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ABSTRACT

This report presents the results of an in-depth effort to develop design and construction
practices for single-family residences that minimize the potential economic loss and the life-
loss risk associated with earthquakes. The report:

Discusses the ways structures behave when subjected to seismic forces;

Sets forth suggested design criteria for conventional layouts of dwellings
constructed of conventional materials;

Presents construction details that do not require the designer to perform
analytical calculations;

Suggests procedures for efficient plan-checking; and

Presents recommendations including details and schedules for use in the
field by construction personnel and building inspectors.
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PREFACE

Observations and investigations of earthquake damage have revealed that contemporary
empirical design and construction practices for single-family residences have not in all cases
proven adequate. Recognizing this, the Department of Housing and Urban Development
engaged the Applied Technology Council, San Francisco, to review available damage in-
formation as well as existing design and construction requirements for the purpose of
developing a methodology for improved seismic design and construction for single-family
dwellings, thereby reducing future siesmic losses and life-loss risks.

The Applied Technology Council (ATC) is a nonprofit corporation, established by the
Structural Engineers Association of California, and has as its goal the protection and en-
hancement of the public welfare through the advancement of technoloaical developments
for application in daily practice in the fields of structural design and construction. In partic-
ular, the objectives of ATC are to gather, coordinate, and disseminate technical data in order
that it may be made available for use by engineers, other design professionals, code-enforcing
officials, and builders.

The ATC organization fills a unique need for the design professionals, providing a means
to assemble expert talent to solve special problems as they arise. ATC does not have a staff
of researchers. Instead, all work is performed under subcontracts or agreements with qual-
ified individuals, institutions or firms. The system makes it possible to bring current state-
of-the-art techniques and methodology together with seasoned experience of practicing
professionals.

To develop the information needed to improve seismic resistive construction practices for
single-family residences, ATC engaged a structural engineer subcontractor well-experienced in
residential construction and earthquake engineering, plus an advisory panel consisting of
prominent structural engineers and a representative of the Building Industry Association {San
Fernando Valley Chapter).

Principal Investigator/Subcontractor

Ralph W. Goers PE
Ralph W. Goers & Associates, Structural Engineers
Sherman Qaks, California



Five-Member Advisory Panel

Thomas G. Atkinson PE
Atkinson, Johnson, Spurrier, Inc., Engineers
San Diego, California

Roger D. Benson PE
Benson & Gerdin, Inc., Engineers
Phoenix, Arizona

John F. Meehan PE
Technical Consultant
Sacramento, California

Daniel Shapiro PE
Shapiro, Okino, Hom & Associates, Engineers
San Francisco, California

Timothy P. Violé, Building Industry Association Representative
T. Violé Construction Co., Inc.
Encino, California

ATC Project Management

Project Manager
Roland L. Sharpe PE

Assistant Project Manager
Roger E. Scholl PE

Although the work reported in this publication was performed under the general super-
vision of ATC, the findings, conclusions, and/or recommendations are those of the con-
sultants and subcontractor listed. The manuscript and details were prepared by Ralph W.
Goers SE and reviewed by the Advisory Panel. Architectural consultation as well as prepara-
tion of the plans and elevations for the example homes were provided by Donald G. Park AlA
of Benton/Park/Candreva, Associates, Los Angeles. Editorial consultation and publication of
the report were provided by William Giles & Associates, San Francisco.
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EXECUTIVE SUMMARY

On the morning- of February 9, 1971, California’s San Fernando Valley shook. Within
hours the world knew that an earthquake, only moderately strong, had struck a major popu-
lation center and had left in its wake death and damage to virtually all types of structures.

On the positive side, this earthquake, the first to strike a large and relatively new metro-
politan area, provided an opportunity to investigate contemporary single-family-dwelling
construction practices. Several studies of damage to residential-type buildings were conducted
and the relative merits and shortcomings of various aspects of construction practices were
identified. A principal conclusion of these damage studies was that contemporary empirical
design and construction requirements for one-story wood-frame dwellings provided adequate
. life-safety protection, but that occupants of two-story, split-level and other types of unusual
configurations of wood-frame dwellings do not have the same life-safety protection. It was
also an apparent conclusion that dollar losses for dwellings subjected to earthquakes could be
reduced significantly if the dwellings were provided with additional bracing to resist lateral
forces.

Based on the findings from the damage studies, the effort reported here was undertaken
for the purpose of developing a methodology for improving the seismic resistance of single-
family residences.

The principal tasks in this total project included: (1) a review of the damage to single-
family residences caused by earthquakes in the United States, with emphasis on the damage
caused by the San Fernando earthquake; (2) a review of HUD/FHA MPS and MAP plus ap-
propriate building code earthquake requirements applicable to dwellings; (3) development of
a seismic design and construction methodology for single-family residences; and (4) an evalu-
ation of the cost impact of these seismic design criteria. The seismic design and construction
methodology is presented in this report; the information assembled for the other tasks is
available in three other reports.

This report is divided into five parts:

| Introduction
i Basic Seismic Analysis for Single-Family Residences
1 Seismic Design Methodology

AV Construction Details

\Y Guidelines for Plan-Checkers and Inspectors
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In addition to stating purpose, scope, limitations, etc., the Introduction also points up the
need for improved design criteria and construction practices with a general description and
summary of damage to single-family residences observed after the San Fernando earthquake.

To develop a structure to resist earthquakes, it is essential that the home designer under-
stand the way buildings act when subjected to earthquakes. Part Il of this report includes,
first, a chapter on the principles of seismic design, describing the way earthquakes impart
forces to a structure, identifying the most important building components and connections
that act to resist these forces, and outlining the steps in earthquake-resistive design. The
remainder of Part || consists of chapters giving detailed seismic-resistive design examples and
commentary based upon the methodology of the report.

Part 1l contains the methodology for seismic-resistive design of single-family residences.
The criteria include consideration of structural (wood-frame and masonry) and nonstructural
components of houses. Specifically, the criteria include consideration of alt aspects of struc-
tural design necessary to achieve a structure capable of providing life-safety during earth-
quakes. The design criteria are presented using nontechnical terminology wherever possible.

Construction details illustrating the procedures required to achieve seismic-resistive per-
formance of residences are presented in Part V. Although the details presented can be used
directly for a given design, they are not intended to require unnecessary changes in local stan-
dardized procedures. If local standards meet the intent of the details, the specific detail
shown need not be followed. In addition to presenting modifications to existing construction
practices, the report includes new details to achieve greater strength and/or safety for items
that have proven to be inadequate in earthquakes. These include, for example, special garage
front wall details, a cabinet detail, a water heater detail, and criteria outlined, but not detailed,
for other mechanical equipment, for cutting and notching of studs, etc.

Part V, Guidelines for Plan-Checkers and Inspectors, includes two chapters of commentary
on the design criteria and construction details, commentary that is specifically oriented to the
checking of plans and to field inspection. The commentary suggests efficient and expeditious
plan-checking and inspection, highlighting the most common omissions and inadequacies of
contemporary seismic-resistive design and construction of single-family residences.

Tttt Tttt
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PART | INTRODUCTION

CHAPTER 1-1 INTRODUCTION

Although the state-of-the-art in seismic resistive design is still in its infancy, much has
been learned from recent earthquakes in Anchorage, Alaska (1964), Santa Rosa, California
(1969} and, primarily, from the havoc strewn in the wake of the relatively moderate quake
on the morning of February 9, 1971 in California’s San Fernando Valley. Estimates of
damage to single-family dwellings in the San Fernando earthquake ranged from $58 million
to $114.4 million. Th. damage to residences — mostly of modern design and construction—
was of greater dollar value than damage to any other building category in the private sector.
The goal of this publication is to demonstrate improved residential design and construction
methods to mitigate such hazards to life and property.

Purpose
The purpose of this publication is to illustrate practical design methods and construction

details with the intent of reducing the structural damage inflicted on residential dwellings
by earthquakes.

The methodology given in this report includes consideration of the engineering principles
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involved in seismic design. The report is developed, however, for use by housing designers
and others familiar with construction but not necessarily familiar with structural engineering.

Types of Design and Construction Materials

The design configurations discussed are representative of the vast majority of houses con-
structed of wood frame or masonry in the United States today: One-story houses of simple
floor plan, two-story houses with attached garages, and split-level houses of various types.

Design. Contemporary architectural design of houses has become much more sophisticated
than simply “four walls and a roof.” The demands for larger rooms, more glass, cathedral
or open-beam ceilings, split levels and split entries have resulted in residential structures with
either weaknesses inherent to the design or with lessened rigidity so far as earthquake re-
sistance is concerned. The design requirements in current building codes are not definitive
enough for many modern home configurations. On the other hand, to require every home
to be structurally engineered would be unrealistically costly. With the advent of the inex-
pensive electronic calculator, however, a middle ground is available — improved seismic re-
sistive design is possible with only relatively simple calculations. While they will not prevent
all residential damage, the improved designs should greatly reduce the effects of strong seis-
mic disturbances on house construction,

It is emphasized that this report does not attempt to cover specialty designs requiring
complicated engineering analyses, nor does it cover problems encountered in the design of
houses with special grading conditions. For non-conventional designs or design conditions,
the designer is referred to professional engineering consultants.

Construction Materials. The report considers those construction materials used most com-
monly for residences, including wood framing with siding, wood frame and masonry veneer,
wood frame and stucco, and brick or block masonry. Manufactured or prefabricated
housing and other systems using innovative materials other than the standard concrete
foundation, wood-frame or masonry exterior walls and “standard’’ wood framing methods
are not included because of infrequency of their use or the lack of standardization of ma-
terials and construction methods. Finish materials used as shear-resisting materials include
all the broad categories for which racking tests are available. Tests of other individual ma-
terials and other methods of fastening have been made by individual manufacturers and have
received acceptance by many code authorities.

Basis of Methodology

In general, the requirements in this report are in accordance with pertinent provisions of
the Uniform Building Code (UBC) produced by the International Conference of Building
Officials (ICBO) and with the ""Recommended Lateral Force Requirements and Com-
mentary’’ published by the Structural Engineers Association of California (SEAQC). Ad-
ditional requirements have been included to cover certain aspects of design and detailing.
For example, conventional provisions for light-frame construction include bracing require-
ments and, if met, no structural design is required for single-family wood-frame dwellings.
This report is based on the premise that additional bracing requirements are needed for
many modern house configurations. To require detailed engineering analyses would be
prohibitive for house construction. Seismic coefficients used in this publication are the
same as the coefficients used in the ICBO (UBC, 1973 Edition) and SEAOC pubilications.
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HOLD-DOWN GRAPHS

A through G No Hold-Down Anchors Required  Itl— 72 through |l1— 85
1.A through 1.G Hold-Down Anchor # 1 I1l— 86 through I1I— 99
2.A through 2.G Hold-Down Anchor # 2 11—-100 through 111—-113
3.A through 3.G Hold-Down Anchor # 3 I11-114 through 111-127
4. A through 4.G Hold-Down Anchor # 4 111128 through I11—141

CONSTRUCTION DETAILS

See Table 4.1, Page | V-3, for List of Construction Details
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FIGURE 1.1.

Limitations on Design

Although many types of home designs are provided for in the publication, the designer
must recognize that some more complicated designs will necessitate engineering analysis.
The following housing conditions, for example are not within the scope of this publication:

® Though a method is indicated in a sub-
sequent chapter for the design of two-story-
high shear walls, it is recommended that a
designer not attempt houses with elevations
similar to that shown in Figure 1.1. Such a
house differs fronf the ““normal’ two-story
house in that the glass between the walls is
full height with only the floor framing in-
tervening. This type of construction pre-
sents problems beyond the scope of the
methodology in this report.

® Of the two hillside homes illustrated
in Figure 1.2, the “stilt” house in (A) must
be engineered to achieve proper seismic re-
sistance. The house in (B) can be designed
according to provisions in the report, how-
ever, if the floor line at finish grade on the
right is considered as a second floor. |f no
living space were provided below this floor
line, the design would normally prove to be
guite conservative. |f such a design required
shear-resisting materials other than those in-
tended to be used as the finish material,
economy would probably be achieved by
having the house engineered.

=

FIGURE 1.2(A)

T
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FIGURE 1.2(B)
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New Concepts and Procedures

Several concepts are introduced in this report which are not currently covered in standard
structural design procedures. They include tying together split levels and other components
of houses with broken roof or floor diaphragms, tying down mechanical equipment, designs
for short walls at the front of garages, fastening studs to sill plates with framing anchors, and
providing larger design loads to some first-story interior walls in two-story construction. Al-
though the methods and details provided are not unduly conservative, the details implement-
ing the new concepts and procedures are intended to correct observed deficiencies and there-
fore require additional material or stronger connections.

Primary consideration has been given to construction costs in the establishment of the cri-
teria for design. Procedures set forth for design and detailing come as close as possible to
those that would be developed in a full engineering analysis, but are necessarily not always
as precise. The suggested procedures are more realistic than current empirical practices, how-
ever, and some construction cost increase may be expected. Details presented are intended
to achieve the largest increase in seismic structural resistance for the least incremental in-
crease in cost.

Limitations on Use of Publication

This publication should not be considered as a relief for the home designer or builder
from the responsibility of complying with local ordinances, building codes and regulations
or other requirements of health and safety authorities. The Department of Housing and
Urban Development does not assume the responsibility for enforcing or determining com-
pliance with any local codes or regulations or make interpretations regarding their applica-
tion in any specific instance.

Some generalized criteria are formulated in this report which, though they cannot antici-
pate every possible use or interpretation, are more accurate than current practices. [t is em-
phasized, therefore, that the Department of Housing and Urban Development, its contrac-
tors and subcontractors represent the requirements and recommendations presented only as
minimum standards without implying that all possible conditions reflecting seismic dangers
in a large variety of houses will be met or that the details and methods presented will be
fully adequate in all cases.

Organization and Coverage

This report is presented in five Parts as follows:

® Part I's second chapter illustrates with photographs and text examples of earthquake
damage pointing to the need for revised design and construction of single-family
dwellings.

® Part |l discusses the ways structures act when subjected to seismic forces, introducing
principles of seismic design for residences. It will serve as a primer for those who are
unfamiliar with earthquake load analysis techniques, including commentary on the
methods and assumptions presented in the report, plus design examples on the proper
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use of the seismic design principles. It is intended that Parts | and |l are to be used as
references only on the purposes of the report and the principles involved.

Part 11l sets forth in a more formal manner the Design Methodology developed in
Part |1, recommending design criteria for conventional layouts of single-family dwellings
constructed of conventional materials.

Part IV completes the Design Methodology by presenting typical construction details
plus commentary on the details.

Part V presents suggested procedures for use of the report by plan-checkers and by
construction personnel and inspectors.
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CHAPTER 1-2 EARTHQUAKE-CAUSED DAMAGE TO RESIDENCES

The San Fernando, California, earthquake struck at six in the morning when most people
were at home and many still in bed. Figures 1.3A and 1.3B below illustrate the severe effect
of the earthquake on a split-level home. The house separated at the intersection of its levels
(Figure 1.3A) and the two-story portion collapsed (a close-up view of the intervening space
in Figure 1.3B).

It is remarkable that the death and major injury rates among the occupants of the San
Fernando area residences — modern construction — were so low, considering the damage
shown in the photographs below and the subsequent photographs in this report.

FIGURE 1.3A. A split-level house, vibrated apart at the inter- FIGURE 1.3B. Close-up of the
section of its levels by the San Fernando gquake. intersection area.
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FIGURE 1.4A. A view of the front of a house subjected to
the violence of earthquake faulting — the
San Fernando faulting occurred directly beneath this house.

FIGURE 1.4B. A view of the rear of the same home.

Most of the damage in a San Fernando-type earthquake results from vibration, from land-
slide, or from severe ground distortion such as faulting.

Figures 1.4A and 1.4B show the front and rear of a house with a raised wood floor that
was thrown off its foundation by the violent motion associated with faulting occurring dir-
ectly beneath the house. Although the damages due to landslides and faulting are severe,
they represent a very small percentage of total residential damage cost in most earthquakes.
They may be averted by judicious avoidance of known faults and other perilous site condi-
tions but they cannot be prevented by feasible structural design.

Vibration can, and often does, cause similar damage — compare the illustrations
above with Figure 1.5 at the right.

Though frequently not as severe as land-
slide and faulting damage, but because it
encompasses a much wider area — affecting
virtually every structure within that area —
earthquake vibration damage is the subject
matter of this publication. :

FIGURE 1.5. A general illustration of damage to modern
residential construction that can be inflicted
by the vibration forces generated by an earthquake.
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FIGURE 1.6A. A combination one- and two-story house that had
relatively little shear wall at the rear.

FIGURE 1.6B. Interior view
of damage to

Figures 1.6A — 1.6D are views of a combination -
g € combination one wall at the left in Figure 1.6A.

and two-story house that had relatively little wall at the
rear of the first floor to resist horizontal forces. As de-
scribed in later chapters, solid walls used to resist such forces are known as shear walls. In-
terior damage to the shear wall at the left of Figure 1.6A is shown in Figure 1.6B.

The shear wall at the front of the house (Figure 1.6C) failed in a different manner; it ro-
tated about its lower right hand corner. One of the primary weaknesses in wood frame con-
struction during the San Fernando quake proved to be the connection of studs to sill plates.
The close-up (Figure 1.6D) of the rotated wall shows that the sole plate remained in place
but the studs pulled free. The wall in Figures 1.6C and D is said to have failed in overturning.

(Chimneys are discussed in more detail later but note (Figure 1.6C) that the strap ties at
the chimney held, at least in part due to the fact that the roof extended beyond the outside
of the chimney; the entire fireplace nevertheless was destroyed.)

FIGURE 1.6C. A shear wall rotated FIGURE 1.6D. Close-up of rotated wall shows the sole
about one of its corners. plate in place but studs pulled away.
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FIGURES 1.7A — 1.7E.

Because there was virtually no resistive shear wall on
either side of the garage doors, the second floor of this
split-level house rotated in the horizontal plane, causing
the “wall”” in the front of Figure 1.7A to rotate to the
left and the farther “wall”’ to rotate to the right. The
wall between the garage and the family room became a
fulcrum and the second floor and all above it moved
back and forth as if on a sideways teeter-totter.

Figure 1.7B shows that although the wall at the rear of
the house was “‘solid,”’ it could not withstand the force
of the rotating second floor and was pulled off its
foundation.

Figures 1.7C and 1.7D show the separation between the
two sections of the house.

Figure 1.7E shows the effect on the wall between the
garage and the family room.

Photos by Jim Kronman

Figures 1.7A through 1.7E illustrate several types of failure. Although the house is split-
level construction (the same model as shown in Figures 1.3A and B}, the kinds of damage il-
lustrated were encountered in other styles of houses as well. The problems started at the
front of the garage (Figure 1.7A). Since virtually no wall was present on either side of the
garage doors to provide resistance, the entire second floor of thé house rotated in the hori-
zontal plane, causing the wall on the side of the door closest in the picture to rotate to the
left and the portion beyond to rotate to the right. The interior wall, between the garage and
the family room behind, acted as a fulcrum for the sideways teeter-totter effect of the sec-
ond floor and all above it. Although the wall at the rear of the house was solid it could not
resist the rotation of the second floor and was pulled off its foundation. This is shown in
Figures 1.7B and 1.7C. Note again that the sill plate is still connected to the foundation and
that the wall failed at its point of weakness, the connection of the studs to the sill plate.

Once the rear wall failed, the only remaining wall at the first floor capable of resisting hori-
zontal forces was the wall between the garage and the family room. The one-story portion
of the house supported the two-story portion for motion in one direction but when the
earthquake caused motion in the opposite direction, this interior wall was required to sup-
port all the force; it could not without significant distress and the two-story portion leaned
away from the one-story portion. This created the separation between the two parts of the
structure (Figures 1.7C and 1.7D}. Note that there were no connections other than nails in
tension supplied to resist the tendency for structures of this sort to separate during earth-
quakes. The shear wall between the garage and the family room is shown from the garage
side in Figure 1.7E. Bear in mind that this lath and plaster wall was eventually asked to
carry 100% of the two-story portion of the house in sidesway. |t was incapable of resisting
the lateral force and failed.

Occupants of the home shown in Figures 1.3A and B told interviewers that their house

collapsed after failures of exactly the same type. They noted that the rear wall had moved
out into the back yard before the second story collapsed during the first aftershock.
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FIGURE 1.7B.

FIGURE 1.7C.

FIGURE 1.7D. FIGURE 1.7E.
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FIGURE 1.8A. Split-level victim of inadequate bracing at FIGURE 1.8B. The San Fernando after-
the front of the garage and the typical shocks finished the job
failure of “cripple’” stud walls under the mid-level portion. of collapsing the “cripple” studs.

The split-level house shown in Figure 1.8A demonstrates another type of failure. Inade-
quate bracing at the front of the garage again allowed the house to lean and the very com-
mon separation at the split level occurred. In this case the house leaned toward the mid-
fevel, indicating that the mid-level had shifted even farther than the two-story portion. The
reason for this soon became evident. The mid-level had been constructed using short
“cripple’” studs to effect the difference in elevation between it and the garage. Veneer had
been placed over these studs with only diagonal bracing available between the studs to re-
sist horizontal forces. In subsequent aftershocks these studs completely collapsed, as shown
in Figure 1.8B. When this occurred the floor of the mid-level took on the appearance shown
in Figure 1.8C. The house was subsequently razed.

FIGURE 1.8C. The floor of the mid-level was left a shambles.

1-12



FIGURE 1.9A. Another failure of ““cripple” stud walls, with dramatic consequences to the wall (center).

Another example of the failure of cripple stud
walls is shown in Figure 1.9A: The failure of the
shear wall in the center of the picture is in this
instance quite dramatic. When houses of this type
fail the reader is given some understanding of the
dangers involved as shown in Figure 1.9B. The
stairway from the mid-level to the upper level of
still another collapsed split-level house is shown
in the center of the picture. The family room,
now approximately 3'-0"" in height, is shown in
the lower right hand corner.

FIGURE 1.9B. Afamily room in a split-level home with “cripple” stud walls became about three feet high.
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FIGURE 1.10A. (Left)

A “knee wall’’ withstood
the force of a pipe column
attempting to move out
of the wall.

FIGURE 1.10C. (Right)

Furring — not attached to
the masonry — in another
retaining wall in the build-
ing moved several inches
during the earthquake.

Known by various names in different parts of the country, the construction consisting of
an approximately four-foot high retaining wall with wood studs above will be referred to as
a knee wall in this report. Considerable concern has been expressed in some parts of the na-
tion with regard to performance of the retaining wall in construction of this type. Knee
walls are not common in Southern California but, on the basis of the structure shown in
Figure 1.10A at least, it appears that properly designed walls of this type will withstand
earthguake forces. The wall was strong enough to withstand the attempt of the pipe column
to move out of the wall and caused considerable bending in the column. The forces did con-
tribute, however, to considerable damage to the stud wall above (Figure 1.10B below).

Another retaining wall in the same building was furred at the inside of an apartment (Fig-
ure 1.10C). Furring was not attached to the masonry and moved several inches during the
earthquake. This is a very large wood frame apartment complex which, although it did not
collapse, received damage assessed at more than one million dollars.

FIGURE 1.10B. Substantial damage occurred at the knee wall but it did not collapse.
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FIGURE 1.11. FIGURE 1.12.

Inadequacy of let-in bracing: Tension failure on the left; sill plate pull-out on the right.

Let-in braces were frequently used to assist in resisting horizontal load. These braces
proved time after time to be inadequate, They either failed in tension as shown in Figure
1.11 or they pulled out from the sill plate as shown in Figure 1.12.

The San Fernando earthquake provided several examples of nonstructural component
damage as well. The strap ties in the fireplace as shown in Figure 1.13 proved to be in-
adequate and the entire fireplace collapsed in this apartment house. Another total collapse
took place in a single-family residence as shown in Figure 1.14. Fireplaces and chimneys
failed in a number of ways. Strap ties were required to be connected to both second-floor
framing and roof framing, and fireplaces and chimneys were required to be fully reinforced
from the foundation to the top of the chimney. In some cases the strap ties were attached
to the masonry but not attached to the roof framing. Some of these fireplaces leaned out-
ward from the house as a unit but did not overturn. Others fell completely. In a few cases
the strap ties were properly connected but failed. When this occurred the chimney some-.
times failed with little damage to the firebox itself; in others the entire assembly again over-
turned. Where the masonry fireplace occurred at the interior of the house damage was much
less severe except for that portion of the chimney extending above the roof. Finally, some
fireboxes themselves crumpled, causing total collapse of the assembly.

FIGURE 1.13. FIGURE 1.14.

Inadequacy of strap ties: Fireplace collapse on the left; chimney and firebox collapse on the right.
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FIGURE 1.15. Even lightly loaded gar- FIGURE 1.16. A latticed patio roof overhang collapsed
ages were damaged. because of virtually no lateral bracing.

Where very little wall existed on either side of the garage door, failure of garages was not
dependent on large loads from structure above or other adjacent structures (see Figure 1.15).

Collapse of miscellaneous structures was prevalent in San Fernando. A latticed roof over-
hang had been constructed over a patio (adjacent to the fireplace shown in Figure 1.13) with
virtually no provision for lateral bracing and with the two supporting beams simply con-
nected to the header over the window of the lobby of the apartment house. As might have
been expected, the overhang pulled away and collapsed (see Figure 1.16).

Veneer and masonry also created many problems. The house shown in Figure 1.17 had
been fully veneered up to the ceiling line, and ties had been installed as can be seen. The

danger to anyone standing near the house when the earthquake occurred is apparent and the
cost of repair of the damage is also obvious.

Minor structural damage such as the collapse of the porch roof support shown in Figure
1.18 is not a major concern of this report. The value of positive connections at the tops and
bottoms of all framing members, however, should be apparent.

& Dol . _ :
FIGURE 1.17. Veneer damage was per- FIGURE 1.18. A porch collapse illustrating the value of
ilous, costly to repair. proper connection of framing members,
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FIGURE 1.19. San Fernando guake moved heavy refrigerators, toppled cabinets.

Several types of nonstructural damage are evident in Figure 1.19. The refrigerator has
moved a significant distance from the wall. Although it would be desirable if heavy appli-
ances were required to be positively attached, that is beyond the province of this report.
Kitchen cabinets are installed as a part of the finished product and the damage shown can
be lessened or prevented. Details for that purpose are presented in Part 1V of the report.

It would be equally desirable, though not very popular, to outlaw the widespread prac-
tice of building bookcases out of concrete blocks; the dangers are apparent in Figure 1.20.

While vibration damage can be somewhat controlled, the vibrations themselves cannot be
eliminated from a structure. It is an assumption basic to this report, however, that the more
the horizontal movement of a residence is inhibited, the lass damaging and perilous will be
an earthquake's vibration forces on its finish materials, its nonstructural features, its esthetic
and comfort contents, and on its inhabitants. Perhaps Figure 1.20 points up the need well —
to say nothing of the extreme repair costs — with its evidence of severe damage in an area
that is certainly of high personal vulnerability.

o
FIGURE 1.20. Popularbutdangerous FIGURE 1.21. Halftones of costly repairs, plus
bookshelf contrivance. overtones that give one pause.
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Summary of Earthquake-Caused Residential Damage

Following are some of the costly, major weaknesses in design and construction disclosed
by the vibration forces generated during the ““moderate’” San Fernando earthquake — only
magnitude 6.6 on the Richter scale:

® |nsufficiency of walls with enough rigidity to resist horizontal forces. Many two-story
or partial two-story houses suffered severe damage because so large a percentage of
their walls contained windows or other openings leaving relatively little to provide
rigidity. Provision of walls to supply resistance (shear walls) is one of the key design
recommendations developed in this report.

® |mproper or insufficient connection of studs to sill plates. This condition, one of the
primary weaknesses found in wood frame construction, led to failure of shear walls in
several ways:
— rotation in the plane of the wall (failure in overturning);

— uplift of the entire wall caused by vertical acceleration and a combination of
horizontal forces;

— outward movement of the base of the wall caused by load perpendicular to
the wall.

® |nadequate tying together of the portions of split-level houses.

® Absence of effective wall on either side of garage doors. This proved to be a problem
for homes with second floor above the garage as well as for one-story garages.

® Use of short or “cripple”” stud walls with only diagonal bracing between studs. Diagonal
bracing proved inadequate even for “cripple’” walls.

® Numerous miscellaneous faulty design and/or construction features:

— let-in braces, frequently used to assist in resisting horizontal load, proved time and
again to be inadequate, failing in tension or pulling out from the sili plate;

fireplaces and chimneys collapsed or were heavily damaged because of a variety of
reasons, primarily because of insufficient strap ties or, if they were used, improper
or nonexistent connection;

— improper anchorage of interior and exterior veneer;
— inadequate anchorage of porch roofs and other overhangs.

Tttt
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PART Il

BASIC
SEISMIC ANALYSIS
FOR

SINGLE-FAMILY
RESIDENCES

CHAPTER 11-1 PRINCIPLES OF SEISMIC-RESISTIVE DESIGN OF DWELLINGS

To use the recommended design methodology and construction details properly, it is es-
sential that the home designer understand the way buildings act when subjected to earth-
quakes. This chapter describes how earthquakes impose forces on structures, identifies the
components of structures that act to resist these forces, and shows how the components
must be constructed and interconnected to function effectively.

In general, terminology used to identify building components is familiar to the designer.
To be consistent with phraseology used in common earthquake design practice and to em-
phasize the earthquake-force-resisting components of residential buildings, some terms are
used that may be unfamiliar. The new terms are defined when first used.

It is important to recognize at the outset that principles common to vertical gravity load
and wind load design also apply to design for earthquakes. That is, various structural com-
ponents are required to resist or support certain loads. While gravity load design requires
consideration only of loads acting vertically, wind and earthquake design both require con-
sideration of horizontal loads. Though overall design of structures for wind is similar to
overall design for earthquakes, wind loads are forces applied to the structure externally,
whereas earthquake forces are generated from within the structure.
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Earthquake Forces (Inertia Forces)

Earthquakes impart forces to structures because of inertia, the tendency of a body to
continue its movement or its lack of movement, in other words to resist acceleration or
deceleration. Inertia force, for example, causes the driver of an automobile to be thrust
backwards in his seat when the car accelerates rapidly. When the auto is stopped quickly

Before earthquake

Maximum ground dis-
placement. Roof start-
ing to move, ground
motion reversing.

Ground motion re-
versed. Roof moves
past point of maximum
ground displacement to
its maximum sway and
reverses.

Base back to original
position, roof following.

Maximum ground dis-
placement. Roof back
to original position.

Ground motion again
reversed. Roof at
maximum sway and
reversing.

Ground motion stopped.

Roof approaching origi-
nal position.

FIGURE 2.1

—~
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| Position

v

f — — —

v

.Ground
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idealized sequence.

Responses of a one-story house
to earthquake motion — an

the occupant will continue to move for-
ward because his body attempts to contin-
ue at the speed it was traveling.

During an earthquake the ground surface
in the region affected generaily moves back
and forth, up and down, in random fashion.
This motion can be characterized by how
much the ground surface displaces from its
original position and by the velocity and ac-
celeration at which the displacement occurs.
A structure will be accelerated back and
forth by the motion of the ground on
which it rests and inertia forces will be
generated in the structure similarly to the
actions and forces generated in the example
of the automobile and driver.

Effects of Earthquake Forces on Structures

When the ground beneath a structure
moves, the foundation will move with it be-
cause of friction between the foundation
and ground. Initially, in varying degree, the
upper portions of the structure will tend to
remain stationary because of the inertia
force acting opposite to the direction of
motion and because of the flexibility of the
structure. Next, if the strength capacity of
the structure has not been exceeded, the
"roof’” will eventually move in the direction
of the foundation movement and, because
of the roof’s inertial force it will overshoot
its mark, passing beyond the point over the
foundation at which it started. Then, in an
attempt to catch up, the upper portions will
be whipped back and forth until the earth-
quake motion is halted. Figure 2.1 shows a
few idealized sequences in the response of
a one-story house to horizontal earthquake
motion.

Because earthquake waves have vertical
as well as horizontal components, the struc-
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it is moving horizontally. When the ground
moves upward the foundation is subjected
to a slight additional pressure which may
be thought of as if the building ““weighs”
more. As the ground suddenly moves
downward the structure may be thought of
as “"hanging in air’" briefly before it follows

Inertia
force

am—
/_/ 7

ture moves up and down at the same time T —
\
\
A
A
\
\

the ground on its downward path. Since all Direction of
structures must be designed for vertical Ground Motion
gravity load and because of the factors of (a)

safety that are normally included, the verti-

cal component of earthquake motion may

be ignored. Except in the case of the con-

nection of studs to sill plates, observations

of earthquake damage to residential struc- Wind
tures have not shown vertical motions to be force
of significant consequence.

Although it is the ground that moves and
the building that tends to follow after,
earthquake forces can also be visualized by (b)
considering the ground to be stationary
with a huge, piston-like force being applied
to the building at the roof level forcing it to
rock to and fro. The results on the struc-
ture are the same whether the force starts
at the ground and moves up the structure
or starts at the roof and moves down. The piston generates 8 force that is a function of the
machinery driving it; the ground motion causes inertia forces in the building that are pro-
portional to the weight of the structure and the magnitude of the acceleration.

FIGURE 2.2 Instantaneous distortion of
a two-story house due to
earthquake and wind.

In some cases, wind forces are easier to visualize than the inertia forces generated by earth-
quakes. Figure 2.2 shows similarities and differences between the overall wind and earth-
guake forces acting on a two-story house. Note that though the wind in Figure 2.2band the
ground movement in Figure 2.2a are acting in the same direction, the houses tend to rack
in opposite directions. This occurs because inertia forces generated by earthquakes act in
the direction opposite to that of the ground motion.

Inertia forces in a structure are generated by each and every component — walls, floors
and roof. The magnitude of the inertia forces is proportional to the weight of each element
and the acceleration of that element. For one- and two-story single-family residences, it is
reasonable to assume that acceleration is equal throughout the structure. For any given
ground acceleration, therefore, variations in the inertia forces throughout a structure may be
assumed to arise only from the variations in the weights of the structure components. The
inertia forces of the walls of the house in Figure 2.2a are shown as uniformly distributed
(small arrows). Because the weight of floor or roof generally is large (and concentrated in
the horizontal plane) the forces of these elements in Figure 2.2a are shown as concentrated
loads (large arrows). The inertia forces (loads) in the walls, floor and roof must be trans-
mitted through the structure back down to the ground; for either of the structures shown in
Figure 2.2, bracing parallel to the direction of load is essential to prevent collapse. The
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small arrows representing the uniformly distributed inertia force and wind force are not
shown as extending down to the foundation in Figure 2.2 because the forces at the bottom
half of the first story wall are usually assumed to be transmitted directly to the foundation
and therefore do not enter into design of force-resisting walls.

Lateral Force Resistance Systems for Dwellings

The principal bracing normally provided in houses to resist earthquake (or wind) loadings
is a system of shear walls. Shear walls are walls parallel to the direction of earthquake mo-
tion that act as vertical beams to carry the lateral (inertia) loads to the ground.

For shear walls to do their jobs, loads developed elsewhere in the structure must be car-
ried to them. Since the seismic loads are either developed in the floor and roof systems
themselves or are carried to them by other components of the structure, each floor and roof
must act as a unit, as if it were a horizontal beam, to carry the loads to the shear walls. (A
floor or roof acting in this manner is commonly called a diaphragm.)

Walls perpendicular to the direction of ground motion are subject, of course, to inertia
forces (Figure 2.3) and must be supported by other parts of the structure. Each stud of the
perpendicular wall acts as a beam and transfers its load to the top and bottom plates. The

resistance to the inertia force is provided

through the connection between the top
v plates and roof and between the bottom

—— ! plate and the floor as shown in Figure 2.3.
—-— Floor or
B \ Roof Joist Thus, one half of the load generated by the
Support provided perpendicular walls is resisted by the roof
by shear connection above and the other half is resisted by the
Top plates floor below. The resistance provided by
% the connections between the plates and
) floor or roof obviously is dependent on
Inertia Los
force the nailing.
——

-————— Wood stud

Typically, a diaphragm (roof or floor)
will be called upon to resist the inertia
force generated within it as well as portions
of the load from walls perpendicular to the
direction of motion. The schematic of a

Bottom plate

Lo ¥ ¢ ¥ b b3 § ]
[

Support provided one-story flat-roofed house in Figure 2.4
by shear connection ) . .
illustrates how inertia forces from the per-
-~ Floor joist pendicular walls and the inertia force gen-
— - sl eyated within the diaphragm itself are re-
plate sisted by the shear walls through the con-
Foun- nection between the diaphragm and the
[ dation shear walls.
f A shear wall, in turn, must resist not
— only the inertia force transferred to it from
<:I Sﬂg’tﬁ‘;: the diaphragm above but also the inertia

forces generated within itself. Figure 2.5
FIGURE 2.3 Inertia forces acting and resistance shows how these forces act on a shear wall
for walls perpendicular to direction  and how resistance to the forces is provided
of ground motion. by the connection between the shear wall
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Force from walls perpendicular
to the direction of motion.

Roof diaphragm
force

Shear connection at top of
shear walls provides resist-
ance to diaphragm forces.

FIGURE 2.4. Inertia forces acting and

resistance of roof diaphragm.

and the floor. Although not explicitly
shown in Figure 2.5, the transfer of the
shear through the floor to the sill plate, to
the foundation and, finally, to the ground
must also be provided for.

The discussion thus far has introduced
three principal components of a house that
must be properly designed for the house to
be earthquake resistant: Diaphragms, Shear
Walls and Connections. If any of these com-
ponents functions inadequately, the struc-
ture likely will suffer excessive damage or
even collapse during an earthquake. Fol-
lowing is a more detailed discussion of each
of the components in terms of function and
construction requirements.

Diaphragms

As previously stated, when a floor or

[1-5

Shear from
diaphragm above

Inertia force
from wall

Shear connection at top
- of floor joist provides re-
sistance for diaphragm
and shear wal! forces.

Ground
Motion

FIGURE 2.5. Inertia forces acting and resist-
ance of walls parallel to the dir-

ection of ground motion.



Inertia force generated by
'/top half of walls and by floor

Shear
transferred
down wall

Connections
required here

Ground ’/;]
Motio%
&

\‘
\\

FIGURE 2.6. Floor diaphragm acts as beam.

roof system is required to act as a beam in the horizontal plane to carry lateral forces it is
termed a diaphragm. Using a building with no interior walls as an example (see Figure 2.6),
the diaphragm shown consists of the floor sheathing, the floor joists, the blocking between
the floor joists at the joist ends and the top plates on which the floor joists rest. For clarity,
walls perpendicular to the direction of motion are omitted. The lateral forces the diaphragm
must support consist of the inertia force from the walls perpendicular to the direction of
ground motion and the inertia force generated by the diaphragm itself. The two end walls
(Walls A and B in Figure 2.6) are the shear walls that transfer the lateral force fromthe dia-
phragm to the ground.

As do other beams, diaphragms resist or carry load through the combined action of shear
and bending. Although shear forces may be quite complicated in a full engineering analysis,
the complex aspects are usually obviated in the design and construction of single-family resi-
dential dwellings by such elements as the plywood sheathing and its nailing plus other re-
quired connections. For the purposes of this discussion, shear may be thought of in its sim-
plest aspect: The stress developed at a section or plane where one part of the body attempts
to slide with respect to the adjacent part. Consider, for example, the failure of a light pole
struck by an auto because the material of the pole could not transfer the force to its base
where it might be resisted and, instead, is “sliced”’ off. If the light pole were struck with
less force it might remain intact because it could transfer the force of the lateral impact
down its length to where it is anchored. Carrying the example further, it is possible that the
pole could successfully transfer the load but the total structure could fail if its connection,
the anchoring bolts, fail in shear.

The manner in which forces are resisted or transferred through roof and floor diaphragms
(horizontal diaphragms) or walls (vertical diaphragms) may also be illustrated by discussion
of the action of common, familiar beams:

Consider first a comparison of wood beams each supported at both ends and each with a
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concentrated vertical load applied at the Length of each plank before bending
center.of the span (spe Figure 2.7). The 2004

beam in the upper diagram, Figure 2.7(A},
consists of four planks laid one atop an-
other and the planks bend under the load
somewhat independently as indicated by
the offset at the ends of the planks. Since
the planks are acting as a parallel system, it
requires little imagination to realize that —100#
the four planks will be four times as strong
as one plank. In the lower illustration, Fig-

support force 1004 ——

(A) Four separate planks bending under load

ure 2.7(B), the four planks have been lami- Length of beam before bending
nated (or bolted) together. The laminated 5’ 0

beam is much stronger than the four indi- l

vidual planks as indicated by the lesser de- : ]
flection of the lower beam. The lower : ‘

beam is much stronger because, in lamina-
ting the planks together slippage (or shear
deformation) between the planks is pre-
vent_ed and.they bend as a single unit. T.he- " (B) Same planks laminated together and
oretically, it can be shown that the lamina- bending under load

ted beam is four times stronger than the
stacked planks. Bending of the laminated
beam as a single unit is demonstrated by
the straight lines at the ends of the lower
beam. Note again that the ends of the in-
dividual planks in Figure 2.7(A) are offset — indicating that each plank acts independently
in bending. Inspection of the laminated beam also reveals that the line representing the bot-
tom of the bottom plank has lengthened. The initial length of the beam before bending is
represented by the center line of the five lines shown. Because the upper two lines are now
shorter and the lower lines longer, it follows

that the upper half of the beam i5 in com- -G

pression and the lower half is in tension. Re- Load = 150 #/ft
lating this to the upper diagram containing |
the four unlaminated planks, it can further ‘L v v v \L v v |

be seen that a center line drawn through =1
any of the four planks represents the initial
length of the plank before bending, and
that each plank is likewise in compression
at its top surface and in tension at its bot- support | support

A

FIGURE 2.7.  Shear and bending in a laminated
wood beam.

1500 # 20'-0" 1500 #

tom surface. This explains the offset at the (A)
ends of the planks shown in the figure.

Consider also a standard steel wide-flange l l l Shear force at end
beam supported at both ends and carrying a 3 — of beam e_q;‘as'gglf
load distributed uniformly along its length i S
(see Figure 2.8). The development of this

type of beam is based on the engineering ’

principle that the flanges take the tension

and compression arising from bending as

described for the plank-beam examples, and FIGURE 2.8. Shear in a steel beam.
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the web carries the shear developed between the flanges. For a diaphragm to function prop-
erly it must be competently assembled and must include the shear-carrying capability of the
web and the tension- and compression-carrying capability as in this wide-flange beam exampl e.
Since the load applied to the beam in Figure 2.8 is uniformly distributed, the support force (or
reaction) required at each end is equal to one half the total applied load or 1500 Ibs as shown in
the example. The load to the left of the center line of the beam iscarried to the left-hand sup-
port and the load to the right to the right-hand support. The load per foot on each side of the
center line is transferred through the beam to the support through shear and bending stresses
within the beam. Shear and bending stresses in beams vary throughout the length of a beam.
The maximum shear in a simply-supported beam occurs at the ends of the beamand wou!d be
equal in magnitude to the support reaction (1500 Ibs} as shown in Figure 2.8(A}). Bending
in beams can be similarly quantified but bending stresses in diaphragms are low for most res-
idential construction and need not be quantified, and therefore will not be discussed.

Bending in diaphragms is resisted primarily by the diaphragm’s chords which serve the
same function as the flanges in a beam. This is demonstrated by referring back to Figure
2.6 in which the top plates function as the diaphragm chords. With the direction of ground
motion indicated in Figure 2.6, the chord along Line C is in tension, the chord along Line D
is in compression. If the ground motion were changed, of course, the reactions would be
reversed and because earthquake ground motions oscillate back and forth, chords must be
designed to resist both tension and compression stresses. Because tension and compression
stresses in the chords of residences are relatively low there need not be great concern with
the design of chords, but it is essential that the chords be continuous members for the entire
width of the diaphragm. The required continuity is achieved by use of two top plates, with
offset splices where appropriate, and sufficient nailing. Because the chords are not con-
nected directly to the sheathing it is the function of the blocking between the joists to trans-
fer the tension or compression, through nailing, from the sheathing to the plates.

Shearing stresses in diaphragms are carried by the sheathing (plywood or other material)
which functions as the web of a beam. Because the sheathing for an entire diaphragm is not
asingle piece, as in the steel beam example, shear must be transferred from one plywood sheet
to the next by adequate nailing to acommon member—in this case, joists. It is the nailing that
tranfers the shear from the plywood into the member connected to, or a part of, the shear wall.

Two other concepts involved in the nature of shear forces in diaphragms and how they
are resisted are "‘shear-per-foot’’ and ““diaphragm ratio.”

Shear-per-foot is maximum shear force divided by diaphragm depth. Because the maxi-
mum shear force in a diaphragm occurs at the diaphragm’s supports, shear at intermediate
points within the diaphragm need be of no concern. Again using the diaphragm shown in
Figure 2.6 as an example, with the hypothetical load indicated, the total applied lateral force
is 150 Ib/ft x 20 = 3000 Ibs. The support reaction at each of the two shear walls is, there-
fore, 3000/2 = 1500 Ibs. For this example the maximum shear-per-foot in the diaphragm is
1500 Ibs / 12" = 125 Ib/ft.

Diaphragm ratio is the ratio of the width of the diaphragm (distance between shear walls)
to the depth of the diaphragm. For the diaphragm in Figure 2.6 the diaphragm ratio is
20:12 (or 20/12) = 1.67.

Allowable shears per foot for plywood and other diaphragm materials are tabulated in
building codes and elsewhere for various thicknesses and grades of materials for nail spacings
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from 2" to 6" o.c. and for certain limitations on diaphragm ratios. Although the nailing of
floor and roof diaphragms is important, the shear stresses in single-family residences are
usually low enough to allow the use of the-maximum nailing space given in the codes. Re-
guirements for nailing and details for place-
ment of diaphragm sheathing are presented
in Parts 111 and IV of this report.

Shear Walls

The second principal component of a
house requiring proper design and location
for earthquake resistance is the system of
shear walls — the walls that transfer to the
A. Deformation due to shear sole plates the inertia forces applied to the
walls by other building components, prin-

—Pp cipally diaphragms, plus the forces genera-
ted within the walls themselves.

The vertical plane of a shear wall is
termed a Line of Shear Resistance. A line
of resistance may consist of one shear wall
or more than one if the walls effectively act
together in transferring shear. At least two
parallel lines of resistance — one near each
end — are required to provide stable sup-

B. Deformation due to bending port for the diaphragm. And since, as has
already been noted, earthquake ground mo-

> tion may occur erratically in all directions,
lines of resistance must be provided at or
near all four edges of a diaphragm.

Shear walls act as cantilever beams in re-
sisting lateral forces. A cantilever beam is
distinguished from a simple beam in that
the cantilever if “rigidly’’ supported at one
end only, while the simple beam, as in the

C. Overturning case of a diaphragm, is simply supported at

both ends.

A shear wall, in effect a vertical dia-
phragm, acts as a beam and as in the case of
the diaphragm must be designed to resist
load through the combined action of bend-
ing and shear. In a wood stud shear wall
the finish material on one or both sides of
the wall acts as the web of the beam. The
continuous studs nearest each end of the
wall act as the flanges.

D. Shear, bending and Various reactions of a shear wall to a lat-
overturning combined eral force applied at its top are illustrated
FIGURE 2.9. Action of a shear wall under in Figure 2.9.
horizontal load. ® The wall may undergo shear deforma-
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tion (solid lines of Figure 2.9A) if it is a wall having low shear resistance as would be true, for
example, if the finish material were removed, leaving only the studs and the top and bottom
plates. Although an uncovered wall is a highly extreme example, it is important to note that,
because the shear-resisting materials used in wood frame construction are relatively weak and
because the nails or other fasteners tend to slip slightly, this type of deformation is the most
prevalent kind of deformation of securely anchored walls caused by earthquake loads.

If a wall is not properly anchored to the floor below, it will tend to slide. The dashed line
part of Figure 2.9A illustrates the combined result of wall shear deformation and sliding.
Shear transfer must be effected between the bottom of the wall and the floor to prevent
sliding.

® A wall may deflect in bending, a phenomenon that can be visualized if the wall is con-
sidered to be acting as a beam that is firmly anchored to the floor {(see Figure 2.9B). Al-
though shear walls in homes deform in bending to some extent, bending deflections are rel-
atively minor and most design guides base the strength of a wall on its shear-resistance cap-
acity.

® A wall may overturn as shown in Figure 2.9C if it is not firmly anchored to the floor.
Whether the wall will fail in overturning because of a specified horizontal force is a measure
of the wall’s stability. Resistance to overturning is accomplished through the connection of
the wall to the floor and/or foundation and is discussed in more detail later.

® A wall may fail in the combined action of shear, bending, sliding and overturning as
shown in Figure 2.9D.

Designed shear walls minimize these types of deformations and therefore substantially re
strict damage due to vibration — notonly in the walls themselves but in most other portions
of the structure as well.

Resistance to Shear. Finish material attached to the framing provides a wall’s principal
resistance to shear. Generally, the capacity of a wall to resist lateral forces is prescribed
by its rated shear-per-foot, which is determined by dividing the seismic load acting on the
wall by the wall’s length. Rated allowable shear-per-foot has been established for a number
of finish materials. For example, 5/16"" Structural | plywood sheathing attached at all
panel edges with 6d nails spaced at 6’' has an allowable shear rating of 200 pounds per foot
of wall length. Thicker sheathing and/or closer nail spacing will provide higher allowable
shear values.

Referring to Figure 2.6, the total lateral load that must be resisted by the shear walls
(neglecting the force generated by the shear walls themselves) is 150 Ib/ft x 20" = 3000Ib.
The lateral load that each shear wall must resist is, therefore, 3000ib ~ 2 = 1500lb. The
shear-per-foot in each shear wall is 1500 |bs / 12’ = 125 Ib/ft. The shear-per-foot rating for
the material cited above is in excess of this and, therefore, would be adequate.

Figure 2.10 shows a diaphragm and shear wall system similar to that shown in Figure 2.6.
It is larger than the system discussed earlier and the shear wall instead of being *’solid’’ has
openings for windows and door. The illustration can represent the first-story framing of a
two-story house, with the diaphragm shown being the second floor. Although both walls
along Lines C and D are shear walls provided to resist the ground motion coming from the
direction shown, consider only Line C for discussion. The solid wall portions of Wall C con-
sist of three 4-ft-long panels and one 2-ft-long panel. {Each of the 4’ segments would be
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FIGURE 2.10. Idealized House (Shear Walls and Diaphragm).

considered to be a shear wall; the 2’ panel is too limber in bending to resist its proportional
share of the force and would not be considered to be acting.) Wall segments 1, 2 and 3,
therefore, must resist all the lateral load imparted to Line C. Since each segment is the same
length (4’), each will resist one-third of the load. If total shear force along Line Cis 4500Ib,
the shear that each segment will have to carry is 4500/3 = 15600ib. The shear-per-foot in
each segment (wall) is 1600lb/4’' = 375 Ib/ft. (A quicker way of arriving at the 375 is simply
to divide the total shear force in the diaphragm by the total length of shear wall available,
4500/12.) The allowable shear-per-foot rating for the 5/16"' plywood, for example, is less
than 375 Ib/ft and a more resistant material would be required. Shear deformation for walls
is almost exclusively dependent on the type of material used and the shear-per-foot acting.
For this reason, the lengths of two or more walls along a line of resistance, irrespective of
whether they are of equal length, may be added together in determining the shear-per-foot
from a given force applied to that line.

It should be noted that in the example in Figure 2.10 the ground motion is perpendicular
to the second-floor joists and the chords are the top plates of the end walls, A and B. For
the direction of the motion shown, the chord in the near wall, Wall A, is in tension and the
chord in the far wall, Wall B, is in compression and the joists at either end transfer tension or
compression from the diaphragm sheathing to the chords. The blocking transfers the shear
from the diaphragm to the top plates and thence to the shear walls.

Resistance to Sliding. The capacity of a shear wall to resist sliding depends on the con-
nection of the wall to the floor or foundation. The force to be resisted at the bottom of the
wall consists of the total shear in the wall including the inertia force transferred to the shear
wall from the diaphragm and the inertia force generated within the shear wall itself. This
total force must be transferred from the bottom of the wall ultimately to the foundation
through a shear flow path indicated in the discussion of Figure 2.5. The shear transfer must
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be developed by proper nailing of the bot-

tom plates to the floor (by anchor bolts in- P
to the footing for slab-on-grade floors) or
by extending the shear-resisting material
past the sole plate directly to the mudsill
which, in turn, must be bolted to the foot-

ing.

N4
1

Resistance to Overturning. The capacity
of a wall to resist overturning also depends
on its attachment to the foundation but in
a manner quite different than the manner

used for shear transfer. Yy / S S S
(A)

Because most of the inertia force genera-
ted by an earthquake is imparted to a shear
wall near its top, the wall has a tendency to
overturn (as in Figure 2.9C). Figure 2.11A '
shows a hypothetical shear wall with a lat- !
eral force P applied at its top and a uni- 4
formly-distributed gravity load action |
downward of w pounds-per-foot comprised |

|
|

of the weight of the wall plus any vertical - post
gravity load such as the roof framing. The
force P required for overturning is a func-
tion of the total vertical load and if the wall
does not overturn it is said to be stable for fH
that specific horizontal force. A larger
force applied to the same wall clearly could - hold-down
cause it to become unstable. (B) anchor

Stability of a shear wall is based upon FIGURE 2.11. Wall overturning resisted
the following facts: by hold-down anchors.

® The amount of vertical load on a shear wall (usually expressed as load-per-foot)
affects its stability when it is subjected to a given horizontal force.

® Since horizontal design loads for a given wall become a fixed number in seismic design,
whether or not a wall is stable depends on the size of that horizontal force, the dis-
tance from the base of the wall up to the force, and the vertical load on the wall.

® Since vertical load to walls is usually on a per-foot basis, more vertical load is ap-
plied to longer walls than to shorter walls. Longer walls are therefore more stable
than shorter walls when a given vertical load is applied to both.

® Stability is also a function of the distance from one edge of the wall to the center of

gravity of the total vertical load. This distance is assumed in this report to be one-
half the length of the wall.

Since total vertical load and distance to the center of gravity are each dependent upon

—12




length, overturning resistance increases faster than length — for a given vertical load-per-foot,
a wall 8 long, for example, has four times the overturning resistance of a wall 4’ long.

Resistance to overturning tension, when required, should be developed by attaching the
chords (end studs) to the foundation. When uplift is transferred to the footing a sufficient
amount of the footing must become involved such that the footing's weight is sufficient to
resist the uplift. Using an abbreviated description, the end result is that bending is transfer-
red from the wall to the footing and the footing must be reinforced for this bending. A con-
tinuous footing involved in the resistance to overturning is termed a grade beam herein.

When it is determined that a wood stud shear wall is unstable, resistance to uplift usually
is accomplished with hold-down anchors, straps or framing anchors, as shown in Figure
2.11B. These anchors have been used rarely in residential construction and normally are un-
necessary for the types of load generated in one-story residential structures with reasonably
long shear walls. When the wall is high and not very long, as is sometimes found in houses
with cathedral ceilings, or when the load is heavy due to the weight of two-story construc-
tion with relatively little shear wall along a given line of resistance, however, hold-down an-
chors are frequently required. (Installation of hold-down anchors is discussed in other chap-
ters; because their installation can be bothersome and expensive, particularly if installed in
the wrong location, the designer will be shown how to avoid their use for many conditions.)

Locating Shear Walls. Just as important as the shear walls themselves is their proper loca-
tion, their position relative to the physical boundaries of diaphragms and to the plan config-
urations of houses.

Inasmuch as they already occur in most currently designed residential structures it is not
particularly penalizing to the average house to require that shear walls be provided along all
exterior lines. The fact previously noted that earthquake ground motions strike in all direc-
tions points directly to the necessity that diaphragms be supported by shear walls at or near
all four respectively perpendicular edges. Since wings and other such irregularities in plan
occur, it is also necessary that these be supported for horizontal motion. In some cases
wings, etc., can be considered as cantilevers off the main diaphragm. !n most such instances,
shear walls must also be provided at protruding portions of the floor plan as well.

Because inertia forces generated in a structure are proportional to weight, it is desirable
that the shear walls be located to provide maximum resistance where the forces are maxi-
mum. |f they are not, the diaphragm will tend to rotate, causing a torsional effect that will
rack the wall at one end of the diaphragm more than that at the other. Except for the small
additional loads to a particular line of resistance from wings or masonry fireplaces, loads in
residences are quite uniform. Even where irregularities in diaphragm sizes occur any increase
in diaphragm length is usually accompanied automatically by an increase in overall exterior
wall length. Because some rotation will occur in almost any diaphragm, it is recommended
that walls be provided at or near the corners of the structure. Walls in these locations —
especially if they are long enough to qualify as shear walls — help to resist rotational effects.

It is recommended that rather than concern himself over where loads are apt to be heavi-
est, the designer should strive for “balancing’’ shear walls, even in walls with the same over-
all length. 1f, for example, the two-story portion of a split-level home is 21'-0" wide, con-
stantly, from front to back, it is quite conceivable that the shear wall at the front might be
a 4’-0" wall adjacent to the garage door, while the wall at the rear might be “‘solid"" and
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21'-0"" long. The load to each wall would probably be equal and, since shear deformation is a
function of shear-per-foot, the deflection of the 4’-wall could be more than five times as great

as that of the 21" -wall. Such an imbalance would cause rotation of the diaphragm and could re-
sult in severe damage. It would not be facetious to say that it would actually be better to design
an opening in the rear wall to reduce the amount of shear wall available and more nearly bal-
ance the walls. [t is recognized that the demands for style and amenities in the modern home
often make it impossible to locate and size shear walls to achieve anything approaching absolute
symmetry but the imbalance described in this example should be avoided wherever possible.

Struts

Struts are sometimes necessary to transfer load from the horizontal diaphragm to a shear
wall or line of shear resistance. Although ordinarily the designer need not concern himself
with the allowable shear-per-foot in horizontal diaphragms, such limitations do exist. For
instance, the allowable shear for 1/2"” Structural Il plywood nailed with 10d nails at 6" o.c.
at all edges of sheets is 290 Ib/ft. It is conceivable that the shear wall along one or more
edges of a diaphragm might be so short that the shear-per-foot in the wall exceeds this value.
If shear were only transferred from the diaphragm directly above the wall into the wall, the
allowable shear in the diaphragm could be exceeded. Moreover, when another element is
available all along the edge of the diaphragm (such as the continuous top plates) the ten-
dency of the diaphragm is to transfer its load to this element on a per-foot basis.

Figure 2.10 demonstrates how shear walls can be made effective by means of the “col-
lector’ action of a strut. As was noted earlier, the total shear is 4500 |bs. Because of the
strut action of the top plates the shear-per-foot in the diaphragm is this load (4500) divided
by the length of the diaphragm (30’) or 150 Ib/ft. If the continuous top-plate strut were
not present the maximum shear-per-foot in the diaphragm would be 4500 Ibs divided by
12’ (the total length of the three shear walls) equalling 375 Ib/ft.

Because of the strut or “collector” action of the top plates the diaphragm load is trans-
ferred to the shear wall on a per-foot basis. The top plate picks up the load from a to b for
Wall 1 and, considering the direction of load indicated, the top plate is in tension from the
right-hand side of the wall over the window to Line b, in other words, the top plate is pulling
the wall in the direction of load. The total diaphragm load developed between points b and
c contributes the total load in Wall 2. |n this case, the top plates are in compression pushing
against Wall 2. It should be noted that point ¢ is above Wall 2. Despite this, all the load de-
veloped between points ¢ and d contribute load to Wall 3, with the top plate again being in
compression. |n all three cases the top plates act to collect the load from the diaphragm and
transmit it to the walls. All walls so interconnected deflect the same amount and therefore
distribute’’ the load. This, then, is a second illustration of the importance of proper splicing
of top plates.

In the example used, the strut would be automatically installed during construction. in
some cases, particularly when interior walls are used as shear walls, it is necessary to provide
a strut that is not otherwise built into the system. This is particularly true when a shear wall
is not located under, but merely abuts, a diaphragm for which it is providing resistance or
when only a small portion of the wall falls under the diaphragm such that allowable dia-
phragm shear would be exceeded if no strut were provided. Design recommendations in this
report attempt to avoid the use of struts for any conditions other than those shown in Fig-
ure 2.10.
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Connections

The third, and equally indispensable, aspect of seismic-resistive design and construction of
dwellings insists that the various elements of the structure be properly tied together. No
mechanical contrivance, whether it be an automobile engine or a lateral load-resisting sys-
tem, will function properly without all its interrelated parts nor will it function well or for
long unless the parts are adequately interconnected.

The critical role played by the connections in house design and construction can well be
described by a summary review of the way a lateral load-resisting system functions.

® Farthquakes generate inertia forces within the structure proportional to weight
and acceleration.

® Since walls span to either the floor or roof levels, for design purposes all load may
be considered concentrated at these elevations. Each floor and roof must act as
a horizontal beam to carry the load to walls parallel with the load. When a floor
or roof system acts as a horizontal beam, it is called a diaphragm and must be de-
signed to function in much the same manner as any other beam. Diaphragm
sheathing transfers the shear and is stiffened against buckling by floor joists or
roof rafters. To transfer shear from one piece to the next, adjoining pieces of
sheathing must be nailed to the same joist or rafter. Flanges of the “beam’’ are
provided by the top plates {in wood frame structures) which act as chords. The
blocking or end joists transfer the tension or compression from the sheathing to
the chords.

® Walls parallel to the direction of load act to support the diaphragm and are
termed shear walls. Blocking or end joists directly above the shear wail must be
properly connected to the sheathing and the top plates to transfer the shear from
the diaphragm to the wall. When walls are interrupted, the top plates also act as
struts to bring the overall wall into play. Shear walls must be designed so that an
adequate amount of shear-resisting material is applied to transfer the load from the
diaphragm above to the floor below. Finish materials must be properly connected
to the studs and plates.

® To resist sliding, proper shear transfer must be provided from the base of the wall
to the floor or foundation, through nailing or bolting or both.

® Walls must be designed with proper connections to the floor or foundation to
resist overturning.

Essential keys to proper design of lateral load-resisting systems are the determination of
adequate shear-resisting materials and the installation of proper connections transferring
load through the diaphragm, from the diaphragm to the wall, down through the wall by
means of proper nailing of shear-resisting materials, proper connection of sill plates at the
base and, when required, installation of hold-down anchors and proper reinforcing in foot-
ings. Inadequate materials or improper connections at any point in the system will limit the
shear-resistance capacity of the entire system and will invite failure.
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Methodology
Design Steps

Subsequent chapters of Part |1 take the designer in detailed fashion through the steps nec-
essary for seismic-resistive design of single-family dwellings — the shear walls, the connection
of the various structural elements of the house, structural considerations other than shear
walls, and some of the more critical non-structural features. The vehicle for the presentation
is a series of four model homes, a one-story, a two-story and two versions of split-tevel con-
struction, models successively more complex but all representative of the problems encount-
ered in seismic design. Because the overwhelming majority of houses are built of wood fram-
ing, most of the report’s attention is to that type of construction. Many of the design prin-
ciples apply as well to houses with masonry exterior walls and Chapter {{—5 is devoted to a
discussion of the similarities and differences in the problems encountered.

Chapter 11—2. The first two steps of the methodology are combined in Chapter 11-2: Lo-
cating Shear Walls and Determining Tributary Areas. The chapter describes the determination
of floor and roof diaphragms that require support by shear walls at the edges, including the
factor of broken or discontinuous diaphragms, and the chapter presents rules to allow the
designer to determine whether other walls in the house should also be used for shear resist-
ance. Once shear walls have been located, the designer must determine what areas of the
diaphragms will transfer load to them. In some uniform designs the task is a simple 50-50
proposition, half to the left wall, half to the right. Chapter 11—2 describes the simplified
cases and also tells how to determine tributary areas in more complicated designs, when
more than two parallel shear walls are present or, for example, the new recommendation
concerning interior walls that has developed from observation of the damage from the San
Fernando earthquake: A multiplying factor applied to interior walls in the first story of
two-story houses. Additional tributary area example calculations are given in Appendix B.

Chapter |1—3. Having determined the shear walls to be considered and their respective
tributary areas of load, the designer is told how to determine the extent of load in Chapter
[1—-3: Determination of Dead Loads and Seismic lLoads. As has already been stated, seismic
load is a product of tributary area times weight times a seismic factor, with weight being the
actual weight of the materials and the seismic factors normally being 0.133 for Zone 3 and
half that (0.067) for Zone 2. Seismic Zone maps showing the various parts of the United
States included in each of Zones 2 and 3 are given in Part 111 of the report. No seismic de-
sign is stipulated for Seismic Zone 1.

Chapter [I1—4 and Chapter ||—5. When the designer has determined the load to a given
line of shear resistance — one wall or more than one — he is ready to desian. The procedures
for design of shear walls are contained in Chapter |1—4 for wood frame walls and in Chapter
I1—5 for masonry walls. Included are the determination of shear-per-foot as it impacts on
the wall under consideration and the comparison with the allowable shear (in tables and
graphs) established for the finish material to be used in constructing the wall. Also included
are references to appropriate nailing, sill boit and hold-down anchor schedules to provide
overturning resistance and to ailow design of effective shear transfer from the shear wall to
the floor or foundation.

Chapter II—6. All imaginable design conditions in residential structures could hardly be
CO\{ered in a single document. An attempt is made to give the designer some insight into
major special problems that will occur in the “‘average’”” house in Chapter 11—6: Miscellan-
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eous Structural Considerations. Included, for example, are commentary on the design of
split-levei homes, the effects of openings in floor diaphragms for stairwells, the actions of
struts and chords, the adequacy of a roof diaphragm for the proposed architectural design,
and the efficacy of grades of sheathing and types of nailing for floor diaphragms.

Chapter I1—7. Adgain, though full coverage is not feasible in this document, an effort is
made in Chapter |1—7: Non-Structural |tems to alert the designer to some specific problem
areas that result in significant earthquake damage even if a residence is designed with effec-
tive shear walls. An adequate shear-transfer system will reduce damaging vibration effects
on non-structural features of a house, but some special attention must be given to such
items as glazing, fireplaces, veneer, water heaters, floor furnaces, etc.

Calculations

To assist in the step-by-step design methodology, specially devised Calc Forms are incor-
porated in this report and their use is described by example in Chapters |1-3 and 11—4 dis-
cussing the model homes. Blank copies of the Calc Forms are also presented in conjunction
with appropriate sections of the Design Methodology in Part I11. 1t is suggested that the
blanks may be duplicated on an office copier for the designer’s future use.

Use of the Report

It was noted earlier that the methodology presented in terms of the model homes covers
most facets of seismic-resistive design from the simplest to the highly complicated residential
dwelling. A designer faced with a simple one-story house with sloped roof and level ceiling,
for example, may be able to study only the opening remarks of Chapters 11-2, [1-3, |1-4
and 11-5 plus the comments on the Model ‘A’ home before starting to design. For a full
grasp of the methodology, however, it is recommended that all model homes be studied
through each chapter. Readers are cautioned, for instance, that some particular conditions
such as walls other than 8’-0"" nominal height, sloping and/or exposed-beam ceilings, and the
special garage front wal! detail are covered only in the discussion of the Model ‘D’ home.

Development of a seismic-resistive design for a split-entry home is included as Appendix A.

tT Tt
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CHAPTER I11-2 LOCATING SHEAR WALLS and
DETERMINING TRIBUTARY AREAS

Introduction

This chapter discusses the first two steps in the design of a residence for resistance to
earthquake lateral forces: (1) Locating shear walls properly; (2) Determining tributary areas
of diaphragms contributing load to the shear walls. This and subsequent chapters of Part |1
introduce through practical application the Recommended Design Methodology set forth
in Part I11. Provisions concerning location and length of shear walls, though thev leave the
designer considerable latitude, are nevertheless presented as recommended requirements. As
for tributary area, in all cases all roof and floor areas should be assigned to some line of
shear resistance but it is recognized that design conditions may prevail that require judgmen-
tal decisions to satisfy the intent of the provisions and, for that reason only, the provisions
on tributary area are called guidelines rather than requirements.

The practical application is accomplished through discussion of four model homes, A, B,

C and D for which calculations and design are presented according to the Recommended
Design Methodology given in Part 1. The example houses are shown schematically in
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FIGURE 2.12. Model Home Elevations {(Schematics).

Figure 2.12. The elevations, roof plans and floor plans are shown with the detailed discus-
sion of each example. Model A is a simple one-story house, Model B is a two-story and
Models C and D are versions of split-level design. (Other floor plans are presented as ex-
amples in Appendices A and B.)

Each model house is constructed of conventional wood framing and standard finish ma-
terial; together they represent much of the current residential construction and many of
the problem areas encountered in seismic-resistive design. Houses with floor plans similar to
the examples, particularly Models B and C, were subjected to severe damage in the San Fer-
nando earthquake.

Locating Shear Walls

Section 2 of Part 111* defines the recommended conditions that must be met for a section
of wall to be considered as a shear wall and indicates the required locations and lengths for
such walls.

Materials that may be used to develop shear resistance are 1" diagonal sheathing, gypsum
sheathing board and wallboard, fiberboard, stucco, gypsum lath and plaster, hardboard and

plywood.

* Section | of Part I11 contains definitions applicable to the publication.
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For a section of wall to qualify as a shear wall it must be at least 4’-0'" in length, must
meet height-to-width ratio requirements dependent on the material used, and, when applic-
able, certain limitations regarding interruption of the shear-resisting material for hardware,
etc. All materials other than plywood are limited to a maximum height-to-width ratio of
2:1; a 4'-0"" long wall, unless sheathed with plywood, may be used only with nominal 8'-0"'
high construction. If wall height is 9’-0’; for instance, the least length of non-plywood wall
that may be considered as acting is 4'-6"' since 9'/2 = 4.5!

Any interruption of the shear-resisting material is considered to be a hole. Small holes are
allowed; very small holes, such as those created by a pipe or by an electrical wall switch, are
ignored. Since a wall’s total shear resistance is equal to the rated shear-per-foot of its mater-
ial times the wall’s length, the width of larger holes (as described in Section 2. 1A3 of Part |11)
should be subtracted from the length in determining the allowable load the wall can resist.

Section 2 of Part 111 also specifies that shear walls be located along all lines of exterior
walls and that interior walls that extend to the roof be shear walls. Among other critical
loactions where walls are required to be considered as shear walls are interior one-story walls
when the house has a flat roof or open-beam or cathedral ceiling and, in a requirement that
goes beyond current standard practice, certain interior walls of the first story of two-story
construction.

Although the Design Methodology does not specifically say so, not every eligible wall along
a line of resistance need be considered as acting. As a matter of practicality — because the
more wall length used, the lower the shear-per-foot — all eligible walls are almost always used.
The important considerations, however, are that adequate shear resistance is provided for
the loads developed and that resistance is provided at all edges of each separate diaphragm.

As an important corollary, in two-story construction the second floor must not exceed a
1-1/2:1 diaphragm ratio because diaphragms are not designed by the methodology used in
this report. Apart from these considerations, it is not critical if an otherwise eligible wall is
not used in the design since all remaining wall will still be designed for the total load.

Determining Tributary Area

Section 3 of Part |11 provides guidelines for determination of tributary area contributing
load to each line of shear resistance with particular emphasis on tributary widths, lines act-
ing together and the adjustment in area required for interior first-floor shear walls in two-
story residences.

Simply stated, the tributary width to a given shear wall is one-half the distance between
it and the next adjacent parallel shear wall, similar in principle to the condition expressed in
the discussion of the steel beam in Chapter 11—1 {Figure 2.8) with one important difference.
A uniform load across the steel beam was assumed; in seismic analysis the same assumption is
made even though the load between shear walls is not uniform and, indeed, when the diaphragm
is not even of constant length. It is nevertheless assumed that all load developed oneach side of
the centerline between walls is distributed to that wall on the same side of the centerline.

When shear walls occur on each side of the wall whose tributary width is to be determined
the width is one-half the distance between the walls to either side.
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In the case of cantilevered diaphragms, the total area of cantilever must be taken by the
line of resistance (or lines acting together) at the cantilever support.

As was noted in the discussion on locating shear walls, field observations following the
San Fernando earthquake indicated that some first-floor interior shear walls of two-story
houses received more load than would be anticipated by the usual method of figuring trib-
utary widths. A multiplying factor is introduced in Part 111 which must be applied to all such
walls. (Further discussion on this is included in the comments on Models B, C and U.)

In calculating tributary widths, exactness would dictate that first the clear distance be-
tween walls should be determined, then halved, then the wall width added. In view of the
various assumptions necessary with regard to loads, such exactness may be disregarded. Ar-
chitectural plans usually are dimensioned from outside face of exterior wall to centerline of
interior wall. Halving the dimensions indicated on the plans provides sufficient accuracy.
Use of the exact method will preclude difficulty when a particular dimension includes the
total width of wall at one side and excludes it at the other. The exact method is used in the
model-home examples in this chapter but that should not be interpreted to mean the exact
method must be used in practice. Tributary area plans in this chapter present all dimensions
as they would appear on the architectural floor plan. Decimal dimensions such as 12.33" are
used to designate all tributary widths in order to differentiate them from the architectural
dimensioning.

Familiarity with how to figure tributary area is most important. The discussion will de-
velop that, with experience, a designer may determine that certain shear resistance lines are
more than sufficient by inspection,” and that only one or two need be calculated. This
possible experience-based ‘‘shortcut,” most likely for one-story construction, enhances de-
sign efficiency and economy but it also makes it essential that the tributary areas for critical
walls that are to be calculated are calculated correctly.

Model Homes

In the discussions of each of the example homes to follow, the pertinent Sections of
Part |11 are referenced with respect to location of shear walls and determination of tributary
area. It is suggested that the reader scan Sections 2 and 3 of Part |1l before continuing this
chapter, then study the referenced sections or subsections in Part |l1 as they are noted in the
discussions of the model homes.
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MODEL A

{! :

| [

FIGURE 2.13. Floor Elevation — Model A.
The one-story house used as Model A ;—— — —l_
is a fairly simple residence—1288 square : l
feet with another 550 square feet in the <{;— —
oversized two-car attached garage. | |
Finish materials and framing: —— S (= |
|
Roofing Wood shake l i
Sheathing Spaced ' l
Roof framing Prefabricated -
wood trusses I l
Ceiling Gypsum board | l
with acoustic |
y hauliama |
finish P f p S
Exterior wall finish Plywood and oy g
brick veneer
FIGURE 2.14. f Plan — Mode! A.
Interior wall finish Gypsum hoard Roof Plan — Model A

Design sectionsin Part |11 applicable to locating shear walls and determining tributary areas:

2.1A 2.1B1 2.1B2a
3.1 3.3A1 3.3A3

Model A demonstrates the simples.t example for locating shear walls and determining trib-
utary areas and, in addition, indicates alternatives available for the design of wings.

Inspection of the floor plan {Figure 2.15) reveals the available shear wall along all exterior
wall lines. Even if the alternative rear wall for the living-dining area were chosen, the rear
wall along the garage would still provide considerable shear resistance along that line. The
front wall of the house appears to provide the shear resistance required. In the master bed-
room area there seems to be sufficient wall along the line containing the sliding glass
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FIGURE 2.15. Floor Plan — Model A.

door to resist the lateral load generated by that small wing. The house would seem to pre-
sent no particular problems for design.

One potentially serious problem is indicated in the Model A design, having to do with the
recommendation that there be solid wall at all corners of a residence because solid, intercon-
nected walls at corners tend to resist the torsional effect of earthquake motion. As can be
seen in the Floor Plan above, the door to the outisde from the hallway to the master bed-
room eliminates wall at a critical point, as would the alternative rear wall that would elimi-
nate the wall just around the corner from the hallway door. When architectural planning
does not allow for a shear wall of at least 4’ in length it is advisable to locate as much wall as
possible at a corner, such as was done adjacent to the sliding door of the master bedroom.

For Model A, all shear walls are easily visualized, as indicated by the solid wall sections in
Figure 2.16. (It is assumed that the wall between the garage and the main portion of the
house extends to the roof and therefore is considered to be a shear wall.)

Two alternative tributary area diagrams for earthquake motion in the transverse direction
are given in Figures 2.17 and 2.18. In the tributary area diagrams, the earthquake motion
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FIGURE 2.16. Shear Wall Plan — Model A.

direction is shown with the bold double arrow; the chevrons depict the area tributable to
shear walls. Specifically, the area represented by one-half of a chevron is tributable to the
adjacent shear wall. This can be readily seen in the wing portion of Figures 2.17 and 2.18.

Tributary Widths — Figure 2.17.

The possibility of using an interior wall as a shear wall is illustrated in Figure 2.17, con-
sidering the wall between the living-dining area and the hallway. That wall is an extension
of the exterior wall on Line C and it would be expected that the top plates would be contin-
uous from the front to the rear of the building, providing strut action to the two interior
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wall segments. This type of design would also require a strut to be developed from the main
roof to the wall because otherwise all shear would have to be transferred through the por-
tion of the diaphragm over the wing.

AtoB Since both shear walls are included in dimension from A to B,
20’_0”
— I_OII
> 10
Bto C  Neither wall included 22'2‘0” = 110"
Cto D  Bothwalls included % - 76"
Tributary width: LineA 10.00

Line B 10.00 + 11.00 = 21.00’
LineC 11.00+ 7.50=18.60'
Line D 7.50"

Tributary Widths — Figure 2.18.

Per Section 3.3A3, the shear wall on Line C at the exterior-interior corner wall of the wing
need not be considered as shear wall for the main body of the house. As is demonstrated in
Figure 2.18 the only area tributary to that wing wall is the portion of the roof adjacent to
the line of resistance. By distributing the tributary area to the walls as shown in Figure 2.18
the interior wall on Line C need not be developed as a shear wall and the loads, as repre-
sented by the areas, are going to the locations where the longest lengths of wall exist. It is
this method that is used in the calculations in the subsequent chapters.*

A to B Since both shear walls are included in dimension from A to B,
20'-0""
= 10-0"
2
B toD 220" + 12"0 —47 184" clear
Cto D 15207 . 7
2
Tributary width: Line A 10.00’
LineB  10.00 + 18.33 = 28.33'
Line C 7.50°
LineD 1833+ 0.33=18.67"and
7.50" at wing

*Calculations of tributary width are not shown for the other model homes when tributary
width is simply 50% of the distance between shear walls with no further adjustment needed.)
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FIGURE 2.19. Tributary Areas, Longitudinal Direction — Model A.

Tributary Widths — Figure 2.19.

For loads in the longitudinal direction, as shown on Figure 2.19, the determination of
tributary widths is also quite simple since the only lines of shear resistance are at the three
lines of the exterior walls of the house (E, F and G).

Et F  Both walls 2—7'2;6— - 139"
Fto G 1—8——9—2—_—4— = 8-10" clear

Tributary width LineE 13.75'
LineF 13.75and 13.75 + 8.83 = 22.58’
Line G 8.83+0.34 = 9.17’
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FIGURE 2.20. Alternative Front Elevation — Model A, depicting design problems not solvable by the
provisions of this publication.

The design of “‘no-problem’’ Model A house can be altered to become unworkable under
the provisions of this report. Figure 2.20 shows the garage lowered so that the shear wall at
the rear cannot have the load from the rear of the house transmitted to it by strut action—
the top plates would be discontinuous at the junction of garage and house. If the alternative
rear wall were used, there would be no shear wall to support the high portion of the roof over
the living-dining area. In addition, with glass as shown in a clerestory on the front elevation
below the elevated roof, no shear wall would be present to resist the load at the edge of the
separate roof diaphragm. In fact, the house would consist of three separate portions, each
with its own roof diaphragm, and therefore would require shear walls along all four edges of
each diaphragm to properly support all elements. |f some shear wall were added at the clere-
story, if the alternative rear wall were not used, and if appropriate interior walls were used to
support diaphragm edges, the Figure 2.20-house could be designed by the provisions of this
report. Otherwise, design to resist lateral load would require engineering analysis.
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MODEL B

FIGURE 2.21. Front and Rear Elevations — Model B.

Model B is a 2016-square-foot, two-story house with an attached garage of approximately
500 square feet. Finish materials and framing:

Roof Roofing Asphalt shingle
Sheathing 3/8" plywood
Roof framing Standard wood framing
Ceiling Gypsum board
Second Floor Flooring Carpet
Underlayment None
Sheathing 5/8"" plywood
Framing Wood
Ceiling Gypsum board
Exterior Wall Finish Hardboard and Veneer
Interior Wall Finish Gypsum board

Design sections in Part I11 applicable to locating shear walls and determining tributary areas:
At first story: 2.2A2 2.2B2 2.3D

3.1 3.2A 3.3B1 3.3B2 3.3B3
At second story: 2.2A1 2.2B1
3.1 3.3A1 3.3A4
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Plans for the first and second floors are given in Figure 2.22. Note the roof over the front
entry; it will receive special comments later.

Many features of Model B, such as floor plan, attached garage with service facilities, and
large amounts of glass, are features similar to those in houses damaged in the 1971 San Fer-
nando earthquake. Though such conditions may pertain only primarily to warmer climates,
they serve to point up a common principle of seismic design: Houses with more solid ex-
terior wall will require fewer special requirements, such as hold-down anchors and closer
sill bolt spacing.
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FIGURE 2.23. Shear Wall Plan — First Floor, Model B.

®

The shear wall plan for the first floor of Model B is given in Figure 2.23.

The interior walls of the second floor are not considered as shear walls since they do not

extend to the roof level; only the exterior walls of the second floor are shear walls and a
shear wall plan is not included.

Tributary area diagrams for earthquake motion in the longitudinal direction are given in
Figure 2.24,
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Tributary Widths — Figure 2.24A

The tributary area to the first floor interior shear walls (Lines F and G) for load in the
longitudinal direction offers the first example of the use of the multiplying factor. The

4'-0" shear wall on Line G is within 3'-0” of the 15’-0"' wall on Line F and the walls must

be considered as acting together. When considered to be acting together they are 19 feet
in length, longer than the total length of shear wall at either the front or the rear. Since
the design methodology (Table 3.1) exempts only walls shorter than the exterior walls,
this wall (F and G) must be considered as shear wall.

140"

E toF = 7'-0"
© 2
Fto G 140" — 12'-10” = 1'-2"" center to center
G to | 12-107 - g5
2
Tributary width: LineE 7.0
Line | 6.42'
LinesFandG 7.0 + 1,17 + 6.41 = 14.58’
L . Le 9.0 _
Multiplying Factor (Section 3.3D3) — = —— = 0.47
L; 19.0

Multiplying Factor = 1.25 (since Lg/L; is greater than 0.30)

Total width to consider, in accordance with Section 3.3B3b

1.25 (14.58 — 1.17) + 1.17
16.76 + 1.17 = 17.93’

Tributary Widths — Figure 2.24B (Front covered porch only)

The porch roof at the front of the house contributes load to the first-floor shear walls
at Line E as well as to the wall at the front of the garage (Line D). The 2'-8"' cantilever
portion of the porch roof is assigned entirely to Line D with the remainder of the porch
roof divided equally between Lines D and E.

D to E 5.0" — 4" = 4'-8" clear total
. . . 4.67 _ .
Tributary width: Line D 5 + 0.33 + 267 = 533
Line E 4'767 = 233
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Tributary area diagrams for motion in the transverse direction for the first and second
floors of Model B are given in Figure 2.25.

Figure 2.25A
Diaphragm ratio 36.0 _ 1.29:1 is less than 1.5:1
28.0
Shortest exterior shear wall 18-6"" (Lines A and B)
Maximum interior wall length,
per Table 3.1 18.60 x 0.75 = 13.875’
(shorter walls need not be
designed)
Effective length to right of stairs 80"
Neither wall need be designed, see
Effective length to left of stairs 94" below

The “hole” in the diaphragm for the stairway is 12-6"’ long. Since that is less
than one-half the diaphragm depth of 28'-0"’ no shear wall need be located adjacent
to the stairs to meet the Design Methodology. The only other reason the walls to
either side of the stairs might need to be designed would be becausé of their length.
Since they are more than 3'-0"" apart they may, but need not be, considered as
acting together. |f each acts separately, each is shorter than 13.875" and therefore
need not be considered as a shear wall. Since the walls at each end seem sufficiently
long, adding these short segmerits of interior wall would probably result only in ad-
ditional construction expense; the short segments are therefore not considered.

Figure 2.25B. {Front covered porch only)

The porch roof is the type of small diaphragm that can mislead the designer. As shown
in Figure 2.25B the only shear walls for the main body of the residence are at Lines A and B,
and all load to the right of the line midway between A and B is taken to Line B and all load
to the left is taken to Line A. As shown on the front elevation (Figure 2.21) the porch roof
frames into the second-floor stud wall slightly above the level of the second floor itself. The
load from the porch roof should therefore be considered along with the second-floor dia-
phragm loads and does not enter into consideration of loads for shear walls above the sec-
ond floor.

Total width of porch roof 23'-8"”
Line A 23-8"—-18-0" = 5'-8" = 5.67'

Line B 18.0’
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FIGURE 2.26. Front and Rear Elevations — Model C.

Split-level houses come in many configurations. The house shown in Figure 2.26 is typi-
cal of split-levels in many parts of the country. The second-floor wall front elevation is
intended to convey a picture of solid wall above and below the windows with only a change
in finish material indicated. Finish materials and framing:

Roof Roofing Asphalt shingle
Sheathing 1/2" plywood
Roof framing Prefabricated wood trusses
Ceiling Gypsum hoard
Second Floor Flooring Carpet
Underlayment 5/16" particleboard
Sheathing 1/2" plywood
Framing Wood
Ceiling Gypsum bhoard
Exterior Wall Finish Fiberboard and Wood siding
Interior Wall Finish Gypsum board; 5/16" plywood in

family room
First and second floor plans and roof plan for Model C are given in Figure 2.27.
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Design Sections in Part |11 applicable to locating shear walls and determining tributary
areas for Model C:

General: 2.3A1b 2.3A2
3.1

At first story: 2.2A2 2.2B2 2.2B3
3.3B1 3.3B3

Atsecondstory 2.1A 2.1B1
and middle leve! 2.2A1
3.3A1

The shear wall plan for the first floor of Model C is given in Figure 2.28. A shear wall
plan for the second floor is not given because none of the interior walls in the second floor
extends to the roof and therefore only the exterior walls at the second floor are shear walls.
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FIGURE 2.28. First Floor Shear Wall Plan — Model C.
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For motion in the longitudinal direction (Figure 2.29 above) the tributary areas for all
portions of Mode! C are simply 50% of the distance between exterior shear walls with no
adjustments necessary. No longitudinal second floor plan is shown for that reason.
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For motion in the transverse direction, the tributary areas are shown in Figures 2.30A
and 2.30B. The first floor interior wall of the two-story portion must be considered for
loads in the transverse direction in the same manner as for Model B. Since the walls to the
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left of Line C are but 6’-6"' from this line (shown in Figure 2.28), these walls could be con-
sidered as acting together with the walls on Line C. Total effective length of shear wall
along this line would be 6'-6"; which is less than 1/2 of the wall length along Line C. Ad-
ditional tributary area would be created by including this wall, so, because of its length, it
has been omitted from consideration as allowed by Design Section 2.2B2b. Note: That de-
sign section requires that a wall be used when it is over a certain length in relation to the
parallel walls to either side but does not prohibit the use of the wall if desired.
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Since there is but a single wall considered to be acting on Line C, tributary width is ad-
justed in accordance with Section 3.3B3a.

Tributary Widths — Figure 2.30B (2-story portion only)

¢

AtoC and Cto E 3‘%0" — 12'0" each
Tributary width Lines A and E 24—'2@ - 12.00’ each

Line C 12.0 + 12.0 = 24.0'
Shortest exterior wall = 4'-0”"

Interior wall = 7°-0"" + 11'-4"" = 184"

Le 4.0

— = —— = 0.218

L; 18.33
Multiplying Factor 1.39 (Figure 3.2)

{Multiplying Factor will be used on
Calc Form 6 as described in next chapter.)

Differential Oscillation

Because of the differences in height, weight and shear-per-foot in the shear walls, the
two sections of split-level houses similar to Model C frequently attempt to oscillate differ-
ently when undergoing seismic loads. This can cause the sections of the house to alternately
pull apart and pound together. Much damage of this type was observed in the San Fer-
nando earthquake. The split-level tie details in Part 1V, Details 7/4 through 13/4, are there-
fore extremely important. No calculations for these ties are required of the designer.

Alternative Split-Level Construction — see next page.
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FIGURE 2.31. Alternative Rear Elevations — Model C.

Two alternative methods by which the Model C house might be constructed are illustrated
in Figure 2.31. In the upper rear elevation, grade is level across the lot and cripple stud walls
or basement walls are projected up to the wood frame first floor of the middle level.

In the lower elevation, grade is just below the floor line of the middle level and the lower
level requires retaining walls.

Design calculations are not presented for these cases, but representative examples are

shown in later chapters and details required for both types of construction are shown in
Part V.
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MODEL D

1

[T VT

FIGURE 2.32. Front and Rear Elevations — Mode! D.

This particular model has been made as complicated as the limitations of the report’s de-
sign methodology allows and it is the only house presented in this chapter that is not similar
to any homes encountered in observation of the damage zone in the San Fernando earth-

quake. Finish materials and framing:

Roof Roofing
Sheathing
Roof framing
Ceiling

Second Floor Flooring
Underlayment
Sheathing
Framing
Ceiling

Extericr Wall Finish

Interior Wall Finish

[—-47

Rock
2"T&G
4 x beams
Exposed

Carpet

5/16"" particleboard
1/2" plywood
Wood

Plaster

Stucco

Gypsum lath and plaster




Plans for the first and second floors and roof of Model! D are given in Figures 2.33A and B.

Design Sections in Part |11 applicable to locating shear walls and determining tributary
areas for Model D:

General: 2.3A1b 2.3A2
3.1

At first story: 2.2A2 2.2B2 2.2B3
3.3B1 3.3B3

At second story 2.1A1 2.1A2 2.1B
and middie level 2.2A1 2.2B1
3.3A1

Model D is similar in floor plan to Model C but it has three unique features: Lack of shear
wall at the front of the garage, exposed roof framing and, because of the exposed roof fram-
ing, variable height shear walls. These create in one house several special design problems
which must be overcome to reduce the vulnerability to damage.

Because of the exposed roof framing, virtually all walls in this residence extend to the
roof. The only walls that do not are the entry closet walls at the mid-level and the bath-
room and closet walls in the master bedroom at the second-floor level.

To determine the walls required to be used as shear walls at the second-floor level, Sec-
tion 2.1B2b, together with its exception, and Section 2.2B2b must be consulted.

Shear wall plans for the first and second floors of Mode! D are given in Figure 2.34A and
B. The tributary area plans for motions in the longitudinal and transverse directions are
given in Figures 2.35A and B and Figures 2.36A and B.

Starting at the front interior wall of the second floor the total length of wall at the ward-
robes is longer than the exterior wall and therefore must be used. At the rear, the wall be-
tween the bathroom and the wardrobe does not extend to the roof and therefore need not
be considered. The two walls on Line C are longer than the rear wall and must also be con-
sidered as shear wall. The only remaining transverse wall is the wall adjacent to the stairway.
The diaphragm ratio in this area is 14.0 / 21 = 0.67, or less than 3/4:1. In accordance with
Table 3.1 the wall must be at least 0.85 as long as the shortest adjacent wall to be required
to be used. The wall is 7.33 / 13, or 0.56 as long and need not be used. Note that the dia-
phragm ratio figured in this example uses the width between shear walls on either side of
the wall under consideration. The depth is the total depth between the same shear walls.

At the middle level, the shortest length of shear wall along lines A or E is 12’ along Line
A. The shear walls occurring in the two-story portion are not considered when the mid-level
is being designed. Inspection of the rear elevation (Figure 2.32) will indicate that this as-
sumption leads to some inaccuracies since the whole rear wall obviously acts as a unit. This
assumption is made, however, to allow a simple method of analysis as well as for the reasons
discussed later comparing Models C and D. The mid-level diaphragm ratio between Lines A
and E (Figure 2.35B} is 26/31 = 0.84. The ratio of the wall along Line B to the wall along
Line A is 10.33/12 = 0.86. The length of the wall on Line B is therefore greater than the
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0.80 allowed for diaphragms with ratios not exceeding 1:1 per Tabte 3.1 and must be used.
In the other direction the diaphragm ratio is 31/26 = 1.19. The walls along Lines | and J
are obviously not .75 times as long as the walls on H and K and therefore need not be used.
They will be used, however, for purposes of this example.

The adjusted tributary width to Wall D is considerably different than the tributary width
to Wall C of Model C. Referring to Section 3.3B3a, Lg is defined as the total effective
length of the shortest exterior wall. In this example, the shortest exterior wall would be at
the front of the garage and the effective length of eligible shear wall at this location is re-
quired to be considered as zero. Lg / Lj is therefore also zero and Figure 3.2 requires the
multiplying factor to be 2.0. This can in some circumstances result in adjusted tributary
widths greater than the width of the house (Section 3.3B4). Since no shear wall is shown
on Line G, the design at that location is in violation of Sections 2.2B2a or 2.2B3. This,
then, is a special case and is to be handled as discussed below.

Many split-level designs incorporate the garage as shown with Models C and D. Because
of the width of the two-story sections on these two models it is possible to incorporate shear
wall at the front of the-garage. Many homes are not quite as wide and the provision of a
two-car garage door and four feet of shear wall is not always possible. When shear wall is not
provided at this location it is usually impossible to cantilever the diaphragm in accordance
with the Design Methodology and, when no shear wall is provided, this particular configura--
tion is extremely susceptible to high damage and even collapse. |f no shear wall is present at
the front the diaphragm, in addition to normal deflection, tends to rotate in a horizontal
plane about the interior shear walls. Provision of shear wall at the rear of the residence (Line
A on Figure 2.35B for instance) does not seem to prevent this rotation and, indeed, field ob-
servations indicate that the stiffer the wall at the rear of the house the more likelihood
for damage. This same type of rotational effect can be observed to a lesser degree in
more normal two-story residences; it is partly for this reason that the multiplying factor
is required at all first-floor interior walls.

To avoid precluding a very common type of design, special provisions are set forth in this
report to allow this particular configuration in split-level design to continue to be used. The
detail indicated for this condition (Detail 46/4) will allow greater deflections than are nor-
mally encountered in shear walls. This special detail is intended to prevent rotation of the
diaphragm only, however, and no credit is given to it as a shear-resisting element. Some
shear will obviously be resisted but the amount in relation to the interior wall depends on
the architectural design of the house. Special conditions must also be attached to the use of
this detail. It shall be used at garages only and is not meant for use to eliminate shear wall
requirements where glazing occurs along the same line. If the front of the mid-level is in line
with the front of the garage the strap shown on Detail 13/4 should also be installed. This
strap is required any time walls line up, as occurs at the rear of Model D.

Figure 2.35B indicates that if the bathroom wall to the left of Line D is considered a shear
wall the tributary width to Line D will be considerably reduced. In accordance with sub-
§ection 3.2B this wall, if considered as a shear wall, may, but need not be considered as act-
ing together with the wall on Line D since it is more than 6’ but less than 9’ from Line D.

By using this wall, only the width of the garage and half the width to the bathroom wall

would be considered tributary to Line D. This would overcome the intent of the first por-
tion of Section 3.3B4 and that is why the second portion of that Section is added, requir-
ing that all interior walls also be considered as acting together and be designed for 100% of
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the two-story area as well as the normal method, using for each wall whichever load is
greater. In view of these requirements, if the bathroom wall were used it would be best to
consider it as acting together with the wall on Line D.

Comparison of Model C and Model D

Models C and D appear to be very similar in floor plan. They could, in fact, be consid-
ered as variations of the same plan as is so frequently done in tract development. The middle
level plans are virtually identical and, although the two-story portions vary by four feet,in
length, their interior floor plans are also essentially the same. As mentioned previously, be-
cause of three major variations in architectural design, the seismic analysis of Model D varies
considerably from that of Model C. This is especially evident in the consideration of tribu-
tary areas.

Most split-level houses differ from combination one- and two-story homes in that not
only the diaphragms but also the top plates of the walls are at different levels. Where the
top plates are continuous, such as at Model D, the walls vary considerably in height and,
obviously, the total load in the two-story portion is much greater than that in the one-story
portion. For these reasons it is necessary to design the middle level separately from the
two-story portion.

SUMMARY OF LOCATING SHEAR WALLS

AND DETERMINING TRIBUTARY AREAS

All exterior walls 4’-0"" and longer may be considered as shear walls. When the house is
framed with a sloping roof and a ceiling below, interior walls extending to the roof level are
almost always also included. All walls along a given line are termed a line of shear resistance
or line of resistance. Usually each line of resistance is considered to act separately regard-
less of the total effective length of shear wall along the line. When lines are close together
they are combined as if they were the same line. The tributary width to lines of shear re-
sistance is 50% of the distance to the line on either side. Rules governing all the conditions
mentioned above are set forth in the Design Sections, 2 and 3.

A number of "“special’’ conditions occur so frequently that they are also covered in the
Design Methodology. Some of these are:

One-story houses:
1. Discontinuous roofs.
2. Cathedral ceilings and exposed roof framing.
3. Small wings extending from the main body of the house.

4. Flat-roofed houses or other designs with many interior walls extending to the
roof level.

5. Fronts of garages where no wall qualifying as a shear wall exists.
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Two-story houses and various configurations combining one and two stories.
1. All the items listed above can also occur in these houses.
2. Interior walls below the second-floor diaphragm
3. Long and narrow second-floor diaphragms.
4, Holes in the second-floor diaphragm.

While the Design Methodology governing the determination of walls to be used as shear
walls is intended to leave the designer with considerable latitude, it is nevertheless set forth
as a specification. When conditions exist that do not conform to the provisions regarding
shear walls, the house should be engineered.

The guidelines for the determination of tributary areas should also be followed in most
cases. Conditions can exist, however, requiring judgmental decisions in determining these
areas to meet the intent of the provisions {see Appendix B). That is why the Design Meth-
odology subsections concerning tributary areas are termed Guidelines. In all cases, all roof
and floor areas should be assigned to a line of resistance.

Observations during the 1971 San Fernando earthquake indicated that greater attention
should be paid to certain first-story shear walls in two-story houses. New requirements are
set forth for the use of a multiplying factor when first-storv interior shear walls are em-
ployed. These requirements were not previously used, even when the house was engineered.

Familiarity with the methods used to figure tributary areas is most important for several
reasons. Obviously, the area considered should approximate the actual area contributing
load in the event of seismic activity to assure proper shear wall design. In addition, after
gaining some experience, the designer or checker will be able to determine ““by inspection”
that certain lines of shear resistance have more than sufficient shear wall and need not be
considered further. This is particularly true of one-story houses. In these instances the
tributary area to only one or two lines of resistance need be calculated, eliminating the need
for a cross-check of the total area being considered. This type of procedure is not only more
efficient, it is also more economical. In adopting it, however, it becomes essential that the
“critical” walls checked be figured with a proper understanding of how to determine the
areas contributing load to those “‘critical’’ walls.

ttttt
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CHAPTER II-3 DETERMINING DEAD LOADS AND SEISMIC LOADS

To design shear walls, the actual loads tributary to the wall must first be determined.
Calc Forms 1 through 9 have been supplied to make the task of determining loads and de-
signing shear walls easier. These forms have been used for the determination of loads for
Model Homes A, B, C and D, as applicable. It is suggested that the reader briefly famil-
iarize himself with Section 4 of the Design Methodology, where application of Calc Forms
1 through 7 is described, and then use Section 4 as a reference when various examples are
presented.

As indicated in Chapter I1—1, load is a product of area times weight times a seismic factor.
The length and width of each area tributary to each line of resistance has now been deter-
mined for each example home. (Calculation of area is developed under discussion of Calc
Form 6.)

Equivalent Seismic Weight for a material used in constructing a floor or roof is deter-
mined by multiplying the material’s weight-per-square-foot by the seismic factor; that is,
design inertia force contributed by each square foot of a material is equal to its weight times
the seismic factor. This has been done for the designer and is presented in Table 3.2. Ad-
ding together the Equivalent Seismic Weights of each material in a floor or roof determines
the total inertial force per square foot generated by that assembly. This force-per-square-
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foot is designated as Unit Load. Thus, area times unit load equals the total seismic load
generated by a single sub-assembly (such as a floor) to a given line of resistance.

The weights of materials presented in Table 3.2 are conservative only in the sense that
they reflect the heaviest “‘normal’ weight when a given material has a range of weights.
They are not intended to make a design more conservative than that which would result if
the house were engineered.

Because of the complexities in determining the contribution of walls to seismic loads, a
simplified method has been developed. Despite the many variations in size and shape, the
ratio of square feet of wall to square feet of floor area is reasonably constant for most resi-
dences. Since the walls place load on the roof and floor diaphragms, it follows that an
Equivalent Unit Load for walls can be devloped based upon the weight-per-square-foot of
the wall assembly. This Equivalent Unit Load can be added to the Unit Load developed by
the floor or roof to obtain the Total Unit Load to be used.

Exterior walls frequently have a weight greater than interior walls. Thus it is desirable to
separate equivalent unit wall load into these two categories. As mentioned previously, many
interior walls tend to support themselves — particularly in one-story construction where the
ceiling tends to act as a diaphragm. For this reason, interior wall load to roofs need not be
as great as to floors. All these conditons are covered by Tables 3.4 through 3.8.

Since the number of walls and the ratio of interior and exterior wall loads to floor area
varies somewhat from house to house, the Unit Wall Loads as presented are somewhat con-
servative but can be exceeded in houses containing many small rooms. Interior Unit Wall
Loads are based on the assumption that there is one square foot of wall for each square foot
of floor area in one-story houses as well as in the upper floor of two-story houses, and some-
what less 'than 2/3 square foot per square foot of floor area at the first floor of two-story
houses. Exterior walls are assumed to have 1-1/8 times the total area of the floor. Asis
customary in seismic design, door and window openings have been ignored in computing
these areas. The area of wall as mentioned above assumes walls 8’ in height. Total area for
the walls is therefore arrived at by multiplying total lineal footage by 8.

Since loads in Seismic Zone 3 are twice as large as in Zone 2 and therefore develop more
problems of shear resistance, the examples shown are figured for seismic Zone 3. Zone 2
shear wall design for each of the models has been prepared and is presented at the end of
the following chapter. For purposes of comparison it should be borne in mind that the
equivalent seismic loads shown in the following examples are double those that will be en-
countered when using the tables in the Design Methodology for seismic Zone 2.

MODEL A

Normally the designer would be quite familiar with what finish materials he intended to
use. In this case these materials have been specified as each model has been introduced in
the previous chapter. The listing for Model A reveals that a single finish material is used
throughout for each component — the roof, the ceiling, the interior walls and the exterior
walls with the exception of the veneer. Calc Form 1 therefore may be used in lieu of Calc
Forms 2 and 3 in accordance with Design Section 4.1.

Calc Form 1
The actual and equivalent seismic weights are determined from the appropriate Table 3.2
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for seismic Zone 2 or for seismic Zone 3. After listing all weights for the roof, ceiling, ex-
terior walls and interior walls, a total for each group should be obtained. As explained in
the following chapter, it is important to obtain the total actual weight as well as the total of
the equivalent seismic weights (the Unit Load) for the roof and ceiling. To preclude the
necessity of figuring framing weights and at the same time include a small amount of weight
for blocking, kickers or truss webs, etc., it is required that the weight of roof and ceiling
framing each be assumed to be 2 pounds per-square-foot minimum. Where trusses are used
the top chord of the truss is assumed to be roof framing and the bottom chord ceiling fram-
ing. It is also required that wall framing be assumed to weigh 4 pounds per-square-foot for
reasons similar to those stated above. |n addition, miscellaneous weight not figured, such
as insulation, cabinets, etc., become a much larger percentage of the weight of walls with
relatively lightweight finish materials than is the case with heavier finishes. It is therefore
further required that no finished wall be assumed to weigh less than 10 pounds per-square-
foot. This minimum weight will be assumed for all future calculations in place of the 8 psf
shown on this form.

The veneer which occurs from Line C to Line D along Line E as shown on Figure 2.17
{pg. 11—=27) is full height and is figured as follows:

Thickness of veneer 4 inches

Weight

Il

4" x 10psf = 40psf {Section 4.3C)

Actual Weight 40 psf (From Table 3.3)

Equivalent Seismic Weight 5.33 psf {Table 3.3)

Equivalent seismic load to roof 5.333 x 8/2 x 8/8 = 21.33plf-(Section 4.3C2)

A more complete discussion of figuring veneer loads is presented following the examples in
this chapter.

Unit roof load is figured separately from unit ceiling load. Because of roof overhangs, the
area of the roof is generally much greater than the floor area of a house. The ceiling, exter-
ior wall and interior wall loads are predicated upon the floor area. Since roof overhangsvary
the roof load must be determined using the actual area of the roof itself. Load differentials
caused by the slope of the roof are neglected. When roof slopes are steeper than 6 in 12 it
is recommended that the roof load be increased by multiplying the actual length of roof
framing that occurs in a one-foot horizontal distance by the entire roof load. The equiva-
lent seismic load should be equally adjusted. No form has been provided for this adjustment
but it is suggested that the calculation be made directly below the tabulation for the roof on
Calc Form 1. For a roof slope of 12 in 12, for instance, the loads would be multiplied by
1.4/1 and the actual load would then be 9.1 psf and the equivalent seismic load would be
1.214.

Since unit ceiling and wall loads will be multiplied by the floor area, they are combined
at the bottom of the sheet into a unit load termed “‘ceiling’’ load. This load does not rep-
resent the seismic loading caused by the ceiling alone but rather the unit load of the exterior
and the interior walls as well as the ceiling. The exterior unit wall load is obtained from the
appropriate Table 3.6 (Zone 3) considering a wall weight of 10 psf. Interior unit wall load
is similarly determined from Table 3.4 (Zone 3), again using 10 psf.
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CALC FORM 1

Job EXDAPILE HOMNES

Model A"

ONE-STORY RESIDENCE

ROOF, CEILING AND WALL WEIGHTS — SEISMIC UNIT LOADS
(In Pounds Per Square Foot) '

ROOF CEILING
Actual Seismic Actual Seismic
Material Weight Weight Material Weight Weight
WOOD .
Roofing | DAz | D0 |O.4OO | Framing 2.0|0.267

. - Gy e &D./
Sheathing OPACED 1S 10200 Finish ACCUS. FiN. 30 o400

Framing || RUSSES 2.0 C),’Z(p?

TOTAL .5 |07 | toTaL H5010.667
Unit Load Unit Load
EXTERIOR WALLS INTERIOR WALLS
Actual Actual Actual
Material Weight |Material Weight Material Weight
Framing Framing
Finish  |[PLYWD. Finish  |GYP. BD.
Finish |G YP. BHD. Finish & "
TOTAL TOTAL
“CEILING”
UNIT LOAD
Ceiting Qo
ROOF UNIT LOAD:(= 2207 ot Exterior Walls O 750
Interior Walls O_L_':_DO
VENEER LOAD: 21.2D /st TOTAL 1 &Gl pst
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Calc Form 6

In determining dimensions of tributary areas, the additions shown in this tabulation are
normally done mentally but are shown in this first example for clarity. For all example
homes the overhang distance is assumed to be two feet. Note that for Line A, for instance,
the area of the floor is 10 x 27.5 = 275 square feet while the roof area is 378 square feet. If
the roof overhangs were not considered, more than 100 square feet of roof area would be
eliminated from the calculations. Roof Area, then, is the area of the roof over the floor
area tributary to any given line of shear resistance; Ceiling Area is the actual floor area as
shown on the floor plan in the previous chapter.

The calculations for areas as presented appear imposing (where overhang is not listed
separately, calculations would take approximately 1/2 the page) but with experience in this
type of design, it will be necessary to check only certain lines calling the rest "ok by in-
spection.” For Model A an experienced designer would check the walls on Lines C, E and
F only (see Figure 2.17) and the calculations would take a total of 3 lines. This should be
borne in mind when reviewing the remaining Calc Forms for Model A as well as the Calc
Forms for the other example homes.

Calc Form 7

The actual seismic load to each line of shear resistance is calculated on Calc Form 7. Roof
and ceiling areas are obtained from Calc Form 6 and loads from Calc Form 1. In addition,
the fireplace load of 600 pounds required by Table 3.2 is added to Lines B and F (because
the fireplace falls within the area assigned to these lines), and the veneer load is added to
Line D (for similar reason) as shown under the columns headed Total Roof Load. The total
load for each wall is obtained by adding the roof and "'ceiling’’ loads together. Since no
ceiling occurs in the garage, ceiling loads for this area have been omitted but exterior wall
load is still considered as "‘ceiling’’ load. Note that interior wall loads may also be eliminated
from garage areas when considereing one-story construction.
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Job EXA/APLE HONESD

CALC FORM 6

Model ‘2

TRIBUTARY AREAS

ROOF AREA CEILING AREA
LINE Length x Width Area Length x Width Area

A (AIO-'{rZ)x @275 4—4)

=12 = 31D 375 |1ox27.5 275
B (28.33%< 315 5972 oz 1E.3D«275 S5O4-

Can O 275 275

C [ (7542) (18 +2) |

=95 x 20 190 75 < & 125
D (&.G7+2)x(275:)

119G 520

= 20.G7< 245 &G« 27.5

95 <20 E00 ||+7H <15 Qd@;_

22060 &Y

E (12755 2)<E7.4) Hoe. 13 T75x 37 509

=D 750 | AL ||Gar. 1D 15720 275
L |[iD75<0b] + Uog, 127537

(2258-1515x(154) +5.525 15 Cod |

=961+653-19 10491 ||Gar. 1D 7520 275
QA |72+ (154 4)

=iLi7=19 212 |al7xiD 128

2204 i&3es
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CALC FORM 7

Job EXA/NPLE WONES Model ‘A’

SEISMIC LOADS

Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load Load
(sf) {psf) (Ibs) {Ibs)’ (sf) (psf) (ibs)
A |37 [08GT 528
275 (0750 206
D4
. - 7. 1273
B jeq2| 775 |\ 275 loaso| 206
CP ||[(Per Tase 22) | OO || 904 |lo6T7| &40
127> 2419
C 190 i LG5
s el 225
290
D ||[&00| » ) a4 1O 1 4
Via. Hx2133= D20 || L4ass| i 1OE0
O 4. 20494
&3>
= | ger) 304 [T | S48
| 275 oo 29
&7
_ 1946
C|proan] e LG 7| 1O
=P || (Pea Taewe|D?2) GOO || 275 |0.150| 206
1540 2870
G |22 | &4
128 LeGT|| 20
414
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MODEL B

Calc Form 2

Loads for roof and ceiling are established in the same manner as for Model A. Calc Form
2 must be used because second-floor load must also be determined. Because the floor joists
are smaller than 2 x 12s at 16, 4 psf may be used for the second-floor framing weight.

Calc Form 3

Wall loads are less than 10psf and 10psf should be used for all future calculations.
Veneer load is figured in the same manner as for Model A.

Exterior wall loads for the ceiling of the second floor are determined from Table 3.6 and
interior wall loads from Table 3.4.

At the second floor, exterior wall loads are doubled while interior wall loads are obtained
from Table 3.5. Once again the reader is reminded that these loads are for seismic Zone 3.
Note that the total equivalent seismic load that will be used at the second floor line is ob-
tained by adding the second-floor ceiling load to the second floor load.

Since 1/2 the wall weight from above the second floor contributes load to the second
floor as well as 1/2 the wall weight below, the exterior wall load at the second floor is
double that at the roof. At the interior walls the walls parallel to the direction of load have
been omitted from loads at the roof line since these walls usually stop at the ceiling line and
carry their own weight down to the ground in one-story construction. The load has also
been reduced at the roof line because the interior walls parallel with the load carry some of
the cross partition load. In two-story construction, however, all load due to second floor
walls must be carried by the second floor diaphragm. For this reason, the load factor ob-
tained from Table 3.5 for second floor load is six times as great as the load to the roof level
as obtained from Table 3.4.

Calc Form_(_S

The calculations on this form are much more extensive than would be the case in actual
practice. The walls normally checked would be the first story walls on Lines B, D, E, F and
{. Since there is no “‘ceiling’’ load associated with the porch roof (the exterior walls are con-
sidered part of the house or the garage) and since there is no roof load at the second floor,
these columns are left blank.

Calc Form 7

Note that fireplace load is added to the walls at both the high roof and at the second
floor. Because Line D at the low roof has several entries two lines are used for figuring the
total load with the total on the first line omitted. This procedure serves to warn the de-
signer that the total load occurs farther down the sheet. The same procedure is used for
Lines A and B for the first-story walls. The latter walls also receive veneer {oad as is shown
on page |1—69.
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Job EAANRPLE HONED

CALC FORM 2

Model _E>'

ROOF, CEILING AND FLOOR WEIGHTS — SEISMIC UNIT LOADS

(In Pounds Per Square Foot)

Actual Seismic Actual Seismic
ROOF Material Weight Weight Material Weight Weight
ADSPHALT R o
Roofing SUINGLE- 0 (0400
YK ;
Sheathing e PLYWD. | 2.0 |0.2¢7
Framing | 21D CRING. | 2.0 | O 267
TOTAL 70104934
CEILING
Framing Z.U OZCL)Z
Finish GYP BD. |72 O|0.267
TOTAL 4 010524
2d FLOOR
Flooring CARPET V. OO 23
Sheathing Pt PLYW D 20 |O207
Framing LaO@ G 4.0 (053
Ceiling GYP 0. |20 |02¢T
TOTAL q o)) 200
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CALC FORM 3

Job EAANAPLE HONAES

Model ' B’

WALL WEIGHTS — SEISMIC UNIT LOAD SUMMARY
(In Pounds Per Square Foot) :

Actual Actual Actual
EXTERIOR Material Weight || Material Weight || Material Weight
Framing 4.0
Exterior Finish HDBD. 2.0
Interior Finish GYP.BD. | 2.0
TOTAL &0
INTERIOR
Framing 4.0
interior Finish GYe E)D 7.0
Interior Finish Y v 2.0
TOTAL B0

p
VENEER LOAD: _ 2V 22  |uit

UN|T$ Iél—\DS Roof rPci| 27° GAR,.
Ceiling ‘ / OHX4- | 1.200
Exterior Walls X O.750 | { S5O0 O 750
werorwas |/ \| 0250 | 1500
TOTAL OABA4| 1534442005724 | O.750
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Job EXA/MNPLE BONES

CALC FORM 6

Model &'

TRIBUTARY AREAS

ROOF AREA CEILING AREA
LINE Length x Width Area Length x Width Area
i GH|IROCO T
A 2w D2 (4O & < 2LES 504
[=) 20x D2 4O 165 < 2ES D04
\ 280 OO
[ 1o x 4O @YVe) V4« 5@ DO
I [ o x 4 L4O {4 =~ DO SC4-
\ 2850 OO
GARJGE ROOE
B (10T 25 7 7A7 KOAT =~ 24 24 4
C 125287 35 |[1OD ~ 24 2572
(DO AAL
D |[14.0T7<22.0T D523 |WVL « 20,07 L A8,
1422, L7 V7 |2 < Z20. w7 L A4ES
DO A9G
PORCHt RCOE
A ||D T« 7T 43
[ W& 767 1 D&
=
D [[9.33<22.07 12
= 2.3D<LD.07 oy
1E5)
2 OO
AN IER 285 S04
= IEx L& DOA
C. TS 2oL
= - 17ADx 3 UNE) | LD
T AL B 70
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CALC FORM 7

Job L:—)QA//\DLE KO /NS Model Ry
SEISMIC LOADS
Unit i Total Unit
Roof Roof Other Roof Ceiling Ceiling - Total
LINE Area Load Load Load Area Load Load
(sf) {psf) (Ibs) (Ibs) {sf) (psf) {Ibs)
H1GH ||ROOE- N
‘ ‘ Ny IHAES
N || &40 |0a34 Sl N -
TP OO S04 [ 1DD4 115
b 14 19T
®) LAO| W DAED
S04{ o 773
\S T
E 40| «
SO4| v
DT
P OO | HO4| i
198 1971
LOWV ||ROOH 10
Do=s32) 248 |07130|| 186
GAR. - O 9e
PoRCH|| 126 0 i 1E
D (o5
C AR, M D24
202 |010|| _1©4
2D2D
Ho| 217 | o« 294G
24| 0 &G
487

I1—68




CALC FORM 7

Job =XANPLiE HONES Modei ‘B>’
SEISMIC LOADS
Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load Load
(sf) - {psf) (Ibs) {Ibs) (sf) {psf) {Ibs)
Z7° ALCOR Haé& \ 2255
o s loasa 40 | 5045734 2290
1228
=P (> OO
VINR 1&UH = DE4 954
AN 954 12
®) 59 &7
GAR || 2942 | 275 | 244|070 183
&7
PORCU([1BE | n WAS 51D
VNR, 354 | 504 5734| 2890
P H513D A457
= o9& G449
PORCH|| 55 t D) 12592 » 1 445
A9 20494
e G
A4S | n 3098
36LAE
1 L1AE | 794
P OO || 231 | v 1325
1795 312D
L
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MODEL C

Calc Form 2

Blank spaces have been left on the form below the normal materials used for each framing
group. In Model C underlayment is used and is included in one of these spaces under second
floor load.

Calc Form 3

Although wall weight is calculated to be 8psf the minimum 10psf is again used for exter-
ior and interior walls.

No veneer is utilized.

The loads obtained for exterior and interior walls in the bottom table are obtained from
the same tables as used for Model! B.

Calc Form 6

In the previous examples the areas in each direction have been added together as a cross-
check. Due to small arithmetical deviations areas may occasionally vary by one or two
square feet as is the case at the mid-level roof. Since the multiplying factor is required for
Wall C below the second floor it is not possible to add these areas and obtain equal answers.
No additions are therefore shown.

Walls that would normally be checked for Model C are Lines B and D at the mid-level and
Lines C and E at the first story of the two-story portion. First-story interior walls in two-
story houses should normally be checked. Interior wall loads may neither be eliminated nor
reduced for garage areas when the garage is part of two-story construction since interior par-
tition load occurs above the garage.
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Job EXANAPLE HONES

CALC FORM 2

Model

iC‘

ROOF, CEILING AND FLOOR WEIGHTS — SEISMIC UNIT LOADS
{In Pounds Per Square Foot)

Actual Seismic Actual Seismic
ROOF Material Weight Weight Material Weight Weight
ASPHALT
Roofing SUHINGLE 20 0400
‘l ) .
Sheathing | /2" PLEIW R 200207
Framing TRUSSES (2.0 0206 7
TOTAL 701049434
CEILING
Framing 2.0|0.207
Finish GYP &D. 20(0.7057
TOTAL 400554
2d FLOOR
Flooring CARPET 1O | O,1D3
Sheathing | /2" PrYw o 7.0 |10.2067
Framing 2e14& 16 SO OLLT
Ceiling GYP 85D, 20 |OALT
PRy or Y [ . « = .
vioeR- |glvrieen | 15 | OO0
TOTAL US| 1524
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CALC FORM 3

Job EXAAPLE HOMNED Model 'C'

WALL WEIGHTS — SEISMIC UNIT LOAD SUMMARY
(In Pounds Per Square Foot)

Actual Actual Actual
EXTERIOR Material Weight || Material Weight || Material Weight
Framing 4 O
Exterior Finish CISERBD. A Q

) n
Interior Finish LY@ S0 L.O

TOTAL 0.0
INTERIOR
Framing 4 O

Lol O 15 )
Interior Finish e mo | 2.0

W (2.0

Interior Finish

TOTAL 60

VENEER LOAD: _____ |b/ft

TOTAL O o @ TP ZND
UNIT LOADS | Roofs> Coie s
Ceiling / O534 | 1 D24
Exterior Walls >< O TH0 | 1D00
Interior Walls / O1LDHC | 1 D500
TOTAL OAD4 | 1DD4 |45 24 F L.OCDEY
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CALC FORM 6

Job BEXANPILEZ BWOAES Model ‘<"

TRIBUTARY AREAS

ROCF AREA CEILING AREA
%UNE Length x Width Area Length x Width Area
/D - HEvViEL. ROOTE-
> e D2 45 1D DN AOD
O IDADD A A= 1D D 4O
| A4 BOG
i V7 75~ 20 BHDHD D75 w2l AL
G 1D 25 DC ADE 1D 25 2l 297
A9 a0
2 STQQRY ROOIE
A 225 & HO A “SC
= || 2x2D DO || Z24< 21 DCY
I DCO OO
= 1259552 DO iODSx42 D C
— 125x95 2 D0 IO D A DOA
1500 OO
247 HLoOOR
A | 1221 152
C 28421 % 1.249 /O
= 122\ 2572
G 10,5 AL 204
| 1O D<A S04
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CALC FORM 7

Job EXAMNPLE WOMNEDS Model 'C'
SEISMIC LOADS
Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load Load
{sf) {psf) (Ibs) (Ibs) {sf) {psf) {Ibs)
7D - |[LEVEEL Gl
B [[aas 0a3a N
4D | 1534 o V&
1 OO
D |49 | 42 1OGZ
C.P Coo | 40> v &
IOG2 | G5O
— || 523| AQ8s =
L.P ooy || 4O | G 24
\O98 \T27
NO < 4
7 DTZ?:. ROOC (o7
0 1 504 1 775
| 220
E |50
S04 |
1580
G LG50 "
504 |
' DEC
H | eoo| @
D204
1 D0
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CALC FORM 7

Job EXAMNPLE LUO/AES Model C'
SEISMIC LOADS
Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load Load
(sf) (psf) (1bs) (ibs) (sf) (psf) (1bs)
Q_NO | B _OOR (‘707
A R
7252 |6Osg|| 1OZ7
2134
C
7O i 4247
4747
= &o7
92| 15 2.7
21254
G Heyj
So4| o 2053
MNO - 4585 |04 47&
L=Vl
D97 1534 9
G ACAT
) LeO7
504|603 DOSD
DD
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MODEL D

Model D is much more complicated than the other examples and it might be advisable to
obtain engineering for houses of this type. The recommended provisions in this report can
provide a design for this type of house but great care would be required. Some of the com-
plications become apparent in the discussion in the next chapter on shear wall design.

Since the Calc Form information otherwise is similar to that in the previous example, only
Calc Form 5 and Calc Form 7 are commented upon in detail.

Because of the use of plaster, exterior and interior wall loads are 20psf on Calc Form 3.

Calc Form b5

At the mid-level it is necessary to adjust the exterior and interior wall heights. Since the
walls extend to the ceiling, loads for the interior walls are obtained from Table 3.7 and the
exterior wall loads from Table 3.6. The average height of both categories, exterior and in-
terior, is assumed to be 12.5 feet. It is assumed throughout the calculations that the walls
extend to the underside of the sheathing.

The second-story walls of the two-story portion must also be adjusted. Calc Form 5 is
used rather than Calc Form 4 because the walls are full height and do not stop at the ceiling.
Interior wall load to the roof is obtained from Table 3.7 and to the second floor from
Table 3.8. Note that Table 3.8 does not list the entire load to the floor, only that portion
developed from below the second floor. The total load to the second floor is therefore ob-
tained by adding the value shown in Table 3.8 to the value shown in Table 3.7 as indicated
in Note 1 of Table 3.8.

Calc Form 7

The roof load developed in a given wall is normally considered to remain in that wall. In
the case of Lines D, K and M, however, shear walls exist above them which extend from the
roof to the second floor but then stop at that point. It is therefore necessary to add the
loads from Lines A, C, F and G to obtain the total roof load tributary to Line D — all load
is considered to be tributary to this line as shown on Figure 2.35B. In the longitudinal
direction, as shown on Figure 2.36A, Line L falls exactly midway between K and M. One-
half the load in Wall L is therefore added to Line M and one-half to Line K.
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Job SXMAPLIEE HOMES

CALC FORM 2

Model ‘o

ROOF, CEILING AND FLOOR WEIGHTS — SEISMIC UNIT LOADS
(In Pounds Per Square Foot)

Actual Seismic Actual Seismic

ROOF Material Weight Weight Material Weight Weight
Roofing PO CO|0&ECOo

Sheathing 2" TasG 40 O'ji)f)

Framing Ge BEANS ZO 0.267

TOTAL 120[1.LO0O

CEILING

Framing

Finish

TOTAL
2d FLOOR

Flooring CAQPET L.O | OaDD

Sheathing /2t P DL 10| 0267

Framing JARY-NRTS 60 O(‘)(()7

Ceiling PLASER |50 1 OLT
e | Foeaeen | 1D | 0200

TOTAL 1752224
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CALC FORM 3

Job EXANPLE HO/AED Model ' D'

WALL WEIGHTS — SEISMIC UNIT LOAD SUMMARY
(In Pounds Per Square Foot)

Actual Actual Actual

EXTERIOR Material Weight || Material Weight || Material Weight
Framing A'O

Exterior Finish Srvcco 60

LATH & s

Interior Finish PLASTER o0

TOTAL 200
INTERIOR

Framing ) 40

LAT &

interior Finish PLADTER 60

Interior Finish " 80

TOTAL QOO

VENEER LOAD: » |b/ft
TOTAL B e Nio fevisn| 2T DT Z,Jgt_' ]

UNIT LOADS || Roofss Crime | Cuda. HoOH

Ceiling / 1.354

Exterior Walls >< 2.2 '5 l 600 5000

. . _ .
Interior Walls / \ VAGG | V DED | 242D
COTAL 1LLOO | 4479 | BOBDL TT5T7=[I0&H40
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Job EXA/NPLE RO/NES

CALC FOBM 6

Madlal _l._Dj

TRIBUTARY AREAS

ROOF AREA CEILING AREA
LINE Length x Width Area Length x Width Area
LOW |[ROO=
A TA2 =2 2061 ALt 1S4
) 12.0%x 3D 4249 15.Cud3 40D
= qQ.O&E=<DD 300 1.08x3) 24
Q90 &0
. E.472 <« DO 253 G 471 w20 VG 7
I VA2 DO 343 || W42 <2 297
J QOE < HO 272 || 4.08< %0 1250
K. || 4 08x< 20 172 || 4.C8x< 76 1O6
2" DTORY ROOE
A Q4 LI~25 L4 T GIxa2) 1ot
C 14.GTa25 BCT || 14.GT-21 A0
[ i4.352% 25 HDE || 143320 DO}
Gr || 42325 223 || 733=21 154
1200 q24
< || 725 <45 248 || 5 25x44, Ay
I 1O 5O 4E> HO4 || 10D 44 Alo2
I\ T 25 48> D485 || HLHA4L yas]
1200 G4
20 R OOR
JAN Mo 21 ey
D 22AZ211D qQl4a
%4 1O.A w4 Al
VAN IO . Sxad 462
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CALC FORM 7

Job EXAMNPLE LHONAES Model ' D’
SEISMIC LOADS
Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load Load
(sf) {psf) {Ibs) {Ibs) (sf) (psf) (Ibs)
INHD - MIEV 418
A 261 |1.LOO | —
1&4 |4.074q|| 7649
=Y
B || 429 ] (oG AEL
£p “OOL 200 [|laod| (&=
A&, 20670
= || 300 v | 480 7E0
= Lo L 300 || 219 ] 95
7E0 95
Ho||295] . 405 1GOS
TP oo || 167 " 98
OO 17O
T D43 g D449
297 | u ' 24 |
L 190
236 | w YEC
b4 2 1
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CALC FORM 7

Job =X AMNPLI= HONED Model - B/
SEISMIC LOADS
Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load Load
(sf) (psf) (Ibs) (Ibs) (sf) (psf) (ibs)
22 YTORY | ROOK e
A || 242 [1&OO | | 2E
ol |DO&D| 449G
EEDD
C L7 i DET
208 | o 450
1527
i— @) z 1 )
DO " “q42&
120 |
G 233 ‘ A7
154 ¥ 475
il
« BAS|  w D57
231 " 717
V2CH
Lo 204 -« ECKL
AL 7 T L AL7A
2230
N || DAE| 557
TR e
12049
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CALC FORM 7

Job EEXANPLE HOMNES Model ~ D'

SEISMIC LOADS

Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load Load
(sf) {psf) (Ibs) (Ibs) (sf) (psf) (Ibs)
27 ClLoOR 28,7
A 251 log40| 1504
2541
3
D o A 1920
=l 573 424 ? 1001 b
G 3 7. —_— —
ol TCER
N A 857 9460
aL| 403 I 402 N 5008
460 5L
K K| 557 L 46O
Hil| 40D AC2 | & eloes)
360 — —
oz | V22 [Leoo &
06 4179|443
B LGOS
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VENEER LOADS

Veneer load is not included with other wall loads and is figured on a per-foot basis with
all load falling along the edge of any tributary area being added into the load of that area.
Each wall should therefore be figured separately.

Veneer is assumed to carry its own weight when the wall is parallel to the direction of
seismic motion. In addition, when one-inch-thick grout reinforced with paper-backed
2" x 2" x 16 gage galvanized wire mesh is used for tied veneer, or cement plaster reinforced
with either paper-backed metal lath or wire mesh as described above is used for adhered
veneer, the shear value for stucco may be assumed for the outside face of the wall.

I veneer thickness {including thickness of backing) is 4" the weight per-square-foot is
4" x 10psf = 40psf. For seismic Zone 3 equivalent seismic weight is 5.333psf per Table 3.3.

In accordance with Section 4.3C of Part ||| the following examples indicate the method
of figuring the load per foot imposed on the roof or second-floor diaphragms.

_One Story — Wall Height = 8'-0”

Veneer height = 2'-0” Neglect, no calculation necessary

Veneer height = 3'-0” Load to roof %’Q X % = 3.00 Ib/ft
Veneer height = 4'-0” Load to roof 5‘332X 4 X % = 5,33 Ib/ft
Veneer height = 6'-0” Load to roof 5 332X 6 X % = 12.00 Ib/ft
Veneer height = 8'-0" Load to roof 5;337’@ x &= 2133 Ib/ft

Two Story — Wall Height = 8-0”
Framing Height = 1°-0”

Veneer to 2nd floor line Load from below 2nd = 21.33
Load at 2nd = b.33
26.66 |b/ft
Veneer to 2’-0" above 2nd Load to roof —5—33—2)(—% X—é— = 1.33
Load to 2nd 2x 5.33—-1.33 = 9.33
Load beiow 2nd 21.33
Load at 2nd 5.33
Load above 2nd 9.33

35.99 Ib/ft (36)
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Two Story — Wall Height = 8-0” (Continued)
= 7'

Framing Height 0"

Veneer to 4"-0”" above 2nd Load to roof (see one-story) 5.33 |b/ft
Total weight above 2nd (4 x 5.33) 21.33 Ib/ft

Load below 2nd 21.33

Load at 2nd 5.33

Load above 2nd {21.33-5.33) 16.00
42.66 Ib/ft
Front and back both veneered (example above = 2 x 42.66 85.33 Ib/ft

WIND LOADS

In many parts of seismic Zone 3 local building departments require that wind load be
checked as well as seismic load. Section 601—6 of the Manual of Acceptable Practices dis-
cusses wind loads extensively. This information will not be repeated here, and this report
does not discuss the design of individual elements (rafters, studs, etc.) of a residential struc-
ture for wind load. The load to individual shear walls can be governed by wind, however,
such that shear-per-foot, sill bolts, etc., are frequently governed by wind rather than seismic
load. Recommended wind load tables from the MAP are reproduced in this report and
should be compared with the requirements of local building departments to determine the
maximum wind load design required in a particular area. Since the MAP is recommended
only, no requirements are set forth for wind load other than those contained in the Mini-
mum Property Standards for One- and Two-Family Dwellings.

The comments with regard to wind load are therefore confined to those requirements that
may be in conflict with the recommended seismic provisions and it should not be interpreted
that this report sets forth all requirements necessary for wind load design. Roof uplift, for
instance, can be a major factor in high wind areas and in open-walled construction. Modes
of failure, in fact, are quite different for wind loads than for seismic loads. The effect on
shear walls is quite similar, however. Figure 2.2 compares wind and seismic forces. Asim-
plied in the figure, wind load is simpler to figure in that the total horizontal projected area
of the building is the area subjected to wind load. Since the load from the bottom half of
the first-floor walls is transmitted directly to the ground, the wind load on this area may be
neglected. Also usually neglected are the roof overhangs at each end of the elevation of the
house being considered. Referring to Figure 2.14, for instance,. the height of the stud walls
is 8’ and the height to the peak of the roof above the top plates of the wall is 4'-11" at a
4in 12 slope. Total height affecting the shear walls would therefore be 1/2 the wall height
plus the roof height equals 4’-0"" + 4’-11" = 8"-11."

Tributary widths to individual shear walls or lines of resistance are figured in the same
manner as they are for seismic loads with the exception that the multiplying factor need not
be applied to interior walls. The wind load to Line A on Figure 2.18 would therefore be
8.92 x 10.00 x wind load per-square-foot = 89.2 x wind load. |f a wind load of 15 Ib per-
square foot is assumed, the total load to Line A would be 8.92 x 10.0 x 15 = 1338 Ib. Calc
Form 9 provides columns for calculating wind load and is discussed in the following chapter.
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SNOW LOADS

When snow exists on a roof at the time of seismic disturbance, some of its weight will
contribute to the horizontal force generated in the structure. Current practice uses from
25% to 100% of the required snow load when calculating the seismic loads. This portion of
the load is then considered as part of the dead load when determining the seismic load. In
view of recent considerations with regard to this subject, in areas requiring vertical load de-
signs for snow loads of 32psf or less, the snow may be ignored when figuring unit loads. In
locales where vertical load design requires snow loads of greater than 32psf the equivalent
seismic weight of 256% of the snow load shall be considered in determining the unit load of
the roof.

Because of varying practices, the designer should be careful to determine local require-
ments in order to verify that they are not more severe than those mentioned above.

In entering the snow load on Calc Forms 1 and 2 “Snow Load" should be entered under
the other roof load designations in one of the two blank spaces provided under the word
“Framing.”” The equivalent seismic weight should be obtained from Table 3.3.

tt T 1Tt
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CHAPTER 11-4 WOOD FRAME SHEAR WALL DESIGN

Use of Calc Form 8 (or 9)

Once loads to each line of resistance are established design of individual shear-resisting
elements is the final step in the design of the overall structure for seismic forces. Calc Form
8 is used for this purpose. Calc Form 9 may be substituted if wind load design is also desired.

The three items that must be checked in designing each shear wall are:

1. Capacity of the shear-resisting material contemplated vs. the actual load-per-foot in
the shear wall.

2. Sill bolt spacing such that the shear in the wall can be transferred to the foundation
or basement walls.

3. Stability of the wall. If the wall proves to be unstable, hold-down anchors must be
used to resist overturning.
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Capacity of Shear-Resisting Materials

Table 3.9 lists various shear-resisting materials together with the allowable shear-per-foot

for each material and the connections required to obtain this allowable shear. This table

is repeated as Table 4.3 and covers all broad classifications of materials (other than ply-
wood) currently accepted for lateral load shear resistance. In accordance with MPS require-
ments, other materials or methods of attachment must be approved by 1CBO and HUD
acceptance procedures prior to their use. Some ‘“‘brand name’’ products already have such
“approvals. Before using such products, the designer is advised to request a copy of the
ICBO approval from the manufacturer’s representative. This approval will state the allow-
able shear-per-foot and construction requirements for the product as well as indicate that
the product is, indeed, approved by ICBO.

Table 3.10 indicates acceptable thicknesses for plywood sheathing and lists the allowable
shear value for each combination of thickness and nailing. Other methods of fastening are
approved by HUD-FHA for the fastening of plywood. These are contained in HUD-FHA
bulletin number UM-25d. Although many methods of attachment are listed, the designer
is cautioned to determine that the method proposed is acceptable to local building officials.
Generally speaking, staples having the same allowable shear value as the naiting required are
acceptable to most building departments.

Tables 3.12 through 3.15 graphically illustrate the total allowable load a shear wall can
carry depending upon its length and the type of material applied.

To determine the adequacy of a given shear-resisting material the designer may either di-
vide the total load along a given line of resistance by the total length of shear wall available
to obtain the shear-per-foot, or he may consult Tables 3.12 through 3.15 and obtain the ap-
proximate shear-per-foot directly.

Sill Bolt Spacing

Figure 3.16 graphically illustrates the allowable load for gun bolts and 1/2" and 5/8"
round anchor bolts. In addition to the graphic illustration the values for up to 4 bolts of
each type are tablulated. In short walls it is usually simpler and better to determine the
total load in a given length of wall and call out the actual number of bolts required using
the tabulations shown. Since 3/4"" round bolts are often required in short segments of wall
the values for these bolts are also shown in the tabulation.

Gun bolts (power driven studs) shall be used for interior walls only and should be the
size specified in Section 6.2D of the Design Methodology. Maximum spacing of gun bolts
is 3'-0" and minimum spacing is 6" o.c.

Whenever possible it is suggested the designer call for the same size anchor bolts through-
out the residence as fewer errors are likely to occur when this is done. Since minimum bolts
are 1/2"" round at 6’ o.c., an attempt should be made to use 1/2"’ round anchor bolts wher=
ever possible. Spacing should never be less than 12’ o.c. however. Anchor bolts should ex-
tend through finish floor slabs on grade and into the foundation itself a minimum of 4’

On many occasions a window or other wall opening occurs adjacent to the shear wall such
that wall finish material 2’-0"' high or greater occurs below the opening. In this case the
total length of sill plate may be considered in determining the shear-per-foot used to deter-
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mine sill bolt spacing. In such instances, the shear-per-foot for sill bolt spacing will not be
the same as the shear-per-foot in the shear wall itself. Since all finish materials should be
fastened as shown in Table 3.9 or 3.10 the finish material below the opening will be capable
of transferring the load along the wall to the points where the bolts occur. Asan example,
the side wall of a house near a property line might be 30 feet long with 15 feet of windows
and 15 feet of shear wall. If the windows have normal sill heights and no doors are present
the length of wall for determining shear-per-foot would be 15 feet but the length of wall for
determining sill bolt spacing would be 30 feet.

Overturning

Recommended overturning provisions are for determination of those walls that are ob-
viously unstable and the size hold-down anchors required to correct the condition.

Effective Length of Wall

As st'ated in Design Section 2.1A1 the effective length of a shear wall is the length of wall
extending uninterrupted from the sill plate to the diaphragm. 1f that length of wall were all

that were considered for overturning many more walls than necessary would require hold-
down anchors.

Frequently an opening, such as a window, is adjacent to the shear wall. For overturning
purposes, the window may often be considered as an opening in a longer wall rather than
as a complete interruption of the shear wall. If, for instance, a ten-foot-long shear wall con-
tains a one-foot-square hole at its exact center, it may be visualized that the wall will act as
a unit and that the hole will have little effect on the wall for overturning purposes. For
shear, however, the one foot would have to be subtracted from the ten feet of length and it
would be considered that the effective length of the wall was 9'-0'! If the orfe-foot-square
opening is gradually enlarged in both directions, the point will come when the remaining
wall above and below the opening is too limber to allow the two sections of wall on either
side to be considered as a unit for purposes of overturning. In the nominal 8’-high wall the
maximum height of opening allowed is 4'-3"] provided the opening is so located that a min-
imum of 2-6" of wall height occurs either above or below the opening. When openings
higher than this occur in 8'-high walls the wall segments above and below the opening are
not considered strong enough to assist an adjacent shear wall in resisting overturning.

The strength of the wall at the opening is also affected by the length of the wall segments.
For this reason the width of opening is restricted to 2.5 times the height of the highest por-
tion of wall above or below the opening but in no case shall an opening be wider that 8’-0"
For 2'-6"-high segments the maximum width of opening is therefore restricted to 6'-3"" and
for sections 3'-3" and higher the width is restricted to 8-0'. Where wider openings occur
with no intermediate support for the header above, the wall above and below the opening
should not be considered as contributing to the resistance to overturning of the adjacent
shear wall.

It is not necessary to have shear wall on each side of an opening to increase the effective
length of a wall for overturhing considerations. A post, for example, is sufficient at the far
side of the opening to consider the length as extended, provided the shear-resisting material
is properly fastened to the post. To consider the wall extended even farther, however, a
full-height wall as wide as the height of the highest portion of wall above or below the open-
ing (but it need not exceed 4’-0"') must be provided on the opposite side of the opening
from the shear wall.
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Figure 2.39illustrates several examples of walls that can be considered as 'solid”’ walls for
purposes of overturning. The term “’solid” wall is used to define a wall whose length for
overturning purposes may be increased to the length it would be if the wall were actually
solid with no opening. In the upper one-story example in Figure 2.39 the section of wall at
the far left must be considered as acting by itself since the door opening adjacent is more than
4'-3" in height. The center section of wall containing the 5’-wide opening may be considered
to be 12'-4"" in length when considering overturning since the section of wall below the win-
dow is 2°-6"" high and only twice that in length. Note that even if the section below the win-
dows were 3'-3"" in height, thereby qualifying the 8'-0""-wide window to the right, the effec-
tive length of this segment of wall would remain the same. The portion between the win-
_dows is only 1-4" in width, which is less than the height of the portion below the windows
(2'-6"") and the wall cannot be extended farther. Since the 8'-0""-wide opening does not
qualify, the section ofwall on the right hand end must be considered as acting alone. Again,
if the section of wall below the window were 3'-3"" the right hand wall could then be con-
sidered as being 24’ in length and the 1’-4"’ section between the windows would be consid-
ered as a part of each section of wall even though the two walls could not be considered as
one.

In the center example the left hand portion may be considered as being 16’ long since the
opening does not exceed 8’ in fength. The portion over the sliding glass door opening may
not be considered since too little wall occurs over the opening. The two 4'-long shear panels
must be considered as separate elements since the opening between them is 10" in length. If
a post were placed at the center of the 10’-0"" opening each of the 4’ panels could be consid-
ered 9'-0"" long but again could not be considered as extending farther.

For wall heights other than 8'-0" the height of the opening may not exceed 55% of the
height of the wall and a minimum of 2°-6"" of wall must occur either above or below the
opening. Width requirements for openings are the same as stated above. When the shear ma-
terial is discontinuous at the second floor framing the same rules as set forth above apply to
each floor of two-story houses. When the finish material is continuous past the second floor
framing (as usually occurs with stucco) the height to the sill of second-floor openings may
be considered the height of the first floor wall. This principle is demonstrated in the bottom
example of Figure 2.39. At the left end the height of the wall becomes 8'-0"" plus 1'-0” for
framing plus 3'-3"' to the sills for a total height of 12’-3'. Maximum height of opening is
therefore 12.25 x .55 = 6.74. This, for all intents and purposes, is 6'-9"" and the wall above
the 8'-wide opening can then be considered as extending the shear wall for overturning pur-
poses for a total length of 21'-0"" at the left hand side. Near the right hand end the second
floor window has a lower sill and the opening itself is 10°-0"" in width. For each of these
reasons the right-hand segment of wall must stop at the edge of the 10"-wide opening. The
5'-6"-high opening is meant to represent framing around a fireplace. The wall above the
opening at this point is high enough to allow the segment adjacent to the 4’-long shear wall
to be considered as acting with the wall for overturning purposes.

Vertical Load to Wall

To use the overturning tables in Design Section 6 it is necessary to know the vertical
load imposed on the wall by roof and floor framing as well as the weight of the wall itself.
When rafters, ceiling joists or floor joists are supported on the wall the load from these ele-
ments is equal to 1/2 their span (plus any cantilever) times the vertical load as developed
on Calc Form 1 or 2. This principle is discussed further in the commentary on Models
A and B. Wall weight per-square-foot should be considered to be the same as was used in
computing lateral load (10psf minimum) but weight of veneer should be excluded from the

vertical load calculations.
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FIGURE 2.33 Determination of Effective Length of Walls for Overturning.
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Step-by-Step Determination of Hold-Down Requirements

A step-by-step approach is set forth here to illustrate the determination of whether
hold-down anchors are required for overturning resistance. The simplified methods indi-
cated, while reasonably accurate, are somewhat liberal for short, non-bearing walls and con-
servative for Jonger bearing walls. Since short walls are usually the walls requiring hold-
down anchors in residences, it is suggested that the designer be no more liberal than the
method indicates. Overturning stability of walls shall be determined as follows:

1. Determine effective length of wall for overturning. The methods for doing this were
discussed above.

2. Determine vertical load-per-foot. The weight of the wall including superimposed dead
load of the roof, ceiling and second floor must be determined.

3. Determine horizontal load capacity for each iength of wall along a given line of shear
resistance. This can be accomplished by consulting the graphs in Design Section 6
entitled ““No Hold-Down Anchors Required.” These graphs are presented for vertical
loads of 60 pounds-per-foot and 100- through 600-pounds-per-foot in 100-pound in-
crements. Allowable horizontal load for other vertical loads may be determined by
interpolating between graphs. Each graph has the portion of the graph that is hardest
to read enlarged on a graph on the facing page. No reinforcing steel is required in the
footings when these graphs prove the wall to be sufficient. A method for dealing with
walls having a vertical load greater than 600 pounds-per-foot is shown in Appendix A.

It is generally advisable when performing this step to start with the longest effective
length of wall since very often one wall will be capable of resisting the entire horizontal
force to a given line of resistance. If this proves to be the case, no further checking is
required. Since this method is approximate, a tolerance of 5% is acceptable in making
this and subsequent determinations; i.e., actual load may exceed allowable load by 5%.

4. Add together the allowable horizontal force for each segment of wall along a given line
of resistance. Because headers framing into the ends of walls and walls at right angles
to the shear wall provide additional vertical load resistance to overturning, an arbitrary
additional horizontal force of 100 pounds may be added for each length of wall along
the line of resistance. A length of wall is considered to be the length used in determin-
ing overturning resistance and is not to be confused with the number of shear walls
present. The sum of the allowable horizontal forces, plus the 100-pound force times
the number of wall lengths, may prove to be greater than the horizontal (oad along the
line of resistance. If this is true, no further design is required.

5. When the horizontal force is greater than the resistance offered with no hold-down
anchors apply the formula:

U=

T

X Pact — Pail)

where H = Height of wall

Total lenght of all “’solid’ walls and single shear walls along
the line of resistance. Example: Top of Figure 2.39 where
L =4.0" + 124" + 14'-.8" = 31'-0"

Pact = Actual horizontal force along the line of resistance

Pall Allowable horizontal force as determined from Step 4 above.

~
it

c
l

Uplift load generated
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Figure 23/4 indicates the allowable force for a BO framing anchor as being 400 pounds
upward. Detail 26/4 indicates how these framing anchors may be installed to resist up-
ward forces. When one framing anchor is used the allowable uplift force is 400 pounds.
Two such framing anchors may be used to resist forces of up to 800 pounds. The typ-
ical strap hold-down anchor (Detail 25/4) is capable of resisting 1700 pounds.

If Uis less than 1700 pounds one of those three methods of hold-down may be used. The
hold-downs indicated must be installed to a double stud (or larger) at each end of each
"solid”" wall segment along the line of resistance and should be called for on the founda-
tion plan. When the strap hold-down is used a #4 bar should be placed top and bottomin
the footing. The bars should extend the length of the wall plus6'-0" beyond at each end.

. When U is greater than 1700 pounds the graphs for hold-downs Numbers 1, 2, 3 and 4
should be consulted consecutively until the sum of the horizontal forces from each
length of wall is greater than the actual horizontal force. This hold-down must then be
used at each end of each wall tength. The formula given in Step 5 is not applicable
to these heavier hold-downs.

. When using hold-downs 1, 2, 3 and 4 a reinforced grade beam must be utilized in con-
junction with the hold-down anchor. The size and reinforcing of the grade beam re-
quired is indicated on the hold-down graph. Details are presented in Part 1V — Details
28/4 to 34/4. In conjunction with seismic design the term grade beam refers to a rein-
forced continuous footing, often larger than the other continuous footings, which is
used to resist the overturning of shear walls. The only bending developed in this type
of grade beam is caused by lateral loads. For vertical load, the beam acts as a contin-
uous footing resting on natural grade.

As shown on Details 30/4 and 31/4 the grade beam need not extend continuously in-
fline with the shear wall but may turn around corners when the shear wall is located at
or near the end of the footing. In all cases the “a’” dimension of the reinforcing steel
must be observed. In the case of interior walls whose footings would normally stop at
the end of the wall the grade beam should be extended a sufficient distance to develop
the ""a’” distance of the reinforcing steel. When such an interior wall footing intersects
a perpendicular continuous footing extending to either side of it the reinforcing should
be extended in both directions as shown on Detail 31/4 such that the total length of
reinforced grade beam beyond the end of the shear wall is equal to “"a.” Although ex-
tending the reinforcing in footings perpendicular to the shear wall is acceptable it is
better to have the grade beam extend continuously outward at each end as shown on
Detail 29/4. When the footing is in a straight line, in plan view, it provides the most
effective resistance to overturning.

Because of frost conditions, basements, etc., the footing might often be deeper than

the minimum depth indicated on the grade beam details. When the beam is deeper, less
reinforcing may be used. The area of reinforcing utilized can be decreased proportion-
ately from the ratio of the depth, as shown on the grade beam detail, to the increased
depth from the top of the wall to the reinforcing. For example, if a 4'-0""-deep footing
is used in a condition requiringa 12 x 18 grade beam with two #6s top and bottom,

the depth to the center of the reinforcing indicated on the grade beam detail is 14-5/8';
while in the actual condition the depth would be 44-5/8". The area of steel in the
14-5/8""-deep grade beam is 0.88 square inches. The area of steel required in the 4'-deep
footing would be 14.625/44.625 x .88 = 0.288 square inches. Two #4s or one #5could
be substituted for the two #6s called for when this depth of footing is used. In the case
of 8-0"-high basement walls no reinforcing is required for any of the hold-downs when
the wall is of concrete. For masonry walls of the same height, two #4s or one #5 top
and bottom may be used with any hold-down.
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MODEL A

General

Calc Form 9 and the vertical wall load calculations provide the design for the shear
walls for Model A in Zone 3. Calculations for all models in Zone 2 are appended at the
end of the chapter. Since the same principles apply, very little comment will be made
with regard to the Zone 2 calculations.

When using either Calc Form 8 or 9 it is usually best to complete the design for one
wall before proceeding to the next. This will ensure that ample space has been left for
the design of each wall. it is usually advisable before proceeding to list the value of the
shear material for the first wall to be designed directly under the words Shear Material
in the column heading. Since most areas require wind load design, columns for the de-
termination of these loads have been incorporated into Calc Form 9.

Vertical Load

Before designing the shear walls for overturning it is necessary to obtain vertical load
tributary to each wall. The calculations on Page [1—95 accomplish this. Since each wall
has different types of load tributary to it no Calc Form is provided for this purpose.
Note that veneer loads are not included in wall weight when figuring the vertical loads
available for resisting overturning.

The load to Lines A, B, C and D should suffice as examples of how to obtain the
vertical loads. On Line A the trusses are assumed to be at 2'-0"" o.c. with a 2'-0"" over-
hang. The 2-0" overhang plus one-half the distance to the first interior truss is there-
fore assumed to be the width of the area contributing vertical load to the wall — in this
case 3'-0" The vertical roof and ceiling loads are shown on Calc Form 1; therefore,

3 x 6.5 is equal to the roof load tributary to the wall.

Since 10 psf was used as the wall weight in obtaining the seismic load, the same
weight may be used in figuring the vertical load. Wall A has a gable roof and is there-
fore higher than 8°-0’] It is acceptable to use 8’-0"" as the height when figuring over-
turning for walls under gable roofs, but this lesser height must then also be used in fig-
uring wall weight.

At Line B there is a truss each side of the line and therefore the tributary roof width
is 2°-0’! Since ceiling occurs on one side only, the tributary width of the ceiling is 1’-0"!
Wall weight is obtained as described above. For walls under gable roofs it should be
noted that the 8’-0"’ height assumption is applicable only to walls having continuous
top plates extending between the exterior cross-walls.

On Lines C and D the trusses span from Line C to Line D, a distance of 15. The roof
load tributary to each line is therefore 156.0/2 = 7.5" + 2’ of roof overhang for a total of
9.5! Ceiling tributary load is obtained in the same manner, except that there is no overhang.
The same calculations are made for each wall in the house so that the designer will
know which overturning table to consult to determine whether hold-down anchors are
required.
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Wall A

The second column of Calc Form 9 indicates the tributary height for wind load. This is
normally the total height of the residence minus one-half the height of the first-story wall.
The width listed in the third column is the same as the tributary width for seismic loads ex-
cept that no multiplying factor is used for interior walls., The required wind loading should
be determined from the wind zone tables given in the MAP and duplicated in this report as
Tables 3.10 and 3.11, or as required by the local building department, whichever value is
higher. A wind load of 15psf is assumed in these examples. Total wind load is obtained by
multiplying the figures in columns 2, 3 and 4. Thus for shear wall A the wind load is
8.92 x 10.0 x 15 = 1,338 pounds.

Total seismic load is entered in the column with that heading and is obtained from
Calc Form 7.

Total effective length of shear wall along the line of resistance is entered in the column
headed Wall Length.

Shear-per-foot is obtained by dividing total wind load or total seismic load (whichever is
greater) by effective wall length. In this case the calculation is 1,338/27.5 = 48.7 pounds-
per-foot. Figure 3.16 indicates that 1/2" round sill bolts at 6’ o.c. are good for approxi-
mately 145 pounds-per-foot. This is greater than the shear in the walls and no further check-
ing of this item is required.

Since the shear-per-foot in Wall A is less than the 160 pounds-per-foot allowable for the
shear material with minimum nailing, the material may be noted as acceptable.

Wall A is one solid wall 27.5 feet long with a vertical load of 100 pounds-per-foot. By
consulting the No Hold-Down Required graph for 100 pounds-per-foot vertical load it can
be seen that this wall is capable of sustaining a horizontal load of 4,720 pounds which is
greater than the 534-pound total seismic load. Note that the examples do not check the
shear walls for overturning caused by wind load. In areas where wind load must be checked
for this condition the No Hold-Down Required graphs are still applicable. :

Wall B

Wind load is obtained in the same manner as for Wall A.

The 2'-8" door opening is subtracted from the 27'-6"’ of wall length to obtain the effec-
tive shear wall length of 24'-10"

The shear of 152.7 pounds-per-foot is greater than that which can be sustained by 1/2"
sill bolts at 6’ o.c. Figure 3.16 must again be consulted to obtain the required spacing of
5-9" o.c. Since the only opening in the wall is a door, there is no extension of length pos-
sible in figuring sill bolt spacing.

In checking for overturning, the 17'-4"" segqment of wall should be checked first, since this
segment might possibly be capable of supporting the entire horizontal load for overturning.
In this case the wall has a horizontal load capacity of 1,860 pounds, not in itself sufficient.
Notations are therefore made for the 7°-6"" wall and, in addition, the 100-pounds-per-wall
length is added for each of the two wall lengths. These loads are added together to obtain
the allowable horizontal load of 2,410 pounds. This load is only 9 pounds or 0.4% less than
the actual load so the walls are acceptable with no hold-down anchors.
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Wall C

This wall is just 4’-0" long. The actual number of siil bolts is therefore noted, rather than
their spacing. Since the vertical load to the wall is 180 pounds-per-foot, when checking
overturning it is necessary to interpolate between the graphs for 100 and 200 pounds-per-
foot vertical loads. In the case of 4’-0"-wide walls the interpolation is simple since the
graphs reveal the allowable horizontal load is equal to the vertical load-per-foot. The total
allowable horizontal load for the wall is therefore 180 pounds. Adding the arbitrary 100
pounds per wall, a total horizontal force allowable of 280 pounds is obtained. Since this is
less than the 390-pound seismic load, the formula U = H/L (Pact — Pg)) is applicable. The
calculation shown indicates an uplift force of 220 pounds. This is less than 400 pounds and
1 BO framing anchor is therefore acceptable when installed as shown on Detail 26/4.

Walls D and E

These walls are figured in the same manner as was Wall A.

At Wall D the assumption has been made that the windows have sufficient wall above and
below them to qualify the wall as “solid.” Wall length between the windows of the Master
Bedroom and the center bedroom is obviously long enough to consider the wall as “‘solid"”
and able to be continued farther. Although no elevation is shown for this wall a sill height
of 2'-8"" is assumed at the window in the center bedroom. The wall-between this bedroom
and the bath therefore also qualifies and the wall may be considered one continuous length.

At Wall E the length of wall between C and D as well as the length at the kitchen can be
considered “'solid.”” The wall bétween C and D proves to be sufficient for overturning re-
sistance.

Wall F

This wall has two different vertical loads, depending on whether the wall is in the garage or
in the house. Since most of the wall occurs in the garage area the lighter vertical load for the
garage area has been used throughout. The vertical load of 182 pounds-per-foot requires an
interpolation between the 100- and 200-pound graphs. This is figured by entering the load
shown by the 100-pound graph and then adding 82/100 of the difference of the load be-
tween the allowable loads shown on the 200-pound graph and the 100-pound graph. To the
figures for each of the three walls is added 100 pounds for each wall length to attain a total
allowable horizontal load of 3,061 pounds.

Wall G

This wall may also be considered ‘‘solid.”” Where the shear-per-foot is less than 145
pounds sill shear need not be further checked since minimum sill bolting is obviously all
that is required.
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MODEL B

Vertical Load

For two-story dwellings the vertical load must be figured for the second floor and the first
floor separately. These calculations are shown on Pages [1—101 and 11—-102.

First Floor Walls

The high roof loads on Lines E and | are figured somewhat differently from the
method shown for Model A because standard wood framing is used rather than pre-
fabricated wood trusses. Referring to Figure 2.24A, standard framing would require that the
interior wall midway between Lines E and | be used as a bearing wall. The load to Lines E
and |, therefore, is equal to one-half the distance from the exterior to the interior bearing
wall plus the 2" overhang for a total of 9 Standard framing often uses “’kickers,” extending
from the interior bearing wall at the ceiling line up to the roof, in order to shorten rafter
span. When this is done more load is taken by the interior wall and less by the exterior wall.
In this case the assumption has been made that no kickers are being used.

If this house were framed with prefabricated wood roof trusses it would be desirable to
consider the vertical load from the roof distributed in exactly the same manner as is shown
for the standard framing in this example. For a wall to overturn, one end must lift up. In
this house the wall directly abeve would also lift up and press against the roof trusses. Dur-
ing an earthquake, therefore, the load would be distributed partially to the interior wall. Use
can be made of this for obtaining vertical load resistance to overturning. I|f the load is as-
sumed to be acting on the interior wall, however, it may not also be used for the exterior
walls. The vertical load is therefore best distributed as if the framing were standard. Note
that it is necessary to have a wall above or nearly above the first story shear wall in order to
make use of this type of consideration. It is also necessary that the top plates of the second
floor wall touch or nearly touch the bottom chord of the trusses.

At the garage the assumption is made that the rafters span from the front to the rear wall
with rafter ties installed such that no beam is required at the ridge. When a ridge beam is
provided, the load to the wall would be developed from a total of 8’ of roof width rather
than the 14’ shown.

As can be seen on Calc Form 2 for Model B the second floor load is 9.0 psf. In determin-
ing the load to walls parallel to the floor framing, this load is used. For Lines £, F, G and |,
however, the vertical load of the interior walls is added to the second floor load to deter-
mine the total vertical load to the wall. In this instance 10psf was used as the weight of the
walls. Since one square foot of wall is assumed to exist for each square foot of floor area,
the 10psf may also be used as the vertical load of the interior partitions on the second floor.
The load to Lines E, F, G and | is therefore 9 + 10 = 19psf vertical load.

Second Floor Walls.

These walls are figured in the same manner as the exterior walls on Model A. Since none of
the windows is large, the walls may be considered as “solid.”” Their tengths are therefore
such that they prove to be stable.

Garage Walls.

These walls are obviously sufficient with the exception of the wall adjacent to the gar-
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age door. Wall D has a 4’-0"-wide shear panel for which hardboard with shiplap joints
does not provide sufficient shear resistance. Since the wall is only 4'-0” long, hard-
board with butt joints could be used for this one portion, or plywood could be placed on
the interior of the wall. Overturning is figured in exactly the same manner as it was for
Wall C in Model A. The uplift load of 674 pounds requires the use of two BO framing an-
chors. The one-story Special Garage Front Wall Detail (45/4) could also be used at this
location if 2'-6"" of wall were provided each side of the door opening.

First Floor Wall A

This wall may be considered “’solid’’ and presents no problem in either shear or overturning.

First Floor Wall B

This wall is considerably shorter than Wall A and is required to support not only the
house load but half the garage as well. The shear of 331.4 pounds-per-foot requires the in-
stallation of 3/8" Structural Il plywood. Although Structural Il is the notation used
throughout these examples, Design Section 6.3C3a stipulates that this designation is merely
representative of any acceptably graded plywood other than Structural | or Siding. Siding
plywood would also qualify if it were nailed with common nails rather than the casing nails
stipulated at the bottom of Table 3.10.

The high shear also requires considerably closer sill bolt spacing. This 18'-6""-long wall is
stable for a horizontal load of 4,520 pounds, which is greater than the 4,457 pound total
seismic load.

First Floor Wall E

The wall at the bathroom contains two “holes.” The medicine chest would be placed
between studs and does not interrupt the exterior finish. It may therefore be ignored.
Window sizes should be figured as the clear distance between rough framing. On this basis
the maximum hole size of 2°-0""-high by 3"-0""-wide (Design Section 2.1A3} is exceeded by
the bathroom window and the shear wall must be considered as stopping at the edge of this
opening when considering the length of the wall for shear resistance.

The windows in Wall E require the wall to be considered as divided into two lengths for
overturning, one each side of the entry. Even though the short piece of wall between the
entry doors and the bathroom window is not long enough to be considered shear wall, it can
be considered for purposes of overturning. This length of wall is then 18°-0’! Since the ver-
tical load is 394 pounds-per-foot and since the 400 pounds-per-foot graph for No Hold-
Downs Required indicates an allowable horizontal load well in excess of the actual load, the
allowable [oad for 394 pounds need not be determined exactly. The allowable load is there-
fore notated as 8100— pounds.

First Floor Walls F and G

The first step in designing these walls is to indicate the allowable shear for the gypsum
wallboard each side, with minimum nailing, per Table 3.9. Since the same material is used
each side the value shown in the Table may be doubled.

In considering wind load note that the load to these walls is figured for the total height of
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the structure even though the shear wall extends only to the second floor. The tributary
widths to Walls E and | have been reduced from those considered at the second floor since
Walls F and G, acting together, are assumed to take the center half of the structure for wind.
This is somewhat different from the method of figuring seismic loads, wherein the exterior
walls only are used to take the roof seismic load. The shear of 194.6 pounds-per-foot is
greater than allowable for minimum sill bolting and 1/2* sill bolts are required at 4’6" o.c.
in accordance with Figure 3.16. The 15'-long wall proves to be sufficient to resist all over-
turning load and therefore no further checking is required.

First Floor Wall |

This wall serves as an illustration of the possible economies in design that can be achieved
by providing longer lengths of shear wall than are shown on this example. This line has a
total of 9'-0"" of shear wall, which represents 25% of the total length of the two-story struc-
ture along its rear elevation. [f the fireplace were shifted around the corner and the 10°-0"'-
wide sliding doors in the living room were shifted slightly, more wall would occur at the
corner and the wall between the family and the living rooms could also be utilized. A total
of 18’ of shear wall would then be present along this rear elevaticn rather than the 9’ pro-
vided. Moving the fireplace could quite possibly cause a similar problem at Line A butif the
fireplace were left where it is, a small window could be put in the end wall and the slider in
the rear wall reduced to 8-0"" This would increase the length of shear wall to more than 14°
along the rear and shear-per-foot would be significantly reduced.

As the design is shown the shear-per-foot in the two rear walls is 347.0 pounds-per-foot.
It is to be hoped that combinations of shear-resisting materials will be allowed in the future,
and that this shear can then be resisted with the hardboard and gypsum board finishes pro-
vided. As the design stands, it is necessary to provide 3/8" Structural || plywood beneath
the finish in order to meet the shear requirement. |f the shear wall length were increased to
13'-6"" the hardboard finish would be sufficient and the plywood could be efiminated.

Note that if the graph portion of Figure 3.16 is used, the indication would be that 1/2"
sill bolts would be required at 3'-9"" o.c. A notation such as this has relatively little meaning
in a short shear wall. {1 is better to use the tabulation that indicates that two 1/2" sill bolts
in each wall will take the load.

The wall height from the head of the sliding door to the sill of the two large windows is
4'-9" and the overall height to the sill is 11°-6". The solid wall above the window is there-
fore approximately 41% of the total height which is insufficient to allow the wall above the
window to be considered as fixing the wall near Line B. On the other hand, the wall near
Line A has an opening that extends only to the height of the mantle of the fireplace. This
wall can therefore be considered 10’-long for purposes of overturning.

As another example of economy, the combination of the 10°-0"" and the 4'-6"" walls is just
barely stable for overturning. |If the shear material were not designed to extend past the
second floor framing each wall could only be considered 4’-6"" long and an HD #1 would be
required at each end of each wall, thereby increasing cost further. It is recognized that
functional design considerations must prevail but an understanding of the effect of shear
wall length can frequently assist the designer in achieving economies.
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MODEL C

Vertical Load

In figuring the vertical load for the mid-leve!l and the upper story of the two-story portion

only brief comments are required because the loads are established in virtually the same man-

ner as for Model A. The only exception is that the portion along Line G, which is common
to the mid-level, has a small additional portion of roof and ceiling load contributed by the
mid-level.

At the first story, the load along Line E is figured at the shear wall; thus the wall height is
the full 17-0” rather than the smalier portion of wall over the garage door. The portion of
wall along Line G common to the mid-level has its wall height figured from the top of the
retaining wall which extends downward from the mid-level floor. This wall can be consid-
ered a part of the footing. Thus, the portion of wall adjacent to the mid-level is only 4°-0"
high to the bottom of the second floor. At Lines G and H the 10 psf partition load is again
added to the 11.5 pound dead load of the second floor to obtain the 21.5 pounds shown in
the calculation.

Mid- Level Walls

The shear-per foot in Walls B, D and F are all relatively low with the result that the sill
bolts and shear material are minimal. At Line B the wall below the kitchen window is suf-
ficient to consider the two shear walls on either side to be acting as one length of overturn-
ing purposes. This line of resistance is therefore stable. At the front, however, the wall
below the window is not high enough to allow the same consideration and the walls when
checked prove to have somewhat less capacity than the actual load. Alithough the actual
load is less than 3% greater, one BO anchor has been designed at each end of each wall.

High Roof Walls

The Shear-per-foot at Lines A, G and H is quite low and the shear material presents no
problem along these lines. At Line G it is necessary to assume that the interior gypsum
board is taking the load since no fiberboard would be installed in the attic area of the mid-
level. At Line E the shear is in excess of that allowed for fiberboard and 3/8"' plywood
must be used. If it is assumed that the window on Line E is merely a window and does not
enter out onto the balcony no hold-down problems occur at any of the walls.

At Line H the wall must be assumed to be 20’-4"" long. When the shear material is con-
tinuous past the second floor the depth of the shear material would be measured from the
head of the window below to the sill of the second floor window. This would justify the
8'-0"-long window as acceptable and allow the wall to be considered a “'solid’’ wall 48'-0"
long. Since fiberboard is used the material in most cases would not continuously extend
past the second floor framing, with the result that unless this window were a high sill the
8'-0"-wide opening would not qualify.

if a sliding door were installed on Line E at the balcony the remaining wall would be
14’-0"" in length with an allowable horizontal load of 1,270 pounds. When the arbitrary
additional 100-pound horizontal load is added to this the load is approximately the same as
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the actual seismic load and the wall would be considered acceptable. When hold-downs are
required at second-floor walls (no such condition is shown in these examples), Details 27/4
and 35/4 through 38/4 should be reviewed and the detail matching the type hold-down re-
quired should be used.

First Floor Wall A

Although it has not been mentioned, many walls have higher wind loads than seismic
load. Wall A is in this category. For seismic load, fiberboard sheathing would be acceptable.
The shear-per-foot for wind load, however, is 236.9 pounds-per-foot, which exceeds the al-
lowable shear for fiberboard. Based on this shear, sill bolting is required at 3'-9"” o.c. and
3/8" plywood must be applied to each shear panel. Since fiberboard sheathing is used it is
assumed that the sheathing is not continuous past the second floor and therefore the wall
cannot be considered as a single length for overturning. Because of the height of the wall
above the sliding door, materials such as stucco would allow the wall to be considered as a
single length, removing the requirements for hold-downs. A similar condition can be devel-
oped using fiberboard if the material is spliced at the top plates at the first-floor wall and
blocking is installed at the second floor at the horizontal splice 8'-0’’ above this point. |If
this were done, no hold-downs would be required. As it is, the height is 8'-0'; the total
length of the two segments 13'-0" and the difference in load is 734 pounds. The uplift is
therefore 451.7 pounds, which requires two BO framing anchors at each end of each wall
segment.

First Floor Wall C

First floor interior walls in split-level construction nearly always receive a large amount of
load and it can be anticipated that plywood will be needed for these walls in virtually every
split-level house design. Several factors contribute to this requirement. First, this type of
house generally has a long, narrow two-story section with a garage at either the front or the
rear. Both the geometry and the size of the garage cause a large area to contribute load in
proportion to wall length. In addition, the wall at the front of the garage is usually a rela-
tively short wall, requiring that the tributary area multiplier be greater than 1.25. Finally,
the general configuration normally results in only one or at most two interior cross walls at
the first floor level of the two-story portion.

Despite the factors noted, wind load is still the controlling factor in this particular design.
Sill bolting must be closely spaced and the wail itself must have 3/8"" Structural |l plywood
applied. If it is assumed that the second floor joists span 21°-0" parallel to the wall relatively
little vertical load contributes to overturning resistance. The wall without hold-down an-
chors does not come close to figuring. The vertical load on the wall is 95 pounds-per-foot
and the 100-pound-per-foot hold-down graph for HD #1 has been used. The readings on this
graph are therefore slightly higher than the actual conditions and if the allowable horizontal
load were less than the actual load the actual allowable horizontal load should be interpolated.
If, for instance, the 11'-4"" wall were acting alone the allowable load of 4,200 pounds would
be slightly less than the 4,247 actual load. Since this allowable load is for a 100-pound-per-
foot vertical load it is not possible to determine whether the overage exceeds 5% and the
next larger hold-down is required. In the actual case, the 11°-4"" wall is assisted by the over-
turning capacity of the 7'-0"" wall and the total horizontal load allowed is much greater than
the actual load. The refinement of this interpolation is therefore unnecessary.
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First Floor Wall E

There are advantages and disadvantages in providing a shear wall adjacent to a garage door
opening, as opposed to using the Special Garage Front Wall Detail. The primary advantage
is that a lower multiplier may be used for the interior shear walls when a shear wall is adja-
cent to the garage door. The major disadvantage is that a short shear wall, such as occurs in
Model C, has a very heavy load applied to it and requires a large hold-down anchor and its
attendant reinforced grade beam. Although the length of the two-story portion varies be-
tween models a comparison can be made between Model B and Model C to assist in deter-
mining which type of design appears to be more economically feasible in a given part of the
country. In this particular instance the shear of 770 pounds-per-foot requires three 5/8"
round sill bolts in the 4’-0"-long wall plus the installation of hold-down #3 at each end. This
type of installation, while possible, is not very practical. To install both the hold-downs and
the bolts, the three bolts must be placed at 12" o.c. in the center 2'-0"' of the wall, leaving
approximately 7' between the sill bolt and the hold-down bolt. Hold-down boits should
never be considered as resisting shear. When an installation of the type required for this wall
is detailed it is suggested that the plans also require the contractor to provide a template
(such as a precut sill plate) to assure proper placement of sill and hold-down bolts.

First Floor Walls G and H

Because of the fiberboard siding it is again necessary that the wall be considered as one
story high when selecting overturning lengths for these walls. The stud portion of Wall G is
only 4-0” in height and is therefore able to provide a large amount of horizontal load cap-
acity for overturning purposes. At wall H the high vertical load of 526 pounds-per-foot
allows the 19°-4" wall length to be capable of resisting overturning. No further checking is
therefore needed. Note that at Wall G the shear material varies and the total shear capacity
of the various combinations of materials must be checked. In this instance the shear ma-
terial on the exterior is fiberboard, the interior portion of the mid-level adjacent to the gar-
age has gypsum board on one side, and the interior portion adjacent to the family room has
gypsum board on two sides. The shear values for each of these materials times their respec-
tive wall lengths must be added to determine the total shear capacity of the wall.
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MODEL D

As stated in Chapter |1—3 the fact that most walls extend to the roof and are therefore
of variable heights leads to considerable complexity in the design of Model D. Most of the
complexities occur not at the lower level of the two-story portion but rather at the mid- and
second-story levels.

The framing of the three previous example homes is fairly obvious and no framing plan
has been provided. For the reader to understand how the vertical loads have been deter-
mined for the mid-level and high roof of Model D the exposed beam framing has been indi-
cated on Figure 2.35A. Because of the many walls used as shear walls the vertical load cal-
culations become lengthier. Due to the fact that the walls are of variable heights each cal-
culation also takes slightly longer; the average height of each wall must be determined. In
the example shown, these heights have been calculated but in actual practice the elevations
and sections should indicate most of these wall heights.. Scaling each wall at its approximate
horizontal center is acceptable for determination of wall heights.

Mid- Level Wall A

When variable height walls are utilized the deflection of walls of the same length woulid be
different under the same amount of loading. This is the same as saying that the deflection
of a cantilever beam with a concentrated load at its end would vary as the length of the cant-
ilever varied. In addition, the presence of adjacent wall above and below openings can com-
pletely alter the deflection characteristics of a given wall. So many factors enter into the de-
termination of the actual deflection conditions for a particular situation that it is not pos-
sible to present formulations for the determination of each possible combination. The meth-
od presented is reasonably accurate in many cases and has the effect of raising the maximum
shear-per-foot considered in all cases.

For the mid-level Wall A the method is not correct in that the fixity offered to the piers
on either side of the kitchen window by the high section of wall above and below the win-
dow would allow these two piers to deflect less than the shear wall at the corner of the
house. The method shown for determining shears is therefore almost exactly the opposite
of the probable actual conditions. The important point, however, is that the shear-per-foot
for which the walls must be designed is raised from approximately 108 pounds per foot to
120 pounds per foot. Calc Form 9 (Model D, Mid-Level Wall A} indicates the method for
making this determination. The width of each individual shear wall is first divided by its
average height. The resultant ratios are added together, then each ratio is divided by the
summation of the ratios. In this case the first wall is 4’-0"" wide and 8.68" high for a ratio of
4.0/8.68 = 0.4608. The sum of the ratios for the three walls is 1.1455 and each ratio is then
divided by this summation to obtain, in the case of the first wall, a second ratio of 0.4023.
If done correctly, the second series of ratios should add up to 1.0. The total seismic or wind
load (whichever governs) is then multiplied by each succeeding ratio to obtain the load to
each successive shear wall. The load should then be divided by the length of the shear wall
and the maximum shear obtained for any wall should be used in the design of all walls along
the particular line of resistance being considered. In the case of Wall A all three walls are
4’-0" in width and so the maximum shear is 478/4.0 = 119.5 pounds-per-foot. This shear
is well below the allowable for the shear material being used and therefore design is not af-
fected. For overturning, the shear walls on either side of the kitchen window can be con-
sidered as one length since there is ample wall above and below the window. This length is
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14°-0" and a check of the “No Hold-Downs Required’” graph for a vertical load of 200
pounds-per-foot indicates that the wall is stable.

Mid-Level Wall B

This wall would normally have lath and plaster on each side and therefore have a shear
capacity of 200 pounds per foot. The actual shear is 258.5 pounds per foot and plywood
must be used. The wall has a vertical load of 246 pounds per foot and an interpolation is
necessary in order to determine the maximum allowable horizontal load for overturning.
This proves to be insufficient and the uplift formula must be applied in order to determine
the uplift load of 1,560 pounds. This is within the capacity of the strap type hold-down as
shown on Detail 25/4.

Mid-Level Wall E

In this case the adjustment for wall heights is quite accurate and probably reflects very
nearly the actual shears developed by wind or seismic load. The short wall is 4-0"" in length
and 8.68 feet average in height for a ratio of 4.0/8.68 = .4608. The longer wall is 9'-0"' long
and 12.05" average height for a ratio of 9.0/12.05 = 0.7469. The total of these two ratios is
1.2077. Each ratio is then divided by the summation of the ratios to obtain the secondary
ratios of .3816 and 0.6184. Each is then multiplied by the total load of 1,695 pounds which
results in the load to the 4’-0" wall of 647 pounds and the load to the 9°-0" wall of 1,048
pounds. [t will be found that the lowest wall always develops the highest shear, in this case
161.8 pounds-per-foot in the 4’-0"" wall. This shear should be used in the design of both
walls. Horizontal load capacity proves insufficient without hold-downs and the uplift for-
mula must be applied. Since the load at the 4’-0”" wall indicates an uplift of 742 pounds,
two BO framing anchors should be used at each end of each wall. The 9’-0".wall is checked
for uplift only to determine which of the two walls governs. The wall with the highest shear
does not always have the highest uplift load so each wall should be checked in all cases. The
same hold-down anchors should always be applied to each wall section along any line of re-
sistance.

Mid-Level Walls H, | and J

Although each of these walls is a different height they do not act together and so each can
be designed separately. One of the disadvantages in designs of this type is exemplified by
Wall | in that it is the shortest of the shear walls but receives the largest load. It will be re-
called that the discussion on page 11—51 indicated that walls | and J were not required to be
considered as shear walls. This design indicates why interior shear walls, when they are used,
should be made as long as other design considerations permit.

In the case of Wall | the situation described requires the use of a strap type hold-down.
At Wall | the total height is 10.4’ and the height of the doorway adjacent to the shear wall
is 6-8"! The opening is therefore approximately 65% of the total height and the wall may
not be extended. At Wall J the total height of the wall is 12.34" with the same height open-
ing. The opening is therefore 6.67/12.34 = .54 or 54% of the total height and the wall may
be considered 14’-4"" long for purposes of overturning.
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High Roof Walls

These walls need to be designed in the same manner as indicated for the mid-level. The
highest walls are not nearly as high as those at the mid-level and most prove to be sufficient
for both shear and overturning. The door in the wall at Line C does not allow the wall to be
considered as a single unit for overturning. The 11°-0""-long segment does prove to be suf-
ficient, however, and no hold-downs are required. At Line F no adjustment for wall height
has been made as each wall is approximately the same height. At Line G the assumption has
again been made that the openings at the wall are windows rather than sliding doors. If the
openings were sliding doors hold-downs would obviously be required and either Detail
27/4, 36/4 or 38/4 would be required to be used for the attachment to the garage header.

First Floor Wall A

At this wall the length of sill is different from the length of shear wall available. In the
sill bolt column the sill length has been entered and the shear-per-foot for this length calcu-
lated. The sill bolt spacing is then determined from this shear-per-foot rather than the shear-
per-foot in the shear walls themselves.

First Floor Wall D

Because the Special Garage Front Wall Detail has been used at the front of this structure
this wall is required to be designed to carry 100% of the seismic load for the two-story por-’
tion. The resultant shears and overturning require a very heavy design for this wall; 3/8""
plywood must be utilized on both sides with a #3 hold-down required at each end of each
section. Because of the high shear in the wall the actual number of sill bolts required has
been noted rather than the sill bolt spacing. In checking for the hold-down required it is re-
iterated that the best method to be used is to consult the 200 pounds-per-foot vertical load
graph for hold-downs #1, #2 and #3 in succession until the total horizontal resistance of-
fered by the two walls is greater than the actual load. Consulting the graph for hold-down
#3indicates thata 12" x 18" grade beam with two #6s is required for any length of wall.
In some instances, where two walls such as these occur, the size grade beam or amount of
reinforcing required might vary from one length of wall to the other. When the two walls
are as close as these the largest size grade beam or heaviest reinforcing should be used
throughout, with the reinforcing extending beyond the farthest end of each wall as indi-
cated by the “a’’ dimension shown for the reinforcing steel used.

First Floor Line G

Since the Special Garage Front Wall Detail is used along this line no calculation of shear
or wall design is required.

First Floor Lines K and M

Because of the length of these walls no special considerations need be made. The shear-
resisting material along Line K again varies. The minimum shear resistance offered has been
noted under the column Shear Material. Since the shear-per-foot is less than the minimum
shear allowable the total horizontal load resistance of the wall need not be calculated as
was the case for Model C.
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ZONE 2 CALCULATIONS —WOOD FRAME SHEAR WALL DESIGN

Although Calc Form 8 has been used for the Zone 2 calculations, the form is applicable
for any area not requiring wind load designs.

Calc Form 9 should be used in Zones 2 and 3 when wind load design is required.

As shown by the following calculations very few conditions lead to loads that require
additional shear-resisting material, sill bolt spacing other than minimum, or hold-down an-
chor installation. In the few instances where that statement is not correct, the conditions
are somewhat unique and the same condition would prove to be insufficient for the vast
majority of houses with similar configurations.
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CALC FORM 8

Job EEXA/MAPLE LONAES Vodel “A=ZONE 2

SHEAR WALL DESIGN

Wall Shear Sill Shear
LINE Load Length | Per Foot Bolts Material Overturning
. (Ibs) (ft) (Ib/ft) 1O

A 267 | 275 | A7 |heb | OK (=275 OK

210 (2483|4687 |Les | OK |L=17.33' B, = 18560

195 | 4.0 |48 |%L@6 | OK. [1I8501100=260 OK

1047 | 205249 [\2RL | OK |L=455' OK

ad4 | 135 [ a9 e | ok =15 R =2750+

41O | 2607 | 580|%@L | OK (L= Paus 16D

ol [T m (o 0] |p

207 | 9.0 [23.0[%@% | OK [L=15' Pu= 4OO
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CALC FORM 8

Job:E-,XA//\DLE- LOAES Model =y - ZONE 2

SHEAR WALL DESIGN

Wall Shear Sill Shear
, LINE Load Length | Per Foot Bolts Material Overturning
| (bs) (ft) (Ib/ft) 1 220
HIGH |ROOTH]
A 19856 | 24.0]1 411 | —— | OK |L=2&8' OK
B |56 240|286 | —— | OK |L=78' OK
= LEG| 185 | DTl | — | OK [L=3L' OK.
T 986 |700]|493 | — | OK |L=20' OK
LOVWV ROOL- 1220

C 272 |10 | 4.6 | %heo | OK |L=I1& OK.

D |20 40 | 770] OK. |1 BO Emumg Ancit.
Relterico=|2718 |U=SA{(pos-2U1e)=L0%*

H | 241 |2067| W7 |(hed | ov [L:20.67' o

127 SITORY |WALLS joYel®)

A 2556 | 240 |I0LAS| oK |L=7& oK

B |2229|185 |i2os]| o OK. |L=1&5 R.=4250
250

E 1047 |10 |5&82 | ¢ oK. |L=1&" oK,
200

CeG |1649 | Q.0 | 9753 " OK |L=15 R, 7000

1,
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CALC FORM 8

Job EXANPLE HONES

Model =" - ZONi=72

SHEAR WALL DESIGN

: Wall Shear Sill Shear

LINE Load Length | Per Foot Bolts Material Overturning
{Ibs) {ft) {Ib/ft) DA

197 STORY \VALLS

I o2 | 4.0 1720|500 O | 2@4.6--2500= 1000
Lx\OO0= 1O

—

| BC ERAG.SNC 1.

U= & (vad 2 - 1 200) = 32653
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CALC FORM 8

Job EXA/PLE HOMNESDS

Model

SHEAR WALL DESIGN

- IONEZ

I—129

Wall Shear Sill Shear
LINE Load Length Per Foot Bolts Material Overturning
{Ibs) (ft) {Ib/f1) 1745
/NLD - [LEVEL
o SH40 | 12.0 |4D.0 | Vel | OK  |L=14 Ok
) 8240 | \ D0 | 4G " Ok | Oka
L= Pai= (OO0 +is (BPO-10720)= 119G
= EL4 | 210 | 4y V26 | OK. |L=iD.D B .F1HD00™
G| ROCOE
A CAC | 210 | D29 | —— | Ok [L=21" OK.
E A | 125 | S92 | —— | O |[L=2] O
G A0 | A0 (17D | —— | O | L=4&Y OK.
= GCAO | 2725 | 253 | —— | OK =202 man. Ok
(=7 HTORY WaLLS
N AR Y R R e 1 S i e 1
200
_ 2124 1853 | DA " Ok, |1 B0 CrmNG, ATy,
= LB SO
1Ct o U= {%@5(7. | 24 A HO) =356 (o
L < 1\ OO= 200
1210
T |1IOGT | 40 2t 21" BT T U ®1 AL 1200




CALC FORM 8

Job EXANPLE HONED

Model '~ ZONE 7

SHEAR WALL DESIGN

Wall Shear Sill Shear
LINE Load Length | Per Foot Bolts Material Overturning
{Ibs) (ft) {ib/f1) V2D aud
|27 STORY WALLS
G 2244 | A20 | 559 |VN2€0 | OK | L=24" H=4 OK.
(. IEDO | DAINT | D52 | Vel | O | L=19.3% Ok,

11-130




CALC FORM 8

Job E‘XA//\DLE" HO//\E—% Model |D; _ 7~ONLZ' 2

SHEAR WALL DESIGN

Wall Shear Sill Shear
LINE Load Length Per Foot Bolts Material Overturning
{Ibs) (ft) (ib/ft) =20
INID - |LEEVEL
A 44 | 12.0 |59 7w @6 | Ok, |L=14} H=1T7748, 2150
| 0.402% 594239
200
B 1333 1028 1266 | 2@ | Ok | OK
Hs1.37] P =000+ (580 -1000) - 125D 4100 =125
[[=la)
= |84 | 1D.0 |BO09m G | CK L4 U808 205
O.3ENY «E4E 4 22D (=4 EDT) LG H=12 05 190
9495
H | &57 | 210 140.6 | 4L | OK |L+1D. & OK
200
L 89D | 615 132.6|2-%¢] Ok, || BHO ERAG ANCH.
H=104 | B, =eBO vEY(ETD -DQ)=T45 + 100 =845
U=22t (899 -84 )17 =
mJ 71 490 | 790 f&"j;f; Ok, =224 =14, 575 Sk
G| ROGE 150
A 442 | O | 983 | —— | Ok |L=2¢ Ok,
200
C 19 (1852321420 | | OK. [H=99 L-11.O P=13>00t
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CALC FORM 8

Job EXANAPLE HONAED Model ' B -~ ZONE 2

SHEAR WALL DESIGN

Wall Shear Sill Shear
LINE Load Length | Per Foot Bolts Material Overturning
{Ibs) (f1) (Ib/f1) | Zoe
HIGH (ROOI--
— el 120 | 9718 | —— | O | Ok
4= 1 | L=T D] DO
S50T|- D0
A0
180
G 424 4.5 | 942 | —— | Ok [L=71 Ok
100
K L5 | 280 |1 7 —_—— | OK | L 44" Ok
200
L D | 2435|458 | —— | OK. [I4=105[#125 Ok
180
FZEN GO | 280 (T | —— | OK | L=44f O
127 STORY \WALLDS

A 144G | EOC 1808 [T als | Ok, [L=10' B, = 7500+

2O
D 59081823 |525 6|1 B8 T WD = |
HO=| | -4 |49507

7. 264501

TL00!
B0 sand
K. (3305 | BTO |89 |vi@L | Ok |L=44° Ok
180
74N LALA |BT1DD | T | vik=l | Ok |L=44: oK
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CHAPTER II-56 MASONRY EXTERIOR WALLS — SHEAR WALL DESIGN

The design of houses with exterior masonry walls differs little from the design of houses
with wood stud walls insofar as use of the Calc Forms is concerned. The Methodology re-
stricts the use of masonry exterior walls to one-story construction or to the first floor of
two-story construction. Designs with higher masonry walls must be engineered. Example
house Model E is shown on the following pages and is very similar to Model A in floor and
roof plans.

In the determination of shear walls the
major difference between masonry and
wood framing is that a masonry wall need
be only 2’-0"" in length to qualify as a shear-
resisting element. The same rules apply in
determining the length of wall for over-
turning purposes as apply for wood stud
walls. In some parts of the country steel
lintels are used over window and door
openings and reinforcing is omitted from
these lintels. When this is done the unrein-
forced lintel is prone to crack away from
the remainder of the masonry wall and
hence supply neither fixity nor partial fix-
ity at the top of the wall. Lintels sup-
ported in this manner should therefore be
considered a part of the opening when de-

termining whether the wall qualifies for in- FIGURE 2.38. Steel lintel beams are used in lieu
creased length for overturning. of reinforcing steel in some lo-
cales. These beams are acceptahble for vertical load
Tributary areas are determined in the but are more prone to earthquake damage.
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Front and Rear Elevations —

FIGURE 2.39.

Roof Plan — Model E.

FIGURE 2.40.
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Fioor Plan — Model E.

FIGURE 2.41.
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FIGURE 2.42. Tributary Areas, Trar;sverse Direction — Mode! E.

same manner as they are for the models already discussed. Since masonry walls are quite
rigid it is not necessary to use a multiplying factor when interior masonry walls are used at
the first floor of two-story construction. The masonry walls should be designed to take the
entire load, however, and all interior wood frame walfs shoufd be ignored. All masonry walis
should be designed. There is no Special Garage Front Wall Detail presented for masonry
walls.

Should a partially grouted masonry wall prove to be unstable in overturning it may be
more economical to solid-grout the wall rather than provide a grade beam. If this is done the
wall must, of course, be checked to determine that the solid grouted wali is stable.

The elevations, roof plan, floor plan and tributary area plans for Model E — as stated, very

similar to Mode! A — are presented in Figures 2.39, 2.40, 2.41, 2.42 and 2.43. Differences
in design from the design for Model A-are discussed in relation to the applicable Calc Form.

Calc Form 1

The top of Caic Form 1 is filled out in exactly the same.manner as it would be for a wood-
frame house. The only real difference, in fact, is the determination of load for the exterior
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FIGURE 2.43. Tributary Areas, Longitudinal Direction — Model E.

wall. Table 3.2 indicates the weight of concrete block of various thicknesses, depending on
the spacing of the grouting of the wall. Brick masonry weight should be calculated as 10 psf
per inch of thickness. In this instance the material is concrete block and the reinforcing de-
signed for Zone 3 is placed at 48" o.c. vertically. Eight-inch block therefore weighs 46 psf.
It is assumed the wall is furred and dry wall installed on the interior of the block. The
weight of the furring and the dry wall is noted to obtain the total load of 49 psf for the ex-
terior wall. To obtain the equivalent seismic unit load from Table 3.6 wall weight of 49 psf
may be divided into segments of 30 and 19 psf. This yields equivalent seismic unit loads of
2.250 + 1.425 = 3.675 psf. This is entered under the “ceiling’’ load determination at the
bottom of Calc Form 1. Interior wall loads using 10 psf for wall weight are again obtained
from Table 3.4 and a total ““ceiling’’ load of 4.562 psf is obtained.

Calc Forms 6 and 7

The determination of tributary areas and seismic loads is the same for masonry houses as
it is for wood frame houses. Fireplace load is added, even though masonry exterior walls
have been assumed.

Calc Form 8
To use Calc Form 8 properly it is necessary to become familiar with Figures 3.17 through
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CALC FORM 1

Job EXAMNPLE \WOAES Model ‘&

ONE-STORY RESIDENCE

ROOF, CEILING AND WALL WEIGHTS — SEISMIC UNIT LOADS
(In Pounds Per Square Foot)

ROOF CEILING
Actual Seismic Actual Seismic
Material Weight Weight Material Weight Weight
DaloRATIVE| . . -
Roofing QQ(LK CJC) OC}OO Framing L 'O O LC‘D 7
(VT . - PN . (JYR EDD/ - -
Sheathing | 72" PLYVD | L0 (020 7 |finish  |ncoic pretl 9 OO 400
Framing | TRV90ES | 2O |0 267
TOTAL 0.0 1334 | 1o7aL D010.6LGT
Unit Load Unit Load
EXTERIOR WALLS INTERIOR WALLS
Actual Actual Actual
Material Weight |Material Weight Material Weight
Framing LU,’)“D“NC" L.O Framing AQ
Finish GYP D 1.0 Finish QYRR DD 2.0
Finish Finish ” " 2.0
CONC. BLy|dd O
TOTAL 4C1O TOTAL &) O
“CEILING”
UNIT LOAD
Ceiling O. &7
ROOF UNIT LOAD: ' 2>D4 Exterior Walls BLI5
interior Walls g_z_f)_c.)
VENEER LOAD: _________ Ib/ft TOTAL A4 DAZ o
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CALC FORM 6

Job =XANAPE HOMNES

Model ' E’

TRIBUTARY AREAS

ROOF AREA CEILING AREA
LINE Length x Width Area Length x Width Area
A 26O« 1.GT A0D ||22.0 9 &7 21D
£ 20 0x T 272. 0G0+
22 O 2487 TS5 || 2501967 7449
C 20,0 1O G 200 ||1EOC-E.0 144
D 5O O (T + ' 28,019,657 +
70.0<iO O 250 || 18.03.0 AA
2225 IO
= |[Zzooxiln3 227 W& 0932 1449
— LOC =l T 4+ 1. O=x&.GT 4+
A3 33 1. O &LT7 || 59 32~14.0 A4
G L2 LT < VDO 243 ||[1IB.GT< 11O 205
) A3 D331 O+ B934 14. O+
1E5. T 1D.O 436 || 1&.GTAINT 750
2223 1799
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CALC FORM 7

Job E-X ANPLE HONES Model i = d

SEISMIC LOADS

Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area l.oad Load Load Area L.oad l.oad

{sf) {psf) {Ibs) {Ibs} {sf) {psf) {ibs)

A | 203 |1 334 | 404
213 (DCIs| 15D
1ET
o o V7167
D &ET75 0 N 7 11, |2 675 7 L&
e CCO_ | 531 |4292| 2520
1767 HOZD
jad | 45592 ol |
G155
11 34
Las | 314

423575
ol 227 . 20D
|A__q 11 /uéf)ll-
QeET
- | &27 | - 1O 1 702
P LOO GEA H G4
1705 AE(T
G| 2en | >4
1205|2015 705
\O77
— ; 1244
Hoase ] 551 145492| 7530
2059 1D wldH 753
A5DY

Cl
(¥
O
O

11-139




CALC FORM 8

i

Job E-XA/APLE HONES Model . =
SHEAR WALL DESIGN
Wall Shear Sill Shear
LINE Load Length Per Foot Bolts Material Overturning
(tbs) (1) {Ib/ft)
A Wes7 2267 H24 =22.0:7" Ok
D | DOID|15HIH |14 =17323 R =230
C 28 10.L7 | 7.0 1733 - QO
335 - 1850
OO0 -O kK
D 4525 | 34.0 |127.2 L2400 K-
E- 487 | 12.0 |&2.D L= R.=4D5820
= 42057 &0 |6osh L=4.C¢
UmaRouten 1 2x 270540 - NG
Crosf reEp — | 2 x590=1ED - NG
2 2200 =5200
12 Ganpe Ba.
2-TA4TEP- A= 01-O"
G iO77 W o O |7 D L =201
2 2 MO8 = 21 (0D 0K
(| 45352 [11E,O | 2518 L=t O -423650
4. — D20
T700 CK
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3.19. The first two graphs indicate the allowable horizontal load for solid-grouted masonry
and concrete block masonry with cells containing reinforcing grouted, respectively. Model E
is of concrete block construction with only the cells containing reinforcing grouted. Figure
3.18 is therefore used. This single graph presents all the information the designer requires to
determine the adequacy of short walls for shear, bending, grade beam requirements, or the
determination that no grade beam is required. The curve near the bottom part of the graph
indicates the ailowable horizontal loads for which no grade beam is required. Generally
speaking, the loads in exterior masonry walls are so low that this curve will prove to be the
only portion of the graph to which the designer need refer. The curve is extended for walls
up to 22°-0” in length on Figure 3.19. The heavy dashed line above the other curves on Fig-
ure 3.18 indicates the maximum horizontal load each wall is capable of carrying in shear.
For wall heights of 6'-0"' or less this line should be used. When the wall height is 8’-0"" or
more, bending in the shear wall governs and the curves labelled for various wall heights must
be used. Each curve has segments designated as requiring grade beams with varying amounts
of reinforcing. Detail 29/4 refers to masonry as well as wood stud shear walls and the extent
of the grade beam can be determined from that detail and Table 4.6. '

WALL DESIGNS

Wall A

The allowable shear for walls of this type is 725 pounds-per-foot. This figure is actually
based on partially reinforced walls requiring cells grouted at 8'-0"" o.c. and is conservative for
closer grout spacings. For Wall A it is apparent that less than 2'-0"’ of wall would be suffi-
cient to resist the load of 1,187 pounds. Figure 3.19 indicates that a load in excess of 8,000
pounds can be taken by a 22’-8"" long wall, so it is apparent that this wall is sufficient and re-
quires no special design. The small wall elevation indicated in the upper left hand corner of
Figure 3.18 specifies that one #4 minimum must be used at each end of each wall. This,
again, is in accordance with the requirement for minimum reinforcing in partially reinforced
walls. The wall elevation for fully reinforced walls, Detail 51/4, indicates that this type of
wall must have a #5 at each end of each pier. For the load shown, then, this wall would be
adequate in either Zone 2 or Zone 3.

Wall B

Inspection of the 8’-0” high curve on the graph indicates that a wall 6-0”’ long would be
sufficient for shear and bending. The No Grade Beam Required graph, Figure 3.19, indi-
cates that the allowable horizontal load for a 17'-4"" long wall is 5,130 pounds which is in
itself sufficient.

Wall C

With a sliding glass door between the two sections of wall it is neccessary that each wall
_be checked individually for overturning. With no grade beam required the 7°-4" long wall
is capable of supporting a horizontal load of 900 pounds, which is slightly less than the total
load of 928 pounds. The 3'-4"" long wall can support a load of 180 pounds, bringing the
total allowable horizontal load to 1,080 pounds, so no grade beam need be used.
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Wall D

The length of this wall plus the assumption that all windows are of a height that allows
the wall to be considered continuous indicate that no further checking is necessary.

Wall E

This wall can be considered 16°-0"’ long for overturning purposes and is more than ade-
guate. It should be noted that the shear-per-foot has been tabulated for each of the walls.
This is not actually necessary since the use of the tables automatically determines if the
wall is sufficient. In determining the sufficiency of the wall the curves indicating the use of
grade beams should be used. As discussed under overturning previously the wall may be
extended for purposes of overturning and the overturning length is not actually the length
of shear wall available to resist the load. Even in Wall F, where the wall is quite short, the
shear is below the allowable and so the only real checking usually necessary for masonry
wall is that required for overturning.

Wall F

Since the wall adjacent to the fireplace will be built with the fireplace it can be considered
4°-0" in length. Checking the No Grade Beam Required curve, the two 4’-0""-long walls on
this line are determined to be insufficient, however. Referring to the curve for 8'-0""-high
walls, the allowable load is in excess of the actual load buta 12" x 18"’ grade beam must be
used with two #4s top and bottom. In this instance Table 4.2 indicates that this reinforcing
steel should extend 11'-0"" beyond the end of each wall. The grade beam should be turned
at Lines B and C and extended 11°-0". The grade beam should also be continuous between
Lines B and C. When two walls are closer together than the required “‘a’’ distance as shown
by the aforementioned figure it is not necessary to overlap the reinforcing or increase its
size. In other words, if the reinforcing and grade beam extend continuously between two
shear walls, the ""a’’ distance need be applied only at the opposite ends of each shear wall.
This is true for wood frame construction as well. Note that solid-grouted walls would also
require a grade beam at this line of resistance.

Wall G

The two 8’-0""-wide sections are sufficient to resist overturning with no grade beam and,
as discussed above, are automatically sufficient for both shear and bending.

Wall H

These relatively short shear walls are required to take a substantial load with the result
that even though the wall on the right hand side of the plan is 16°-0"" in length for over-
turning purposes, the allowable horizontal load for this section is slightly less than the actual
load. Again, the two walls in combination are sufficient and no grade beam need be used.

Tttt ottt
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CHAPTER 1i—6 MISCELLANEOUS STRUCTURAL CONSIDERATIONS

Although the design of shear walls is the most difficult, many other considerations are
necessary to provide proper construction for seismic resistance. As stated in Chapter |1-1 a
continuous shear path must be supplied for loads generated by earthquake to be transmitted
back to the ground. This chapter covers a variety of structural items, most of which have to
do with that principle.

Basic Layout Principles

A house need not be large to be complicated. This is most aptly demonstrated by Figure
2.20. Now that the reader is more familiar with seismic and shear wall design, it should be
apparent that such a house cannot be designed by the use of the recommended provisions in
this report since no shear wall occurs at the front of the clerestory, and if the alternative rear
wall is utilized, no shear wall occurs at the rear of the living room also. It is this type of ba-
sic error that this publication attempts to eliminate. This is not to say that the house as de-
signed could not be constructed safely, but structural engineering would be required to pro-
vide a lateral load resistance system at the locations mentioned. The primary considerations
for seismic resistance in basic house layout are shear walls, roof diaphragms and floor dia-
phragms.

The first step in the seismic resistive design of a house is to review the roof and floor
plans to determine the boundaries of roof and second floor diaphragms. It is obvious from
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the previous chapters that it is necessary to provide shear walls at or near the edges of all
portions of a house, including interior lines where broken diaphragms occur. |t is essential
that the designer recognize individual diaphragms and provide shear wall at their edges,
whether they be roof or floors. It is also necessary that shear wall be provided near the
edges of second floors that do not extend to the exterior walls. If loads are resisted in each
of two perpendicular directions in a single plane, loads acting in all other directions in that
plane will be resisted. |f a diaphragm configuration exists such that shear wall cannot be
provided at the exterior boundary in each of two perpendicular directions, engineering
should therefore be provided.

Having concluded his inspection for required shear walls, the designer should also deter-
mine whether other walls in the structure should also be employed for shear resistance.
Walls continuous to the roof framing will attempt to resist lateral loads and should be de-
signed. These walls are therefore included in the Methodology. In addition, long interior
walls on the first floor of two-story residences are also normally designed. Since shorter
shear walls will automatically deflect more under less total load, the walls not designed will
attempt to take some load but will be limited in their deflection by the deflection of the
diaphragm plus that of the designed shear walls and will therefore not deflect a sufficient
amount to incur damage. Judgmental decisions regarding the length of such walls have been
largely removed from this report, and rules have been devised, instead, to allow the designer
to determine when interior walls must be designed as shear walls.

Diaphragms

Roof diaphragms

It is not intended that this publication require all engineering procedures required for the
seismic design of commercial buildings, but rather that it correct those deficiencies that have
caused distress in houses subjected to earthquake. Very little damage has been noted to resi-
dential roof construction other than that caused by the failure of masonry fireplaces. For
this reason, nonstructural diaphragms such as spaced sheathing have been allowed. This is
not to imply that the roof construction need not be properly fastened, nor that the horizon-
tal loads generated by the roof should not be given a shear path at the lines of resistance.

As stated previously, the gypsum board or plaster ceilings in most homes tend to act as
diaphragms. Interior walls parallel with the motion receive the load from the ceiling and
hence support some of the load of interior walls perpendicular to them. The roof in this in-
stance is asked to carry only its own weight plus a portion of the weight of the exterior
walls. For standard construction, any roof sheathing described in Table 3.2 of Part |11 is
acceptable.

When all or most interior walls extend to the roof because of a sloping ceiling or exposed
framing, the construction of a roof diaphragm can become more critical. The architectural
requirements of that type of construction usually preclude such an event, but in no instance
should spaced sheathing be used with that type of design. Straight sheathing is also not
recommended, but may be acceptable for designs of that sort. It is much better if the
sheathing can be installed diagonally or if plywood sheathing can be used with that type of
construction.

Details 7/4 through 13/4 are intended primarily for use with split-level construction.
They should be used, however, at all breaks in roof diaphragms. Detail 7 deals with framing
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perpendicular to the break in levels while the remainder of the details are for framing at the
lower roof parallel to the stud wall. Detail 7/4 ties the two sections together for a pull of
100 Ib/ft. The remaining details are each capable of resisting 800 |bs with the load per foot
dependent on the spacing. Although the latter details are to normally be spaced at 8’-0" o.c.
in Zone 3, secondary structures such as garages need only be tied at the exterior walls and
ridge. When no ridge occurs a tie should be placed at approximately the mid-point between
the exterior walls. In all cases, the roof should be tied to the abutting wall positively rather
than with a ledger attached to the face of the stud and the rafters then attached to the
ledger.

When sloping roofs with a ridge are encountered, the diaphragm is “bent.”” This would be
similar to having a V-shaped web in the steel beam, which would be unacceptable since it
would buckle. In roof systems, however, any tendency for buckling is resisted by the verti-
cal load-carrying capacity of the roof and roof diaphragms can tehrefore be considered con-
tinuous across ridges and vaileys as long as the various planes of the roof intersect. This
reasoning cannot be extended to roofs (or floors} that have a vertical offset between levels
or planes. In this case, the buckling would have to be resisted by bending of the vertical
members between the diaphragms and is beyond the scope of this report. Such offsets can
be treated, however, if each diaphragm is considered separately and provided with all the
necessary lateral support.

Floor diaphragms

All floor diaphragms have been assumed to be 1/2" plywood or better, nailed with 10d
nails at 6" maximum o.c. at all edges. Interior sheet nailing (field nailing) may be 10d at
10" o.c. Plywood to be used in a floor diaphragm should be a minimum of 2-0” by 4'-0"
in its minimum dimensions. The joints in one direction should be staggered the distance of
one-half the plywood sheet. For a normal 4 x 8 sheet of plywood, this would imply that the
joints were staggered 4'-0"" No detail has been provided for this requirement, but the third
and fourth diagrams under Table 3.10 indicate acceptable layouts of floor sheathing.

Where glued floor construction is utilized, nail spacing at the edges of sheets may be re-
duced to 10d at 12" o.c. Glued plywood is not acceptable for exterior surfaces, and may be
used only for interior floors.

At stairway openings cut into second-floor diaphragms, the opening is usually the width
of a single run of stairs. For this reason, a shear wall is recommended on one side of the
opening, with the presumption that the shears developed on the other side are capable of
transfer through the remaining portion of the diaphragm at either end of the stairwell open-
ing. At split-entry houses, at stairways that require openings greater than approximately
4’-0" in width, and at any stairway or other opening whose length is greater than 50% of the
parallel diaphragm dimension, it is required that such a shear wall be provided. At split-
entry homes and other wide openings it is recommended that a wall be placed on each side
of the "long’" dimension of the opening whenever possible.

The diaphragm ratios required herein will normally automatically restrict shears in the
diaphragm to values somewhat below those allowed for the nailing specified and no actual
design is therefore required. Horizontal diaphragms may have whatever joist spacing is
allowed for vertical load by the identification index of the particular plywood used. If the
plywood is thick enough to span the required distance between floor joists and is nailed as
mentioned above, it will normally be capable of resisting all shears transmitted through it.
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Shear Resisting Materials

As stated in Part |, the large variety of materials and systems available make it impossible
to consider all systems or even a variety of fastenings for a given shear material. The fasten-
ings required by Table 3.9 and 3.10 are those most commonly used for shear resistance and
their values have been determined by tests. Tests have been run on some materials with stud
spacings of 24"" and with studs smaller than 2 x 4. These have not been included, since the
tests are selective and do not consider the broad spectrum of materials allowed. All shear-
resisting materials in Tables 3.9 and 3.10 are assumed to be applied to 2 x 4 or larger studs
at 16’ maximum o.c., with the exception that 3/8" and thicker plywood may be placed on
studs at 24’ o.c. when the conditions of the footnotes on Table 3.10 are met.

Attachment

All finish materials should be structurally attached to the framing, whether the walls are
shear walls designed in accordance with the previous chapters, or whether they are interior
walls not so designed. It is not intended that the attachments indicated in the tables be used
for the shear wall portions only. It will be recalled that the shear-resisting material is relied
upon to carry the load to the sill bolts below windows, for instance. |n addition it has been
assumed by the loading established herein that interior walis will support their own weight
plus the load developed by a portion of the cross walls framing into them. Non-designed
interior walls need not have stud spacings or sizes as stipulated. The finish materials should
nevertheless be attached as indicated.

The instatlation of plywood with 2" or 2-1/2"" nail spacing is not recommended for resi-
dential construction, but does become necessary in a few instances. When such nailing is
utilized, the width of the studs behind the plywood joints should be 3 x minimum. The use
of double studs does not meet this requirement, since the member should be of one piece to
provide shear transfer between the plywood sheets and of a width that will preclude splitting
of the stud while nailing the plywood.

All shear-resisting materials that come in sheets should be of 2°-0" x 4"-0" minimum
dimensions. Where odd dimensions (such as 21'-0"') would normally allow the use of 4'-0"’
sheets, plus a single sheet narrower than 2’-0"' in width, one of the 4'-0"' sheets should be cut
back in order to achieve a greater width on the last sheet. The one exception to this rule is
that the width between openings is sometimes less than 2°-0] The shear material in this
instance should be in one piece spread out to a minimum dimension of 2'-0"" above and/or
below the opening.

MPS attachment requirements

In Zones 2 and 3, the attachment of shear-resisting materials shall be in conformance with
this report and other indications of positive methods of attachment as presented in the MIPS
shall not be used without the submission and acceptance of tests as stated under “’Capacity
of Shear Resisting Materials’’ in Chapter 11—4.

Shear Transfer Details

. The details presented in Part [V together with the nailing schedules are intended to pro-
ylde a shear path for all loads from the point they are developed to the ground. In develop-
ing any special details the designer may wish to present to clarify a condition not shown in
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the details in Part |V, it will be helpful to think in terms of this shear path. This is especially
true where shear-resisting materials are interrupted, such as at the second floor line, or near
the foundation.

Sole plate connections at exterior and other designed shear walls

When exterior walls are connected to first-floor wood framing the connection of the sole
plate shall be in accordance with the Nailing Schedule, Table 4.56. When connected through
a slab on grade to an exterior foundation wall, 1/2"" round anchor bolts shall be provided at
a maximum spacing of 6’-0"" o.c., except when the Calc Forms indicate a closer spacing is re-
quired. The maximum sill bolt spacing shall apply to the connection of either sole plates or
mudsills to foundation walls, direct to foundations, to basement walls, retaining walls, knee
walls, etc. Interior shear walls connected to a wood floor framing system having no contin-
uous footing directly beneath shall be connected to the floor in accordance with details
21A/4 or 21B/4.

When an interior shear wall is non-bearing and does not otherwise require a footing, De-
tail 19/4 may be utilized for the installation of the required anchor bolts. This detail may
not be used when strap or angle hold-down anchors are required.

Sole plate connections for non-designed interior walls

Interior walls not designed as shear walls shall have their sole plates connected to wood
floor framing with a minimum of two 16d nails to each perpendicular floor joist or, as spec-
ified under Wall Framing, Table 4.5, to paralle| joists. When the sole plate rests on a con-
crete slab, 1/2"" round anchor bolts at 6’-0"' 0.c. may be installed as shown on Detail 19/4 or
gunbolts may be used at 2"-0"’ o.c. as shown on Detail 20/4.

Sole plates to mudsill

In some areas the sole plate and mudsill are not the same member. Detail 18A/4 indi-
cates this condition as an alternative detail. Although this is the only place at which this de-
tail is shown in Part 1V, it is intended that any time a sole plate is rested on a mudsill the
nailing of the sole plate should be in accordance with Table 4.5. It is desirable, and is the
usual practice, to extend the finish material to at least the bottom of the mudsill. In this
circumstance the nailing of the shear-resisting material should be directly to the mudsill
whenever possible. When this is done the condition noted in the footnote at the bottom of
Table 4.5 may be assumed to apply; i.e., all nailing indicated may be half of that shown in
the table except that sole plate nailing may not be less than 16d at 16" o.c.

Studs to sole plate

i1 is required that Detail 26/4 be used at all exterior corners of all wood frame houses in

seismic Zones 2 and 3. That is the same detail used as the framing anchor hold-down detail.
When the sole plate stops at the edge of the double stud (as it must in one direction) the
2-3/4" maximum dimension should also be 2" minimum. This bolt should not be consid-
ered part of the normal sill bolting required. In addition, in Zone 3 it is required that fram-
ing anchors be placed on the first two studs from the corner and, in two-story construction,
at 4’-0” o.c. (on alternate sides of the wall) for the entire length of all exterior stud walls.
These anchors serve a number of purposes. As stated in the chapter on inspection, if the
nailing of shear-resisting material is deficient anywhere in the structure, that location can
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usually be discovered at the sole plate. The anchors tend to contribute some additional hori-
zontal shear resistance at that location. In addition, they provide a better reaction for loads
perpendicular to the wall. Most importantly, however, the connection of studs to sill plates
proved to be one of the major weaknesses observed in the San Fernando earthguake and was
virtually the only location at which the vertical component of earthquake motion played a
major damaging role. The framing anchors provide a positive tie between the studs and the
sill plates for upward loads. 1t should be noted that Detail 24/4 indicates that framing clips
may be used in lieu of the framing anchors at the individual studs, but that the framing an-
chors must be used at the exterior corners.

Hold-Down Anchors

Framing anchor type

This type of hold-down is not used in commercial construction and has been devised for
the report to provide for the minimal uplift loads often developed in residential construction.
The connection depends not only upon the framing anchors installed at the double stud, but
also on the nailing of the shear-resistant material to the anchored stud and to the sill plate. A
notation is provided requiring that the sill plate used with this detail have an allowable f!ber
stress in bending of 1,250psi or better. Some of the materials that will provide the required
strength are Select Structural Ingleman Spruce, Lodgepole Pine, Western White Pine, Ponde-
rosa Pine, Red Pine, Spruce-Pine-Fir; #1 or Select Structural Balsam Fir, Eastern Spruce,
Hem-Fir, Idaho White Pine, Mountain Hemlock, Sitka Spruce, or Western Cedars; #2 or bet-
ter Redwood, Douglas Fir, Eastern Hemlock, Tamarack, Northern Pine or Southern Pine.
Northern White Cedar and Eastern White Pine do not qualify for this requirement. The
above classification is on the basis of stress only and should not be interpreted as implying
that a given species is otherwise acceptable as sill plate material, particularly with regard to
termite or decay prevention. It is recommended that strap hold-downs be used instead of
angle hold-downs for walls less than 8'-0" in length wherever possible.

Strap type hold-downs

In addition to the hold-down shown on Detail 25/4 many commercial strap hold-downs
are available. Oftentimes the value for these hold-downs is listed with a 1/4 increase in nail
or bolt values allowed for metal straps, and with a notation indicating that a further increase
of 1/3 may be taken in using the strap in conjunction with lateral loads. This publication
does not consider these increases as cumulative. Since the values listed are normally listed
with the 25% increase, the 1/3 increase allowable for horizontal load has not been taken. It
is suggested that the designer use the values shown for commercial hold-downs, whether the
allowed increase is 25% or 33%, but that the cumulative increase of 1.256 x 1.33 = 1.67 not
be taken. Since uplift is calculated for the installation of strap type hold-downs, other com-
mercial hold-downs with different vertical capacities may be substituted when justified by
the use of the uplift formula.

Angle hold-downs

;Ijhe angle hold-downs as shown on Detail 34/4 provide a maximum in hold-down ca-
pacity. Similar pre-fabricated hold-down anchors are commercially available and may be
substituted.

Numerous graphs are provided to make the designer’s work easier in determining the size
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hold-down required. The uplift formula is not applicable for this type of hold-down since
the bolt is located approximately 5" inside the end of the wall.

Special conditions

Occasionally hold-downs are required at second floor walls in two-story residences. Where
a wall occurs directly below, the double stud required above should be repeated at the first
floor, and the strap or angle type hold-down should be connected from the base of the sec-
ond floor wall to the top of the first floor wall. The typical hold-down detail can then be
provided at the bottom of the double studs in the first floor wall framing. When this double
stud occurs at the end of the wall on the first floor also, the hold-down load at that location
will be considerably greater and may require a larger hold-down than was used above.

Overturning at two-story high shear walls

All the graphs and formulas presented assume a one-story-high shear wall. When the wall
is two stories in height (of the type shown in Figure 1.1) the formula shown in Section 6.5
of Part |11 will convert the horizontal load to the equivalent horizontal load applied to a
ten-foot-high equivalent wall.

Using that formula, seismic and wind loads should not be intermixed. To avoid possible
misinterpretation of the conditions for which the formula is applicable (see Section 8.5}, a
shear wall is considered herein to be two stories high only if it receives little or no support
from adjacent shear-resisting material at the second floor line. None of the walls in Models
B, C, or D are considered to be two-stories high for purposes of overturning but all the walls
shown in the above referenced figure would be so considered.

Struts

Very little mention has been made of the use of struts other than that the continuous top
plates of walls collect and carry load along the line of resistance to the shear wall. In addi-
tion, struts should be used whenever the major portion of the diaphragm that contributes
load to a wall is not in direct contact with the top plates of the wall or a continuous
extension of those plates. An example of a condition such as this would be Figure 2.17. It
will be recalled that the exterior wall at the wing on Line C was not used to resist lateral
loads from the main portion of the house. Even though the interior wall is in line with the
exterior wall and the top plates are probably continuous, the interior portion of the wall was
not considered in the design as shear wall since this portion does not extend to the roof line.
Had the exterior wall been longer or if it had been decided to design the interior wall as
shear wall, tributary areas for this line of resistance would then be as shown on the figure.
The main portion of the roof (and therefore the main portion of the load} would then not
be in contact with the top plates of the wall. In such an instance it would be desirable to
connect the roof truss to the top plate of the wall in the manner shown on Detail 39/4. This
is not to imply that this detail represents the load that would be developed in this particular
strut; it is only used as an example.

Occasionally, when partial second floors are used, an interior wall not entirely under the

floor is included as resistance for the floor. It is usually best to avoid this situation if the
overlap of wall and floor is short but, to maintain the diaphragm ratio requirements, it can-
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not always be avoided. Examples for figuring strut requirements in this instance are con-
tained in the Design Methodology, Section 8.1E.

Struts are frequently used in commercial buildings for conditions other than those de-
scribed above — frequently in connection with short shear walls capable of resisting high
loads. The only situation comparable in residential construction is the interior wall at the
first floor of two-story construction. A diaphragm passing over an interior wall may be
thought of in the same manner as two abutting beams resting on a single post. Thus,
although allowable shear in a floor diaphragm (nailed as specified in this report) is
slightly less than 300 pounds-per-foot, this pertains to load coming from one side of
the shear wall only. The shear in the wall could therefore be as high as 600 Ib/ft with-
out necessarily overstressing the diaphragm — provided one half the load came from each
side of the shear wall. The nailing of the diaphragm to the blocking or joist over the shear
wall would be overstressed, however, as would the toe-nailing or framing anchors to the top
plate. To avoid the use of struts when shear in an interior wall exceeds 3001b/ft, the follow-
ing recommendations are made:

Detail 5A/4 — Nail sheathing to blocking with 10d nails @ 3'' o.c. and connect blocking

to top plate with framing anchors at 2’-0"" o.c. in seismic Zone 2 and 12" o.c. in seismic
Zone 3.

Detail 5B/4 and 5D/4 — The joist will act as a strut. Connect to top plates as above.

Detail 5C/4 — Nail sheathing to top plates with 10d @ 3"’ o.c. When the top plates of
the wall are longer than the shear panel because of an adjacent door or other opening,
these plates will act as a strut. The shear-per-foot to the plates, considering their total
length, should therefore be calculated in order to determine whether the above recom-
mendations need be followed.

Chords

Chords, like roof diaphragms, were rarely observed to suffer any damage in the San Fer-
nando quake. Because of the large number of interior walls in a house, the walls in any giv-
en direction cut the span of the chords down to the point where two 2 x 4 top plates, prop-
erly spliced and nailed, are adequate for virtually any condition. For this reason, Detail
22/4 is shown with a minimum length between splices of 8°-0. This dimension is not nearly
as critical as the nine 16d nails between splices. It should be remembered that the chords
also act as struts and for this reason the minimum nailing should be adhered to from one end
of the chords to the other. For bending alone, the chord would need only its maximum
nailing near the center of the distance between perpendicular walls.

Wood Framing

Cutting and notching

Because each individual stud is required to act as a beam during seismic disturbances, the
indiscriminate cutting and notching of such members is highly inadvisable. Restrictions on
these procedures are spelled out in detail in the Design Methodology.
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Cripple walls

In some instances short stud walls are provided below the first floor wood framing of resi-
dences. This condition is indicated in the top elevation of Figure 2.31. This type of con-
struction could also be achieved by extending the foundation wall up to the bottom of the
wood floor framing. |f wood stud cripple walls are used below the floor framing instead, it
is imperative that shear-resisting material extending down to the mudsill be attached to these
walls. Because walls of this sort are usually solid in houses with no basements, it is not nec-
essary that the wall be ""designed’’ so long as the shear-resisting material is continuous. In
some instances masonry veneer is used, particularly at the front of houses such as the one re-
ferred to above. It is in such instances that there is a tendency to ignore the requirement for
shear-resisting materials. This proved to be a fatal error in a number of homes that suffered
severe damage in the San Fernando earthquake (see Chapter {—-2). When cripple walls occur
as the upper portion of knee wall construction (see Knee Walls), the wood frame portion of
the walls frequently contains window openings. In this case the basement is either devel-
oped, or designed to be developed, for future living space, and the walls should be designed
as if they were the first floor walls of two-story construction.

Let-in braces

Diagonal 1 x 4 or 1 x 6 let-in braces are frequently used to brace construction before fin-
ish materials are applied. While they serve that purpose well, they are of little value in resist-
ing lateral load and have hence been given no credit for seismic or wind resistance in this
publication. Due to knots in the lumber, buckling of the brace, and/or failure of the nails at
either the base or the top, these braces tend to give more of a false sense of security than
they do actual resistance.

Knee wall construction

This type of construction, known by different names in various parts of the country, is
shown on Detail 18/4. Frequently the knee wall does not extend around all four sides of the
residence due to sloping grades. As long as the shear-resisting material is extended down to
the sill plate at the top of the masonry or concrete wall, or to the top of the foundation on
the sides where such wall does not exist, proper lateral resistance will be provided. In most
cases any wall which will function properly as a retaining wall will also function in a stable
manner during an earthquake. No special requirements are therefore set forth for the retain-
ing wall itself since the construction requirements for such walls vary considerably from
place to place. Although the wall is shown with no reinforcing and with an ordinary footing
rather than a retaining wall footing, this and other similar details should not be interpreted
as an endorsement of the kind of construction shown. Requirements of local building codes
should, of course, be met in the construction of the masonry or concrete portion of the
knee wall.

Basements

The same comments made with regard to the retaining wall portion of knee wall construc-
tion apply to basement walls as well. Basements usually extend, however, up to the first
floor framing. Detail 16/4 indicates various methods of construction for these walls. The
connection to the floor framing system is adequate to provide horizontal support at the top
of the wall for minimal retaining wall action (30 pound equivalent fluid pressure) as well as
for lateral load provided the vertical dimension between the basement floor and the top of
exterior earth does not exceed 7'-6".
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Foundations

For the purposes of this discussion two types of foundations are described. Stem-wall
footings are shown on Detail 14/4 and consist of the footing, which should always be of
concrete, and the footing wall which may be of concrete or masonry. Simple or trench type
continuous footings are as shown on Detail 15/4 and are normally used under slabs on grade.

No requirements vary more from one location to another than those for foundations.
The footings shown herein are fairly typical in many locations but are not intended to repre-
sent any of the variable conditions that apply to local areas, such as depth to frost line,
water table, softness of soil which requires piles for support, etc. The footings as shown are
to be considered minimal to meet seismic requirements only. For stem wall footings it is as-
sumed that the stem wall is a minimum of 6'' thick for one-story construction and 8" thick
for two-story construction. The footings are assumed to be a minimum of 6’ deep and 12"
wide for one-story and 8'' deep and 16" wide for two-story construction, and to be 12"*
minimum below undisturbed natural ground for one story, and 18" for two stories. All
footings supporting wood framing are assumed to extend 6’ above finished grade. Allow-
able soil bearing is asumed to be 1,000 psf. As indicated above, no footings are required un-
der interior non-bearing shear walls, but either Detail 19/4 or 20/4 must be used for these
walls at slab on grade floors.

Grade beams

The grade beams required to be used in conjunction with hold-down anchors are assumed
to be poured monolithically. No construction joints should occur in their length.

It is acceptable, although not desirable, that a construction joint be placed at the end of
the grade beam. It is much better practice to continue the footing for some distance beyond
the grade beam in order to provide additional safety.

If the stem wall footing as shown on Detail 32B/4 or 33B/4 is used it is necessary that the
same cross-sectional area be developed as is provided in the more normal grade beam cross-
sections. This is necessary to provide the weight required to resist the hold-down. In achiev-
ing this cross-sectional area it may be desirable to deepen the footing. The previous chapter
shows how to reduce the amount of reinforcing in the grade beam when this is done.

Slabs on grade

Floor slabs on grade provide frictional resistance during earthquake movements, and are
utilized along with the footings to transfer the load developed in the structure back to the
earth. For this reason it is best from a seismic viewpoint if slabs on grade are poured mono-
lithically. Contro! joints are necessary for other reasons, however, and should be placed in
the slabs as described by the MPS or local standards.

One of the principal problems created by earth motion, insofar as slabs on grade are con-
cerned, is the movement of the slab away from the footing. This is particularly true when a
plastic waterproof membrane is run continuously between the footing and the slab on grade.
It is necessary to obtain a positive tie between the footing and the slab in order to prevent
this type of damage. Any of the three details shown as Detail 15/4 will assist in rectifying
this situation and one of the three must be used in Zone 3.
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Prevention of footing cracks

It is fairly normal practice in house construction to extend pipes through the footings in a
somewhat indiscriminate manner. Cracking due to either settlement or earth motion can be
minimized by separating such pipes so that there is a minimum of 6'* of concrete between
them, by placing them at or near the center of the height of the footing, and by placing
them through sleeves. Better still, of course, is to locate these pipes crossing below the bot-
tom of the footing — through a sleeve and encased in concrete. Because of the critical na-
ture of grade beams, it is essential that care be taken in placing pipes through such beams.
Since normal footings are frequently unreinforced, they have a greater tendency to crack
and the requirements for care in this condition are less critical seismically but more apt to
occur. Therefore, both conditions described should be given careful thought by the design-
er, builder and inspector.

Garages

When the wall containing the garage door is not in line with, or near a line of resistance of
the house, the wall on either side of the garage door must be counted upon to resist its share
of the load. Since the walls are frequently very narrow, special garage front wall details are
provided for both one- and two-story construction. The one-story garage detail is not only
required for attached garages, but must be used for detached garages as well. When 4'-0"" or
more of wall is present on one side of the garage door or the other, the wall should be de-
signed in lieu of the special detail. Where the special detail is used, it should be provided on
both sides of the garage docr. The one-story garage detail was designed using a garage 20°-0"
in width and 25"-0"" in depth with a 6 in 12 roof slope. Zone 3 seismic load and 15psf wind
load were assumed. Roofing was assumed to be Spanish tile and all walls were assumed to
be veneered with 4’ masonry. Despite these very conservative assumptions in determining
seismic load, wind load was found to govern because of the steepness of the roof. A 4in 12
pitch ro. f would allow the detail to sustain a wind load of 18.4 pounds-per-foot and a 3 in
12 pitch, a load of 20.8 pounds-per-square-foot. Since the garage is assumed larger than nor-
mal, the detail is assumed to be sufficient for virtually any garage in Zone 3 or wind zones
requiring loads up to 20 psf. The Detail is restricted to the support of garage load alone and
because it is conservative, may be considered as acting in lieu of a shear wall; i.e., capable of
supporting the garage load tributary to it.

The two-story garage detail is somewhat less conservative. Model C is assumed as a typical
condition, and in this case seismic load was found to govern for Zone 3. In Zone 2 a 15psf
wind load was used. The above information will allow the designer to determine if the spe-
cial garage front wall detail is applicable to his particular area. Unlike the one-story condi-
tion, this detail is primarily intended to restrict rotation of the second floor diaphragm. Al-
though shear resistance is provided, the amount of load the construction will actually resist
will be dependent on the length of the garage wall opposite the doors and the rigidity of the
second floor diaphragm. For these reasons, the area normally tributable to this detail must
be assigned to the rear wall of the garage in order to assure that all loads are adequately re-
sisted.

These designs are not intended to imply resistance to wind uplift or other such forces.

Masonry

The masonry wall elevations shown on Details 51/4 and 52/4 indicate the required rein-
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forcing for 8" nominal thickness, fully reinforced masonry walls and partially reinforced ma-
sonry walls respectively. Their attendant sections indicate the placement of this reinforcing.
The partial reinforcing is deemed adequate to resist seismic load in Zone 2, but should be
used only where local offices find it acceptable for the prevailing conditions in that area.
While some areas of the country allow 6’' concrete block construetion, no charts or reinforc-
ing steel details are presented for this type of construction sinde it is relatively uncommon.
Similar details can be provided for this condition by local engineers. Details 53/4 through
57/4 indicate the ties required at the top of masonry walls to foor or floor framing. These
ties are adequate for loads parallel to the wall in virtually all conditions and for loads per-
pendicular to the wall for walls up to 8'-8" in height (when measured above the first floor
line). When walls are higher than this or when the distance from the floor line to the footing
exceeds 4'-0"! an engineer should be consulted.

Tttt
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CHAPTER I1-7 NON-STRUCTURAL ITEMS

If adequate shear walls are provided at all locations in a given residence, the types of mo-
tion causing significant damage to most non-structural items should be considerably re-
duced. In providing proper shear walls, the designer has therefore automatically reduced
damage to many other materials as well. Nevertheless, some non-structural items can and do
cause problems in earthquakes irrespective of the performance of shear walls. This chapter
discusses those items most frequently damaged together with the corrective action to be
taken.

Glazing

Reduction in extent of motion should normally prevent serious damage to window and
door frames. Glass breakage cannot be entirely prevented but several things can be done to
understand and attempt to prevent this type of damage. In houses utilizing shear-resisting
materials other than plywood, much damage can be avoided by allowing at least 1/8" clear-
ance between the jamb and the edge of the glass on each side of each pane. This type of in-
stallation is presently not uncommon and therefore costs nothing other than the designer’s
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time to specify this clearance. When hold-down anchors or plywood sheathing are used,
however, the deformation in shear walls is apt to exceed 1/8’. The angle type hold-downs
are subject to slippage of the bolts, with the result that as much as 1/8'' deformation in a
4’-0"" wide panel, 1/16"" in 8’-0"" wide, etc. can be caused by this alone. This would be in ad-
dition to the normal deformation of the shear material itself. When 3/8'' or thicker ply-
wood is used, deformations of more than 1/8” are to be expected if the shear resisting mate-
rial is subjected to its full load capacity. If a 4’-0”" wide plywood shear panel were used,
glass placed in the same line of resistance could theoretically require 1/4"" clearance for the
plywood deformation plus 1/8" for the hold-down anchor for a total of 3/8" It is not al-
ways practical to achieve this much clearance at each window jamb and each individual case
must be considered separately to determine its practicality. Items to be reviewed in making
‘this determination would include the hazards involved, frequency of earthquakes (relatively
high in Zone 3, and lower in Zone 2), expected maximum intensity of earthquakes in a given
locale, any additional cost of the type of glass installation proposed, and the predicted glass
replacement cost should the detail not be utilized. For these reasons the 1/8" clearance at
jambs is required but larger clearances are left to the discretion of the designer. For other
reasons, requirements for glass clearances are set forth in the MPS (Section 608-5) and re-
commended clearances are tabulated in the MAP (same section).

Damage to Cabinets and Bookshelves

Damage to kitchen cabinets is of two types — damage to the cabinets themselves and dam-
age to the contents caused by either the cabinet attachment failing or the doors opening.
While cabinets torn loose by earthquake forces can usually be re-hung at a cost which is not
prohibitive, the additional cost to install the cabinets with screws instead of nails is also
quite slight. Some installers, in fact, already use a method similar to that shown on Detail
50/4. For the cabinet itself, damage to contents can only be prevented by requiring positive
locking devices on the doors. These devices are recommended; particularly for cabinets
above the work counter level. While the cost of this type of device is somewhat greater than
the systems presently used, the protection offered the homeowner is not only protection of
the contents but also reduction of the danger of injury when these cabinets open and the
contents fly through the room. These considerations make the cost of these devices seem
minimal. Designers and contractors are encouraged to consider positive locking devices for
all cabinet doors. Bookshelves and other full-height cabinets should be fastened in the same
manner as kitchen cabinets detailed.

Fireplaces

Details 47/4 and 48/4 and the Design Requirements thoroughly spell out the methods for
reinforcement and the requirements for tying masonry and other fireplaces to the structure.
Heavy masonry fireplaces are basically incompatible with wood frame structures and it is
therefore imperative that the strap ties be installed correctly and be attached to the framing.
It is also essential that the designer be aware of the heavy load thrown into the structure by
masonry fireplaces and that this load properly be accounted for in the design of shear walls.

Stone or other veneer attached to fireplaces creates additional problems, not only by in-

creasing substantially the weight of the fireplace, but also by its propensity to separate from
the firebox and/or chimney and fall during heavy seismic disturbarices.
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Because of the heavy loads involved, the strap ties are in all but one case bolted to tie
members which extend a considerable distance into the structure in order to spread the load3
through the ceiling or floor. In the case of floor ties where the floor joists are perpendicular
to the strap, the strap is shown as nailed to the blocking between the floor joists. Two 16d
nails per block should be considered the minimum nailing required, as shown on Detail 48/4.
Straps of this nature, when attached to the bottom of the joists, frequently cause the block-
ing to rotate out from between the joists when the strap is subjected to heavy tensile loads.
For this reason, framing anchors are required to be applied at the end of each block if the
strap is attached beneath the blocking. !f the strap were not installed at the center height
the holes for the strap would need to be drilled in a portion of the floor joists such that they
would be weakened. For this reason, the only choice other than installing the strap as
shown is to install it on the bottom of the blocking. When floor joists are paraliel with the
strap, the strap should be connected to a floor joist with two half-inch bolts per strap.

Veneer

Masonry or stone veneer creates a considerable problem in earthquake areas. The ties re-
quired by the Design Methodology are somewhat heavier than the requirements were in ma-
jor earthquake areas during the time of the San Fernando earthquake. When masonry ve-
neer separates from its supporting members, the resulting pieces can become dangerous mis-
siles to anyone within a short distance of the veneered walls. While masonry or stone veneer
is beneficial both for appearance and ease of maintenance, previous chapters indicate that it
does add substantially to earthquake load. In some cases additional shear material or hold-
down anchors will be required because of these additional loads.

The two principal differences between previous practice and the requirements as set forth
herein are that ties are required at somewhat closer spacing than many areas of the country
presently require, and that an air space between the backing and tied veneer is not allowed.
This space must be poured solid with grout.

Mechanical Equipment

Water heaters

Gas-operated water heaters and furnaces can prove to be extremely dangerous during
earthquakes since broken couplings create an immediate fire hazard. Many major earth-
quakes are accompanied by fires caused by failures of this sort. Figure 49/4 indicates a sug-
gested method of attachment of most styles of water heaters to the wall structure. Al
though no such prefabricated angle tie presently exists, it is to be hoped that the commercial
market will quickly fulfill this need. Similar ties can be fabricated to order for a given instal-
lation, although contractors might find it cheaper to have these ties fabricated from 2-1/2 x
2-1/2 x 3/16 angles. These ties are required whether flexible or rigid couplings are used at
the top of the heater. It would seem that rigid connections would serve to supplant the an-
gles shown. Experience has indicated this not to be the case since the water pipes are rather
loosely attached in the wall and do not offer the water heater the type of support needed.

Heater legs also frequently crumple and therefore it is necessary to provide some anchor-
ing at the base to prevent the heater from starting to move. While the particular detail
shown need not be used, an equivalent method of tying must be provided for all water heat-
er installations when the heater is higher than the least dimension (or diameter) of the base.
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Floor furnaces

Furnaces usually have a low center of gravity, since the blower and burner units are nor-
mally mounted near the base of the unit. For this reason their propensity to overturn is less
than water heaters. A positive tie should be affected between the furnace and its base, how-
ever, in order to keep the furnace from sliding. For furnaces with higher centers of gravity,
ties should also be installed near the top. These ties can be created by fastening plumber’s
tape to the walls and wrapping it around the furnace or in a manner similar to that shown
for water heaters.

Roof coolers

Evaporative coolers used in dry, arid regions present a greater problem than furnaces since
the center of gravity of the equipment is only slightly below the center of its height. Clips
or other mechanical fastenings must be used to connect the cooler to its base. The base it-
self should be anchored mechanically to the roof.

Gas shut-off valves

These valves must be provided for each home and should be labeled and located such that
they are easily accessible to the homeowner.

Tttt t
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PART lIl SEISMIC DESIGN METHODOLOGY

SECTION 1: METHODOLOGY AND DEFINITIONS

1.1 Methodology

A.

The methodology reflected by the criteria presented in Part 111 is intended to pro-
vide seismic designs for one- and two-family, one- and two-story dwellings similar
to designs that would be developed using a rational engineering analysis. Nothing
in these criteria shall be interpreted as prohibiting the use of an engineered design.

All allowable shears and other allowable loads specified in this report are for seis-
mic or wind loads only and should not be interpreted as being applicable to either
vertical or other horizontal forces acting alone.

Wind and earthquake {oads need not be assumed to act simultaneously.
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1.2 Definitions

Definitions presented here describe and discuss terms associated with seismic design
which are not necessarily familiar to readers otherwise conversant with house construc-
tion terminology. The definitions are presented as they apply to subsequent sections
of this report and do not necessarily incorporate the technical differentiations required
for application to larger or more complicated structures. Some of the terms have been
developed for descriptive use in this report only.

Anchor Bolt — Plain bar threaded at one end with 90° bend at the other. Length
measured from end of threads to bend. Used to connect wood or steel to masonry or
concrete.

Back-Span — As used in this report, back-span is associated exclusively with canti-
levered diaphragms and is the distance from the line of resistance directly adjacent to
the cantilever to the parallel line farthest away. To determine the line farthest away,
only lines of resistance occurring in the diaphragm immediately behind the cantilever
are considered. Back-span distance is normally the distance between the exterior walls
in that portion of the diaphragm directly adjacent to the cantilever.

Chord — “"Flanges'’ of a diaphragm when it functions as a beam supporting horizontal
load. Normally the staggered top plates of the exterior walls in wood frame construc-
tion perform this function, as does the uppermost horizontal reinforcing bar in mas-
onry walls.

Combination One- and Two-Story Construction — See Section 2.3D.

Corners (See Figure 3.1)

Exterior Corner: Intersection of

two exterior walls which, when

viewed in plan, has the smaller angle

(usually 90°) inside the house. OUTSIDE

Interior Corner: Intersection of

: . ALLER —~—-~— A
two exterior walls which, when SM v
. . ANGLE -
viewed in plan, has the smaller angle -
{usually 90°) outside the house. - \"\\ /
7
Cripple Stud Wall — Wood stud wall s 2 /‘
less than one full story in height. L,

; INTERIOR

Diaphragms — A wood diaphragm is a EXTERIOR .- CORNER
composite unit consisting of a shear- CORNER

resisting material applied to members

of sufficient size to prevent buckling, IONFTE?)IUOSFI;

plus structural members at its sides
capable of resisting the tension and
compression developed when it acts FIGURE 3.1.  Exterior and interior corners.
as a beam to resist lateral loads. All

floors and roofs must qualify as dia-

phragms. (A wood stud wall is a vertical diaphragm but is called a shear wall.)
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1.2 Diaphragm (Cantilevered) — Second-floor or roof diaphragm overhanging the line of re-
sistance {normally the exterior wall) below it.

Diaphragm Depth — Occasionally used as a synonym for diaphragm length.

Diaphragm (Floor) — All floor diaphragms are assumed to use 1/2"-thick plywood
(minimum) nailed per Table 4.5 as the shear-resisting element. For plywood installa-
tion, or use and installation of other materials, see Section 8.1B. For plywood grades
or other methods of fastening, see Section 6.3C3.

Diaphragm Length — For the direction of loading being considered, the dimension be-
tween the chords of the diaphragm. Normally the dimension between the exterior
walls (as viewed in plan) perpendicular to the width. Diaphragm _ength should not be
confused with shear wall length or the length used for determining tributary area.

Diaphragm Ratio — Ratio of the distance between two adjacent lines of shear resistance
to the least depth of the diaphragm between them (width:depth).

Diaphragm (Roof) — Because of the lack of damage to these elements in earthquakes
coverings such as straight and spaced sheathing are allowed for roof diaphragms despite
the little shear resistance they provide. For restrictions on such usage see Section 8.1A.
Roof diaphragms installed in accordance with Table 4.5 and other Sections as are ap-
plicable to the material used need not be further investigated or designed.

Diaphragm Width — For the direction of loading being considered, the dimension be-
tween lines of resistance parallel to the load. !n cases of more than two such lines, each
section of diaphragm (between lines of resistance) is considered as an independent unit.
Thus, one diaphragm continuous past several lines of resistance will have differing
widths for each segment.

Discontinuous Roof — See Section 2.3B.

End Truss — Truss located directly over the end wall of a gable-roofed house. The truss
isconsidered a part of the shear wall. Shear-resisting materials must be applied to the truss.

Equivalent Seismic Weight — Horizontal design force generated by one square foot of a
single material as it is installed in a structural system. Equivalent Seismic Weights of all
materials in a horizontal structural system are added together to obtain the Unit Load

for that system. Table 3.2 gives Equivalent Seismic Weights for various actual weights.

Force (Seismic Force) — Used synonymously with Seismic Load.

Grade Beam — Continuous footing adequately reinforced to allow sufficient and proper
resistance to the overturning generated in a shear wall located along its length. As used
in this connotation, the soil beneath the grade beam may be fully capable of providing

vertical load support to the building.

Hold-Down Anchor — Mechanical fastening device used to transmit the tension devel-
oped by overturning in a shear wall from the wall to the structure below.

Length — See Diaphragm Length, Shear Wall Length, “Solid”* Wall Length, and Trib-
utary Area Length.
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1.2 Line of Resistance — Line along which one or more shear walls occur. In houses, this
line is normally considered to extend from edge to edge of the diaphragm for which the
shear wall(s) provides resistance. The line may be considered to occur at either edge of
the wall or at the center line of the wall thickness.

Lines Acting Together — Two or more parallel lines of shear resistance so close to each
other that the shear walls along the lines tend to distribute the total horizontal force
applied amongst them as if they were located along a single line.

Loads

Seismic Load: Percentage of the vertical weight of a structure applied to the struc-
ture as a horizontal force in order to approximate statically the dynamic effects of
earthquake motion. Seismic Loads are applied on a level-by-level basis (2nd floor,
roof, etc.) with the total load at each level being proportional to the vertical weight
of that level. As used in this report, the terms “load”” or ""total load” refer to the
horizontal force to a line of resistance (or iines acting together) as well as to indi-
vidual shear panels.

Unit Load: Equivalent seismic force generated by one square foot of a structure at
a single "‘horizontal’’ level. Since walls also generate lateral forces, their effect is
averaged into the Unit Load for each horizontal level of the structure, yielding
Total Unit Load per square foot for that level.

Vertical Load: Portion of weight of a structure acting on an individual structural
element, such as a wall.

Wind Load: Horizontal force applied to a structure as a result of wind blowing
against it. Although acting on external elements only, wind load is apportioned
level-by-level, with subsequent design of various structural elements then being

similar to designs for seismic load.

Multiplying Factor — Multiplier of not less than 1.25 and not exceeding 2.0, used to
increase the tributary width (hence the load) to interior shear walls at the first floor of
two-story houses. The multiplier is used because of the relative stiffness of a small
wood diaphragm compared to the shear walls, and as compensation for both variability
bility in length and relative lengths of the exterior shear walls at each end of the diaphragm.

Nailing of Shear-Resisting Materials — Required fastening for finish materials is indi-
cated in Tables 3.9 and 3.10. For the differing nail spacing at the edges and interior
of sheets of finish material: Boundary Nailing — nailing at the periphery of the dia-
phragm; Edge Nailing — nailing to other edges of the sheets; Field Nailing — fastening
to supports at the interior of sheets.

Overturning — Mechanical principle requiring a shear wall to attempt to rotate about
one end of its base when subjected to horizontal load. Resistance to overturning is
proportional to the vertical load on the wall and the base anchorage of the wall, if any.

Roof Level — Plane or planes created by the roof rafters, frequently not at a constant

elevation. Bottom of the rafters, or where no rafter occurs, bottom of the sheathing
along a given line. Normally the top of the top plate of a stud wall that extends to the
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1.2 roof. Bottom chords of prefabricated roof trusses at the line of truss support only.
Between points of truss support, bottom chords of roof trusses are considered as ceiling
framing, not as part of the roof level. This definition is used primarily to differentiate
between those interior walls that extend to the roof level and those that stop at the
ceiling level. Exterior walls are always considered as extending to the roof level.

Seismic Force — Used synonymously with Seismic Load, see Loads.

Seismic Zones — Designations of geographical areas within which historical evidence
has indicated that the intensity of earthquakes (and their effect upon structures) is
approximately the same. Zone 3 designates areas of maximum expected intensity and
requires that structures be designed for the greatest horizontal accelerations. Zone 2
uses one half the equivalent static force of Zone 3, and Zone 1 uses one fourth.

Shear

Shear-per-foot: Total shear at the boundary of a diaphragm, vertical or horizontal,
divided by the length of the diaphragm. The methodology of this report requires
shear-per-foot to be determined only for wood stud shear walls.

Total Shear: As used in this report, Tota! Shear is synonymous with the total load
for a vertical or horizontal diaphragm at a line of resistance, lines acting together,

or a single shear panel. Example: [f 4000 Ibs is the total load to a line of resistance
consisting of four 5'-0"" shear panels, Total Shear to the line is 4000 |bs and the Total
Shear in any one panel is 4000/4 = 1000 lbs. Technicaily, Total Shear within a hori-
zontal diaphragm is only that portion of the load developed to one side of the line of
resistance. 1f the 4000-Ib load to an interior line of resistance were divided with
2500 Ibs coming from tributary area to the right of the line and 1500 Ibs from trib-
utary area to the left, the maximum Total Shear within the diaphragm would be 2500
|bs; Total Shear to the line would still be 4000 Ibs.

Shear Transfer: Interconnection of materials, usually by mechanical means, for the
purpose of transferring shear load from one material to another.

Shear Wall: Length of wall connected to a horizontal diaphragm to provide seismic
resistance for the horizontal diaphragm and transfer its load to the ground or to the
story below. Shear walls may be constructed of wood studs {developed as a vertical
diaphragm), masonry, concrete or any other material capable of so functioning.

Shear Wall Height: Distance or average distance from the bottom of the sole plate
to the top of the top plates of a shear panel, normally within a single story.

Shear Wall Length: Longitudinal dimension of a shear panel as viewed in plan.
Overall or total length (as referred to on Calc Forms 8 and 9) is the total of the
lengths of all shear panels along a line of resistance or lines acting together.

Shear Wall Width: Same as Shear Wall Length. Width is usually used when the shear
panel is visualized in elevation; length is associated with plan view. Secondarily,
width is used to describe the thickness of the wall as viewed in plan.

Sill Bolts — Anchor bolts installed in a foundation or foundation wall to connect a
wood sill plate used as the base for wood frame construction.
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1.2 Sill Plate — Wood member, connected to the foundation or a concrete or masonry wall,
that serves as a base for wood frame construction. The sill plate may be a mudsill upon
which first floor joists rest, the sole plate of a wood stud wall or the plate at the top of
a one-story masonry wall to which the second floor joists are fastened.

Sole Plate — Horizontal wood member, forming the base of a wood stud wall unit,
fastened to either the wood floor framing below or to the foundation.

“Solid" Wall — For purposes of considering overturning resistance, a wall or section of
wall including one or more shear panels and one or more openings which, because it meets
conditions set forth in Section 6.4A, may be treated as if the openings did not exist.

“Solid* Wall Length — Length of ““solid’’ wall used for determining overturning resistance.
Split-Entry Construction — See Section 2.3C.
Split-Level Construction — See Section 2.3A1.

Strut — Device for collecting load from a diaphragm and transferring it, through tension
or compression, to a shear wall. Strut action isusually provided in residences by the con-
tinuous top plates of wood stud walls or the reinforced lintels of masonry.walls. Other
struts are rarely required but, when used, usually consist of rafters or floor joists, or block-
ing between them, interconnected with a steel strap to provide tensile resistance. For the
latter types of struts to be effective, adequate connections must be made to the top
plates of the wall line containing the shear-resisting panel(s).

Tributary Area — Area of a roof or floor that contributes load to a line of resistance, a
single line or lines acting together. All area, including overhangs, is considered, as are
all loads developed within the area from ceilings, interior and exterior walls, etc., and
special loads such as from masonry fireplaces.

Tributary Area (Length): Dimension parallel with the direction of load being con-
sidered. Unlike Diaphragm Length, this dimension represents the total dimension
perpendicular to width of the area (including overhangs) contributing load.

Tributary Area (Width): For the direction of load being considered, dimension of
the tributary area perpendicular to the direction of load (as viewed in plan). For
exterior walls — generally one half the distance to the next adjacent parallel shear
wall plus the full dimension of any overhang. For interior walls — one half the full
distance between the next adjacent parallel shear walls to either side. Special cases
can occur with houses of irregular plan, but the area determined should always rep-
resent the true area using the general rules herein. See also Multiplying Factor.
(Detailed description of determining tributary widths in Section 3.3.)

Tributary Vertical Load: Vertical load supported by a single structural element.
Vertical load to shear walls, for instance, may be made up of load from the roof,
ceilings and second floor as well as the weight of the wall itself. (Detailed descrip-
tion of determining tributary vertical load to shear walls in Section 6.4B.)

Tri-Level Construction — See Section 2.3A1b.

Weight — As used in this report, solely the weight-per-square-foot of a material or
structural system comprised of a group of materials. Structural components such as
wall framing or floor joists are noted in terms of their weight-per-square-foot within the
system rather than by actual weight. A 2 x 8 may weigh 2.5 ibs/ft but if it is 2'-0'" o.c.
its weight (as far as this report is concerned) is 1.25 psf.
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SECTION 2: DETERMINATION OF SHEAR WALL LOCATIONS

2.1 One-Story Construction
A. Requirements for Shear Walls

1. Wall panels that extend continuously from the floor level to the roof level shall
be considered as shear walls provided they have a minimum length of 4’-0”" and
meet the height-to-width ratio requirements for the shear-resisting material
used. Interior walls stopping at the ceiling level shall not be considered as shear
walls unless struts are provided.

a. The height-to-width ratio of shear panels using any approved shear-resisting
material other than plywood shall not exceed 2:1.

b. The height-to-width ratio of shear panels using plywood sheathing shall not
exceed 3.5:1.

Exception: Garage walls adjacent to garage doors may be considered as shear
walls when they are constructed as shown on Detail 45/4 provided the only
seismic force transmitted to those walls is from the garage itself.

2. An approved shear-resisting material as specified in Section 6.3C shall extend
the full height of the wall on at least one side of all walls used as shear walis.

3. Holes not wider than 2'-0"" nor taller than 3'-0"" may be placed in shear walls
for the provision of utility boxes, medicine chests, etc. When the hole does not
extend through the wall and does not interrupt the shear-resisting material, the
hole may be ignored.

When the hole occurs on the same side and, therefore, interrupts the shear-
resisting material, the length of the wall minus the width of the hole shall be
not less than 3'-0".  For purposes of determining shear resistance, the effective
fength of the shear wall shall be the length of the wall minus the width of the
hole. Holes shall not be placed within 16 inches of the vertical edges of the
shear panel and shall not interrupt the sill plate, sole plate or the top plate of
the wall. The height-to-width ratio of the wall adjacent to the opening shall be
determined by dividing the height of the opening by the least width to either
side of the opening. This ratio shall not exceed the requirements of Section
2.1A1.

B. Location of Shear Walls

1. Exterior Walls. Effective shear walls shall be located along all lines of exterior
walls. Where no qualifying wall exists along an exterior wall, a cantilevered
diaphragm having other shear wall support as defined by this Section must be
provided. Each single line of exterior wall shall meet this requirement. Section
3.2 shall not be interpreted as applying to the required location of shear walls.
Shear walls shall be placed at least every 25 feet along the length of each ex-
terior line of resistance and, where design permits, be located at or near each
exterior and interior corner.
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2.1B 2. Interior Walls. All interior walls extending to the roof level that conform to
Section 2.1A shall be designed as shear walls. Interior walls required to be con-
sidered as shear walls normally include but are not necessarily limited to:

a. Attached garage fire walls.
b. All walls enclosing spaces having cathedral ceilings or exposed roof framing.

c. Walls common to two adjacent spaces having different roof elevations, such
as the interior wall common to the two levels of a split-level house.

Exception: Houses with exposed roof framing in several adioining rooms,
houses with flat roofs and houses with other similar conditions having many
interior walls extending to the roof level need not have every interior wall de-
signed as a shear wall provided the diaphragm ratio between any adjacent lines
of resistance does not exceed 1.5:1. Determination of interior shear walls re-
quired for these conditions shall be in accordance with Section 2.2B2b. This
exception does not apply to walls common to attached garages or carports or
to walls having different types of roof sheathing on each side.

3. Cantilevers. Cantilevered diaphragms shall not cantilever more than half the
distance of the back-span. Back-span shall be measured as the distance from
the line of resistance from which the cantilever is measured to the farthest par-
allel line of resistance directly behind the cantilever. A diaphragm shall not be
considered as cantilevered if a wall otherwise eligible as a shear wall occurs un-
der the cantilever portion of the diaphragm.

2.2 Two-Story Construction

A. Requirements for Shear Walls

1. Second Story. The requirements stipulated in Section 2.1 shall apply to all
shear walls extending from the second floor to the roof of two-story construc-
tion. The floor level referred to in Section 2.1A shall be considered to be the
second floor for the purposes of this section.

Second-story shear walls shall be connected to the second floor diaphragm as
indicated by Table 4.5, Nailing Schedule, for the appropriate Seismic Zone.

2. First Story. Shear walls extending from the first to the second floor of two-
story construction shall meet the requirements of Section 2.1A with the Ex-
ception deleted.

Exception: Garage walls adjacent to garage doors may be used in lieu of shear
walls when they are constructed as shown on Detail 46/4 subject to the follow-
ing provisions:

a. The only seismic force transmitted to these walls is from the garage and
the structure immediately above. The second floor may be cantilevered
4'-0"" maximum beyond the garage door or beyond a side wall, however.

b. The detail shall be considered as providing resistance to rotation of the
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TABLE 3.1

DETERMINATION OF REQUIRED USE OF INTERIOR WALLS
AS SHEAR WALLS*

If the diaphragm ratio Potential line(s) of resistance need not be considered if

between the nearest lines ratio of total effective wall length on the line(s) to
of resistance on each side shortest total effective length on line(s) to either adja-
does not exceed: cent side does not exceed:
1/2 : 1 0.90
3/4 : 1 0.85
1:1 0.80
1-1/2:1 0.75

* Must be used at 1st story of two-story houses (Section 2.2B2b).
May be used with one-story construction (Section 2.1B2).

EXAMPLE '
1]
X 3'-0
I .
DETERMINE IF - =OT H
210" LONG WALL . _ 9 — - . |
@ o - | : (Vo S T\
MUST BE DESIGNED : T o -'(:3' o b :
- - N b = - I
AS A SHEAR WALL o P t '—“J o !
oy . - 1
T f ~
S ;
o - e -
Shortest adjacent wall length = 27’-0”
21 _ 0.778
27
. . X
Diaphragm ratio = —
X = 45*: Diaphragm ratio greater than 1-1/2:1. Wall must be used.
X = 30"to 45": Diaphragm ratio greater than 1:1. 0.778 is greater than
0.75. Wall must be designed.
X = 30 or less: 0.778 is less than 0.80. Wall need not be considered.
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2.2A2b diaphragm and not as a shear wall per se. One or more interior walls shall
be used as shear walls in conjunction with this detail with tributary areas
to the interior and rear walls determined as specified in Section 3.3B4.

B. Location of Shear Walls

1. Second Floor. The requirements of Section 2.1B shall apply to the determina-
tion of |locations of shear walls extending from the second floor to the roof of
two-story houses.

2. First Floor. In all cases of two-story construction the second floor diaphragm
shall have a diaphragm ratio not exceeding 1.5:1. Interior shear walls shall be
provided as necessary to satisfy this requirement.

The following additional requirements shall be met in locating shear walls at the
first-story level of two-story construction.

a. Exterior Walls. Shear walls shall be provided such that at least 20% of the
length of each exterior wall is shear wall except where a cantilevered dia-
phragm is provided. Each single line of exterior wall as well as walls sup-
porting a cantilevered diaphragm shall meet this requirement. Section 3.2
shall not be interpreted as applying to the required location of shear walls.

Where design permits, shear walls shall be located at or near all exterior and
interior corners.

b. Interior Walls. Interior walls shall be designed as shear walls whenever the
effective length of the wall or the total effective length along a line or lines
of potential shear resistance {see Section 3.3B2) exceeds the ratio given in
Table 3.1. The ratio shall be determined by dividing the total effective
length of interior wall along a potential line or lines of shear resistance by
the shortest total effective length of shear wall to either side of the wall(s)
under consideration.

c. Diaphragm Openings. A shear wall shall be provided under at least one of
the tongitudinal edges of openings in the second-floor diaphragm (for stair-
wells, etc.) when such opening decreases the effective length of the dia-
phragm by more than 50%.

3. Cantilevers. Cantilevered diaphragms shall not cantilever more than half the
distance of the back-span. Back-span shall be measured as the distance from
the line of resistance from which the cantilever is measured to the farthest par-
allel line of resistance directly behind the cantitever. A diaphragm shall not be
considered as cantilevered if a wall otherwise eligible as a shear wall occurs un-
der the “cantilever”’ portion of the diaphragm.

For two-story construction other than simple, conventional two-story construction,
the location of shear walls shall be as required by Section 2.3.
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2.3 Split-Level, Discontinuous Roof, Split-Entry and
Combination One- and Two-Story Construction

A. Split-Level Construction
1. Definitions.

a. Single-Story Split-Level: Single-story residence having two or more floor
levels separated vertically by 2°-6" or more. Roof need not be discontinuous.

Exception: Depressed floors within a room or other designs that do not re-
quire shear wall heights to vary by more than 2°-6"" may be considered as
standard one-story construction.

b. Tri-Level: Combination one- and two-story residence with the floor level of
the one-story portion at an elevation between the first and second floor ele-
vations of the two-story portion.

2. Location of Shear Walls. Shear walls shall be located in each portion of split-
level houses in accordance with the applicable sections: 2.1B for one-story
portions, 2.2B for two-story portions. Each portion shall have shear walls so
placed that each separate diaphragm receives the lateral support required by
other sections of these requirements.

B. Discontinuous Roof Construction

1. Definition. Residence having two or more roofs separated vertically at the point
they appear to adjoin {plan view), such that the roof sheathing is discontinuous.

2. Location of Shear Walls. Shear walls shall be located in houses with discontin-
uous roofs in accordance with the applicable sections: 2.1B for one-story por-
tions, 2.2B for two-story portions. Each portion shall have shear walls so placed
that each separate diaphragm receives the lateral support required by other sec-
tions of these requirements.

C. Split-Entry Construction

1. Definition. Two-story residence with entryway located at approximately mid-
height between first and second floors.

2. Location of Shear Walls. Shear wall shall be provided between the first and sec-
ond floors on at least one side of the entry. The sides of the entry are defined
as those edges perpendicular to the exterior wall through which entrance is made.

D. Combination One-and Two-Story Construction

1. Definition. Partial one- and partial two-story house with first floor of each por-
tion at same elevation. Tops of one-story and first-story walls at same elevation.

2. Location of Shear Walls. Combination one- and two-story houses shall either have
a wall common to the two portions where they adjoin, or shall provide aline of
shear resistance in the first story of the two-story portion such that the second
floor diaphragm can cantilever to the line of joining. Such cantilevers shall be
limited to 8’ from line of resistance to line of joining. When an exterior wall of a
combination house is in a single plane and the top plates are in a straight line
{continuous), the shear wall for both portions may be located in either portion.
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SECTION 3: TRIBUTARY AREAS

3.1

3.2

3.3

Guidelines
The general guidelines set forth in this section assume the following:

A. The floor plan used is the plan for the floor for which shear walls are to be de-
signed (second floor plan for second floor shear walls, etc.).

B.  Each direction of load shall be considered separately. Walls not parallel {or ap-
proximately parallel) to the direction of load under consideration shall not be
included in interpreting these guidelines.

C. The width of the tributary area is the dimension perpendicular to the shear wall
as viewed in plan. The length of the area is the dimension parallel to the line of
shear resistance as viewed in plan. ’

Lines of Resistance Acting Together

A. Two lines of shear resistance 6" or less apart (measured perpendicular to the lines
in plan view) shall be assumed to be acting together.

B. Two lines of shear resistance more than 6’ but not more than 9 apart (perpendicu-
larly) may be assumed to be acting together provided the distance to the nearest par-
allel line of resistance to either side is at least 1-1/2 times the distance between them.

Exception: Where the diaphragm changes its length between the shear walls such
that the shortest length of diaphragm is less than 2/3 the longest length, the walls
shall not be considered as acting together.

C. Three or more lines of shear resistance with a distance between the outermost
lines of 9" or less shall be assumed to be acting together.

Exception: When the diaphragm changes its length (as defined in the Exception
above) between such parallel lines of resistance, walls to either side of the change
in length of the diaphragm shall not be considered as acting together.

D. When walls not required to be used as shear walls under Section 2.2B2b are never-
theless utilized, they shall meet the requirements of this section.
Calculating Tributary Widths and Lengths

Deflections of shear walls in the plane of the wall may be approximated as proportional
to shear-per-foot. No formulation of this principle is provided, but judgmental deci-
sions on the apportioning of load for cases not covered by these guidelines should take
this principle into consideration.

A. One-Story Houses and Second Story of Two-Story Houses.

1. The distance between adjacent parallel shear walls shall be divided in half. All
area to the left of the dividing line shall be considered as contributing load to
the left shear wall. Similarly, all area to the right shall be considered as con-
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3.3A tributing load to the right shear wall. Varying depth of diaphragm shall not be
considered as having an effect on width of tributary area.

2. When lines of resistance are assumed to be acting together, each portion of
tributary width shall be figured between the next adjacent line of resistance
and the closest of the lines acting together. Area developed between the lines
acting together shall be considered as contributing load to those lines.

3. Wings.

The line of resistance at a wing of a house that has an interior corner at one
end and an exterior corner at the other need not be considered as a line of re-
sistance for the main body of the house unless:

a. The total effective length of shear wall along the line is more than 3/4 as
fong as the total effective length of wall at the nearest parallel line of re-
sistance for the main body of the house; or,

b. The total effective length of shear wall along the line exceeds 15!
When exceptions a. and b. do not apply, tributary areas to such lines of resist-

ance may be considered to be developed within the wing of the house contig-
uous to the line only.

4. Cantilevered Roof Diaphragms

All cantilevered diaphragm area shall be considered as tributary area to the
outermost line of resistance adjacent to that area.

B.  First Story of Two-Story Houses

1. Tributary width between lines of resistance shall be calculated as indicated in
Section 3.3A1.

2. Lines of resistance assumed to be acting together shall be considered as set
forth in Section 3.3A2.

Potential interior lines of resistance separated more than 3’-0"" on center need
not be considered as acting together in determining whether they need be de-
signed as shear walls per Table 3.1.

3. The width tributary to an interior line of resistance next adjacent to a parallel
exterior line shall be increased using the requirements shown in the following
subsections. In interpreting these requirements, lines acting together shall be
considered as a single line of resistance and unadjusted width shall be deter-
mined in accordance with Section 3.3A2. The only width to be adjusted in

11-13
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3.3B3 the following subsections (3.3B3a through c} is that portion tributary to an in-
terior wall and falling between an interior and exterior wall.

a. Where a single interior [ine of resistance is provided in addition to the lines of
resistance at the parallel exterior walls, the ratio:

— shall first be determined,
where L;

Le = total effective length of shear wall at the parallel exterior wall
having the shortest effective length of shear wall; and,

L; = total effective length of interior shear wall.

When this ratio is greater than 0.30, the tributary width to the interior line
of resistance shall be multiplied by 1.25. Tributary widths to exterior walls
shall not be correspondingly decreased.

When the ratio is less than 0.30, Figure 3.2 shall be used to determine the
multiplying factor required for adjusting the tributary width. See Figure
3.3 for example.

b. When only one interior line of resistance is provided but is made up of lines
acting together, the total tributary width to the interior lines minus the dis-
tance between the lines acting together shall be multiplied as indicated in
subsection a. above. See Figure 3.4 for example.

c. When more than one interior line of resistance (not acting together is pro-
vided, the ration Lg / Lj shall be determined for the first interior parallel line
of resistance adjacent to each exterior line. Lg shall be the total effective
length of shear wall along the exterior wall adjacent to the interior wall being
considered. The 1.25 multiplying factor or the larger multiplying factor indi-
cated in Figure 3.2 shall be applied to the width to the interior wall occur-
ring between the interior and exterior wall only. See Figure 3.5 for example.

When properly utilized, the effect of the above requirements will be to create
tributary widths for interior walls which overlap with the widths to the adjacent
exterior walls.

4. When Detail 46/4 (Special Garage Front Wall Detail) is used, tributary widths
shall be determined as follows:

a. When a single interior line of resistance (or lines acting together} is present,
the width tributary to this line shall be determined by doubling the distance
from the edge of the second floor diaphragm (above or beyond the line of
the garage doors) to the rear wall of the garage.

Note: When the depth of the structure behind the garage is less than the
depth of the garage, the effect of this provision will be to create a width
used for design purposes greater than the depth of the structure.

b. When more than one interior line of resistance is present, tributary width to
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FIGURE 3.5. Example Tributary Width Adjustment for Two Interior Lines of Resistance
— First Floor of Two-Story Construction.

3.3B4bh the rear wall of the garage shall be determined utilizing the assumption that the
second floor diaphragm over the garage is cantilevered from this wall. In addi-
tion to the normal method of determining tributary widths to other interior
lines of resistance, the total width of the structure shall be assigned to all inte-
rior walls as if they were acting together. The load to each individual wall de-
veloped by this requirement shall be compared to the load developed by the
normal requirements and each wall shall be designed for the greater of the loads.

c. The exterior wall at the opposite end of the structure shall have the width
tributary to it determined in the manner specified in Section 3.3B1 without
reference to the special requirements of this subsection.

5. Wings. The requirements of Section 3.3A3 shall apply.

6. Cantilevered Second Floor Diaphragm. The load developed by the tributary
area of the cantilever shall be considered as contributing load to the line of re-
sistance adjacent to the cantilever. When designs incorporate the Special
Garage Front Wall Detail second floor diaphragms may not cantilever more
than 4'-0"” beyond the line on which this detail is used.
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SECTION 4: DETERMINATION OF SEISMIC LOADS

4.1

4.2

The Calc Forms discussed in this section are designed for use in calculating
seismic forces to be resisted by the shear walls in a given residence. Calc
Forms 1 through 5 facilitate a systematic evaluation of the actual weights
and seismic weights of roofs, ceilings, floors and walls on a plan-area square
footage basis. Calc Form 6 summarizes the plan area tributary to each line of
resistance. Calc Form 7 provides a systematic procedure for multiplying the
equivalent seismic weights by the tributary areas to determine the seismic
forces to each line.

The seismic weights to be used on the Calc Forms vary with the seismicity in
a given region. The seismic risk maps given in Figures 3.6 through 3.8 show
hazard zoning for the United States. As noted earlier, these design recom-
mendations apply only to Zone 2 and Zone 3 and, therefore, equivalent seis-
mic weight tables referred to hereafter are developed only for Zone 2 and
Zone 3.

The risk maps and applicable seismic weight tables are at the end of Section 4.

The blank Calc Forms provided may be removed and duplicated or the same
information may be presented in some other format. When another format is
used, however, all information required by the forms applicable to a given
residential design shall be provided.

CALC FORM 1 — Summary of Roof, Ceiling and Wall Weights for Simple
One-Story Residences

This form is to be used in designing one-story houses having a single interior wall finish,
a single roofing type, a single ceiling finish and no more than two types of exterior wall
finish other than veneer. When these conditions apply, Calc Form 1 may be used in
place of Calc Forms 2 and 3 and the information called for shall be determined and set
forth in accordance with the instructions for the appropriate parts of Calc Forms 2 and
3. (Treatment of Snow Loads is covered in Section 4.2C.)

Calc Form 2 — Summary of Roof, Ceiling and Floor Weights (Seismic Unit Loads)
— For Other Than Simple One-Story Residences

This form shall be used for all residential designs (1) having a two-story portion, or
(2) otherwise not conforming to the requirements for use of Calc Form 1.

Use the columns of boxes to provide the required information as follows:

A. Material. ldentify all materials to be used for construction and finishing of the
roof, ceiling and second floor.

B. Actual Weight. List actual weights in pounds per square foot. Weights of the
most common materials and finishes are listed in Table 3.2.

[1—-18




CALC FORM 1

Job Model
ONE-STORY RESIDENCE
ROOF, CEILING AND WALL WEIGHTS — SEISMIC UNIT LOADS
(In Pounds Per Square Foot)
ROOF CEILING
Actual Seismic Actual Seismic
Material Weight Weight Material Weight Weight
Roofing Framing
Sheathing Finish
Framing
TOTAL TOTAL
Unit Load Unit Load
EXTERIOR WALLS INTERIOR WALLS
Actual Actual Actual
Material Weight |[Material Weight Material Weight
Framing Framing
Finish Finish
Finish Finish
TOTAL TOTAL
“CEILING"”
UNIT LOAD
Ceiling
ROOF UNIT LOAD: psf Exterior Walls
Interior Walls
VENEER LOAD: Ib/ft TOTAL psf
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CALC FORM 2

Job Model

ROOF, CEILING AND FLOOR WEIGHTS — SEISMIC UNIT LOADS
{In Pounds Per Square Foot)

Actual Seismic Actual Seismic
ROOF Material Weight Weight Material Weight Weight

Roofing

Sheathing

Framing

TOTAL

CEILING

Framing

Finish

TOTAL

2d FLOOR

Flooring

Sheathing

Framing

Ceiling

TOTAL
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4.28

1. Actual Weight of roof framing shall be considered to be not less than 2.0
pounds per square foot.

2. Actual Weight of ceiling framing shall be considered to be not less than 2.0
pounds per square foot.

Snow Loads

1. Vertical design snow loads of 32 psf and less may be ignored when determining
seismic loads.

2. In areas requiring vertical load designs for snow loads in excess of 32 psf, 25%
of the design snow load shall be added to the actual roof weight. The equiva-
lent seismic unit load for this snow load may be determined from Table 3.3*
Enter these loads on Calc Form 1 or 2 as applicable with the word “Snow’’
directly below the word "’Framing’’ on the section of the form designated for
Unit Roof Loads.

Seismic Weight. List the equivalent seismic weights as shown in Table 3.2. (Equiv-
alent seismic weights for materials not tabulated may be determined from Table
3.3%)

Alternative: Find total of all actual weights for each category and determine
seismic unit load corresponding to total actual weight from Table 3.3* Enter
unit load under Total in seismic weight column.

4.3 Calc Form 3: Summary of Wall Weights and Seismic Unit Loads

— For All But Simple One-Story residences

This form shall be used in conjunction with Calc Form 2. Use columns of the upper
panels of boxes to provide the required information as follows:

A. Material. Designate finish material for each type of exterior and interior wall.

Actual Weight.

1. Actual Weight of wood stud wall framing shall be considered to be not less
than 4.0 pounds per square foot. (Weights of many finishes are listed in
Table 3.2.)

2. Tabulate all weights in pounds-per-square-foot of wall area. These panels
do not reflect the effect of the wall weights on the structure. No equiva-
lent seismic weights are therefore listed.

3. Total actual weight of wood stud walls’ with finishes shall be considered to be
not less than 10.0 pounds per square foot.

* Table 3.3 — Equivalent Seismic Weights — is made up individually for Zone 2 and Zone 3. The table

numbering, 3.3, is the same for both zones. The designer must take care that he is using the table for
the proper zone. This is also true for all other ioad tables (3.2 through 3.8).

 (Designers should remove Tables for redundant zone. )
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4.3B 4. Do not include weight of veneer in wall weight.

C.  Veneer Load. Determine veneer load as follows:
Compute actual weight per square foot of veneer by multiplying its thickness by
its weight per inch of thickness. Brick or stone veneer shall be considered to weigh
10.0 pounds per square foot per inch of thickness. Weights of other veneers shall
be ascertained from manufacturer or supplier.

Determine equivalent seismic weight from Table 3.3.

Calculation of veneer load shall be governed by height of veneer:

1. When veneer height is 2-0" or less above finish first floor, its load may be
neglected.

2. For one-story-high veneer, determine load to roof or second floor per foot of

wall length by the formula: _vh h

2 H

= seismic load per foot of wall length due to veneer
= equivalent seismic weight of veneer

height of veneer above floor line

floor-to-floor or floor-to-roof height

W

where:

w
v
h
H

3. When veneer extends above the second floor line, calculate load from first to
second floor as in (2), considering veneer below the second floor only, and
calculate load to roof by the same method using weight and height of veneer from
the second floor to the roof only. All load developed by veneer above the second
floor that is not taken to the roof must be added to the second floor load. In no
case shall equivalent seismic weight of any veneer above the second floor be ne-
glected.

D. Unit Loads. Tabulate total unit loads contributed by the various elements of the
structure in the bottom panel of boxes in Calc Form 3. Fill in the column head-
ings as appropriate for the residence being designed.

1. Use the first column for total unit roof loads which normally should repeat the
“Total” value calculated for Roof—Seismic on Calc Form 2. |f more than one
roof unit load is calculated, use succeeding columns to designate them.

2. Use remaining columns to designate “ceiling’’ unit loads, second floor unit
loads, etc.

a. List “’Ceiling’" unit load as shown on the appropriate Total line — Seismic of
Calc Form 2.

b. Obtain exterior unit wall loads from Table 3.6 or, when wall heights are
other than 8-0’; from Calc Form 4 or 5 as applicable. When referring to
Table 3.6 use actual weight of wall in pounds per square foot of wall area as
determined in the upper portion of Calc Form 3 or 10 psf when wall weight
is less.
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CALC FORM 3

Job Model

WALL WEIGHTS — SEISMIC UNIT LOAD SUMMARY
(In Pounds Per Square Foot)

Actual Actuat Actual
EXTERIOR Material Weight || Material Weight (| Material Weight

Framing

Exterior Finish

Interior Finish

TOTAL

INTERIOR

Framing

Interior Finish

Interior Finish

TOTAL

VENEER LOAD: ______ Ib/ft

TOTAL
UNIT LOADS | Roof

Ceiling

Exterior Walls

Interior Walls / \

TOTAL
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4.3D2 c¢. Obtain interior unit wall loads from Table 3.4, 3.5, 3.7 or 3.8 as appropri-
ate or, when wall heights are other than 8'-0’, from Calc Form 4 or 5. When
referring to the tables use actual weight of interior partitions as set forth in
the upper part of this Calc Form or 10 psf when actual weight is less.

d. To obtain the seismic load per square foot to be used at the second floor
level, add total unit ioad from the second floor ceiling to the total unit load
from the second floor.

4.4 Calc Form 4: Adjustment of Unit Wall Loads for Height in Houses With Pitched Roof
and Level Ceiling Below

When wall heights are greater than 8’-0'' and the house has a level ceiling and sloping
roof, unit loads due to exterior and interior walls shall be adjusted using Calc Form 4.

Exception: When one wall is shorter than the remainder of the walls (such as at the
"common'' wall of split-level houses) no adjustment need be made.

General considerations on wall height:
® Exterior wall heights that vary because of gabled roofs may be considered as the
height of the exterior walls perpendicular to them for the purpose of all calcula-
tions on all the Calc Forms.
® When wall heights vary, a reasonable estimate of the average height may be used.
The adjustments to be made on Calc Form 4 are as follows:
A. Loads to the roof level from exterior and interior walls having a height other than

8'-0"' shall be considered as ceiling loads but shall be adjusted before entering on
the bottom part of Calc Form 3 by the formula:

wr h
W, = r Dr
8
where W, = adjusted unit load to be entered on Calc Form 3
wy = unit load for 8-0’ high wall as obtained from Table 3.4 or 3.6
hy = actual or actual "‘average’ height of wall from bottom to top plates

B. Load to the second floor diaphragm from interior walls shall be adjusted for
heights other than 8'-0"' by the formula:

ws hy wp ho

Wy = 072 + 0.28

where  Wp = adjusted unit load to be entered on Calc Form 3.

Wy = unit load for 8'-0" high walls as obtained from Table 3.5
hy = actual or actual “average” height of wall from second floor to roof
ho = actual height of walls from first to second floor

C. Load to the second floor diaphragm from exterior walls shall be adjusted for

[11—25



4.4C

4.5

4.6

heights other than 8'-0" by the formula:

e2 ho
Eo =  Ef+t
erh
where E, = T T and
8
where Eo = adjusted exterior unit wall load to the second floor to be
entered on Calc Form 3
Er = adjusted exterior unit wall load to the “ceiling”’ level to be
entered on Calc Form 3
er = unitload for 8-0" high exterior wall as obtained from Table 3.6
€2 = e, when first and second story wall materials are the same and
represents the portion of unit wall load from below the second
floor
hr = actual height of second floor walls from bottom to top plates
ho = actual height of first floor walls from bottom to top plates

Calc Form b: Adjustment of Unit Wall Loads for Height
— Houses with Flat Roofs or Sloping Ceilings

When wall heights are greater than 8'-0"" and the house has a level roof with ceiling
attached to the bottom of the rafters or when the walls extend to the sloping roof
level, equivalent unit loads for exterior and/or interior walls shall be adjusted on
Calc Form b.

Exception: When one wall is shorter than the remainder of the walls (such as at the
"common'’ wall of split-level houses) no adjustment need be made.

A. Use of Calc Form 5 shall be the same as for Calc Form 4 except that terms shall
be defined as follows:

wr = unit load for 8-0"" high wall as obtained from Table 3.6 or 3.7
) unit load for 8-0" high interior wall as obtained from Table
3.8 (unit load from Table 3.7 is not to be added) -

B. Load to the second floor diaphragm shall be adjusted for heights other than 8°-0"
by the formula:

wr hr + wa h

Wo =
2 8 8

Calc Form 6: Tributary Areas

Calc Form 6 shall be used as follows to calculate the tributary area for all shear walls
being designed:

A. Enter the line of shear resistance under consideration in the first column. When
lines of shear resistance are considered as acting together, enter both lines together.

B. Enter length and width of each area tributary to the line of resistance in the sec-

ond column. When a multiplying factor is applicable (3.3B3) enter it also in the
second column.
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Job

CALC FORM 6

Madel

TRIBUTARY AREAS

ROOF AREA

CEILING AREA

LINE

Length x Width

Area

Length x Width

Area
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46 C.

Enter in the third column the area obtained by multiplying length by width, or
the area obtained by adding areas when more than one length and width are rep-
resented.

4.7 Calc Form 7: Seismic Loads

Calc Form 7 shall be used for the calculation of total seismic load to each line of shear
resistance. Provide the required information in the columns of boxes as follows:

A,

Line. List each line of resistance as shown on Calc Form 6 together with any
special loads affecting the line such as masonry fireplace chimneys, veneer, garages,
porches, etc., such that enough space is assured to make the ensuing calculations.

Roof Area. Enter roof area as shown on Calc Form 6 near the top of the box.

Unit Roof Load. Enter the seismic unit load from the roof alone as it is shown
on either Calc Form 1 or 3.

Other Load. Enter caiculations necessary for determination of other loads to be
added to the roof load (such as masonry fireplaces, veneer, etc.) near the center
of the appropriate box.

Total Roof Load. When load other than the unit roof load contributes to the total
roof load, enter the product of multiplying roof area by unit roof load near the
top of the box and enter the results of calculations from the previous column or
other such loads directly below. Add the figures entered in the box for total roof
load.

Ceiling Area. Enter ceiling area as shown on Calc Form 6 near the center of the
box.

Unit Ceiling Load. Enter the seismic unit load from the “ceiling’’ as shown on
either Calc Form 1 or 3. This load is the total shown and includes the effect of
exterior and interior walls.

Total Load. {f only unit roof load contributes to total roof load, multiply roof
area by unit roof load and enter the product near the top of the box. If other
load contributes, enter the total shown in the column headed Total Roof Load.

Enter the product of multiplying ceiling area by unit “"ceiling”’ load at the center

of the box. Total shall be obtained by adding all figures entered in this column
for each line of resistance.
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CALC FORM 7

Job Model

SEISMIC LOADS

Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load Load
(sf) {psf) {Ibs) (1bs) (sf) (psf) {Ibs}
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FIGURE 3.7. Seismic Risk Map, State of Alaska, courtesy Uniform Building Code
3 by International Conference of Building Officials.
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FIGURE 3.8 Seismic Risk Map, State of Hawaii, courtesy Uniform Building Code
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ZONE 2

TABLE 3.2 WEIGHTS OF MATERIALS AND EQUIVALENT SEISMIC WEIGHTS

Horizontal Framing (Roofs and Floors)

SUB-GROUP
Roofing(1!

Roof and floor
Sheathing

Roof Sheathing

Underlayment

Framing

Flooring

Ceiling Finish

Masonry fire-
place chimneys

MATERIAL

Asphalt shingle, composition,
Wood shingle or Wood shake

Heavy shake

Built up with gravel
Decorative rock
Spanish tile

Concrete tile

Plywood to 3/4"
Plywood to 1-1/8"

1 x solid sheathing
1 x spaced sheathing
2 x solid sheathing

5/16" particleboard

Prefabricated roof trusses, standard roof
framing, standard ceiling framing or

exposed beams

2nd floor
To2x12@ 16
To2x14 @12

Hardwood

Lightweight concrete fill (per inch thickness)

Carpet, linoleum, etc.

1/2" gypsum board (drywall)

1/2"" gypsum board with spray-on

acoustic finish
5/8" gypsum board (drywall)

5/8" gypsum board with spray-on

acoustic finish

3/8" gypsum lath and 1/2" plaster -

Reaction at second floor and/or roof

ASSUMED
MAXIMUM
WEIGHT
{psf)

3.0
4.0
6.0
6.0
14.0!
16.0

2.0
3.0

2.0
1.5
4.5

1.5

2.0

4.0
5.0

2.0
9.0
1.0

2.0

3.0
2.5

3.5
8.0

EQUIVALENT
SEISMIC
WEIGHT

(psf)

0.200
0.267
0.400
0.400
0.933
1.067

0.133
0.200

0.133
0.100
0.300

0.100

0.133

0.267
0.333
0.133
0.600
0.067

0.133

0.200
0.167

0.233
0.533
300.00

(1) Roofing materials vary considerably in weight. Actual weight of specific roof can be used

with equivalent seismic weight determined from Table 3.3.

TABLE 3.2 Continued
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TABLE 3.2 —ZONE 2 (Continued)

WEIGHTS OF MATERIALS AND EQUIVALENT SEISMIC WEIGHTS

Vertical Framing(Z) ASSUMED EQUIVALENT
MAXIMUM SEISMIC
WEIGHT WEIGHT
SUB-GROUP MATERIAL (psf) (psf)
Wood Framing!3) 2 x 4 or 2 x 6 or double 2 x 4 40
Finishes(4) 3/8" or 1/2' plywood, 1 x sheathing,
gypsum board, fiberboard, hardboard (one
thickness, one side) 2.0
Stucco or gypsum lath and plaster 8.0
Stucco or plaster on face of block 5.0*
Furring inside block 1.0*

*Add to block weight

Concrete Block In Pounds Per Square Foot

LIGHTWEIGHT SAND-GRAVEL
AGGREGATE AGGREGATE
Wall Thickness Wall Thickness
6" 8" 127 6" 8” 12"
Solid grouted wall b6 77 118 68 92 140
Vertical cores grouted at: | 16" o.c. 46 60 920 58 75 11
24" o.c. 42 53 | 79 53 68 99
32" o.c. 40 50 73 51 65 a3
40" o.c. 38 47 70 50 62 89
48" o.c. 37 46 68 49 61 87
96" o.c. 35 43 61 47 58 80
Masonry Veneer Per inch of thickness 10.0 psf
Brick Walls Per inch of thickness 10.0 psf

(2)  No equivalent seismic weight is given for vertical framing. Determine actual weights (per square foot)
of walls and refer to appropriate wall load tables for seismic weight per square foot of floor area.

(3) No wood stud wall shall be assumed to weight less than 10 psf total.

(4)  All finishes given structural values are listed herein. Other finishes are too numerous to list. Weight
per square foot should be determined and added to wall weight.
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TABLE 3.2 WEIGHTS OF MATERIALS AND EQUIVALENT SEISMIC WEIGHTS

ZONE 3

Horizontal Framing (Roofs and Floors)

SUB-GROUP
Roofing!!)

Roof and floor
Sheathing

Roof Sheathing

Underlayment

Framing

Flooring

Ceiling Finish

Masonry fire-
place chimneys

MATERIAL

Asphalt shingle, composition,
Wood shingle or Wood shake

Heavy shake

Built up with gravel
Decorative rock
Spanish tile

Concrete tile

Plywood to 3/4”
Plywood to 1-1/8"

1 x solid sheafhing
1 x spaced sheathing
2 x solid sheathing

5/16" particleboard

Prefabricated roof trusses, standard roof
framing, standard ceiling framing or

exposed beams

2nd floor
To2x12@16
To2x14@12

Hardwood

Lightweight concrete fill (per inch thickness)

Carpet, linoleum, etc.

1/2"" gypsum board {drywall)

1/2"" gypsum board with spray-on

acousTtic finish
5/8"" gypsum board (drywall}

5/8'* gypsum board with spray-on
acoustic finish

3/8" gypsum lath and 1/2"" plaster

Reaction at second floor and/or roof

ASSUMED
MAXIMUM
WEIGHT
(psf)

3.0
4.0
6.0
6.0
14.0:
16.0

2.0
3.0

2.0
1.5
4.5

1.5

2.0

4.0
5.0

2.0
9.0
1.0

2.0

3.0
2.5

35
8.0

EQUIVALENT
SEISMIC
WEIGHT

(psf)

0.400
0.5633
0.800
0.800
1.867
2.133

0.267

0.400

0.267
0.200
0.600

0.200

0.267

0.633
0.667

0.267
1.200
0.133

0.267

0.400
0.333

0.467
1.067

600.00

(1) Roofing materials vary considerably in weight. Actual weight of specific roof can be used

with equivalent seismic weight determined from Table 3.3.

TABLE 3.2 Continued
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TABLE 3.2 — ZONE 3 (Continued)

WEIGHTS OF MATERIALS AND EQUIVALENT SEISMIC WEIGHTS

Vertical Framing(Q) ' ASSUMED EQUIVALENT
MAXIMUM SEISMIC
WEIGHT WEIGHT
SUB-GROUP  MATERIAL {psf) (psf)
Wood Framing(3) 2 x 4 or 2 x 6 or double 2 x 4 4.0
Finishes(4) 3/8" or 1/2" plywood, 1 x sheathing,
gypsum board, fiberboard, hardboard (one
thickness, one side) 2.0
Stucco or gypsum lath and plaster 8.0
Stucco or plaster on face of block 5.0*
Furring inside block 1.0*

*Add to biock weight

Concrete Block In Pounds Per Square Foot

LIGHTWEIGHT SAND—-GRAVEL
AGGREGATE AGGREGATE
Wall Thickness Wall Thickness
6” 8" 12" 6" 8" 12"
Solid grouted wall 56 77 118 68 92 140
Vertical cores grouted at: 16" o.c. 46 60 90 58 75 111
24" o.c. - 42 53 79 53 68 99
32" o.c. 40 50 73 51 65 93
40" o.c. 38 47 70 50 62 89
48" o.c. 37 46 68 49 61 87
96" o.c. 35 43 61 47 58 80
Masonry Veneer Per inch of thickness 10.0 psf
Brick Walls Per inch of thickness 10.0 psf

{2)  No equivalent seismic weight is given for vertical framing. Determine actual weights (per square foot)
of walls and refer to appropriate wall load tables for seismic weight per square foot of floor area.
(3)  No wood stud wall shall be assumed to weight less than 10 psf total.

(4)  All finishes given structural values are listed herein. Other finishes are too numerous to list. Weight
per square foot should be determined and added to wall weight.
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ZONE 2

TABLE 3.3 EQUIVALENT SEISMIC WEIGHTS

ACTUAL SEISMIC ACTUAL SEISMIC ACTUAL SEISMIC
WEIGHT WEIGHT WEIGHT WEIGHT WEIGHT WEIGHT
0.10 0.007 1.0 0.067 21.0 1.400
0.20 0.013 2.0 0.133 22.0 1.467
0.30 0.020 3.0 0.200 23.0 1.533
0.40 0.027 4.0 0.267 24.0 1.600
0.50 0.033 5.0 0.333 25.0 1.667 N
0.60 0.040 6.0 0.400 26.0 1.733
0.70 0.047 7.0 0.467 27.0 1.800
0.80 0.053 8.0 0.533 28.0 1.867
0.90 0.060 9.0 0.600 29.0 1.933
;0.0 0.667 30.0 2.000
11.0 0.733 31.0 2.067
12.0 0.800 32.0 2.133
13.0 0.867 33.0 2.200
14.0 0.933 34.0 2.267
15.0 1.000 35.0 2.333
16.0 1.067 36.0 2.400
17.0 1.133 37.0 2.467
18.0f 1.200 38.0 2.533
19.0 1.267 39.0 2.600
20.0 1.333 40.0 2.667
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ZONE 3

TABLE 3.3 EQUIVALENT SEISMIC WEIGHTS

ACTUAL SEISMIC ACTUAL SEISMIC ACTUAL SEISMIC
F WEIGHT WEIGHT WEIGHT WEIGHT WEIGHT WEIGHT
0.10 0.013 1.0 0.133 21.0 2.800
0.20 0.027 2.0 0.267 22.0 2.933
0.30 0.040 3.0 0.400 23.0 3.067
0.40 0.053 4.0 0.533 24.0 3.200
0.50 0.067 5.0 0.667 25.0 3.333
0.60 0.080 6.0 0.800 26.0 3.467
0.70 0.093 7.0 0.933 27.0 3.600
0.80 0.107 8.0 1.067 28.0 3.733
0.90 0.120 9.0 1.200 29.0 3.867
10.0 1.333 30.0 4.000
11.0 1.467 31.0 4.133
12.0 1.600 320 4.267
130 1.733 330 4.400
14.0 1.867 34.0 4.533
15.0 2.000 35.0 4.667
16.0 2.133 36.0 4.800
17.0 2.267 37.0 4.933
18.0 2.400 38.0 5.067
19.0 2.533 39.0 5.200
20.0 2.667 40.0 5.333
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ZONE 2

Roof level

~ Second floor _ Roof level

WALL LOADS EXPRESSED
AS EQUIVALENT SEISMIC UNIT LOADS
FOR HOUSES WITH PITCHED ROOF AND CEILING BELOW!'
(in psf of tributary area)

TABLE 3.4* UNIT LOAD FROM INTERIOR WALLS TO ROOF LEVEL

Wall weight 10 11 12 | 13 14 15
Equivalent '
seismic load 0.125 [0.138 {0.150 (0.163 |0.175 |0.188
Wall weight 16 17 18 19 20

Equivalent :
seismic load 0.200 |0.213 |0.225 |0.238 |0.250 i

TABLE 3.5* UNIT LOAD FROM INTERIOR WALLS TO 2nd FLOOR DIAPHRAGM

Wall weight 10 11 § 12 13 14 15

Equivalent \ ! |
| seismic load | 0.750 |0.825 {0.900 {0.975 | 1.050 | 1.125

Wall weight 16 17 18 19 | 20

Equivalent
seismic load 1.200 :1.275 1.350 1.425 ;l.500 i

1. Loads shown are for walls 8"-0" high. For higher walls multiply by ratio of heights.

*See footnote below Table 3.8
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ZONE 3

Roof level

Second floor Roof level

WALL LOADS EXPRESSED
AS EQUIVALENT SEISMIC UNIT LOADS

FOR HOUSES WITH PITCHED ROOF AND CEILING BELOW!
(in psf of tributary area)

TABLE 3.4* UNIT LOAD FROM INTERIOR WALLS TO ROOF LEVEL

Wall weight 10 11 12 13 14 15

Equivalent
seismic load 0.250 | 0.275 1 0.300 ,0.325 |0.350 | 0.375

wall weight 16 17 18 19 20

Equivalent -
seismic load 0.400 | 0.425 { 0.450 | 0.475 | 0.500

TABLE 3.5* UNIT LOAD FROM INTERIOR WALLS TO 2nd FLLOOR DIAPHRAGM

Wall weight 10 11 12 13 14 15
Equivalent | v | )
seismic load 1.500 | 1.650 | 1.800 | 1.950 | 2.100 | 2.250
Wall weight 1 16 | 17 | 18 | 19 20 4
{Equivalent

seismic load 2.400 { 2.550 | 2.700 2.850J3.000J

1. Loads shown are for walls 8’-0" high. For higher walls multiply by ratio of heights.

*See footnote below Table 3.8.
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ZONE 2

TABLE 3.6* EQUIVALENT SEISMIC UNIT LOADS — EXTERIOR WALLS

— ONE STORY AND TOP FLOOR OF TWO-STORY/ @
(in psf of tributary area)

Wall weight 10 11 12 13 14 15

Equivalent

seismic load 0.375/0.413 | 0.450| 0.488|0.525| 0.563

Wall weight 16 17 18 19 20

Equivalent

seismic load 0.600 | 0.638| 0.675/0.713 :0.750

Wall weight 21 22 23 24 25

Equivalent

seismic load 0.788 | 0.825| 0.863/0.900 0.938

Wall weight 26 27 28 29 30
Equivalent
ceismic load 0.975 |1.103| 1.050{1.088 [1.125
Wall weight 31 32 33 34 35
Equivalent

.. 1.163 [1.200] 1.238]1.275 (1.313
seismic load

Wall weight 36 37 38 39 40

Equivalent

seismic load 1.350 |1.388| 1.425/1.463 |L.500

. At second floor, load shown shall be doubled except when adjustments are required for wall heights;
masonry wall below, wood above, etc. Loads shown are those for a single 8'-0"* wall height.

. For walls other than 8°-0" high, multiply by ratio of heights.

*See footnote below Table 3.8
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ZONE 3

TABLE 3.6* EQUIVALENT SEISMIC UNIT LOADS — EXTERIOR WALLS
— ONE STORY AND TOP FLOOR OF TWO-STORY!"! (2!
(in psf of tributary area)

Wall weight 10 11 12 13 | 14 15

Equivalent 0.750(0.825 | 0.900| 0.975} 1.050| 1.125
seismic load ,

Wall weight 16 17 18 19 | 20
Eq?ivélent 1.200 |1.275 ! 1.350| L 425| 1.500
seismic load

Wall weight 21 22 23 24 25
Equivalent

seismic load 1.575 |1.650 | 1.725| 1.800| 1.875

Wall weight 26 27 28 29 30

Equivalent

seismic load 1.950 12.025 | 2.100}| 2.175 | 2.250

Wall weight 31 32 | 33 34 | 35

Equivalent

seismic load 2.325 |2.400 | 2.475}2.550 | 2.675

Wall weight 36 37 38 39 40

Equivalent

seismic load 2.700 |2.775 } 2.8504{ 2.925 | 3.000

1. At second floor, load shown shall be doubled except when adjustments aie required for wall heights;
masonry wall below, wood above, etc. Loads shown are those for a singie 8'-0"" wall height.

2. For walls other than 8'-0" high, multiply by ratio of heights.

*See footnote below Table 3.8

111-39 Zone 3




ZONE 2

m\rw

Case 1 Case 3
B Roof level
Second floor
Case 2 Case 4

WALL LOADS EXPRESSED
AS EQUIVALENT SEISMIC UNIT LOADS
FOR HOUSES WITH FLAT ROOFS AND HOUSES WITH S|:OP|NG CEILINGS!
(in psf of tributary area)

TABLE 3.7* UNIT LOAD FROM INTERIOR WALLS TO ROOF LEVEL DIAPHRAGM

Wall weight 10 11 12 13 I 14 15

Equivalent

seismic load 0.333 | 0.367 | 0.400 | 0.433 |0.467 | 0.500
T L B

Wall weight 16 17 18 19 20 )

Equivalent f -

seismic load 10.533 [ 0.567 | 0.600 | 0.633 |0.667

1. Loads shown are for walls 8'-0"" high. For higher walls multiply by ratio of heights. Where interior wall
height varies, such as Cases 3 and 4, estimate average interior wall height.

*See footnote below Table 3.8.
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ZONE 3

m Roof level

Case 1 Case 3
_ Roof level
‘ Second floor
Case 2 Case 4

WALL LOADS EXPRESSED
AS EQUIVALENT SEISMIC UNIT LOADS
FOR HOUSES WITH FLAT ROOFS AND HOUSES WITH SLOPING CEILINGS'
(in psf of tributary area)

TABLE 3.7* UNIT LOAD FROM INTERIOR WALLS TO ROOF LEVEL DIAPHRAGM

Wall weight 10 11 12 j 13§ 14 15
Equivalent ; ], .

seismic load 0.667 {0.733 |0.800 | 0.867 | 0.933 | 1.000
A SR S e AT R T T T B i e e s L Smmrin. e T E o tf O R ?N_ commuo aceende .l ol
Wall weight 16 i 17 18 | 19 | 20 |
Equivalent . r ! z
seismic load 11.067 1.133 /1.200 1.267 1.333 |

1. Loads shown are for walls 8-0" high. For higher walls multiply by ratio of heights. Where interior wall
height varies, such as Cases 3 and 4, estimate average interior wall height.

*See footnote below Table 3.8.
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TABLE 3.8*

ZONE 2

UNIT LOAD FROM INTERIOR WALLS

TO SECOND-FLOOR DIAPHRAGM' 2

.336

.357}

.378 }.399

1. Load shown in this table is for interior walls below second floor only. Add ioad (adjusted
for height where necessary) from Table 3.7 to obtain total unit load to second floor dia-

phragm.

2. Loads shown are for walls 8-0"" high. For higher walls multiply by ratio of heights.

*NOTE:

Unit loads shown on Tables 3.4 through 3.8 express the effect of 8-0’" high walls on seis-
mic loading in terms of equivalent load per square foot of house area for an “‘average’’
house. The loads shown are therefore approximate only and may be low for homes with

. many small rooms. For description of the use of these Tables see Section 4.3D.

1—-43

o |
Wall weight 10 | 11 { 12 i 13 | 1 @1
Equivalent o - ! [ ’\P lr
seismic load .210 | .231 1 .252 | .273 | .294 | .315

| i ! !
hsmommo io _meaew o e o S e me n e |. e \ SO f o ,1.— -
Wall weight 16 17 18 . 19 ' 20 |

Equivalent T[T Rl |

seismic load i .420




ZONE 3

TABLE 3.8t UNIT LOAD FROM INTERIOR WALLS
TO SECOND-FLOOR DIAPHRAGM' 2

Wall weight 10 11 12 13 14 15

Equivalent

seismic load 420 | .462 | 504 | .546 | .588 | .630

Wall weight 16 17 18 19 20

Equivalent
seismic load .672 | .74 | .756 | .798 | .840

L ——

1. Load shown in this table is for interior walils below second floor only. Add load (adjusted
for height where necessary} from Table 3.7 to obtain total unit load to second floor dia-
phragm.

2. Loads shown are far walls 8’-0” high. For higher walls multiply by ratio of heights.

*NOTE:
Unit loads shown on Tables 3.4 through 3.8 express the effect of 8'-0’" high walls on seis-
mic loading in terms of equivalent load per square foot of house area for an “average”
house. The loads shown are therefore approximate only and may be low for homes with
many small rooms. For description of the use of these Tables see Section 4.3D.
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SECTION 5&: WIND LOADS

5.1 Applicability

5.2

This section must not be considered as setting forth requirements for wind load design.
Methods of calculation are presented solely to allow comparison of wind loads to shear
walls with seismic loads to shear walls for locales where wind load designs are required.
The wind loads determined in this section are only loads required to allow shear wall
design. They do not include provisions for uplift, nor for design of individual members
of a structure, nor do they cover other considerations pertinent to a full wind load de-

sign.

Determination of Wind Loads

Use wind loads as set forth in the MAP (shown in Figures 3.10 and 3.11) or as deter-
mined by local requirements.

A

One-Story or Second Floor of Two-Story

1.

When determining the height of the area to which wind load should be applied,
use one-half the height of the wall for one-story houses or one-half the height
of the second floor wall for two-story houses plus, in either case, all roof height
projected on a horizontal plane such as is shawn on an exterior elevation.

. Where height varies, use the average height for each successive tributary width.

. Use the same width to each line of resistance as is used in determining seismic

load.

4. Determine wind load by multiplying height by tributary width by the required

wind load per square foot.

First Floor of Two-Stoiy

1.

[83]

In determining loads to first floor shear walls in two-story houses, use the total
height of the structure minus one-half the first floor wall height as the total
height of each successive tributary width.

. Determine tributary widths as is done for seismic loads except that no multi-

nlying factor {per 3.3B3) need be applied to interior shear walls.

. Where height varies, use the average height for each successive tributary width.

. Determine wind lcad by multiplying height by tributary width by the required

wind load per square foot.

QOverhangs

The projected area of nominal roof overhangs (as opposed to breezeways, patio
roofs, etc.) may be neglected in determining wind loads. Construction subject to
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possible future enclosure such as breezeways and carports, however, should be de-
signed for wind as if they were enclosed.

D. Overturning

Example design analyses in other parts of this report do not consider wind loads
in checking overturning.

1. Where it is required that wind loads be used in checking for overturning and
when wind loads govern, use horizontal wind load to the wall in lieu of seismic
load in determining stability.

2. In those areas requiring load due to wind to be increased when considering
overturning, multiply the horizontal wind load by 1.5 and use the resulting
load to check for stability and design for overturning.
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SECTION 6: WOOD FRAME SHEAR WALL DESIGN

Although other formats presenting the same information are acceptable, use
of Calc Forms 8 and 9 is recommended for the design of all shear walls. In
any case, shear wall design shall include determination of:

wall shear

sufficiency of shear-resisting materials provided,
including fastener spacing

sill bolt sizing and spacing

wall stability against overturning

Calc Form 8 is for use in designing shear walls for seismic forces only. Calc
Form 9is for use in designing shear walls for both seismic and wind forces. It
is the same as Calc Form 8 with additional columns provided for the deter-
mination of total wind load to each wall. (Method for determining wind load
is set forth in Section 5.2 and is not discussed further in this section.) In-
structions pertaining to Calc Form 8 also pertain to the appropriate columns
of Calc Form 9.

6.1 Calc Form 8 — Shear-per-foot

Provide the required information in columns of Calc Form 8 as follows:

A. Line.

Indicate line of shear resistance by letter, number or verbal description. Where
lines are considered to be acting together indicate them together.

B. Load.
Enter the total load for the line described from Calc Form 7.
C. Wall Length.

Enter the total effective length of all shear walls on the line of resistance or the
lines acting together.

D. Shear-per-foot.

Shear-per-foot, as described in this report shall be used to design sill bolts (except
when modified by Section 6.3B) and shear-resisting materials for walls of the
same height (see Section 6.3B for walls of varying height). Shear-per-foot may be
determined by dividing load by wall length from the two previous columns. Al-
ternatively, approximate shear-ger-foot may be obtained from Figures 3.12
through 3.15* as foliows:

*Tables and Figures are presented at the end of Section 6.
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6.1D

1. Enter figure with wall length.

2. Move upward on figure along wall length line to a point opposite the total load,
matching the load in the second column of Calc Form 8 with the left side of
the figure.

3. Read approximate shear-per-foot from diagonal line directly above the point
determined.

When shear material being used is indicated on Figure 3.12, this graph should be
used first to determine the adequacy of the material. When a more accurate de-
termination of shear-per-foot is desired (for sill bolt design or use of shear mater-
ials or fastenings not indicated on Figure 3.12) the subsequent figures may be
consulted in the same manner to obtain the most nearly accurate shear-per-foot.

6.2 Sill Bolt Design and Installation

A.

Shear-per-foot

1. When the sill plate beneath a shear wall is the same length as the effective length
of the shear wall, the shear-per-foot determined for the wall is the shear-per-
foot for which the sill bolts shall be designed.

2. When the sill plate is longer than the shear wall (as when it extends under a win-
dow opening, etc.) and the height of the wall above the extended sill plate is a
minimum of 2-0" total sill plate length may be used in determining the shear-
per-foot for sill bolt design.

a. Shear-per-foot for the extended length of sill plate shall be determined in the
same manner as described in Section 6.1D.

b. When a "continuous” sill plate extends beneath two or more shear walls, the
total load to those walls shall be divided by the total length of sill plate to
determine the shear-per-foot to the sill plate.

c. Sill plates may be considered ““continuous’’ when the height of the wall
above the sill plate is 2-0” or more throughout its length and the provision
of a properly fastened shear material is continuous. The plate itself need not
be a single piece, but when abutted shall be bolted as indicated in Section
6.2C.

Spacing

Sill bolt spacing shall be determined from Figure 3.16. Typical size and spacing as
well as special sizes and/or spacing for individual walls shall be specified on the
plan for sill plates 6’-0’' or more in length. When sill plates are shorter than 6’-0”
the number and size of sill bolts for each such wall shall be specified. The table-
matter in the upper right hand corner of Figure 3.16 may be used to make this de-
termination. Sill bolt location shall be as specified in the following sections.

1. Determine sill bolt spacing for houses with slab on grade as follows:
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CALC FORM 38

Job Model

SHEAR WALL DESIGN

Wall Shear Sill Shear
LINE Load Length Per Foot Bolts Material Overturning
{Ibs) {ft) (Ib/ft)
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6.2B1 a. Enter Figure 3.16 with shear-per-foot in the sill.
b. Read upward to curve representing size bolt desired.
c. Read horizontally to determine spacing required for sill bolts.

2. Spacing When Wood First-Floor Framing is Used

When wood first-floor framing is used, sill bolt spacing shall be determined in
the following manner:

a. Determine total horizontal load to the mudsill from shear walls directly
above the mudsill and from shear walls not connected to other continuous
footings which fall within the first-floor tributary area of the mudsill under
consideration.

b. Determine shear-per-foot by dividing total horizontal load by the length of
the mudsill.

c. Add 50 pounds per foot for the shear created by the first-floor framing.
d. Determine size and spacing as indicated above.

C. Anchor Bolts

Foundation plates or sills shall be bolted to exterior foundations or foundation
walls with anchor bolts (as detailed in Part |V) embedded at least 7 inches into
concrete or reinforced masonry or at least 15 inches into unreinforced grouted
masonry. The bolts shall be installed in accordance with the following require-
ments:

1. Bolts shall be not less than 1/2" in diameter.

2. Holes in sill plates shall be no more than 1/16"’ larger than the diameter

of the bolts. Standard washers shall be used and nuts shall be tightened se-
curely.

3. Centers of all anchor bolts shall be within 1/2"" of the center line of the founda-
tion plate or sill for 2 x 4 walls and within 1’ of the center line for 2 x 6 or
larger. Bolts placed closer than specified to the edge of the plate or sill may be
left in place but a concrete stud anchor of the same size shall be installed within
12 inches of the improperly installed bolt.

4. Anchor bolts shall be spaced no more than 6'-0"" apart (closer spacing shall be
indicated on the plans) and shall be no closer to one another than 12"’ o.c.

5. There shall be a minimum of two bolts per piece.

6. A bolt shall be located a minimum of 6’ and a maximum of 12’* from each end
of each piece. See also item 7 below.

7. When spacing requirements as set forth above are otherwise met bun bolts may
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6.2C be used in lieu of anchor bolts to satisfy the requirement of a bolt at each end
of plates or sills where they abut. The gun bolt shall not be used to fulfill
spacing or minimume-bolts-per-piece requirements. Gun bolts used at abutting
sill plates shall be placed a minimum of 6" from the nearest anchor bolt.

8. In the case of slab on grade construction, anchor bolts shall extend a minimum
of 4 inches into the foundation or footing wall in addition to meeting all other
pertinent requirements of this section.

9. At exterior corners of the house additional 12-inch anchor bolts shall be placed
within 2-3/4 inches of the end studs as shown on Detail 24/4. These bolts shall
be in addition to the other sill bolts and shall not be considered in meeting any
of the requirements listed above.

10. Anchor bolts installed for interior non-bearing shear walls may be installed as
shown on Detail 19/4 in lieu of the provision of a continuous footing. This de-
tail shall not be used, however, when strap- or angle-type hold-downs are re-
quired at the end of the shear wall.

D. Gun Bolts (Power-driven Studs).

Foundation plates or sills may be bolted to interior foundations, foundation walls
or slabs on grade with gun bolts in accordance with the following requirements:

1. Gun bolts shall be 7/32" round by 3-56/16"' long with 3/8"" minimum head dia-
meter. A 16 gage by 2’ round washer or 3/32"" by 3/4"' round washer shall be
used with each gun bolt.

2. There shall be a minimum of three bolts per piece with one bolt located at each
end of each piece as specified under Anchor Bolts.

3. Bolts shall be placed within 1/2"" of the center line of the plate or sill.

4. Gun bolts shall be spaced not more than 3'-0"" apart nor less than 6’ o.c. Spac-
ing of gun bolts shall be determined using Figure 3.16 as described for Anchor
Bolts. When spacings closer than 3'-0" o.c. are required, the required spacing
for each such wall shall be specified on the plans.

5. Gun bolts shall not be used at exterior walls except as indicated in Section 6.2C7
and shall be installed at interior walls only as allowed by local building depart-
ments and other controlling agencies.

6. Gun bolts may be installed at interior non-bearing walls as shown on Detail 20/4.

6.3 Shear Material Design and Installation
A. Shear-per-foot
Enter the value of the shear material used at a given wall or group of walls on
Calc Form 8 or 9 above the line designating those walls. Compare the shear-per-

foot (or the adjusted shear-per-foot as instructed in 6.3B below) with the allow-
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6.3A

able value for the material used to determine the sufficiency of the shear wall.
Enter a notation for each wall under the column headed Shear Material indi-
cating the acceptability of the designated shear material or the appropriate ma-
terial to be used on a given wall.

Adjusted Shear-per-foot

Shear walls of varying heights along the same line of resistance or along lines act-
ing together shall have the shear in the walls adjusted as follows:

1

2.

5.

6.

. Obtain a ratio by dividing the height of each shear wall by its length.

Add the ratios for all walls to obtain a total of the ratios.

. Divide each wall’s ratio by the total of the ratios to obtain a secondary ratio.
The total of the secondary ratios should equal 1.000, with error only in the last .

number behind the decimal point.

. Multiply total horizontal load by each of the secondary ratios. The resultants
represent the horizontal load at each of the shear walls.

Divide horizontal load at each wall by the wall’s length to obtain shear-per-foot.

Use the maximum shear-per-foot obtained to design shear-resisting materials for
all the walls.

Installation of Shear-Resisting Materials

1. General Requirements

a. Methods of attachment for shear-resisting finish materials set forth in the

Minimum Property Standards are applicable for Zone 1. All attachments and
shear-resisting values for Zones 2 and 3 shall be as shown in Tables 3.9 and
3.10.

. Shear values tabulated for the various materials listed shall not be additive

with the values for other materials applied to the same wall. Shear values
may be doubled when identical material is applied as specified in this section
to both sides of a wall.

. Finish materials for all exterior walls and designated interior shear walls shall

be installed as specified herein. Other interior walls shall have their finish
materials applied in accordance with these requirements but stud size or
spacing may be at variance with that specified.

2. Materials Other Than Plywood

Shear-resisting materials other than plywood shall be installed and have allow-
able shear values as shown in Table 3.9.

a. Diagonal sheathing shall be made up of 1" nominal sheathing boards at an

angle of approximately 45° to the studs and shall be installed with not more
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6.3C2

than a 1/2"" space between boards. Sheathing boards shall be nailed directly
to each intermediate stud or other framing member with not fewer than two
8d nails for 1" by 6" nominal boards and not fewer than three 8d nails for
board 8'' or wider; in addition, 6'' boards shall be nailed with three 8d nails

" and 8" boards with four 8d nails at the shear wall boundaries. End joints of

adjacent boards shall be separated by at least one stud space and there shall
be at feast two boards between joints on the same stud.

. Gypsum sheathing board shall be fastened as shown in Table 3.9. 2'-0" x

8'-0"" sheathing board may be unblocked; 4’-0"" wide pieces must be blocked.
4'-Q"" wide pieces may be apptied parallel or perpendicular to studs. 2'-0"
wide pieces must be applied perpendicular to studs.

. Gypsum wallboard may be applied parallel or perpendicular to studs. Where

required, blocking shall have the same cross-sectional dimensions as the studs,
and shall be provided at all joints that are perpendicular to the studs.

. Fiberboard sheathing shall be applied vertically. Blocking of not less than

2" nominal thickness shall be provided at horizontal joints when such joints
occur at locations other than at the top and bottom plates. Where siding is
to be fastened to fiberboard sheathing, nail-base sheathing shall be used. Fi-
berboard or nail-base sheathing shall conform to the latest adopted or re-
vised ASTM specifications, C208 and D2277, respectively.

. Stucco—Plastering with Portland Cement plaster shall not be less than three

coats when applied over metal lath or approved wire fabric lath. All lath and
lath attachments shall be of corrosion-resistant materials. Backing is not re-
quired under metal lath or paperbacked wire fabric lath. The first coat shall
be applied with sufficient material and such pressure to fill all openings in
the lath. The surface shall be scored horizontally sufficiently rough to pro-
vide adequate bond to receive the second coat. The second coat shall be
brought out to 3/4" in total thickness, rodded and floated sufficiently rough
to provide adequate bond for finish coat. The finish coat shall be applied
with sufficient material and pressure to bond to and to cover the brown {sec-
ond) coat and shall be of sufficient thickness to conceal the brown coat. Max-
imum volume of sand per volume of cement shall not exceed 4:1 for the first
coat, 5:1 for the second coat, and 3:1 for the finish coat. The first and sec-
ond coats shall each be moist-cured for a minimum of 48 hours. Finish coat
shall not be applied until seven days after the second coat.

. Gypsum lath and plaster. Gypsum lath shall be applied with the long dimen-

sion perpendicular to studs or other supports and with end joints staggered
in successive courses. Where lath edges are not in moderate contact and have
joint gaps exceeding 3/8’; the joint gaps shall be covered with stripping or
cornerite. Stripping or cornerite may be omitted when the entire surface is
reinforced with not less than 1" No. 20 U.S. Gage woven wire. Plastering
shall be not less than two coats and shall be gypsum plaster. Base coats shall
be applied with sufficient material and pressure to provide a complete key or
bond. The first coat shall be brought out to grounds and straightened to a
true surface, leaving the surface rough to receive the finish coat. First coat
shall be applied with sufficient material and pressure to form a complete
bond. Thickness of finish coat shall be not less than 1/16"
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6.3C2

g. Hardboard shall be 4 x 8 sheets applied vertically. Blocking of not less than
2" nominal thickness shall be provided at horizontal joints when such joints
occur at locations other than at the top and bottom plates. Hardboard ma-
terials used shall be approved by HUD Acceptance Procedures and shall meet
the requirements of Appendix D of the HUD Minimum Property Standards as
well as Voluntary Product Standard PS600-73.

. Plywood

Plywood shall be installed and have allowable shear values as shown in Table
3.10. All plywood siding and plywood applied to the exterior side of shear
walls covered with porous finishes shall be Exterior type. All plywood used for
shear walls shall meet the requirements of "“Product Standard No. 1 (PS 1) for
Softwood Plywood — Construction and Industrial.”” Panel thickness and appli-
cation details shall be as given below and in Part IV of this report.

a. Grading and Sizing

Structural | is limited to Group 1 species. Each panel shall bear the stamp of
a qualified inspection and testing agency as further defined by US Product
Standard PS1-74. The designations Structural | and PS 1-74 will appear on
the stamped marking of all plywood sheets of this grade.

Structural 1I. Although Structural |1 is a designated plywood grade, the des-
ignation as used herein shall be interpreted as any plywood stamped by a
qualified inspection and testing agency bearing a stamp indicating its com-
pliance with PS 1-74 but not stamped as Structural | or as Siding. All such
plywood shall have allowable shear values of 90% of those indicated for
Structural | plywood, as indicated by the center grouping in Table 3.10.
When Structural | plywood is designated on the plans or on the details in
Part IV, “Structural [I"" plywood as herein defined may be substituted for
Structural | plywood but the required thickness must be increased by 1/8”
and nail size must conform to that indicated by Table 3.10 for the thickness
of plywood actually used.

Siding. Plywood siding shall be nailed as indicated in the bottom portion of
Table 3.10 and shall be stamped as siding and as indicated above. Siding shall
have a minimum thickness of 3/8"" unless placed over 1" wood sheathing or
1/2" plywood sheathing.

b. Application to Stud Walls

All plywood sheathing shall be installed with vertical joints over studs and
horizontal joints nailed to 2’ nominal blocking or continuous plates. Nail
size shall be as indicated in Table 3.10 for the thickness of plywood used.
Interiors of sheets shall be nailed to intermediate framing members with
nails spaced at 12" o.c. When nail spacing is 2-1/2" o.c. or less, 3" nominal
studs and blocking shall be provided at all plywood edges. Plywood may be
installed either vertically or horizontally as indicated by the diagrams at the
bottom of Table 3.10.

Methods of fastening other than those indicated in Table 3.10 may be used
in accordance with HUD-FHA Bulletin No. UM-25d. The method of fasten-
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6.3C3

ing used shall have the same or greater allowable shear than is required by the
nailing indicated on the plans.

4. Edges and Ends

All edges and ends of sheet-type finish material shall occur on the framing
members, except those edges and ends that are perpendicular to the framing
members when blocking is not required. Blocking shall always be provided for
edges and ends perpendicular to framing members for fiberboard sheathing,
hardboard, plywood and 4’-0"" wide pieces of gypsum sheathing board. Nailing
shall be spaced not less than 3/8" from edges and ends of sheet-type materials
and, in addition, shall be nailed as specified in Table 3.9 or 3.10 to all inter-
mediate studs and blocking.

5. Sizes

Sheet-type materials shall be installed such that no piece is less than 2°-0"' x
4'-0" except that when the distance between, above or below openings is less
than 2°-0" each piece shall be installed to its largest possible dimensions.

6.4 Overturning

Length of walls as described in this subsection shall be used only for determining over-
turning stability and shall not be applied to other determinations in these design rec-
ommendations.

Overturning stability shall be determined in accordance with the following require-
ments:

A.

Length of Walls

Definition of "“Solid Walls’"" — when sufficient wall occurs above or below an open-
ing adjacent to a shear panel and when that opening is not so long as to make the
wall above or below it too limber for use, the shear wall, the width of wall con-
taining the opening, and the wall at the opposite side of the opening may be con-
sidered as acting as a unit to resist overturning, may be considered as if it were
solid. In other words, when the opening is not so large as to preclude the shear
wall and the adjacent wall from acting as a unit to resist overturning, the entire
assembly is defined as a "'solid”’ wall and may be treated as if the opening did not

exist.

1. Conditions
A wall may be considered “‘solid”’ when the following conditions exist:
a. The height of the opening within the wall shall not exceed 55% of the

height of the wall (4'-3"" for 8'-0"" nominal height walls}.

b. A minimum shear material height of 2’-6" must be provided above or befow
the opening. The shear-resisting material may not be interrupted within the
2'-6" minimum height by holes, pipes, etc., larger than 6 inches high and 14
inches wide, located with the edge of the hole 6 inches minimum from the
top or bottom of the wall section.
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6.4A1

. Two or More Openings

. Posts

c. The width of the opening may not exceed 2.5 times the height of the highest
section of wall above or below. In no case shall such openings be greater
than 8-0” in width.

d. A full-height wall panel at the far side of the opening need not qualify (in
width) as a shear wall in order to be considered a part of the “solid’’ wall.

In order for a wall to be considered “solid" past two or more openings, the
conditions at each opening must be met as described above. |n addition, the
width of wall between openings must be equal to the highest section of wall
above or below the openings. The wall between the openings must be contin-
uous and uninterrupted from the sill plate to the top plates.

a. In the case of openings with a height of wall above or below the opening
of more than 4'-0") the width of the wall between openings need not ex-
ceed 4'-0'"!

b. When the highest section of wall at each of two adjacent openings differs,
the width of wal! required between them shall be determined from the
lesser of the two heights.

c. When the width of wall between openings is less than that specified above,
the "solid” wall may be considered as extending to the far side of the wall
between openings but may not be extended farther.

When an opening is broken by a post supporting the header over the opening,
the post may be considered as wall provided that all other requirements con-
tained herein are met. Shear-resisting material below the opening shall be
nailed to the post with the edge-nailing required for the material installed. This
provision assumes that the 2-6’" minimum height required occurs below the
opening. When the opening dimensions will qualify {ignoring the post), the
post need not be considered. When the opening width would be too great, the
"solid"" wall shall be considered to stop at the far side of the post.

When two or more posts occur, the length of the wall may be extended to the
farthest post allowed by other requirements contained herein, as if the inter-
mediate posts did not exist.

Example: Window 10°-0"" wide with posts supporting the header at the third
points (3'-4""} adjacent to 6-0"' long shear panel; wall below window 2°-8" high;
wall above window 1'-4"" high. Applying Condition c., 2.5 x 2'-8"" =6'-8" and
therefore wall can be extended to second post for a total length of shear wall of
6'-8"” + 6’-0” = 12'-8'! Note that if a shear wall occurs on the far side of the
opening a similar extension could be made for that shear wall. In this case the
center 3'-4"" section would be used for each shear wall in determining its length
for overturning resistance, but the two walls cannot be considered together,
thereby further extending the length to include both walls.
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4. Two-Story Construction

Vertical Loads (No Calc Forms are provided for determination of vertical load.)

When the shear material is continuous and in the same plane past the second-
floor framing of two-story construction, the total height of the first-story wall
(for the purposes of these requirements) may be considered as the height to the
sills of the windows of the second floor or, where no such openings exist, to the
top plates at the roof line, and percentage of opening height may be determined
using this increased height.

a. Plywood, hardboard and fiberboard may be considered continuous when
their abutting edges are nailed to the same horizontal framing member.

b. When shear-resisting materials are not continuous past the second-floor fram-
ing, each floor must be considered independently.

Vertical dead loads contributing to the resistance of shear walls to overturning
shall be determined as follows:

1.

. Use the same wall weight as determined on Calc Form 1 or 3 or 10 psf minimum.
. Use roof and ceiling loads as determined on Calc Form 1 or 2 {actual loads).

. When framing is parallel to the shear wall under consideration, use second floor

Weight of veneer shall not be considered as contributing to the resistance of
overturning; therefore veneer weight shall not be included in vertical
load determination.

load as determined on Calc Form 2. When framing is perpendicular to the shear
wall under consideration, add wall weight in pounds per square foot (1 sq ft per
sq Tt of second floor) to second floor dead load.

. Vertical load per lineal foot of wall shall be made up of the following com-

ponents as applicable;
a. Wall weight per square foot times height of wall.

b. One-half of each span of rafters or roof trusses spanning to the wall (plus any
overhang) times the roof dead load.

c. One-half of each span of ceiling joists supported by the wall times ceiling
dead load.

d. One-half of each span of floor joists supported by the wall times second-floor
load including partition load.

. Where two or more dead loads occur along a single length of wall the lesser of

the loads shall be used in determining overturing resistance for that wall.

. When an interior shear wall on the first floor of a two-story house has a

parallel wall directly above it or within 3’-0"’ of it at the second floor,
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6.4B7

the truss above the second floor non-bearing wall may be considered as contrib-
uting load to the interior wall as if the truss were supported by this wall. When
this option is used, loads to interior and exterior walls shall be figured as if the inte-
rior wall were a bearing wall thereby reducing the load to adjacent exterior walls.

. Exterior walls at gable roofs may be considered the same height as the walls

perpendicular to them at each end, provided the top plates of the walls being
considered are continuous (except for any break at the ridge). When considered
at this lower height for purposes of determining resistance to overturning, that
same height shall be used in calculating vertical load.

Horizontal Load Capacity

Allowable horizontal load for each length of wall along a line of shear resistance
shall be determined by consulting the ’"No Hold-Downs Required’’ graphs pre-
sented in this section. Where vertical loads vary from the vertical loads presented,
interpolations shall be made between graphs. A ‘’solid”’ wall shall be considered
to be a single length of wall regardless of the number of shear panels contained
within it. Where vertical load exceeds 600 Ib/ft, allowable horizontal load may
be determined by adding together the allowable horizontal {oads for various in-
crements of the total vertical load-per-foot.

Total Overturning Resistance

Overturning capacity along a line of resistance shall be determined as follows:

1

. Total the allowable horizontal loads for each length of wall along the line of re-

sistance as determined from the “No Hold-Downs Required”” graphs.

2. Add 100 pounds horizontal load for each length of walil occurring along the line.

3. The resulting summation is the total horizontal force the walls are capable of

resisting without installation of hold-down anchors.

a. If the summation is no more than 5% less than the actual horizontal load,
the wall may be considered stable and no further design is required.

b. When horizontal force is greater than the resistance offered with no hold-
down anchors, the formula:

H

U = — x (Pact — Pall
L
shall be applied,
where H = height of wall
L = total length of all overturning segments
Pact = actual horizontal force along the line of resistance
Pali = allowable force as determined from the summation above
U = uplift load generated

1. 1f U equals 400 pounds or less, 1 framing anchor hold-down per Detail
26/4 may be used. If U equals more than 400 pounds but less than
800 pounds, a 2 framing anchor hold-down may be used.
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6.4D3b

2. 1T U equals more than 800 pounds but less than 1700 pounds, strap hold-
downs may be used.

3. If Uis greater than 1700 pounds, angle hold-downs must be installed. Con-
sult the graphs for hold-down Nos. 1, 2, 3 and 4 consecutively until the sum
of the horizontal forces for each length of wall is greater than the actual hor-
izontal force. Install the hold-down indicated at each end of each wall length.

The formula stated above should not be used for determining load to angle
hold-downs.

. Grade Beams

Grade beams shall be utilized with strap and angle hold-downs, as indicated in
this subsection.

a. When strap hold-downs are installed place one # 4 bar each in the top and
the bottom of the footing extending 6°-0’’ beyond each end of the shear wall.

b. When angle hold-downs are used, determine size of grade beam and number
and size of reinforcing bars from the appropriate hold-down graph. Read dir-
ectly upward on the wall length line until the line intersects the horizontal
line indicating size and number of bars and size of grade beam. Then consult
Table 4.2 in Detail 31/4 to determine “‘a”’ distance for size and number of
reinforcing bars indicated. Details 29/4, 30/4 and 31/4 indicate “a’’ distance
and placement of bars with cross-sections shown on 32/4 and 33/4.

¢. When grade beams provided are deeper than those detailed, the area of steel
may be reduced by applying the formula:

d
A = _S X AS
a
where dg = depth from top of grade beam detailed to center line of

bottom reinforcing, as shown on Detail 32/4 or 33/4,
whichever is applicable

dj = actual corresponding depth for footing to be used
Ag = area of reinforcing as shown on details
A = area of reinforcing steel required to be installed top and

bottom in the grade beam

d. When hold-down anchors are installed into 8-0" high concrete basement
walls, no special horizontal reinforcing is required. For masonry walls two
# 4s or one # 5 top and bottom may be used with any hold-down.

e. Installation of "'straight grade beams as shown on Detail 29/4 are the most ef-
ficient. Where such installations are not possible or are not economical, the
grade beam may turn the corner as shown on Detail 30/4 or may be extended
to an intersecting perpendicular footing at which point the footing may be
developed as a grade beam in order to meet the minimum "'a’’ distance {De-
tail 31/4). When such intersection forms a "’T"’ in plan view, the reinforcing
should be extended in both directions with laps at the intersection similar to
that shown on Detail 30/4.
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6.5 Overturning at Two-Story High Shear Walls

The overturning requirements above presuppose the existence of finish material above
the head of first floor openings extending to the sill of second-floor openings (approx-
imately 4-0"" minimum height from head to sill). Where shear walls have adjacent full-
height openings at the first and second floor such that the glass is interrupted only by
the second-fioor framing (or a relatively small height of finish material}, the wall re-
ceives no support from intervening shear-resistant material at the second floor line.
Such walls function in overturning as if their height (as shown on the hold-down graphs)
were their full two-story height but with loads at the roof and second floor line.

When such walls are common in a residential design, it is recommended that structural
engineering be provided. Where one or two such walls occur, overturning of the walls
may be evaluated using the procedures outlined above through use of the formula:

P10 - Prhy + P2h2
10
where P1g = the equivalent horizontal load which would be applied at the
top of a ten-foot-high wall
Pr = the seismic or wind load at the roof level
hy = the height from the base of the shear wall {at the first floor)
to the roof plate line
P9 = the seismic or wind load at the second floor line
ho = the height from the base of the shear wall to the second floor

After determining the equivalent horizontal force applied to a 10°-0” high walf, design
the wall for overturning using standard design procedures set forth in Section 6.4, as-
suming the wall to be 10°-0"" high and its actual width. No ““Solid" wall increases in
length for overturning resistance are possible with this type of shear wall.
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TABLE 3.9

ALLOWABLE SHEAR IN POUNDS PER FOOT FOR SINGLE-MATERIAL
SHEAR WALL ASSEMBLIES WITH 2x4 OR LARGER STUDS AT 16" o.c.

MAXIMUM
NAIL
WALL SPACING!" | SHEAR MINIMUM
MATERIAL | THICKNESS |CONSTRUCTION | (INCHES) VALUE NAIL SIZE
1" x 8” 2 per board
Diagonal 3/4" Unblocked interior 300 8d common
Sheathing 3 per board
boundary
1" x 8" 3 per board
Diagonal 3/4" Unblocked interior 300 8d common
Sheathing 4 per board
boundary
Gypsum 172" x 2" x 8’ Unblocked 4 75 No. 11 gage 1-3/4"
Sheathing long, 7/16" head,
Board 1/2" x 4’ Blocked 4 175 diamond-point, galv.
7 100 5d cooler or bd {.086""
Unblocked ————| wire dia.) x 1-5/8" fong,
4 125 9/32"" concave head
Gypsum 1/2" - — | gypsum board nail or
Wallboard 7 125 GWB-54 (.098 gage,
Blocked 1-1/4" long, 1/4"" head,
4 150 annular ring)
5/8" Blocked 4 175 8d {corresp. to above)
No. 11 gage galv. roof-
7/16"" x 4’ x 8’ 125 ing nail 1-1/2"" long,
7/16"" head
Fiberboard t{t————————— —
ASTM Applied 3" at No. 11 gage galv. roof-
Designation [25/32" x 4'x 8’ vertically. all edges 175 ing nail 1-3/4" long,
C208 Blocked 6" at 7/16"" head
or interior
D2277 of sheets No. 11 gage galv. roof-
1/2"" x 4" x 8 175 ing nail 1-1/2" long,
Nailbase 7/16"" head
Stucco
Woven or No. 11 gage 1-1/2"
Welded Wire long with 7/16"" dia-
Lath and 7/8" Unblocked 6 180 meter head nail or
Portland No. 16 gage staples
Cement having 7/8"" long legs
Plaster
Gypsum lath 3/8" Lath No. 13 gage 1-1/8”
plain or and 1/2" Unblocked 5 100 long, 19/64°" head, )
perforated Plaster plasterboard blued nail
230
4" at shiplap
Applied all edges vert. joints
Hardboard(2 7/16"13) vertically. 8" at  jp—————— 6d box, galv.
Biocked interior 300
of sheets butted
vert. joints

(1} Applies to nailing at all studs, top and bottom plates, and blocking.

{2) For all hardboards meeting requirements of Appendix D of HUD Minimum Property Standards and Voluntary
Product Standard PS60-73.

(3) May be notched to 1/4"” nominal thickness for architectural effects.
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SECTION 7: MASONRY EXTERIOR WALLS — SHEAR WALL DESIGN

7.1

7.2

7.3

One-story residences constructed with exterior masonry walls and two-story
residences with masonry walls at the first floor only shall have seismic designs
and construction details as required by this section.

Engineering shall be provided for two-story dwellings with full-height ex-
terior masonry walls.

Loads

All equivalent seismic weights shall be determined in the same manner as for wood
frame construction except as modified by this section.

A. Actual weight of brick masonry shall be determined by multiplying thickness
of wall in inches by 10 psf to obtain the weight ner square foot of the wall.

B. Weight of concrete block shall be as shown in Table 3.2.

C. Equivalent seismic weight of masonry walls as they contribute load to the
structure may be determined from Table 3.6.

Shear Walls

A.  When exterior masonry walls are used, only masonry walls shall be considered
as shear walls.

B. Minimum length for walls to be considered as shear walls shall be 2°-0"!

Design of Shear Walls

A.

Horizontal load capacity for walls of various effective lengths shall be deter-

mined from Figure 3.17 or 3.18 as applicable. Use the curve indicating the

appropriate height of wall to make this determination. Determine total hori-
zontal load capacity along a line of resistance in the same manner as for wood

stud shear walls.

Overturning. Overturning resistance shall be determined as specified for wood
stud shear walls except as modified herein.

1. Where steel lintels are used in lieu of reinforcing above window or door
openings, consider the lintel to be part of the opening in determining open-
ing height.

2. Use the ““No Grade Beam Required’’ curve as shown on Figures 3.17, 3.18
and 3.19 to determine the horizontal load capacity of each wall. Add these

capacities together along each line of resistance as described under Section
6.4 for wood frame shear wall design.

3. If horizontal capacity is insufficient as determined by 2. above, check
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7.3B3 capacity as shown on the curve for the height of wall used and provide the
grade beam indicated. (See Section 6.4D4 for grade beam installations.)

Alternative: As an alternative to 3. above, it may be desirable to grout the
wall solid. When the “grouted solid”’ curve is referred to in Figures 3.17 or
3.19 and found sufficient, solid grouting of the wall may be used in lieu of
a grade beam.

7.4 Masonry Wall Reinforcing (Zone 2 Only)

A. Reinforcing for 8’ nominal masonry walls shall be as indicated on Detail
51/4 with reinforcing steel installed as shown on Details 51A/4 and 51B/4.
Masonry lintels shall be constructed as shown on Details 51C/4 and 51D/4.

B. Where walls do not exceed 8°-8" in overall masonry height, partial rein-
forcing as shown on Detail 52/4 may be used. Reinforcing steel locations
and lintel details shall be as shown on Details 52A/4 through 52D/4. Con-
nections at the top of masonry walls shall be as shown in Details 53/4
through 57/4. These connections are adequate for walls up to 8-8" in
height as measured from first-floor line to top of wall.

7.4  Masonry Wall Reinforcing (Zone 3 Only)

A. Reinforcing for 8" nominal masonry walls shall be as indicated on Detail
51/4 with reinforcing steel installed as shown on Details 51A/4 and 51B/4.
Masonry lintels shall be constructed as shown on Details 51C/4 and 51D/4.

B. Connections at top of masonry walls shall be as shown in Details 53/4
through 57/4. These connections are adequate for walls up to 8'-8"' in
height as measured from first floor line to top of wall.
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SECTION 8: MISCELLANEOUS STRUCTURAL CONSIDERATIONS

8.1 Considerations Applicable in Both Zone 2 and Zone 3

A. Roofs

1. Blocking at lines of support shall be 2" nominal width by the depth of the
roof framing, and shall be installed and nailed as indicated on the Nailing
Schedule.

2. In houses with flat roofs, sloped ceilings or other configurations requiring
most interior walls to extend to the roof line:

a. Spaced sheathing shall not be used.

b. If straight sheathing is used, it is recommended but not required that
5/16" plywood be installed over the straight sheathing. Fastening of the
plywood shall be with #14 or #15 gage staples by 1-3/8" minimum long,
at 6" o.c. at edges of sheets and 12" o.c. to supports at the interior of
sheets.

B. Floor Diaphragms
1. Plywood Sheathing

a. Floor sheathing shall be half-inch or thicker plywood conforming to
PS 1-74. Minimum size of sheets shall be 2’-0" by 4'-0"] Joints shall be
staggered as shown on the two right-hand figures in the lower portion of
Table 3.10 or as indicated on the Errata Sheet for HUD-FHA Bulletin
No. UM25d.

b. Nailing shall be 10d common at 6" minimum o.c. at the edges of all sheets
and at 10" o.c. to all intermediate supports.

c. Plywood floor sheathing need not be blocked at interior abutments of
sheets.

2. Sheathing Other Than Plywood

Other floor sheathing used in lieu of plywood shall be approved through
HUD Acceptance Procedures and shall be nailed such that a minimum shear
of 250 pounds per foot is developed.

3. Glued Systems

a. Where glued plywood floor systems are installed, adhesives conforming
with the latest adopted or revised AFG-01 “‘Performance Specification for
Adhesives for Field-Glueing Plywood to Wood Framing” shall be used.
Glue shall be applied in accordance with manufacturer’s recommenda-
tions.
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8.1B3

b. Plywood shall be Underlayment T & G. Blocking at joints may be used
in lieu of T & G plywood.

c. Nailing shall be 10d common nails at 12’ o.c. to all bearings and at 6" o.c.
at the edges of the diaphragm and over shear walls.

d. Plywood shall be installed with face grain perpendicular to the supports.
4. Openings

a. Where stairway or other openings occurring in second floor diaphragms are
longer than 50% of the parallel dimension of the diaphragm at that loca-
tion, a shear wall shall be provided below one of the long edges of the
opening. Installation of such a shear wall is recommended even when such
openings are less than 50% of the dimension of the diaphragm and are re-
quired {see below) when the opening is more than 4’-0"' in width.

b. At stairways that require openings greater than 4'-0'' in width, at other wide
openings, and in split-entry homes, a shear wall shall be provided below at
least one long edge of the opening. In split-entry homes the "long’’ edges
shall be deemed to be those edges perpendicular to the adjacent exterior wall.

Chords

Chords consisting of exterior wall top plates (spliced as shown on Detail 22/4),
beams or other horizontal framing members located directly under roof and sec-
ond floor framing shall be continuous between intersecting cross walls. Where
continuity cannot otherwise be attained (such as at a beam abutting the top
plates), a splice shall be developed using a metal strap. Such splices shall be
equivalent to Detail 22/4.

Sole Plates at Non-Designed Interior Walls

Sole plates at non-designed interior walls shall be connected to slabs on grade
as shown on Details 19/4 or 20/4. Anchor bolts shall be 1/2" round at 6'-0"
maximum o.c. and gun bolts as shown on Detail 20/4 shall be 2'-0" maximum
o.c. When supported by wood framing, plates shall be nailed to the framing
with two 16d nails to each perpendicular floor joist or as specified under Wall
Framing in the Nailing Schedule for parallel joists.

Struts and Their Connections

As shown on Details 39/4 through 44/4, struts and their connections shall be
used in the following circumstances:

1. When shear to the top plates, all or a portion of which are the top plates of
the shear wall, exceeds 300 pounds per foot.

2. When a shear wall is totally offset from the diaphragm it supports or when
only a portion of the shear wall is located under the diaphragm so that the
top plates directly under the diaphragm have a shear in excess of 300 pounds
per foot.

Examples:

a. Partial second floor with shear load at one end = 1500 pounds. Shear wall
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8.1E2

contained mainly in one-story portion of house but extending under the
second-floor diaphragm for a distance of 2°-0". 2 x 300 = 600 pounds.
Strut Joad required = 1500 pounds — 600 pounds = 900 pounds.

b. Same condition as in a. except wall extends under diaphragm 2’-0"" with
30" wide door adjacent and 3’-0"" of additional wall on far side of door
such that top plates under second-floor diaphragm are 7°-6"' long. 7.5 x
300 = 2250 pounds allowed; no strut required for 1500-pound load.

Cutting and Notching

1. In exterior walls and bearing partitions, any wood stud may be cut or
notched to a depth not exceeding 25% of the width of the stud.

2. In non-bearing partitions, any wood stud may be cut or notched to a depth
not exceeding 40% of the width of the stud.

Bored Holes

1. A hole not greater in diameter than 1-1/2" in 2 x 4 stud, 2" in 2 x 6 stud,
or 40% for other stud widths may be bored in any wood stud. Bored holes
not greater than 60% of the width of the stud are permitted in non-bearing
partitions or in any wall where each bored stud is doubled provided no more
than two such successive doubled studs are so bored.

2. In no case shall the edge of the bored hole be nearer than 5/8'' to the edge
of the stud.

. 3. Bored holes shall not be located within 4'" of the edge of a cut or notch.

Cripple Walls

Where cripple walls are used below first floor wood framing to enclose a crawl
space only, shear-resisting material shall be provided continuously from the top
to the bottom of such wall when it exceeds 14*' in height. For walls less than
14" in height, solid blocking shall be used. When cripple walls are used in con-
junction with knee wall construction or other circumstances wherein a full-story
height occurs below the floor framing, the cripple wall shall be designed as a
first-floor wall in a two-story residence.

Special Garage Front Wall Details

1. The Special Garage Front Wall Detail 45/4 shall be used on each side of the
garage door for detached garages and attached garages when the garage pro-
trudes from the main body of the house such that the wall containing the
garage door opening is more than 6’-0"" from a parallel shear wall. The de-
tail shall not be used when a wall 4’-0"" or wider is provided in line with the
garage door. This detail is to be used to resist load from the garage only.

2. The Special Garage Front Wall Detail 46/4 shall be used at garage openings at
the first floor of split-level construction. It shall also be used for garage walls in
other two story houses when that portion of the house containing the garage
protrudes from the main body of the house 6’-0”’ or more, such that no parallel
shear wall occurs within 6’-0" of the garage door opening. Where protrusions are
less than 6’-0” the second-floor diaphragm may be considered as cantilevering.
The Special Garage Front Wall Detail shall be used to support only one-half
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8.112 the area of the garage and the second floor immediately over. A cantilevered
second floor may extend more than 4’-0" beyond the garage door opening or
to one side of the garage.

a. When using this detail in conjunction with split-level designs, interior par-
allel walls shall be designed to support 100% of the seismic load from the
two-story portion.

b. When using this detail in conjunction with other two-story designs, the rear
wall of the garage shall support all seismic loads generated by the second
floor walls and roof falling over the garage in addition to other tributary
areas required. :

3. The Special Garage Front Wall Details may not be used for shear walls 4’-0""
in width or greater when such shear walls occur adjacent to the garage door
opening. Walls qualifying as shear walls shall be designed as such and no in-
crease need then be taken to the interior walls of the residence except as re-
quired by the multiplying factors (Section 3.3B3).

[11-152



8.2 Considerations Applicable in Zone 2 Only.
A. Stud to Sole Plate Connections

Studs at exterior corners shall be fastened to the sill or sole plates with two
BO framing anchors per stud as shown on Detail 24/4. One 1/2" round by 12"
anchor bolt with standard washer shall be installed in each plate within 2-3/4"
of the corner studs. This bolt shall be in addition to the other sill bolts re-
quired in the wall. Other framing anchors shown on Detail 24/4 need not be
installed in Zone 2.

B. Split-Level Ties

1. Split-level ties as shown on Details 7/4 through 13/4 shall be used to tie framing
of the mid-level roof to the second-floor walls in split-level construction and
shall also be used at the lower roof of all houses with discontinuous roofs as de-
fined by Section 2.3B. Equivalent ties may be provided as specified in subsec-
tion 8.2B6 below.

2. All wood frame structures of the types described in 1. above shall have the
top plates of the mid-leve! (or lower roof’’) exterior walls tied to the two-
story (or higher roof) wall. Detail 12/4 shall be used for intersecting walls
and Detail 13A/4 shall be used when the exterior walls of the two portions :
of the structure fall within the same plane. =

3. When the roof framing of the mid-level (or lower) roof is perpendicular to
the two-story {or higher roof) wall, ties shall be devloped as follows:

a. When the line of intersection of the roof with the wall is horizontal, or
nearly horizontal, rafters may be fastened directly to a stud in the wall at
a maximum of 4’-0"" o.c. as shown on the portion of Detail 7/4 titled
""Rafter Adjacent to Stud.”

b. When roof slope is such that a proper nailed connection between the rafter
and the stud cannot be developed, ties shall be made at either 4'-0" o.c. as
shown on the portion of Detail 7/4 titled "“Sloping roof—etc.”” or at not
more than 16-0" o.c. in the manner shown on Detail 9/4, but with block-
ing sloped as shown on Detail 11/4.

4. When the roof framing of the mid-level (or lower) roof is parallel to the two-
story (or higher roof) wall, ties shall be developed as follows:

a. Ridge poles shall be connected as shown on Detail 9/4. Intermediate ties
and ties where no ridge pole is used shall be in accordance with Detail
11/4. :

b. Ties as detailed shall be provided at 16°-0" maximum o.c. except that
structures containing no part of the living area {such as attached garages)
may be tied at the exterior walls and ridge (or a point midway between
the exterior walls) only.

c. Ties shall be located midway between studs as shown on the details. Studs
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8.2B4c to either side of each tie shall be fastened to top plates as shown on De-
tail 9/4 and to sole plates as shown on Detail 10/4.

5. Studs shall in all cases be continuous past the lower of the two roofs
and shall extend to the plate line of the higher roof. For ties other than
perpendicular framing ties at 4-0" o.c., studs shall be 1700Fy, to each side of
the connection or shall be doubled as shown on Detail 13B/4. Where ties are
made at 4’-0"" o.c. no special connection need be made at the top and bot-
tom of the stud.

8. Where connections other than those detailed are installed, the connections
shall be designed for a horizontal load of 50 pounds per lineal foot in ten-
sion or compression at the line of juncture of the roof and the wall.
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8.3 Considerations Applicable to Zone 3 Only
A. Stud to Sole Plate Connections

1. Studs at exterior corners shall be fastened to the sill or sole plates with two
BO framing anchors per stud as shown on Detail 24/4. One 1/2" round by
12" anchor bolt with standard washer shall be installed in each plate within
2-3/4"" of the corner studs. This bolt shall be in addition to the other sill
bolts required in the wall.

2. The first two studs in each wall adjacent to exterior corners shall be fastened
to the sole plate with a single BO framing anchor. One of these anchors
shall be placed at the exterior of the structure and one at the interior.

3. Studs at the first story of two-story construction shall be fastened to the sole
plate with BO framing anchors at 4’-0"' o.c. in conjunction with all finishes
other than plywood. Framing anchor placement shall be staggered from interior
to exterior.

B. Split-Level Ties

1. Split-level ties as shown on Details 7/4 through 13/4 shall be used to tie
framing of the mid-level roof to the second floor walls in split-level house
construction and shall also be used at the lower roof of all houses with dis-
continuous roofs as defined by Section 2.3B. Equivalent ties may be pro-
vided as specified in subsection 8.3B6 below.

2. All wood frame structures of the types described in 1. above shall have the
top plates of the mid-level (or “lower roof’’) exterior walls tied to the two-
story (or higher roof) wall. Detail 12/4 shall be used for intersecting walls
and Detail 13A/4 shall be used when the exterior walls of the two portions
of the structure fali within the same plane.

3. When the roof framing of the mid-level (or lower) roof is perpendicular to
the two-story (or higher roof) wall, ties shall be developed as follows:

a. When the line of intersection of the roof with the wall is horizontal, or
nearly horizontal, rafters may be fastened directly to a stud in the wall at
a maximum of 4'-0" o.c. as shown on the portion of Detail 7/4 titled
"Rafter Adjacent to Stud.”

b. When roof slope is such that a proper nailed connection between the rafter
and the stud cannot be developed, ties shall be made at either 4’-0”" o.c. as
shown on the portion of Detail 7/4 titled "‘Sloping roof—etc.”” or at not
more than 8'-0’" o.c. in the manner shown on Detail 9/4, but with block-
ing sloped as shown on Detail 11/4.

4. When the roof framing of the mid-level (or lower) roof is parallel to the two-
story {or higher roof) wall, ties shall be developed as follows:

a. Ridge poles shall be connected as shown on Detail 9/4. Intermediate ties
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?n(/j ties where no ridge pole is used shall be in accordance with Detail
1/4,

b. Ties as detailed shall be provided at 8-0"" maximum o.c. except that struc-
tures containing no part of the living area (such as attached garages) may
be tied at the exterior walls and ridge (or a point midway between the ex-
terior walls) only.

c. Ties shall be located midway between studs as shown on the details.
Studs to either side of each tie shall be fastened to top plates as shown on
Detail 9/4 and to sole plates as shown on Detail 10/4.

. Studs shall in all cases be continuous past the lower of the two roofs and
shall extend to the plate line of the higher roof. For ties other than perpen-
dicular framing ties at 4'-0" o.c., studs shall be 1700F}, to each side of the
connection or shall be doubled as shown on Detail 13B/4. Where ties are
made at 4’-0"" o.c. no special connection need be made at the top and bot-
tom of the stud.

. Where connections other than those detailed are installed, the connections
shall be designed for a horizontal load of 100 pounds per lineal foot in ten-
sion or compression at the line of juncture of the roof and the wall.
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SECTION 9: MISCELLANEOUS NON-STRUCTURAL ITEMS

9.1 Glazing

A. A minimum of 1/8" clearance shall be provided between edge of window glass
and the jamb on each side.

B. When 3/8" or thicker plywood shear panels are required it is recommended that
1/4" clearance be provided at all window edges along the line of resistance con-
taining the panel(s).

C. When angle or strap-type hold-down anchors are used it is recommended that be-
sides the clearances recommended or required above, additional clearance (in
inches) be provided equal to 1.0 divided by two times the shortest length of wall
(in feet) containing the hold-down anchors; e.g. 4’ wall, additional clearance
= 1/2x4= 1/8".

9.2 Cabinets and Bookshelves

When wall or ceiling-hung cabinets, bookshelves or other similar installations are
made, the top connection shall be developed with wood screws as shown on Detail
50/4. In addition, positive locking devices such as press-latches are recommended
for doors.

9.3 Fireplaces and Chimneys

Masonry or concrete fireplaces and masonry, concrete or metal chimneys shall meet
these minimum requirements of seismic resistance in addition to other requirements
of the Minimum Property Standards and/or local ordinances.

A. Footings

Every masonry or concrete fireplace or chimney shall be supported upon con-
crete footings at least 12" thick extending at least 6’ beyond the chimney or
fireplace walls, and projecting at least 12"’ below the adjacent undisturbed
natural ground surface. Where fireplace or chimney is located at an exterior
wall, projection of the footing beyond the fireplace or chimney wall at the
"exterior’’ side shall be 12" minimum. See Detail 47/4 in conjunction with
this and other requirements relating to masonry fireplaces.

B. Veneer.

Veneer units shall be tied or anchored as required by Section 9.4 The re-
quired thickness of the chimney wall shall not include the thickness of veneer.

C. Thickness

1. Fireplace walls: Firebacks and jambs of masonry shall be not less than 8"
nominal in thickness which may include 4’ of firebrick.
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9.3C

2. Chimneys: Every masonry or concrete chimney shall have solid walls at least
8'' thick or shall have a flue lining surrounded by a layer of cement grout
and concrete or masonry, the total thickness of which shall be not less than
4"’ outside the flue lining. The layer of grout shall be at least 1* in thickness.

Reinforcement

Every masonry or concrete fireplace and/or chimney shall be reinforced with
steel consisting of the following:

1. Vertical reinforcement shall be #4 deformed bars hooked into the footing
and spaced at not greater than 24" o.c. In chimneys of 40" or less, four of
the vertical bars shall be continuous for the full height of the chimney and
shall be hooked into the chimney cap. Such continuous bars shall be located
as near to the corners of the chimney as practical and bends in the bars shall
be avoided or minimized. Two additional vertical bars shall extend full-
height for each additional flue in the chimney or for each additional 40" or
fraction thereof of chimney width. Bars that are not required to be contin-
uous shall extend from the footing to not less than 36" above the level of
the smoke shelf.

Exception: Fireplaces and chimneys constructed of hollow masonry units
may have vertical reinforcing bars spliced to footing dowels, provided FHA
inspection is made after reinforcing is placed and before cells-are grouted.

2. #3 horizontal bars as ties looped around vertical bars and spaced at not more
than 24’ apart vertically from footing to chimney cap. A tie shall be pro-
vided at each bend in vertieal bars.

3. Two 1/4" round bars looped around vertical steel in chimney cap and bond
slabs.

4. Where units in hollow masonry construction are not bonded by overlapping
of successive courses, one vertical 3/8" dowel shall be used to bond each
masonry unit to the course above. This reinforcement shall be in addition
to that required above.

Anchorage

All masonry and concrete chimneys shall be anchored at each floor or ceiling
line more than 6°-0'" above grade except where constructed completely within
the exterior walls of the building. Anchorage shall consist of two 3/16" by 1"
steel straps cast at least 18" into the chimney with a 180° bend with a 6" ex-
tension around the vertical reinforcing bars in the outer face of the chimney.
Each strap shall be fastened to the structural framework of the building with
two 1/2" bolts per strap. Where the joists do not head into the chimney the
anchor straps shall be connected to 2" by 4"’ ties crossing a minimum of four
joists. Such ties shall be connected to each joist with two 16d nails. Metal
chimneys shall be anchored at each roof, floor and ceiling with two 1-1/2" by
1/8"" metal strps looped around the outside of the chimney insulation and
nailed with six 8d nails per strap to the roof or ceiling framing. Each strap
shall have a length of not less than 12" between the metal chimney and any
combustible material to which it is attached.
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9.3

Cutting of Plates

Where plates are cut to permit the passage of the chimney, 3/16" by 1" steel
strap anchors shall be hooked into the concrete bond beam and secured to the
end of each plate with at least two 1/2”" by 4"’ lag screws or two 1/2'' bolts.

Lintels
Brick work over the fireplace opening shall be supported by a steel angle not

smaller than 3" by 2-1/2" by 3/16" set with not less than 3" of end bearing
on the masonry or by a reinforced masonry or concrete bond beam.

9.4 Veneer

A. Anchored Veneer

1. Anchored veneer height may not exceed 25'-0" at plate line and 28'-0"" at
gables. Veneer may be no less than 3/4" nor more than 5" nominal thick-
ness.

2. Masonry or stone veneer not exceeding 4'-0" in height shall be anchored as
herein required except that ties need only be provided 6" below the top of
the veneer at 16’ maximum horizontal spacing.

3. Anchored veneer not designed in accordance with these requirements shall
meet HUD Acceptance Procedures and its attachment shall be designed to
resist a horizontal force equal to two times the weight of the veneer.

4. Veneer shall support no load other than its own weight and the vertical dead

load of the veneer above.

. Lintels. When veneer is not self-supporting an incombustible and corrosion-
resistant lintel shall be provided.

a. Where openings are less than 5-0"" in width the lintel may rest upon the
veneer jamb.

b. Where veneer above lintel does not exceed 5’-0"" in height the lintel may
be bolted to the wood framing.

c. For openings greater than 5°-0"" in width with veneer above lintel more
than 5-0” in height, lintels shall be supported on a column built into
the jamb.

6. Installation to masonry or wood with ties.

a. All veneer ties shall be corrosion-resistant metal capable of resisting in
tension or compression a force equal to two times the weight of the at-
tached veneer. In other than masonry construction the ties shall be
anchored to the wall framing. 1f made of sheet metal, veneer ties shall
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9.4A6a be not smaller in area than 1/16’' by 1’ or if made of wire, not smaller
in diameter than No. 9 gage wire. Anchor ties shall be spaced so as to
support not more than two square feet of wall area, but not more than
24’ o.c. horizontally. |In Seismic Zone 3, anchor ties at masonry walls
shall be connected to horizontal joint reinforcement of No. 9 gage or
equivalent. The joint reinforcement shall be continuous with butt splices
between ties permitted.

b. For masonry veneer units the ties shall engage by a 180° bend a contin-
uous horizontal reinforcement wire of No. 8 gage laid on the center line
of the veneer in the mortar of a stretcher joint.

c. For stone slab veneer, the ties-shall engage drilled eyes of corrosion-
resistant metal dowels located on the center line of the edges of the units
and not farther apart than 24" around the periphery of each unit with
not less than four ties per veneer unit. If not tight-fitting, the holes for
dowels may be drilled not more than 1/16" larger in diameter than the
dowel, with the hole countersunk to a diameter and depth equal to twice
the diameter of the pin to provide a tight-fitting key of cement mortar at
the pin locations when the mortar in the joint has set.

d. When applied over wood stud construction, an approved paper shall first
be applied over the sheathing or wire between studs and grout shall be
poured into the 1" space between facing and paper.

7. As an alternative for wood stud construction, veneer may be applied with
1" minimum grouted backing space which is reinforced by not less than
2" by 2" No. 16 gage galvanized wire mesh placed over waterproof paper
backing and anchored directly to stud construction. The galvanized wire
mesh shall be anchored to wood studs by galvanized steel wire furring nails
at 4" o.c. or by barbed galvanized nails at 6" o.c. with a 1-1/8"" minimum
penetration. |f this method is applied over solid sheathing, the mesh must
be furred for embedment in grout. The wire mesh must be attached at the
top and bottom with not less than 8d common wire nails. The grout fill
shall be placed to fill the space intimately around the mesh and veneer facing.

B. Adhered Veneer

1. Adhered (adhesive) veneer height shall not exceed 25’-0"" at plate line and
28'-0"" at gables. Veneer thickness shall be not less than 1/8" and not more
than 1! Veneer shall not weigh more than 15 psf maximum.

2. Where veneer is designed rather than meeting the arbitrary requirements
contained herein the veneer and its backing shall have a bond to the sup-
porting element sufficient to withstand a shearing stress of 50 pounds per
square inch under test.

3. Backing for exterior veneer shall provide a weather-resistant barrier. Exterior
veneer including its backing shall form a weatherproof covering.

4. One of the following methods of application may be used:

a. A paste of neat Portland Cement shall be brushed on the backing and the
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9.4B4a

back of the veneer unit. Type M or S mortar then shall be applied to the
backing and the veneer unit. Sufficient mortar shall be used to create a
slight excess to be forced out the edges of the units. The units shall be
tapped into place so as to fill the space between the units and the backing
completely. The resulting thickness of mortar in back of the units shall
be not less than 1/2"" nor more than 1-1/4':

b. Units of masonry or stone shall be restricted to 81 square inches in area
unless the back side of each unit is ground or box-screeded to true up any
deviations from plane. These units may be adhered by means of Portland
Cement. Backing may be of masonry, concrete or Portland Cement plaster
on metal lath. Type M or S mortar shall be applied to the backing as a
setting bed. The setting bed shall be a minimum of 3/8" thick and a max-
imum of 3/4” thick. A paste of neat Portland Cement or half Portland
Cement and half graded sand shall be applied to the back of exterior ven-
eer units and to the setting bed and the veneer pressed and tapped into
place to provide complete coverage of the mortar bed and the veneer unit.
A Portland Cement grout shall be used to point the veneer.

Grout

Grout used in conjunction with ties or paper backing for anchored veneer may
be considered to have the same shear resistance value as for exterior stucco.
Shear resistance of adhered veneer shall be the resistance of the backing in-
stalled. As is true of all other exterior finishes, interior finish may be used to
develop shear resistance in lieu of exterior finish, but both finishes shall be
nailed as specified elsewhere herein.

9.5 Mechanical Equipment

A.

Water Heaters. Water heaters shall be installed in accordance with Detail 49/4
or in an equivalent manner. Water heaters shall be attached at their tops to re-
sist a minimum force of 80 pounds applied in any direction. Nailing or other
mechanical fastening shall be made at the base to resist the same horizontal
load. These requirements shall apply to all water heaters whose height is
greater than the least dimension {or diameter) of the body of the heater.

Floor Furnaces. Floor furnaces with blower motors and burner units located
3’-0" or less above the base of the unit shall be mechanically fastened at the
base only to prevent sliding. Units with heavy portions of their construction at
an elevation higher than 3’-0"” shall be tied to the adjacent structure at or near
the top to prevent overturning.

Other mechanical equipment such as air conditioners, roof coolers, etc., shall be
mechanically fastened to the supporting structure to prevent sliding and, where
applicable, overturning. The equipment itself shall have all major substructures
similarly connected.

Gas Valves. Gas shut-off valves shall be provided for each individual residence
and shall be labeled as such. They shall be located for easy access by the
homeowner.
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PART IV CONSTRUCTION DETAILS

COMMENTARY ON DETAILS

Wood frame construction techniques are so standardized that, customarily, very few de-
tails are provided in conjunction with dwelling plans. Also customarily, and quite logically,
communities develop construction procedures consistent with their experience and special
problems. Thus “standardized’” construction procedures for a particular area may be at con-
siderable variance with procedures elsewhere. Predesigned details presented in this chapter
are intended to develop a shear path and to mitigate other hazards created by earthquakes.
Many of the details also will improve the wind resistance of dwelling construction. The de-
tails, and the notes on them, are not intended to supplant local standardized procedures, but
to supplement them with requirements designed to improve seismic resistance. It is intended
that the details be modified as necessary to attain the required resuits when local procedures
vary from the construction methods indicated. {t shouid be emphasized that it is essential
to satisfy the requirements implied by a detail, not necessarily the entire “picture’’ shown
on the detail.

In addition to modifications to existing construction techniques, new details are presented
which achieve greater strength and/or safety for elements that have proven to be insufficient
in performance. These include, for example, the special garage front wali details, the cabinet
detail, the water heater detail, plus the requirements stipulated but not detailed in the De-
sign Methodology for other mechanical equipment as well as for framing and finishing.

Although FHA inspection procedures will assure the implementation of the recommended
revisions to construction procedures, satisfactory achievement of the desired results will lie
largely with the contractor and his subcontractors. An important part of this chapter is the
commentary on each detail, intended to familiarize all concerned as much as possible with
the intent behind the details.
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Because few contractors, including those building homes in areas of high earthquake p rob-
ability and intensity, are familiar with principles of seismic design it is recommended that they,
particularly, read Chapter |1—1 to facilitate understanding of the purposes of the details. Chap-
ter 11—1 also supplies definitions of terms used in discussing the tables and predesigned details.

Tables and Details. Most of the tables and details presented in Part |V are applicable in either
seismic Zone 2 or Zone 3. The details are numbered consecutively and, in most cases, "'pic-
ture’’ the same conditions whether they apply to Zone 2 or 3. Considerable care must be
taken to assure the correct detail is used for design and construction in the appropriate zone.

Table 4.1 serves as a Table of Contents for the Details, identifying their applicability based
on type of exterior wall construction and on the configuration of the dwelling. This table
should be especially useful to home designers and plan-checkers in the preliminary determi-
nation of which details will be required for a particular structure. During final design the need
for each detail, as well as the determination that a special section or detail not presented herein
is needed, should be based on the conditions developed by the individual design. Following
Table 4.1 comes commentary on the details, then the details, then tables.

Table 4.2. The length of the top and bottom Reinforcing in Grade Beams beyond the end
of ashear wall is tabulated in Detail 31/4 for use in conjunction with Details 29/4 through 31/4.

Table 4.3: Allowable Shear. Already presented as Table 3.9, this table is repeated here for
use by the contractor in determining required methods of attachment of various shear-resist-
ing materials. All fastenings are based on wall construction using 2 x 4 studs at 16’' o.c. This
minimum size and spacing shall be adhered to for all exterior walls and other designated
shear walls. Finish material shall be attached to all other walls in the same manner; the studs
may be smaller or the spacing greater for interior, nonstructural walls.

Table 4.4: Plywood Allowable Shears, reprinted courtesy the American Plywood Associa-
tion, lists values for plywood siding when it is to be the finish material or on the occasions when
plywood sheathing is required because the finish material being used is incapable of resisting
the seismic loads by itself. Again, this table may be of more use to the designer than to the man
in the field but it lists the minimum nailing required for installation of each particular thick-
ness of plywood. Generally speaking, nailing of plywood other than siding should be noted on
the plans. Except when otherwise indicated plywood siding nailing may be of the nail size in-
dicated at 6"’ o.c. to the edges of all sheets and 12" o.c. to intermediate supports. Arrangement
of the sheets may be as shown in drawings at the bottom of the table. The sheet arrangements
at the right of the table shall also be used when applying plywood flooring or subfiooring.

Table 4.5: Nailing Schedule. This table, akey to obtaining a proper shear path in house con-
struction, is presented twice: Once for use in Zone 2 and once for use in Zone 3. Again, care
must be taken to assure use of the correct Nailing Schedule for the appropriate zone. Some
nailing requirements are specified on certain of the details. (Where they are more severe
than those of Table 4.5, local requirements should be followed.) Nailing schedules predi-
cated on seismic loads include: (1) Nailing of blocking to top plates at roofs and floors; (2)
nailing of end rafters, trusses and joists; and (3) sole plate nailing. In addition, nailing for
those items as shown in Zone 2 Nailing Schedule may be considered adequate in 15psf wind
zones. The Zone 3 “normal’’ nailing may be used for up to 30psf wind designs for one-story
construction and 20psf for two-story construction. "'Lightweight” Zone 3 nailing as speci-
fied at the center of the second page of the schedule may be considered adequate for 25psf
wind for one-story construction and 15psf for two-story. These statements are based on a
2 to 1 diaphragm ratio for one-story houses and 1-1/2 to 1 for two-story. Allowable wind
loads may be increased proportionally as diaphragm ratio is decreased from those above-
stated ratios.
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TABLE 4.1

LISTING AND USE OF DETAILS

Notations

R = Virtually always required. WA = Use where applicable.
( ) = Detail No. in parentheses may be applicable instead.
Br roof = Use detail if roof is broken, Z2 and Z3 = Zone 2, Zone 3.

EXTERIOR WALL CONSTRUCTION

WOOD FRAME MASONRY
{Masonry 1st, Wood Frame 2d)
DETAILS One Two Split One Two Split || Page
No. | Description Story Story Level Story Story Level || IV—

1 | Exterior bearing walls at roof R R R R R 19

2 | Exterior end walls at roof R R R R R 20

3 | Exterior walls at second floor R R 21

4 | Exterior walls — second floor WA WA WA WA 22

overhang similar | similar

5 | Interior shear walls WA WA WA WA WA 23

6 | Bracing at corners of openings || optional { optional} optional 24

7 | Shear transfer: Split-fevel tie || Br roof | Br roof R Br roof | Br roof R 24

(rafters perpendicular)
8 | Use of split-level ties Br roof | Br roof R Br roof | Br roof R 25
(rafters parallel}

9 | Split-level ties at ridge pole Br roof | Br roof R{11)|| Br roof | Br roof R(11);| 26
10 | Split-level ties at base of stud Br roof | Brroof R Br roof | Br roof R 26
11 | Split-level ties — intermediate || Br roof | Br roof | Z3-R Br roof | Brroof | Z3-R 27

Z2-R(9) Z2-R{9)
12 | Split-level ties at mid-level Br roof | Br roof R Br roof*| Br roof® R* 27
top plates
Split-level ties — continuous
13 exterior walls and use of Br roof | Br roof WA Br roof | Br roof WA 28

double studs

L L

*Nailer at masonry wall in lieu of top plate.

¥ T ¥

Table 4.1 continued
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TABLE 4.1 LISTING AND USE OF DETAILS (vcontinued)

Notations

R = Virtually always required. WA = Use where applicable.
( ) = Detail No. in parentheses may be applicable instead.
Br roof = Use detail if roof is broken.  Z2 and Z3 = Zone 2, Zone 3.

EXTERIOR WALL CONSTRUCTION

WOOD FRAME MASONRY
(Masonry 1st, Wood Frame 2d)
DETAILS One Two Split One Two Split || Page
No. | Description Story Story Level Story Story Level || IV—
14 | Stem wall footings R15)F | R(15)* | R(15)} 29
15 | “Trench’ footings R{14) R{14) R(14) 29
16 | Basement walls WA WA WA R 31
17 | Retaining wall at split-level R R 32
18 | Knee wall construction WA WA WA 32

Anchor bolts at interior
19 | non-bearing walls R(20} R(20) R(20) R(20} R(20) R(20) 33
{For slab on grade construction)

Gunbolts at interior
20 | non-bearing walls R(19) R(19) R(19) R{19) R(19) R(19) 33
(For slab on grade construction)

Interior shear wall
21 | to wood floor framing WA WA WA WA WA WA 34
(For wood floor construction)

22 | Chord splice R R R R R 34
23 | Standard framing anchor use R R R R R R 35
24 | Fastening studs to sole plates R R R f3w6_
25 | Typical strap hold-down WA WA WA WA WA 37

(Capacity = 1700 Ibs)

26 | Framing Anchor hold-down WA WA WA WA WA 37
(Capacity = 800 Ibs)

*
*Nailer at masonry wall in lieu of top plute. *Except where full basement occurs.

Table 4.1 continued
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TABLE 4.1

R = Virtually always required.
{ ) = Detail No. in parentheses may be applicable instead.
Br roof = Use detail if roof is broken.

Notations

EXTERIOR WALL CONSTRUCTION

WA = Use where applicable.

Z2 and 23 = Zone 2, Zone 3.

LISTING AND USE OF DETAILS (continued)

WOOD FRAME MASONRY
(Masonry 1st, Wood Frame 2d)
DETAILS One Two Split One Two Split || Page
No. | Description Story Story Level Story Story Level || IV—
27 | Second floor strap hold-down WA WA 37
{Capacity = 800 Ibs)
28 | Typical shear wall installation R R R R ‘ R 38
29 | Typical grade beam at WA WA WA WA WA WA 39
shear wall (hold-downs)
30 | Typica!l grade beam and WA WA WA WA WA WA 40
shear wall at corner(hold-down)
31 | Length of reinforcing WA WA WA WA WA WA 41
32 112" x 18" grade beams WA WA WA WA WA WA 42
33 118" x 24" grade beams WA WA WA WA WA WA 42
34 | Installation of angle WA WA WA WA WA 43
hold-down anchors
35 | Strap hold-down at WA WA 44
floor framing
36 | Strap hold-down at WA WA 44
beam or header
37 | Installation of hold-down WA WA 44
at floor framing
]
38 | Installation of hold-down WA WA 44
to beam or header
39 | Strut — Capacity 1200 Ibs WA WA WA wA* WA* WA* || 45
T 1 1

"Nailer at masonry wall in lieu of top plate.

Table 4.1 continued
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TABLE 4.1 LISTING AND USE OF DETAILS (continued)

Notations

R = Virtually always required. WA = Use where applicable.
{ ) = Detail No. in parentheses may be applicable instead.
Br roof = Use detail if roof is broken. Z2 and Z3 = Zone 2, Zone 3.

EXTERIOR WALL CONSTRUCTION
WOOD FRAME MASONRY
(Masonry 1st, Wood Frame 2d)}
DETAILS One Two Split One Two Split || Page
No. | Description Story Story Level Story Story Level || 1V—
40 | Strut — Capacity 600 Ibs WA WA WA WA™ WA* WA™ [l 45
41 | Strut — Capacity 2400 Ibs WA WA WA WA* WA* WA*| 46

Strut connection
42 | — rafters perpendicular WA WA WA WA~ WA WA* | 47
(Capacity = 600 Ibs)

Strut connection
43 | — rafters perpendicular WA WA WA WA~ WA WA (| 47
(Capacity = 1200 lbs)

Strut connection
44 | — rafters perpendicular WA WA WA wWA* WA* WA*| 48
(Capacity = 2400 Ibs)

45 | Special garage front wall detail WA 49
For single-story garages

Special garage front wall detail

46 For garages with second WA R 51

floor above
47 | Typical fireplace construction | WA WA WA WA WA WA 53
48 | Chimney tie at 2nd floor WA WA WA WA b4
49 | Typical water heater R R R R R R 55

installation

50 | Cabinet fastenings R R R R R R 56
51 | Masonry wall — fully Z3-R Z3-R Z3-R 57

reinforced Z2-R(562)} Z2-R(52)| Z2-R(52)
52 | Masonry wall — partially Z2-R(61}| 22-R(51)| Z2-R(51)]| 59

reinforced (Zone 2 only)

*
*Nailer at masonry wall in lieu of top plate. *Except where full basement occurs.

Table 4.1 continued
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TABLE 4.1 LISTING AND USE OF DETAILS (concluded)

Notations

R = Virtually always required. WA = Use where applicable.
{ ) = Detail No. in parentheses may be applicable insteac!.
Br roof = Use detail if roof is broken. Z2 and 23 = Zone 2, Zone 3.

EXTERIOR WALL CONSTRUCTION

WOOD FRAME MASONRY
{Masonry 1st, Wood Frame 2d)
DETAILS One Two Split One Two Split || Page
No. | Description Story Story Level Story Story Level [[IV—
53 | Exterior masonry bearing wall R R 61
54 | Exterior masonry end wall R(55) R(5) 63
55 | Exterior masonry R(54) R{54} 65
gable end wall
56 | Exterior masonry bearing wall R R 67
supporting second floor
57 | Exterior masonry non-bearing R R 67
wall supporting second floor
58 | Footing — floor joists bearing R R R 69
(For wood floor construction)
59 | Footing — floor joists paraliel R R R 69
(For wood floor construction) ‘
“Trench’ footing and
60 | slab on grade R R R 69
(For slab on grade construction) ‘

I

n
*Nailer at masonry wall in lieu of top plate. *Except where full basement oceurs.
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DETAILS AND COMMENTARY

Note: The 60 details presented starting on Page 1V—19 may be removed and
duplicated on an office copier for inclusion with plans. In a few cases blank
spaces have been left on the details to be filled in as required by the individual

job. The details should be referenced on the plans.

Detail 1/4 Exterior Bearing Walls at Roof

This detail provides a shear path from the roof sheathing through the blocking to the top
plate and to the shear-resisting material. The method of framing may vary, but the transfer
of horizontal loads from the sheathing down to the finish (shear-resisting) material must be
developed.

An example of variance in construction procedures, as noted in the Introduction, is indi-
cated in Detail 1D. Prefabricated roof trusses are frequently fabricated in manners other
than the method shown. It is not the intent of this detail to indicate a required method of
roof truss fabrication but to spell out the shear transfer details.

Detail 2/4 Exterior End Walls at Roof

This detail is similar to the details discussed above and the same comments concerning
shear transfer apply here. The major difference is that transfer of shear takes place in the
end rafter or truss rather than through blocking. One major distinction between this and
Detail 1 is that for the application of shear-resisting material where such material is applied
in sheets, it is required that the sheets be spliced at the top plates to effect direct shear
transfer. This requires that the finish material applied above the top plate extend down ap-
proximately 3/4" below the bottom of the framing member or truss.

Detail 3/4 Exterior Walls at Second Floor

This detail shows continuous shear-resisting materials and finishes interrrupted at the
second floor line. It is of little consequence how the rough framing is hidden from view in
Details 3B and 3D. The importance of Detail 3 is essentially the same as in the previous de-
tail — effecting shear transfer from the upper wall and the floor sheathing to the first-floor
wall.

The Nailing Schedule footnote states that certain nailing may be reduced by 50% when
the shear-resisting material is continuous, as shown on Details 3A and 3C. When shear-
resisting material on the exterior of the building is uninterrupted it transfers the shear dir-
ectly downward past the floor framing and shear-transfer connections therefore need not be
as heavy. To achieve uninterrupted shear resistance with sheet-type exterior finishes, the
material must be spliced to either the first-floor top plate or the sill plate at the second floor
line. Since shear materials must be a minimum of 2°-0" x 4’-0" a splice at both these loca-
tions would not be acceptable. Nine- or ten-foot-long sheets are therefore normally used to
attain the desired continuity.
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Detail 4/4 Exterior Walls—Second Floor Overhang

When the second floor overhangs the first floor exterior wall it is necessary to place shear
transfer blocking beneath the second-floor wall and also above the first-floor wall. A similar
condition exists when floor joists are parallel to the wall. How the double floor joists in
Details 4C and 4D are supported is not indicated; it is assumed that the joists span to canti-
lever beams. In the cases illustrated, the shear from the second-floor walls is transferred into
the second-floor sheathing and to the blocking or end joists carrying the load down to the
top plate of the first-story wall.

Detail 5/4 Interior Shear Walls

When interior walls extend to the roof framing, they should virtually always be consid-
ered as a shear-resisting element. Exceptions to this rule are walls less than 4'-0"” in length
and relatively short walls in houses where all interior walls extend to the roof. Although not
shown, the connection of parallel trusses to interior shear walls should be made in the same
manner as shown on Detail 5B. Since the bottom chord of the trusses is considered ceiling
framing, walls extending to the bottom of the truss need not be considered as shear walls
unless specifically indicated on the plans. It would be impractical (although not impossible),
for instance, to require that shear wall connections to perpendicular trusses be made in a
manner similar to Detail 5A. |n Detail 58, however, nailing of the sheathing can be made to
the top chord of the truss while the nailing to the top plate would obviously be developed
from the bottom chord. It is assumed that the truss is capable of transferring the load from
the top to the bottom chord. This virtually always proves to be true:

Detail 6/4 Bracing at Corners of Openings {Optional)

Although certain walls containing openings may be considered as “'solid’”* when consid-
ering overturning, damage to finish at the corners of windows and doors may be expected
in an earthquake. In terms of the overall integrity of the structure such damage may be rel-
atively slight but it is unsightly, at the least. (n the case of severe cracking or other damage
(depending on type of finish), repair may be quite costly, involving not only patching or
replacement but repainting of the entire structure. Detail 6/4 attempts to minimize dam-
age at the corners of openings. Although such damage is common, it is not considered ma-
jor and the detail is therefore optional.

Detail 7/4 Shear Transfer at Broken Roofs/Split-Level Tie With Rafters Perpendicular

Details 9, 11 and 12 show the way a mid-level roof should be tied to the two-story
portion of a split-level house and should also be used for other similar discontinuous-roof
conditions. In order to depict the tie clearly, the shear transfer from the end rafter to con-
tinuous solid blocking in the stud wall is not completely shown on Details 9 and 12 and not
called out on Detail 11. This detail indicates that 2-16d nails should be used to connect the
end rafter (or blocking) to the blocking in the wall and that the interior finish should also
be nailed to the wall blocking.

Occasionally, the mid-level roof is framed perpendicular to the two-story wall. In addi-
tion, one-story houses with broken roofs are frequently framed as shown on Detail 7. In
these cases, the tie between roof levels should be made in one of the two manners shown.
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Details 8/4 through 13/4  Split-Level Ties

Pictures in Part | provide ample evidence that split-level homes tend to separate at the
break in levels when the mid-level roof is framed parallel to the two-story wall. Practice has
been to nail the end rafter to each stud or, worse, to nail only intermittently to the studs.
Details 8/4 through 13/4 indicate required ties to be placed in such construction.

Detail 8/4, an isometric view of the joining of the mid-level roof to the two-story portion
of the house, is an informational detail to picture more clearly the way the ties are to be
used. The connections themselves are shown on the referenced details.

The intent of Details 9, 11 and 12 combined is to provide ties at the mid-level front and
rear walls, at the ridge, and at 8"-0" maximum o.c. in Zone 3 and 16"-0"” maximum o.c. in
Zone 2.

Where standard framing is used, the ridge pole should be connected to the second-floor
wall as indicated on Detail 9/4. Note that a stud should be placed approximately eight in-
ches either side of the ridge pole; a single stud adjacent to the ridge pole would be too weak
in bending to take the tension or compression load developed. When a prefabricated truss,
or other method of framing not requiring a continuous ridge pole, is used, Detail 11/4
should be substituted to achieve the ridge connection.

The top plates of the mid-level walls intersecting the two-story walls should be connected
as shown on Detail 12/4. Again, studs should be placed eight inches each side of these plates.
Obviously, additional studs will be placed below the top plates as the end framing of the
mid-level wall.

The horizontal distance between the mid-level exterior top plates and the roof ridge is
normally more than 8-0) Detail 11/4 provides an intermediate connection which should
be used so that ties are provided at 8’-0"' maximum o.c. in Zone 3 and 16°-0"" maximum o.c.
in Zone 2. A stud must be placed eight inches each side of each tie and a special connec-
tion is necessary at the top and bottom of these studs. The top connection is shown on
Detail 9/4 and the connection to the sole plate is shown on Detail 10/4. The studs must
have a minimum bending strength of 1,700 psi. Where it is desired to use the same stud
material as is used for the remainder of the job, the studs each side of each connection
should be doubled and installed as shown on Detail 13B/4.

Occasionally the front or rear wall of the mid-level is in line (in plan view) with the para-
llel exterior wall of the two-story portion. When this occurs, Detail 13A/4 should be used
instead of Detai! 12/4 for the connection of the mid-level top plate to the two-story portion.

Although presented for use in split-level construction, these details should be used in any
case of a vertical break in roof framing — whenever roof sheathing cannot be applied con-
tinuously.

When framing of the mid-level roof is perpendicular to the two-story wall, Detail 7/4
should be used. This detail does not require use of special studs because the connections
are closer together.

If alternative details to the predesigned details are used, they must be designed for a
minimum of 100 pounds-per-foot (tension or compression) of interface between the two
portions of the structure in Zone 3 and one-half that amount in Zone 2.
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Detail 14/4  Stem Wall Footings {(Zone 2 and Zone 3)

The important objective of Detail 14/4 is the realization of the required shear-transfer, in-
cluding proper size and spacing of sill bolts to the foundation. The required size and spacing
has been omitted in the Detail and should be filled in by the preparer of the plans in accord-
ance with the information developed through the use of the Calc Forms. These bolts should
never be less than 1/2" round at 6°-0"" o.c., however. {Such considerations as size, thickness
or depth of footing and provision for proper crawl space are not incorporated in the detail;
some are discussed, however, in Part |1, *’Foundations.")

Detail 14/4 is the first of several that are printed in two forms, once on yellow paper fgr
use in Zone 2 and once on pink paper for use in Zone 3. Care should be taken in the desig-
nation of the proper detail.

Detail 15/4  “Trench’’ Footings {Zone 2 and Zone 3)
The three details shown in Detail 15/4 serve two purposes:

First, the required method for the installation of sill bolts is shown. The requirement that
the bolts extend 4" minimum into the footing proper is uniformly applicable.

Secondly, floor slabs not poured monolithically with footings are apt to separate and
move during seismic disturbances. This is particularly true when a waterproof membrane
has been extended between the top of the footing and the bottom of the slab. The con-
tractor is afforded the option of installing either dowels or a continuous key to improve
seismic resistance for this condition. Although shown near the center of the footing, the
dowels may be placed in line with the anchor bolts on Detail 156B and may also be placed in
the same manner on Detail 15A provided the horizontal leg of the dowel is lengthened to
extend a minimum of 15 inches into the slab. Because of the lighter loading the installation
of the dowels or key have been made optional in Zone 2 but are required for Zone 3.

The waterproof membrane shown on these details indicates the recommended method of
installation where it is required that the membrane be extended over the top of the footing.
It must not be inferred that such a membrane is required for seismic reasons, nor that the
membrane must be extended across the footing. Such requirements, where made, are de-
termined by local HUD offices to meet other conditions.

The same remarks with regard to footing size and anchor bolt size and spacing made for
Detail 14/4 apply to Detail 15/4 as well.

Detail 16/4  Basement Walls

In addition to providing shear-transfer requirements for seismic forces this detail also
provides for the required reaction for nominal retaining wall action (30 ib/ft2/ft equivalent
fluid pressure, 7°-6" maximum earth height). (This is discussed in Part |1, *‘Basements.”’)

The same remarks with regard to footing size and anchor bolt size and spacing made for
Detail 14/4 apply to Detail 16/4 as well.
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Details 17/4 and 18/4  Retaining Walls at Split-Level Construction and Knee Walls

These details, again, indicate the shear-transfer requirements only. The finish materials
themselves are not shown but should be applied at the second-floor line in accordance with
Detail 3 and at the base as shown on Detail 14.

In some cases the mudsill is placed on the top of the retaining wall and the sole plate
connected to it. In this instance the nailing of the sole plate should be in accordance with
Table 4.5. Wherever possible, the finish material should be attached directly to the mud-
sill. The sole plate nailing may then be reduced in accordance with the footnote in Table
4.5, Although the alternate detail is indicated in conjunction with knee wall construction,

.the same remarks apply any time a similar detail is used.

Details 19/4 and 20/4  Anchor and Gun Bolt Installation at Interior Non-Bearing Walls

The provisions shown on these details should be used at all interior non-bearing walls
for slab on grade construction. When the walls are designed as shear walls, the approp-
riate detail may be used provided that strap- or angle-type hold-down anchors are not re-
quired.

Detail 21/4 Interior Shear Wall Connection to Wood Floor Framing

This detail is applicable when an interior shear wall is used and no continuous footing is
provided beneath it. The shear must be transferred from the finish material to the bottom
plate and thence to the floor sheathing. The blocking or double joist beneath the wall is
supplied to provide proper backing for the nailing. The floor sheathing should be attached
to the blocking or double joist with the same nailing required by Table 4.5 at the edges of
sheets or at points of bearing.

Detail 22/4  Chord Splice

As stated in Chapter 11—1, the top plates of exterior walls act not only as chords but also
as struts carrying loads developed in the diaphragm to the shear-resisting elements along a
given line of resistance. It is important, therefore, that proper nailing be provided at each
splice in the plates. Although a minimum length between splices of 8'-0"' is indicated with
a minimum length of 6’-0"" at the ends, the length between splices is not nearly as important
as the provision for nine 16d nails minimum between each splice. The 8'-0”" minimum
length indicated will allow the builder to do the least amount of nailing to achieve this re-
guirement, since the nails between top plates are limited to 16’" maximum o.c. by the
Nailing Schedule.

Detail 23/4  "'Standard’’ Framing Anchor Use

Standardized framing anchors are produced by a number of manufacturers and come in
a number of shapes, but generally follow the dimensions indicated. The Bl and BO designa-
tions refer to whether the bendable portion is to be bent in or out. The method of installa-
tion and allowable seismic loads are indicated on the lower figures in the detail. Where fram-
ing anchors are indicated on other details, this type of framing anchor is intended. Smaller
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framing anchors are fabricated by some manufacturers and may be used to fasten 2 x 3 and
2 x 4 members in a manner similar to that shown in the lower left figure of Detail 23/4.
When this smaller faming anchor is allowed, it is designated ‘2 x 4 framing anchor.”

All “standard”’ framing anchors installed should have the minimum capacity for seismic
resistance as shown on this detail. Where no seismic values for “‘standard’’ framing anchors
are indicated by the manufacturer, the stated values for loads other than roof loads should
be a minimum of 3/4 the values shown.

Detail 24/4  Fastening Studs to Sole Plates (Zone 3 only.)

The full detail is for use in Zone 3 only. The connection at the studs is applicable in
Zone 2 also. In Zone 3, framing anchors are required not only at the exterior corners but
at the base of the first two studs from each corner. In addition, framing anchors are re-
quired to be placed on the alternate sides of studs at 4’-0"' o.c. at the first-floor exterior
walls of two-story houses in Zone 3. In order to develop the transfer of load from the
framing anchors to the anchor bolt, it is required that the sill plate be of a grade having a
bending strength of 1,250 psi or better in both Zones.

Detail 25/4  Typical Strap Hold-Down (Cap. = 1,700 Ibs)

Hold-down straps similar to the one detailed are commercially available in a variety of
sizes and capacities. All straps indicated are minimum and may be fabricated from thicker
material. Straps such as the one shown in Detail 25/4 should be carefully installed, the most
costly and troublesome problems occur when hold-downs are misplaced. After concrete has
been poured, engineering consultation is required to correct this type of error.

The double studs shown on Detail 25/4 should be placed such that the nails are approxi-
mately in the center of each stud; 4 x 4s or larger may be used in lieu of the double studs.

Detail 26/4  Framing Anchor Hold-Down (Cap. = 800 lbs max.)

This hold-down detail, similar to Detail 24, is to be used at both sides of all exterior cor-
ners. It is not used for commercial construction and has been devised exclusively for single-
family residences. It will frequently be applied at locations other than corners since over-
turning in residential construction usually results in relatively low loads. Chapter {1—6 in-
cludes a detailed discussion of all types of hold-down anchors.

Detail 27/4  Second Floor Strap Hold-Down (Cap. = 800 Ibs max.)

Occasionally hold-down anchors are required at the ends of short shear walls occurring
at the second-floor level. When a stud wall exists below the location of the hold-down strap,
the strap should be fabricated long enough to attach the second-floor studs to matching
first-floor studs. When a wall occurs over a beam or header, the attachment must obviously
be made to this member. '

Detail 27/4 is for a condition similar to Detail 26 as applied to first-floor construction.
Since no anchor bolts can be installed, the strap is substituted for the framing anchors.
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Detail 28/4  Typical Shear Wall Installation

Finish material should be applied as indicated in Detail 28/4, with the edge nailing of the
adjoining sheets made to the same stud. The minimum allowable size of all sheet-type
sheathing is 2-0"" x 4'-0"" When narrower pieces could result from the normal installation of
4'-0"-wide sheets for the remainder of the length of the wall, the last 4’-0""-wide sheet should
be cut back one stud space to allow the piece at the corner to be a minimum of 2°-0” wide.
All splices of adjoining sheets should be made by nailing each piece to the same framing
member (stud, top plate, blocking, etc.). Continuous shear-resisting material, such as plaster
or stucco obviously need not meet the edge-nailing requirements stipulated above.

When angle-type hold-downs are used, it is usually necessary to supply a reinforced grade
beam to resist the uplift transferrred to the foundation by the hold-down anchor. When any
strap or angle hold-down is used, it is vitally important to nail the finish material to the same
stud to which the hold-down is attached.

Details 29/4, 30/4 and 31/4 (including Table 4.2) Grade Beams at Shear Walls

These details are supplied primarily for the designer to determine the length of the rein-
forcing and grade beam required under a shear wall requiring angle-type hold-down anchors.
The contractor may determine this distance in the field by noting the size and number of
reinforcing bars required in the grade beam and referring to Table 4.2 (in Detail 31/4) to
determine the “'a’’ dimension. These details and the table apply to masonry as well as to
wood stud shear walls.

Details 32/4 and 33/4 12" x 18" Grade Beams and 18'' x 24’ Grade Beams

When grade beams are required, reinforcing steel should be placed as shown on Details
32 and 33. Although no ties are indicated, the contractor may find that tying the bars is the
simplest way to keep the reinforcing steel in place. When stem wall footings are used, the
total cross sectional area of the footing and wall is to be the same as that shown for the
more normal beam-shaped footings so that sufficient weight is present to resist the uplift
from the hold-down anchor.

Detail 34/4  Installation of Angle Hold-Down Anchors

Hold-down anchors similar to the angle-type hold-down shown on Details 34A/4 through
34D/4 are commercially available from a number of manufacturers. If a plate washer is used
under the nut on the vertical bolt, the hole in the angle can be fabricated to a diameter up
to 1-1/8'0 This will allow greater tolerance in the placing of the hold-down bolt. It is rec- -
ommended that the sill plate be cut and used as a template to better insure the proper place-
ment of the hold-down bolt. Because of the cost of the hold-downs and the care with which
they must be installed, it is fortunate that this type of anchor is rarely required in residential
construction.

Provision must be made in advance for the application of finish material in order to pro-
vide coverage for the heads of the bolts on the opposite side of the double studs from the
hold-down; 4 x 4 or larger posts may be substituted for the double studs. Hold-downs of
this type occasionally are fabricated with plates attached at the bottom of the hold-down
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bolt rather than the hook shown. Such plates should be tack-welded to the embedded head
of the bolt to prevent them from floating up when the concrete is poured. Detail 34A’s
dimensions apply to three other details as well.

Details 35/4 through 38/4 Miscellaneous Hold-Downs at Second Floor

The comments on Detail 27/4 apply to these details, where appropriate. Details 35
through 38 will rarely be used because they pertain to the installation of hold-down anchors
on the second floor of two-story houses which are not commonly required.

It is emphasized that where a stud wall occurs below the hold-down anchor, matching
doubie studs should be provided below the second-floor framing rather than attempting to
attach the hold-down to a rim joist or other inadequate member. Headers to which hold-
down anchors are fastened should be 4 x 8 minimum and, in turn, must be adequately
anchored to transmit the uplift loads.

Details 39/4 through 44/4 Strut Connections

Struts as shown on these details indicate the required connections to the roof framing.
To develop the strength of the strut, it is necessary that roof sheathing be nailed to the strut
with minimum edge or bearing nailing required; the member must be doubled when indica-
ted on the detail; and, primarily, the connection to the top plates of the wall must be as in-
dicated. It is not necessary that the shear wall occur directly below the top plate at the
connection. The shear-resisting portion of the line of resistance may be beyond the point
at which the strut ties to the top plate. The top plates, themselves, will act as a strut to
transmit the load to the shear-resisting element. As discussed in Parts | and I, very little
damage is done to roofs during earthquakes; loads in residences seem to get to the walls
with little difficulty. The development of struts in roof structures should be necessary only
in isolated cases where most of the load for a given line of resistance is developed in a por-
tion of the roof not in any way adjacent to the pertinent shear wall.

Although the struts shown indicate roof construction, the same connections may be util-
ized with second-floor framing. When the roof construction is shown as doubled to act as a
strut, the floor framing should also be doubled. Struts in second floors will also occur infre-
quently, but should prove to be more common than those required at roof lines. Interior
walls at the first floor of two-story homes are frequently staggered (in plan view) such that
continuous plates cannot be provided to act as struts transferring the load from the floor
diaphragm to the shear wall.

The contractor should be aware of the need for struts and, to provide himself with a
guarantee of economy, should question any strut connected to a wall with shear-resisting
material having a shear value of less than 250 pounds per foot. On occasion, struts will be
justified but, generally speaking, the length of the diaphragm adjacent to the shear wall
should be sufficient for load transference without a strut when the shear-resisting material
has a capacity less than the 250 pounds.

Struts parallel to framing are easily installed because the framing itself can be used as
the strut. The cost of installation is primarily the cost of the connection and the time
required to provide the few extra nails from the roof or floor sheathing to the strut.
When the strut is perpendicular to the roof or floor framing, the connection becomes more
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complicated and costly because straps must be used and blocking must be installed between
the rafters or floor joists. The vertical strap indicated on Details 42/4 and 44/4 is required
only when the roof slopes. When the roof {or floor) is level, or nearly level, this vertical
strap may be omitted. Struts of the sort detailed develop loads in two ways: When the strut
is in compression, the force is translated directly to the blocking or rim joists ai the point
where the members abut. When the strut acts in tension, however, the strap or framing
anchor must transfer the load to the top plates of the wall. Straps in particular are inade-
quate in compression because they tend to buckle, but are the only means of transfer for
tension forces. It is important, therefore, that straps be installed as tightly as possible to
minimize the tendency to buckle when the strut is in compression.

Detail 45/4  Special Garage Front Wall Detail — One-Story Garages

This detail is provided for use at the front of one- and two-car garages and should be used
at the wall on each side of the garage door when each wall is less than 4'-0"" in width.

Detail 45/4 should be used for detached or attached garages whenever the garage is not in
line with other exterior walls of the house or whenever the horizontal distance between an
exterior wall of the house and the front of the garage is greater than 6'-0'’

Rigid frames constructed of wood are normally considered questionable engineering prac-
tice. Detail 45/4 has been developed as a compromise between more expensive solutions and
the current inadequate performance at the front of garages. The frame is developed through
use of a larger-than-normal header strapped to 4 x 4 posts. The header extends across the full
width of the garage rather than stopping at the trimmer at the edge of the opening. This
method of attachment precludes the necessity of installing hold-down anchors, which are
impractical, if not impossible, to install in the shorter segments of wall allowed. The ply-
wood and the straps may be placed on either the interior or exterior face of the wall. It is
not necessary that the straps be placed on the same side of the wall as the plywood but,
when that is the case, the straps should be installed over the plywood. To preclude the
necessity of other filler behind the portions of the garage wall not requiring the plywood
sheathing, it usually will be more desirable to place the plywood on the interior of the wall
as shownr on the upper plan on Detail 45C.

When three-car garages are constructed, a “‘pier’”’ should occur either between the double
door and the single door or between each of the single doors. At least one of these interior
“piers’’ {as well as the end "piers’’) should be developed in a manner similar to that shown
except that the header and straps must be treated differently at the center “pier.” One of
the headers should be run across the full width of the center pier with the other header sup-
ported on a trimmer placed adjacent to the 4 x 4 posts. The plywood should be nailed to
both posts as shown (but not necessarily to the trimmer) and the five-bolt strap should be
installed at the side of the pier farthest away from the end of the header that extends across
the pier.

Detail 45/4 should not be used with walls 4'-0* or greater in width because such walls
may be considered as shear walls and can be developed in a more conventional manner.

Detail 46/4 Special Garage Front Wall Detail — Two-Story Construction

The same restrictions on the use of Detail 45/4 apply to Detail 46/4. Plywood sheathing is
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necessary on both sides of the wall in Detail 46/4, however, to carry the heavier loads gen-
erated in two-story construction. U straps and 4 x 6 posts also are required.

Inasmuch as plywood must be applied to both sides of the wall, it will be necessary to
provide filler material over the remainder of the wall in order to prevent a “hump’ in the
finish material at the focation of the plywood.

Details 47/4 and 48/4  Typical Fireplace Construction

Masonry fireplaces must be reinforced and tied to the roof and floor framing in accord-
ance with Detail 47/4.

Detail 48/4 indicates that nails may be used in the strap connecting the chimney to the
second floor. Nails were found to perform poorly in conjunction with fireplace straps dur-
ing the San Fernando earthquake. Although the number of nails shown by this detail is
substantially greater than were placed in strap ties at the time of the San Fernando quake,
the installation of 1/2" round bolts in each block is encouraged in lieu of the nails shown.

Metal fireplace ties are covered by the Design Methodology in Part 111 of this report.

Detail 49/4  Typical Water Heater Installation

The overturning of gas water heaters with the resultant break in connections can result in
destruction by fire of an otherwise undamaged home. It is easy to understand how water
heaters overturned when flexible couplings were used. More surprisingly, rigid piping did
not prevent overturning of the water heaters in the San Fernando earthquake and therefore
the connection shown in Detail 49/4 is required in both instances. The 16-gage angle indi-
cated for the connection is not commercially available as a prefabricated item. Until it is,
it will be necessary for contractors to have similar angles fabricated to the length required
for each specific job. Although it is not necessary from a structural standpoint, it may be
simpler to have the angles made up from standard structural steel rather than with light
gage steel,

Detail 49/4 emphasizes the necessity to tie water heaters near their tops and to provide
mechanical fastenings near the bases to prevent sliding as well as to assist in preventing
buckling of the water heater legs. It is recognized that this detail will not meet all water
heater configurations, or that an individual contractor may wish to provide a different in-
stallation. This is acceptable as long as the connections provide resistance to overturning
in any direction, and as long as a positive mechanical fastening is provided at the base to
assist in the prevention of sliding.

Detail 50/4  Cabinet Fastenings
Detail 50/4's provisions for the installation of cabinets and other similar items are
not unlike those currently in use. The major difference is the requirement of screws rather

than nails as fasteners. Some installers already use this method and it should not greatly
affect the cost of installation.
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Details 51/4 and 52/4  Masonry Wall Reinforcing

These wall elevations and their accompanying cross sections are essentially the same, with
fully-reinforced masonry walls indicated on Detail 51/4 and partially-reinforced walls {(ap-
plicable to Zone 2 only) shown on Detail 52/4. Horizontal joint reinforcing may be used in
lieu of the horizontal reinforcing bars as shown in one elevation on each sheet. It isempha-
sized that the masonry lintel reinforcing indicated is the minimum required for seismic load
and it is not implied that this reinforcing is adequate for the vertical loads in any individual
home. When the lintel span is short it is not uncommon to place the channel block as indi-
cated in the upper left hand section of Detail 51C or 52C. For longer spans this block
should be inverted to provide a greater depth for the reinforcing steel.

Details 53/4 and 54/4  Anchorage of Bearing and Non-Bearing Masonry Walls

These details are intended to convey the same information indicated on Details 1/4 and
2/4 for wood frame construction. Because of the heaviness of masonry walls and the change
in materials it is necessary that anchor bolts be used to connect the wood to the masonry for
shear transfer. These bolts should be sized and spaced as indicated on the details. In addi-
tion, in Zone 3 only, it is required that joist anchors be installed in order to support the wall
for loads perpendicular to it. In Zone 2, a lighter connection is acceptable — Details 53B and
54B.

Detail 55/4  Anchorage of End Walls at Gable Roofs

Two alternative details are presented to achieve the anchorage of walls stopping at the
ceiling level with end trusses above. The detail for Zone 3 is considerably heavier than the
detail shown for Zone 2. Detail 55A is a more positive connection since it connects directly
into the roof itself. When the ceiling material is applied using the nailing schedule shown in

Table 4.5, the wall may also be anchored into the ceiling as shown on Detail 55B.
|

Details 56/4 and 57/4  Connection of Masonry Wall at Second Floor of Two-Story Home

Masonry wall construction is limited in this publication to one-story heights. Higher
structures should be engineered. When the masonry wall is extended to the second-floor line
and wood stud walls are constructed above, Details 56/4 and 57/4 apply depending upon the
direction of the floor joists.

Details 58/4 through 60/4 Footings at Exterior Masonry Walls

In normal masonry construction it is unnecessary to anchor the first floor to the wall for
loads perpendicular to the wall. |t is necessary, however, to provide anchor bolts to effect
a shear transfer between the first-fioor diaphragm and the wall. When the masonry wall
exceeds 4’-0"" in height below the floor line, consideration should be given to installing joist
anchors in Zone 3 similar to the detail shown at the roof. At slabs on grade Detail 60/4 is
presented simply to indicate the laps required in the reinforcing steel. The construction of
the footing and slab itself should be in accordance with Detail 15/4.
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See Table 4.5 See Table 4.5

Rafters 2x blocking
2x blocking

Roof
joists;

; / |
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B
~—1

\ 1 [ “"",-’T
-/ \See Table 4.5 ' \
See Table 4.5
41——1}-— Finish material
need not extend
) above top plate vy
DETAIL DETAIL
STANDARD ROOF FRAMING FLAT ROQF FRAMING

EXTERIOR BEARING WALLS AT ROOF

Notes: 1. Finish materials to be fastened per minimum requirements of Table 4.3,
except as otherwise noted on plans.
2. Fasten exterior finish material directly to blocking where no roof over-
hang occurs.

See Table 4.5 ,2x sheathing
2x blocking

\\ \\\ N See Table 4.5
cr /
——~ -
\ A x blocking ==R ’ — %
\ ‘___\;:{\ ( o ] L. ‘
\— = X beams \/. - ;El
@ IV / Pre-fab

roof trusses

See Table 4.5
Finish material
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B above top plate

DETAIL @ DETA IL

EXPOSED BEAM ROOF FRAMING PRE-FAB TRUSS ROOF FRAMING
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See Table4.5
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4
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See Table 4.5
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i
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.. :\V/

\\léd @ 16"

o.C.

FLAT ROOF FRAMING

DETAIL

top plate.

EXTERIOR END WALLS AT ROOF

Notes: 1. Finish materials to be fastened per minimum requirements of Table 4.3,
except as otherwise noted on plans.

2. Exterior finish material to be fastened to end rafter, end truss or

See Table 4.5
/

s
Tb < \/

- ./
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2-16d ea:;\\\
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B
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=l T>Solid blocking
1 if stud is full

1, .
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see {20\
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See Table 4.5
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DETAIL
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EXTERIOR FINISH CONTINUOUS EXTERIOR FINISH INTERRUPTED

PAST FLOOR FRAMING AT FLOOR FRAMING
,2x solid ] 2x solid
- blocking blocking
e / 7\
Z"{-‘"" c——‘-/ 4
See A ° See
Table 4.5

& /

'/
X ZFloor joist Floor joist

Ll
{4
DETAIL @ DETAIL 32

N ad

1 Table 4.5 % ,

N\
X

A

/

)

L

EXTERIOR WALLS AT SECOND FLOOR

Notes: 1. Finish materials to be fastened per minimum requirgments of Table 4.3,
except as otherwise noted on plans.
2. Where finish material is continuous past blocking, structural attachment
shall also be continuous.

1 1
; ‘ End joist End joist
A /lOd @6"oc. ¢ /lOd @ 6" oc.
g, g — ]
See , See — = .
Table 4.5\ Table 4.5 Y
i 4\
AN AN NN N
R\ . T\ .
- 2x blocking : 2x blocking
: or bridging or bridging
k @ 8'-0" o.c. : @8'-0"o.c.
.4‘ .
DETAIL DETAIL 3D
4
EXTERIOR FINISH CONTINUOUS EXTERIOR FINISH INTERRUPTED
PAST FLOOR FRAMING AT FLOOR FRAMING
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See Table 4,5
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ee Table 4 .5
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blocking

L,

DETAIL

Note:

EXTERIOR WALLS — SECOND FLOOR OVERHANG

except as otherwise noted on plans.

1. Finish materials to be fastened per minimum requirements of Table 4.3,

See Table 4.5
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Nail same as
at exterior
wall blocking

See Table 4.5

See Table 4.5
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N
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INTERIOR NON-BEARING WALL

— §

f

INTERIOR

SHEAR WALLS

Notes: 1. Finish materials to be fastened per minimum requirements of Table 4.3,
except as otherwise noted on plans.

2. Fasten finish material directly to blocking or framing member when
finish extends to roof sheathing.

Y—ASee Table 4.5
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Note: Place strap on
interior.
finish to 2 x block

% /p}.. : ————1| |(with same nailing as
16 gagé x 3/4" strap - req'd at edges or
3 - 16d to sill or sheets.
header and to T 7164 to svad
blocking /// 2y
/
% r:‘—r—"r "‘j-_‘"_‘_'_'l" T n—"— |
} 2 x block
OPT_IONAL “@— BRACING AT CORNERSLGF OPENINGS
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%
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&
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. . 2 x4 framing anchor at
(2 x 4 blocking 70 rafter nearest to each

= V4 T framing anchor below

1 : to lates
2-16d[£</~fRidge ™~ PP
L.-—-—-—--J":-B-" ; -x.p.Qlf.-’:,,;, j 1730 Fp stud ea.
f i ) e N
‘ N g 71 | see \ = /Fj 9A
N
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4 recelving ocking i d 1
- for all mid-level ridge pole
ties | r ,
Note: See " for ) +2x 4 framing
54; 2x 6 minF— anchor each

between end rafter ) : : ridge pole
and blkg. in wall ridge pole to insid |

face of studs n

DETAIL v

SPLIT-LEVEL CONSTRUCTION: CONNECTION OF MID-LEVEL ROOF TO
SECOND FLOOR WALL — RIDGE TIE AND CONNECTION OF STUDS TO
ROOF FRAMING AT ALL TIES

]
typical sh f E& side of
ypica. shear transter Extend mid level l
e

2 x 4 framing anchor at each
stud receiving blocking for

mid-level ties (DETAILS‘ﬂ @
\ 4/
. y and @)
Nt N ] ‘

Tal—

il
L

\4-16d - sill plate to blocking
below - between studs and each
side of studs (12-16d total)

i)
DETATIL m ﬂ
DETAIL

SPLIT-LEVEL CONSTRUCTION: CONNECTION OF STUDS TO FLOOR
FRAMING AT ALL TIES
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8d @ 4"o.c. to blocking

2x4 blocking - 2~16d
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DETAIL
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—
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T -
1700 Fp stud ea. l, | - 2 x4framing _jJ4JL.
side or 138 anchors
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DETAIL

PLAN VIEW

SPECIAL DETAIL FOR SPLIT-LEVEL CONSTRUCTION: CONNECTION OF
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K. X
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3 - 16d at top— " ||
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Table 4.5 N ! o
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3 - 16d at bottom > R

DETAIL /[ 13B .
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See Table 2 See Table 2
2x solid 4 .
/blocking Eﬁh /End joist
BI frmg. \X/ N
W anchor at =3

o 8'-0"o.c.

-@Jﬁ\ 4) % 10"
=l T ¢ > 10" anchor bolts @
=)|:: %:| anchor bolts @ - n o5 oe.

-l - " o.c.
i

0 Lgsﬂén‘

i=

DETAIL [ 14a) DETAIL
\_4 / WOOD FLOOR FRAMING b

' TYPICAL FOOTING DETAILS — ZONE 3

SLAB ON GRADE
___4,_/1/2"4) anchor bolts @6'~0" max.o.c._ 1" minimum sand
/| See fdn. plan for other sizes or{ | ,ver membran
' spac1ng J . j
o 'EL
- .°~~ - ,‘--D-.' (R —Membrane =E
- 3 R c.k_(f;_,_-).‘vdv,o-'b G
._«__1|_x—.ﬂi B
~"E'1" minimum sand .
_-:v| over membrane /o
,':, O 8” ‘ ; V' | 8"
#4 dowels x 12"I_' e #4 dowels x 12"l-
@ 8'-0" o.c. _

__\@ 8'-0" o.c.

. ‘ e PR e It

DETAIL ‘ ! g BV DETAIL @
o = | e\ NCY,
1 = N SN embrane
g WH [ NP . s
- e \o[ 1" minimum sand
& [ SR over membrane

/2" ¢ anchor bolts @J /2" x 312" continuous

'-0"max.o0.c. See fdn. key @
plan for other sizes and spacing DETAIL .

IV—29 Zone 3



See Table 4.5 _ See Table 4.5
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See Table4.5
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11750 -
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BI Framing BO Framing
anchor anchor
(bent in) (bent out)

00
625 3134 400#

DETAIL @

STANDARD FRAMING ANCHOR USE

Minimum thickness = 18 gauge
Minimum nail size = 11 gauge (approx. 8d) x 1%"

Allowable loads shown are for seismic conditions only.
See manufacturer's catalog for all other conditions of use.

(Values shown established from commercial catalogs. Where
nail values govern, allowable loads have been increased one
third for short term loading).
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Sill plate where two

framing anchors occur NOTE: DETAIL AT
to be 1250 Fp or better CORNER ONLY APPLICABLE
- ~ TO ZONE 2, FULL
TYT 17 TT  DETAIL REQUIRED FOR
ZONE 3.
234" hax. Framing anchors and
j_+ bolt at this location
' not required when
jg4| t] B details {15;\ or//EZT\
i » = AU/ ANC
: occur at same
ELEVATION location
—
1/2"¢$x 12" anchor bolt .
with std. washer- this Framing clips may be
bolt shall be in addition used in lieu of BO
to sill bolts req'd. framing anchors for
16 ¢ all but corners
_ a
. 2 - 8d x 114 16d x 2 1/2" common -
common to plate (6 total)
TF—DBO framing anchors -
place at corners as
shown and at first two
: studs from corner ea. | 4'-0" |, 4'-0" |
| direction - typ. for | 1 I
QQ} one and two story ! :
f%;] construction | 1 | |! L \
s
Sill plate Place framing anchors on
alternate sides of 1lst
floor studs @ 4'-0" o.c.
PLAN VIEW all exterior walls of

- (1lst Floor)
DETAIL

=

FASTENING STUDS TO SOLE PLATES

two story construction-
typical for walls without
plywood sheathing -

Zone 3 only,
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___43/8"min. T E——Double
~—7/8" ' stud
—{ X ~— 12 ga. galv. strap
@ ¢ '
o " Studs to be cut
- F=o7/8" min. <={| and fitted tight
e [ " R | R P
e s \l 2 1/16 il e Py \\\
L g Lol ew—l#4 T.& B
i ¢ = ' , v /lextend 6'-0"
- - L . |beyond each
R B A" |end of shear
R ‘ ;.0 jwall
<“5/8"¢ rod x 8" long -
tack weld to strap
DETAIL @
TYPICAL STRAP HOLD-DOWN
Capacity = 1700 lbs
Double _ , Sill plate where S
stud —- two framing Double —» 6-16d ea. end
A anchors occur stud of strap -
S to be 1250 Fy for gage and
. ' Tor bEtt?r Studs to be strap width
‘;&_—__7{ cut and fitted |f*

=T >

1

A A

see 25
t tight —_ 'Jl_-

—~1

1/2"¢x 12" anchorx /

l
bolt with stud ] l}!
washer Beam or l“! |~Where stud
PR 'y header - |J wall occurs
RV, Vi upaay | d b ILL' below flr.
! — & ends to 1 | framing
e —\ « anchored _| extend strap
«—BO frmg. 26 for uplift to double
anchor - stud below
DETAIL {—= DETATL _9_4 7
FRAMING ANCHOR HOLD-DOWN —
1 Anchor = 400 Ibs STRAP HOLD-DOWN
Capacity [y Anchors = 800 Ibs Capacity = 800 Ibs
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/Boundary (edge) nailing may be minimum®
specified in Table 4.3 or 4.4 for

noted on_plans

appropriate material except as otherwise/

A/ .
Interior (field 3
p nailing )§§§S'
# .
A
/ Hold-down anchor
f
specified on plagg\\'
' when required - See |
f for installation |’ .
’ details : o
| _E
r—:t‘ ] ED
T
L
if e for =
Reinforced grade beam//// Zﬁjé"¢ anchor bolts at
required when hold-down 6'-0" o.c. max. for
anchors are used - See all exterior walls
29 \or / 30 and as otherwise

4 4 specified. See plans
\\“// \\‘// for other sizes or
spacings

DETAIL
\&/

TYPICAL SHEAR WALL INSTALLATION

IvV—-38




Load

—Wood frame or

:%’ masonry shear wall
00555

O
>

25

0

' /1
a a
¢ N = x"!‘!i} §— ‘
(XXX
| KA free
/\/< " { /reinforcing '-
. L A / l |
, I : g - ™ : [ 2 : : - T
EENOEEL I} . : En)
fegn Footing//l \Bottom reinforcing ©3"
(:I:) ELEVATION
< Note: Size of
reinforcing as
shown on plan -
0 See Table /31
—i
- for "a"
b . .
W] dimension
S Grade beam\\i //Shear wall |
b é ' \L
»nly | !
vg > ' !
’ |
PLAN VIEW
. v
DETAIL { 29

TYPICAL GRADE BEAM AT SHEAR WALL

V-39




Wood frame >

or masonry
shear wall

For alternate stem
wall and footing

/35A For 18"x 24" grade beam

f_
@For 12" x 18%
grade beam
)
! 4 ,
;. 33B
A >
\_>

For alternate stem
wall and footing

Note:
Size of v
‘ a
reinforcing YN W %
as shown on < | ,Top ‘ T
plan - /@einforcing 2
See Table( 31 i —
' iy v
dimension Agl"?ffb |
\\Bottonl 3"
reinforcing

SECTION

T
LaL
""’“‘“‘[”“‘F‘//Grade beam s
. R \ (‘:‘1\1‘)
o o
- o
g a %9
- ; i o a
< :'J' F 8.,_4 g
[at] @]
—t ' l ,.QUJ QQJ.‘rﬂlJ
N \ L nw v
. Lk
_ TN !
!——-—. X e —— 1 ].._.L
Shear wall
PLAN VIEW

DETAIL
\&/

TYPICAL GRADE BEAM AND SHEAR WALL AT CORNER
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TABLE 4.2 LENGTH OF REINFORCING BEYOND END OF SHEAR WALL

FOOTING SIZE TOP AND BOTTOM a'
REINFORCING
width x Depth Grade 40 Reinf. Length
L-#4 7'-8"
L-#5 9'-6"
12" x 18"
Detail 2-#4 11'-o"

/328 or /328

\\i// \\5:7 2-#5 13'-4"

2-#6 15'-9"
2-#5 11'-3"
18" x 24"
Detail 2-16 | 13'-4"
BA) T (338 ,
\\&// \<£// 2-38 17'-8"
fL -
T_-—._.ﬂ‘- 2 L + L 1 "
1 2 = 4
N L3 + Ly = "a"

—a, 1

DETAIL

SPECIAL CASES FOR DIMENSION 'a"
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3"

typ.

typ.

o

Total cross- t;'l
sectional—7wt
area to be [

inches
minimum

216 square R

s

12" x 18" FOOTINGS

12"

min.“w

DETAIL.<§€%>

3/4" 1.

Total cross-
sectional*’J
area to be
432 square
inches
minimum| > - -

.

DETAIL

18" x 24” FOOTINGS

min.

l?” W

33B
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L- 7"x4" x 12" x 0'-31/2"

<L.- 7" x4" x ¥8"x 0" - 3]_/2;

>~ =14, w/2-5/8" § bolts =1/ 9-
t ,ﬂ(_%\““ -2-2x or 4x min;’f;rﬁ :ﬁr gélt2/4¢
; ly 1/2" + anchor oy :
sl by bolt EER NI SN
= = o J i Do e
~ ] - 3 e :-.E,
q | 'E o -
R - .
yas ~ 1
. Q.
k2 hairp/in =
around anchor ol
%\tbolt an(c:]l t.iL)ed F‘ B S .
O grade Dm, [ /21 4 h N
f' t . + EQ.._ - (P anc oY —— .4;
rein yP) \ /:! T4l bolt o :‘_L, ,J
<«——Footing j
Zrad. = 1lan /rad. SRV
DETAIL DETALL A
HOLD-DOWN # 1 Capacity = 2520 Ibs HOLD-DOWN # 2 Capacity = 3610 lbs
2 - 2x or 4x min: 4 2 - i};nc.)r bx
i Fh - 11" x 31/2u x 3/ 1" ;\—_—4\::
2 w/3-7/8 (#) bolts 7, i
=X / T
(48] i - 3 i
L ¥ ATy -~ 4 F.P.
. - L - 7"x4" x 5/8" x 01_3]_/2u r——Jm . l/" N
E ¥ 4 w/2-7/8 (#) bolts | §e
:TP'__ /2" :\.'. / /2]7/2”
"?\J\ Ft - 4" x 3]-/2”X3/4” t'i
3/4“49 anchor bolt S—
Q —/{:— - ““5/8“3]0 anchor bolt N S %
I
- l
| e
/ = 19 1 <
rad. = 16" d. = v TN
17/ ra 24/4 7341
DETAIL DETAIL \. 4 ’
HOLD-DOWN # 3 Capacity = 5410 Ibs HOLD-DOWN # 4 Capacity = 7380 |bs

IV—

43




Double stud

J™~12-16d ea. end - for

: dims. see ’25

i
|
I nail gages and strap—}
|
|

T F—Double
o stud

‘| Beam or
. //header
|-

|

I | N 4 N
= — == == ‘Z
T Y
——Floor \ ) $
N framing N ] .
\,
—— =l N\
e -J-r' 1. 3/4”__. \»_' iC—S/8”mi‘n' \
el P \
‘l.[Double stud 3/8"~" Ends of beam tobe>
.r min. anchored for uplift
Ak 7N P
- DETAIL Q_S_ DETAIL [ 36
] NG 4
STRAP HOLD-DOWN STRAP HOLD-DOWN
AT FLOOR FRAMING AT BEAM OR HEADER
Capacity = 1700 lbs Capacity = 1700 |bs
S Holdjdown—for:»\\\\\ ——
details see / 34 ‘\\\\\\\\ qux_ Beam or
3 header -
L o) R
# Rod same sizé as - anchor ends
sanchor bolt req'd -| T— for uplift
thread ea. end R !
Lo
{
— == /’
o = — /
] 3 '
\ §”Floor
framing
I =]
~— Plate - HD#1-31/2"x 1/4"'x 31/2"
1 HD#2 -31/2" x 3/8"x 5"
<+ Hold-down HD #3 -3 1/2"'x 5/8"x 7"
same as above

j_ DETAIL 32}
P 4

INSTALLATION OF HOLD-DOWN
AT FLOOR FRAMING

HD#lL -3 1/2”X/.3’/£+”X 10"

DETAIL 3 8

INSTALLATION OF HOLD-DOWN
TO BEAM OR HEADER
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PC.ZX6 X lsl'lalg Sil‘lgle .
9-16d to truss //wood Sim.
i “/ truss 5" min.
e i -/
r 3!
3 s
Y Dbuble <} é /
BN plate I / Rafter
\\\\ ~Frmg.
A anchor Frmg . anchor
- ea, side ea. side
/ N
LY
——"Double
// L=- plate ——— <;j
SECTION 'A'

Shear wall or
double plate
cont, to shear

wall
DETAIL @
4/
STRUT — CAPACITY = 1200 Ibs
— 2 B - @ Sim.
frr}r{lg 4 anchor Truss Rafter _
ea. side ﬂ 2 x4 |
Frmg. —
/////\ anc%gr -77\
/‘ _ ea. side ,
ﬁ:_i / \I/ '
| :"."] - j, i:ﬁh } M
E | Frmg.~ > N
! anchor |
Stud
wall
Sl —- —~5»—g
SECTION 'B'

DETAIL 4/46_ | >
4

STRUT — CAPACITY = 600 Ibs

[\V/—45




-——9-16d ea, side

(Truss ea.
iside -

N

AR

anchors ea.

Shear//ij side of 2x 6 = RN
SECTION SECTION

et 'p!
DETAIL
NG

STRUT — CAPACITY = 2400 lbs

loll 2x 6min.

#__—_____] //rafter

2 x6
v

< - 2- 4
! «Z-fmg./ > P77 2 x

- anchors ea. ’
\\\\lJ\ side of 2x 6

~— Stud
x _%_
éj SECTION 'E'

TN
//

DETAIL &%L%}
4.

STRUT — CAPACITY = 2400 Ibs
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STRUT CONNECTION

RAFTERS PERPENDICULAR
Capacity = 600 lIbs

(mag be omitted i
roof slope is
2:12 or less)

16 gage x 1 l/4" 8d (min) @4" o.c. for 2 x blkg.
strap 5 - 16d com. plywd.- see Table 2 @ strap
in, ea. end for other shtg. )
i materials \\ —
Standard \ \
frmg. N T
anchor - \ \\’ﬁ“ o X
. 4‘\
‘\‘5~'\T\4 " od ok 38
3 o - R M / 3\\ = wo Oc“e
- MAJ] == © gor S §o¥
. .')’(\. - L‘ -
. VOB s
- n je —
L T\ 2 e s
nes” \ I rmﬁ.
Extent ||\ © Place strap |4+ anchor
of strap N under blkg Rl
16 gage x 114" strap :
Py - — 3 - 16d com. ea. end o L

f
SECTION @

DETAIL @

16 gage x 1 lp"
strap - 10~ 16d com.
min. ea. end \

2 stud frmg. \

\\
\
\
\
\

anchors to

.
9
o e, /A,%

blkg.——
|4

x>
Al
B e

8d (min.) @4 %o.c. for 2 x blkg

plywd. ~ see Table 2 @ strdp \%ﬂ
for other shtg. AN
materials ——. .. P \A)
A7)
L e

o
R
aiak 4

B

|
! |

STRUT CONNECTION — RAFTERS PERPENDICULAR SECTION
Capacity = 1200 Ibs

!{Il L * .al® \| _Frmg.
“U B N gy 12 L{ancéor
rminnlog 1 3|\ Dhags s
‘!!2 17 l/2"mi 1 . .
‘ n.( 16 ga exll/l;sf:rap__wu
DETAIL L Extent , 3 = 16d com. ea. end
""of strap . (may be omitted if roof

slope is 1:12 or less)
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T 2 x 4 (min.)
//sole plate
- L | ‘
2- /2" ¢ anchor 4> _ Curb (where
bOIESN\‘\\NN;> applLCéb¥?)
b \);: o . %
T
0, L
b _ - .i'_;_.. SO
¢ [,:j\\\‘*Footing

DETAIL

——8d @ 4"o.c.
\——'Sd @ ].2”0.C. \
‘ } e 5

<z {

g \l \
. N \ : AN

——— —————

Finish

3/"¢ machine Plywood on inside 3/8" plywood
or carriage face of wall (or /2"~ see
bolts detail)
— 8d @ 12"0.c.
" J / // "
8d@4 O-C-Nb 1 f ,—Bd@z" o.cC.

}' T ” TN “af

Plywood on outside
face of wall

Finish

Note: Plywood and straps may be on
either side of wall. Plywood
and straps may be on the same
or opposite sides of wall,
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2 x 4 (min.)
- sole plate

—'JI/T
Curb (where
:fé‘/,applicable)
L
2- 5/8" ¢ anchor ¢ v ‘K g
bolts — .' I
— T L T
N v'."4"“~Footing
DETAIL (%6B)
4
10d @ 4"o.c.

10d @ 12"%.c.

k-.‘_&d;f_;,:_.;_-‘.;;_; ;,.,_.;;f T
F 2" plywood

Struct., II

—
DETAIL Qf'

o~ ion
&

Note: 3/8” Structural I plywood with 8d @ 4" o.c.
may be substituted for Structural II shown.
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2 x 4 (min.)
-+t Sole plate
,//;urb (where ‘
~4>1 _applicable)

11— .
1 c
2- 3/8" ¢ anchor Y v . 4;§ -gi
bolts — — }— 3
SRS .
2 &fr\\"Footing

DETAIL

—10d @ 4"o.c.

10d @ 12"0o.c.

Pvd

N/ A1

T

cr e meeeme ln e e . S

12" plywood
Struct.I

DETAIL @9

Note: Structural II plywood nailed for 510%/+ min.
may be substituted for Structural I shown.

1V—=52 Zone 3
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Extend 6'" past _ At cut plates connect 3/16" x 1"
vertical bar (typ. {///’ steel straps to Plates with 2/1/2"
#3 @ 24".c ¢ bolts or 2-1/2" x 4" lag screws

horiz. 2 x 4 wood tie attached to
| 6 joists with 2 - 16d nails
per joist

RN

L4

2 X 4 wood tie attached to 4
joists with 2 - 16d nails per
joist

<
2L

N

lgw‘r/Typlcal bolt installation

k + in strap
ﬁ/f N—11/2"min.
1 2

16" ming #3 @ 24 horiz.—.

W W :
#4 bars 24" or less o.c. - for
chimneys up to 40" wide use . 4
4 - #4 bars cont. from footing /
to chimney cap. Add 2 - #4 for ] %end bars
each added flue or for each 40" cﬁigney
(or fractional) width as shown

\xfls\\‘\

DETAIL #4 vert. to
top of
firebox

2 straps min. - connect

2 - #3 @ to chimney same as
anchorage J at roof DETAIL @
Y 5' - 4" min, W
| /l///lOd @ 6" o.c. AglFloor joists
T SR T
111 |7 A )| v — ‘*VJY/_”Z)(SOhd blkg.
(A g U G it il Drill hole in

2-16d to ea. block 3"

££ 43/16" x 1" strap - L%&kb@" giéagOlSt for

] Notes: L If strap is installed at bottom of
DETAIL / 48 blocking or other than as shown,
use std. framing anchor ea. end ea.

block.
CHIMNEY TIE 2. For joists parallel to strap connect
AT 2nd FLOOR strap to joist with 2 1/2"¢ bolts,
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609 min.

1200 max—7 M

Typical installation

PLAN VIEW

£ attached to
each water
connection

’

;*“—szl

-Cut angles
to length

Alternate
"installation @ corner

PLAN VIEW

16d annular ring nails
or 3" wood screws -

5 2 min. to stud
E
. Bend vert.
51' flange to \Y/
— attach to
N StUd \Y
‘<;Lﬁ" min. 14\
'Yl

Provide holes
. for nails

5 this flange
g as shown X

L

X
T 16 gage min. 4
L: X - X L~
™ /2" min
Hole for
pipe_or
nlpple

_Min. 3-16d located

/V/ as shown, Install so nails

may be pulled for
water heater
removal

DETAIL
N

TYPICAL WATER HEATER
INSTALLATION
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#10 flat or round head

_ wood screw @ 16" max.o.c.::

[ — '

-

-~ =~ \

—Wall hung L,Ef—l%Q”min.
| cabinet ] penetration
U

T-8d finish nail-
toenail @ 16" o.c.

Y

DETAIL { 50A

MINIMUM FASTENING OF WALL-HUNG CABINETS
(Use also for full-height bookcases, cabinets, etc.)

2 x 4 flat block at
clg. or flr. joist-
Blocking @ 32" o.c.

- N ' 1 3/8 min.
;7\m\\\\\. ‘\\\16” min.\ penetration
2164 to blki~ SZ h '
- lo) N R b N 4!
R e

Top of ~— |/ .
cabinet g

é?#lo flat or round head
wood screw (2 to ea.block
min.) 16" max. from ea.end

~-Celling hung
cabinet

of cabinet and 32" o.c.
between

DETATIL/ 50B

MINIMUM FASTENING OF CEILING-HUNG CABINETS
(Use also at top of free-standing bookcases, etc.)
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See Table 4.

— |

I 'L._ / of / (

e N ] ]_/Azn h y

/ / bolq)tsan(g (;/J 5/|
/]

4'-0"o.c’ 1% 4 x ledger
;9”“ (456 min.)

2x6(min.)

N\

nailer- | Ve

]7/2n x 10"/ /J / /
anchor : A
bolts @ 42‘;4__ .

4'-0"o.c.

DETATL DETAIL 52B

EXTERIOR MASONRY BEARING WALL — ZONE 2

-

2 x shtg7 \

e Table4.5 X

' P
. B B o =] x beams
A 2 x 6 (min.) ‘A le - e
r/ P nailer - ]/2"43 x10" ’ Std. frmg.
Al anchor bolts g_,_’./ anchor ea.
Vv @ 4'-0"o0.c. _/‘// bm. to nlr.

% a
/‘/ 4 A | e
_..__...,1/[1.__1.'..4._

DETATL DETATL (53D
\ 4/
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|
]/2"¢ rod 4" long- See detail
tack weld to strap for strapé&

// nail gage
»

See Table 2

12 ga. twisted
.strap at 8'-0“\\\\
max. o.c. -1246d [
to roof joist

X )

1
- 46
j;;;;;;; v cap. =1600# min. /%;
2%6 (min. ) Framing anchor at VM. 8d @6"o.c.
nailer- /// /{/ 4'- 0" max. o.c. ///“{i; to roof
ly2mo x10" // / joist
anchor L./// receiving
bolts (@ /Q;J/ /<;. /] strap
4'-0"o.c.
DETAIL DETAIL
EXTERIOR MASONRY BEARING WALL — ZONE 3
Framing anchor at 4' - 0" max. o.c. 2x shtg:
See Table 2: ce Table 2
,,/'/)ﬂ ~— T~

N

X~
\2 x 6 (min.) 7/
nailer - 1/2"¢ x 10" 4

anchor bolts

@ 4'-0" o.c.

7
f//i’// 1 framilg anchor /<i
-

each beam to -
4'-0" o.c. Framing

DETAIL m anchor each §ide for pETAIL 53D
v greater spacings 4
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See Table
4.5

anchor bolts
Bh

= 0.cC.

1/2"¢ % 10‘/

r//L‘{/ Std. frmg. V//i/j; \\ -

////// iZCBS?ﬁika //%// 4 x end rafter

vl /YA (4 x 6 min.)
l/2"@ XlO" ....JL%};/_A_

anchor bolts

@4'-0" o.c.

DETATL

EXTERIOR MASONRY END WALL — ZONE 2

counter-
sink nut

3 x 6 (min.) nailer
8d @ 6" o.c.
<§\\\\\\\\F; |
= ]

1/2"¢x IDL/:!
anchor bolts
@4'-0"o.c. ~

[}

SN
NN

/

Z
77

AN

DETAIL m
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2 x blkg. .o End—, , 16" min. 16'min.
@ 4'-0"0.c. b ‘ c-/] rafter\yl2 ga.x 13" strap I
Lo nlg. @ 8'-0"o.c. 6~ 16d!

@ i . @
See %i)bxxg : //f'sto ea, block/ﬂ.}&"ﬁin,
Table 2 \ == A W o ?ﬂ?J
- 'o o ATl 1
, ) N \// ‘
- e - . A .
?<./ \ 2- 16d k// l” B P }
V// 2x & frog./ | /4 Z8d @ 4"0.c.
End rafter / anChor 4 -4 Shtg. tO . &%’_
7 X¥=/ to blkg. L blkg. :
r/ each side ,/;)
2x6(Min.) yd // ,// 2 xblkg. first
ailer- ) L7 two spaces
;21" (b x 10" 412' in ' IAI/Z, | @ SI-OHO.C-
anchor bolts 3" ¢ rod x 8
@ 4'-0" long-tack weld 2x end rafter
0.¢. to strap ;2'” ¢ anchor bolts

L'-0"0.c.
DETATL/ 54A) @ €
Y, DETAIL ( 54B
A

EXTERIOR MASONRY END WALL — ZONE 3

< 3x 6(Min.)
nailer

8d @ 6"o.cC.

|
;ﬁa;:~ > 7
I
.

5"¢ x 10" ancha
bolts @ 4'-0"o.c.

- countersunk
nut

DETAIL 54C
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-l

-

See*iih—nr
Table 4.5

| \2-l6d

ea.end
ae
See ——
Table
4.5
i (R
2 x6@6'-0"o.c. when H < 4'-0"
3 x6@6'-0"o.c. when H < 7'-6"
~BI framing anchor
each side of 2 x 6
1/2"$¢ x 10" anchor bolts
@4'-0".c.
g
EXTERIOR MASONRY DETAIL 25A Masonry wall to ceiling line
END WALL — ZONE 2 4 with wood framing above
i i 0
2 x 4 or stl. strap
2-16d to ea. block
-3~16d to
first block
4'-0" min. table 4.3 use

nlg. req'd for
. wall board or
. lath and plaster]

Std.
frmgF\\\ !

anchor

s T =777 ]
\ . "'( y N LI
e i =]

7
1

See” ’zf//' "2 x blkg. @ 4'-0"o.c.
Tablie
4.5 dd ’ e
i 4 DETATL éﬁﬂt)
RIS AN 4
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See

Table
4.5 2- 1l6d
ea. end
I~3x3x 14 o
See ——~_
Table
e 1
N 2x 6 @4'-0".c. when H <4'-0"
“198"¢ x 10" 3 x6 @4'-0".c. when H<7'-6"
anchor bolts
@4'-0"o.c.

EXTERIOR MASONRY
END WALL — ZONE 3

gzsle j

DETATIL
&/

Masonry wall to ceiling line
with wood framing above

4.5 v
A i A
2 x 4 or steel
strap - 2- 1léd
to ea. block
6- 16d to 8'-0" Min L
first block 1 ] See Table 4.3
N in use min. nlg. req'd
2 x4 \ii?xf for gyp. wall
frmg. e + i board or gyp.
anchor G| I = o v e P T—F7lath and plast
ea.‘iiééﬂfg?%ﬁfl f%h%”/%qj- Jng/v/ Tﬂ e e
See e \\~2 blkg, @ 4'-0"
Table P/‘; \%ll(b X loll X g, 0.C.
4.5 | -4t | anchor bolts DETATL [ 558
A4/)@ 4 -0m0.c.
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DETAIL

BEARING WALL

‘”"”T‘ Tt 1'-4n
- —*
See Table 4.5 See min.
. Tabl ; ~ 7-10d min.
%7/2 x solid blkg. 4?5 € \ ?ggst . to block
1 = ES g !
AR
/ ~1lé6d typ
J = L”
s I \
S 1 e wt, \
T2 x 6 (miny — /A 2 x blkg. at
A nailer-1/2"¢ x 10" ’ 6'-0" o.c.
~ U anchor bolts |
") @4'-0"o.c. v 7 Std. f{raming
/'// / anchor
1] /// block to nlr.
_JNJL : R

NON-BEARING WALL

DETAIL [ 57
4

—

EXTERIOR MASONRY WALLS SUPPORTING SECOND FLOOR —ZONE 2

e
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T At ll_4|| l
; See Table 4.5 :
s min 7-10d min.
< 2 x solid blkg Table Soist o blosk
; . o .
~ | 4.5 \b7é(j B
T Frig
| I > 16 ¢
S fen? Wi« - &
1\ | g 2 x bll
1% e 2 X kg. at
/C ‘X Std. frmg. Al 3'-0" o.c.
e } anchor at //;//
T\ 4'-0" max. o.c. Vj‘/ Std. frmg.
vl //J ancgoglatk
/] 2 x 6 (min.) / each bloc
4 nailer - 12" ¢ x 10" *4

anchor bolts
@ 4'-0" o.c.

DETAIL (56 ) DETAIL
\4/ 4

BEARING WALL

NON-BEARING WALL

EXTERIOR MASONRY WALLS SUPPORTING SECOND FLOOR —ZONE 3

—— S O U UV U U OV - G e e
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DETAIL

Dowels to match .
vertical ren&brgln% ’
h

Lap #5- 32" &hW

I R
. See Table See Table
g 4.5 4.5
,' Z\j' ot g eerres AT p
[ (// ) UMD | i [ / /- )
e i A

#4- 25" ';'
;TM——Roughened—~—h'ﬂ»
- concrete >
58

4

I

TYPICAL FOOTINGS AT EXTERIOR MASONRY WALLS

1
3

Roughened |

Dowels to match
vertical reinforcing
Lap #5- 32"

#4- 25"

concrete ™
N |
s Veew slo © -v . l
‘\'A.h R ,_,-Jl'u N “_v_ — - ‘\Y
R SRR
gEby v
‘.f.“ui;‘.: b
B P CENE
DETAIL {Zfo
4
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TABLE 4.3

ALLOWABLE SHEAR IN POUNDS PER FOOT FOR SINGLE-MATERIAL
SHEAR WALL ASSEMBLIES WITH 2x4 OR LARGER STUDS AT 16" o.c.

MAXIMUM
NALL
WALL SPACING(" | SHEAR MINIMUM
MATERIAL | THICKNESS |[CONSTRUCTION | (INCHES) VALUE NAIL SIZE
1" x 6" 2 per board
Diagonal 3/4" Unblocked interior 300 8d common
Sheathing 3 per board
boundary
1" x 8" 3 per board
Diagonal 3/4” Unblocked interior 300 8d common
Sheathing 4 per board
boundary
Gypsum 1/2"x 2" x 8 Unblocked 4 75 No. 11 gage 1-3/4"
Sheathing long, 7/16'" head,
Board 1/2" x &' Blocked 4 175 diamond-point, galv.
7 100 5d cooler or 5d {.086"
Unblocked wire dia.) x 1-5/8" long,
: 4 125 9/32"" concave head
Gypsum 1/2" gypsum board nail or
Waliboard 7 125 GWB-54 {.098 gage,
Blocked 1-1/4"" long, 1/4" head,
4 150 annular ring)
5/8" Blocked 4 175 6d {corresp. to above)
No. 11 gage galv. roof-
7/16" x 4" x 8’ 125 ing nail 1-1/2" long,
7/16" head
Fiberboard
ASTM Applied 3" at No. 11 gage galv. roof-
Designation |26/32"x 4"x 8’ vertically. all edges 175 ing nail 1-3/4" long,
C208 Blocked 6" at 7/16" head
or interior
D2277 of sheets No. 11 gage galv. roof-
1/2"x 4’ x 8 175 ing nail 1-1/2"" long,
Nailbase 7/16" head
Stucco
Woven or No. 11 gage 1-1/2"
Welded Wire long with 7/16" dia-
Lath and 7/8" Unblocked 6 180 meter head nail or
Portland No. 16 gage staples
Cement having 7/8"" long legs
Plaster
Gypsum lath | . 3/8" Lath No. 13 gage 1-1/8"
plain or and 1/2" Unblocked 5 100 long, 19/64"" head,
perforated Plaster plasterboard blued nail
230
4" at shiplap
Applied all edges vert. joints
Hardboard? 7/16"3) vertically. 8" at 6d box, galv.
Blocked interior 300
of sheets butted
vert. joints

(1) Applies to nailing at all studs, top and bottom plates, and blocking.
{2) For all hardboards meeting requirements of Appendix D of HUD Minimum Property Standards and Voluntary

Product Standard PS60-73.
(3) May be notched to 1/4’' nominai thickness for architectural effects.
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TABLE 4.5

NAILING SCHEDULE — ZONE 2

Connection Nailing‘
Sheathing
Plywood — Roof — 3/8" to 3/4"
All edges of sheets - - - - - - - - - - oo oo 84 @ 6" o.c.t2
Interior bearings (field) - - - « - - - - o oo ool 8d @ 12" o.c.(?
Plywood — Floor — 1/2"" to 3/4"
All edges of sheets = - - -« - - oo e oo L. 10d @ 6" o0.c.t2
Interior bearings (field) - - - - - = - = - - - ool 10d @ 10" o0.c.??
Straight Sheathing
1 x ___sheathing board parallel to wall and over blocking - - - - - - - - ---- - - 8d@ 8”o.c.
2 x ___sheathing board parallel to wall and over blocking - - - - - - - - -« - - - 16d @ 12" o.c.
Tx6orless —perbearing ---------wemm e 2- 8d
Tx8and1x 10 —perbearing - - - ---------cemmmm i 3— 8d
Tx 12 —perbearing---------«cecmmmmm e 4— 8d
2x100rless —perbearing -« ----- - - - e e 2 —16d
Roof and Floor Framing
Rafters, ceiling joists or 2nd floor joists to top plate — toenail - - - -------- 3— 8&d
Ceiling joists to parallel rafters —face nail- - - - - - <« - - -« e 3 —16d
Solid blocking at roof to top plate
Up to 36" long — toenail — per block - - - - - - - - -« oo e oo m i 1 —16d
Up to 48" long — toenail — per block - - - ---««-----ano 2 —16d
Over 487 1ong - - - - - - = - - o s s e 16d @ 16" o.c.
Partial blocking at roof to top plate
2x __ block x 21" min. long @ 10-0" o.c. — toenail — per block- - - - - - - 6 —16d
2x __ block x 13" min. long @ 8'-0" o.c. — toenail — per block- - - - - - - 4 —16d
*Blocking at 2nd floor or 1st floor of 1-story
Upto 16" long — toenail — per block - - - --- -« 1 —16d
Up to 24" long — toenail — per block - - - - -« - - -v-cemano o 2 —-16d
Over 24" long — toenail - - - - - - - - - - mem i 16d @ 8" o.c.
*Blocking at 1st floor of 2-story
Up to 16" long — toenail — per block- « - - - - - - - - - - - - oo oo v - - 1 —16d
Up to 24" long — toenail — per block- - - - - - - - - - - - v mmemea s 2 —16d
Upto 48" long —toenail- - ~ -« -« - - o rcmia e 16d @ 8" o.c.
End rafter to top plate — toenail - - - - - <~ - - - <o a oo 16d @ 16" o.c.
Bottom chord of end truss to top plate — toenail - - - - - - - - - - -~ .- -- - 16d @ 12" o.c.
*End floor joist to top plate — toenail - - -« - - - - - - - e e 16d @ 6" o.c., or

framing anchor @ 4'-0”' o.c.
Wall Framing

Double top plates — facenail- =~ - - -« - - - - - oo e oo i 16d @ 16" o.c.
Double top plates — laps and intersections — facenail - - - - - ----~------- 2 —16d
Double top plates — min. total nails between splices - - - ~ - - - ----------- 9—16d
Top plate to stud —endnail - ------------------a-aae e 2 —16d
Stud to sole plate —toenail - - ------------ - an oo 4 — 8d
Doubled studs and corner studs — facenail - -------«=-----«-w----- 16d @ 24” o.c.
*Sole plate to joist or blocking
One story or at 2nd floor of two-story — facenail- - - ~ - - - ----------- 16d @ 16" o.c.
First floor of 2-story — facenail - -------------«---------c---- 16d @ 12" o.c.

*When exterior finish material is continuous past 2nd floor framing or continuous past 1st floor
framing and attached to mudsill, all nailing may be 1/2 of that indicated except that sole plate
nailing may not be less than 16d @ 16" o.c.

(1) Common or box nails may be used except where otherwise stated.

{2) Common nails only.
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TABLE 4.5

NAILING SCHEDULE — ZONE 3

Connection Nailing!1)
Sheathing
Plywood — Roof — 3/8” to 3/4”
All edges of sheets - - = - - - - - oo o i ool 8d® 6" o0.c.t2
Interior bearings {(field) - -«  cc oo mrm e 8d @ 12" 0.c.(2
Plywood — Floor — 1/2"" to 3/4"
All edges of sheets - - - - - - - - - o v v v i mm o 10d @ 6" o.c.(?
Interior bearings (field) - - -« - - - - - oo oo o 10d @ 10” 0.c.(2
Straight Sheathing
1 x __ sheathing board parallel to wall and over blocking - - - - -« -« -« - - - - 8d@ 8"o.c.
2 x __ sheathing board parallel to wall and over blocking - - - - - -« -~ ----- 16d @ 12" o.c.
1x6orless—perbearing------------- - 2 - 8d
1x8and1x 10 —perbearing - --------«-cc-mmm i 3- 8d
Tx12 —perbearing-------«cnccea it i 4 — 8d
2x10o0rless —perbearing - - - -« - - - - - - e e m i 2 —-16d
Roof and Floor Framing
Rafters, ceiling joists or 2nd floor joists to top plate — toenail - - - - -« - - - - - 3— 8&d
Ceiling joists to parallel rafters — facenail - - - - - - - - --------------- - . 3-16d
Blocking at roof to top plate
Up to 24" fong — toenail —perblock - ----------- -~ -« - 2 —-16d
Upto48”long —toenail- - - - - - - - - -~ - 16d @ 8" o.c.
Over 48" long —toenail -« -« - - o - - s s mm e 16d @ 6" o.c.
*Blocking at 2nd floor or 1st floor of story
Up to 16" long — toenail — perblock - -----«----«- - -- 3 —-16d
Up to 24" long — toenail —perblock - - - ------vcmom 5 —16d
Over 24" long —toenail - - - - - -« e oo i e 16d @ 4" o.c.
*Blocking at 1st floor of 2-story
Up to 16" long — toenail — perblock - --------o---veuaon 4 —16d
Up to 24" long — toenail — per block - - ----- -« - mmmman s 6 — 16d
Upto48'long —toenail- - - - - --------------------.- (staggered) 16d @ 3" o.c., or
standard framing anchor @ 2'-4" o.c.
End rafter to top plate — toenail- - - - - - - - - - - - - - - oo 16d @ 12" o.c.
Bottom chord of end truss to top plate —toenail - - - - - - - - - - ----~----- 16d @ 6" o.c.
*End floor joist to top plate — toenail - « - -~ -« -« - - a o e oo {staggered) 16d @ 3" o.c., or

standard framing anchor @ 2-0" o.c.

Nailing listed below may be substituted for the nailing shown above for items indicated if house

meets following criteria:
Exterior finish: Any but stucco; !Interior finish: Any but lath and plaster;

Roofing: 6 psf maximum; Veneer: 4''-thick maximum, two perpendicular sides max.
Blocking at roof to top plate
Up to 24’ long — toenail — per block - - - - - - - - v v oo 1 —16d
Up to 48" long — toenail- - - - - - - - - - R I I I I I T 16d @ 10" o.c.
Over 48" long —toenail - - - - - ==~ - - - s 16d @ 8" o.c.
*Blocking at 2nd floor or 1st floor of 1-story

Up to 16" long — toenail — per block - ----------------wm-ono-n 2 —16d
Up to 24" long — toenail — per block - -----------------com-nn- 4 —16d
Over 24" long — toenail - -------c- ---cvrcmmmm e 16d ®4%" o.c.

(Table 4.5 continued on reverse side)
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TABLE 4.5 Continued

NAILING SCHEDULE — ZONE 3

Connection Nailing!?)
*Blocking at 1st floor of 2-story
Up to 16" long — toenail — per block - -« - - -« c-vmao o 3 —16d
Up to 24" long — toenail — per block - - - = =« - o v o oo oo i 5 —16d
Upto 48" long —toenail- - - - - -« = - - - oo v oo 16d @ 4" o.c.
*End floor joist to top plate — toenail - - « - - =« = - oo oo 16d @ 4" o.c., or

framing anchor @ 2"-6" o.c.
Wall Framing

Double top plates —tacenail - - - - -~ - - - -« -t 16d @ 16" o.c.
Double top plates — laps and intersections — facenail - - -« -« - - -« -« 2 —16d
Double top plates — min. total nails between splices or intersections - - - - - - - 9 —16d
Top plate to stud —endnail - - - - - -~ - - - - - v v 2 —16d
Stud to sole plate — toenail - - - - - -« - - - e - i 4 — 8d
Doubled studs —facenail- - - - - - - -« - - - - oo e i 16d @ 24" o.c.
Corner studs - - - - - - - - I I LI T I DI 16d @ 24" o.c.
*Sole plate to joist or blocking
One story or at 2nd floor of 2-story — facenail- - - - - - - - - - - - - o - oo - - 16d @ 8" o.c.
1st floor of 2-story — facenail- - - - - = - - - - - - - oo oo 16d @ 4" o.c.

*When exterior finish material is continuous past 2nd floor framing or continuous past 1st floor
framing and attached to mudsill, nailing may be 1/2 of that indicated except that sole plate
nailing may not be less than 16d @ 16" o.c.

{1} Common or box nails may be used except where otherwise stated.

(2) Common nails only.
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PART V GUIDELINES
FOR PLAN-CHECKERS AND INSPECTORS

CHAPTER V-1 PLAN-CHECKING

To insure the proper implementation of the methodology prescribed in this report, the
plan-checker must become thoroughly familiar with all the methods and data presented. In
addition to determining whether home designs meet the requirements for seismic resistance,
the plan-checker should be knowledgable about the principles of seismic design when
faced with questions that are certain to arise. Proper checking to determine whether plans
meet seismic requirements consists of two steps:

® First, that calculations and design are correct and complete;

® Second, that plans include proper and appropriately-referenced detailing.

Checking Calc Forms

One of the best devices in design-checking is for the checker to prepare, in rough form,
his own analysis. Check of only a few each of the basic one-story, two-story and split-level
homes will provide the checker sufficient experience to determine which walls need design
calculations to determine their adequacy. Since they will be using this document less fre-
quently than HUD plan-checkers, it is probable that most designers will calculate more walls
than necessary. These “extra’” walls can be reviewed simply, merely to determine that they
require only minimal sill bolting, shear material nailing, etc. Once the checker has deter-
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mined whfch walls require design, he need inspect only whichever Calc Form (8 or 9) is used
to determine that the necessary calculations have been made.

Lines of Shear Resistance—Tributary Areas and Material Weights

It is recommended that the checker determine independently the material weights and the
tributary area for each wall to be designed. After having determined these and before going
further, Calc Form 1, or 2 and 3, as applicable, should be reviewed to determine that the
weights are proper, and Calc Form 6 should be checked to see that there is essential agree-
ment with the tributary areas used. Due to differences in assumptions, some variations are
to be expected. It should not be demanded, for instance, that 3.0-pound roofing weight be
used when a designer has used 2.7 pounds. Differences of opinion also may arise over
whether to include relatively insignificant weights such as light-weight insulation and other
such materials. While adding these weights does no harm, accuracy to each tenth of a pound
is not critical. Far more important, for instance, is the determination that masonry veneer
loads have not been forgotten, or that proper wall loads have been selected and entered on
the Calc Forms correctly.

Similarly, determination of tributary areas may vary. The tributary area plans in Chap-
ter 11—2 were prepared in detail for presentation purposes only. It is.unnecessary for the
designer to prepare such complete plans to accompany the calculations. 1t may prove help-
ful to require at least a rough, single-line sketch indicating lines of resistance the designer has
assumed plus width and lengths of area assumed tributary to each line. Such sketches need
not be to scale or fully dimensioned, and may not be needed at all for the simpler designs.

When a large difference between area determined by the checker and area submitted by
the designer occurs, however, it is suggested that the checker first attempt to determine
whether the manner of distribution of lateral forces assumed by the designer is acceptable
though different from the checker’s manner. If this does not appear to be the case, or if
the checker cannot readily determine what assumptions the designer has made, a correc-
tion should be written. Even when such a variation exists, it is recommended that the
checker complete the design review, preparing his own notations, no matter how sketchy,
in such a way that he can discuss them with the designer or use them in the second check
after the corrections have been made.

Seismic Forces

It is recommended that if there is essential agreement with his own notations, the checker
use the designer’s tributary areas and equivalent seismic weights to check seismic forces and
shear wall design. Once areas and equivalent seismic weights have been determined, the only
disagreements should result from arithmetical errors or omissions in determining seismic for-
ces. The designer, for instance, could forget to include the seismic force from a masonry
fireplace, from veneer or from other similar items; or, he could transpose numbers or enter
them in a wrong column. Such errors or omissions are more likely to be caught if the check-
er makes his own calculations. The calculations need not be prepared on Calc Forms, nor is
it necessary that every simple condition be cross-checked. For one-story homes only two or
three walls, on the average, will require checking. More checking will be required for two-
story and split-level homes which are much more susceptible to earthquake damage; the
extra design and checking time will be the prospective homeowner’s best insurance against
potential major damage to his residence.
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Shear Wall Design

In checking shear wall designs the checker should first determine the length of shear wall
along each line of resistance being reviewed and determine the length that may be consid-
ered for overturning purposes. (The checker may wish to annotate these lengths in a small
tabulation at a side of the sheet he uses for rough-checking the calculations.) He then should
determine that seismic forces entered on Calc Form 8 or 9 match those determined on Calc
Form 7. {When Calc Form 9 is used, a separate check is needed to determine whether wind
loads have been arrived at correctly.) Next, the checker should determine the shear-per-foot
and then check sill bolt spacing, adequacy of shear materials and overturning requirements
using the various tables and graphs accompanying the Design Methodology.

Information on Plans

Before the Calc Forms are set aside it is recommended that the checker review the roof.
framing plan, floor pian, foundation plan, elevations, etc., to determine that any special re-
quirements with regard to sill bolt spacing, special nailing of shear materials, and overturning
requirements have been referenced on the plans. He should also determine whether struts
are required, in accordance with the discussion in Part || and as outlined in the Design Meth-
odology.

Checking Predesigned Details

When predesigned details are used as shown in Part 1V, the checker’s job is simplified. He
must determine only that all required details have been included, have been referenced on
the plans and are applicable. In those cases where variance from the predesigned detail is
obvious and minor, the reference on the plans with the word “‘similar’’ thereafter is accept-
able. Other ordinary practice in plan presentation, such as placing the word “typical” after
a detail callout rather than specifying the detail at many locations on the plan, should also
be accepted.

Table 4.1 will assist the checker in referring to the predesigned details. The table includes
indications of applicability to houses with wood frame or masonry exterior walls or both, and
notations on whether the details are normally required, rarely required or not applicable for
a given type of dwelling design. Where Table 4.1 requires the use of a predesigned detail that
does not adequately reflect the actual condition a substitute detail should be provided.

It is important that the checker understand that the predesigned details do not necessarily
delineate all information required in a particular locale, but do include the information
needed to make the detail sound for seismic resistance. For example, reinforcing steel has
not been called out for retaining walls because unreinforced walls are acceptable in some
areas of the nation. Substantial amounts of reinforcing are required in others, however.
Using Detail 15/4 as another example, Details 15A and 15B indicate mesh in the slab, but
mesh is not called out on the detail — it is a requirement in only some locations and its
appearance in the detail should not be interpreted as an indication of a general requirement
for slabs in all locations. With regard to that same detail, the contractor is given three
choices of methods of attachment of the slab to the footing. The fact that none of the
three is shown on any other detail (such as the cross-section on Detail 46B/4) is not intend-
ed to imply that no slab attachment is required, but rather that any one of the three choices
on Detail 15 may be used.




The details do not refer to the nailing of finish materials and, in some cases, do not even
show the finish. Table 4.3, or the pertinent information from the table, should be included
with each set of plans. As referenced throughout these recommended requirements, all
finish materials should be structurally nailed as indicated in the Design Methodology.

As stated elsewhere in this publication, the “'pictures’” shown for each detail are presented
only to convey the information called out and it should not be inferred that the picture
itself is the required method of construction. This applies particularly with respect to all
details indicating "'standard’’ framing methods. On the other hand, the “picture’’ is most
important in the special details such as the Special Garage Front Wall Detail.

Checking Revised Details

Although the predesigned details anticipate most construction conditions in single-family
dwellings, it will not be at all unusual to encounter designs for which some do not exactly
apply. In such instances it is important for the checker to require a cross-section or other
detail which provides an acceptable modification to the detail in question achieving the in-
tent of the Design Methodology. Two examples:

(1) In some designs the first-floor joists are cantilevered over a continuous footing. De-
tail 14A, though covering a quite similar condition, does not correctly represent the situa-
tion. The designer should present a section indicating the cantilevered floor joists and
showing blocking under the exterior wall as well as at the foundation wall in a manner sim-
ilar to that shown on Detail 4A/4.

(2) Another example involves the infrequent circumstance when a strut is required. The
predesigned details show struts as if they are roof members, but the slope of the strut coutd
be level such as at a floor, or even downward from the wall rather than upward as shown.
The important points on these details are whether a single or double member is required and
the connection to the top plates. Using the detail as presented for the instailation of a strut
in a second floor would probably be confusing to the contractor. The strut details can be
used in this case only to allow the designer to ascertain the connection and number of mem-
bers required to develop a proper strut; it is highly preferable that the condition be drawn as
it exists rather than referring to it as “similar” to. one of the existing details.

Provision for Engineering

While the Design Methodology is intended to provide for improved seismic-resistant de-
sign of houses without the necessity of structural engineering, conditions may arise for
which the Methodology offers no clearcut solution. In such cases it is recommended that
a correction be written requesting that engineering be provided.

Local Acceptable Standards

Undoubtedly, special localized conditions or construction procedures will merit consid-
eration of revision of some of the predesigned details to meet local practices. In those in-
stances, Local Acceptable Standards should be developed and promulgated and it is recom-
mended that such “‘Standards’”” provide acceptable substitute details. Should the special
circumstances be general rather than localized, revision of the design recommendations
presented herein should be made.
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CHAPTER V-2 INSPECTION

The development of a shear path from the roof or floor sheathing through the blocking to
the top plates and thence to the shear-resistant (finish} material down the wall and from the
finish material to the plate and thence to the foundation is the sole purpose of many of the
predesigned details presented in Part 1V. To develop this shear path the nailing between
framing members has been set forth in the Nailing Schedule and, in most cases, will be found
to be more restrictive than previously required. |If the inspector will think of this shear path
in the same manner as he automatically thinks of a path required to provide full support of
vertical loads, the understanding and interpretation of the details will be made much simpler.

Although many of the details reflect procedures commonly used in home construction,
each detail includes some required change or changes in standard procedure. In many cases
only the amount of nailing required to connect one framing member to another is changed,
but when several changes are instituted, the job of the inspector becomes a large one. In
addition to the normal inspection progedures, the inspector may find himself in the position
of having to acquaint contractors and subcontractors with many of the tables and new de-
tails presented. It is essential that the inspector read Chapter |1—1 to develop an under-
standing of the requirements and details. Technical information useful to the inspector is
found in Part I, Part IV and Chapter V—1. Finally, the Design Methodology in Part |11 con-
tains new standards for the construction of fireplaces, the attachment of veneer, and the
tying down of mechanical equipment. it is recommended that the inspector acquaint him-
self with all this information rather than rely on the details alone.

V-b




It is not the intent to discuss items that may be found elsewhere herein but rather to
acquaint the inspector with the types of problems to expect in the field. These can be di-
vided into two categories: Common errors encountered in locales where similar construc-
tion is already required; and, those problems likely to be created by the impact of a rela-
tively sizable number of individual new requirements being introduced to the housing in-
dustry at one time.

Common Field Errors

Most inspectors keep a mental file of items most frequently subject to improper con-
struction. As for seismic resistance, three items stand out as the most troublesome:

@ Nailing of finish material to sill or sole plates.
@ Placement of sill bolts.

@ |nstallation of hold-down anchors.

Nailing of Finish Material. The nailing specified in Table 4.3 for the application of finish
materials may differ from existing local requirements. Although finish materials are applied
correctly to all other framing, inadequate connection to the sill or sole plates is a commonty
observed construction flaw. Since the chain is only as strong as its weakest link, it is es-
sential that field inspectors stress the requirements for the nailing to these plates. When the
finish material extends to the mudsill, proper nailing to the sill should always be provided.
When the finish stops at the sole plate above wood floor framing, the required nailing of the
sole plate is heavier and the finish must be properly attached to the sole plate.

It is also important to determine that the minimum size of sheet-type materials as speci-
fied in the Design Methodology is met. All shear-resisting materials that come in sheets
should be of 2"-0"" x 4’-0"” minimum dimensions. Where odd dimensions (such as 21'-0"")
would normally allow use of 4’-0"" sheets, plus a single sheet narrower than 2°-0"" in width,
one of the 4’-0" sheets should be cut back to insure a greater-than-2-0" width for the last
sheet. The one exception to this rule: The width between openings may be less than 2'-0”
but, in this instance, the shear material should be in one piece spread out to a minimum
dimension of 2'-0"" above and/or below the opening.

Placement of Sill Bolts. Figures 5.1, 5.2 and 5.3 demonstrate common errors in the use
of sill bolts: Placement too close to the edge of the mudsill; lack of bolts where sills abut;
and, notching around the bolts. It is recommended that the inspector require installation
of concrete stud anchors to replace missing or misplaced sill bolts.

Hold-down Anchors. When hold-down anchors are installed, it is most important that the
finish material be nailed to the same member to which the hold-down is attached. Angle
hold-downs {Detail 34/4)} are bolted through both studs, which is no problem when the hold-
down is located at the end of a wall. When the angle hold-down is adjacent to a door or
window, however, the edge of the finish material may not occur at the doubled studs. In
such cases, it is important that the inspector require the specified edge-nailing to these studs.
The nailing required between doubled studs is sufficient to transfer the loads developed by
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'FIGURE 5.1 Sill bolts placed too close to the edge of the mudsill.

FIGURE 5.2 No bolts provided at the point where the sills abutted.

FIGURE 5.3 The wood plate was neatly notched around the boit.
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framing anchor hold-downs and for this reason, the edge nailing may be applied, in this in-
stance, to either stud. For strap hold-downs, however, the finish and the hold-down must be
nailed to the same stud.

It is anticipated that the requirements for hold-down anchors, not generally used in dwell-
ing construction, will create the largest initial problems in the industry because of the trouble
and expense involved in installing a misplaced or missimg anchor in existing concrete. In
some cases this may be accomplished by using concrete stud anchors attached to a blocking
“bridge’’ spanning between the end studs and the first interior stud of the wall. In such in-
stances the shear-resisting material must be edge-nailed to both studs. For other conditions,
it may be more economical to place stud anchors into the side of the footing and extend a
strap downward from the studs to the anchors. The metal straps installed in this manner
must be encased in additional concrete when below ground level. In either case, the instal-
lation of the corrective hold-down must be in accordance with a detail provided by an en-
gineer. It should be evident that to avoid these difficulties, the building contractor should
be made fully aware of the importance of installing hold-down devices properly. Where
practical, the use of templates for locating the hold-down is encouraged.

Other Field Problems. Particular designs often create construction conditions that are
not entirely typical and just as often result in construction that is not seismically sound.
Such conditions will be more apparent to the inspector who is aware of the general prin-
ciples of seismic resistance as set forth in Chapter I1|—1. Figures 5.4 through 5.6 illustrate
a few of such conditions which may not always be apparent to the plan-checker, thus in-
creasing all the more the importance of the inspector’s understanding of seismic-resistant
construction methods.

In the house shown in Figure 5.4, the roof trusses have a heel height greater than normal
with blocking instalted between the top chords of the trusses. Sheet-type finish material
probably would stop at the top plate with additiona! finish material installed from that
point to the underside of the rafters. 1f this were done, the shear-resisting material above
the top plates would be smaller than the stipulated 2-0” x 4'-0"" minimum size and there
would also be no transfer of shear from the blocking to the finish material. Blocking of the
same depth as the truss heel height should be required.

Illustrating the requirement of split-level ties in the case of a discontinuous roof, Figure
5.5 shows a one-story house with a flat roof at two elevations. The end rafter of the lower
roof is attached to the side of the studs and would be prone to separation in an earthgquake.
A detail similar to 11/4 should be required because the ceiling is, in all likelihood, to be at-
tached to the bottom of the rafters. A steel strap could be substituted for the 2 x 4 shown

below the rafters.

It is easy to understand why the post shown in Figure 5.6 is offset from the beam. The
post was inserted downward through the cells of the block. The beam location required that
it be set slightly farther back than the module of the block would allow. This type of con-
nection is very likely to fail during an earthquake, thereby allowing the entire second floor
framing to drop. It is recommended that such beams be placed in pockets within the wall
rather than on wood posts buried in the wall. A positive connection can then be made be-
tween the beam and the masonry by dropping a long anchor bolt through the beam into a
grouted cell, or by attaching a small clip angle to the side of the beam and to the masonry.

Figures 5.4, 5.5 and 5.6 indicate only representative examples of the types of seismic de-

V-8




truss ends not full height.

ing at

Block

4

FIGURE 5

Id be even

ing cou
more dangerous during a quake.

Discontinuous flat roof requires FIGURE 5.6 Improper bear
split-level ties.

FIGURE 5.5




sign problems that can be encountered in the field. Although individually engineered detail-
ing could preclude many of these problems, the cost of providing such service for all home
designs would be prohibitive. It is incumbent upon the inspector to recognize such situa-
tions, despite the fact that they may not have been detailed.

New Construction Requirements

The nailing schedule (Table 4.5), shear transfer to first-floor wood framing (Detail 21/4),
chord splice requirements, the use of struts, the fireplace details and the cabinet details are
all either new requirements or modifications of existing requirements. In addition, the
following deserve special comment for the consideration of the inspector.

Table 4.3: Attachment of Finish Materials. The Design Methodology of the report as-
sumes that all interior walls assist in developing seismic resistance for the residence. In some
cases interior walls are designed as shear walls and are then detailed on the plans. All non-
designed interior walls must have their finish materials attached in accordance with Table 4.3,
although the stud size and spacing need not be as indicated in the heading of that table.
Shear walls must be constructed of studs 2 x 4 or larger at 16" maximum o.c. Occasionally,
designed shear walls will require fastenings other than the minimum indicated for the given
material. It isrequired, for example, that gypsum wallboard be fastened with 5d nails at
7' o.c. in all cases, but the plans may require that the edges of the sheets be blocked and/or
that the naiting be 5d at 4" o.c. The inspector should be aware of the call-outs of special
nailing for finish materials and should determine that these requirements are met.

Table 4.4: Installation of Floor Diaphragm. The Methodology considers plywood
second-floor diaphragms only. The plywood should be installed in accordance with one of
the two patterns indicated in the lower right hand corner of Table 4.4. It is required that
all plywood flooring be nailed with 10d nails at 8" o.c. at the edges of the sheets and at
10" o.c. to interior supports. No specific detail is supplied for plywood floor installation.

Split-Level Ties: Details 7/4 through 13/4. When the framing is parallel to the wall, split-
level ties must be spaced at 16’-0"" maximum o.c. in Zone 2 and 8'-0" maximum o.c. in Zone
3 as specified in Details 9/4 through 13/4. Details 9/4 and 10/4 indicate a special connec-
tion of the tops and bottoms of the studs to which these ties are attached. The inspector
should be aware that it is more probable that the top and bottom connections of the studs
will be improper or forgotten than that the ties themselves will be omitted. Detail 7/4 is
applicable to both Zones and is used when the roof framing is perpendicular to the wall.

Basement Walls: Detail 16/4. This detail not only provides a shear path to the founda-
tion for seismic forces but also provides a reaction at the top of the basement wall for the
horizontal pressure of the earth. While it should be up to the plan-checker to determine
that the equivalent fluid pressure in the area served does not normally exceed 30 |b/ft2/ft
used in the design of the detail, it will be up to the inspector to determine that the height
of earth between the basement floor line and the finish grade does not exceed the 7°-6” for
which this connection is designed.

Stud to Sole Plate Connections: Detail 24/4. The requirement of framing anchors at the
base of the studs is entirely new. They are required at exterior corners only in Zone 2 and
as shown by the detail in Zone 3. These connections are quite obvious and the inspector
should have little trouble in determining if they have been provided.
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Hold-Down Anchors: Details 25/4 through 38/4. in addition to the comments made
earlier about hold-down anchors, other questions may arise with regard to the installation
of these devices. On Detail 25/4, the 8"-long rod extending through the strap would extend
out of the footing if the rod were to remain straight. It is acceptable to allow this rod to be
bent, provided that the bend does not occur adjacent to the strap itself. If a stud lifting up
from the foundation can be visualized, it will be easy to understand why strap-type hold-
downs must be installed precisely and tightly.

With hold-downs such as those shown on Detail 34/4, long bolts with a plate adjacent to
the head of the bolt are sometimes substituted for the hooks indicated. When used, these
plates should be tack-welded to the head of the bolt to prevent them from floating in the
concrete during the pour. If the plate is not tight to the bolt head, the device will be in-
effective. It is suggested, even encouraged, that the hole in the angle be oversized to as much
as 1-1/8" in diameter to allow for tolerance in the placing of the anchor bolts. When over-
sized holes are used, plate washers should be placed between the angle and the nut. The nut
should be tightened securely to ensure that the installation is in tension.

Special Garage Front Wall Details: 45/4 and 46/4. The proper functioning of these de-
tails depends on the extension of the garage door header across the top of the wall and on
the tautness of straps indicated. When the wall is 4’-0"" or wider it should be designed as a
shear wall and the special garage wall detail is not to be used. This detail should constructed
each side of the garage door whenever the garage door wall is not within 6'-0"’ of parallel
exterior walls of the house, at all split-level houses, and should also be used for all detached
garages. Use of a sill plate as a template for the installation of hold-down anchors is en-
couraged.

Because Detail 15/4 allows the choice of three details for the tying of the slab to the foot-
ing, no detail is indicated in the sections shown for the special garage front wall details. One
of the connections shown on Detail 15/4 should be chosen and used to provide a tie be-
tween the sfab and the foundation.

Water Heaters: Detail 49/4. This detail is intended to prevent water heaters from over-
turning or sliding during earthquakes. It is not necessary that this detail be followed rigor-
ously but a similar tie, capable of acting in any direction, must be provided in ali cases. in
installations without a wall adjacent to the water heater, ties must be extended from the
ceiling or roof framing.
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APPENDIX A EXAMPLE DESIGN FOR A SPLIT-ENTRY HOUSE

Model Home F is presented to demonstrate several principles discussed but not shown in
Part i1, as well as to provide an example of appropriate detailing. The house is a split-entry
type home. The plan is wide but not very deep, such that the diaphragm ratio at the roof is
almost 2:1. Virtually the heaviest of each type of finish material has been selected so that
seismic forces generated are at a maximum allowing a valuable comparison with Mode! B
with its light-weight finishes. Because of the geometry of the structure, the roof is framed
from front to rear but second floor joists are ““cross-framed”” from side to side. Finally, the
fireplace is shown as it might be architecturally located with a subsequent structural adjust-
ment (see second floor plan).

The roof is framed with prefabricated trusses and 1/2'' plywood sheathing, and roofed
with concrete tile. Floor framing is 5/8'' plywood sheathing on 2 x 14 joists; interior finish
is gypsum lath and plaster; exterior finish is stucco except at the second floor at the front of
the residence, which is 3/8" plywood siding.

Separate designs are provided for Zone 3, Zone 2, 15psf wind and 25psf wind. The floor
and roof plans without references to the details represent that point at which design would
begin. For all designs other than the one for Zone 2, it is quickly determined that it is desir-
able to provide shear wall in line with the fireplace. In order for this wall to be long enough
to be effective, the fireplace is moved from the location shown on any of the second floor
plans (and typical foundation plan) to that shown on the first floor plans. Tributary areas
are shown on Figures A.3A, B, and C and the pertinent Calc Forms for each design are ap-
pended following these figures. Walls B and B’ as shown on Figure A.3C are designed as act-
ing together.

The Hold-down and No hold-down anchors required curves start with walls 6°-0" in height
and also extend to 600 |b/ft vertical load. This example provides two conditions for which
the curves cannot be used. Wall F is only 4'-0” high and first floor walls A, B, E and F all
have loads greater than 600 Ib/ft. The formula used to develop the No hold-down anchors
required curves is:

b wl’
2h
where: P = allowable horizontal load

L = length of shear wall or “'solid”’ wall
h = height of wall

In Zone 3, for instance, it is necessary to use this formula at lines B and B’ acting together
because of the vertical load per foot at line B; and at line F because of both vertical load and
the height of the wall.

Although no such condition occurs in this example, the uplift force for which an angle

A-1




hold-down must be designed can be determined by the formula:

2
Pact(h) - wh

- 2
L-05
where: Pact = the design horizontal load
U = the uplift load on the hold-down anchor

L and h = same as above
The formula for strap and framing anchor hold-downs is given in Part 1.

Where lightweight materials were used in other models, 15psf wind load frequently gov-
erned shear wall design. In this model with its heavy finishes and roofing, Zone 3 loads are
greater than those caused by 15psf wind in all cases and greater than the load due to 25psf
wind in the longitudinal direction. Because of the methodology, the loads at lines A and D
are also greater. The lighter Zone 2 loads are also greater than those caused by 15psf wind
for the longitudinal direction.

After the Calc Forms have been completed, applicable details must be referenced. The
details shown on the floor plans, roof plan and typical foundation plan (Figures A.1A, B,
Cand D) are applicable to all designs. Separate foundation plans and, where pertinent,
second floor plans are supplied for each design and should be considered as superimposed on
the typical corresponding plan.

For Figures A.2A and A.2B 1/2"' gypsum board could be used each side of Wall C. While
this material is adequate, it is impractical to require that finish material be applied behind
the fireplace. It is imperative that the designer visualize the method of construction to avoid
problems such as those implied by this condition. In lieu of the gypsum board, plywood,
nailed as shown on these figures, has been used. If the room to the rear of the fireplace were
finished, this wall could be developed as shear wall in conjunction with the short piece of
wall adjacent to the fireplace and the fireplace could be left in its original position. Because
the residence is cross-framed, thereby placing greater loads on the shorter shear walls, very
few Hold-down anchors are required. Where floor plans make cross-framing practical, this
departure from more normal procedure is recommended.

As stated in the text several times, this publication offers a method for dealing with wind
load designs only to allow the designer to check wind against seismic loads and no extensive
methodology has been developed for dealing with loads other than seismic. This is apparent
in the 25psf wind load design where plywood is required at the second floor, Lines A and D,
while not required at the first floor in the corresponding locations. This is due to the fact
that no interior walls have been used for shear resistance at the second floor while loads to
the first floor walls have been based upon their tributary width times the appropriate height
of the structure. In such instances, common sense would dictate that, at the minimum, the
same plywood and nailing be used at the first floor as well.
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FIGURE A.1B. Typical Foundation Plan

FIGURE A.1A. Roof Plan — Model F.
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FIGURE A.1C. First Floor Plan — Model F.
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FIGURE A.2A. Foundation Plan —

15psf Wind.
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CALC FORM 2

Job EABAPLE UOAES Model I

ROOF, CEILING AND FLOOR WEIGHTS — SEISMIC UNIT LOADS
(In Pounds Per Square Foot)

Actual Seismic Actual Seismic
ROOF Material Weight Weight Material Weight Weight
Roofing CONC.TILE  |[Ho.O| Z.i2D
Sheathing 7" PLYWO. 20| O.Us5T
Framing TRUDLSED 2.0 OL6T
TOTAL 1o.c| 2.7
CEILING
Framing TRUSSES |20 | 0%267
Finish LATH f; PL‘DTR &Q ICG)7
TOTAL 00| I'DDD
2d FLOOR INT. DECK
Flooring |CARPET  |1L& | 0133 | DECK (NG 3.0 | 0400
Sheathing W PrwD |20 |0.20T |8 PLYwWD Z2.o0l0n0GT
Framing x4 50 |OLGT 40|10.5DD
Ceiling LATHEPLSTR [£.0 | 1 OLT
TOTAL 1L.O|2.iDD q.0 | 1.200




Job EXANAP] i HONWES

CALC

FORM 3

Model =

WALL WEIGHTS — SEISMIC UNIT LOAD SUMMARY
{In Pounds Per Square Foot)

TY®. Actual =RONT | Actual Actual

EXTERIOR Material Weight || Material Weight || Material Weight

Framing WOO0 4.0 4.0

‘Exterior Finish STuCCco  |8.0 || WooDSDNEG| 2.0

interior Finish LATHE PisT) £.0 &0

.

TOTAL z0.0 4.0
INTERIOR

Framing WOO D O

. LAT & .
interior Finish PLASTE & S0
Interior Finish i &0
7
TOTAL o O
VENEER LOAD: Ib/ft
TOTAL qu r—-’LR "o —_‘
UNIT LOADS | Roof L. Z Dec
Ceiling | / 1233 | 2125 | 200
Exterior Walls >< 1200 D o0
Interior Walls / ODCo | D.0CO
' 353D e e I b

TOTAL 2007 | 3D + EADD Wa o f 1200




CALC FORM 6

Job EXANPLE UOMNES Model ' E

TRIBUTARY AREAS

ROOF AREA CEILING AREA
LINE Length x Width Area ‘ Length x Width Area
ROCH
A BT EG4- 2E w215 TOO
D A2 <27 EGA Z2E5 < 25 TOO
C 154 Eloh 14-« 5O TOoO
&G 1o <54 E 1450 70O
242 LOOR,
A IO« 28 250
() AD2E =125+
C ET5x28« V2D +
B35 2E | A4
D A1 < 2E 245
£ 12550 DO
- Dx D0 T80
PORAY
C 1225« & 720
D ETE5G D25
| lox 21 | 26




Job EAMAPLE UONAES

CALC FORM 7

Model E L ZONED

SEISMIC LOADS

Unit Total Unit
Roof Roof Other Roof Ceiling Ceiling Total
LINE Area Load Load Load Area Load " Load
(sf) (psf) (Ibs) (Ibs} (sf) {psf) {Ibs}
QQOF .
N || &4 | 2667 2504
700 |3333| 2233
A DT
D oA " - 2204 74904
=] Loo || TOO ! 2D33
2904 S5237
= &4 Il . 72204
TO0 1 2333
46T
G 864 “ 7304 24904
) OO || TOO | 1333
2904 S257
1E0 (N4¢7 3211
' 5515
®)
SH9EH[ » OGS
LD
C LOO
coo A4 H 4D
o LOO | 7355|1200 &8
OO A2
o 29404
245 |\HALT 28CAH
PORC 525 1,200 L3
ST76

A-11




CALC FORM 7

Job EXA/APLE WONES

SEISMIC LOADS

Model ' =' - ZONE D

Unit Total Unit

Roof Roof Other Roof Ceiling Ceiling Total

LINE Area Load Load Load Area Load Load

(sf) (psf) (Ibs) (ibs) (sf) (psf) (Ibs)
77 CIloor, 2204
c LDO NALT || 7454
PORE 126 | 1200 o1
909
ju 74904 2504
co OO || 750 |N14GT7|| EX00
3504 12, 104-




MODEL “F” — VERTICAL LOADS/FOOT

PN =)

Lives A& D

= Leee e Bu20

= (w2

Cado e \ic> = W«

WALL - & UD = WD
2Ho%

Lines & &<

Ve Reoce - oo = B0

Cce — 4o = V4O
Vit — o = 1o
o2
QUb CL o
L!dé—b\
wJ=e Lo - = Lo
1P% —\oxHp = Hoe>
Wate. — Eox2eo = oo
T ¥\
Live &

W= L% 2okl = A5 ch = Blo =012
WaLL — E5%2D = (oo

(o
oo 172
Lve 6‘
J= 0P Bxle = (OB
WauL-&EOxR2UD = o>
2L




AN® Tl

LiseC

=20 Es 2l = 2y
Wall- 5% v (ors
4 7%/

LJhJE.C)

L - P L
WAL - EExZS v e

Aes74/
Ln..JE.sz &
“"j; Qﬁ LD = L2862
WALL-ES 5260 = (hoe
T /)
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CALC FORM 8

Job TXA/APLE LOAES

Model ‘=’ - ZONE D

SHEAR WALL DESIGN

Wall Shear Silt Shear
LINE Load Length |Per Foot Bolts Material Overturning
(Ibs) (ft) (Ib/ft) 150
ROOE |
A |4CaT (2575 1801 | —— | OK =28 Ok
- BT ST - 1 :
D 5227 |22.0 2250 —— |86z |LFLE Ok
T |4¢27 240 [9n2 | — B EL-400 Ok
& 52237220 2200 —— PEIYN 255 OK
Z.u.r:- cloon.
A (5518 |20 |212.) |hed.o|Fe 2T L2 OK
N ie's)
P& B |LtnlD | 253D | 242.3 @3 & 25 | Ok,
L= 12-0lw=208] ZE222 2417,
58| o] DL Jers,
e 772 TIZAEL gm3,
B OO DOO
412
C 5221 |12.0 |44 .4 Ppe3 0237 | 2 BO Crimne, Aacus.
w=d15%, P l=BAG2D L+ OT54ET15 = 428
=Z(5321-4251) =| L9
~‘ 120
D |»717¢| 220 (2625 |55, EEETE L0, Ok,
‘ V2. 43
E [990m | 2710 [2610 [0k B bL-2a0 ok
ICERS




Job EXANPLE LUOALED

CALC FORM 8

Model ' &'- ZONE

SHEAR WALL DESIGN

Wall Shear Sill Shear
LINE Load Length | Per Foot Bolts Material Overturning
{Ibs) {ft) {Ib/ft)
27° TLOOR
C 204 | 170 | 712.0 126026250, |7 BO Erma. Ancus.
L= T-G| Hed.o|w=Te0 | B4 5484
5.0 " 24255
4.4 " 1974
D100+ 300
| IO i9¢e
V=2 (2104 - 1DIGL )44459




Job EXAMNPLE HOAES

CALC FORM 8

SHEAR WALL DESIGN

Model &' - ZONE- 2

Wéll Shear Sill Shear
LINE Load Length Per Foot Bolts Material Overturning
(lbs) (ft) (Ib/ft) &0
ROOTC.
A 2319 | 2675 | o.i | —— | O, |[L=25 OK.
D 219 | 220 |[n4.0 | —— | OK. |L=2& ov-
E 2319 | 240 | Q.6 | —— Ok |L=40° OK
G 2619 | 220 | 194.0 | —— | OK. |L=7255 OK
25 T OOR
A 2158 | 2.0 106G\ |17@% O¥. |L=26"' QK
200
PEeD 2432 25232 121.1 |l b | Ok |Ok(see Z. 3)
C |2z 2o [2218 [hed o227 ok
w75 Bz 2025075 575 = |42e1
lel®)

D 2EEE | 22.0 | 1D1.3 |40@0L | Ow, |L=2" OK.
E 4955 | 770 1835|5552 | o [L=29" OK.
Yo @ lo

£ [con2] 170 [35004@74 8.5 | Ov.lose 7. 2)
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APPENDIX B

ADDITIONAL EXAMPLES

FOR DETERMINATION

OF TRIBUTARY AREAS







APPENDIX B ADDITIONAL EXAMPLES OF TRIBUTARY AREAS

Appendix B presents additional examples of determination of tributary area. These in-
clude seven one-story houses ( Figures B.1 through B.7), three one- and two-story combina-
tion houses (Figures B.8 through B.10), two split-level houses (Figures B.11 and B.12) and
one house with a design beyond the scope of this publication (Figure B.13). The examples
should lead to a fuller understanding of the techniques involved in assaying shear wall loca-
tions and determining tributary lengths and widths; they may also be helpful in terms of
_comparison with plans being developed which have similar conditions. The reader may also
wish to examine the houses for alternative interpretations on the location of shear walls and
the figuring of tributary areas. In most cases the Design Methodology does not allow much
latitude in this area but correct interpretation of the requirements is essential in order to
achieve proper and economic design.

Floor plans discussed are essentially identical with those of homes that incurred slight to
severe damage in the San Fernando Earthquake. Since many of the houses were not engi-
neered, adequate shear wall is not always present at each line of resistance. As a most im-
portant consideration, however, these fairly typical houses in nearly every instance provide
walls that may be used as shear walls in accordance with the Design Methodology. This is
true despite the fact that the homes were located in an area where large amounts of glass are
utilized. It will be noted that every home shown contains an attached garage. In virtually
every case, without the attached garage the location of shear walls and determination of trib-
utary areas would be much simpler. In the few cases where this is not true, the garages are
indented into the home and the floor plan would probably not be drawn in the manner
shown if the garage were not attached.

All tributary widths are determined using the exact method assuming a wall thickness of
6'. In other words, all wall thicknesses {or half thicknesses) have been deducted from dia-
phragm span, the clear span divided in half, and then appropriate wall thickness added to
each width. As stated in Part |1, this method is more accurate but need not be used in actual
practice. The importance of the examples lies primarily in the identification of lines of re-
sistance and the proper application of the rules for determining tributary areas rather than in
the exact determination of the width of the areas to the last inch. Indeed, the exact and ap-
proximate methods will never vary by more than three inches for any single width.

Although comments accompany each figure, references to applicable Design Sections are
usually not made and, for the most part, calculations are not shown. The effect of masonry
fireplaces on individual lines of resistance is included in the commentary.







FIGURE B.1

T I U 33'-0"
® G

Figure B.1A

1. Lines A and B should be considered as
acting together since the distance be-
tween them is less than 6'-0'’

2. The wall on Line C need be considered
only as resisting garage load. The wall
extends inside the house and the portion
inside the house may or may not be used
at the discretion of the designer.

3. The comments above also apply to the
portion of wall inside the house on Line
D. Other interior walls are not consid-
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ered since no portion of these walls comes in contact with the roof.

4, The tributary area to Line C stops at Line H, but the tributary area to Lines A and B to-
gether includes one-half of the main body of the house.

5. The wing between D and E is considered as a wing with a 5’-0"" x 8’-6"" tributary area to
the wall on Line D.

6. Fireplace load should always be applied to the wall in which the fireplace occurs — in this
case, Line B.

36'-0" Q? 17'-0" @

37[_0”

® ©

Figure B.1B

1. The walls on Lines G and H should be considered as acting together as should the walls on
Lines J and K. When lines are six feet or less apart, they are always considered as acting
together regardless of changes in diaphragm length.

2. Tributary widths are calculated between closest of the lines acting together (3.3A2) — in ‘
this case Lines H and J.

3. The fireplace load will be taken by Lines J and K acting together.
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FIGURE B.2
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1. With the garage excluded, the house i$ | ﬁ?z' -0" typ.
""" shaped. The portion from A to B or | l
the portion from G to H could be con- '
sidered a wing. Because of the near sym- | ‘L . 'y |
metry and the roof layout, neither has - \L
been so considered. [ | |
2. Lines B and C should be considered as | ]
acting together. '4'— _bl
3. The fireplace load will be taken by lines —

B and C acting together. Roof Plan
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Figure B.2B -

. The garage, if considered as a cantilever, would have a cantilever distance of 23-6'" This
is more than half the distance of the back span of 42’-6". Therefore, this garage does not
gualify as a cantilever.

. The special garage front wall detail {Detail 45/4) needs to be utilized at Line E and, for
this one-story condition, is considered equivalent to a shear wall.

. There is no shear wall on Line F at the front of the house, but since the wall between the
garage and the main portion of the house is in line at this point, and since the roof for this
plan is continuous across the entry, the garage wall may be considered as a portion of the
exterior wall and may be used. It is assumed the garage wall follows the contour of the
roof, and that load can therefore be transferred directly from the roof to the wall.

. There is no shear wall provided at Line G. This condition must be corrected. Note that
the interior wall on Line G to the right of Line B could be used if the top plates are con-
tinuous past the chimney to this portion of wall. The top plates would pick up the load
between A and B and act as a strut to carry the load to this wall. The same reasoning as is
applied to item 3 can be used to consider this interior wall as a portion of the exterior
wall. The interior portion of the wall would not be required to extend to the roof since

B—6



the top plates acting as a strut would carry the load to it. | the chimney interrupts the
top plates, the opening would have to be moved or decreased in width in order to provide
at least one 4’-0’’ minimum tong wall. The short length of wall available is further com-
plicated by the load of the fireplace which must be resisted by this line.

FIGURE B.3
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Figure B.3A

1. The wall on Line B should be considered a shear wall for the house as well as the garage.

It is assumed that the wall follows the roof level upward (refer to roof plan) in order to
act as a fire wall.

2. The wall on Line C is considered for the small portion of load from the house only. The
Load from the garage should be considered as being taken to Line D. Per 3.2B these lines
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cannot be considered as acting together. (24.5' is less than 2/3 of 44.25")

3. The fireplace load will be taken by Line B.
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Figure B.3B

1. The walls on Line E can be developed to provide the resistance for the garage. The garage
can therefore be considered a 9'-3" cantilever and need not have the special garage detail
at its front. If the offset between Lines C and D were more than half the width of the ga-
rage, Line G would not be considered in figuring backspan length but Line F would prove
to be too close and Detail 45/4 would then be necessary.

2. The cantilever distance of 9'-3"' is less than twice the distance from Line E to Line G of
35’-0'. Design Requirement 2.1B3 is therefore met.

3. When using the cantilever considerations above, cantilever distance may be calculated
from the floor plan if roof averhangs are nominal (1—3 feet}). When roof overhangs are
larger, the actual dimensions of the roof should be considered.

4. The wall on Line F is at least as long as any other wall in the house for this direction of
load, and should be used for the main body of the house as well as the garage.

5. Fireplace load will be taken by Line G.
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1. The walls on Lines B and C are both over { :
fifteen feet in length and should be con- - _»
sidered as resisting load from the main | :
portion of the house as well as from each | L
|
I
i

. . —— -
wing. Since the roof extends across at i ; _‘|
Line G, the tributary width division line | | —
between B and C will actually be extend- ! l
ed downward on the roof to below Line Wy e— :
G - ¥
. Roof Pian N

2. A strut connection at Lines B and C need not be developed since they intercept such a
large portion of the main body of the roof.

3. Since Line D is 10 feet away from Line E, house tributary should be figured to Line D
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anq garage tributary to Line E. Because of the break in the diaphragm behind the garage
as indicated in the roof plan, the tributary length to Line E should extend to the break.

}. Fireplace load will be taken by Line C since it falls wholly within the area tributary to
that line.

©

1. Since the front garage roof is a discontinuous diaphragm, the roof cannot be cantilevered.
The load from the garage should be divided between Lines F and G. The short vertical
wall occurring over the garage at Line G will act to transfer the load to the walls on Line G.

2. A small portion of the shear wall on Line H is slightly back of the remainder. Since such
a large preponderance of this wall is on Line H, and the offset is so small, all distances
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Figure B.4B

have been figured from Line H.

3. No shear wall is present at the front of the garage and the special garage detail must be used.

4. Because of the break in the diaphragm 6 feet to the right of Line H, and because there is
no wall used as shear wall at the break, the flat roof diaphragm should be extended to Line
H under the gable roof to transfer shear into wall H. The other alternatives would be to
use the wall adjacent to the front entrance as shear wall or to provide shear wall at the break.

5. Fireplace load will be taken by Line .
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FIGURE B.5
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Figure B.6A

1. The walls on Lines B and C could be de-
signed as acting together such as was
done on Figure B.2A (the shorter length
of the diaphragm is more than 2/3 the
longer length). If considered as shown,
however, the general principle stated at -
the beginning of Design Section 3.3 must
be taken into consideration. The wall on
Line C is longer than the wall on Line B,
but the tributary area to Line B from A
to B plus the tributary area of the wing
contributes more load to Line B. The
tributary area to Line C should therefore
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be made as long as possible. Roof directly opposite a wall should always be considered as
contributing load to that wall, and therefore the length of the tributary area on Line C is
restricted to the length to Line H.

2. If walls B and C were considered as acting together it would not be necessary to jog the trib-
utary area division line at Line H. The line between C and D would extend all the way to
Line I. Considering these lines as acting together would be preferable to the solution shown.

3. Fireplace load will be divided equally between Lines A and B.
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Figure B.5B

1. The diaphragm between Lines E and F could be considered a cantilever. It would proba-
bly be more desirable to offset the garage doors such that 4 feet of wall could be provided
adjacent to Line C. Tributary widths have been calculated on this basis.

2. There is almost assuredly insufficient shear wail at Line H. Since the interior wall is not
in line with the exterior wall, the plates along Line H cannot be utilized as struts to the in-
terior wall and it therefore cannot be used in the manner suggested under Figure B.2B. If
it were necessary to maintain all of the openings at Line H, a roof rafter could be used as
a strut and connected to the offset interior wall at Line H.

3. Fireplace load will be taken by Line F.
B—-12




FIGURE B.6
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Figure B.6B

1. Since the roof diaphragm is continuous over the entryway, the front of the garage does
not require the special garage detail. The load from the front part of the garage should be
considered to be taken by Line G.

2. There does not appear to be sufficient shear wall at Line I.

3. Lines | and J may not be considered as acting together. Since the diaphragm breaks and
since there is more wall on Line J than there is on Line I, considerable load would have to
be transferred through the narrower portion of the diaphragm to Line J. It is partly for
this reason that the exception shown in Design Section 3.2B is stated.

4. Fireplace load will be taken by Line I.




FIGURE B.7
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Figures B.7A and B.7B

1. This house has a flat roof and all interior — ' "
walls extend to the roof. It is therefore AW
necessary that virtually all walls be con-
sidered as shear walls as shown.

i

I i /‘—2'-6" typ.
2. The high roof from A to D and L to N L -
requires that shear walls be located at all
four sides of the discontinuous roof
{2.382)

3. The fireplace load will be taken by the
walls on Lines D and N.

4, The only walls which may be eliminated
from consideration by virtue of Section

B—-15
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FIGURE B.7B

2.2B2b are the walls between Lines E and F. (Wall C can also be eliminated it it is not
considered an exterior wall.)

5. Note that walls perpendicular to the open atrium area have tributary lengths which stop
at the edge of the atrium roof and are not considered as acting together with walls at the
opposite side of the atrium.

6. Lines L and M should be considered as acting toaether.

7. The consideration of the general principle stated at the beginning of Section 3.3 must be
utilized for Figure B.7C.



Note that the roof plan for this house indicates that the high roof over the second story
continues downward over the one story portion in the rear and that therefore the shear walls
on Lines C and E are each really two separate walls, since the portion under the second floor
extends only to the second floor, while the portion between Lines G and | extends to the

N 22"0" ‘

roof.

1. The diaphragm ratio of the second floor would be 34.50/17.75 = 1.94 if no interior walls
were used. This is greater than 1.5:1: The wall on Line C must therefore be used in order
to reduce the diaphragm ratio.

2. When the wall on Line C is used the diaphragm ratio between C and E becomes 21.75/
17.75=1.22. The wall on Line D is 11.5/14.5 = .79 as long as the wall on Line C. Since

FIGURE B.8
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Figure B.8A

ROOF PLAN

1o

this exceeds 0.75, in accordance with Table 3.1 this wall must also be used.

3. The load from the high roof should be distributed to the second floor walls as well as the




walls shown at the first floor above Line G. Although no second floor plan is shown, in
all probability all roof load will be taken at Lines B and E with the load to Line C from
the roof being treated as a wing. The tributary area plan shown is therefore only indica-
tive of the load to the first floor walls above Line G.

4. Fireplace load will be taken by the wall on Line E.
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Figure B.8B

. Since the plate line is continuous across the front of the house, there is no necessity for
shear wall in the garage since there is ample shear wall along the front of the house (last
sentence, Section 2.3D.)

2. The tributary area plan, in this particular instance, indicates the tributary areas for the
roof as well as for the second floor.

3. The wallson Lines Hand | should not be considered as actying together in accordance with
Section 3.2B.

4. Fireplace load will be taken by the wall on Line H.
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FIGURE B.9
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1. The multiplying factor for Line B is figured inthe same manner as shown for Model B
(Figure 2.24B).

2. Obviously a beam will need to be provided across the garage on Line C in order to support
the second floor wall above. This beam will act as a strut to'carry load over to the walls

on Line C. The walls on this line may prove to be insufficient for the considerable tateral
load they are required to resist.

3. Fireplace load will be taken by the wall on Line B.
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Figure B.9B

. The walls on either side of the fireplace are too short to be considered as shear walls. It is
therefore necessary to consider the diaphragm as a cantilever. It would be much more ad-
visable to narrow down or relocate the windows in such a manner as to allow shear wall
on either side of the fireplace.

. Note that the top plates along Line F in all probability tie together the wall adjacent to
Line D, and the wall between A and C.

. The interior wall adjacent to the garage near Line F is not long enough to be required to
be considered as shear wall. If the offset portion of wall were within three feet of this
wall, the two sections together would need to be considered.

. The same wall discussed above almost certainly extends to the garage roof as a division
wall between the garage and the entry. Since the wall would be solid down to the door
header, which would be below the height of the second floor, this wall could be utilized
as a shear wall for the roof between Lines C and D and yet not be required to be consid-
ered as a shear wall for the two-story portion. This is not advisable. Either the wall

should be designed for all load it might receive, or not considered at all.

. Fireplace load will be taken by the wall on Line F.




FIGURE B.10

The roof plan for this residence indicates the roof over the one-story portion is ¢ - tremely
steep and, in fact, the ridge height is the same as that of the ridge over the two-stor, por-

tion.
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Figure B.10A

1. The wall to the left of Line B and the wall on Line C shall be considered as acting togeth-
er.

2. The onr -story roof shall be taken by the second story wall at Line B which in turn trans-
fers its load into the second floor diaphragm.

3. The wall to the left of Line B is in accordance with Section 2.3D.

4, The width of the area for the wall to the left of Line B is greater than the width to Line A
because of the cantilevered second floor diaphragm.

b. Fireplace load will be taken by the wall on Line D.
B—21
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Figure B.10B
1. Since the low roof is not a portion of the second floor, the second floor diaphragm ratio
between Lines F and | is 34.5/18.5 = 1.86 which is greater than 1.5:1. The interior walls
at Lines G and H must both be used since they are the same length.

2. Fireplace load will be taken by the wall on Line F.




FIGURE B.11

This home was constructed with roof plans similar to example houses C and D. The roof
plan shown is similar to example D.

43'-Q"

—21-0"

ROOF PLAN

Figure B.11A

1. This split-level house is somewhat different from the configuration shown in the example
homes, but its tributary areas in this direction are figured in exactly the same manner.

2. Fireplace load will be taken by Line A.
B—23
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Figure B.11B

1. The walls at Lines F and G are considered to be acting together. Section 3.3B3(b) is

therefore used as demonstrated by Figure 3.4. The adjusted width at Lines F and G is de-
termined as follows:

Lo 8.0
2 = 8 - 0286
L; 28.0

Multiplying factor = 1.277 {from Figure 3.2)
Adjusted width = 1.277 x (23.00- 5.56) +5.5=22.356+5.5
= 27.85’

2. All of the area of the second floor cantitever is assigned to Line E per Design Section
3.3B6.

3. Fireplace load will be taken by the wall on Line D.




FIGURE B.12
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This split-level home is considerably dif-
ferent from the models previously consid- |
ered in that the only two story portion is |
over the garage, and the living-dining area |
contained between Lines G to | and LinesC
to E contains a cathedral ceiling. The split |
in levels occurs at Line D. The one story @— L
roof is quite steep and the roof over the
second floor dies into this steep roof.
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1. The walls on Lines A and B shall be con- G
sidered as acting together. Roof Plan
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. The wall on Line C is considerably shorter than the walls on Line D and therefore the
length of the tributary area is determined taking into consideration the general principle
stated at the beginning of Design Section 3.3.

. The two walls on Line D take almost one-half of the house. The segment of wall between
| and J receives load from the second floor diaphragm as well as the roof. This segment
should be extended to the roof it it is to act as indicated.

. The two walls on Line D can be tied together by the ridge beam at the cathedral ceiling
which will act as a strut to distribute roof load between them. The beam should be
strapped to the blocking over the wall at each of its ends.

. Although the wall on Line D between | and J is two stories in height, the wall between F
and G is just as high with no second floor. The roof load should be distributed between
the walls in proportion to their length as explained in Chapter 11—4. 1n addition to the
load from the roof, the wall from | to J only will be required to carry the second floor
load.

. The first story plate height on Line E from | to K is the same as the plate height for the
roof from F to | and therefore these walls will act together. The portion of wall below
Line F on line E may be considered as shear wall since it has a short section of wall at
right angles to stiffen it. Normally it is not a good idea to consider walls projecting be-
yond the diaphragm as shear wall, since the wall is apt to buckle at the top.

. Fireplace load will be taken by the wall on Line D.
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Figure B.12B

1. Note that shear walls have been placed all around the area containing the cathedral ceil-
ing.

2. The walls on Lines H and | present some complex problems. The wall on Line | between
D and E is in one portion of the split-level structure and should be designed for loads trib-
utary to it from the two level portion, but in addition receives load together with the re-
mainder of the wall on Line | from the cathedral ceiling. The portion of the wall extend-
ing to the cathedral ceiling above Line D is obviously quite high but only receives load
from the roof. The wall on Line H is 9’-0"" from | and could therefore be considered as
acting together with Line |I. This condition demonstrates most clearly where judgment
enters into the division of tributary areas. Since the wall on Line H is so much lower than
the wall in the one-story portion on Line |, the tributary.areas have been figured sepa-
rately.

In addition, the entire wall on Line | is considered as taking load from the cathedral ceil-
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ing and the one story portion of the house above Line D. The second floor load should
be distributed only to that portion of the wall on Line | adjacent to the two-story por-
tion, since no plates extend from the two-story wall to the portion above Line D. With
two-story wall and variable height wall mixed together with a plan which is a mixture of
one and two story combination and split-level, no other recourse is available than the use
of judgment in determining the areas which should be tributary to each wall.

. The roof of the house can be taken by the shear walls on Lines J and K acting together,
while the two-story portion should be resisted by the wall on Line K unless a strut is pro-
vided to J. Note that in order to transfer the two-story load to Line K, it is necessary to
extend the second floor diaphragm to Line K. The roof between J and K can then be
false-framed over the extended diaphragm.

. The guidelines for determining tributary areas cannot be completely followed because of
the complex nature of this house. When this occurs it is usually a good indication that
engineering would be desirable. .




FIGURE B.13

O
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Roof Plan

The roof plan of this house is as structurally complicated as it appears. The high flat roof
over the second floor is at two levels reflecting the vertical offset of the second floor levels
below. The low roof is also essentially flat. The narrow strips of sloping roofs are false man-
sards. The only portion of genuinely sloping roof is the small section over the second floor
at the front.

In addition to being at two levels, the second floor diaphragm is unsupported where it
reaches the rear of the house, just below the front fireplace and at the far left hand side, all
as shown on Figure B.13.

The design methods set forth herein are not intended to reach the degree of engineering
sophistication required to provide a seismic analysis of this complex residence. When at-
tempting to design a structure of this type, engineering assistance should be obtained for
both vertical and lateral load analyses.
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