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1 Purpose and scope

1.1 This Engineering Practice is a consensus document for the analysis
and design of metal-clad wood-frame buildings using roof and ceiling
diaphragms, alone or in combination. The roof (and ceiling) diaphragms,
endwalls, intermediate shearwalls, and building frames are the main
structural elements of a structural system used to efficiently resist the
design lateral (wind) loads. This Engineering Practice gives acceptable
methods for analyzing and designing the elements of the diaphragm
system.

1.2 The provisions of this Engineering Practice are limited to the
analysis of single-story buildings of rectangular shape.

2 Normative references

The following standards contain provisions which, through reference in
this text, constitute provisions of this Engineering Practice. At the time of
publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this Engineering Practice
are encouraged to investigate the possibility of applying the most recent
editions of the standards indicated below. Standards organizations
maintain registers of currently valid standards.

AF&PA (American Forest & Paper Association) (1991), National Design
Specification® (NDS®) for Wood Construction. (AF&PA. Washington,
D.C)

ASAE EP486 DEC97, Post and Pole Foundation Design

ASAE EP558 DEC98, Load Tests for Metal-Clad, Wood Frame
Diaphragms

3 Definitions (see figures 1 and 2)

3.1 diaphragm: A structural assembly of metal cladding, including the
wood or wood product framing, metal cladding, fasteners and fastening
patterns, capable of transferring in-plane shear forces through the
cladding and framing members.

3.2 diaphragm design:  Design of roof (and ceiling) diaphragm(s),
sidewall posts, endwalls, shearwalls, component connections, chord
splices, and foundation anchorages, for the purpose of transferring lateral
(e.g., wind) loads to the foundation structure.

3.3 Diaphragm dimensions

3.3.1 diaphragm length, d: Length of a building diaphragm in the plane
of the diaphragm.

3.3.2 diaphragm span, bj,:
having length, d.

3.3.3 diaphragm width, s:
frames; see also 3.10.

3.3.4 model diaphragm length, b: Length of a model diaphragm as
measured parallel to the direction of applied load.

3.3.5 model diaphragm width, a Length of a model diaphragm as
measured perpendicular to the direction of applied load.

Horizontal span of a building diaphragm

Distance between individual building

3.4 diaphragm fasteners:  The various fasteners and fastener patterns
used to connect the several components of the endwalls, shearwalls, and
diaphragms. These include fasteners between cladding and purlins,
between cladding and endwall girts, between diaphragm framing
members, and between individual sheets of cladding (stitch fasteners).

3.5 Diaphragm shear stiffness

35.1 model diaphragm shear stiffness, c¢: The in-plane shear
stiffness of a model diaphragm. Defined as the slope of the shear load-
deflection curve between zero load and the load corresponding to the
diaphragm allowable shear strength.

3.5.2 in-plane shear stiffness, ¢, The in-plane shear stiffness of an
individual roof or ceiling diaphragm.

3.5.3 horizontal shear stiffness, c¢,: The horizontal shear stiffness of
an individual roof or ceiling diaphragm. It is obtained by adjusting
diaphragm in-plane shear stiffness, c,, for slope.

3.5.4 total horizontal diaphragm shear stiffness, ~ Cj,: The horizontal
shear stiffness of the roof and ceiling assembly is calculated by summing
the horizontal shear stiffness values of individual roof and ceiling
diaphragms. Alternatively, this stiffness can be obtained from full-scale
building tests.

3.6 diaphragm shear strength, V,: The allowable design shear
strength (see ASAE EP558) of a diaphragm in the plane of the cladding.
3.7 eave load, R: A concentrated (point) load, horizontally acting, that
is located at the eave of each frame, and results in a horizontal eave
displacement identical to that caused by application of the controlling
combination of design loads. R is numerically equal to the horizontal
force required to prevent horizontal translation of the eave when the
controlling combination of design loads is applied to the frame.

3.8 endwall and shearwall stiffness, k,: The ratio of a horizontal
force applied at the eave to the corresponding deflection of an individual
unattached wall. A wall is unattached when it is not connected to
components that lie outside the plane of the wall.

3.9 frame stiffness, k: The ratio of a horizontal force applied at the
eave to the corresponding deflection of the individual unclad post-frames.
3.10 frame spacing, s: The distance between frames. In the absence
of stiff frames that resist lateral loads, the frame spacing is generally
equated to the distance between adjacent trusses (or rafters) or to the
model diaphragm width. Frame spacing defines the width (and therefore
stiffness properties) of roof/ceiling diaphragm sections. Frame spacing
may vary within a building.

3.11 metal cladding: ~ The metal exterior and interior coverings, usually
cold-formed aluminum or steel sheet, fastened to the wood framing.
3.12 model diaphragm: A laboratory tested diaphragm or a diaphragm
analyzed using a validated structural model that is used to predict the
behavior of a building diaphragm. Laboratory tested diaphragms should
be sized, constructed, supported and tested in accordance with ASAE
EP558.

3.13 post frame: A structural building frame consisting of a wood roof
truss or rafters connected to vertical timber columns, or sidewall posts.
3.14 sidesway restraining force, Q: The total force applied to a frame
by the roof/ceiling diaphragm.

3.15 shear transfer:  The transfer of the resultant shear forces between
individual sheets of cladding, between the ends of roof/ceiling
diaphragms and frames and shearwalls, or between the bottom of the
shearwalls and the base of the posts or foundation.
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Figure 1 — Definition sketch for terminology

3.16 shearwall:  An endwall or intermediate wall designed to transfer
shear from the roof/ceiling diaphragm into the foundation structure.

3.17 wood frame: A structural building frame consisting of wood or
wood-based materials. Wood trusses over studwalls and post and beam
are examples of wood frames.

4 Diaphragm stiffness

4.1 General provisions. This section outlines procedures for
determining the total horizontal shear stiffness, C,, of a width, s, of the
roof/ceiling assembly. This stiffness is defined as the horizontal load
required to cause a unit shift (in a direction parallel to the trusses/rafters)
of the roof/ceiling assembly over a spacing, s (figure 1). This stiffness
can be obtained directly from full scale building tests (Gebremedhin et
al., 1992), validated structural models, or using procedures outlined in
clause 4.2.

4.2 Total horizontal shear stiffness, C,. The total horizontal
diaphragm shear stiffness, C,,, for the frame spacing, s, of the roof/
ceiling assembly is defined as:

n
Ch=21 Chi 1)
=
where:
Cpi Is horizontal shear stiffness of diaphragm /i with

a width, s, from clause 4.3, N'mm (Ibf/in.);
number of individual roof and ceiling diaphragms
in the roof/ceiling assembly (figure 2).

When the frame spacing, s, or roof/ceiling diaphragm construction varies
along the length of a building, C, may vary, and the building requires
special analysis (see clause 7.3).

4.2.1 Excluding diaphragms.  Diaphragm analyses may be simplified
by excluding from an analysis any diaphragm that is considerably less
stiff than others in the roof/ceiling system. For example, where a ceiling
diaphragm is much stiffer than the roof diaphragm(s), the stiffness of the
roof diaphragm(s) may be excluded from total stiffness calculations (i.e.,
equation 1). Nonstructural diaphragms that are framed or attached to a
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structural frame and/or structural diaphragm in a manner that requires
the nonstructural diaphragm to translate with the structural frame and/or
structural diaphragm should not be excluded from the analysis. A
nonstructural diaphragm that is relatively stiff is likely to attract more load
than it can safely support.

4.3 Horizontal shear stiffness of an individual diaphragm, Cpj. The
horizontal shear stiffness of an individual diaphragm can be calculated
from the diaphragm’s in-plane shear stiffness (equation 2) or from the
in-plane stiffness of a model diaphragm (equation 3). Model diaphragms
used to predict the horizontal stiffness of a building diaphragm shall be
functionally equivalent to the building diaphragm. ASAE EP558 gives
laboratory test procedures for obtaining model diaphragm shear stiffness.

Chi =Cp,i(c0S°O)) @

Ch,i = G(c0sO;)(by,;/s) @)
where:

cp; i horizontal shear stiffness of diaphragm i with width, s,

and horizontal span by, ;, N/'mm (Ibf/in.);
in-plane shear stiffness of diaphragm i with width, s,
and horizontal span by, ;, N/'mm (Ibf/in.);

®; is slope from the horizontal of diaphragm i;
G is c(alb), effective shear modulus;
bp; 18 horizontal span of diaphragm / as measured parallel to

trusses/rafters, m (ft);

S is  frame spacing, m (ft);

c is in-plane shear stiffness of the model diaphragm, N/mm
(Ibffin.);

a is  length of the model diaphragm as measured perpen-
dicular to the direction of applied load, m (ft);

b is  depth of the model diaphragm as measured parallel to

the direction of applied load, m (ft).
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5 Frame, endwall, and shearwall stiffness

5.1 General provisions. Frames, endwalls, and intermediate
shearwalls transfer roof/ceiling loads to the foundation. The amount of
load that a frame, endwall, or shearwall attracts is dependent upon its
in-plane stiffness.

5.2 Frame stiffness, k. A horizontal force, P, applied at the eave of a
building frame will result in a horizontal displacement of the eave, A (fig.
3). The ratio of the force P to the horizontal displacement A is defined
as the horizontal frame stiffness, k. Frame stiffness is generally obtained
with a plane-frame structural analysis program, e.g., PPSA (Purdue
Research Foundation, 1993), METCLAD (Gebremedhin, 1987h), and
SOLVER (Gebremedhin, 1987a). Frame stiffness is equal to zero when
all posts in the frame are pin connected to both the truss and the
base/foundation.

5.2.1 Frame stiffness can be calculated using equation 4 when: (1)
trusses/rafters are assumed to be pin-connected to the posts, and (2) the
base of each post is assumed fixed.

n
k:321 (Eil)/H (4
=
where:
k is  frame stiffness, N/mm (Ibf/in.);

n is  number of posts in the post-frame (normally 2);

E; is modulus of elasticity of post i, Nimm? (Ibffin.2);

I; is  moment of inertia of post i, mm* (in.);

H; is distance from base to pin connection of post i, mm (in.).
5.3 Endwall and shearwall stiffness, k.. Endwall and shearwall
stiffness, like frame stiffness, is defined as the ratio of a horizontal force,
P, applied at the eave of the wall, to the resulting horizontal eave
displacement, A. Endwall and shearwall stiffness can be obtained
directly from full scale building tests (Gebremedhin et al, 1992), validated
structural models, or from tests of functionally equivalent assemblies
(Gebremedhin and Jorgensen, 1993). ASAE EP558 gives laboratory test
procedures that can be used to determine the stiffness of functionally
equivalent walls.
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6 Eave loads

6.1 General provisions. In diaphragm analysis, building loads are
replaced by an equivalent set of horizontally acting, concentrated (ie,
point) loads. These loads are located at the eave of each frame, endwall,
and shearwall (ie, they are spaced a distance, s, apart), and therefore
are referred to as eave loads. Eave loads and applied building loads are
equivalent when they horizontally displace the eave an equal amount.

6.2 Eave loads, R, by plane-frame structural analysis. A horizontal
restraint (vertical roller) is placed at the eave line as shown in figure 4
and the structural analog is analyzed with all external loads in place. The
horizontal reaction at the vertical roller support is numerically equal to the
eave load, R. Note that the vertical roller should always be placed at the
same location that horizontal load P was placed when determining frame
stiffness (clause 5.2).

6.3 Eave load calculation using frame base fixity factors. Eave
loads resulting from wind loads can be estimated using equation 5.

R:S(hquwr_ hqulr+ hwwquww_ h/wflqlw) (5)
where:
R is eave load, N (Ib);

frame spacing for interior frames and shearwalls,
m (o)
is one-half the frame spacing for endwalls, m (ft);

hy, s windward roof height, m (ft);

h, is leeward roof height, m (ft);

hyw is  windward wall height, m (ft);

h, is leeward wall height, m (ft);

qu is design windward roof pressure, Nim? (Ibf/ft?);
g, is design leeward roof pressure, N/m? (Ibffft?);
quw is design windward wall pressure, N/m? (Ibffft?);
g is design leeward wall pressure, N/m? (loffit?);
fy is windward post fixity factor;

fy is leeward post fixity factor.

Inward acting wind pressures have positive signs, outward acting
pressures are negative (see figure 4). Equation 5 shall be modified for



cases where pressures are not uniform over a wall or roof surface. In
buildings with variable frame spacings, set s equal to the average of the
frame spacings on each side of the eave load.

The frame base fixity factor(s), f,, and f;, will equal 3/8 for substantial
fixity at the groundline. The frame base fixity factor(s) will equal 1/2 for
all other cases (see ASAE EP486).

For symmetrical base restraint and frame geometry, equation 5 reduces
to:

R=s[h (qu:—q1) +hy f(Quu— q)] (6)
where:
h, is roof height, m (ft);

h, is
f s

wall height, m (ft);
leeward and windward post base fixity factor.

6.4 Maximum total diaphragm shear, V,. A conservative value of
maximum total diaphragm shear, V/,, due to wind load may be calculated
by multiplying the equations in clause 6.3 by one-half the building length
instead of the frame spacing, s.

1
Vy=5 R(LS) (7
where:
V, is maximum total diaphragm shear, N (Ibf);
R is eave load given by equation 5, N (Ibf);
L is building length, m (ft).

For symmetrical base restraint and frame geometry, the maximum
diaphragm shear is conservatively estimated by:

vh% R(L/s) ©)

where:
R is eave load given by equation 6, N (Ibf).

7 Load distribution

7.1 General provisions.  The distribution of horizontal loads to the
various frames, walls, and diaphragms can be determined after
diaphragm, frame, shearwall, and endwall stiffness values have been
calculated and eave loads have been established. Use the procedure
outlined in clause 7.2 to determine load distribution in a building without
intermediate shearwalls and with constant values of: diaphragm stiffness,
Cy; frame stiffness, k; endwall stiffness, k. ; and eave load, R. When
one or more of these variables is not fixed, use methods referenced in
clause 7.3. If the number of individual roof and ceiling diaphragms in the
roof/ceiling assembly exceeds one, use the equation in clause 7.4 to
determine the distribution of roof shear, V,, to the individual
diaphragms, and use the equation in clause 7.5 to determine the
horizontal restraining force associated with each diaphragm.

7.2 Load distribution using tables. Tables 1 and 2 are used to
determine the maximum total diaphragm shear V,, and the maximum
sidesway restraining force, Q, respectively, in buildings without
intermediate shearwalls and with constant values of: diaphragm stiffness,
Cy; frame stiffness, k; endwall stiffness, k,; and eave load, R. Input
parameters for tables 1 and 2 include: number of building frames
(endwalls are counted as frames); ratio of diaphragm to frame stiffness,
Cy/k; and ratio of endwall to frame stiffness, k. /k. When establishing
the values in tables 1 and 2, it was assumed that the eave load, R, for
the endwalls was one-half the load applied to each interior frame.

7.2.1 Maximum total diaphragm shear, V,,. Table 1 contains shear
force modifiers or mS values. Multiply the appropriate mS value by eave
load R from clause 6.2 or 6.3 to obtain maximum total diaphragm shear.
This value is the total shear, V},, in the endwalls and in the diaphragm

sections adjacent to the endwalls. This value will be less than the
conservative estimate calculated using the equations in clause 6.4.

7.2.2 Sidesway restraining force, Q. Table 2 contains sidesway
restraining force factors or mD values. Multiply the appropriate mD value
by eave load R from clause 6.2 or 6.3 to obtain the sidesway restraining
force, Q. The sidesway restraining force is the total force applied to the
critical frame by the rooffceiling assembly. The critical frame in a
symmetric building without interior shearwalls is always the one closest
to the building midlength.

7.3 Load distribution—detailed analyses. The force distribution
method (Anderson et al, 1989) and computer program DAFI (Bohnhoff,
1992) are two methods that can be used to determine load distribution in
a building in which the stiffness of individual frames differ, endwalls differ
in stiffness, intermediate shearwalls are present, and eave loads and
diaphragm stiffness values vary from frame to frame. The force
distribution method is an iterative method for hand-calculating load
distribution that is procedurally identical to the classical method of
moment distribution. Computer program DAFI automatically formulates
and solves a set of equations to obtain eave deflections. Both methods
output individual frame, shearwall, endwall, and diaphragm forces.

7.4 In-plane shear force in individual diaphragms, Vpi. The
maximum in-plane shear force in an individual diaphragm, V, ;, is given
as

Vp’iZ(Ch’,'/ch)Vh/(COS @I) (9)

where:
Vp.i is  maximum in-plane shear force in diaphragm i, N (Ibf);
cp; i horizontal shear stiffness of diaphragm i with spacing
s from clause 4.3, N/mm (Ibffin.);
total horizontal diaphragm shear stiffness, C;, for a
spacing s of the rooficeiling assembly, Nimm (Ibf/in.);

C, s

Vi is  maximum total diaphragm shear from clause 6.4, 7.2.1,
or 7.3, N (Ibf);
®; is slope from the horizontal of diaphragm i.
7.5 Sidesway restraining force—individual diaphragms, Q;. The

total sidesway force applied to the critical frame by an individual
diaphragm is given as

Qi=(chi/Ch)Q (10)
where:
Q; is sidesway restraining force for diaphragm i, N (Ibf);

cp; IS horizontal shear stiffness of diaphragm i with spacing s
from clause 4.3, N/mm (Ibf/in.);

total horizontal diaphragm shear stiffness, C;, for a
spacing s of the rooficeiling assembly, N/mm (Ibf/in.);
sidesway restraining force for the roof/ceiling assembly
from clause 7.2.2 or 7.3, N/mm (lbffin.).

C, Iis

Q is

8 Building diaphragm and shearwall design

8.1 General. All building components shall be checked to ensure that
actual loads do not exceed allowable design values.

8.2 Diaphragms.  The maximum in-plane shear in a diaphragm, V,, ;,
cannot exceed the allowable shear strength, V,;, multiplied by the
diaphragm length.

VyisVqid; (11)
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Table 1 — Shear force modifier ( mS)

Number of Frames (endwalls counted as frames)

ke/k C,/k 3 4 5 6 7 8 9 10 11 12 13 14 15 16
5 5 0.88 1.14 1.33 1.45 1.53 1.59 1.62 1.65 1.66 1.67 1.68 1.68 1.68 1.68
5 10 0.89 1.19 1.42 1.59 1.72 1.82 1.89 1.94 1.98 2.00 2.02 2.04 2.05 2.06
5 20 0.90 1.22 1.48 1.68 1.85 1.98 2.08 2.16 2.23 2.29 2.33 2.36 2.39 241
5 50 0.91 1.24 1.51 1.74 1.93 2.10 2.23 2.35 2.45 2.53 2.60 2.67 2.72 2.77
5 100 0.91 1.24 1.53 1.76 1.97 2.14 2.29 2.42 2.53 2.63 2.72 2.80 2.87 2.93
5 200 0.91 1.25 1.53 1.77 1.98 2.16 2.32 2.46 2.58 2.69 2.79 2.87 2.95 3.02
5 500 0.91 1.25 1.54 1.78 1.99 2.18 2.34 2.48 2.61 2.73 2.83 2.92 3.01 3.08
5 1000 0.91 1.25 1.54 1.78 2.00 2.18 2.35 2.49 2.62 2.74 2.84 2.94 3.02 3.10
5 10000 0.91 1.25 1.54 1.79 2.00 2.19 2.35 2.50 2.63 2.75 2.86 2.95 3.04 3.12
10 5 0.91 1.23 1.46 1.62 1.73 1.81 1.86 1.89 191 1.92 1.93 1.93 1.94 1.94
10 10 0.93 1.29 1.58 1.81 1.99 2.13 2.23 231 2.36 2.40 2.44 2.46 2.48 2.49
10 20 0.94 1.33 1.66 1.94 2.17 2.36 2.52 2.66 2.76 2.85 2.92 2.98 3.03 3.06
10 50 0.95 1.35 1.70 2.02 2.30 2.55 2.76 2.96 3.12 3.27 3.40 3.51 3.61 3.70
10 100 0.95 1.36 1.72 2.05 2.35 2.62 2.86 3.08 3.27 3.45 3.61 3.76 3.89 4.01
10 200 0.95 1.36 1.73 2.07 2.37 2.65 291 3.14 3.36 3.56 3.74 3.90 4.06 4.20
10 500 0.95 1.36 1.74 2.08 2.39 2.68 2.94 3.19 3.41 3.62 3.82 4.00 4.17 4.32
10 1000 0.95 1.36 1.74 2.08 2.40 2.68 2.95 3.20 3.43 3.64 3.84 4.03 4.20 4.37
10 10000 0.95 1.36 1.74 2.08 2.40 2.69 2.96 3.21 3.45 3.66 3.87 4.06 4.24 4.41
20 5 0.93 1.28 1.54 1.73 1.85 1.94 2.00 2.03 2.06 2.07 2.09 2.09 2.10 2.10
20 10 0.95 1.35 1.68 1.95 2.16 2.33 2.45 2.55 2.62 2.67 2.71 2.74 2.76 2.78
20 20 0.96 1.39 1.76 2.09 2.38 2.62 2.83 3.00 3.14 3.25 3.35 3.43 3.49 3.54
20 50 0.97 1.41 1.82 2.20 2.54 2.85 3.14 3.39 3.62 3.83 4.01 4.17 4.32 4.44
20 100 0.97 1.42 1.84 2.23 2.60 2.95 3.26 3.56 3.83 4.09 4.32 4.54 4.74 4.92
20 200 0.97 1.42 1.85 2.25 2.63 2.99 3.33 3.65 3.95 4.24 4.50 4.75 4.99 5.21
20 500 0.98 1.43 1.86 2.27 2.65 3.02 3.38 3.71 4.03 4.33 4.62 4.90 5.16 541
20 1000 0.98 1.43 1.86 2.27 2.66 3.03 3.39 3.73 4.06 4.37 4.66 4.95 5.22 5.48
20 10000 0.98 1.43 1.86 2.27 2.67 3.04 3.40 3.75 4.08 4.40 4.70 5.00 5.28 5.55
50 5 0.95 131 1.59 1.79 1.93 2.03 2.09 2.14 2.16 2.18 2.19 2.20 2.20 2.21
50 10 0.97 1.38 1.74 2.04 2.28 2.46 2.61 2.72 2.80 2.86 291 2.94 2.97 2.99
50 20 0.98 1.43 1.83 2.20 2.52 2.80 3.04 3.25 3.41 3.55 3.67 3.77 3.84 3.91
50 50 0.99 1.45 1.90 2.32 2.71 3.08 3.42 3.73 4.01 4.26 4.50 4.70 4.89 5.06
50 100 0.99 1.46 1.92 2.36 2.78 3.18 3.57 3.93 4.27 4.60 4.90 5.18 5.45 5.69
50 200 0.99 1.47 1.93 2.38 2.82 3.24 3.65 4.04 4.42 4.79 5.14 5.47 5.79 6.09
50 500 0.99 1.47 1.94 2.40 2.84 3.28 3.70 4.12 4.52 4.91 5.29 5.66 6.02 6.37
50 1000 0.99 1.47 1.94 2.40 2.85 3.29 3.72 4.14 4.55 4.96 5.35 5.73 6.11 6.47
50 10000 0.99 1.47 1.94 2.40 2.86 3.30 3.74 4.16 4.58 5.00 5.40 5.80 6.19 6.57
100 5 0.95 1.32 1.61 1.82 1.96 2.06 2.13 2.17 2.20 2.22 2.23 2.24 2.24 2.25
100 10 0.97 1.40 1.76 2.07 2.32 2,51 2.67 2.78 2.87 2.93 2.98 3.02 3.05 3.06
100 20 0.98 1.44 1.86 2.24 2.58 2.87 3.12 3.34 3.52 3.67 3.79 3.89 3.98 4.05
100 50 0.99 1.47 1.92 2.36 2.77 3.16 3.52 3.85 4.16 4.43 4.69 4.91 5.12 5.30
100 100 0.99 1.48 1.95 2.40 2.85 3.27 3.68 4.07 4.44 4.79 5.13 5.44 5.73 6.01
100 200 0.99 1.48 1.96 2.43 2.89 3.33 3.77 4.19 4.61 5.00 5.39 5.76 6.12 6.46
100 500 1.00 1.48 1.97 2.44 291 3.37 3.83 4.27 4.71 5.14 5.56 5.98 6.38 6.78
100 1000 1.00 1.48 1.97 2.45 2.92 3.39 3.85 4.30 4.75 5.19 5.62 6.05 6.48 6.89
100 10000 1.00 1.49 1.97 2.45 2.93 3.40 3.86 4.32 4.78 5.23 5.68 6.12 6.56 7.00
1000 5 0.95 1.33 1.63 1.84 1.99 2.09 2.16 2.20 2.23 2.25 2.27 2.27 2.28 2.28
1000 10 0.98 1.41 1.78 2.10 2.36 2.56 2.72 2.84 2.93 3.00 3.05 3.09 3.12 3.14
1000 20 0.99 1.45 1.88 2.28 2.63 2.93 3.20 3.43 3.62 3.78 3.91 4.02 4.11 4.18
1000 50 1.00 1.48 1.95 2.40 2.83 3.24 3.62 3.97 4.30 4.60 4.87 5.12 5.34 5.54
1000 100 1.00 1.49 1.97 2.45 291 3.36 3.79 4.21 4.61 4.99 5.35 5.69 6.02 6.32
1000 200 1.00 1.49 1.99 2.47 2.95 3.42 3.89 4.34 4.78 5.22 5.64 6.05 6.44 6.83
1000 500 1.00 1.50 1.99 2.49 2.98 3.46 3.95 4.42 4.90 5.37 5.83 6.29 6.74 7.18
1000 1000 1.00 1.50 2.00 2.49 2.98 3.48 3.97 4.45 4.94 5.42 5.90 6.37 6.85 7.31
1000 10000 1.00 1.50 2.00 2.50 2.99 3.49 3.98 4.48 4.97 5.47 5.96 6.45 6.94 7.43
10000 5 0.96 1.33 1.63 1.84 1.99 2.09 2.16 2.21 2.24 2.26 2.27 2.28 2.28 2.29
10000 10 0.98 1.41 1.79 2.10 2.36 2.57 2.72 2.85 2.94 3.01 3.06 3.10 3.12 3.14
10000 20 0.99 1.45 1.89 2.28 2.63 2.94 3.21 3.43 3.63 3.79 3.92 4.03 4.12 4.19
10000 50 1.00 1.48 1.95 2.40 2.84 3.25 3.63 3.98 4.31 4.61 4.89 5.14 5.36 5.57
10000 100 1.00 1.49 1.98 2.45 2.92 3.37 3.80 4.22 4.62 5.01 5.37 5.72 6.05 6.35
10000 200 1.00 1.50 1.99 2.48 2.96 3.43 3.90 4.35 4.80 5.24 5.66 6.08 6.48 6.87
10000 500 1.00 1.50 2.00 2.49 2.98 3.47 3.96 4.44 4.92 5.39 5.86 6.32 6.78 7.23
10000 1000 1.00 1.50 2.00 2.50 2.99 3.49 3.98 4.47 4.96 5.44 5.93 6.41 6.88 7.36
10000 10000 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 4.99 5.49 5.99 6.49 6.98 7.48
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Table 1—Shear force modifier ( mS) (continued)

Number of Frames (endwalls counted as frames)

kelk Cnlk 17 18 19 20 21 22 23 24 25 26 27 28 29 30
5 5 169 169 169 169 1.69 1.69 1.69 1.69 1.69 1.69 1.69 1.69 1.69 1.69
5 10 206 207 207 207 207 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08
5 20 243 244 246 246 247 2.48 2.48 2.49 2.49 2.49 2.49 2.49 2.50 2.50
5 50 281 284 287 289 292 2.94 2.95 2.97 2.98 2.99 3.00 3.01 3.01 3.02
5 100 298 3.03 3.07 311 314 3.18 3.20 3.23 3.25 3.27 3.29 3.30 3.32 3.33
5 200 3.09 314 319 324 328 3.32 3.36 3.39 3.42 3.45 3.48 3.50 3.52 3.54
5 500 315 322 328 333 338 3.43 3.47 351 3.55 3.58 3.61 3.64 3.67 3.70
5 1000 318 324 330 336 341 3.46 3.51 3.55 3.59 3.63 3.66 3.70 3.73 3.75
5 10000 3.20 3.27 333 339 345 3.50 3.54 3.59 3.63 3.67 3.71 3.74 3.78 3.81
10 5 194 194 194 194 194 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94
10 10 250 250 251 251 251 2.52 2.52 2.52 2.52 2.52 2.52 2.52 2.52 2.52
10 20 3.09 312 314 315 316 3.17 3.18 3.19 3.19 3.20 3.20 3.20 3.21 3.21
10 50 3.77 384 389 394 399 4.02 4.06 4.09 411 4.13 4.15 4.17 4.18 4.19
10 100 412 421 430 438 4.45 4.52 4.58 4.63 4.68 4.72 4.76 4.80 4.83 4.86
10 200 433 445 456 4.66 4.76 4.84 4.92 5.00 5.07 5.13 5.19 5.25 5.30 5.35
10 500 447 461 474 486 4.97 5.08 5.18 5.27 5.36 5.44 5.52 5.60 5.67 5.73

10 1000 452 466 480 493 505 5.16 5.27 5.37 5.47 5.56 5.65 5.73 5.81 5.88
10 10000 457 472 486 499 512 5.24 5.36 5.47 5.57 5.67 5.76 5.86 5.94 6.03

20 5 210 210 210 210 210 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10
20 10 279 280 280 281 281 2.81 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82
20 20 358 362 364 366 3.68 3.69 3.71 3.71 3.72 3.73 3.73 3.74 3.74 3.74
20 50 456 465 474 482 4.88 4.94 4.99 5.03 5.07 511 5.14 5.16 5.18 5.20
20 100 508 524 538 551 562 5.73 5.83 5.91 5.99 6.07 6.13 6.20 6.25 6.30
20 200 542 561 580 597 6.13 6.28 6.42 6.55 6.67 6.79 6.90 7.00 7.09 7.18
20 500 565 588 6.09 6.30 6.50 6.69 6.87 7.04 7.20 7.36 7.51 7.65 7.78 7.91

20 1000 573 597 6.20 642 6.64 6.84 7.03 7.22 7.40 7.58 7.74 7.90 8.06 8.21
20 10000 581 6.06 630 654 6.77 6.98 7.20 7.40 7.60 7.79 7.97 8.15 8.33 8.50

50 5 221 221 221 221 221 2.21 2.21 221 2.21 221 2.21 221 2.21 2.21
50 10 3.00 301 302 302 303 3.03 3.03 3.03 3.03 3.04 3.04 3.04 3.04 3.04
50 20 396 4.00 4.03 4.06 4.08 4.10 4.11 4.12 4.13 4.14 4.14 4.15 4.15 4.16
50 50 520 533 545 555 564 5.72 5.79 5.85 5.90 5.95 5.99 6.03 6.06 6.08
50 100 592 6.13 633 6.51 6.67 6.83 6.97 7.10 7.21 7.32 7.42 7.51 7.59 7.67
50 200 639 6.66 693 7.18 741 7.64 7.85 8.05 8.24 8.42 8.59 8.75 8.90 9.04
50 500 6.71 7.04 736 7.67 7.97 8.26 8.54 8.81 9.07 9.32 9.57 9.80 10.03 10.25

50 1000 683 718 752 7.85 818 8.50 8.80 9.10 9.40 9.68 9.96 10.23 10.50 10.75
50 10000 6.94 731 7.68 8.03 838 8.72 9.06 9.39 9.72 10.04 10.35 10.66 10.97 11.27

100 5 225 225 225 225 225 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
100 10 308 309 310 310 311 3.11 3.11 3.11 3.11 3.12 3.12 3.12 3.12 3.12
100 20 410 414 418 421 423 4.25 4.27 4.28 4.29 4.30 4.30 431 431 431
100 50 546 561 574 585 595 6.04 6.12 6.19 6.24 6.30 6.34 6.38 6.42 6.45

100 100 6.26 6.50 6.72 6.93 7.12 7.29 7.45 7.60 7.74 7.86 7.98 8.08 8.18 8.27
100 200 6.79 710 741 7.69 7.97 8.23 8.48 8.72 8.94 9.15 9.35 9.54 9.72 9.89
100 500 716 754 791 827 8.62 8.96 9.29 9.62 9.93 10.24 1053 10.82 11.10 11.37
100 1000 730 770 810 849 887 9.24 9.61 9.97 10.33 10.67 11.01 11.35 11.68 12.00
100 10000 7.43 785 828 869 0911 9.51 9.92 1032 10.72 1111 1150 11.88 12.27 12.64

1000 5 228 229 229 229 229 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29
1000 10 315 316 317 318 318 3.18 3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.19
1000 20 424 429 432 436 438 4.40 4.42 4.43 4.44 4.45 4.46 4.46 4.47 4.47
1000 50 572 588 6.02 615 6.26 6.36 6.44 6.52 6.59 6.65 6.70 6.74 6.78 6.81
1000 100 6.61 6.87 712 735 757 7.77 7.95 8.12 8.28 8.43 8.56 8.68 8.79 8.89
1000 200 720 756 790 823 855 8.85 9.14 9.41 9.68 9.93 10.17 10.39 10.61 10.81
1000 500 762 8.05 848 8.89 930 9.70 10.10 10.48 10.86 11.22 1158 11.93 1227 1261
1000 1000 778 824 869 915 959 10.04 1047 1091 1133 11.75 1217 1258 1299 13.39
1000 10000 7.92 841 890 939 987 1036 10.84 11.33 1181 1229 1277 1325 13.73 14.20

10000 5 229 229 229 229 229 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29
10000 10 316 317 318 319 319 3.19 3.19 3.20 3.20 3.20 3.20 3.20 3.20 3.20
10000 20 425 430 434 437 440 4.42 4.43 4.45 4.46 4.46 4.47 4.48 4.48 4.48
10000 50 575 591 6.05 6.18 6.29 6.39 6.48 6.56 6.62 6.68 6.73 6.78 6.82 6.85
10000 100 6.64 691 717 740 7.62 7.82 8.01 8.18 8.34 8.49 8.62 8.74 8.86 8.96
10000 200 724 760 795 829 861 8.92 9.21 9.49 9.76 10.01 10.26 1049 10.71 10.91
10000 500 767 811 854 896 9.38 9.78 10.18 10.57 10.96 11.33 11.70 12.06 1241 12.75
10000 1000 783 830 876 922 967 10.12 1057 11.01 1144 11.88 1230 12.72 13.14 13.55
10000 10000 7.98 847 897 946 996 1045 1094 1144 1193 1242 1291 1340 13.89 14.38
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Table 2 — Sidesway restraining force factor

(mD)

Number of Frames (endwalls counted as frames)

ke/k Cn/k 3 4 5 6 7 8 9 10 11 12 13 14 15 16
5 5 0.75 0.64 0.52 0.43 0.34 0.28 0.22 0.18 0.14 0.12 0.09 0.08 0.06 0.05

5 10 0.78 0.69 0.59 0.52 0.44 0.39 0.33 0.28 0.24 0.21 0.18 0.15 0.13 0.11

5 20 0.80 0.72 0.64 0.58 0.51 0.46 0.41 0.37 0.33 0.30 0.26 0.24 0.21 0.19

5 50 0.81 0.74 0.67 0.62 0.56 0.52 0.48 0.44 0.41 0.38 0.35 0.32 0.30 0.28

5 100 0.81 0.74 0.68 0.63 0.58 0.54 0.50 0.47 0.44 0.41 0.38 0.36 0.34 0.32

5 200 0.82 0.75 0.69 0.64 0.59 0.55 0.52 0.48 0.46 0.43 0.41 0.38 0.36 0.35

5 500 0.82 0.75 0.69 0.64 0.60 0.56 0.52 0.49 0.47 0.44 0.42 0.40 0.38 0.36

5 1000 0.82 0.75 0.69 0.64 0.60 0.56 0.53 0.50 0.47 0.45 0.42 0.40 0.39 0.37

5 10000 0.82 0.75 0.69 0.64 0.60 0.56 0.53 0.50 0.47 0.45 0.43 0.41 0.39 0.37
10 5 0.83 0.73 0.60 0.51 0.41 0.34 0.27 0.22 0.17 0.14 0.11 0.09 0.07 0.06
10 10 0.86 0.79 0.70 0.63 0.54 0.48 0.41 0.36 0.30 0.26 0.22 0.19 0.16 0.14
10 20 0.88 0.83 0.76 0.70 0.64 0.58 0.52 0.48 0.43 0.39 0.35 0.31 0.28 0.25
10 50 0.90 0.85 0.80 0.75 0.71 0.66 0.62 0.58 0.55 0.51 0.48 0.45 0.42 0.39
10 100 0.90 0.86 0.81 0.77 0.73 0.70 0.66 0.63 0.60 0.57 0.54 0.51 0.49 0.46
10 200 0.90 0.86 0.82 0.78 0.75 0.71 0.68 0.65 0.63 0.60 0.57 0.55 0.53 0.51
10 500 0.90 0.86 0.82 0.79 0.75 0.72 0.70 0.67 0.64 0.62 0.60 0.58 0.56 0.54
10 1000 0.90 0.86 0.83 0.79 0.76 0.73 0.70 0.67 0.65 0.63 0.61 0.59 0.57 0.55
10 10000 0.91 0.86 0.83 0.79 0.76 0.73 0.70 0.68 0.66 0.63 0.61 0.59 0.58 0.56
20 5 0.87 0.78 0.65 0.56 0.45 0.38 0.30 0.25 0.19 0.16 0.13 0.10 0.08 0.07
20 10 0.91 0.85 0.76 0.69 0.60 0.54 0.46 0.41 0.35 0.30 0.26 0.22 0.19 0.16
20 20 0.93 0.89 0.83 0.78 0.72 0.66 0.60 0.55 0.50 0.46 0.41 0.37 0.33 0.30
20 50 0.94 0.91 0.87 0.84 0.80 0.76 0.72 0.69 0.65 0.62 0.58 0.55 0.51 0.48
20 100 0.95 0.92 0.89 0.86 0.83 0.80 0.77 0.75 0.72 0.69 0.66 0.64 0.61 0.58
20 200 0.95 0.92 0.90 0.87 0.85 0.83 0.80 0.78 0.76 0.73 0.71 0.69 0.67 0.65
20 500 0.95 0.93 0.90 0.88 0.86 0.84 0.82 0.80 0.78 0.76 0.74 0.72 0.71 0.69
20 1000 0.95 0.93 0.91 0.88 0.86 0.84 0.82 0.81 0.79 0.77 0.75 0.74 0.72 0.71
20 10000 0.95 0.93 0.91 0.89 0.87 0.85 0.83 0.81 0.80 0.78 0.76 0.75 0.73 0.72
50 5 0.89 0.81 0.68 0.59 0.48 0.40 0.32 0.26 0.21 0.17 0.13 0.11 0.09 0.07
50 10 0.93 0.88 0.80 0.73 0.65 0.58 0.50 0.44 0.38 0.33 0.28 0.24 0.21 0.18
50 20 0.96 0.93 0.88 0.83 0.77 0.72 0.66 0.61 0.55 0.51 0.46 0.41 0.37 0.34
50 50 0.97 0.95 0.93 0.90 0.87 0.84 0.80 0.77 0.73 0.70 0.66 0.63 0.59 0.56
50 100 0.98 0.96 0.94 0.93 0.90 0.88 0.86 0.84 0.81 0.79 0.76 0.74 0.71 0.69
50 200 0.98 0.97 0.95 0.94 0.92 0.91 0.89 0.88 0.86 0.84 0.82 0.81 0.79 0.77
50 500 0.98 0.97 0.96 0.95 0.94 0.92 0.91 0.90 0.89 0.88 0.86 0.85 0.84 0.83
50 1000 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0.87 0.86 0.85
50 10000 0.98 0.97 0.96 0.95 0.94 0.93 0.93 0.92 0.91 0.90 0.89 0.88 0.87 0.87
100 5 0.90 0.82 0.69 0.60 0.48 0.41 0.32 0.27 0.21 0.17 0.14 0.11 0.09 0.07
100 10 0.94 0.90 0.82 0.75 0.66 0.59 0.51 0.45 0.39 0.34 0.29 0.25 0.21 0.18
100 20 0.97 0.94 0.89 0.85 0.79 0.74 0.68 0.63 0.57 0.52 0.47 0.43 0.39 0.35
100 50 0.98 0.97 0.94 0.92 0.89 0.86 0.83 0.80 0.76 0.73 0.69 0.66 0.62 0.59
100 100 0.99 0.98 0.96 0.95 0.93 0.91 0.89 0.87 0.85 0.83 0.80 0.78 0.75 0.73
100 200 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.91 0.90 0.88 0.87 0.85 0.84 0.82
100 500 0.99 0.98 0.98 0.97 0.96 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88
100 1000 0.99 0.98 0.98 0.97 0.97 0.96 0.95 0.95 0.94 0.93 0.93 0.92 0.91 0.91
100 10000 0.99 0.99 0.98 0.98 0.97 0.97 0.96 0.96 0.95 0.95 0.94 0.94 0.93 0.93
1000 5 0.91 0.83 0.70 0.61 0.49 0.41 0.33 0.27 0.22 0.18 0.14 0.11 0.09 0.07
1000 10 0.95 0.91 0.83 0.76 0.67 0.60 0.52 0.46 0.40 0.35 0.30 0.26 0.22 0.19
1000 20 0.98 0.95 0.91 0.87 0.81 0.76 0.70 0.65 0.59 0.54 0.49 0.45 0.40 0.36
1000 50 0.99 0.98 0.96 0.94 0.91 0.89 0.86 0.83 0.79 0.76 0.72 0.69 0.65 0.62
1000 100 0.99 0.99 0.98 0.97 0.95 0.94 0.92 0.90 0.88 0.86 0.84 0.82 0.79 0.77
1000 200 1.00 0.99 0.99 0.98 0.98 0.97 0.96 0.95 0.94 0.93 0.91 0.90 0.88 0.87
1000 500 1.00 1.00 0.99 0.99 0.99 0.99 0.98 0.98 0.97 0.97 0.96 0.95 0.95 0.94
1000 1000 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.97 0.97 0.97
1000 10000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.99 0.99 0.99
10000 5 0.91 0.83 0.70 0.61 0.49 0.42 0.33 0.27 0.22 0.18 0.14 0.11 0.09 0.07
10000 10 0.95 0.91 0.83 0.76 0.68 0.61 0.53 0.46 0.40 0.35 0.30 0.26 0.22 0.19
10000 20 0.98 0.95 0.91 0.87 0.81 0.76 0.70 0.65 0.59 0.54 0.49 0.45 0.40 0.37
10000 50 0.99 0.98 0.96 0.94 0.92 0.89 0.86 0.83 0.79 0.76 0.72 0.69 0.65 0.62
10000 100 1.00 0.99 0.98 0.97 0.96 0.94 0.93 0.91 0.89 0.87 0.84 0.82 0.80 0.77
10000 200 1.00 1.00 0.99 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.90 0.89 0.87
10000 500 1.00 1.00 1.00 0.99 0.99 0.99 0.98 0.98 0.98 0.97 0.96 0.96 0.95 0.95
10000 1000 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.97
10000 10000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table 2 — Sidesway restraining force factor (

mD) (continued)

Number of frames (endwalls counted as frames)

ke/k Cn/k 17 18 19 20 21 22 23 24 25 26 27 28 29 30
5 5 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00

5 10 0.09 0.08 0.07 0.06 0.05 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.01 0.01

5 20 0.17 0.15 0.13 0.12 0.11 0.10 0.09 0.08 0.07 0.06 0.06 0.05 0.04 0.04

5 50 0.26 0.24 0.22 0.21 0.19 0.18 0.17 0.16 0.14 0.13 0.12 0.12 0.11 0.10

5 100 0.30 0.29 0.27 0.26 0.24 0.23 0.22 0.20 0.19 0.18 0.17 0.17 0.16 0.15

5 200 0.33 0.31 0.30 0.29 0.27 0.26 0.25 0.24 0.23 0.22 0.21 0.20 0.19 0.19

5 500 0.35 0.33 0.32 0.31 0.29 0.28 0.27 0.26 0.25 0.25 0.24 0.23 0.22 0.21

5 1000 0.35 0.34 0.33 0.31 0.30 0.29 0.28 0.27 0.26 0.25 0.25 0.24 0.23 0.23

5 10000 0.36 0.35 0.33 0.32 0.31 0.30 0.29 0.28 0.27 0.26 0.26 0.25 0.24 0.24
10 5 0.05 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00
10 10 0.12 0.10 0.09 0.08 0.06 0.06 0.05 0.04 0.03 0.03 0.03 0.02 0.02 0.02
10 20 0.23 0.20 0.18 0.16 0.15 0.13 0.12 0.11 0.09 0.08 0.08 0.07 0.06 0.05
10 50 0.36 0.34 0.32 0.30 0.28 0.26 0.24 0.23 0.21 0.20 0.18 0.17 0.16 0.15
10 100 0.44 0.42 0.40 0.38 0.36 0.34 0.33 0.31 0.29 0.28 0.27 0.25 0.24 0.23
10 200 0.49 0.47 0.45 0.43 0.42 0.40 0.39 0.37 0.36 0.34 0.33 0.32 0.31 0.30
10 500 0.52 0.50 0.49 0.47 0.46 0.44 0.43 0.42 0.40 0.39 0.38 0.37 0.36 0.35
10 1000 0.53 0.52 0.50 0.49 0.47 0.46 0.45 0.43 0.42 0.41 0.40 0.39 0.38 0.37
10 10000 0.54 0.53 0.51 0.50 0.49 0.47 0.46 0.45 0.44 0.43 0.42 0.41 0.40 0.39
20 5 0.05 0.04 0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00
20 10 0.14 0.12 0.10 0.09 0.07 0.06 0.05 0.05 0.04 0.03 0.03 0.03 0.02 0.02
20 20 0.27 0.24 0.22 0.20 0.17 0.16 0.14 0.13 0.11 0.10 0.09 0.08 0.07 0.06
20 50 0.45 0.42 0.40 0.37 0.35 0.33 0.30 0.28 0.27 0.25 0.23 0.22 0.20 0.19
20 100 0.56 0.53 0.51 0.49 0.47 0.45 0.43 0.41 0.39 0.37 0.35 0.34 0.32 0.31
20 200 0.63 0.61 0.59 0.57 0.55 0.53 0.52 0.50 0.48 0.47 0.45 0.44 0.42 0.41
20 500 0.67 0.66 0.64 0.63 0.61 0.60 0.59 0.57 0.56 0.55 0.53 0.52 0.51 0.50
20 1000 0.69 0.68 0.66 0.65 0.64 0.62 0.61 0.60 0.59 0.58 0.57 0.55 0.54 0.53
20 10000 0.71 0.69 0.68 0.67 0.66 0.65 0.64 0.63 0.62 0.61 0.60 0.59 0.58 0.57
50 5 0.06 0.05 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00
50 10 0.15 0.13 0.11 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.03 0.03 0.02 0.02
50 20 0.30 0.27 0.24 0.22 0.20 0.18 0.16 0.14 0.13 0.11 0.10 0.09 0.08 0.07
50 50 0.52 0.49 0.46 0.44 0.41 0.38 0.36 0.34 0.31 0.29 0.27 0.26 0.24 0.22
50 100 0.66 0.64 0.61 0.59 0.56 0.54 0.52 0.50 0.47 0.45 0.43 0.41 0.40 0.38
50 200 0.75 0.73 0.71 0.69 0.68 0.66 0.64 0.62 0.60 0.59 0.57 0.55 0.54 0.52
50 500 0.81 0.80 0.79 0.78 0.76 0.75 0.74 0.73 0.71 0.70 0.69 0.68 0.67 0.65
50 1000 0.84 0.83 0.82 0.81 0.80 0.79 0.78 0.77 0.76 0.75 0.74 0.73 0.72 0.71
50 10000 0.86 0.85 0.84 0.84 0.83 0.82 0.81 0.81 0.80 0.79 0.79 0.78 0.77 0.77
100 5 0.06 0.05 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00
100 10 0.16 0.13 0.11 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.03 0.03 0.02 0.02
100 20 0.31 0.28 0.25 0.23 0.20 0.18 0.16 0.15 0.13 0.12 0.11 0.09 0.08 0.08
100 50 0.55 0.52 0.49 0.46 0.43 0.41 0.38 0.36 0.33 0.31 0.29 0.27 0.25 0.24
100 100 0.70 0.68 0.65 0.63 0.60 0.58 0.56 0.53 0.51 0.49 0.47 0.45 0.43 0.41
100 200 0.80 0.78 0.77 0.75 0.73 0.71 0.69 0.68 0.66 0.64 0.62 0.61 0.59 0.57
100 500 0.87 0.86 0.85 0.84 0.83 0.82 0.81 0.80 0.79 0.77 0.76 0.75 0.74 0.73
100 1000 0.90 0.89 0.88 0.88 0.87 0.86 0.85 0.84 0.84 0.83 0.82 0.81 0.80 0.80
100 10000 0.92 0.92 0.91 0.91 0.90 0.90 0.90 0.89 0.89 0.88 0.88 0.87 0.87 0.86
1000 5 0.06 0.05 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00
1000 10 0.16 0.14 0.12 0.10 0.09 0.07 0.06 0.05 0.05 0.04 0.03 0.03 0.02 0.02
1000 20 0.33 0.29 0.26 0.24 0.21 0.19 0.17 0.15 0.14 0.12 0.11 0.10 0.09 0.08
1000 50 0.58 0.55 0.52 0.49 0.46 0.43 0.40 0.38 0.35 0.33 0.31 0.29 0.27 0.25
1000 100 0.74 0.72 0.69 0.67 0.64 0.62 0.60 0.57 0.55 0.53 0.50 0.48 0.46 0.44
1000 200 0.85 0.84 0.82 0.80 0.79 0.77 0.75 0.74 0.72 0.70 0.68 0.66 0.65 0.63
1000 500 0.93 0.93 0.92 0.91 0.90 0.89 0.88 0.87 0.86 0.85 0.84 0.83 0.82 0.81
1000 1000 0.96 0.96 0.95 0.95 0.94 0.94 0.93 0.93 0.92 0.92 0.91 0.90 0.90 0.89
1000 10000 0.99 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
10000 5 0.06 0.05 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00
10000 10 0.16 0.14 0.12 0.10 0.09 0.07 0.06 0.05 0.05 0.04 0.03 0.03 0.02 0.02
10000 20 0.33 0.30 0.26 0.24 0.21 0.19 0.17 0.15 0.14 0.12 0.11 0.10 0.09 0.08
10000 50 0.58 0.55 0.52 0.49 0.46 0.43 0.40 0.38 0.36 0.33 0.31 0.29 0.27 0.25
10000 100 0.75 0.72 0.70 0.67 0.65 0.62 0.60 0.58 0.55 0.53 0.51 0.49 0.47 0.45
10000 200 0.86 0.84 0.83 0.81 0.79 0.78 0.76 0.74 0.72 0.71 0.69 0.67 0.65 0.64
10000 500 0.94 0.93 0.92 0.92 0.91 0.90 0.89 0.88 0.87 0.86 0.85 0.84 0.83 0.82
10000 1000 0.97 0.96 0.96 0.96 0.95 0.95 0.94 0.94 0.93 0.93 0.92 0.91 0.91 0.90
10000 10000 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
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Figure 5 — Structural analog for a building with roof and ceiling diaphragms; sidesway restraining forces,

Vyi i maximum in-plane shear force in diaphragm i from
clause 7.4, N Ibf);

V,i Is allowable in-plane shear strength of diaphragm i, N/m
(Ibfrt);
d; 1S length of diaphragm i as measured parallel to trusses/

rafters (see figure 2), m (ft);
= byi/cos O,

The allowable in-plane shear strength, V,;, is obtained from tests
(ASAE EP558) or from validated structural models.

8.3 Diaphragm chords. ~ The diaphragm chords shall be designed to
resist axial forces caused by bending moments induced in the diaphragm
by the applied loads. A conservative estimate of chord force is

Pe,i=(R/s)(chi/ Cr)L%/ (8by,) (12)
where:

P.; is  maximum chord force in diaphragm i, N (Ibf);

R is eave load from clause 6.2 or 6.3, N (Ibf);

s is  frame spacing, m (ft);

cp; IS horizontal shear stiffness of diaphragm i with width s
from clause 4.3, N/mm (Ibffin.);

C, is total horizontal diaphragm shear stiffness, C;, for a
width s of the roof/ceiling assembly, N/mm (Ibffin.);

L is  building length, m (ft);

bh,ii is  horizontal span of diaphragm i as measured parallel to

trusses/rafters, m (ft).

More accurate chord forces may be used when estimated by full scale
tests or structural engineering analysis.
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Qiw

Qi's, converted to distributed loads,  gi's

8.4 Diaphragm-to-wall connections. ~ Provisions shall be made for the
transfer of shear from roof and ceiling diaphragms to endwalls and
intermediate shearwalls. The design strength of these connections may
be proven by tests of a typical connection detail. Where applicable, the
building designer may use the National Design Specifications (NDS) for
Wood Construction to design this connection.

8.5 Shearwalls. Endwalls and intermediate shearwalls shall have
sufficient shear strength to transmit the induced loads from roof and
ceiling diaphragms to the foundation system. The allowable shear
capacity of endwalls and intermediate shearwalls, V,, is obtained from
tests (ASAE EP558) or from validated structural models. For buildings
without intermediate shearwalls, the allowable shear strength of the
endwalls shall be greater than the maximum total diaphragm shear force,
Vy, or

V< VW (13)
where:

V, is maximum total diaphragm shear force, N (Ibf);

V, is allowable shear capacity of the endwall, N/m (Ib/ftf);

W is building width, m (ft).

8.5.1 Doors and openings reduce the total shear capacity of walls.
When doors or openings are present in an endwall, the following
equation applies:

V< Ve(W=Dy) (14)
where
D; is total width of doors and openings in the endwall, m (ft).



8.5.2 The structural framing over doors or openings in walls acts as a
drag strut transferring shear force across the opening. The header over
the opening shall be designed to carry the force in tension and/or
compression across the opening.

8.6 Shearwall-to-foundation connections. The connection system
between endwalls and intermediate shearwalls and the foundation
system shall be designed to resist the shear carried by the walls. The
design of these connections may be proved by tests of a typical
connection detail or by a calculation method appropriate for the
foundation system.

8.7 Shearwall overturning.  Diaphragm loading produces overturning
moments in intermediate shearwalls and endwalls. These forces may be
calculated using structural analyses that include the resisting action of
sidewalls when they are present. ASAE EP486 is recommended for

designing uplift resistance of embedded post foundations. For wall
framing members attached to a slab, the connection between the
members and slab should be designed by the provisions of the NDS.

8.8 Sidewall posts.  Sidewall members (and frames) resist the lateral
loads not transmitted to the foundation by endwalls and shearwalls. The
post shall be designed for combined axial and bending moment
according to the NDS. The moment and axial force are calculated by any
method of frame analysis, using the design loads applied to a post-frame
and the sidesway resisting forces from clause 7.5. Figure 5 gives a
structural analog for a post-frame with the sidesway resisting forces
distributed to the truss top and bottom chords as uniform loads, g;

8.9 Endwall members.  Endwall members shall be designed to meet

wind pressure loads normal to the endwall surface as well as other
design loads.
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