




9. ROOFS

Roofs act as horizontal diaphragms and are

essential elements in transmitting earthquake UDNGBLOED

induced horizontal forces to the shear walls. RAFTER

Although gypsum board finish materials on the

underside of the ceiling joists will assist the

roof sheathing in transferring horizontal forces, JONT

it is best to assume (except in areas of low

seismic risk) that the roof sheathing acts alone 10d . /

in resisting the earthquake. Roofs must conform E SI

to certain diaphragm ratios or plan dimensions FRAMING

and shapes. Variations in form are permissible

provided the perimeters are supported by shear

walls and continuity is maintained at openings TO END 6AO.(CELD NAILING)

in the diaphragm. The perimeter or boundary /l.EA.RER ExC

edges of roof diaphragms should be nailed to EDGE NAILIN AT EDGES OF S

blocking or rim joists that are toe nailed to

wall top plates or collectors so that the SUDBOUNDAR

earthquake forces from the diaphragms can be EDGE NAI

resisted by the shear walls. See Figure 81.

Openings in diaphragms are permitted, but SHEAR

should be limited in size and location. WALL

Simple, regular shapes symmetrical about each ROOF DIAPHRAGM SHEATHING

axis with unbroken planes provide good

diaphragm performance. A flat or slightly Figure 81

pitched roof with square or nearly square

configuration is best for good behavior as long

as the roof plane is not interrupted by large

openings or rendered discontinuous at the AT FLOOR MD

boundaries by cut-outs or notches that destroy ROOF

continuity or symmetry of the diaphragm. LIPPE

It is possible to provide some variety in form

when using square, rectangular or other

symmetrical shapes. This is especially true of

flat roofs that can be sectionalized and tilted LOWER ROOF

at different angles or by having one section

dropped into a different plane. Consider that

diaphragms in different planes become separate

diaphragms and each diaphragm must meet all 0 a,

requirements independently. See Figure 82.

Roofs at different levels are similar to floors

with split level configurations and require special

connection details at common walls. See

discussion of split level floors on page 30 and VERncAL FLOOR

roof details Figures 60 and 61 on page 31. OFFSET
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Other roof shapes are acceptable if
precautions are observed to retain the
characteristics of single plane surfaces and
symmetry and to maintain continuity at
breaks in the plane of the diaphragm. This
includes such roof shapes or styles as
pitched roofs, shed roofs, gables with both
moderate and steep slopes, hips and
valleys, and mansards as long as roof

surfaces in the same plane remain
unbroken and vertical offsets and
discontinuities at wall boundary lines are
avoided. See Table No. 4, page 48.

To function properly, diaphragms must
conform to specific shape limitations that
are controlled by the diaphragm ratios. See
Figures 83 and 84. If the exterior wall
locations are such as to make the
span-width ratio unacceptable, interior
shear walls must be used in conjunction
with the outside walls so that acceptable
span-width ratios are maintained. Each
edge of the diaphragm should be supported
by a shear wall. However, it is permissible
to use shear walls which are not under the
edge of a diaphragm by using collectors or
drag struts connected to the shear walls.
The most commonly used collectors are
wall top plates or rim or header joists
secured to the top plates. If rim joists act
as collectors, they must be spliced for
continuity.

At ridges or changes in slope it is
necessary to tie the sections of the
diaphragm together by nailing to blocking
common to both planes and overlapping
and nailing the framing members
perpendicular to the ridge at the change in
slope. See Figure 11.

Several common sheathing materials are
available for roof diaphragms. Structural
grade plywood or oriented strand board is
recommended in high seismic risk areas.
Where used, sheets should be oriented with
the face grain perpendicular to the joists
or rafters. See Figure 81.

SPAN-WIDTH (DIAPHRAGM) RATIO = L
w

HORIZONTAL DIAPHRAGM

Figure 83

MAXIMUM

(See also

Material

DIAPHRAGM RATIO
Table No. 3, Page 39)

SEISMIC RISK

High Moderate & Low

Max. Span-Width Ratio

Openings in roofs should be limited in
number and moderate in size. In general,
they should be restricted to one principal
opening for a fireplace chimney and several
smaller penetrations for plumbing vents,
conduits and pipes. Large openings, as for
skylights and atria, should have special
nailing of the diaphragm sheathing to
framing placed around the opening.
Openings should be avoided at the corners
of diaphragms.

1. Plywood * **
sheathing with
edges blocked
and unblocked

2. Diagonal
sheathing

3. Straight
sheathing

4: 1

2: 1

Not
Recom-
mended

* Wood Structural Panel
** Oriented Strand Board can be

substituted for plywood

4 : 1

3: 1

2 : 1 Low

Seismic Risk
Area Only

Figure 84
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Blocking can be omitted along the long

edges of the sheets; but, if it is omitted,

metal ply clips along the unblocked edges
should be used to prevent differential

movement of the edges which could tear

the roofing. To limit this type of damage
or to create a stiffer diaphragm, blocking

under all edges of Wood Structural Panel

sheets with edge nailing, of the sheathing

to the blocking may be used. The short

edges of abutting sheets must be
supported by the same framing member
with edge nailing along the common
member for each sheet.

Diagonal sheathing, no longer commonly
used, is an option for earthquake

resistance for any seismic risk area and
can be used as a substitute for plywood

provided the nailing is as required by code.

See Section 7 FLOORS for a discussion of

this material. Straight sheathing should only
be used as a diaphragm in low seismic

risk areas.

In exposed beam ceilings, framing lx or 2x

tongue and groove straight sheathing over

the tops of the beams may be used. A
Wood Structural Panel overlay should be

placed over the sheathing in high and
moderate seismic risk areas. Edge nailing
should be provided at the boundary of
each Wood Structural Panel sheet. Field

nailing should be located to avoid
penetrating straight sheathing boards.

Skip-spaced boards used for attaching
shingles form a very weak diaphragm and

are not recommended. Spaced boards
should only be used in low seismic risk

areas that also have a low wind exposure.

Skip spaced boards may not be used

where prohibited by Code.

In order to form complete diaphragms, top

plates of walls supporting roof diaphragms

usually act as chords and/or collectors and

should be continuous. The plates must be

internailed and receive additional nailing in

the lap length at splices. See Figure 85.

Top plates must provide continuity along
the full widths and lengths of diaphragms.

Roof sheathing must be nailed to rim joists
parallel to framing or blocking inserted at

the ends of the joists perpendicular to the

walls, see Figure 86. Rim joists or blocking

must be attached to the top plates.

Prefabricated sheet metal framing clips can

be used to secure rim joists or blocking to

the plates.

16d 0 16"o.c. PLATE
TO PLATE BETWEEN
SPUCES

8-16d (MIN.) TOTAL
AT SPLICES)

SPUCE LENGTH
4'-O" MIN.

LOCATE STUD ON L OF
TOP PLATE BUTT SPUCE
TYPICAL

ELEVATION

TYPICAL TOP PLATE SPLICE

Figure 85

4-8d TOE NAILS
EACH BLOCK TO
PLATE (RIM JOIST
TO PLATE, 8d TOE
NAILS AT 4") -

ROOF DIAPHRAGM CONNECTION

TO SHEAR WALL

Figure 86
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Earthquake forces in roof diaphragms can
be delivered to shear walls that are outside
the diaphragm limits by collectors that are
connected to diaphragms. Collectors should
run in straight continuous lines and be
attached to the tops of shear walls. See
Figure 87.

Collectors can be used to transfer
earthquake loads developed in areas of
roofs that project out from main roof
diaphragms such as roofs or canopy
projections over an open porch. Collectors
or ties must be nailed to the projecting
roofs and extend into and be nailed to the
sheathing within the limits of the main roof
diaphragms. See Figure 88.

In high seismic risk areas, minimum nailing
of roof sheathing should be in accordance
with code requirements. Roof sheathing
should be fastened with nails with a
diameter equivalent to common or box
nails. When using a nailing gun to fasten
plywood or oriented strand board, care
must be exercised to avoid overdriving the
nails. The gun operator should also confirm
that the nails penetrate the framing
members below. A new nail should be
driven for each nail not properly installed.
Adhesive applied to rafters under roof
sheathing is not conventionally used.
However, as for floors, adhesives will stiffen
roof diaphragms and improve their ability
to withstand earthquake shaking.

Where architectural expression requires roof
configurations not specifically covered in
the Guide, the builder should consult a
design professional.

PLAN

Figure 87

WITH

COLLECTOR TO CONTINUE
TO SHEAR WALL - NAIL
COLLECTOR TO TOP OF
SHEAR WALL

ELEVATION

TYPICAL COLLECTOR TIE AT PORCH EXTENSION

Figure 88
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Some roof forms are not considered to be covered
by the details included in this Guide. This does not

imply that such forms cannot be made to be
earthquake resistant. However, application of

standard details shown in this Guide may not be

appropriate and professional guidance is required.i
The following descriptions and illustrations show two

forms not covered by the Guide.

1) Monitor or pop-up elevated portions of a roof
that interrupt an otherwise complete diaphragm.
See Figure 89. Monitor roofs are often K
supported on mullions with an all glass

exterior and with no solid shear wall panels

between roof levels.

2) Shed dormers that extend over nearly the full MONITOR ROOF

length or width of a roof plane especially on
the sloping faces of gable roofs or hip framing.
See Figure 90. Figure 89

Other roof configurations excluded from the Guide
are roofs with the following characteristics:

1) Large square or rectangular openings in roof
planes for skylights or light shafts especially
at corners.

2) Large openings in roofs over central atria or
interior patios where the courtyard walls have

all glass exposure, or where there are only

column supports for the framing above.

3) Discontinuities at ridges where the roof
sheathing does not extend to the break in the
roof planes. SHED ROOF

Figure 90
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Table No. 4 Roof Shapes

Flat Roof

Mansard

Shed Roof - Opposing Pitch

Gable Roof

Hip and Valley Roof
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