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NOTICE

The research and studies forming the basis for this
report were conducted pursuant to a contract with
the Department of Housing and Urban Development
(HUD). The statements and conclusions contained
herein are those of the contractor and do not nec-
essarily reflect the views of the U.S. Government

in general or HUD in particular. Neither the United
States nor HUD makes any warranty, expressed or
implied, or assumes responsibility for the accuracy
or completeness of the information herein.




ABSTRACT

This report presents the engineering basis for the Report titled, "A
Methodology for Seismic Design and Construction of Single-Family Dwell-
ings".! The purpose of that Report was to develop seismic-resistive
design and construction recommendations to reduce future probable earth-
quake caused damage and hazards for single-family residences.

Included in this report are the engineering calculations, reasoning
and/or reports of field observations that form the basis for the design
and construction procedures recommended in the Methodology. The theory
and design calculations given in this report include considerations of
the overall structure, as well as specific construction details. Dis-
cussions and calculations pertinent to the overall structure give the
Jjustification for the recommendations in the Methodology concerning
shear wall and diaphragm layout for typical single-family residences.
Discussions in this report relevent to construction details are Timited
to those details which have not been previously used and are introduced
by the Methodology or those details that represent a significant de-
parture from previous construction practice.
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INTRODUCTION

This report is prepared for the purpose of providing a description of
the engineering basis for the seismic-resistive design and construction
recommendations for single-family residences given in the report titled,
“A Methodology for.Seismic Design and Construction of Single-Family
Dwellings".1 Throughout the remainder of this report, that document

is referred to as the "Report" or "Methodology".

Although requirements for seismic design have been included in building
codes and other Titerature for over 40 years, it is believed the subject
Report marks the first time that an attempt has been made to set forth
the engineering techniques used to achieve these designs for a par-
ticular type of structure. Building codes currently allow extremely
simplified procedures to be used by non-engineers in meeting seismic
requirements for "lesser" structures such as single-family residences.
Because home design has become more sophisticated, and frequently incor-
porates features far removed from conventional one-story, box-1ike con-
struction, these simple code requirements often proved to be inappropri-
ate for use with the more sophisticated, "unconventional" home designs.
The available code requirements also appeared to be insufficient for
conventional two-story construction. Finally, certain aspects of
construction not previously considered important enough to warrant
inclusion in the building codes, such as split level ties and the

connection of wood studs to sill plates, have been determined to be
important.

The home design and construction techniques used in Southern California
were tested on February 9, 1971 in the San Fernando earthquake. Although
not considered to be a major seismic activity, this disaster generated
accelerations higher than any previously recorded. These accelerations
in the major damage areas have not been used in the Report as a criteria
for future designs. Of primary importance concerning the conduct of




this study was the indication of the mechanisms of failure — the points
of weakness and, conversely, those items of the structural system which
performed well.

The goal of the Report is to reduce damage to the one type of construc-
tion not requiring the attention of an engineer; namely, the single-
family dwelling. In order to accomplish this, the user of the Method-
ology is taken through a step-by-step approach more nearly parallel to
the engineering requirements of the code as applied in the structural
engineer's office. For the most part, the engineering design require-
ments of the 1973 Uniform Building Code? have been used as the basis
for design by the methodology presented. In some instances, field
observations or the complexity of the task to be performed indicated

a departure from standard engineering procedure was necessary.

This document provides the engineering calculations, reasoning and/or
reports of field observations forming the basis for the procedures given
in the Report. Where details not previously used are introduced by

the Report, calculations and discussions regarding these details are
also provided. Since this data is intended for the:use of other engi-
neers, calculations normally made on scratch or directly on the cal-
culator, justifying simple connections, have not been included. It

is assumed that such designs will be apparent or readily checkable by
the reader of this report. Calculations pertinent to each of the sub-
jects'discussed are placed at the ends of the various sections. The
model homes referred to in the text .and calculations in this -document
are those given in the Reportl.




SEISMIC CRITERIA

While many requirements for earthquake design have been modified in
recent years and other major modifications are in process, the design
requirement specified by UBC? for one- and two-story wood frame and
masonry residences has been 0.133 times gravity load, in Zone 3, for

over 20 years. One-half of this amount is required in Zone 2. In devel-
oping the methodology in the Reportl, the above cited factors (seismic
coefficients) were used for design of the overall building. For parts

or portions of buildings, the Cy factor (0.2g) in Table 23J of the UBCZ2
was used. It is, of course, unknown what future changes might be made

with regard to loads, geometry of the structure, site considerations,
etc., and therefore, it is impossible to predict what future changes
might be required in the Report. No such changes affecting residential
structures were known at the time of writing. As long as seismic Toads
are determined as a percentage of gravity in any given zone, and as long
as such percentage js a constant in that zone for residentijal structures,
the only effect changes in seismic coefficients would have on the design
section of the Report would be to change the Toad tables shown as Tables
3.2 through 3.8.

A more serious consequence of the changing of seismic coefficients would
be reflected in the details given in the Report, particularly if the
seismic coefficient were increased. Such an increase would probably
imply the changing of the Nailing Schedule and would certainly affect
some of the connections. An attempt has been made to keep as many of
the details impervious to this type of change as possible. Although the
Nailing Schedule itself might be changed, Details 1 through 6 and 15
through 18 would not be affected. In addition, such a change would not
affect Details 19 through 21, Details 23 through 44, 50 through 52, and
58 through 60.



In view of present conventional code specifications with regard to

residential construction, it is questionable whether the Report should
be revised each time model code changes are introduced.




RIGIDITY ANALYSIS

A large number of split-level homes are constructed with the garage at
either the front or the rear of the two-story portion. In such in-
stances, sufficient shear wall on either side of the garage door is

rarely provided. A description of the action of these homes in the San
Fernando earthquake is contained in Chapter 1-2 of the Report, with par-
ticular emphasis placed on the homes shown in Figures 1.3 and 1.7. The
floor plans and elevations of Model C (Figures 2.26 and 2.27) are simi-
lar to this residence except that Model C has shear wall adjacent to

the garage door opening and dimensions vary somewhat.

In addition to the damage shown in Figures 1.7A through 1.7E of the
Report, the following observations were made:

1. When the structure eventually came to rest, the front walls
adjacent to the garage doors were essentially vertical when
viewed head-on.

2. The second floor had 1-5/8" of lightweight concrete fill over
the wood sheathing.

3. The nails remaining in the sill plate of the rear wall were
only slightly bent.

4. The rear wall of the house shown in. Figure 1.3 did not land
vertically and had buckled. It therefore did not provide the
same vertical support in the first aftershock as did the wall
pictured in Figure 1.7B.

The lightweight concrete fill probably added to the rigidity of the
second-floor diaphragm, as well as to the inertia force developed. The
condition of the nails in the sill plate suggested that a high vertical
acceleration had accompanied the horizontal force which removed the
studs and finish from the plate. This was lent additional credence by
the owner of the house — an engineer who noted the wall had left no



drag marks on the ground. A few blocks away, a heavily loaded free-
standing bookcase was observed to have scratched the adjacent wall to
a height of 13" above its top.

The description in the Report of the actions of the house are based upon
supposition. Obviously, all of the actions described must have occurred
very nearly simultaneously. While observing the damage, it seemed ap-

parent that the walls adjacent to the garage door were quite flexible

and that the diaphragm had to act more nearly like a horizontal-plane

cantilever beam with a backspan equal to the cantilever. If the walls
were considered to be unyielding supports, this would imply that very

nearly 100 percent of the load would have to be resisted by the single
interior wall and therefore failed to account for any horizontal load

in the rear wall. It further implies that diaphragm deflection to

either side of the centrally located wall would be equal, thereby remov-
ing diaphragm deformation from consideration.

The shear wall supports are not unyielding and it was also obvious that
the interior wall would attempt to deflect more than the rear wall —
not only because of greater load but also because of the door opening
creating two shorter walls at the interior. Rotation of the diaphragm
would therefore be induced. If diaphragm deflection were neglected,

the difference in translation from front to rear would be equal to twice
the difference in the deflections of the interior and rear walls. It
therefore appeared that the diaphragm had been unable to accomodate

this much deflection and did indeed attempt to rotate almost from the
time of the inception of motion. Wood diaphragms have heretofore been
considered as completely flexible. In small diaphragms such as occur

in houses, this assumption seemed fallacious.

It should be noted that if the rear wall were strong enough in all its
parts to resist the forces induced in it by the rotation and if the in-
terior wall were capable of resisting the high shears induced, the
torsional effect described would not necessarily result in severe damage.
As it was, the weakness in the connection of the base of the rear wall



studs to the sill plate allowed the diaphragm to literally tear the wall

apart at this location — probably as the direction of motion reversed.
At this point, there can be no doubt that all of the load had to be
resisted by the interior wall alone. Whether or not it would have
failed (or was failing) as a result of the somewhat Tesser load it re-

ceived prior to the rear wall's failure became moot. Al1 of this is

easier to visualize if it is viewed in terms of the ground translating
evenly and parallel to the walls discussed. Motion can be considered
at the moment when the second floor diaphragm at the interior wall is

about to begin translating and again at maximum translation with move-
ment of the diaphragm superimposed over ground motion.

Finally, consideration was given to the fact that the walls adjacent to
the garage door were not infinitely flexible. 1t can be seen that due
to the vast difference in rigidity between these piers and the rear wall,
the only effect would be to slightly reduce the effective Tength of the
cantilever distance considered with a similar reduction in the rotational

effect. Furthermore, it was realized that the same conditions applied
to any small, relatively stiff diaphragm supported by shear walls of
differing lengths or rigidities at its extremities. Thus, rotation

is induced not only by ground motion but also by the character of the
structure itself, i.e., the structure acts more nearly like structures
with rigid diaphragms. The principle premise for this reasoning to be
supported is that the rigidity of small wood diaphragms must be con-
sidered when assigning load to walls.

Based on the above observation, it was decided that interrelationship of
shear wall and diaphragm rigidities warranted investigation to determine
any constraints that might be desirable. In many two-story homes, the
interior wall below the second floor is frequently Tonger than the
effective Tength of either the front or rear walls. The interior wall
is also more apt to be'a single length such that somewhat more rigidity
is developed. It was assumed that interior walls receive greater loads
than present engineering techniques suggest, and that calculations

might shed further light on this theory.
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Limitations

In attempting to analyze wood frame diaphragms and shear walls for their
relative rigidities, caution must be exercised in weighing the results.
Limitations of the methods available and the many variables involved can
influence results greatly. This analysis should therefore be considered
for what it is--an extremely simplified first-approach to a very com-
plicated subject. Some of the factors that should be considered in
assessing the validity of the conclusions contained herein are as
follows:

Formulae Available - The only mathematical formulations found appli-

cable to the deflection of wood frame shear walls and diaphragms are
those promulgated by the American Plywood Association for use with
plywood-sheathed shear walls and diaphragms. The first two formulae
presented in the calculations at the end of this section Have been taken
from APA material. The method used to derive each formula is shown and
then extended to two other conditions of loading. APA does not contend
that these formulae have the same degree of accuracy as deflection
formulations for more homogenous materials. For this reason, greater
accuracy, such as is presented in the subsequent calculations, is not
actually warranted. Accuracy to five decimal places has been included
only to account for the very small deflections occasionally encountered.
The APA formulae also include a term to be used to account for slip in
chord splices. Since no data was available for figuring the amount of
s1ip in nailed splices, this term has been omitted in figuring diaphragm
deflections. It has, however, been applied to bolts used in hold-down
anchors for shear walls and estimated for the more concentrated nailing
of strap hold-downs.

Type of Shear Resisting Materials - Obviously, each of the various

shear resisting materials specified in the Report has its own deflection
characteristics. In most instances, all shear walls in the analysis

have been assumed to be sheathed with plywood. The use of other
materials would affect deflections obtained for any given wall.
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Combinations of Shear Materials - Most residential walls have a
shear resisting material (finish) applied to both sides of the wall.
Whether or not credit is taken for this combination of materials in

determining shear resistance, the combining of such materials will
definitely affect the deflection of the wall. Very little data is
available indicating the degree to which deflections are influenced

by combining materials with different deflection characteristics. The
results of a test made combining plywood with gypsum board indicated
that the gypsum board shear resistance could be added to that of the
plywood. Thus, the stiffness for this seemingly incompatible com-
bination of materials was greater than that for the plywood alone.

Length of Walls - In this short analysis it was necessary to assume
specific wall lengths along each Tine of resistance. While it is felt
that these wall lengths reflect the extremes of actual designs to be
expected, it is hoped that this is amply demonstrated in the calcula-
tions. 4

Diaphragm Stiffness - In the past, wood diaphragms have been as-
sumed to be completely flexible. In small structures, such as the

second floor of wood frame dwellings, this assumption is not entirely
correct. In the most extreme example, as shown on the last page of the
calculations at the end of this section, the diaphragm is still several
times stiffer than the longest shear wall. In the case of Model B, the
diaphragm was found to be so stiff that its deflection was considered
negligible for most cases. Overall diaphragm ratio appears to play a
large part in determining the distribution of loads to shear walls.

Hold-down Anchors - Bolt slip for hold-down anchors has been as-
sumed to be 1/16 inch. In 8-foot-high, 4-foot-long shear walls, this
term alone can add 1/8 inch to the deflection of the wall. Obviously,
deflections for other wall lengths are inversely proportional to the
length of the wall. The amount of tension applied to the hold-down
during installation will determine whether the slip is zero or the
1/16 inch assumed.




Assumptions

In addition to the assumptions stated above, it was necessary to assume
characteristics of the diaphragm materials and shear wall construction.

Structural I plywood was assumed throughout. The modulus of rigidity
(G) was therefore taken as 90,000 psi. Most other grades of plywood
normally used would result in a G of 75,000 psi and would increase
shear deflection by 20 percent. G can be as Tow as 45,000 psi with
resultant shear deflection of double that calculated.

The chords at each end of each shear wall were assumed to be double
2 x 4's having an area of 10.5 square inches and a modulus of elasticity
of 1.50 x 106 psi increased by 10 percent to 1.65 x 106
the reduction usually used to account for shear deflection. Diaphragm

psi to restore

chords were assumed to be the top plates of the exterior walls per-
pendicular to the load. Since these plates have staggered splices,

a single 2 x 4 with an area of 5.25 square inches and the same modulus
of elasticity was considered.

Discussion

Model B - With the normal distribution of loads usually assumed,
a diaphragm deflection of +0.001 inch was determined (see calculations
for Model B at the end of this section). When the interior wall
reaction of 5/8 of total load is assumed, diaphragm deflection was
found to be -0.007 inches. 1In other words, the interior wall would not
only restrain the diaphragm from deflecting positively at this support,
but would induce a small negative deflection. This is only slightly
different from the normal beam where deflection is due primarily to
bending. The deflections were considered to be minimal and the dia-
phragm was considered infinitely rigid for most of the cases checked.
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With the walls as shown on the first page of the calculations, rotation
of the diaphragm is obviously induced. Because rigidities are variable,
a trial-and-error method must be employed. After several trials, the
first condition is balanced with 47 percent of the Toad to the center
wall.

In an actual design, the short walls would either be "solid" (as defined
by the Report under overturning) and have somewhat Tess deflection than
calculated or would require strap hold-downs. Strap hold-downs at the
rear wall are next considered, but no reduction in deflection is assumed
for the "solid" front walls. In this instance, 49 percent of the Toad
is resisted by the interior wall.

When angle hold-downs are considered, an interesting phenomenon occurs.
If the actual vertical Toad of 394 pounds per foot on the rear wall is
considered together with a small concentrated load at each end, it is
found that they alone will resist the overturning induced in the wall
because of the small load allowed by the reduced rigidity. In other
words, the use of these hold-downs can lead to a negation of the need
for any hold-down in a short wall. Obviously, the hold-down will not
sTip if not subjected to a load and it must be assumed the wall is
stiffer than indicated.

When two 4 foot 6 inch walls without hold-downs are assumed front and
rear (see Model B calcs), 53 percent of the load is taken by a 19-foot
long interior wall and 48 percent by a 16-foot Tong wall. If the in-
terior wall were designed by the 25-50-25 method of apportioning load,
shear to the 16 foot interior wall would be 257.9 1b/ft and 1/2 inch
gypsum board blocked and naiTed with 5d at 4" o.c. could be used each
side. With 5/8 of the load applied, interior shear would be 322.4 1b/ft
and plywood would be required. With the gypsum board applied as indi-
cated, load to the interior wall drops from 48 percent to 44 percent
with an attendant increase in exterior wall shear per foot of about

10 percent. If the interior wall length were 12 or 13 feet, it is
anticipated that calculated shear using the methods shown would be about

11




300 1b/ft with a deflection of 0.21 inches and would increase exterior

wall shears about 20 percent. Approaches such as those used in present
building codes place great reliance upon the existance of interior walls
to assist the required exterior walls. These walls, at best, would have
unblocked 1/2-inch gypsum board each side nailed with 5d at 7" o.c.
Unfortunately, no curves are available for deflection of such a wall,
but under 300 1b/ft it is estimated that the deflection would be 0.28".

If hold-downs are required at the exterior walls, the condition is con-
siderably better (49 percent to center wall). When the interior wall
actually represents 5/8 of the total wall Tength available, and walls
are "balanced", the load to the interior wall is somewhat greater than
5/8 of total load. For unbalanced walls, the eccentricity is obviously

reduced (with so much wall at or near the center) with a corresponding
increase in load seemingly obvious.

Finally, equal lengths of walls are assumed at the exterior and interior
but with the interior wall one piece. In this case, diaphragm deflec-

tion must be considered. As might be expected, shears to exterior walls
are significantly higher (32 percent of load) than usually considered
(25 percent). Although not represented in this example, this condition
would more normally occur because exterior walls were long rather than
interior-walls short. It does indicate, however, that exterior

walls can also be overloaded in certain instances. Where the

exterior walls are longer, such as at the front wall of the three
rotational examples shown on the fourth and fifth pages of the example
calculations, the overload will rarely overstress the shear resisting
material supplied.

Model C - The analysis of this model is more difficult because the
diaphragm is less rigid and most definitely enters into the apportion-
ment of load to the walls., The condition analyzed (see calculations at
the end of this section) is that which might be expected in a full de-
sign. Hold-down anchors are considered at the interior and front wall

12



with shear resisting material supplied for a 25-50-25 distribution.
Note that with 5/8 of the load at the center, closer nail spacing or
thicker plywood would be required. The first would reduce nail slip
deflection while the second would reduce shear deflection and would re-
duce nail slip slightly. The provision of either of these would reduce
the center wall deflection by at least 0.026" and would result in more
load being taken by the interior wall.

Provision of the special garage front wall detail instead of the 4-foot
shear wall will increase deflection at this portion since the detail
does not provide a way of avoiding bolt slip and increases bending de-
flection as well. The effect of this detail is considered further 1in
the section titled "Special Garage Front Wall Details".

Conclusions

The brief analysis presented can only give an overview of the inter-
action of wood stud shear walls and small wood diaphragms. It quite
definitely verifies that these diaphragms do enter into the distribu-
tion of load to the walls and that they cannot be considered as com-
pletely flexible. It would appear, however, that this becomes less
true as diaphragm ratio increases and cannot necessarily be extended
to diaphragms having larger ratios of Tength to width.

The omission of the consideration of walls perpendicular to the load
has the effect of creating greater reactions due to eccentricity than
actually exist. Placing the interior wall at the exact center in all
cases considered will either increase or decrease the eccentricity de-
pending on the direction in which it might be located in practice.
Considering the trial-and-error nature of the solutions, it was not
considered practical to consider a larger number of possibilities. It
was concluded, however, that the distribution of load is greatly de-
pendent upon the effective length of the shortest of the two exterior
walls. It also appears that load to the interior wall is directly
proportional to the degree of balance between the effective length of
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the exterior and interior walls (the more balanced, the more load to
the interior) but inversely proportional to the length of the shortest
exterior wall.

The determination of the relative rigidity of walls based upon length
alone appears to be reasonably accurate for similar shears when identical
materials are used. Because of the nail-slip factor, rigidity of a

given wall over a range of shears is not a constant, however, and can
vary considerably. Since each wall in a structure can (and most probably
will) have a shear per foot considerably at variance with other walls,
there is no simple method for determining relative rigidities but the
trial-and-error process--for the most part not shown in the calcula-,
tions--did indicate that Tinear relationships did work reasonably well
once the range of Toad in each wall was approached. Relative length of
walls appears to be as accurate a base as 1is reasonable in making judg-
mental decisions regarding tributary areas. Any more accurate method
would be quite complex.

Although arbitrary eccentricities caused by the ground motion itself
were not considered, the calculations seem to imply that damage to ex-
terior walls is not so much a function of rotation (for many cases)

as it is due to the exterior walls receiving more load than standard
analysis techniques indicate. One solution for this problem would be to
divide total load by total effective shear wall length with the added
provision that the Jongest exterior wall be considered to have an effec-
tive Tength equal to the effective length on the opposing side with
making such an apportionment. This would be adequate in some cases and
would be more accurate than present methods. Both the reasoning applied
in the field and this proposed method, however, fail to consider two
items which became evident as the calculations were being prepared.

They are:
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A. Major damaging earthquakes exert forces well in excess of the
equivalent static forces used in design. This is compensated
for by the minimum factor of safety of 3 applied to all shear
resisting materials but does result in larger deflections
than those calculated.

B. Only designed materials have been represented in determining
the deflection of each wall. Since combinations of materials
are not presently acceptable due to the lack of test data, ex-

terior walls will actually be stiffer than is represented in
the calculations. This undoubtedly allows them to accept
more load, provided sill bolting, hold-down anchors and wall
construction will permit, but also implies they will receive
more load. In contrast, interjor walls frequently do not
have additional shear resisting material and therefore deflect
more nearly as predicted, This "softening" of the interior
wall will lead to even less Toad being taken by the interior
wall than is shown. As deflections are increased by the
higher actual loads, the distribution of more load to the ex-
terior walls would probably increase still further when the
diaphragm is stiff,

In view of the above considerations, it was concluded that small over-
stresses in the exterior walls would be accommodated by the additional,
uncredited shear resisting material, but that Targer overstress could
best be prevented, and overall factor of safety improved, by assuring a
greater relative rigjdity for the interior walls next adjacent to ex-
terior walls. This can be accomplished by a multiplying factor applied
to the tributary area for these walls. Moreover, it appears that the
load determined through the use of this factor will be approached or
even slightly exceeded when either the interior wall approaches 5/8 of
total wall available or when the diaphragm ratio between walls to eijther

15




side exceeds about 1.5:1, and the interior wall is stiffer than either
the shorter of the two exterior walls or both exterior walls.

In order to assure adequate stiffness for the interior wall, 5/8 of

the tributary area was selected as an arbitrary minimum to be applied.
This results in a multipiying factor of 1.25 for the tributary area
developed using standard procedures. Where very short exterior walls
are used, resulting in a disproportionate ratio of interior wall Tength
to shortest exterior wall Tength, the formula was developed for appor-
tioning load to interior walls.

L. x 100
p=_1_
Li * 2Le
where: P = percentage of total load to interior wall
Li = length of interior wall
Le = Tength of shortest exterior wall

This percentage was then multiplied by 2 to obtain the multiplying
factor shown on the curve of Figure 3.2 in the Report. The reasoning
used for the application of this technique for conditions where more
than one exterior wall is present should be self evident from the meth-
odology as stated in Section 3.3B3 of the Report.

The many combinations'of shear wall lengths, diaphragm ratios and
materials available would imply that a great deal more work should be
done in this area. Until more accurate test data is available, the
resulting findings would still be questionable, however. When such
data is available, more specific findings may enable more accurate
methods to be developed which are at the same time simple enough to
warrant use with this type of construction.
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SPECIAL GARAGE FRONT WALL DETAILS

In designing small wood frame structures for lateral forces, engineers
have frequently utilized the principle of rotation in the horizontal
plane for calculating the resistance of structures with large openings at
one end. Using the single-story wood frame two-car garage as an example,

this principle states that all Toads developed parallel to the walls con-
taining the garage door opening will be taken by the rear wall. Since

the center of gravity of the 1oad is at the center of the depth of the

garage, while resistance is at the very rear, the resulting rotational

moment is to be resisted by the two exterior walls perpendicular to

the load. This theory has failed to consider the fact that free-stand-

ing wood stud walls do not offer much resistance to 1oads perpendicular
to them, when such load is placed at the top of the wall. Observations
of damage caused by the San Fernando earthquake showed that while the
diaphragms did rotate about the rear wall of the garage, the side walls
were simply twisted once whatever wall adjacent to the garage doors

had failed. While this type of damage was not general in the case of
one-story garages, similar action played a large part in contributing to
the rather extensive damage to split-level homes. In this latter case,

the seismic loads developed are considerably greater than those en-
countered in one-story structures.

Reference 3 recommends that bracing for one-story garages be provided
on either side of the garage door and that plywood sheathing be used at
the rear wall of garages on the first floor of split-level homes. A
question was raised as to whether detached garages should be considered
in the Report. It was the expression of the Advisory Committee that
they should be included. Calculations made for the Rigidity Analysis
led to the conclusion that such bracing should also be supplied at the
front of garages in split-level houses. Special bracing details are
therefore presented for the wall adjacent to garage door openings for
both one- and two-story conditions. The details themselves are designed
in accordance with standard engineering principles and require little
explanation.
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Because of the difficulty many contractors have in placing hold-down
anchors, a rigid connection is made between the garage door header and
the 4 x posts rather than at the base of the wall. The seismic Toads
used for the development of the one-story detail are the maximum con-
sidered conceivable and are unlikely to be encountered in the field.

A garage has been assumed to be 20' x 25' with masonry veneered walls
and a heavy roof. The two-story design is not as conservative and
utilizes Model C as a typical example. Wall loads are figured for ex-
terior stucco and interior lath and plaster. Roofing has been assumed
as 6 psf.

The design of rigid frames in wood is at best questionable. In addition,
the deflections of these frames is high, thereby inferring that the dia-
phragm will interact with the frame and transfer much of the load to
other walls. In the case of one-story structures, it was felt that the
roof diaphragm would not be capable of a great deal of interaction
(particularly in the case of detached garages) and the frame has there-
fore been treated as a shear wall for this condition. As inferred by
the calculations, the deflection of the two-story frame under full de-
sign load is.approximately 1/2-inch, while a diaphragm over a 24-foot
deep garage will deflect approximately 1/3-inch when considered as a
full cantilever. In order to not place too much reliance on the frame,
Section 3.3B4 of the Report requires that when the Special Garage Front
Wall Detail is used in conjunction with two-story construction, twice
the seismic load developed by the two-story portion over the garage
shall be taken by the rear wall of the garage. This requirement gives
no credit for shear resistance to the Detail. The essential function

of the Special Garage Front Wall Detail is to inhibit excessive rotation
of the second-floor diaphragm, as well as to reduce damage adjacent to
garage doors.
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DEFLECTION OF INTERIOR WALLS (Development of Table 3.1 in the Report)

Whether or not an interior wall should be a designed shear wall depends
on many factors. The Methodology gives various "rules" for making that
determination. For some situations it is essential that interior walls
be designed as shear walls to ensure simple structure integrity.

Examples:of where interior shear walls are required are: (1) to pre-
clude diaphragm ratios greater than 1-1/2:1, (2) at diaphragm openings
such as at stair-wells, and (3) for walls extending to the ceiling.

The Methodology simply states that interior shear walls are required at

these Tocations. For the vast majorijty of cases, however, the question
of whether or not an interior wall should be a designed shear wall is
resolved thfough consideration of the relative rigidities (force and
deformation characteristics) of the structure system--including the
designed shear walls, nondesigned walls, and diaphragm.

Interior walls not designed as shear walls will be carried along by the
diaphragm to which they are attached when the diaphragm moves. Their
movement will therefore be a function of the deflection of the shear
wall to either side plus whatever amount the diaphragm deflects at the

point where the interior wall is located. Short nondesigned walls
offering Tittle in the way of resistance will deflect more than the
designed shear walls. When the wall is short and nondesigned, this
deflection can be tolerated. It would seem desirable, in fact, that such
walls have their shear resisting material attached with minimal nailing
so that the deflection can be attained with the Teast amount of load.

Obviously, every wall attached to a diaphragm above will attempt to take
load. Short nondesigned walls will therefore absorb a small amount of

the load intended for designed shear walls on either side (thereby
slightly increasing the factor of safety in the designed walls) and
will affect diaphragm characteristics as well. The dilemma regarding
the rigidity required for the proper distribution of load versus the
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limberness required to prevent damage resolves itself down to the question
of the amount of deflection that can be tolerated by an interior wall and
the amount of load the wall will attempt to absorb in achieving this de-
flection. When this load becomes a substantial percentage of the total
load, it seems reasonable to require that the wall be designed.

The Rigidity Analysis has indicated the variable nature of the Toad
supported by interior walls and the importance of providing adequate
rigidity when such a wall is used. Observation of earthquake caused
damage, particularly to two-story homes, led to the conclusion that
performance would have been substantially better if more interior walls
were designed. Based upon this consideration alone, it would seem justi-
fiable to arbitrarily choose a ratio and simply state that an interior
wall must be 1.5 times as long as the shortest effective Tength of
exterior wall, for instance, before it must be considered as acting and
therefore be required to be a designed shear wall. The other side of

the coin, however, is the consideration that the purpose of the Methodol-
ogy is to mimimize damage. One of the functions of successful shear

wall deéign is to restrict total deflection at all points in the struc-
ture to a degree that can be tolerated by the finish material.

Once the determination based on observations of damage was made that
significant interior walls should be designed, the question of minimum
length required next needed to be answered. It was recognized that this
would be dependent upon the deflection of the exterior designed shear
walls and upon diaphragm deflection which in turn, for the average two-
story house, is a function of the diaphragm ratio. It was decided that
diaphragms of 800 to 1000 square feet represented average two-story con-
struction and diaphragms of various ratios were determined within this
range. The calculations at the end of this section are provided for the
purpose of illustrating the relative deformation and load carrying
characteristics for various assumptions of designed and nondesigned
interior walls, wall lengths, and diaphragm ratios. Eight-foot shear
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walls were assumed at each edge of the diaphragm and loads to these
walls obtained by assuming wind Joad to the second floor only and a
seismic load using "heavyweight" materials.

To obtain an indication of how interior wall length might vary (as a
function of exterior wall length) as diaphragm ratio varies, the de-
flection of the 8-foot interior wall under 50 percent of Joad, was
divided by the deflection of an 8-foot long interior wall under the
same load plus the diaphragm deflection. The assumption was that this
would yfeld a percentage which, when multiplied by the Tength of exte-
rior wall, would yijeld the length of the interior wall which would have,
under 50 percent of load, the same deflection as the exterior wall plus
the diaphragm. Results of these analyses are summarized on the bottom
of page 4 of the calculations at the end of this section.

The analyses given in pages 46 through 48 of the calculations at the end
of this sectjon show the load distributions for various assumed cases

of wall material and interior wall lengths. Case I shows the equal
distribution of forces between the three walls when the walls are assumed
to have equal rigidity. Case Il indicates that little change in load
distribution takes place when the interior wall is 90 percent as long

as the exterior wall (for a 3/4:1 diaphragm ratio). Case III considers
a 1-1/2:1 «diaphragm ratio and shows that a nearly equal distribution of
forces occurs when the interjor wall is 79 percent as long as the exte-
rior wall. Case IV shows that when the rigidity of the interior wall is
reduced, the load carried by that wall is substantially reduced. Con-
versely, Case V shows that when the rigidity of the interjor wall is
substantially increased, as it would be if designed, the load to the
interior wall is substantially increased.

The percentages stated in Table 3.1 of the Report were established
arbitrarily, but are based on the field observation that significant
interior walls should be designed and the calculations given in this
section.
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WALL LOADS (Determining Loads for Wall Load Tables)

The methods proposed in the Report for the determination of seismic
loads are, for the most part, consistent with standard structural design
procedures. In certain instances, some judgment is required by the user
of the Methodology to determine tributary areas, but the design re-
quirements are adequately specific in this regard to leave Tittle room
for major judgmental error. In determining seismic loads contributed

by exterior and interior walls, the structural designer frequently
employs shortcuts which were considered as requiring more judgment than
it was felt wise to leave to the discretion of the user of the Methodol-
ogy.

It is general practice for structural engineers to ignore door and win-
dow openings and consider the walls of small structures as solid. Some
engineers consider only walls perpendicular to the load in determining
the seismic load, using the reasoning that the parallel walls support
themselves and that the shear wall being designed contributes a very
small percentage of the total load and therefore may be neglected.

In such cases, the engineer often simply views the plan and determines
that an "average" of 2, 2-1/2, or 3 interior walls run perpendicular to
the Toad across the structure and then calculates seismic load for the
"average" number of walls. Other engineers use a uniform partition
load assuming it accounts for all load from both interjor and exterior
walls. The partition load used in this instance is frequentiy lighter
than that which would be required by some building review agencies for
the design of offices or other similar commercial structures. Again,
the reasoning is probably that walls parallel to the load carry them-
selves and may therefore be ignored in "averaging" wall load. Obviously
there are innumerable variations on the techniques described. Such
reasoning has its justification in that it refiects the way in which
houses respond to earthquake generated forces.

49




As mentioned above, it was felt that it would be too difficult to
require persons untrained in engineering to make the judgments necessary
to determine seismic loads for interior and exterior walls. An attempt
was therefore made to determine if houses damaged in the San Fernando
earthquake bore any similarities with respect to the amount of wall
present, expressed as a percentage of floor area. For this purpose,
Models A, B and C in the Report are used to represent the three broad
categories of housing studied. Although not shown in the calculations
at the end of this section, the findings have been cross-checked against
several other houses and found to be fairly reliable. The variation
between larger homes with larger rooms and smaller homes with smaller
rooms is not as great as might be expected. The method proposed is

more conservative for large houses with large rooms than it is Tiberal
for houses with many small rooms.

In determining interior wall lengths, all walls were scaled ignoring
normal openings, but wardrobe doors and other wide openings were totally
omitted. Since dimensions were determined by scaling, the lengths
indicated in the calculations are approximate. Certain rules had to
accompany the method of determining wall loads. Thus, for example,

the designer is told that interior wall Toads need not be considered

for the area of attached garages in one-story construction but garages
at the first floor of two-story construction must be considered as a
room, i.e., as though interior walls were present. This latter require-
ment is conservative but it would have required still another table for
this special case had this assumption not been made. The first replace-
ment stated is in keeping with the decision to consider Model A without
the attached garage in determining the ratio of wall to floor area. This
was done because this model could concejvably be constructed with a
detached garage.

As shown by the tabulation on the bottom of the second page of the cal-
culations, the ratio of interior wall to floor area is remarkably con-
stant with the exception of the mid-Tevel of Mode]l C. Although most
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such mid-levels contain the kind of rooms shown in the example, it

is possible to conceive of floor plans requiring much more wall at this

level. The assumption that one square foot of interior wall is present

for each square foot of floor area was therefore felt to be a reasonable
approximation, although it was recognized that homes with smaller rooms

will probably exceed this value somewhat.

In the case of exterior walls, only the mid-level of Model C has less
than one square foot of wall per square foot of floor area. In this
case, the wall common to the two portions of the structure has not been

included in the mid-level exterior wall length. The ratio of exterior
wall to floor area is largely dependent upon the size of the house. It
was determined to use 1-1/8 sq. ft. of wall area per square foot of
floor area on the basis that houses as small as 825 sq. ft. would fall
within this ratio, that wings on larger homes would increase exterior
wall length faster than floor area increased and, finally, to somewhat
compensate for the smaller or many-roomed average-size house having
more interior wall than would be shown by the ratio assumed for those
walls.

At the first floor of two story houses, a lesser interior wall ratio
seems justified in that two-story houses tend to be larger than one-
story, and most of the smaller rooms are congregrated on the second
floor. The ratio of interior walls on the first floor of Model C is
especially Tow since the garage area is included and also because, in
this particular model, a Targe room was located behind the garage. When
these houses were actually built, some of the models were similar to

the floor plan shown while others had the Targe room behind the garage

sub-divided into a bedroom or study and a smaller family room. It was
therefore felt that the amount of wall in this model could be as much
as double that shown on the example in the Report. The ratios found
were decreased slightly since two-story plans tend to be more rectangu-
lar and the more conservative exterior wall load considered is three
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times the amount required to be used in one-story construction (upper
4-feet of wall to roof and 8-feet to second floor). Exterior wall
loads for two-story construction will therefore tend to be somewhat
larger than would be determined from engineering calculations.

In considering wall loads to be used, it was felt desirable to approxi-
mate the assumptions made in a structural engineering office such that
undue penalty was not placed upon designs made using the Report. Al-
though the assumptions could not be based upon a single floor plan, and
therefore needed to be somewhat conservative, they are nevertheless
founded on a rational basis. In one-story houses or the top floor of
two-story houyses, only the top half of interior and exterior walls load
the roof or ceiling diaphragms. The ratios of wall to floor area can
therefore be reduced by one-half for any design. It was also assumed
that the wall Tengths in each direction were equal (not necessarily true)
and that the walls parallel to the Toad would be self-suppdrting and
therefore transfer no Toad to the shear walls, and that, in addition,
they would help support perpendicular walls through the action of the
ceiling "diaphragms." In order to be conservative it was assumed that
walls perpendicular to the load falling within the center half of the
house were supported by these interior, nondesigned parallel walls.

The assumption of walls parallel with the load supporting themselves
allows another 50 percent reduction in the load to the shear walls.
One-half the Tength times one-half the width of the main body of the
house (or the portjon between parallel shear walls) results in one-
fourth the area assumed to have walls perpendicular to the Toad sup-
ported by the non-designed walls. This allows a further reduction to
three-fourths of the previously reduced finterior wall area contributing
load to shear walls. The total reduction is therefore 1 x 1/2 x 1/2 x
3/4 = 3/16 of interior wall Joad actually affecting shear walls. In
other words, 0.1875 sq. ft. of interior wall is assumed as contrijbuting
seismic load to shear walls per square foot of floor area. It should
be noted that the 3/4 reduction is not applied to ceiling Toad. It was
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reasoned that this consideration would be unduly confusing and that the
additional load generated would tend to compensate for the fact that
total interior wall length is not 50 percent in each direction.

When second-floor diaphragms were considered, it was necessary to
compensate for the Toad not considered acting at the roof Tevel since
walls parallel with the load would still contribute their reaction to
the second-floor diaphragm together with all perpendicular walls. This
load is not considered at the roof Tevel and therefore has to be added
to the wall load directly acting on the second-floor diaphragm. While
the reasoning seems somewhat complex, the results are that one-story
houses or the top level of two-story houses are not unduly overloaded
when using the methodology, while total load for the first floor of
two-story dwellings is not undercompensated.

When interior walls extend to the underside of the roof framing, such
as occurs in houses with flat roofs, with sloping ceilings applied
directly under the framing or with houses with exposed framing, many of
the interior walls must be considered as shear walls but the load to
each such wall is usually quite low. In this instance, the reductions
in interior wall load affecting the roof diaphragm are not applicable
with the exception that only the top half of each wall Toads the dia-
phragm. It was therefore necessary to provide additional tables in the
Report for houses of this configuration utilizing 1/2 sq. ft. per square
foot of floor area as the wall Toad affecting the roof. When second-
floor diaphragms are present, obviously the other 1/2 sq. ft. is taken
by the floor and therefore the same table used for the roof may be used
for that portion of the load emanating from the walls above the second
floor. In this instance, the second-floor wall Toad table in the Report

lists loads from below the second floor only, and refers to the roof table

for the remainder of the load.
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SNOW LOADS

Requirements for handling snow loads in seismic design considerations
are not as clear as most other similar concerns. Where snow is likely
to be present on a roof it is clear that its inertial force will add

to the load which must be resisted by the structure. Snow, however, is
often not attached directly to the structure and for all but flat roofs
it might not only be presumed that the snow would have a tendency to
begin sliding during severe shaking, but also it is logical to assume
that only the weight transferred to the structure by frictional forces
and adhesion {of ice or hardpack) should be considered. In Section 2314
of the Uniform Building Code under the definition of W, the exception
states "where snow loads are considered the snow load shall also be in-
cluded; however, when approved by the Building Official the snow load
may be reduced up to 75 percent maximum." Even the statement in the
Code Teaves more latitude than is allowed for most other design require-
ments. In addition, the Seismology Subcommittee of the Structural
Engineers Association of California currently has under consideration

a modification which would allow snow loads of 30 psf or Tess to be
ignored in seismic design.

The HUD Manual of Acceptable Practices (MAP) presents snow load charts
indicating ground snow weight in multiples of 10 psf and states that

for most conditions 80 percent of this weight shall be used to determine
roof snow load. The Report has taken these maps into consideration

and has allowed snow load to be disregarded for roof loads of 32 psf or
less, It is felt that this position is principally justified by practi-
cal considerations with respect to seismic design for dwellings. In
addition, the current considerations of the Structural Engineers Associ-
ation of California add some weight to this decision.

Where Tocal building officials require snow loads to be considered in
seismic design, the Report's methodology is capable of allowing the

designer to incorporate such loads without other special considerations
or methods being required.
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HEIGHT TO LENGTH RATIOS FOR WALLS WITH VARIOUS SHEAR RESIST-
ING MATERIALS

The Uniform Building Code, Table 25-I, specifies maximum height to
width ratios as follows:

Diagonal Sheathing conventional 2:1
Diagonal sheathing special 3-1/2:1
Plywood nailed all edges 3~1/2:1
Plywood blocking omitted at intermediate 2:1
joints

A 1-1/2:1 height to width ratio is specified for fiberboard sheathing
by Section 2515 of the UBC, and for gypsum lath and plaster, gypsum
sheathing board and gypsum wall board by Section 4713 (d). Although
it is not specifically stated, woven or welded wire lath and Portland
Cement plaster (stucco) is also covered by the latter section and it

is assumed that the 1-1/2:1 ratio is intended to apply to this material
as well. :

Section 2518 (f) 5 of the section of the UBC titled "Conventional Con-
struction Provisions" allows the use of diagonal sheathing, plywood,
fiberboard sheathing, gypsum sheathing, particle-board and gypsum wall
board as shear resisting materials and specifies that each panel so
covered shall be at least 48 inches in width. The "Conventional Con-
struction Provisions" are intended primarily for home construction. The
typical wall height in residences is 8'-0" and in designs incorporating
cathedral ceilings, higher ceilings in living rooms, etc., these
heights will exceed 8'-0" and may conceivably extend to 16'-0" or
greater. The implication that a 2:1 ratio is acceptable in home con-
struction for the "lesser" shear resisting materials is clear.
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The Report specifies an allowable height to width ratio for plywood
sheathing of 3-1/2:1 and an allowable 2:1 ratio for all other materijals.
Special diagonal sheathing is rarely used and is not specified in the

Report, so therefore the 3-1/2:1 ratio for that material is also not
mentioned. The 2:1 ratio has been adopted for the other materials for
the following reasons:

1.

The HUD Minimum Property Standards presently refers to the
Uniform Building Code for Seismic Design and the Code implies
this ratio as acceptable as described above.

By specifying a 2:1 ratio, even higher ratios (and therefore
higher deflections) are eliminated from use in dwellings con-
taining shear walls of greater than average height. These
types of dwellings tend to incur greater damage in seismic
disturbances, and it would be undesirable to continue to en-
courage the use of such shear walls.

The Report apportions shear resistance in the same manner as is
required for engineered structures in that the allowable shears
for the various materials have been'specified, thereby requir-
ing that wall lengths along a given Tine of resistance either
be proportional to the Toad if ordinary finish materials are
used for shear resistance, or requiring that plywood be util-
ized when Tesser total lengths are provided.

Using the front elevation of Model A, as presented in the
Report, as an example, it appears that requiring a height to
width ratio of less than 2:1 could severely penalize residen-
tial structures in terms of providing required fenestratijon.
When considering economy, practicality, and esthetic require-
ments in combination with structural considerations, it does
not seem unreasonable to alJow this higher height to width
ratio to be used for dwelling construction.
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SHEAR WALL RESISTANCE

Because the determination of shear wall is such an important part of
earthquake resistive design, the value of the Methodology in offering
earthquake protection is directly related to the assignment of allowable
shear values for various materials. The shear values assigned in the
Report have been taken directly from the Uniform Building Code? for all
finish materials other than hardboard. It was felt necessary to use
the shear values assigned in the Uniform Building Code in order to make
the Report viable and workable. A review of wall panel racking test
data has revealed that the UBC values may not be warranted in all cases
but the assignment of other values would have meant that designers
using the Report might have met HUD requirements but could not use the
designs they prepared to obtain local building permits.

No shear resistance value for hardboard is given in the 1973 edition

of the UBC? An ICBO approval has been obtained by The Masonite Corpo-
ration of Chicago, I11inois for many of their hardboard siding materials
in accordance with ICBO Report No. 1487. Representative samples of the
test data and the ICBO report itself are included at the end of this
section. The extension of this information to include all hardboard
siding is based first on the fact that hardboard is one of the few

shear resisting materials for which allowable shear is based on ultimate
load rather than 1/8 inch deflection criteria. Secondly, Masonite
states that their competitors' products, manufactured in accordance

with Voluntary Product Standard PS60-73, will display essentially the
same properties with respect to racking as is exhibited by the Masonite
materials. Since there are many materials similar to hardboard, this
Product Standard has been referenced in the Report to identify those
products for which the shear values indicated are applicable.
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The allowable shear values assigned for hardboard (see Racking Test

Summary at the end of this section) have been developed using ICBO
criteria rather than the criteria set forth in Appendix D of the MPS.
There is a conflict in the MPS requirements stating that lateral earth-
quake load designs should be in accordance with the Uniform Building
Code and the test procedure and performance criteria stated for wall
assemblies and sheathing materials in Appendix D of the MPS. It was
partially necessary to use the ICBO requirements since these require-

ments are the only ones which state a method for determining allowable
shear, i.e., one-third of ultimate load (U + 24 for an 8' x 8' panel)
or the shear developed at 1/8 inch deflection in an 8' x 8' panel,
whichever is less. Hardboard easily meets these requirements and, in
fact, on the basis of the test results, appears to be second only to
plywood in performance. The hardboard shear values used in the Report

were determined from the racking test data based on the above stated
criteria and are given in the Racking Test Summary at the end of this
section.
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International Conference of Building Officials.

RESEARCH [OMIMITIEE RECOMRIERGATION

Report No. 1487
June, 1974

MASONITE X-90 SIDING PRODUCTS
MASONITE CORPORATION

29 NORTIT WACKIR DRIVLE
CIICAGO, ILLINOIS 6060G

1. Subject: Masouite N-90 Sidine Products as an exterior wall
covering.

1. Deseription: A, General: All of the Masemite X-90 Siding
proctnets utilize a wuniform hase hardboard, The produds are mann-
actured from selected woads that are micchanically reduced to
chips: then ferther reduced throveh steam, pressie and mechani-
eal refining to individuad hbers which actuin the maturnd binding
agent lignin, Certain additives are blended in to enhance specilie
propestics. The Coloslok Lap and paned sidings have a flme-sprewd
rating of 200 and w soke densite rating of 400,

The hibers are félted into a blanket which is pressed between
heated platers to the desired thickness and demity. The resnltant
panel has essentially cqual strength in all direction.

Panelsare humidibed ta an optinnun mwisture content, then cut
to size and fabricated int tie linad product.

t
B. Swurface Textures: The N-un siding products have  varicty
ol surface testures with awl withaat grooves,

1. Na90 desiggmates the smoothn conventional surfice. This sur-
fice iy suitable for paint type finishes only,

2. Rwe-X and Resawn designate a shinulated 1oneh-sawn tex-

tured surface stiitable for paint and some stain type finishes,

3. Barkridze desiznates a deep embossed simalated woad bark-
like texture suitable for paint el some stain type finishes.

4. Woadsman  designates an embossed  sorface  simnlatiog
weathered barn board suitable for puint and some stain type fin-
ishes.

5. Moonmspot dexignates a surface covered  with many il
craters vimulating certain types of stuceo. This surface is suitable

" for paint type finishes.

6. Bayside iv a multileve] embossed Lap siding which simudates
wood shingles. The surface iv swtable for paint and some stain
type finishes.

7. Stuceato desiziates an cwhossed stuceo texture simulating 2t
skip-trowel.suiface. The surface is primed or prepainted

8. Colorlok designates a completely prefinished smooth face
siding with a long term fuish.

C. Groove Profiles: The panel type sidines are available in a
lain ungrooved design with square edge batt joints for use with
ekl applicd battens. or lengthwise zrooves of varying widths, pro-

files os spacings, The wrooves are all a maximum depth of Y-inch
and the pancls have shiplapped long edges for a weathertite joint
without the we of 2 batten,

D. Surface Finishies: The X-60 siding products are availuble in
« variety of surface finishes.

1. Uwprimed: This finish is mncuated exterior hardboard which
is prepared for field priming and paiasting tall products) or stain-
ing with seni-trnsparent or heavv-bodied stains {pducts with
waokllike surface t s anly ). - .

2. Primed: This finish is prepired for field painting (all prod-
ucts ) or staining with he wdied stiun {predacts with woodiike
stirface textures only ). Finishing is to tuke place witlin 120 days
of application.

3. Prestaived: A vaiform factory application of a stiin type fin-
ish is applied thus eliminating the ficld staining operation, { Not
available on simooth 01 stieco enmbiossad products.)

4. Prepainted: A short term Tactory agplied finish, intended to
replace the fivst fiedd paint application i applied. 1t cn be re-
painted. {Selected praducts only.?

5. Prefinished: A Tong term fumsh is factory applicd and s
available on Colorlok series of products only.
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. Field Finishing: Primer: Primecoated pancls must he painted
within 120 days after installution. IF exposed for o ioneer perind of
time, the'siding must be reprimed with an extenor grde linseed oil
base primer. Unprimed panels mnst be fickd prined lefore finish
painting.

Painting: Alkyd, linseed ail or lates type painis are to be used.
For all paints, foliow the manufacturer's reconmmendations concern-
inge the wse of special primers or undereoats, the rate-of spread and
application procedures,

Coats of Paint Required: Totul dry film thickness including
printer and topeaat are to be a minimom of 4 ils.

Staining: Only textured sidings we to be stained. Use heavy-
hadied stains on primaed textured sidings, Unprimed testured sidioge
and trine may lie finished with semi-transparent or heasy-hadicd
stains, All stuins must hie appliced following the manutucture’™s
reconmendations for mixing, rcthod of application
and munber of ceats vequired, AN exposed suraces
to he stained.

Prestaived Products: Prestained paned sicdings do not vequire ficld
finishing.

Prepaiuted Products: This Enish is formdated o replace one
normal paint application and does not require fiekd fimshing,

F. Application: [. Lap Siding Products: Lap siding pioducts
are faraished in varving widths, 1 leneths o U6 foet and bave o
nominal & -inch thickness, Comners and will intensections are cov-
cred with metal or wood cornering with all juints caulked.

All Tap sidings must be overdapped o mininnmn of 1 inch. The

ayside and Colorlok have fived exposure and overlag. all others
can be varied. These products mest he nailed into cvery st and
every 16 inches on center above and below doars and windows.,

Lap siding may e vsed an sheathed or unsheathed walls with
studs spaced a maximum of 16 inches on center previded the wall
is braced. Except for applications of Colorlok over snlnl sheathing,
all bute joints must fall wt stud locations. Unless applic:l uver an
approved weatherproof sheathing, a building paper barier mist
be unsed,

The Colorlok Lap siding has ennesaled nailing and an interlock-
ing spline monnting system,

The lap siding is mailed to each stud of unsheathed walls with,
8-penny by 2%:-inch galvanized nails. When applyving the lap sid-
ing over sheathing up to i inch thick, 10-penny by 3-inch galvin-
ized nails are wsed.

2. Panel Siding Products: Panel siding products are furnished
in nominal 4-foot widths, lengths to 16 feet and have nmminai
thicknesses of 3« inch and % inch.

Ungroaved puncls with a srprare butt jeint may be applicd to
sheathed or unsheathed walls with studs spaced a sravimnm of 24
inches on center grooved panch, or panels with vertical shi
joints may be applied to sheathed or unsheathed walls with stids
spiced a maximum of 16 inches oa center withont corner bracine,
All punel joints wust occur at stud locations. When the vertical
edges have lap joints or square edee joints are eovered with a
batten, buikding paper may be omitted. Colurlok vanct sidding s
concealed nailing awd snap-on color wateled bagens,

The siding is vailed diveetly o the studs with Gopenny Ty 2-inch
salvanized box nails spaced o inches on conter at all edied ot inter-
medinte framing menihess. For nominal 3 -inch thick panels with
shiplap cdyes oand A W deep seprare et grooves, additional vauls
spaced 8 inchies on cetiter are installed in the groove bomed at the
shiplap joint. Al nails are to he located 3% ineh trom the paned
edges. Where racking strength regsirensents are uot needed, cither
a box head or siding nail of the sane » iy be used, and the
nail spacing may be meresed to 6 inches on center and 12 inches
on center at veatical joints el intenmediate supports, respectively.

. Masonite Trade Nan:es:

X-40 Lap Siding
Ruf-X Lap Siding
Bayside Lap Siding
Colorlok Lup Sauling

rite ol spread
aned erdges are

=
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Barkridgze Lap Siding

X-90 Panel Sidinzg

X-90 V-Groove Paned Siding

X-90 Panclgroove Siding

Ruf-X Pancl Siding

Ruf-X Panclgroove Siding

Ruf-X Reverse Batten Siding

Woudsman Pancl Siding

Mignspol Pinel Siding

Barkridee Panel Siding

Resiswn Paned Siding

Stuceato Panel Sidiue

Colorlok Soflit Systemn

Phiin and Slotted Soffit

H. Identification: A product is back branded to identify the

material as X-90 siding, and that it is manufactured by the
Masnnite Corporation. An Underwriters Laboratories, Incorporated
lalel is alse provided on the Colorlok Lap and Panel Sidinus.

1. Evidcuce Submitted: Madulus of rupture, racking strength,
weatherability and fire hizard classietion test reports have heen
submitted. -

Recommendation

1V. Recom:endation: That the Masonite X-91 Siding Products
are alternutes to the eserior siding materials spevified in the Uni-
form Building Code where no direresistive rating is required, sob-
ject to the followineg provisions:

1. The produet shall be designated as Masenite X-90 siding,

2. No lateral value iv assigned to fap siding and therelore all
of the walls to which it is applicd most he braced in accor-
danee with the requirements of the Code.

3. Unless applied direetly over an approved  weatherproof
sheathing, building pager is installed under lap siding.

4, Grooved siding used as sheathing ur in licu of corner bracing
shall not be installed with horizontal joints and supporting
framing must he spaced not.to eveced 16 inches on center.

8, Three-cighths-inch panel siding used as sheathing or in lien
of corner bracing shall not be installed with horizontal joints
and supporting framing must be spaced not to eveeed 24
inches on center.

6. Al window, door and other openings shall he flashed in
nccordance with the requirements of the Code,

7. The paned shear vatues are o set forth in Table No. 4

K. All munerinds are imlalled and finished according to this
report and the manufacturer’s recomumendations,

9, The Colorlok Lap and Panel Sidings are clossificd as C!
IIT material under the provisions of Chapler 42 of the Code,

This rccommendation is subject to annual re-cxamination.

ALLOWABLE
S$TUD SPACING SHEAR
PANEL (In Inches) LBS.<FT,
Aoeinch Grooved Panel Sidings with )
Shiplap Joints 16 230
] 16 300
Smooth Panel Sidings with Butt Jomnts
24 280

'All panel edumy Fadked with 2einch nominal o wider Iranung, Panels
installed vertcadhv. All mails shad be 6 poany commaon spaced ot g«
inch centeny on all edges and hondanies with nch centers fur field
natding. Thescevalues are for short time loads due to wind or seivmie
forces and must be reduced 23 per cent for normat loading,
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;L RK ST. LOUIS SAN FRANCISCO LONDON, ENG. LOS ANGELES PITTS3UAGH

Racking Test Summary No. 32
ROBERT W. HUNT COMPANY, ENGINEERS
CHI1CAGO 7, ILLINOIS

January 29, 1970
FiLg No. 1371-1 rerone  E=26

onoEn 12-F-784 Faae 2
Masonite Corporation--Racking load test of Barkridge pznels,
Details of. Racking Load Test
Deflection - inches Set - inches

Load Single Single
pounds Panel Panel

400 0.005 .

800 0.013 0.008
1,200 0.024 0.014
1,600 0,069 0.054
2,000 0.094
2,400 0.111 0.069
2,800 0.124
3,200 0,139
3,600 0.159
4,000 0.181
4,400 0.210
4,800 0.264
5,200 0.292
5,600 0.374 *

* TFailure occurred after this particular loading was wade.

Respectfully submitced,
ROBERT W. HUNT COMPANY

ééi ¢ Cg?/ii'!<§45’?'

Physical Laboratory Division

ACO/ms=-6
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T YO ST. LOYLS SAN FRANGSCO LONDON, ENG. LOS ANGELES PITTSSURGH

Racking Test Summary No. 33

ROBERT W, HUNT OOMPANY, ENGINEERS
OHIOAGO 7, ILLINOIS

July 11, 1969

nug He, 1371—1 REroORT D-263
eepan L-266 Paax 2

Masonite Corporation--X-90 Moonspot Siding.

Wooden Test Panel Frame:

The 8' wide x 8' high test panel frame was constructed of comstruction
grade Douglas Fir 2" x 4" studs and plates. The frame was constructed
and nailed per Figure 9 of ASTM E72-08, There were no let-in braces
on 2" x 4" frame.

Racking Load Test Method

Procedure mainly followed those specified in ASTM E72-68 and FHA Circular No, 12
except as to measurement of horizontal movement. Measurement involved the use
of a large triangle whose base was fastened to the test panels floor plate. The
test panels movement at top corner, where load was being applied, was measured
with a dial gage which had 0.001" graduations.

Deflection and set readings were taken at the required loadings as listed in
the two specifications. i

Load ~ Deflection - Set Test Data

Load- Deflection Set FHA Minimumg or Maximums
pounds - inches —inches Deflection Sec
400 0.002
800 0,006 0.001
1,200 0.017 0.006 0.200" -Max, - 0,100"
1,600 0.029 0.008 :
2,000 0.048
2,400 0.057 0.017 0,.600" =Max, - 0,300"
2,800 0.090
3,200 0.117
3,600 0.142
4,000 0.172
4,400 0.209
4,800 ‘ 0.262
5,200 0.287 (F.H.A. minimum load for dry panels)
5,600 0.336
6,000 0.404
6,400 0.476
6,800 0.636
7,200 0.674
7,600 0.809

(Failure occurred on trying to reload to 8,000 1lbs.)

Respectfully submitted,
ROBERT W, HUNT COMPANY

L, C Ly

Physical Laboratory Division

ACO/ms~6
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IW- YORK ST, LOULS SAN PRANCISCO LONDON, ENG. LOS ANGELES PITTSBURGH

Racking Test Summary No. 34
ROBERT W. HUNT COMPANY, ENGINEERS
OHICAGO 7, ILLINOIB

July 11, 1959
Pk Na, 1371-1
onntn L-266

Masonite porpotation-—X—90, V-Groove siding.

rasony D-262

Pack

Wooden Test Panel Frame:

The 8' wide x 8' high test panel frame was constructed of construction
grade Douglas Fir 2" x 4" studs and plates. The frame was constructed
and nailed per Figure 9 of ASTM E72-68. There were no let-in braces
on 2" x 4" frame.

Racking Load Test Method

Procedure mainly followed those specified in ASTM E72-68 and FHA Circular No. 12
except as to measurement of horizontal movement. Measurement involved the use
of a large triangle whose base was fastened to the test panels floor plate. The
test panels movement at top corner, where load was being applied, was measured
with a dial gage which had 0.001" graduations.

Deflection and set readings were taken at the required loadings as listed in the
two specifications.

Load - Deflection - Set Test Data

Load~ Deflection Set F.H.A, Minimums or Maximums
pounds - inches ~inches Deflection Set
400 0,004
800 0.010 0.000
1,200 0.015 0.001 0.200" -Max, - 0.l00"
1,600 "0.024 0,004
2,000 0.045
2,400 0.067 0.024 0.600 -Max. - 0.300
2,800 0.095
3,200 0.117
3,600 0.160
4,000 0.208
4,400 0.271
4,800 0.430
5,200 0.630 (F.H.A. minimum load for dry panels)

(Failure occurred on reloading to 5,600 lbs.)

Respectfully submitted,
ROBERT W. HUNT COMPANY

A, C et

Physical Laboratory Division

ACO/ms-6
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NEW YORK

SAN FRANCSCO LONDON, ENG. LOS ANGELES PITTSBURGH

Racking Test Summary No. 35
ROBERT W, HUNT COMPANY, ENGINEERS
On104G0 7, ILLINOIS

April 28, 196}

rus e 137151 rzrorr 21586
onsen L4100 o g
DETATIS OF RAGKING LOAD TESTS
DRY PAMEL TESTS
Test No. & Test No. 5 - Test No. 6
Deflec~- SET Deflece SET Deflec- SET
Load - tion = % of tion - % of tion - Z of
Pcunds inches inches Deflection inches  inches Deflection inches inches Deflection
Loo 0.01 0,005 0,005
800 0,015 0.0 - 0,02 0.0 =« 0,01 0.0 -
1200 0.02 0.0 = 0,025 0.0L Lo 0,03 0,01 33
1600  0.03  0,0L 33 0.0l 0,015 37 0,05 0,015 30
2000 0,035 0,07 0.07
2400 0.05 0,01 20 0,09 0,02 22 0.09 0.03 33
2800  0.06 0.11 0.11 , -
3200 0.07 0.1l 0,03 21 0.1k 0.05 36
3600  0.09 0.18 0.17
LOOO 0,105 0,02 19 0422 0,07 32 0422 0,09 L1
Lhco 0,13 0.27 0.25
U830 0,16 0.32 0,12 37 0.30 0.13 L3
5200 0.18 0.38 0.37
5600 0,21 0.0 19 0,43 0,17 3k 0.2 0,20 L8
6000 0,26 0.50 0,60
8400 0,29 0.58 0,26 LS 0.69 0,37 62
6800 0.34 0,66 0.31 L7 0.85
7200 0.L1 0,1 3k 0,78 0.95 0.55 58
Fajled on Reloading
7600 0.50 0,18 36 0.95 after 7200 1b load
2?00 0.66 Failed on Reloading
.0 Fai R Aft 00 1b d
: BSDg aiatelz? dBOo&) f&ofodggg er 76 Loa
9200
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NEW YORK ST. LOUIS SAN FRANCISCO LONDON, ENG. LOS ANGELES PITTSBURGH

Racking Test Summary No. 35
ROBERT W. HUNT COMPANY, ENGINELRS
OMI0AGO 7. lu.x.nqm

April 28, 196}
one e ]137].1 Reronr 21586
ossza L1700 Pase - Lo

DETATIS OF RACKING LOAD TESTS

WET PANEL TESTS

-Test No., 1 Test No. 2 Test No, 3
Deflec- SET Deflec- SET Deflec- SET
Load - tion - % of tion - % of tion - % of
Pounds inches inches Deflection inches inches Deflection inches inches Deflection
Loo 0,015 0.005 0.005
800 0,025 0.0 = 0.01 0.0 - 0.01 0.0 -
1200 0,035 0,005 1 0,025 0.0 - 0.02 0.0 -
1600 0.0L 0.01 25 0,03 0.005 17 0,03 0.01 33
2000 0,0L5 0.05 €05
2400 0,06 0,02 33 0,07 0.015 21 0,065 0.01 15
2800  0.075 0,09 0.075
3200 0,09 0,03 33 0,11 0,035 32 0,10 0,025 25
3600 0.1X 0.1k ' 0.12
kOO0 0,18 0.0L 39 0.17 0.08 L7 0.15  0.055 37
1506 0.16 0.20 0.18
L1800 0.18 0.07 39 0.26 0,13 50 0.21 0.07 33
5200 0,21 0.32 0e2L
5600 0,2l 0,10 L2 0,37 0,19 51 0.29 0,12 L1
6000 0,27 0,45 0.3L
6400 0,32 0,15 47 0,51 0,27 53 0,10 0,19 L7
6800 0,36 0.57 0.L5 B '
7200 0.lL3 0.23 53 0,68 0.38 56 0.50 0425 50
7600 0,56 0632 57 0,83 0,61
8000 0.68 Feiled on Reloading 0.68 .
8400 0,78 after 7600 1b load 0,76 0.1
8800 1,02 Failed on Reloading
9200  Falled on Reloading after 8400 1b load

after 8800 1b load

Respectfully sutmitted,
ROBERT W. HUNT COMPANY

V.
ACO:pp-5 ) Physical Laboratory Division
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NEW YORK ST. LOUIS SAN FRANCISCO LONDON, ENG. LOS ANGELES PITTSBURGH

Racking Test Summary No. 36

ROBERT W. HUNT COMPANY, ENGINEIRS
CEICAGO 7, ILLINOIS

November 22, 1961

Fis No.2 248221 . REPORT 17368-A
onrogw L-3803 Paaxd, Revision as
of December L, 1961

DETAILS OF RACKING LOAD TESTS

DRY PANEL TESTS

Test No. 1 Test No. 2 . Test No, 3
Deflec- Set Deflec- Set Deflec~ Set
Load- tion - ¢ of De- tion - % of De- +tion - % of De-
counds inches inches flection inches inches flection inches inches flecticn
200 0.01 0.00
L0oo 0.02 0.01
600 0.03 0.015
800 0.03 0.00 0.0L 0.01L 25 0.02 0.C 0
1000 0.05 0.025
1200 0.0L 0.01 25 0.06 0.02 33 0.03 0.005 17
1400 0.65 0,035
1600 0.045  0.015 33 0.07 0.03 L3 0.0L 0,01 25
1800 - 0.08 0.06
2000 0,09 0.075
2200 0.10 0.09
2400 0.07 0.025 35 0.11 0.0h 36 0.11 0.0k 36
2600 0.11 0.13
2800 0.12 0.155
3000 0.1k 0.18
3200 0.20 0.08 Lo 0.21 0.09 43
3400 0.23 0.2L5
3500 0.26 0.275
3800 0.31 0.315
1000 0.28 0.36 0.17 L7 0.3kL 0.16 u7
Lzo0 0.L1 0.38
Lhoo 0.L7 0.L3
k600 0.54 0.u4l5
L.80oo 0.63 0.3L Sk 0.49 0.2 L9
5000 0.69 0.54
5200 0.7k 0,58
cLoo 0.7k 0.81 0.6k
5400 0.78 0.8¢ 0.51 40 2,76 0.38 3L
5800 0.92 0.83
60C0o 0.96 C.9L
6200 1.0C
€400 1.06 0.66 62
£600 1.25
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1ZW YORK ST. LOUIS SAN FRANCISCO LONDQN, ENG. LOS ANGELES PITTSBURGH

Racking Test Summary No. 36

ROBERT W, HUNT COMPANY, ENGINEEZRS
CEICAGO 7, ILLINOIS

November 22, 1961
Fie No. 226221 reronrl7368-A
anogn L'3803 Pace h, Revision'as
December L, 1961

DETAILS OF RACKING LO/D TESTS

WET PANEL TESTS

Test No, 4L ] Test No, 5 Test No, 6
Deflec=~ Set Deflec- Set Deflec- det
Load- tion - 9 of De- tion = 4 of De- tion - % of De-
pounds  inches inches flection inches inches flection inches inches flection
200 0,02 0.01 0,00
Loo 0.02 0,015 0.0C
600 0.03 0.02 0.005
800 0.035 0.C1 28 0,025 0.000 0.015 0.00
1000 0.0L45 0.03 0.03
1200 0.05 0.03 60 0.035 0.0L 29 0,04 0.005 12
1400 0.06 0.0k 0.045
1600 0.065 0.035 54 0.06 0.02 33 0.05 0.01 20
1800 0.08 0.07 0.06
2000 0.09 0.08 0.07
2200 0.11 0.09 0.09
2400 0.125 0.08 &L 0.11 0,045 Ul 0.095 0,035 37
2600 0.15 0.12 0.1l
2800 0.17 0.19 0.1l
3000 0.19 0.23 0,18
3200 0.21 0.11 52 0.27 0.15 56 0.215 0.13 60
3400 0.2k 0.33 0,255
3500 0.28 0.36 0.29
3800 D.31 0.42 0.36
Looo 0.35 0.21 60 0.47 0.29 A2 0.4L43 0.26 60
L200 0.38 0.51 0.L4%
LLoo 0.43 0.56 0.56
L€00 0..8 0.63 0.63
L800 0.52 0.32 6L 0.68 0.LL4 65 0.71 0.L2 59
5000 0.55 0.76 0.76
5200 0.61 0.81 0.82
5400 0.66 0.86 0.89
5500 0.77 0.49 64 0.90 0.58 65 0.95 0.60 63
5600 0.88 1.01 1.05
6000 0.97 1.08 1.1C
6200 1,11 1.17 1.17
6L00 1..0 0.9L 67.2 1.28 0.86 67
A600 1.43
6800 1.67
Regpectfully submitted,
ROBERT W: HUNWT COMPANY
Physical Laboratory Division
ACO:gr-15
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STABILITY OF SHEAR WALLS (Overturning)

Because of the complexities involved in determining the stability of
individual shear walls, it was felt necessary to "simplify" the deter-
mination of stability and the requirements for hold-downs in the Report.
In view of the considerable discussion in the Report, the length of the
portion of the Design Methodology dealing with this subject and the
number of tables and graphs presented, it is obvious that even this
"simplified" presentation is more complex than might be desired. The
philosophy used in developing the approach presented was based upon
observations indicating that overturning of shear walls in one-story and
most two-story homes was not a principal consideration. On the other
hand, higher-than-average one-story shear walls created problems which
could not be ignored. The approach taken is therefore somewhat 1iberal,
with the intent being to allow the designer to determine those shear
walls which critically required hold-down anchors, as opposed to indica-
tions of exact uplift 1loads on each and every occasion. Within this
framework of liberalized assumptions it was attempted to make the calcu-
lations as accurate as possible.

Several of the assumptions made in determining the Design Methodology
are not fully supportable by conventional engineering theory. In addi-
tion to presenting samples of the calculations made to develop the hold-
down graphs  and other uplift data presented in the Report, this section
presents the reasoning used in determining the various procedures and
requirements. It is repeated that these requirements were based on
field observations of mechanisms of failure as much as by engineering
theory,

Vertical Loads

In determining the stability of a shear wall, the engineer considers the
vertical Toad per foot produced by the weight of the wall itself and any
floor or roof framing supported by it, as well as concentrated loads

from perpendicular or parallel headers, beams, etc. The Toading diagram
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is ejther visualized or drawn and moments are taken about the end which
will produce the least moment of stability. In the Report, it was
deemed necessary to require the designer to determine the uniform load
per foot produced by the weight of the wall and any other uniform loads
supported by it.

Dealing with concentrated loads became quite another matter. The concen-
trated Toads themselves are naturally variable and do not necessarily
occur at the end of the wall. In addition, resistance to uplift is
frequently provided by perpendicular walls, especially at exterior
corners of the structure. The shear resisting material around the

corner is usually fastened to the same corner studs which represent the
end of the shear wall and resistance to uplift can thus be transferred
around the corner.

These considerations were thought to be much too complex to attempt to
define explicitly in the Report. In place of these determinations the
designer is arbitrarily told that 100 pounds can be added to the allow-
able horizontal Toad determined for each segment of shear wall from the
appropriate graphs or calculations. This allowance is very conservative
for all but the shortest nonbearing shear walls. A 4-foot long non-
bearing wall, for instance, would require a 200 pound vertical dead-load
at each end in order to justify the additional 100 pound horizontal Tload.
If the wall is nonbearing it is logical to assume the headers on either
side of the wall would be nonbearing also, and it would therefore be
necessary to assume an opening of approximately 5 feet or greater in
order to justify the allowance in this case. Obviously a 4-foot long
wall adjacent to a 3-foot wide man-door would not so qualify. On the
other hand, a shear wall 8 feet or longer along the same line of re-
sistance, or even a reasonably short header in a bearing wall, would
easily develop the required céncentrated load at the end of the wall.

At exterior corners and other similar locations the shear resisting
material extending around the corner would be capable of resisting a
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minimum Toad of 100 pounds per foot (or 800 pounds total for an 8-foot
high wall) in the average house.

Finally, it was reasoned that most houses tend to have the largest
openings and shortest lengths of shear wall at the front and rear, and
that these same walls are bearing walls in most houses. Despite the many
examples of walls that could be shown for which this 100 pound horizontal
load assumption is too liberal, it is postulated that, on the average,
the assumption should not make a critical difference in the determination
of the requirement for hold-down anchors.

"Solid" Walls

A large number of houses are built with relatively short shear walls
having windows and other similar openings adjacent to them. Field obser-
vations after the San Fernando earthquake indicated that most conven-
tionally designed and framed one- and two-story homes encountered little
difficulty with overturning of shear walls. It was only very high walls
in one-story construction and first-floor walls having very short lengths
of wall along a particular line of resistance in two-story construction
which showed signs of distress due to this type of failure. When checked
by standard engineering methods it is found that most short shear walls
in one-story residences require some type of hold-down. It therefore
became apparent that some credit must be given to the wall above and
below adjacent window openings when determining the length of wall to be
considered for overturning resistance. The calculations at the end of
this section investigate some of the more obvious ways in which this
action might take place. They are, of course, Timited since specific
assumptions have been made with regard to a specific wall, and are
intended only to indicate possible sources of overturning resistance
rather than a definitive solution to all cases.

The conditions as set forth in the calculations would appear to be the
worst possible case. The shortest (and therefore the least stable) shear
wall allowed by the Methodology (4'-0") is considered in combination
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with the Teast height allowed below the window and the greatest length
of opening for this height. In order to have only one shear wall con-
sidered, the length of wall opposite the shear wall is assumed to be
3'-9", The wall is considered to be loaded with a nominal vertical
load of 100 pounds per foot.

Several other possible methods of action were investigated but are not
shown in the calculations presented. Included were the possibility that
some fixity is developed at the joints, truss action, and the use of
anchor bolts alone as hold-downs. It seems obvious that the anchor bolts
must play a significant role but the method shown seems to be the most
logical for the transference of moment above and below the window. The
method would explain damage at the corners of the windows but this damage
would not significantly affect the ability of the wall to act as a unit
in the manner shown. It is obvious, however, that the entire structure
of the wall is required to act as a unit in order to justify the action
considered, This is particularly true for walls having shear in excess
of about 180 1b./ft. (with shear material one side only) but except for
hardboard, plywood would have to be added for shear in excess of this
amount. Although the maximum condition indicates that plywood will be
overstressed, its high ultimate strength implies that less damage would
be incurred for this case than for stucco, for instance.

The theory of the action of these walls as presented is a rea;onab]y
satisfactory explanation for many conditions but obviously configurations
can be visualized which would not be explained by the mechanics of this
system. It may be that response displacements for stiff lTow-rise struc-
tures is so small that walls do not fail in overturning. Another possi-
bility is that the ceiling and roof, even when framed parallel to the
wall, provide sufficient torsional resistance to, in effect, substan-
tially increase the vertical Toad acting on the wall. It would be
particularly difficult, for example, for a shear wall located near the
center of the total Jength of the exterior wall to rack a roof suffi-
ciently to allow the wall to overturn. If this is the case it would
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make 1ittle difference what type of opening occured adjacent to the wall.
Lastly, it should be noted that shear walls interconnected by a contin-
uous top plate would have difficulty in overturning if one of the walls
(or a combination of walls) were capable of resisting the overturning.

In this case, some redistribution of shears seems far more likely. This
principle is used in the Methodology for the determination of stability
along a given Tine of resistance.

In the interest of economy and the consideration of field observations,
it was determined to allow the use of "solid" walls based upon opening
heights which appeared to perform reasonably well, and widths of openings
which allow the height to width ratio of the shear resisting material
either above or below the opening (but not necessarily both) to be only
slighter greater than that allowed for shear walls. It was on this basis
that a height of opening of 4'-8" in an 8-foot nominal height wall was
established with a height to width ratio of the material above or below
the opening of 2.5, which is only s1ightly greater than that allowed for
the shear wall itself. When solid wall occurs at the far end of the
opening opposite the shear wall, this wall will tend to fix the wall
sections above and below the opening, thereby substantially reducing the
height to width ratio. For this reason, the length of the wall was
allowed to be extended beyond a single opening when wall, at least as
wide as the highest section of panel above or below the opening, was
provided between openings. When a post or very narrow section of wall
occurs at the far side of the opening, "fixity" is either non-existent
or diminished, and in these instances the designer is allowed to consider
the length of wall as being extended to the far side of such post or
solid wall, but to not extend it further.

When doors or other Targe openings exist adjacent to a shear panel, the
small section of wall above the door cannot provide sufficient "fixity"
in one-story construction. Where shear resisting material is continuous
from above the door to the sills of windows at the second floor, it has
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been assumed that "fixity" can be established. This allowance is re-
flected in the Methodology.

It should be expected that the allowances for "solid" walls will result
in some damage to shear resisting finishes at the corners of window
openings. The inclusion of the use of "solid" walls, however, should
1imit the use of hold-down anchors to those walls having Tittle or no
redeeming features which would 1imit the use of such devices were the
wall engineered. To further reduce the need for costly and troublesome
hold-down installations, allowances have been made for both the framing
anchor and strap-type hold-down. While the framing anchor hold-down 1is
considered to be an 1ntermed1ate.solution for residential shear walls
having 1ittle uplift, it is not recommended for use in commercial
structures.

Determination of Hold-Downs Required

Since concentrated loads were not considered as a factor in determining
shear wall stability, it was possible to present the graphs entitled,
"Hold-Down Graphs A Through G", the formula contained in Section 6.4D3

of the Methodology, and the graphs for hold-downs Numbers 1 through 4.
When no hold-down anchor is required, the allowable horizontal force, P,
is easily determined as being the moment of stabijlity created by the
vertical uniform load divided by the height of the wall. Reduction of
the vertical load due to the vertical acceleration is rarely considered
in wood frame and small building design, but, if it is used, the reduc-
tion should obyijously be made before using the graphs. Graphs were pre-
pared ranging from 60 to 600 pounds per foot on the theory that 60 pounds
per foot represented the lightest weight imaginable for a nonbearing

wall and 600 pounds per foot was the highest load anticipated for bearing
walls using standard framing methods. The designer is told to ignore
veneer Joads in determining vertical loads. The 600 pounds per foot can
be exceeded in some two-story construction, and angle hold-downs may be
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required. The hold-down formula for angle hold-downs is given in
Appendix A of the Report for this reason. When 600 pounds per foot is
used, a 4-foot long wall, with only the double framing anchor hold-downs
installed, is capable of resisting an overturning moment which would
cause a shear in the wall of 250 pounds per foot. Only butt-jointed
hardboard and plywood are capable of resisting this much load. It is
un]ike]y—that shear walls will be provided in many homes which not only
have vertical loads in excess of 600 pounds per foot but also have walls
so short that angle hold-downs would be required. For lighter uplift
loads common to houses, the formula for strap hold-downs in Section 6.4D3
may be used.

When framing anchor or strap-type hold-downs are used, the formula pre-
sented in Section 6.4D3 assumes the hold-down force, F, as acting at the
very end of the wall. The error caused by this assumption will normally
not exceed about 4 percent (48 inches divided by 46.25 inches; 46.25
inches being the Tength of the wall minus 1/2 of the width of a 4 x4).

In determining the stability of walls using major hold-downs, the formula
is more complicated and is therefore presented in graph form in the
Report. As shown in the calculations following this section, the hold-

down force, F, is assumed to be acting 6 inches from the end of the
wall.

Hold-down loads were selected based on the capacity of commercially
available hold-down devices as fabricated by a major manufacturer of
building hardware. Since these allowable Toads are predicated upon the
bolt values, it was not felt that such an assumption led to the use of

a proprietary item. In fact, angle-type hold-downs are detailed in the
Report and may be used in 1lieu of pre-fabricated items. The manufacturer
of the commercial hold-down anchors publishes the allowable design load
values considering a 25 percent increase for metal side-plates. An
asterisk in the table indicates that these loads may be increased one-
third when used for the resistance of seismic loads. The 25 percent
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increase for metal side-plates has not been used in the Report in the

design of any connections, and was therefore ignored in this case also.
To avoid confusing designers using this or similar commercial hold-downs,
the value as published in the table (with the 1/4 increase) was selected
as the capacity of the hold-down in lieu of assigning the actual value
(without the 1/4 increase) times 1.33 for seismic or wind loadings. In
other words, the capacity of the angle hold-downs is listed with a 1/4
increase rather than the usual 1/3 increase allowed. It was deemed

wiser to use the published values printed in the tables for such commer-

cially available devices rather than to confuse the designer with values

which were not readily apparent in the tables of design load values for
such devices. A sample tabulation for no hold-down anchor required and
for hold-down Number 1 is shown on the third page of the calculations.

Grade Beams

Probably no other section of the Report will be as subject to revision

to meet Tocal conditions as the requirements for grade beams. Since
foundation requirements vary by locale, it is to be expected that Tocal
designers and contractors will wish to have designs prepared which reflect
the type of footings installed in their area. Soil bearing value and
frost Tine have an affect on the type of footing used. In addition,
special considerations such as expansive soils and land fills over

swampy conditions--to mention only two--have led to unique and varying
solutions in different parts of the country. Since depth of footing

plays a large part in the determination of the size and reinforcing of

the grade beam, it was felt that the most conservative assumptions should
be made in presenting information in the Report. It was assumed that
this would be reflected in a 12-inch wide footing extending 12 inches
below grade. As the calculations indicate, this footing size proves to
be insufficient for most grade beams and, therefore, the assumption of

a smaller minimum size would have had no effect on the calculations.
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Short shear walls requiring hold-down anchors and grade beams are most
commonly found along the exterior walls of a house, although they can
occur at the interior as well. Along a given line of resistance (or
'given length of continuous footing), the shear wall can occur at either
end or anywhere in between. Grade beams are most commonly installed as
shown on Detail 29/4 of the Report. Calculations not presented herein
show that the worst casé occurs, however, when the shear wall is located
at the end of the continuous footing with the horizontal load acting away
from the corner. This condition is shown on page 85. The hold-down
graphs essentially indicate the overturning moment which can be developed
for a given length of wail by a specific hold-down anchor. Each wall
height curve therefore represents the same moment, divided by that height,
for any given length of wall. Since the moment is the same, the same
grade beam can be used for a given length of wall regardless of its height,
provided the vertical load per foot to the wall is also the same.

The UBCZ2 allowable soil pressure (1000 psf increased 1/3 for seismic
load) is not as critical as the grade beam length required to generate
uplift resistance in determining the "a" distance required for the grade
beam. For grade beams of the same weight, the "a" distance required is
not much less, in order to provide the weight for uplift resistance, when
the horizontal Toad is in the opposite direction. It was concluded that
a single presentation, based on the formula shown, could be made in the
Report. Tabulations were therefore prepared for varying lengths of wall
to establish the locations at which grade beam reinforcing or size must be
changed. This was done for each of the vertical loads per foot for which
the hold-down graphs were prepared.

To account for differing foundation construction practices and allowable
footing pressures throughout the country, it would be useful to revise

Table 4.2 and Details 32/4 and 33/4 in the Report for the various
locales.
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NAILING SCHEDULE

Table 25-P of the Uniform Building Code specifies the nailing to be
utilized between various wood framing members. To avoid conflict with
this Nailing Schedule, the schedule presented in the Report for the most
part sets forth the same requirements but extends required nailing to
items not specified by the table in the UBC.

In determining the shears for which nailing should be provided, it is
necessary to make conservative assumptions and yet attempt to arrive at
connections that are not unduly expensive. For this reason, the nailing
specified in the schedule approaches but does not always provide the de-
sign shears specified in the calculations. It must be recognized that
the example calculations shown at the end of this section have attempted
to arrive at the worst possible case that might ordinarily be expected.
Some connections will obviously be over-stressed due to special con-
ditions such as the installation of masonry fireplaces, fully veneered
homes in combination with interior lath and plaster, or other special
loadings. Homes for which lightweight materials are used throughout
would be penalized, however, had the schedule in the Report not specified
limits for the nailing which may be used with 1ightweight materials.

Sheathing

The nailing for plywood sheathing specified is the same as that in the
Uniform Building Code for 3/8 inch sheathing with 8d nails for roofs and
1/2 inch sheathing with 10d nails for floors. This is as required for
designed diaphragms as specified in Table 25-Jd of the UBC rather than
the general nailing specified in Table 25-P. The nailing for straight
sheathing is essentially the same as required by the UBC with the
exception that straight sheathing is required to be nailed along its
length to blocking at supports.
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Roof and Floor Framing

The toe nailing of rafters and joists to top plates and the face nailing
of ceiling joists to parallel rafters is as specified by the UBC. The
toe nailing of joists and rafters to the top plates does not provide suf-
ficient shear resistance and for this reason the toe nailing of blocking
has been added to the Table. In Zone 3, the actual number of toe nails
required for the blocking provides resistance in combination with the

toe nailing of the rafters or joists to the plates. In accordance with
the calculations given at the end of this section, total nailing provided
is intended to provide resistance of approximately 150 1b/ft at roofs,
250 1b/ft at second floors or the first floor of one-story structures,
and 300 1b/ft at the first floor line of two-story structures. A minimum
of two 16d toe-nails per block is specified. In some cases, this creates
allowable shears higher than the minimums indicated. When exterior
finishes continue past the b]ocking, the footnote allows the nailing
specified to be reduced by 50 percent since it is assumed that this
exterior finish will provide at Teast half the total resistance of the
shear wall. 1In Zone 2, the design shears are one-half of those specified
for Zone 3. Because of the lower shears entailed, partial blocking has
been allowed for roof framing in Zone 2.

Wall Framing

The Uniform BuiTding Code presently stipulates nailing between top plates
to be 16d at 16 inches on center with two 16d at laps and intersections.
The Report's Nailing Schedule has added the requirement that a minimum
of nine 16d be placed between Taps and/or intersections. This is

further discussed in this report under the heading "Chord Splices.”

Sole plate nailing has been reyised from that specified in Table 25-P

of the UBC? to more nearly reflect the design shears used for determin-
ing the toe nailing of blocking.
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STUD TO SOLE PLATE CONNECTIONS

Perhaps no other requirement of the Report exists for so many different
reasons as does Detail 24/4 and yet calculation of lgads justifying its
use are not possible. The following circumstances played a part in the
determination that some type of special connection was needed between
wood studs and the sole plate at the first floor:

1. Observations of damage resulting from the San Fernando earth-
quake frequently revealed that a single exterior corner of a
residence incurred damage well beyond that found elsewhere in
the structure. This phenomenon was noted in other types of
construction as well. It has been variously ascribed to over-
turning, inherent weakness at corners, torsijon, etc. It is felt
here that none of these eXpTanations can be fully justified.
Perhaps the best theory espoused to date js that a major motijon
of the earthquake (or perhaps the first motion) reaches one
corner of a structure first and places stresses on that corner
prior to the remainder of the structure being so affected.

This would imply that the damage occurs almost instantaneously.
Since Tittle is known about how this damage occurs it is not
possible to provide an analysis of it.

2. It was generally observed during the San Fernando earthquake
that the weakest point in home construction was the connection
of the studs to the sole plate. When forces were perpendicular
to the wall, shear wall failures elsewhere in the house allowed
the studs to separate from the plate and move outward. In most
cases, such movement was minor, resulting only in the cracking
of the exterior finish material. In a few cases, usually at
the first floor of two-story construction, the wall, moved com-
pletely away from the sole plate.
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3. Because shear walls themselves have weight and therefore con-
tribute to the seismic 1oad, the greatest load developed in
a shear wall occurs at its base. In many cases, it was also
suspected that whatever shear resisting material was present
had been inadequately connected at this location. When damage
was slight, investigators were loathe to do further damage by
removing finish materfals to make this determination, and when
damage was heavy, it was difficult to determine what the
original connections had been since severe damage causes nails
to pop, etc. In new construction built since the San Fernando
earthquake, it has been observed that if shear resisting materi-
als are improperly fastened at all there js a great tendency
for such inadequate fastening to occur at the sole plate. Be-
ing close to the ground, this is the most inconvenient location
to fasten and also requires continued stooping while nailing.

4, In a few cases shear walls actually tore loose from the sole
plate in either uplift or overturning. In all such cases ob-
served, the separation occurred where the studs adjoin the sole
plate; that is, the sole plate remained in place relatively un-
damaged while the wall itself moved. Pictures of such damage
are shown in Chapter 1-2 of the Report.

Various arguments can be espoused for not requiring this detail. If
proper shear walls are provided for instance, it might be assumed that
deflections allowing-walls perpendicular to the load to be pulled off
their support would not occur. It might also be argued that inspection
could assure the proper fastening of shear resisting materials at the
base of shear walls. This has been taken into account in the require-
ments for the use of Detail 24/4 in the Report. Framing anchors in all
cases are required on both sides of one corner stud in each direction
for all houses in Zones 2 and 3. In addition, a single framing anchor
is required at the first two studs from the corner. Two-story houses in
Zone 3 are required to have framing anchors placed at four feet on
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center when plywood sheathing is not used, It cannot be stated that the
addition of the framing anchors at the corners will prevent corner
damage, but such a connection certainly will strengthen what appears

to be the weakest point at the corners. In addition, the installation
of the framing anchors will offer some resistance to uplift caused by
the vertical component of seismic motion. They will also provide a
small degree of resistance to overturning of the wall. The principal
reason for the addition of the staggered framing anchors at four feet
on center in two-story construction is that two-story houses generate
much more seismic load. These framing anchors should help compensate
for any improper nailing when it occurs, but primarily will provide a
small additional factor of safety for such shear walls. In view of the
many functions these framing anchors serve, and especially considering
the fact that they are installed at the "weak 1ink" as exposed by the
San Fernando earthquake, it is felt their use is entirely justified,
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CHORD SPLICES

In comparison with larger commercial buildings, diaphragm chords are
relatively unimportant in residential construction. This is true partly
because of the size of residences but primarily because of present con-
struction techniques. The top plates of exterior wood frame walls are
usually doubled, with splices in these plates staggered. One plate
from intersecting perpendicular walls is usually extended across and
nailed to the otherwise continuous exterior wall plates. The exterior
plates act as the chords for the roof and floor diaphragms. Inter-
secting crosswalls provide some support, even when these walls are not
designed as shear walls. If the exterior walls perpendicular to the
chord are considered to be fully designed walls with zero relative
deflection, other interior crosswalls can then be assumed to be addi-

tional supports having in most cases less rigidity than the exterior
walls. The situation might be 1ikened to a beam over several supports
with only the end supports unyielding and all others mounted on springs
with varying spring constants. In most cases, interior walls provide
sufficient support to the chord to reduce diaphragm deflection and
thereby reduce any tension or compression in the chords.

Wings of houses are usually much smaller than the main body of the
house and therefore develop Tower chord stresses even though the length
to width ratio in plan view may be greater than occurs in the portion
of the house which might be considered as the primary Toad. For this
reason, the accompanying calculations at the end of this section assume
a 25'-0" depth as being the minimum depth for which it might be assumed
that two interior walls parallel to the chord would be encountered.
These calculations indicate that for the heaviest loads which might be
expected, the upper plate splice required would be acceptable for spans
up to 31 feet with no intermediate supports. As mentioned above, it

is unlikely that interior crosswalls would not be encountered within

this distance. These interior crosswalls will provide some support
for the chord and reduce deflection to a degree sufficient to further
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extend the 31 feet calculated. The Report frequently discusses the

fact that it is felt that the ceilings of conventionally framed houses
act as the principal diaphragms, with the roof diaphragm carrying

only its own weight and some contribution from exterior walls. This
consideration not only substantially reduces the seismic weight taken
by the overall "diaphragm" and thereby transfervred to the chords, but
also reduces the span since interior walls not connected to the ex-
terior walls also act to reduce total deflection of the structure. It
is felt that the chord splice developed is sufficient for all cases

mentioned and, in addition, supplies spiices capable of transmitting sig-~
nificant strut loads, when seismic direction is perpendicular to that
which would require the top plates to act as a chord.
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STRUTS

As stated in the Introduction, calculations have not been shown for
simple connections of the type designed in the office on scratch or
directly on a calculator. The struts indicated in the Report develop
very low compressive or tensile forces in the wood members and, hence,

no calculations have been shown for these members or their connections.
Roof 1ive Toad is commonly not required to be considered as acting

together with seismic load, and, in addition, a one-third increase is
allowed for Tumber stresses. As stated in the section in this report
title "Split-Level Ties", a 62 percent increase could be taken for the
Tumber instead of the 1.33 increase and still have the same factor of
safety as is used for vertical Toad based on 1 to 10 years duration of
loading. Although it is impossible to ascertain exactly what stresses
will be developed in individual rafters, floor joists, top chords of
trusses, etc., it is reasonable to assume that the omission of the roof

1live load and the one-third increase will more than compensate for the
relatively low stresses induced by the struts shown in the Report.
The worst case indicated occurs for Detail 44/4 in the Report wherein
solid blocking is required to take a load of 2400 pounds. In this
case, of course, there is no vertical load figured on the blocking and

the compressive stress in a 2 x 4 would be approximately 457 psi. For
the two alternate Details shown as Detail 41/4, the truss has been
doubled in Detail 4la/4 and the rafter is indicated as being 2 x 6
minimum in 41b/4. In this case, the stress in the 2 x 6 (worst case)
is 291 psi.

Although floor members must be figured using the live load plus the
lateral seismic load, the 40 psf Tive load results in a larger floor
Joist size with the result that the one-third increase is the same in-
crease in stress, while the axial stress due to strut action is de-
creased because of the increase in the net cross-sectional area of the
member. The result is that stresses for the struts shown are so Jow
as to be acceptable "by inspection,"
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SPLIT-LEVEL TIES

There is 1ittle question that split-level homes suffered much greater
damage in proportion to their number than any other category of home
construction. The most spectacular damage to split-lTevel homes was
caused by factors unique to a particular tract, but even when this tract

is discounted, two specific mechanisms of failure peculiar to split-
level houses were apparent. One of these is the normal lack of ties
between the mid-level and the two-story portion of such homes. The
second, lack of shear wall at the garage, is discussed under "Rigidity
Analysis."

In concentrating on split-level homes and referring to these connections
as split-level ties, it is apt to be forgotten that the same principles
apply in any structure where there is a vertical offset in roof or
floor diaphragms. Because of the offset in Tevels, the flexibility of
the wood studs at the point of connection, possible differences in the
period of vibration of the two sections of the structure and other
similar problems, it is difficult to develop a tie that is applicable

to offset roof levels in general.

In one tract severely damaged by the San Fernando earthquake, two split-
level houses collapsed. Another house in the same tract was of interest
to many engineers, inspectors and bujlding contractors, in that a strap
tie had been placed between a framing member at the mid-level and a
header at the common wall between the two sections. Although memory

no Tonger allows a compiete visualization of this detail, it was ap-
parent to all who viewed it that the strap was still under considerable
tension. The point is that this house, although severely damaged, did
not pull apart at the juncture of the two levels although oriented in
the same direction and only two or three doors away from an identical
house which had cb]1apsed. The lesson here seems to be that it is far
more important to provide ties of some sort than to determine their

exact capacity or the required Toad to be transferred.
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As the accompanying calculations indicate, an attempt has been made

to determine the required Toad for which the ties should be designed.
If Model C as shown in the Report {s used as the typical split-level
home, total load transfer would indicate a load per foot of 106 pounds.
This house represents very light finish materials on both walls and
roof. If the heaviest materials available were used the total seismic
load would be more than double. If stucco exterior and lath and
plaster interjor finishes were utilized, along with a slightly heavier
roof, the Toad would be approximately double.

A second viewpoint might be to assume that the loads generated by the
walls and ceilings were taken by the mid-level walls and the transferred
loads would be equal to the roof weight only. The heaviest roof would
generate an equivalent seismic load of 2.667 psf as shown by the cal-
culations at the end of this section. If ties were provided for 100
pounds per foot, the entire roof load could be transferréd if the dia-
phragm.length did not exceed 37.5 feet. '

The last attempt to reconcile loads to be transferred through the ties
was to assume that all walls acted together despite the fact that the
mid-level and the first story of the two-story portion are a half story
apart. In this case, it was found that the load to be transferred would
be approximately 51 pounds per foot for Model C or 100 pounds per foot
for houses with heavier finish materials., Based upon all these con-
siderations, it was determined that the ties should be designed for a
load of 100 pounds per foot in Zone 3 and 50 pounds per foot in Zone 2.
Rather than vary the details, connections perpendicular to the rafters
are required to be spaced at 8 feet on center in Zone 3 and at 16 feet
on center in Zone 2. In this way, each tie is required to have a
capacity of 800 pounds. The connections given in the Report were de~
signed for this load. The studs to which the connections are made do
not have the same capacity as the connection, however. In.addition to
the 1.3 factor of safety normally assigned to wood, an additional

factor of 1.62 is applied for short term Toadings. ’Eveﬁ though this 1.62
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factor was used in place of the normal one-third increase for seismic
Toads, the required stress in a single stud was found to be 1865 psq.
This would require the use of special studs at these connections and
provide not only complaints from builders but also the chance for con-
fusion in installation of studs of lesser grades. For this reason,
1600f was chosen as the required strength for the studs in anticipation
that most contractors would halve this and use double studs of 800f.
These stresses are only developed when the connection occurs at the
exact mid-height of the stud. Since most roofs using this detail will
be sloping, some of the connections will actually come much closer to
the 800 pounds (at working stress) than others.
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LOADS PERPENDICULAR TO MASONRY WALLS

Section 2313 of the Uniform Building Code states '"concrete or masonry
walls shall be anchored to all floors and roofs which provide lateral
support for the wall. Such anchorage shall provide a positive direct
connection capable of resisting the horizontal forces as specified in
this Chapter or a minimum force of 200 pounds per lineal foot of wall,
whichever is greater. Required anchors in masonry walls of hollow
units or cavity walls shall be embedded in a reinforced grouted struc-
tural element of the wall." The Uniform Building Code does not specif-
ically exempt residences from the quoted requirements. The One- and
Two-Family Dwelling Code, 1971 Edition, has been authorized by BOCA
and the Southern Building Code in addition to the ICBO, and also re-
quires connections at the top of masonry walls adequate to resist 200
pounds per foot.

In this instance, the Report is less conservative than the other pub-
Tications. Commercial buildings with nine inch exterior brick walls
having a height of 16 feet to the roof sheathing and a three foot
parapet, would almost exactly develop the 200 pounds per foot required.

This type of commercial building s very common and offers no factor

of safety over the minimum requirement. It is felt that 8 or 9-foot

high masonry walls in residential structures offer much less of a threat
than the aforementioned higher walls. The actual Toad developed at the
top of a masonry wall 8'-8" high (maximum height recommended in the
Report) is shown by the accompanying calculations to be 78 pounds per
foot maximum. By requiring ties good for 100 pounds per foot for Zone

3, it is felt that the ties as detailed in the Report are more conserv-
ative than those present in many commercial structures. Using similar
reasoning, the ties in Zone 2 have been designed for 65 pounds per lineal
foot. This is predicated on a 15 psf wind load. In wind zones higher
than 15 psf, it would seem logical to require the ties stipulated for
Zone 3 regardless of the seismic zone. Since the Report is not primarily
designed for wind loads, this statement has not been made therein.
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BASEMENT CONNECTIONS FOR EARTH PRESSURE

In many areas the backfil] placed against basement walls pkovides an
equivalent fluid pressure of 30 pounds per foot per foot. Since most
basement walls are 8 feet in height, the Report has provided a connection
adequate for. the reaction at the top of the wall created by this equiv-
alent fluid pressure over a height of 7'-4" and stipulates that it may
be used for earth heights up to 7'-6". This is virtually the only
connection shown in the Report which is not directly associated with
seismic activity. Many basement.wa11s presently have little or no con-
nection at their top, but remain standing with 1ittle, if any, distress.
Seismic activity does not appear to overstress basement walls of houses
designed for the earth pressure mentioned above.  None of the damage
Titerature reviewed*indicated that earthquakés caused problems for
basement walls of houses. In Southern California, there were relatively
few basements and in the Alaskan earthquake, it appears principal
problems were caused by earth subsidence rather than shaking. This
requirement can and has been supported by engineering calculations,

but in view of past performance, is considered to be one of the least
critical items detailed in the Report.
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FIREPLACES AND CHIMNEYS

As stated under Item 10 on page 10 of Reference 4: "Attempting to

devise strap ties which seem reasonable and still work in every case

is virtually impossible." In the accompanying calculations at the end

of this section, the fire box itself is assumed to be stable on its
foundation with only the chimney or the equivalent weight of chimney
contributing load to second floor or roof diaphragms. Assuming a
sTightly larger than average chimney, it was found that the weight of the
chimney times the normal Zone 3 seismic coefficient resulted in a load

of approximately 600 pounds to the building. Normally the chimney

ties would be designed for 1.5 times this Joad. After reviewing a

number of fireplaces and chimney details and considering the calculations
herein included, it was felt that the Los Angeles City Detail provided
all requirements reasonable to assume, The ties in this detail are
adequate for a load of 1200 pounds, or twice the calculated load. The
detail itself is duplicated in the Report with information not pertain-
ing to seismic requirements deleted. Additional cross-sections are pro-
vided to make the detail clearer. Because diaphragm shear values vary
the Tength of attachment for the strap ties must be made partially on
Jjudgment.

Despite these somewhat severe requirements, it is anticipated that
masonry fireplaces constructed in accordance with the Report will con-
tinue to experience distress, although it {is anticipated that overall
damage to these structures will be reduced. Strap ties will continue to
be Teft unconnected and/or poorly bonded unless close inspection is
made, Targe or heavily veneered fireplaces will generate loads in excess
of those for which the strap ties have been designed, reinforcing will
be incorrectly placed due to the configuration of a particular fireplace
and in a few instances, strap ties themselves will fail. Despite this
prediction, it is questionable that is is practical to require much

more than the detail in the Report offers.
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Although some fireplaces will generate loads in excess of the 600 pounds
required to be added into the structure when masonry fireplaces are
added, it is doubtful that overstress to shear walls created by this
additional load will have a large effect upon the overall structure.
Earthquakes vary markedly in intensity and the Toadings from these vari-
ations will play a much Targer role in dwelling performance than the

8 or 10 percent possible overstress to shear walls caused by larger than
average fireplaces.
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WATER HEATER TIES

It is hoped that this detail will be widely adopted in areas of heavy
seismic activity, as opposed to its requirement for homes built with
FHA gquaranteed Toans only. An attempt has been made to make the detail
as simple as possible in order to achieve this goal. It is recognized
that other ties may be developed which are either better or Tess ex-
pensive to fabricate or install, and that, in addition, the detaijl as
shown may not work for all water heaters. To achieve economy, the
detail is predicated on the manufacture of a pre-fabricated item which
does not presently exist. It is believed that the requirement of this
detail for homes built with FHA financing will provide a market large
enough to warrant the manufacture of this f{tem.

The connection itself is quite light but should provide sufficient
staying to prevent the overturning of virtually any water heater. It
cannot, of course, assure that the legs on the heater will not buckle
under seismic loads, but even in this circumstance, it should allow the
water heater to remain in a semi-upright position. The connection was
initially intended to be required only when flexible couplings were
used, but a statement in Reference 3 indicated that rigid connections
were not a deterrent to overturning. Since water heaters are frequently
replaced and are not of uniform height, it will not be surprising to
find, in a future earthquake, that these ties have not been installed
on replacement heaters in many instances. It is not believed that this
realistic assessment should prevent the attempt to have them installed
as frequently as possible, however.
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