fastener design limit states (e.g. tension,
bearing, and shear);
fastener spacing, edge, and end distance;
connection fabrication and tolerances;
connection geometry;
multiple fasteners and group action;
member strength at the connection;
adjustments for end use (e.g. load duration and
wet service) and fastener type (e.g. drift bolts
and drift pins).

e member bearing strengths;

o fastener bending strengths;

e reduction factors, Ry, to adjust reference 5%
offset yield connection values, P, to reference

allowable stress design values, Z.

1.3 Reference Design Value

The reference design value, Z, is the minimum of
the calculated, P/Ry, for all yield modes as follows:

P
Z = Minmum value of (—J (1
Rd
where:

Z = Reference lateral design value
P = Reference 5% offset yield value

R4 = NDS reduction term for dowel type fastener
connections, see NDS Table 11.3.1B

1.4 Connections with Members of Solid
Cross Section

Equations in Table 1-1 are applicable for
calculation of reference 5% offset yield, P, for dowel
type fastener connections where connected members
are of solid cross section. The reference 5% offset
yield, P, is calculated for each applicable connection
yield mode, as depicted in Table 1-1. Example
applications of equations in Table 1-1 are provided in
Part 3 of this report.

1.5 Connections with Members of Hollow
Cross Section

Equations in Table 1-2 are applicable for
calculation of reference 5% offset yield, P, for dowel
type fastener connections where the main member is of
solid cross section and the side member(s) have a
hollow cross section. Equations in Table 1-3 are
applicable for calculation of reference 5% offset yield,
P, for dowel type fastener connections where the main
member has a hollow cross section and the side
member(s) is/are of solid cross section. The equations
in Tables 1-2 and 1-3 are based on the assumption that
the dowel penetrates both walls of the hollow member
and the thickness of each wall through which the dowel
penetrates, tys Or t,m, is the same. Connection yield
modes are depicted in Tables 1-2 and 1-3. Example
applications of equations in Table 1-3 are provided in
Part 3 of this report.
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1.6 Single Shear Connections with Two-Ply
Members

Equations in Table 1-1 can be used for calculation of
reference 5% offset yield, P, for dowel type fastener
connections where the connections include two-ply
members of the same thickness that are in contact and
receive the same load from the same direction through
a common element. Under these conditions, these two-
ply members are considered a single member of solid
cross section (i.e. L&=Lgi+Ls for two-ply side members,
Liy=Lmi+Lm2 for two-ply main members). Examples of
this case are double top plates, double bottom plates,
and multi-stud end posts in wood-frame shear walls
where attachment of the sheathing to the framing
members is distributed equally to each member.
Equation derivation is discussed in Section 2.5.
Connection yield modes are depicted in Tables 2-1 and
2-2 and example applications of equations in Tables 2-1
and 2-2 are provided in Part 3 of this report.

1.7 Dowel Bearing Strength and Fastener
Bending Yield Strength

Dowel bearing strengths, F., and fastener bending yield
strengths, Fys, are provided in Appendix A.

1.8 Notation

D = dowel diameter, in.
Ds = dowel diameter at maximum stress in side
member, in.
Dm = dowel diameter at maximum stress in main
member, in.
D, = fastener root diameter, in.
E = length of tapered dowel tip, in.
F. = dowel bearing strength, psi
Fe.i = dowel bearing strength parallel to grain in
wood, psi
F.i = dowel bearing strength perpendicular to
grain in wood, psi
Fes = side member dowel bearing strength, psi

Fem = main member dowel bearing strength, psi
Fw = tensile ultimate strength, psi
Fy = specified minimum tensile strength, psi

Fy = specified minimum tensile yield strength,
psi
Fy», = specified minimum dowel bending yield
strength of fastener, psi
G = specific gravity
g = gap between members, in.
Ls = side member dowel-bearing length, in.

2 GENERAL DOWEL EQUATIONS

Ls1 = dowel bearing length in side member adjacent

to shear plane, in.

Ls; = dowel bearing length in outer side member,

Lm =
Lml =

L=

Mbm =

Mbs =

My =

Mdm =

Ra =

z =
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= maximum moment

in.
main member dowel-bearing length, in.
dowel bearing length in main member
adjacent to shear plane, in.

dowel bearing length in outer main member,
in.

main member dowel bearing maximum
moment, in.-1bs

side member dowel bearing maximum
moment, in.-1bs

side member dowel moment resistance,
Fyp(Ds*/6), in.-lbs

main member dowel moment resistance,
Fyb(Di?/6), in.-Ibs

developed in side
member at Xs, in.-1bs

= maximum moment developed in main

member at X, in.-lbs
reference 5% offset yield lateral connection
value for a single fastener connection, lbs

= dowel penetration, in.

side member dowel-bearing resistance, FeD,
Ibs./in.

= main member dowel-bearing resistance,

FemD, 1bs./in.

= thickness, in.

wall thickness in hollow side member, in.
wall thickness in hollow main member, in.

= length of void space along the axis of the

dowel in hollow side member, in.

length of void space along the axis of the
dowel in hollow main member, in.

distance from shear plane to maximum
moment, in.

NDS reduction term for
fasteners

reference lateral design value for a single
fastener connection, Ibs

adjusted lateral design value for a single
fastener connection, 1bs

dowel type
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Table 1-1 General Dowel Equations for Solid Cross Section Members?

Yield
Mode Single Shear Double Shear Description
I P=q,Ln P=q,Ln 1 T
- <4
I8 P=q L, P=2q L, 1] P B
: : - EE ]D_>
B+ [ B - 4AC _B+ g’ - 44c  General equation for member bearing
I-1v. =~ P= pP= 4 and dowel yielding

24

Inputs A, B, & C for Yield Modes II-1V

1 2 2
II A:L—}—L B:%J"g""% C:_qsLS_qum 47%
) 4 4 —

4q, 4q,
L S pogrle Ce- .- Iukn ‘_%_,
2q, 4q, ?
1 Az%qs Ziqm B:%ﬂg C:_%ﬁ_ M., *%4 *:EE:
v . B= C=-M,- Mn - "
AZZ_qS 20 ¢ %* HIIE%»

Yield Modes II and III, do not apply for double shear connections.
2See Section 1.6 for notation.
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Table 1-2 General Dowel Equations for Solid Cross-Section Main Member and Hollow Cross Section Side Member(s)?

Yield
Mode  Single Shear Double Shear Description
<« (G,
I P=gq L, P=q,Ln
I P=2qt,, P=4q ¢, I -
B+ B - 44C —B+ \B*- 44C i -
. B - B - General equation for member bearing
I-1v P= 24 P= 4 and dowel yielding
Inputs A, B, & C for Yield Modes II-1V
1 1 L L
1 = + B=t v +g+2 C=-qu, (t, +v,)-Lozn
4 q i 4 q . ws N g 2 q s wWs ( ws N ) 4
1 1 L I?
IIIml A = + B: +_m C=- Ms_qm—m
2q, 44q, £ 4
4= 1 . 1 B= n .
1, C4q, 24 LTV, T8 C=-qf,,(t, V) - M
= + = = - - m
v 2q, 24, & M= Mo ===

Yield Modes II and 111, do not apply for double shear connections.
2See Section 1.6 for notation.
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Table 1-3 General Dowel Equations for Hollow Cross Section Main Member and Solid Cross Section Side Member(s)?

Yield
Mode Single Shear

Double Shear

Description

Im P:2qmtwm Pzzqmtwm
I, P=gq L, P=2qSLS
-B + 2. 4A4C —-B + 2. 4A4C
v  P= 212 P= i
1 1 L
1! A=—+—— B=t +vy +g+-—= = i
4q. 4q o TV 8T Ol F V)
11, ! a=Ly 1 B=o+t +v C=
" 2q, 4q, S = Mt V)
1 1 L q 2
11, =—+—— B=—2+ C=-2s=5
4q, 2q, 2y 8 4 Mo
1 1
v A=—+— B:g C:'Ms- Mm
2q, 24,

Ej
[z Ve
m

[, ||

TR

m
)

General equation for member bearing
and dowel yielding

Yield Modes II and III,, do not apply for double shear connections.

2See Section 1.6 for notation.
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PART 2. Equation Derivations

6 EQUATION DERIVATION

2.1 Introduction

The yield model used to develop the general dowel
equations considers effects of dowel moment resistance
and dowel bearing resistance on a connection’s lateral
strength. Based on the European Yield Model (Soltis
1991), connection strength is assumed to be reached
when: (1) compressive strength of the member beneath
the dowel is exceeded; or (2) one or more plastic hinges
forms in the dowel. Behavior of the connection is
assumed to be in accordance with yield modes depicted
in Tables 1-1, 1-2 and 1-3. Dowel loading is assumed
to be uniformly distributed and perpendicular to the axis
of the dowel (e.g. ideally plastic deformation). Each
yield mode addresses a specific loading condition on
the dowel such that the dowel will remain in static
equilibrium. General dowel equations can be obtained
by considering equilibrium of forces within a
connection exhibiting behavior in accordance with
yield modes I — IV as shown in Tables 1-1, 1-2 and 1-3,
and Figures 2-1 and 2-2. Applying this concept, a free-
body diagram for each yield mode can be drawn, and
principles of statics can be used to develop the general
dowel equations.

2.1.1 End Fixity and Friction
Potential increased strength due to effects of end
fixity, tension forces in the fastener, and friction

between members are conservatively ignored. End
fixity is the resistance to rotation provided at the end(s)
of the dowel, such as under a nail head or bolt nut and
washer. The strength contribution of end fixity is
difficult to predict and may be dependent on several
factors including load Ilevel, fastener type and
installation, washer or fastener head size (e.g. nail or
screw head size), tensile forces that may develop in the
fastener under lateral loading, and amount of
dimensional change in connected members. Frictional
resistance to slipping of connection members is not
typically addressed in wood connection design because
the amount of frictional force is difficult to predict and,
in many instances, may not exist as wood shrinks or the
connection relaxes.

2.1.2 Predicted Yield Mode

Predicted yield modes for single fastener
connections are in agreement with yield modes
observed from connection tests where end and edge
distance, member cross section, and fastener size are
adequate to ensure development of yielding by
precluding occurrence of premature wood failures such
as those due to splitting, formation of a wood shear
plug, fastener failure or fastener withdrawal. These and
other failure limit states are not specifically addressed
by the yield mode equations.

Figure 2-1 Connection Yield Modes - Solid Cross Section Members Section Members

Single Shear Connections

Double Shear Connections

cr
- Modelm il .
g -
<1 -
- Models .
X, Modell
LA L Mode il
- [
. Modems <A,
- [ I
. Modev <AL,

“m” denotes main member, “s” denotes side member
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2.2 Equation Derivation for Connections
with Members of Solid Cross Section

2.2.1 Mode |

Yield modes I, and I; model connections limited by
uniform bearing in the main and side member(s). Figure
2-3, Case A, shows that the maximum value for shear,
P, is determined by the following equations:

P =q,L, (2)

P =g, (3)

Similarly, considering the geometry of a double
shear connection, the maximum value for shear, P, is
determined by:

P = quLn 2

P=2qL, @)
2.2.2 Modes II-IV

For modes II-1V, considering conditions where
limiting or maximum moments act on the dowel

TECHNICAL REPORT NO. 12 7

simplifies equation derivation. These basic conditions
are shown in Figure 2-3. In Case B, maximum moment
is based on dowel bearing. In Case C, maximum
moment is based on dowel bending. Maximum
moments for both cases occur at points of zero shear.
Maximum moment due to dowel bearing, shown in
Case B of Figure 2-3, represents a load condition where
the dowel’s moment capacity is sufficiently large to
prevent yielding of the dowel (dowel bending). For
calculation purposes, let q define member bearing
resistance (Ib/in.) (q = F.Dy), L, define member bearing
length (in.), and let x represent the location of zero shear
(x = L — 2a). The resulting maximum moment due to
dowel bearing, M,,, equals qa%. Recognizing that a = (L
— x)/2 and x = P/q and substituting results in M, =
(q/4)(L — P/q)? for single shear connections.

Subscripts s and m indicate side and main member
in the following equations for maximum moment due
to dowel bearing:

Figure 2-2 Connection Yield Modes - Solid and Hollow Cross Section Members

Single Shear Connections

Double Shear Connections

" ) (c) (d)
s ~[ 1] Mode | = RS-~ -
l:ﬂ“ Z m | —m- m [ s =1
s =0
R | <[ ] - [m <
I: m |—s P~ —» MOde IS :Fm’;z"?m?—" |:_"
- = Mode Il
A
Mode Il
Mode llls

Mode IV

m

“m” denotes main member, “s” denotes side member
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Single Shear:
P 2
My =L [Ls-—} (5)
4 q,
P 2
Mbm = qm [Lm-_j (6)
4 q,
Double Shear:
P 2
q
= s S 7
Mbs 4 [Lv 2qSJ ( )

Maximum moment due to dowel bending is shown
in Case C of Figure 2-3. In this case, maximum moment
is limited to the moment provided by the dowel in
bending which is represented by a concentrated
moment acting at the point of zero shear (x = P/q).

8 EQUATION DERIVATION

Moment resistance of the dowel, assuming ideally
plastic behavior, is expressed as follows:

Fw D,

Ma = %D‘ ®)
Fw D}

M an = ”T ©)

Assumed solid section loading conditions for each
of the yield modes I-1V is provided in Figure 2-4. Each
mode consists of an interaction of dowel bearing and
dowel bending as shown in Figure 2-3. Considering
equilibrium of the dowel for each particular yield mode
(by summing moments about a fixed point on the
dowel), and using relationships for maximum moment
defined above, characteristic equations for the
maximum load, P, can be determined as follows:

Figure 2-3 General Conditions of Dowel Loading - Solid Members

Case A

Case B

Case C

-
-
!

Shear, V max Shear, V

Moment, M Moment, M

Shear, V

Moment, M

qL=V
qL2;2 = Mmax

Mmax
MITIE!X
gx =V qx=V
ga* = Mmax Mmax = Myowel
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Single Shear:

2q, 2q,
Double Shear:

P 1 )i Pg
S + +—2 (M. *tM,) =0 11
y (2% quJ 2 (M;+M.,,) (11)

P{L+L}+Pg-(MS+Mm) =0 (10)

where:

M; = maximum moment developed in the side
member at X

M,, = maximum moment developed in the main
member at x,

g = gap distance (assumed to be equal for
double shear connections)

Variables M, and M,, represent values of maximum
moment due to dowel bearing or dowel bending
depending on the mode being considered. An example
single shear connection with assumed loading for yield
mode II is provided in Figure 2-5. Shear and moment
diagrams are also provided. As shown in Figure 2-5,
maximum moments, M, and M,, for mode II occur at
distance x and x,, from connected faces, and are based
on moments My, and My,, due to dowel bearing.

Derivation of the general dowel equations assumes
that critical stresses in the dowel occur at locations of
maximum induced moment. This is appropriate for
dowels having a constant diameter in the side and main
member. Dowel diameters in the side and main
member, however, do not need to be equal. For
connections where dowel diameter is not constant
within a member, it is conservative to assume that the
least diameter occurs at the location of maximum
moment. Alternatively, critical stress in the dowel can
be determined by considering the applicable moment
and dowel section properties along the length of the
dowel.

Yield modes II and III,,, are not possible for double
shear connections, as the assumed symmetry of double
shear connections does not permit these modes to occur.

2.2.3 Mode Il

Yield Mode II models a connection limited by
dowel bearing in the side and main members. The
maximum induced moment was previously determined
as follows:

Single Shear:
P 2
Mhs = & (Ls__j (5)
4 s
p 2
My, =12 (Lm-—j (©)
4 9

Substituting My, and My, into the characteristic
equation for My and M, results in the following
quadratic equation expressed in terms of known
properties for dowel-bearing resistance (qs and (),
dowel-bearing length (L, and L,,), and the gap between
members (g), and a single unknown variable, P.

Single Shear:

2 2
p? LS S IS LiygyLn] 4Ls | duln |_ o (12)
\ 2 2 4 4

2.2.4 Mode Ill,,,

Mode III,,, models a connection limited by dowel
bearing in the main member and dowel bending in the
side member. The maximum load, P, is determined by
solving the characteristic equation for P:

Single Shear:
P 2
Myn = % [Lm__j (13)

and:
My = side member dowel moment resistance

Substituting My, and My, into the characteristic
equation for M and M, results in the following quadratic
equation expressed in terms of known properties for
dowel-bearing resistance (qs and q.), dowel-bearing
length (L, and L), and the gap between members (g),
and a single unknown variable, P.

Single Shear:

2
oo st o o

2.2.5 Mode lli,

Mode III; models a connection limited by dowel
bearing in the side member(s) and dowel bending in the
main member. The maximum load, P, is determined by
solving the characteristic equation for P.

AMERICAN WOOD COUNCIL



10 EQUATION DERIVATION

Single Shear:

2
P
My, =L (Ls-—j (5)
4 q,

and:

M,, = dowel bending moment in the main

member
Double Shear:
P 2
q.
M P = 1S LS__ (7)
A’ [ zqu

and:

Mg = main member dowel moment resistance

Substituting My; and My, into the characteristic
equations (equations 10 and 11) for My and M, results
in the following quadratic equation(s) expressed in
terms of known properties of qs, qm, Ls, My, and g, and
a single unknown variable, P.

Single Shear:

2
e e (200

Double Shear:

2 2
Ll i+i +P(Ls+gj_ qsLerMm =0 (16)
4 \4q, 2q, 2\ 2 4

2.2.6 Mode IV

Mode IV models a connection limited by dowel
bending in the main and side member(s). The maximum
load, P, is determined by solving the characteristic
equation for P:

where:
Mys = side member dowel moment resistance
Mym = main member dowel moment resistance

Substituting My and My, into the characteristic
equations (equations 10 and 11) for M and M, results
in the following quadratic equations expressed in terms
of known properties for dowel-bearing resistance (qs and
Qm), dowel-bearing length (M and M,,), and the gap
between members (g), and a single unknown variable,
P.

Single Shear:

1 1
pPl—+— |+t Pg-(Must Mum) =0 (17)

Double Shear:

P 1 1 Pg
e + + - M, ) =0 (18
1 (2% ZCI,J 3 (Mt My) =008

AMERICAN WOOD COUNCIL
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Figure 2-4 Connection Yield Modes Assumed Loading - Solid Members
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Qs Qm
3
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M el
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i Lt Mode llin
Qs Qm
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oy} gy | TR LT A i)
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2.3 Tapered Tip Equation Derivation

Equations considering effect of a tapered fastener
tip are based on connections composed entirely of solid-
cross section members but with bearing resistance in the
penetrated member based on a combination of full
diameter bearing and reduced diameter bearing of the
tapered fastener tip.

2.3.1 Mode |

The bearing resistance of the fastener with a tapered
tip can be calculated as the combination of bearing
resistance provided by the full diameter portion of the
fastener plus the bearing resistance provided by the
tapered tip which is modeled as having diameter vary
linearly from full diameter to a point over the length of
the tapered tip, E. Maximum load P is determined by:

1
P==%AP—E?+5%AE) (19)

The Mode I,,, equation can be further simplified to:

E
P=gq, (P'Ej (20)

For single shear connections, bearing in the side
member is based on diameter, D. Maximum load P is
determined by the characteristic equation:

P =gl 3)

Considering the geometry of a double shear
connection, where the tip is in the side member,
maximum load, P, is determined by:

P = qm Lm (2)

P= qs[st—Ej e
2

2.3.2 Modes II-IV

Figure 2-6 illustrates a general dowel bearing
scenario with a tapered tip connector. For calculation
purposes, let q define member bearing resistance
(Ib/in.) determined by the equation q = F.Dy, p define
penetration length (in), E define the length of taper (in),
and let x represent the location of zero shear (x = p-a-b-
E). The resulting maximum moment due to dowel
bearing, M,, equals qa? + qE?/24. Recognizing that a,, =
p/2 — X/2 — E/4 and x = P/q results in the following
equations for maximum moment due to dowel bearing:

P* PL ql
My, = ————+——

22
4q., 2 4 @2)

The maximum moment due to dowel bending is
limited to the moment provided by the dowel in bending
which is represented by a concentrated moment acting
at the point of zero shear (x = P/q). Moment resistance
of the dowel, My, and My, assuming ideally plastic
behavior, is expressed in equations 8 and 9.

Figure 2-6 Dowel Bearing with Tapered Tip

Connector

m

Y y
L/
Qs
—ds——asXs g Xmam -/bm jE T
Ls p
Shear, V .
Moment, M

Substitution of values of maximum bearing
resistance and maximum moment resistance as
applicable for the yield mode into characteristic
equation for single shear (equation 10) and for double
shear (equation 11) result in equations the maximum
load, P, as follows:

AMERICAN WOOD COUNCIL




14 EQUATION DERIVATION

Mode II
Single Shear:

P’ L+L +P[£+g+£—£]
4q, 4q, 2 2 4

(24)
2 2 2
| 4L 9.P" _44PE  4.9E |_
4 4 4 48
Mode III,,
Single Shear:
Pz[]Jr]jJr p(ngp_Ej
2 2
4.2 _4.PE | 4,5E
- R =0
(M‘ 4 4 48 j
Mode III;
Single Shear:

2
P2[41+21]+ P[?-ﬁ-g}- {qsfu Mdm}: 0 (26)
q.&' qu

Double Shear:

2 2
L R +P(LS+gj— Ly l=0 @D
4 \4q, 2q, 22 4

Mode IV
Single Shear:

1 1
Pl—+— |+ Pg-(Mus*t M) =0 (28
(2% quJ g ( d d) (28)
Double Shear:

P’ 1 1 Pg
— + + - st M, ) =0 (29
4 (qu quJ 2 (Md dm) ( )

For double shear where side member penetrations
are unequal, L, shall be taken as the minimum bearing
length in either of the two side members.

2.3.3 NDS Assumption

For connectors with a tapered tip, the NDS specifies
that bearing length is permitted to be calculated as L. =
p — E/2. Example 2.4 in Part 3 of this report shows that
the NDS requirement closely approximates results from
the more detailed evaluation of a tapered tip on bearing
resistance in accordance with the foregoing derivations.

2.4 Equation Derivation for Connections
with Members of Hollow Cross Section

Following the approach for connections composed
entirely of members having solid cross sections,
equations for connections composed of a combination
of members having solid and hollow cross section can
be developed as shown in Section 2.4 for yield modes
depicted in Tables 1-2 and 1-3. Equations in Section 2.4
are based on assumed connection configurations
composed entirely of hollow cross section members for
both side and main members.

2.4.1 Mode |

Yield modes I, and Iy model connections limited by
uniform bearing in the main and side member(s). Figure
2-7, Case A, shows that the maximum value for shear,
P, is determined by the following equations:

P =24, tm (30)
P =2qt,s (31)

Similarly, considering the geometry of a double
shear connection, the maximum value for shear, P, is
determined by the equations:

P = Zthwm (30)
P=4q¢t,, (32)

2.4.2 Modes II-IV

For modes II-1V, considering conditions where

limiting or maximum moments act on the dowel
simplifies equation derivation (see Figure 2-7). In Case
B, maximum moment is based on dowel bearing. In
Case C, maximum moment is based on dowel bending.
Maximum moments for both cases occur at points of
zero shear. Parsons (2001) showed that for hollow cross
section members, the controlling load cases show that
all dowel yielding occurs in the wall next to the shear
plane, therefore only these cases are considered in this
document.
Maximum moment due to dowel bearing, shown in
Case B of Figure 2-7, represents a load condition where
the dowel is sufficiently large to prevent yielding of the
dowel (dowel bending). For calculation purposes, let q
define member bearing resistance (Ib/in.) (q = F.Dy), ty
define member wall thickness (in.), and let x represent
the location of zero shear (x = 2(t,,— a)).

The resulting maximum moment due to dowel
bearing, M,, equals qa’ + 2qav — qt,v. Recognizing that
a=t, — x/2 and x = P/q, and substituting, results in M,,
=P?%(4q) - P(t,, + v) + gt,,*> + gtV in the member.
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Subscripts s and m indicate side and main member
in the following equations for maximum moment due
to dowel bearing:

Single Shear:
P? 2

MbS = — _P(tW\‘ +v§‘)+q5‘t¥17§‘ —I—qi‘tw's‘)\v (33)
4q, S
P2

Mow = —— =P(t,,+v,)+ 460, + 4,1V, (39
4q,, ‘

Double Shear:

M, = i I (35)

bs 1 6qv 2 2 qs ws qs ws s

Maximum moment due to dowel bending is shown
in Case C of Figure 2-7. In this case, maximum moment
is limited to the moment provided by the dowel in
bending which is represented by a concentrated
moment acting at the point of zero shear (x = P/q).

15

Moment resistance of the dowel, assuming ideally
plastic behavior, is expressed in equations 8 and 9.

Following the method established in Section 2.2,
the maximum load, P, can be determined using the same
characteristic equations used for solid members
(equations 10 and 11).

Similar to solid members, yield modes II and III,,,
are not possible for double shear connections, as the
assumed symmetry of double shear connections does
not permit these modes to occur.

2.4.3 Mode Il

Yield Mode II models a connection limited by
dowel bearing in the side and main members. The
maximum induced moment was previously determined
(equations 33 and 34). Substituting My and My, into
the characteristic equation for M and M, results in the
following quadratic equation, expressed in terms of
known properties for dowel-bearing resistance (qs and qy,,),
dowel-bearing length (L; and L), and the gap between
members (g), and a single unknown variable, P.

Figure 2-7 General Conditions of Dowel Loading - Hollow Cross Section Members

Case A Case B Case C
M/’%
i s M [ M i el M

V1A ﬁf K/ﬁ

ﬁ & A vV \

a =
v v v
twj tw‘/ t,/ t/ t/ t,/
__\_(max ] X |— X ‘_
Vmax Vmax
Shear, V Shear, V 4 Shear, V ;lé
A
Moment, M Moment, M Moment, M
Mmax%-
2qtw =V gqx =V gx=V
qtw(2tw+V) = Mmax ga” + 2gav - qtwV = Mrmax Mmax = Myowes
Single Shear: (36)
(1
P 4_ + 4_ +P (tws +vs +g+twm +Vm)
q9, 4q,

- (qstfvs +qstwsvs +qmt5vm +qmtwmvm)=0
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16 EQUATION DERIVATION

2.4.4 Mode llim

Mode III, models a connection limited by dowel
bearing in the main member and dowel bending in the
side member. Dowel bending will occur in the member
wall closest to the shear plane. Substituting Mgs
(equation 8) and Mpm (equation 34) into the
characteristic equation (equations 10 and 11) for M; and
Mn results in the following quadratic equation
expressed in terms of known properties for dowel-
bearing resistance (qs and gm), dowel-bearing length
(Lm), dowel moment resistance (Mgs) and the gap
between members (g), and a single unknown variable,
P.

Single Shear:

Pz(é-i-é]-i- P(g+t,, +v,)

- (M stq o +q b v ) =0

2.4.5 Mode Il

Mode IIls models a connection limited by dowel
bearing in the side member(s) and dowel bending in the
main member. Substituting My, (equations 33 and 35)
and Mam (equation 9) into the characteristic equation for
M, and M, results in the following quadratic
equation(s) expressed in terms of known properties for
dowel-bearing resistance (qs and qm), dowel-bearing
length (Ls), dowel moment resistance (Mam) and the gap
between members (g), and a single unknown variable,
P.

(37

Single Shear:

p2[4+4j+ Pl +v,+g)

4q, 24, (38)
- (qvtvzvx + qutwsvs + Mdm) = 0
Double Shear:
2
1 1 P
£ [_+_J+ A (tws +vs + g)
4 \4q, 2q,) 2 (39)

B (qst\is tq,l,v, T Mdm) =0

2.4.6 Mode IV

Mode IV models a connection limited by dowel
bending in the main and side member(s). Substituting
My, and Mym (equations 8 and 9) into the characteristic
equations for M and My, yields the same quadratic

equations developed for solid sections (equations 17
and 18).

An alternative, energy based derivation, producing
the same results in different equation format, is
provided in Parsons (2001).

2.5 Single Shear Connection with

Two-Ply Side Members Loaded in One
Direction and One or Two-Ply Main
Members Loaded in the Opposite Direction

Following the approach for connections composed of
members having solid cross sections and equations for
connections composed of a combination of members
having solid and hollow cross sections, equations can
be developed for yield modes depicted in Tables 2-1
and 2-2.

Equations in Table 2-1 are applicable for dowel type
fastener connections where the main member is loaded
in one direction, and the two-ply side member is loaded
in the opposite direction. The equations in Table 2-1
assume that the two adjacent side members that make
up the two-ply side member are the same thickness, are
loaded in the direction opposite from the main member,
and are loaded through a common element, such as
sheathing or a connector, which allows the assumption
that the two side members move together with limited
slippage between them.

Equations in Table 2-2 are applicable for dowel type
fastener connections where the two-ply main member
is loaded in one direction, and the two-ply side member
is loaded in the opposite direction. The equations in
Table 2-2 assume that the two adjacent main members
that make up the two-ply main member are the same
thickness and the two adjacent side members that make
up the two-ply side member are the same thickness, the
two adjacent main members are loaded through a
common element, such as sheathing or a connector,
which allows the assumption that the two main
members move together with limited slippage between
them, and the two adjacent side members are loaded
through a common element, such as sheathing or a
connector, which allows the assumption that the two
side members move together with limited slippage
between them.

The provisions of Section 1.6 are based on the use of
equations in Tables 2-1 and 2-2 where the values of v,
and v, are set equal to zero.
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Table 2-1 General Dowel Equations for Solid Cross-Section Main Member Loaded in One

Direction and Two Adjacent Side Members Loaded in the Opposite Directionl

Yield D inti
1 Single Shear escription

Mode
L, P=qulm kEH
L Jj—
L Pt —
11—
_ —B+VBT—4AC
v PE———
1 1 L qml? -
I A=4qs+—4qm B = L51+vs+g+7m c=—qsL51(le+vs)—% %%»
N L =
1, A=—t— B =g+ =y Imim
29 4qn 9773 C=-M—= .

1 1 -
HIS A:4qs+m B =L51+U5+g C=_QSL51(L51+VS)_Mm @%
v A= 1 B = C=-M,—M -
S 2¢; 2qm -9 T —

ISee Section 1.8 for notation.
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Table 2-2 General Dowel Equations for Two Adjacent Main Members Loaded in One

Direction and Two Adjacent Side Members Loaded in the Opposite Direction?

Yield . Description
Mode Single Shear

-~

In P =qm(Lms + Lnz) |EE
]
=

—-—

]
-
=
]

IR P =qs(Lsy + Ls2) —
_ —B++VB?—4AC
1 A
1 B ¢ -
II A= 4q +W =Lg+vs+g+Llm = —qsLs1 (Ls1 + v5) E .
° " + Uy = qmlm (Lml + Um)

1 1 - E
I, A= +— B=Lpt+tv,+g C= —M; — quml(Lml + Um) E%

2qs 4qm
1 - Eﬁ}
101 A= +— B =Lyg+v,+g C =—qsLg;(Lsy +v5) — M,
4q; 2qp, E -

11 -
A= — B = C=-M,—M
v 24, Zam 7 s %”

ISee Section 1.8 for notation.
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PART 3. Example Problems

Example 3.1 Bolted Connection with Gap

Problem Statement: Determine the reference design
value, Z, for a wood-to-wood single shear bolted
connection. Compare values for gap distance, g, equal
to 0 in., % in., and %2 in. Connection end and edge
distances are assumed to be in accordance with
applicable NDS provisions.

Given: Both side and main member thicknesses are
1.5 in. Each connection uses a single 'z in. diameter
bolt (SAE J429 Grade 1).

Li=L,=1.5in.

D=0.51n.

Fy, = 45,000 psi

F. =4800 psi, F., =2550 psi

g=0,0.25, 0.5 in.

Bearing length, in. &

1
grain direction Psy/Ra, 1bs Z', Ibs
Main Side | I II 111, I, v
Gap distance, g =0 in.
1- Yoy 1- Yoy 900 900 414 550 550 663 414
1- Y 1- Y4 720 383 250 380 324 442 250
I - 72
1 X 383 383 176 289 289 387 176
1- V2, 1- 2,
Gap distance, g = % in.
1- Yoy 1- Yoy 900 900 370 482 482 576 370
1- Y 1- Y4 720 383 224 341 284 393 224
I - /2]
1 X 383 383 157 258 258 349 157
1- V21 1- 2,
Gap distance, g =" in.
1- Yoy 1- Yoy 900 900 333 426 426 501 333
1- Y 1- Y4 720 383 202 307 250 350 202
I - /21
1 X 383 383 142 231 231 315 142
1- V21 1- 2,

!Connection values have not been adjusted for end use conditions such as load duration, wet service, and temperature. Z is the
minimum of Ps.,/Ry for each yield mode. The controlling yield mode value is underlined.

Example 3.2 Lag Screw Connection

Problem Statement: Determine the reference design
value for a wood-to-wood single shear lag screw
connection. Compare values for different connection
conditions described in Cases 1-4. The main member
is loaded parallel to grain for all cases. Connection end
and edge distances are assumed to be in accordance
with applicable NDS provisions.

Note: This example illustrates the application of TRI2
equations to account for varying bearing and moment
resistances of lag screws in a wood-to-wood
connection. A similar approach can be applied to
other threaded fasteners such as bolts and wood

screws by accounting for specific attributes (diameter,
root diameter, dowel bending strength) of those
fastener types.

Given Data:
Parallel and perpendicular to grain dowel bearing
strengths:

Fejl = 5600 psi, Fe | = 3650 psi
Fyo = 45,000 psi

1.5in.

Ls
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20 EXAMPLE PROBLEMS

Ly, = 3in.
D = 0.375in,,
D, = 0.265 in.
g =0in.

Case 1 (Figure 3-2A): Moment resistance, side
member bearing, and main member bearing are based
on fastener root diameter, D,. Note: These are the
assumptions used to develop the NDS tabular values.
Side Member:

qS = FCSDT

3

Fber

M, =
6

Main Member:
qm = FemDr
FvbDf
"6
Case 2 (Figure 3-2B): Moment resistance and side
member bearing are based on fastener root diameter,
D,. Bearing resistance in the main member is based on
D.
Side Member:
qs = FesD;
3
Fber

M, =
6

Main Member:
qm = FemD

3

_ Fber

M m
6

Case 3 (Figure 3-2C): Moment resistance is based on
fastener root diameter, D,, and bearing resistance is
based on D.
Side Member:
qS = FesD
3
Fber

M, =
6

Main Member:
qm = FemD
3
— Fber
" 6
Case 4 (Figure 3-2D): Fastener moment resistance
and bearing resistance are based on diameter, D (e.g.
connection with unthreaded shank extending deep into
the main member). Additional calculations will

determine the required length of unthreaded shank
penetration into the main member.

Note: Where unthreaded shank penetration into the
main member is not adequate to enable development
of the moment resistance of the fastener based on
diameter D, the fastener rood diameter, D,, is the
appropriate diameter for calculation of fastener
moment resistance in the main member.
Side Member:

gs =FD

3

EuD”

M, =
6

Main Member:
qm = FemD
3
_ Fbe

Mm
6
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Figure 3-2 Wood-to-wood single shear lag screw comparison of different diameter and thread
location conditions.

Reduced
Reduced body bgdy
. diameter lag
diameter lag
screw, D,
screw, D,
(A) Case 1 (B) Case 2
il
F}lll body Full body
diameter lag diameter lag
screw, D screw, D (shear
(shear plane plane cuts
cuts threads) shank)
(C) Case 3 (D) Case 4
Bearil.lg le‘ngth‘, in. 71, Ibs
& grain direction Pso,/Rg, Ibs
Side | I 11 I, 111 v
Case 1 (NDS Tabular Basis)?
1- 2y 1113 557 420 478 260 201 201
1- Y2, 890 290 304 353 153 143 143
Case 2
1- Y2 1575 557 548 629 275 218 218
1- Y2, 1260 290 400 457 160 152 152
Case 3
1- ¥4 1575 788 595 671 357 239 239
1- Y2, 1260 411 431 495 207 170 170
Case 4
1- Y 1575 788 595 697 406 403 403
1- Y%, 1260 411 431 513 249 286 286

!Connection values have not been adjusted for end use conditions such as load duration, wet service, and temperature. Z is the
minimum of Pso,/Ry for each yield mode. The controlling yield mode value is underlined.

2Case | represents assumptions used to develop NDS tabular values. Since the NDS equations utilize only a single diameter in
calculation of reference design value, the least diameter (e.g. D,) is conservatively used to estimate moment and bearing resistances.
In this example, Cases 2-4 demonstrate that more efficient designs can be achieved by considering the varying moment and bearing
resistances of the fastener in lieu of the least diameter assumption.
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Example 3.3 Lag Screw Penetration

Problem Statement: Determine the minimum
required length of shank penetration in the main
member to ensure that fastener moment resistance in
the main member is limited by diameter, D, of the
shank rather than root diameter, D,, at the threads.
Connection end and edge distances are assumed to be
in accordance with applicable NDS provisions.

Note: This example utilizes a lag screw connection to
illustrate an approach for determining minimum
required length of shank penetration to ensure
fastener moment resistance in the main member is
limited by diameter, D. A similar approach can be
applied to other threaded fasteners such as bolts and
wood screws by accounting for specific dimensions
(diameter, root diameter, dowel bending strength) of
those fasteners.

Given: The 3/8" diameter lag screw connection in
Figure 3.3A has a reference design value of 403 lbs
(Mode 1V) based on diameter, D (see Case 4 of
Example 3.2).
P = (Reference design value)(Ry)
= (403 1bs)(3.2) = 1289.6 lbs

qm = FemD
= (5600psi)(0.375 in.) = 2100 Ib/in.

Fastener moment resistance at shank:
F...D’ .

D= "% =3955 in.-lbs
Fastener moment resistance at root:

3
D, = FosDr — 1396 in.-Ibs
5

Solution:

The basic dowel loading condition for Mode IV is
shown in Figure 3.3B. Since the reference value is
based on Mode IV yield, the maximum moment is
equal to the moment resistance of the dowel (e.g. Max
= 395.5 in.-lbs based on the moment resistance
provided by shank diameter, D). Zero shear and
maximum moment occur at distance, X, from the
shear plane:

P 1289.6

=0.611n.

X, =
q, 2100

To estimate moment beyond x,, an alternate loading
condition can be constructed for the dowel as shown in
Figure 3.3C. The length of bearing needed to develop
the maximum moment is calculated as:

M\ (3955
2q =2 Amx | _ 2(—) —0.87in.
q, 2100

The fastener moment diagram in the main member
from 0 < x; < 2a can be constructed from the alternate
load condition in Figure 2.3C.

For0<x;<a:
.2
M:Mmax_qm 1
2

Substituting M,cqueed for M, distance x; from the point
of maximum moment to the point of reduced moment
can be calculated as:

0.5
_ [2(1 4max 4 4reduced)]
Xl = q

Distance x, from the shear plane to the point of
reduced moment can be calculated as:

0.5
xz — i + [ 2’(Mmax — Mreduced) J
G G

Fora<x; <2a

2
M:Mmax_ﬂ_ Qma_qmXI xl
2 2

Substituting M cquced for M, distance x; from the point
of maximum moment to the point of reduced moment
can be calculated as:

M, i)
x] — Za _( reduced}
4,

Distance x, from the shear plane to the point of
reduced moment can be calculated as:

0.5
P 2M .,
xz :_+2a_[ Ieduwdj
qm qm

Minimum penetration length

The value of M, qyceq 18 taken as 139.6 in.-Ibs which
equals the moment resistance at the root diameter, D.,.
For M equeed = 139.6 in.-1bs, a < x; <2a and the
minimum required shank penetration, x,, equals 1.12
in.
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Figure 3-3A Figure 3-3C

D =3/8” (full body

/_ diameter lag screw) I
( + P I)_ —
87 P M
¥ I
x |laa
ix 2 -~
Shear plane
p—
— X7
Shear, V I [y
mec’ Ny
Figure 3'3B H | \i reduced
Moment, M !
dm !
4k X :
M x M,
%
Shear plane
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24 EXAMPLE PROBLEMS

Example 3.4 Steel Side Member to Wood
Main Member - Tapered Tip Effects

Problem Statement: Compare reference design
values, Z, for a single shear nail connection at 12D,
10D, 8D, 6D, and 4D penetrations. Connection end and
edge distances are assumed to be in accordance with
applicable NDS provisions.
For “EYM tip derivation” case:

Lu=p
Use tapered tip equations 24 through 29

For “NDS” case:
Ln=p—ER2

Use general dowel equations in Table 1-1

Given: Dowel bearing strength is 4700 psi. Side
member is 16 gage ASTM A653, Grade 33 steel. Nail
diameter is 0.131" and is of adequate length to
accommodate the given penetrations. Tapered tip
length, E, is equal to 2D. Main member is loaded
parallel to grain.

Ls =0.06 in.

D =0.131in.

E =0.262 in.
Fem = 4700 psi

Fes = 61,850 psi
Fy = 100,000 psi
g=0in.

EYM Tip derivation NDS (L, =p-E/2)
Penetration Z! Controlling Z! Controlling
Depth (p) (Ibs) Mode (Ibs) Mode
12D (1.57") 97 11 97 11,
10D (1.31") 97 I 97 I,
8D (1.05") 97 97 I
6D (0.79") 79 78 I

IConnection values have not been adjusted for end use conditions such as load duration, wet service, and temperature. Z is the

minimum of Ps.,/Ry for each yield mode.

AMERICAN WOOD COUNCIL



TECHNICAL REPORT NO. 12 25

Example 3.5 Bolted Connection through Given: Main member is an HSS 3x3xYi, side members

Solid and Hollow Members - Double Shear are 1.5" thick. A single 4" diameter SAE J429 Grade 1
bolt is used to make the connection.

Problem Statement: Using equation in Table 1-3,

determine the reference design value, Z, for a double tym = 0.233 in.
shear bolted connection with a hollow section main
member and solid cross section side members shown Vi =2.534 in.
in Figure 3.5. Connection end and edge distances are L. =15in
assumed to be in accordance with applicable NDS S T
provisions. D =0.5in.
Fern = 87,000 psi
Figure 3-5 Fes = 4800 psi
Fyp = 45,000 psi
g=0in.
Solid Solid
Section Section
= FewD = 87,000 psi(0.5 in.) = 43,500 1b/in.
; gs= FD =4800 psi(0.5 in.) = 2400 1b/in.
o 3 . . \3
d M, =M, = BD _ 45,000psi(0.5in.) _ 93755 1
6 6
PS%/Rd’ Ibs Zl, Ibs
HSS 3x3x/
Im Is IIIS IV
5068 1800 1413 1825 1413
IConnection values have not been adjusted for end use conditions such
as load duration, wet service, and temperature. Z is the minimum of
Pso,/R4 for each yield mode. The controlling yield mode value is
15" ¥ 2.534" o 1.5"— underlined.
L0233 L 0.233"
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Example 3.6 Double Bottom Plate to Given: Side members are two 2x4s, main member is 6
Foundation in. thick concrete. Connection is made with 7/8 in.
diameter full-body bolt, with a length of 10 in., and
Problem Statement: Calculate the reference design threads do not extend into the maximum moment area
value, Z, for a double bottom plate bolted to a concrete of the bolt in the side member(s).
foundation. Use equations in Table 1-4 assuming
double side members fastened to a solid main member Lnm=61n.
as shown in Figure 3.6. Connection edge and end Lsi=1.51n.
distances are assumed to be in accordance with the Lo=1.51n.
applicable NDS provisions. D =7/8 in.
Fes = 5600 psi
Figure 3-6 Fem = 7500 psi

Fy» = 45000 psi

Bearing length,

1
in. Ps./Ry, Ibs Z', 1bs
Main  Side(s) In I I I I, v
6 2 % I- 9844 3675 3469 4128 122 2346 2122

! Connection values have not been adjusted for end use conditions such as load duration, wet service, and temperature. Z is the
minimum of Pse,R4 for each yield mode. The controlling yield mode is underlined.
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Example 3.7 Double Stud to Double Stud Given: Main members are two 2x4s, side members are
two 2x4s. Connection is with No.14 rolled thread

Problem Statement: Calculate the reference design SCrews.

value, Z, for a common member connection with

double studs attached to double studs. Use equations D =0.242 in.

in Table 1-5 assuming double main members fastened D;=0.196 in.

to double side members as shown in Figure 3.7. Ly =1.51n.

Connection edge and end distances are assumed to be Ly =1.51n.

in accordance with the applicable NDS provisions. Ds=0.196 in.
Lni=1.51n.

Figure 3-7 Lnx=1.51n.

D =0.196 in.

Fyp = 70000 psi
Fem = Fes = 4650 psi

| g=0in.
Bearing length, in. Ps+./Rq, 1bs Z', Ibs
Main(s)  Side(s) In I 1 L 1, v
2%1- 2%1_ 1111 1111 460 382 382 163 163

! Connection values have not been adjusted for end use conditions such as load duration, wet service, and temperature. Z is the
minimum of Pse,/R4 for each yield mode. The controlling yield mode is underlined.
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Appendix A. Dowel Bearing Strength and Fastener Bending

Yield Strength

A.1 Introduction

This Appendix provides dowel bearing strengths,
F., and fastener bending yield strengths, F,,, for use in
calculation of reference lateral design values, Z, using
Technical Report 12 (TR12) General Dowel Equations for
Calculating Lateral Connection Values. Dowel bearing
strengths and fastener bending yield strengths provided
herein are identical to values established in the National
Design Specification® (NDS®) for Wood Construction for
materials included in connection design value tables [1].
Additional information on dowel bearing strengths and
fastener bending yield strengths is provided including in-
formation on dowel bearing strengths of aluminum and
stainless steel, and bending yield strengths for stainless
steel nails.

A.2 Notation

D = dowel diameter, in.

f'. = specified concrete compressive strength, psi

F. = dowel bearing strength, psi

F, = dowel bearing strength parallel to grain in wood, psi

F.. = dowel bearing strength perpendicular to grain in
wood, psi

F. = tensile ultimate strength, psi

F, = specified minimum tensile strength, psi

F, = specified minimum tensile yield strength, psi

F,, = dowel bending yield strength of fastener, psi

G = specific gravity of wood (oven dry weight and
oven dry volume)

G, = test-based equivalent specific gravity of structural
composite lumber

t  =thickness, in.

Z  =reference lateral design value for a single fastener
connection, 1b.

7' = adjusted lateral design value for a single fastener

connection, Ib.

A.3 Dowel Bearing Strength

Dowel bearing strengths, F,, for wood, steel, alumi-
num, and concrete used in calculation of lateral connection
design values, Z, are summarized in Table Al.

For wood, dowel bearing strengths are determined
from dowel bearing tests in accordance with methods
outlined in ASTM D5764 Standard Test Method for
Evaluating Dowel-Bearing Strength of Wood and Wood-
Based Products [2, 3]. These tests are used to define the
specific gravity-based relationships for wood members in
Table A1. Dowel bearing strengths for structural compos-
ite lumber are specific to each manufacturer’s product and
are typically reported on the basis of an equivalent specif-
ic gravity, G, using equivalency methods described in
ASTM D5456 Standard Specification for Evaluation of
Structural Composite Lumber Products [4]. The bearing
strength and associated equivalent specific gravity may
vary by product grade, fastener type, diameter, and ori-
entation. The equivalent specific gravities are generally
not equivalent or correlated to the actual product density.

For wood structural panels, a value of specific grav-
ity, G, is provided that establishes the appropriate F, for
use in calculating lateral connection design values, Z, but
generally does not represent the actual product density.
For example, the specific gravity applicable for deter-
mination of F, for wood structural panels, plywood and
oriented strand board (OSB), with D < Y4 inch is based on
results of dowel bearing strength tests. A value of specific
gravity is derived from testing to establish the appropri-
ate bearing strength when used in the applicable bearing
strength equation [5]. For plywood used in bolted joints,
where fastener diameter is greater than % inch, the use
of dowel bearing strength of 5600 psi regardless of ply-
wood species and direction of face grain has been shown
to result in conservative design values when compared to
the tested strength of bolted plywood joints [6].

An illustration of a typical half-hole dowel bearing
test specimen used to determine dowel bearing strength
of a wood specimen is shown in Figure Al.
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Figure Al. Dowel Bearing Strength Test Specimen

a) Dowel bearing strength half-hole specimen, and b) illustration of 5% diameter offset yield limit state for dowel

bearing strength.

v
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For steel designed in accordance with AISC-360
Specification for Structural Steel Buildings, the nomi-
nal bearing strength is 2.4F, when deformation at the
bolt hole is a design consideration [7]. The result-
ing nominal bearing stress is 139 ksi for ASTM A36
steel with F, = 58 ksi [8]. In the NDS, tabulated design
values for wood-to-steel connections using these steel
bearing stresses are divided by 1.6, providing a dowel
bearing strength, F., of 87,000 psi. While the 1.6 factor
is intended to permit use of load duration increases for
calculation of the adjusted lateral design value, Z', per
the NDS, it is not intended to supersede requirements
for design of metal parts in accordance with accepted
engineering practice (see NDS 10.2.3).

For steel designed in accordance with AISI S100
North American Specification for the Design of Cold-
Formed Steel Structural Members, the nominal bearing
stress is determined by the expression (4.64t + 1.53)F,,
which is applicable where deformation around a bolt
hole is a design consideration [9]. The resulting ASTM
A653 [10] nominal bearing stress for steel with F, = 45
ksi ranges from 76 ksi to 119 ksi for thicknesses rang-
ing from 0.036 to 0.239 inches, respectively. In the NDS,
tabulated design values for wood-to-steel connections are
based on 2.2F, divided by 1.6, providing a dowel bearing
strength, F., of 61,850 psi. The use of 2.2F, for the range
of steel thicknesses addressed in NDS wood-to-steel
connection design value tables for ASTM A653 steel is
based on bearing stress provisions in prior editions of
AISI S100 in lieu of more recent AISI S100 provisions
that adjust bearing stress based on steel thickness.

This bearing strength derivation approach for steel,
which includes dividing the nominal bearing stress for

Yield =

Proportional Limit =

5% of diameter

Load (Ibs.)

Deformation (in.)

steel by 1.6 when calculating the lateral connection design
value, Z, is intended to apply to steel of other thicknesses,
with other specified minimum tensile strengths, and that
vary from ASTM A36 and ASTM A653 steel, for which
steel design standards are applicable.

For stainless steel [11,12] designed in accordance
with AISC Design Guide 27 Structural Stainless Steel
for hot-rolled structural stainless steel, the nominal bear-
ing strength is limited to maximum value of 1.25F, when
deformation at the bolt hole is a design consideration
[13]. Dividing this bearing stress value by 1.6 for consis-
tency with the bearing strength approach for carbon steel,
provides a dowel bearing strength, F., of 1.25F /1.6. For
cold-formed structural stainless steel designed in accor-
dance with SEI/ASCE 8-02 Specification for the Design
of Cold-Formed Stainless Steel Structural Members, the
nominal bearing strength for single shear connections
with a washer under the bolt head and nut is 2.0F, [14].
Dividing this bearing stress value by 1.6 for consistency
with the bearing strength approach for carbon steel, pro-
vides a dowel bearing strength, F., of 2.0F,/1.6.

For bolts bearing on aluminum designed in ac-
cordance with ADM-1 Aluminum Design Manual, the
nominal bearing stress on bolts is 2F,, [15]. Dividing this
bearing stress value by 1.6 for consistency with the bear-
ing strength approach for steel, provides a dowel bearing
strength, F., of 2F,,/1.6.

Theoretical modeling of dowel bearing strength of
concrete and dowel bearing tests in concrete with maxi-
mum ', = 2700 psi are the basis of the relationship 3f’,
representing the approximate 5% offset limit state value
for concrete dowel bearing strength [16, 17]. Information
on design of dowels in concrete pavements suggests
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dowel bearing strength of concrete in this range, and
also dependence on dowel diameter with larger bearing
strengths associated with dowels of smaller diameter
[18]. For the design of wood-to-concrete connections, a
concrete dowel bearing strength of 7500 psi is considered
applicable for concrete with a minimum compressive
strength of 2500 psi. The use of a dowel bearing strength
of concrete for calculation of lateral connection design
values, Z, is not intended to supersede requirements for

design of concrete or anchors in concrete in accordance
with accepted practice [19] (see NDS 10.2.4).

NDS reference values of dowel bearing strength,
F., in Table Al and in NDS Table 12.3.3 are rounded
values and are generally associated with smaller and
larger values than would result from the direct use of
the equations. The rounded values of F, are used to cal-
culate the lateral connection design values, Z, tabulated
in the NDS.

Table Al. Dowel Bearing Strength, F,

NDS Dowel

Nominal Bearing Strength, NDS Reference
Material Bearing Stress F,, Equation (psi)  Value, F, (psi)
Wood members® (for D > Y4'"")
Parallel to grain (F) 11200 G NDS Table 12.3.3
Perpendicular to grain (F.,) 6100 G!4/D03 NDS Table 12.3.3
Wood members® (D < %)
Parallel and perpendicular to grain (F.) 16600 G'84 NDS Table 12.3.3
Wood Structural Panels
Plywood (for D <)

Structural 1, Marine (G= 0.5) 16600 G154 4650

Other Grades (G = 042) o ' 16600 G'84 3350

(Note: 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

corresponding dowel bearing strength may be used, or the weighted average

may be used for mixed species.)

Plywood (for D > %4")

All Grades (G =0.5) 11200 G 5600
Oriented Strand Board (for D < %4"")

All Grades (G =0.5) 16600 G'# 4650
Concrete! (f'. = 2500 psi) 3f7, 7500
Steel?

ASTM A36 (F, =58 ksi, t > 4") 2.4F, 2.4F /1.6 87,000
ASTM A653 (F, =45 ksi, t <0.239") (4.64t+ 1.53) F, 2.2F /1.6 61,850
Stainless Steel?

ASTM A240 (hot-rolled, t > %4") 1.25F, 1.25F,/1.6

ASTM A240 (cold-formed) 2.0F, 20F/1.6

ASTM A240 specified F,

Type 304:  F,=75ksi -

Type 304L: F,=70 ksi -

Type 316:  F,=75ksi -

Type 316L: F,=70 ksi -
Aluminum? 2F,, 2F./1.6 -

! Design of concrete parts shall also be in accordance with accepted practices (see NDS 10.2.4). For f', values greater than or equal to 2500 psi,

the dowel bearing strength, F., is limited to 7500 psi.

2 Design of metal parts shall also be in accordance with applicable metal design procedures (see NDS 10.2.3).
* For structural composite lumber, an equivalent specific gravity, G.,,, is used to derive the dowel bearing strength instead of the actual product

specific gravity, G.
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A.4 Dowel Bending Yield Strength

Dowel bending yield strengths, F,, for bolts, lag
screws, wood screws, and nails for use in calculation
of reference lateral design values, Z, are summarized in
Table A2.

For nails and small-diameter wood screws and lags
screws, the value of F, increases with reduced diameter
and depends on the hardness of the steel. The empiri-
cal relationships are based on testing of carbon steel
nails in accordance with procedures outlined in ASTM

F1575 Standard Test Method for Determining Bending
Yield Moment of Nails for determination of the 5% offset
limit state value [20, 21]. A typical fastener bending test
specimen is shown in Figure A2. Stainless steel nails
have been shown to display similar bending strength to
comparably sized carbon steel fasteners [22]. For either
carbon steel nails or stainless steel nails, bending yield
values are evaluated in accordance with supplementary
requirements of ASTM F1667 Standard Specification for
Driven Fasteners: Nails, Spikes, and Staples for engi-
neered construction [23].

Figure A2. Dowel Bending Strength

a) Nail bending specimen, and b) illustration of 5% diameter offset yield limit state for bending yield strength.

For bolts and lag screws with diameter of ¥ inch
and greater, F,, = 45 ksi is associated with the equation
Fy, = F,/2 + F,/2 for bolts having F, = 36 ksi and F, =
60 ksi. This bending yield strength equation applies for
steel fasteners for which steel design standards are ap-
plicable, including both carbon steel and stainless steel
[24, 25, 26].

Yield =

Proportional =
Limit

5% of diameter

Load (Ibs.)

Deformation (in.)

NDS reference values of fastener bending yield
strength, F,, in Table A2 are rounded values. The rounded
values of Fy;, are used to calculate lateral connection design
values, Z, tabulated in the NDS. In some cases, such as
for nails of 0.344 to 0.375 inches in diameter as well as
hardened nails greater than 0.192 inch, the equations pro-
duce slightly greater values of F, than used as the basis of
lateral connection design values, Z, tabulated in the NDS.
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Table A2. Dowel Bending Yield Strength, F,

NDS Dowel Bending Yield NDS Reference
Fastener Strength, F;,, Equation (psi) Value, F,, (psi)
Bolt, lag screw (with D > 34"), drift pin
SAE J429 Grade 1:  F, =36 ksi, F, = 60 ksi F,/2+F,/2 45,000
ASTM A320, Class 1, Type B8 and B&8M:
Stainless Steel S30400: F,=30ksi, F, =75 ksi -
Stainless Steel S30403: F, =25 ksi, F, = 70 ksi -
Stainless Steel S31600: F,=30ksi, F, =75 ksi -
Stainless Steel S31603: F, =25 ksi, F, =70 ksi -
Common, box, or sinker nail, spike, lag screw, wood screw
(low to medium carbon steel) 130,400 — 213,900D
0.099" <D <0.142" 100,000
0.142" <D <0.177" 90,000
0.177" <D <0.236" 80,000
0.236" <D <0.273" 70,000
0.273" <D <0.344" 60,000
0.344" <D <0.375" 45,000
Hardened steel nail (medium carbon steel) including post- 169,500 — 278,000D
frame ring shank nails
0.120" <D <0.142" 130,000
0.142" <D <0.192" 115,000
0.192" <D <0.207" 100,000
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