Appendix A: Guidelines for the Seismic Retrofit of Existing Buildings

CHAPTER Al

SEISMIC STRENGTHENING PROVISIONS
FOR UNREINFORCED MASONRY BEARING WALL BUILDINGS

SECTION A101
PURPOSE

[BS] A101.1 Purpose. The purpose of this chapter isto pro-
mote public safety and welfare by reducing the risk of death
or injury that may result from the effects of earthquakes on
existing unreinforced masonry bearing wall buildings.

The provisions of this chapter are intended as minimum
standards for structural seismic resistance, and are established
primarily to reduce the risk of life loss or injury. Compliance
with these provisions will not necessarily prevent loss of life
or injury, or prevent earthquake damage to rehabilitated
buildings.

SECTION A102
SCOPE

[BS] A102.1 General. The provisions of this chapter shall
apply to al existing buildings having at least one unrein-
forced masonry bearing wall. The elements regulated by this
chapter shall be determined in accordance with Table A1-A.
Except as provided herein, other structural provisions of the
building code shall apply. This chapter does not apply to the
alteration of existing electrical, plumbing, mechanical or fire
safety systems.

[BS] A102.2 Essential and hazar dous facilities. The provi-
sions of this chapter shall not apply to the strengthening of
buildingsin Risk Category Il or 1V. Such buildings shall be
strengthened to meet the requirements of the International
Building Code for new buildings of the same risk category or
other such criteria approved by the code official.

SECTION A103
DEFINITIONS

For the purpose of this chapter, the applicable definitions in
the building code shall also apply.

[BS] COLLAR JOINT. The vertical space between adjacent
wythes. A collar joint may contain mortar or grout.

[BS] CROSSWALL. A new or existing wall that meets the
requirements of Section A111.3 and the definition of Section
A111.3. A crosswall is not a shear wall.

[BS] CROSSWALL SHEAR CAPACITY. The unit shear
value times the length of the crosswall, v;L..

[BS] DIAPHRAGM EDGE. Theintersection of the horizon-
tal diaphragm and a shear wall.

[BS] DIAPHRAGM SHEAR CAPACITY. The unit shear
value times the depth of the diaphragm, v, D.
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[BS] FLEXIBLE DIAPHRAGM. A diaphragm of wood or
untopped metal deck construction.

[BS] NORMAL WALL. A wal perpendicular to the direc-
tion of seismic forces.

[BS] OPEN FRONT. An exterior building wall line without
vertical elements of the lateral force-resisting system in one
or more stories.

[BS] POINTING. The process of remova of deteriorated
mortar from between masonry units and placement of new
mortar. Also known as repointing or tuckpointing for pur-
poses of this chapter.

[BS] REPOINTING. See“Pointing.”

[BS] RIGID DIAPHRAGM. A diaphragm of concrete con-
struction.

[BS] TUCKPOINTING. See*Pointing.”

[BS] UNREINFORCED MASONRY. Includes burned
clay, concrete or sand-lime brick; hollow clay or concrete
block; plain concrete; and hollow clay tile. These materials
shall comply with the requirements of Section A106 as appli-
cable.

[BS] UNREINFORCED MASONRY BEARING WALL.
A URM wall that provides the vertical support for the reac-
tion of floor or roof-framing members.

[BS] UNREINFORCED MASONRY (URM) WALL. A
masonry wall that relies on the tensile strength of masonry
units, mortar and grout in resisting design loads, and in which
the area of reinforcement is less than 25 percent of the mini-
mum ratio required by the building code for reinforced
masonry.

[BS] YIELD STORY DRIFT. The lateral displacement of
one level relative to the level above or below at which yield
stressis first developed in a frame member.

SECTION A104
SYMBOLS AND NOTATIONS

For the purpose of this chapter, the following notations sup-
plement the applicable symbols and notations in the building
code.

an = Diameter of core multiplied by its length or the
area of the side of a square prism.

A = Cross-sectional area of unreinforced masonry pier
or wall, square inches (10°° m?).

Ay = Total area of the bed joints above and below the

test specimen for each in-place shear test, square
inches (10 m?).
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In-plane width dimension of pier, inches (107 m),
or depth of diaphragm, feet (m).
Demand-capacity ratio specified
Al111.4.2.

Compressive strength of masonry.
Tensile-splitting strength of masonry.
Force applied to awall at level x, pounds (N).

Least clear hei%ht of opening on either side of a
pier, inches (10> m).

Height-to-thickness ratio of URM wall. Height, h,
is measured between wall anchorage levels and/or
slab-on-grade.

Span of diaphragm between shear walls, or span
between shear wall and open front, feet (m).

Length of crosswall, feet (m).

Effective span for an open-front building specified
in Section A111.8, feet (m).

Applied force as determined by standard test
method of ASTM C 496 or ASTM E 519, pounds
(N).

Superimposed dead load at the location under
consideration, pounds (kN). For determination of
the rocking shear capacity, dead load at the top of
the pier under consideration shall be used.

Press resulting from the dead plus actual live load
in place at the time of testing, pounds per square
inch (kPa).

Weight of wall, pounds (N).

Response modification factor for Ordinary plain
masonry shear walls in Bearing Wall System from
Table 12.2-1 of ASCE 7, whereR = 1.5.

Design spectral acceleration at short period, in g
units.

Design spectral acceleration at 1-second period, in
g units.

The shear strength of any URM pier, v, A/15
pounds (N).

Unit shear capacity value for a crosswall sheathed
with any of the materials given in Table A1-D or
A1-E, pounds per foot (N/m).

Shear strength of unreinforced masonry, pounds
per square inch (kPa).

The shear strength of any URM pier or wall,
pounds (N).

Total shear capacity of crosswalls in the direction
of analysis immediately above the diaphragm level
being investigated, v.L., pounds(N).

Total shear capacity of crosswalls in the direction
of analysis immediately below the diaphragm level
being investigated, v.L, pounds (N).

Shear force assigned to a pier on the basis of its
relative shear rigidity, pounds (N).

in Section

zv,D

zzvD =

W,

Pier rocking shear capacity of any URM wall or
wall pier, pounds (N).

Mortar shear strength as specified in Section
A106.3.3.5, pounds per square inch (kPa).

Load at incipient cracking for each in-place shear
test performed in accordance with Section
A106.3.3.1, pounds (kN).

Mortar shear test values as specified in Section
A106.3.3.5, pounds per square inch (kPa).

Unit shear capacity value for a diaphragm sheathed
with any of the materials given in Table A1-D or
A1-E, pounds per foot (N/m).

Total shear force resisted by a shear wall at the
level under consideration, pounds (N).

Total seismic dead load as defined in the building
code, pounds (N).

Total dead load tributary to a diaphragm level,
pounds (N).

Total dead load of a URM wall above the level
under consideration or above an open-front
building, pounds (N).

Dead load of a URM wall assigned to level x

halfway above and below the level under
consideration, pounds (N).

Sum of diaphragm shear capacities of both ends of
the diaphragm, pounds (N).
For diaphragms coupled with crosswalls, v,D
includes the sum of shear capacities of both ends of
diaphragms coupled at and above the level under
consideration, pounds (N).

Total dead load of all the diaphragms at and above
the level under consideration, pounds (N).

SECTION A105
GENERAL REQUIREMENTS

[BS] A105.1 General. The seismic force-resisting system
specified in this chapter shall comply with the building code,
except as modified herein.

[BS] A105.2 Alterations and repairs. Alterations and
repairs required to meet the provisions of this chapter shall
comply with applicable structural requirements of the build-
ing code unless specifically provided for in this chapter.

[BS] A105.3 Requirements for plans. The following con-
struction information shall be included in the plans required
by this chapter:

1. Dimensioned floor and roof plans showing existing
walls and the size and spacing of floor and roof-fram-
ing members and sheathing materials. The plans shall
indicate all existing and new crosswalls and shear walls
and their materials of construction. The location of
these walls and their openings shall be fully dimen-
sioned and drawn to scale on the plans.
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2. Dimensioned wall elevations showing openings, piers,
wall classes as defined in Section A106.3.3.8, thick-
ness, heights, wall shear test locations, cracks or dam-
aged portions requiring repairs, the general condition of
the mortar joints, and if and where pointing is required.
Where the exterior face is veneer, the type of veneer, its
thickness and its bonding and/or ties to the structural
wall masonry shall aso be noted.

3. The type of interior wall and ceiling materias, and
framing.

4. The extent and type of existing wall anchorage to floors
and roof when used in the design.

5. The extent and type of parapet corrections that were
previously performed, if any.

6. Repair details, if any, of cracked or damaged unrein-
forced masonry walls required to resist forces specified
in this chapter.

7. All other plans, sections and details necessary to delin-
eate required retrofit construction.

8. The design procedure used shall be stated on both the
plans and the permit application.

9. Details of the anchor prequalification program required
by Section A107.5.3, if used, including location and
results of all tests.

[BS] A105.4 Structural observation, testing and inspec-
tion. Structura observation, in accordance with Section 1708
of the International Building Code, shall be required for all
structures in which seismic retrofit is being performed in
accordance with this chapter. Structural observation shall
include visual observation of work for conformance with the
approved construction documents and confirmation of exist-
ing conditions assumed during design.

Structural testing and inspection for new construction
materials shall be in accordance with the building code,
except as modified by this chapter.

SECTION A106
MATERIALS REQUIREMENTS

[BS] A106.1 General. Materias permitted by this chapter,
including their appropriate strength design values and those
existing configurations of materials specified herein, may be
used to meet the requirements of this chapter.

[BS] A106.2 Existing materials. Existing materials used as
part of the required vertical load-carrying or lateral force-
resisting system shall be in sound condition, or shall be
repaired or removed and replaced with new materials. All
other unreinforced masonry materials shall comply with the
following requirements:

1. Thelay-up of the masonry units shall comply with Sec-
tion A106.3.2, and the quality of bond between the
units has been verified to the satisfaction of the ((buie-
ing-efficial)) code official;

2. Concrete masonry units are verified to be load-bearing
units complying with ASTM C 90 or such other stan-
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dard as is acceptable to the ((buitding-official)) code
official; and

3. The compressive strength of plain concrete walls shall
be determined based on cores taken from each class of
concrete wall. The location and number of tests shall be
the same as those prescribed for tensile-splitting
strength testsin Sections A106.3.3.3 and A106.3.3.4, or
in Section A108.1.

The use of materials not specified herein or in Section
A108.1 shall be based on substantiating research data or engi-

neering judgment, with the approval of the ((buiHding-offi-
eial)) code official.

[BS] A106.3 Existing unreinforced masonry.

[BS] A106.3.1 General. Unreinforced masonry walls used
to carry vertical loads or seismic forces parallel and per-
pendicular to the wall plane shall be tested as specified in
this section. All masonry that does not meet the minimum
standards established by this chapter shall be removed and
replaced with new materials, or alternatively, shall haveits
structural functions replaced with new materials and shall
be anchored to supporting elements.

[BS] A106.3.2 Lay-up of walls.

[BS] A106.3.2.1 Multiwythe solid brick. The facing
and backing shall be bonded so that not less than 10
percent of the exposed face area is composed of solid
headers extending not less than 4 inches (102 mm) into
the backing. The clear distance between adjacent full-
length headers shall not exceed 24 inches (610 mm)
verticaly or horizontally. Where the backing consists
of two or more wythes, the headers shall extend not less
than 4 inches (102 mm) into the most distant wythe, or
the backing wythes shall be bonded together with sepa-
rate headers with their area and spacing conforming to
the foregoing. Wythes of walls not bonded as described
above shall be considered veneer. Veneer wythes shall
not be included in the effective thickness used in calcu-
|ating the height-to-thickness ratio and the shear capac-
ity of thewall.

Exception: Where Sy, is not more than 0.3, veneer
wythes anchored as specified in the building code
and made composite with backup masonry may be
used for calculation of the effective thickness.

[BS] A106.3.2.2 Grouted or ungrouted hollow con-
crete or clay block and structural hollow clay tile.
Grouted or ungrouted hollow concrete or clay block
and structural hollow clay tile shall belaid in arunning
bond pattern.

[BS] A106.3.2.3 Other lay-up patterns. Lay-up pat-
terns other than those specified in Sections A106.3.2.1
and A106.3.2.2 above are dlowed if their performance
can be justified.

[BS] A106.3.3 Testing of masonry.

[BS] A106.3.3.1 Mortar tests. The quality of mortar in
al masonry walls shall be determined by performing
in-place shear testsin accordance with the following:
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1. The bed joints of the outer wythe of the masonry
shall be tested in shear by laterally displacing a
single brick relative to the adjacent bricks in the
same wythe. The head joint opposite the loaded
end of the test brick shall be carefully excavated
and cleared. The brick adjacent to the |oaded end
of the test brick shall be carefully removed by
sawing or drilling and excavating to provide
space for a hydraulic ram and steel loading
blocks. Steel blocks, the size of the end of the
brick, shall be used on each end of the ram to dis-
tribute the load to the brick. The blocks shall not
contact the mortar joints. The load shall be
applied horizontally, in the plane of the wythe.
The load recorded at first movement of the test
brick as indicated by spalling of the face of the
mortar bed joints is Vi in Equation A1-3.

2. Alternative procedures for testing shal be used
where in-place testing is not practical because of
crushing or other failure mode of the masonry
unit (see Section A106.3.3.2).

[BS] A106.3.3.2 Alternative procedures for testing
masonry. The tensile-splitting strength of existing
masonry, fg,, or the prism strength of existing masonry,
', may be determined in accordance with one of the
following procedures:

1. Wythes of solid masonry units shall be tested by
sampling the masonry by drilled cores of not less
than 8 inches (203 mm) in diameter. A bed joint
intersection with a head joint shall be in the cen-
ter of the core. The tensile-splitting strength of
these cores should be determined by the standard
test method of ASTM C 496. The core should be
placed in the test apparatus with the bed joint 45
degrees (0.79 rad) from the horizontal. The ten-
sile-splitting strength should be determined by
the following equation:

- 2P

® = ra (Equation A1-1)

2. Hollow unit masonry constructed of through-the-
wall units shall be tested by sampling the
masonry by a sawn sguare prism of not less than
18 inches square (11 613 mmz). The tensile-split-
ting strength should be determined by the stan-
dard test method of ASTM E 519. The diagonal
of the prism should be placed in a vertical posi-
tion. The tensile-splitting strength should be
determined by the following equation:

_0.494P

fop 3

(Equation A1-2)

n

3. An dternative to material testing is estimation of
the f', of the existing masonry. This alternative
should be limited to recently constructed
masonry. The determination of f',, requires that
the unit correspond to a specification of the unit
by an ASTM standard and classification of the
mortar by type.

[BS] A106.3.3.3 Location of tests. The shear tests
shall be taken at locations representative of the mortar
conditions throughout the entire building, taking into
account variations in workmanship at different building
height levels, variations in weathering of the exterior
surfaces, and variations in the condition of the interior
surfaces due to deterioration caused by leaks and con-
densation of water and/or by the deleterious effects of
other substances contained within the building. The
exact test locations shall be determined at the building
site by the engineer or architect in responsible charge of
the structural design work. An accurate record of all
such tests and their locations in the building shall be
recorded, and these results shall be submitted to the
building department for approval as part of the struc-
tural analysis.

[BS] A106.3.3.4 Number of tests. The minimum num-
ber of tests per class shall be asfollows:

1. At each of both the first and top stories, not less
than two tests per wall or line of wall elements
providing a common line of resistance to lateral
forces.

2. At each of al other stories, not less than one test
per wall or line of wall elements providing a
common line of resistance to lateral forces.

3. In any case, not less than one test per 1,500
square feet (139.4 m2) of wall surface and not
less than atotal of eight tests.

[BS] A106.3.3.5 Minimum quality of mortar.

1. Mortar shear test values, v, in pounds per
square inch (kPa) shall be obtained for each in-
place shear test in accordance with the following
equation:

Vio = (Vies/Ap) - Pp+L (Equation A1-3)

2. Individual unreinforced masonry walls with v
consistently less than 30 pounds per square inch
(207 kPa) shall be entirely pointed prior to retest-
ing.

3. The mortar shear strength, v, is the value in
pounds per square inch (kPa) that is exceeded by
80 percent of the mortar shear test values, v;,.

4. Unreinforced masonry with mortar shear
strength, v, less than 30 pounds per square inch
(207 kPa) shall be removed, pointed and retested
or shall have its structural function replaced, and
shall be anchored to supporting elements in
accordance with Sections A106.3.1 and A113.8.
When existing mortar in any wythe is pointed to
increase its shear strength and is retested, the
condition of the mortar in the adjacent bed joints
of the inner wythe or wythes and the opposite
outer wythe shall be examined for extent of dete-
rioration. The shear strength of any wall class
shall be no greater than that of the weakest wythe
of that class.
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[BS] A106.3.3.6 Minimum quality of masonry.

1. The minimum average value of tensile-splitting
strength determined by Equation A1l-1 or Al-2
shall be 50 pounds per square inch (344.7 kPa).
The minimum value of f',, determined by catego-
rization of the masonry units and mortar should
be 1,000 pounds per square inch (6895 kPa).

2. Individual unreinforced masonry walls with aver-
age tensle-splitting strength of less than 50
pounds per square inch (344.7 kPa) shall be
entirely pointed prior to retesting.

3. Hollow unit unreinforced masonry walls with
estimated prism compressive strength of lessthan
1,000 pounds per square inch (6895 kPa) shall be
grouted to increase the average net area compres-
sive strength.

[BS] A106.3.3.7 Collar joints. The collar joints shall
be inspected at the test locations during each in-place
shear test, and estimates of the percentage of adjacent
wythe surfaces that are covered with mortar shall be
reported along with the results of the in-place shear
tests.

[BS] A106.3.3.8 Unreinforced masonry classes.
Existing unreinforced masonry shall be categorized
into one or more classes based on shear strength, qual-
ity of construction, state of repair, deterioration and
weathering. A class shall be characterized by the allow-
able masonry shear stress determined in accordance
with Section A108.2. Classes shall be defined for
whole walls, not for small areas of masonry within a
wall.

[BS] A106.3.3.9 Pointing. Deteriorated mortar joints
in unreinforced masonry walls shall be pointed in
accordance with the following requirements:

1. Joint preparation. The deteriorated mortar shall
be cut out by means of a toothing chisel or non-
impact power tool to a depth at which sound mor-
tar is reached but not less than ¥/, inch (19.1
mm). Care shall be taken not to damage the brick
edges. After cutting is complete, all loose mate-
rial shall be removed with a brush, air stream or
water stream.

2. Mortar preparation. The mortar mix shall be
proportioned as required by the registered design
professional. The pointing mortar shall be prehy-
drated by first thoroughly mixing all ingredients
dry and then mixing again, adding only enough
water to produce a damp workable mix which
will retain its form when pressed into a ball. The
mortar shall be kept in a damp condition for 11/2
hours; then sufficient water shall be added to
bring it to a consistency that is somewhat drier
than conventional masonry mortar.

3. Packing. Thejoint into which the mortar isto be
packed shall be damp but without freestanding
water. The mortar shall be tightly packed into the
joint in layers not exceeding 1/4 inch (6.4 mm) in
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depth until it isfilled; then it shall be tooled to a
smooth surface to match the original profile.

Nothing shall prevent pointing of any deteriorated
masonry wall joints before testing is performed in
accordance with Section A106.3.3, except as required
in Section A107.1.

SECTION A107
QUALITY CONTROL

[BS] A107.1 Pointing. Preparation and mortar pointing shall
be performed with special inspection.

Exception: At the discretion of the building official, inci-
dental pointing may be performed without special inspec-
tion.

[BS] A107.2 Masonry shear tests. In-place masonry shear
tests shall comply with Section A106.3.3.1. Testing of
masonry for determination of tensile-splitting strength shall
comply with Section A106.3.3.2.

[BS] A107.3 Existing wall anchors. Existing wall anchors
used as al or part of the required tension anchors shall be
tested in pullout according to Section A107.5.1. The mini-
mum number of anchors tested shall be four per floor, with
two tests at walls with joists framing into the wall and two
tests at walls with joists parallel to the wall, but not less than
10 percent of the total number of existing tension anchors at
each level.

[BS] A107.4 New bolts. All new embedded bolts shall be
subject to periodic special inspection in accordance with the
building code, prior to placement of the bolt and grout or
adhesive in the drilled hole. Five percent of al bolts that do
not extend through the wall shal be subject to a direct-ten-
sion test, and an additional 20 percent shall be tested using a
calibrated torque wrench. Testing shall be performed in
accordance with Section A107.5. New bolts that extend
through the wall with steel plates on the far side of the wall
need not be tested.

Exception: Special inspection in accordance with the
building code may be provided during installation of new
anchorsin lieu of testing.

All new embedded bolts resisting tension forces or a com-
bination of tension and shear forces shall be subject to peri-
odic specia inspection in accordance with the building code,
prior to placement of the bolt and grout or adhesive in the
drilled hole. Five percent of al bolts resisting tension forces
shall be subject to a direct-tension test, and an additional 20
percent shall be tested using a calibrated torque wrench. Test-
ing shall be performed in accordance with Section A107.5.
New through-bolts need not be tested.

[BS] A107.5 Tests of anchors in unreinforced masonry
walls. Tests of anchors in unreinforced masonry walls shall
be in accordance with Sections A107.5.1 through A107.5.4.

[BS] A107.5.1 Direct tension testing of existing anchors
and new bolts. The test apparatus shall be supported by
the masonry wall. The distance between the anchor and
the test apparatus support shall be not less than one-half
the wall thickness for existing anchors and 75 percent of
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the embedment for new embedded bolts. Existing wall
anchors shall be given a preload of 300 pounds (1335 N)
prior to establishing a datum for recording elongation. The
tension test load reported shall be recorded at l/8 inch (3.2
mm) relative movement between the existing anchor and
the adjacent masonry surface. New embedded tension
bolts shall be subject to a direct tension load of not less
than 2.5 times the design load but not less than 1,500
pounds (6672 N) for five minutes (10-percent deviation).

[BS] A107.5.2 Torque testing of new bolts. Bolts
embedded in unreinforced masonry walls shall be
tested using atorque-calibrated wrench to the following
minimum torques:

l/2—inch—diameter (12.7 mm) bolts: 40 foot pounds
(54.2 N-m).

5/3-inch-diameter (15.9 mm) bolts: 50 foot pounds
(67.8 N-m).

3/4-inch-diameter (19.1 mm) bolts: 60 foot pounds
(81.3 N-m).

[BS] A107.5.3 Prequalification test for bolts and
other types of anchors. This section is applicable
when it is desired to use tension or shear values for
anchors greater than those permitted by Table A1-E.
The direct-tension test procedure set forth in Section
A107.5.1 for existing anchors shall be used to deter-
mine the allowable tension values for new embedded
through bolts, except that no preload is required. Bolts
shall be installed in the same manner and using the
same materials as will be used in the actual construc-
tion. A minimum of five tests for each bolt size and
type shall be performed for each class of masonry in
which they are proposed to be used. The allowable ten-
sion values for such anchors shall be the lesser of the
average ultimate load divided by a safety factor of 5.0
or the average load at which 1/8 inch (3.2 mm) elonga-
tion occurs for each size and type of bolt and class of
masonry.

The test procedure for prequalification of shear bolts
shall comply with ASTM E 488 or another approved
procedure.

The alowable values determined in this manner shall
be permitted to exceed those set forth in Table A1-E.

[BS] A107.5.4 Reports. Results of all tests shall be
reported. The report shall include the test results as
related to anchor size and type, orientation of loading,
details of the anchor installation and embedment, wall
thickness and joist orientation.

SECTION A108
DESIGN STRENGTHS

[BS] A108.1 Values,

1. Strength values for existing materials are given in
Table A1-D and for new materialsin Table A1-E.

2. Capacity reduction factors need not be used.
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3. The use of new materials not specified herein shall be
based on substantiating research data or engineering
judgment, with the approval of the building official.

[BS] A108.2 Masonry shear strength. The unreinforced
masonry shear strength, v,,,, shal be determined for each
masonry class from one of the following equations:

1. The unreinforced masonry shear strength, v,,,, shall be
determined by Equation A1-4 when the mortar shear
strength has been determined by Section A106.3.3.1.

0.75Pp

A
The mortar shear strength values, v;, shall be deter-
mined in accordance with Section A106.3.3.

2. The unreinforced masonry shear, v,,,, shall be deter-
mined by Equation A1-5 when tensile-splitting strength
has been determined in accordance with Section A
106.3.3.2, Item 1 or 2.

P
Vi = 0.8fg, + O‘SKD

vV, = 0.56v, + (Equation A1-4)

(Equation A1-5)

3. When f';, has been estimated by categorization of the
units and mortar in accordance with Section 2105.1 of
the International Building Code, the unreinforced
masonry shear strength, vy, shall not exceed 200
pounds per square inch (1380 kPa) or the lesser of the
following:

a) 2.5/, or

b) 200 psi or
P

c) v+0.75-2
A

For SI: 1 psi = 6.895 kPa.
where:

(Equation A1-6)

62.5 psi (430 kPa) for running bond masonry
not grouted solid.

\

v = 100 psi (690 kPa) for running bond masonry
grouted solid.
v = 25psi (170 kPa) for stack bond grouted solid.

[BS] A108.3 Masonry compression. Where any increase in
dead plus live compression stress occurs, the compression
stress in unreinforced masonry shall not exceed 300 pounds
per square inch (2070 kPa).

[BS] A108.4 Masonry tension. Unreinforced masonry shall
be assumed to have no tensile capacity.

[BS] A108.5 Existing tension anchors. The resistance val-
ues of the existing anchors shall be the average of the tension
tests of existing anchors having the same wall thickness and
joist orientation.

[BS] A108.6 Foundations. For existing foundations, new
total dead loads may be increased over the existing dead load
by 25 percent. New total dead load pluslive load plus seismic
forces may be increased over the existing dead load plus live
load by 50 percent. Higher values may be justified only in
conjunction with a geotechnical investigation.
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SECTION A109
ANALYSIS AND DESIGN PROCEDURE

[BS] A109.1 General. The elements of buildings hereby
required to be analyzed are specified in Table A1-A.

[BS] A109.2 Selection of procedure. Buildings with rigid
diaphragms shall be analyzed by the general procedure of
Section A110, which is based on the building code. Buildings
with flexible diaphragms shall be analyzed by the general
procedure or, when applicable, may be analyzed by the spe-
cial procedure of Section A111.

SECTION A110
GENERAL PROCEDURE

[BS] A110.1 Minimum design lateral forces. Buildings
shall be analyzed to resist minimum lateral forces assumed to
act nonconcurrently in the direction of each of the main axes
of the structure in accordance with the following:
C.755p W ,

V = R (Equation A1-7)
[BS] A110.2 Lateral forces on elements of structures.
Parts and portions of a structure not covered in Section
A110.3 shall be analyzed and designed per the current build-
ing code, using force levels defined in Section A110.1.

Exceptions:

1. Unreinforced masonry walls for which height-to-
thickness ratios do not exceed ratios set forth in
Table A1-B need not be analyzed for out-of-plane
loading. Unreinforced masonry walls that exceed
the alowable hit ratios of Table A1-B shal be
braced according to Section A113.5.

2. Parapets complying with Section A113.6 need not
be analyzed for out-of-plane loading.

3. Wherewalls are to be anchored to flexible floor and
roof diaphragms, the anchorage shall be in accor-
dance with Section A113.1.

[BS] A110.3 In-plane loading of URM shear walls and
frames. Vertical lateral load-resisting elements shall be ana-
lyzed in accordance with Section A112.

[BS] A110.4 Redundancy and overstrength factors. Any
redundancy or overstrength factors contained in the building
code may be taken as unity. The vertical component of earth-
quake load (E,) may be taken as zero.

SECTION A111
SPECIAL PROCEDURE

[BS] A111.1 Limits for the application of this procedure.
The special procedures of this section may be applied only to
buildings having the following characteristics:

1. Flexible diaphragms at al levels above the base of the
structure.

2. Vertical elements of the lateral force-resisting system
consisting predominantly of masonry or concrete shear
walls.
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3. Except for single-story buildings with an open front on
one side only, a minimum of two lines of vertical ele-
ments of the lateral force-resisting system parallel to
each axis of the building (see Section A111.8 for open-
front buildings).

[BS] A111.2 Lateral forceson elements of structures. With
the exception of the provisions in Sections A111.4 through
A111.7, elements of structures shall comply with Sections
A110.2 through A110.4.

[BS] A111.3 Crosswalls. Crosswalls shall meet the require-
ments of this section.

[BS] A111.3.1 Crosswall definition. A crosswall is a
wood-framed wall sheathed with any of the materials
described in Table A1-D or A1-E or other system as
defined in Section A111.3.5. Crosswalls shall be spaced
no more than 40 feet (12 192 mm) on center measured per-
pendicular to the direction of consideration, and shall be
placed in each story of the building. Crosswalls shall
extend the full story height between diaphragms.

Exceptions:

1. Crosswalls need not be provided at all levels when
used in accordance with Section A111.4.2, Item 4.

2. Existing crosswalls need not be continuous below a
wood diaphragm at or within 4 feet (1219 mm) of
grade, provided:

2.1. Shear connections and anchorage require-
ments of Section A111.5 are satisfied at all
edges of the diaphragm.

2.2. Crosswalls with total shear capacity of
0.551=Wjy interconnect the diaphragm to
the foundation.

2.3. The demand-capacity ratio of the diaphragm
between the crosswalls that are continuous to
their foundations does not exceed 2.5, calcu-
lated as follows:

(2185, Wy + Vea)
2v,D

DCR =

(Equation A1-8)
[BS] A111.3.2 Crosswall shear capacity. Within any 40
feet (12 192 mm) measured along the span of the dia-
phragm, the sum of the crosswall shear capacities shall be
at least 30 percent of the diaphragm shear capacity of the
strongest diaphragm at or above the level under consider-
ation.

[BS] A111.3.3 Existing crosswalls. Existing crosswalls
shall have a maximum height-to-length ratio between
openings of 1.5 to 1. Existing crosswall connections to
diaphragms need not be investigated as long as the cross-
wall extends to the framing of the diaphragms above and
below.

[BS] A111.3.4 New crosswalls. New crosswall connec-
tions to the diaphragm shall develop the crosswall shear
capacity. New crosswalls shall have the capacity to resist
an overturning moment equal to the crosswall shear capac-
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ity times the story height. Crosswall overturning moments
need not be cumulative over more than two stories.

[BS] A111.3.5 Other crosswall systems. Other systems,
such as moment-resisting frames, may be used as cross-
walls provided that the yield story drift does not exceed 1
inch (25 mm) in any story.

[BS] A111.4 Wood diaphragms.

[BS] A111.4.1 Acceptable diaphragm span. A dia
phragm is acceptable if the point (L,DCR) on Figure A1-1
fallswithin Region 1, 2 or 3.

[BS] A111.4.2 Demand-capacity ratios. Demand-capac-
ity ratios shall be calculated for the diaphragm at any level
according to the following formulas:

1. For a diaphragm without qualifying crosswalls at
levelsimmediately above or below:

DCR = 2.1&;;W,/Zv,D (Equation A1-9)

2.For a diaphragm in a single-story building with
qualifying crosswalls, or for aroof diaphragm cou-
pled by crosswallsto the diaphragm directly below:

DCR = 2.1&5,;Wy/2v D +V,, (Equation A1-10)

3. For diaphragms in amultistory building with quali-
fying crosswallsin all levels:

DCR = 2.1S5,EW,/(£Xv,D +V,,)

(Equation A1-11)

DCR shall be calculated at each level for the set
of diaphragms at and above the level under consid-
eration. In addition, the roof diaphragm shall also
meet the requirements of Equation A1-10.

4. For a roof diaphragm and the diaphragm directly
below, if coupled by crosswalls:

DCR = 2.15,,ZW /22v,D  (Equation A1-12)

[BS] A111.4.3 Chords. An analysisfor diaphragm flexure
need not be made, and chords need not be provided.

[BS] A111.4.4 Collectors. An analysis of diaphragm col-
lector forces shall be made for the transfer of diaphragm
edge shears into vertical elements of the lateral force-
resisting system. Collector forces may be resisted by new
or existing elements.

[BS] A111.4.5 Diaphragm openings.

1. Diaphragm forces at corners of openings shall be
investigated and shall be developed into the dia-
phragm by new or existing materials.

2. In addition to the demand-capacity ratios of Section
A111.4.2, the demand-capacity ratio of the portion
of the diaphragm adjacent to an opening shall be
calculated using the opening dimension as the span.

3. Where an opening occurs in the end quarter of the
diaphragm span, the calculation of v,D for the
demand-capacity ratio shall be based on the net

developing the diaphragm-loading tributary to the shear wall
given by the lesser of the following formulas:

V = 1.25,,C Wy (Equation A1-13)
using the C, valuesin Table A1-C, or
VvV =vy,D (Equation A1-14)

[BS] A111.6 Shear walls (I n-plane loading).

[BS] A111.6.1 Wall story force. The wall story force dis-
tributed to a shear wall at any diaphragm level shall be the
lesser value calculated as:

Fux = 0.8Sp,(W,,, + W4/2) (Equation A1-15)
but need not exceed
Fux = C.8Sy,W,, +v,D (Equation A1-16)

[BS] A111.6.2 Wall story shear. The wall story shear
shall be the sum of the wall story forces at and above the
level of consideration.

Vix = ZFux (Equation A1-17)

[BS] A111.6.3 Shear wall analysis. Shear walls shall
comply with Section A112.

[BS] A111.6.4 Moment frames. Moment frames used in
place of shear walls shall be designed as required by the
building code, except that the forces shall be as specified
in Section A111.6.1, and the story drift ratio shall be lim-
ited to 0.015, except as further limited by Section
Al112.4.2.

[BS] A111.7 Out-of-plane forces-unreinforced masonry
walls.

[BS] A111.7.1 Allowable unreinforced masonry wall
height-to-thickness ratios. The provisions of Section
A110.2 are applicable, except the allowable height-to-
thickness ratios given in Table A1-B shall be determined
from Figure A1-1 asfollows:

1. In Region 1, height-to-thickness ratios for buildings
with crosswalls may be used if qualifying cross-
walls are present in all stories.

2. In Region 2, height-to-thickness ratios for buildings
with crosswalls may be used whether or not quali-
fying crosswalls are present.

3. In Region 3, height-to-thicknessratios for “all other
buildings” shall be used whether or not qualifying
crosswalls are present.

[BS] A111.7.2 Walls with diaphragms in different
regions. When diaphragms above and below the wall
under consideration have demand-capacity ratiosin differ-
ent regions of Figure Al-1, the lesser height-to-thickness
ratio shall be used.

[BS] A111.8 Open-front design procedure. A single-story
building with an open front on one side and crosswalls paral -
lel to the open front may be designed by the following proce-
dure:

depth of the diaphragm. 1. Effective diaphragm span, L;, for use in Figure A1-1
[BS] A111.5 Diaphragm shear transfer. Diaphragms shall shall be determined in accordance with the following
be connected to shear walls with connections capable of formula

102 2015 SEATTLE EXISTING BUILDING CODE



L; = 2[ (W, /W)L + L] (Equation A1-18)

2. Diaphragm demand-capacity ratio shall be calculated
as.

DCR = 2.1853(Wg + Wy [(vD) + V]
(Equation A1-19)

SECTION Al112
ANALYSIS AND DESIGN

[BS] A112.1 General. The following requirements are appli-
cable to both the general procedure and the specia procedure
for analyzing vertical elements of the lateral force-resisting
system.

[BS] A112.2 Existing unreinfor ced masonry walls.

[BS] A112.2.1 Flexural rigidity. Flexural components of
deflection may be neglected in determining the rigidity of
an unreinforced masonry wall.

[BS] Al112.2.2 Shear walls with openings. Wall piers
shall be analyzed according to the following procedure,
which isdiagrammed in Figure A1-2.

1. For any pier,
1.1. The pier shear capacity shall be calculated
as.
V=V A/LS (Equation A1-20)
1.2. The pier rocking shear capacity shall be cal-
culated as:
V, = 0.9PpD/H (Equation A1-21)

2. The wall piers at any level are acceptable if they
comply with one of the following modes of behav-
ior:

2.1. Rocking controlled mode. When the pier
rocking shear capacity is less than the pier
shear capacity, i.e., V, <V, for each pierina
level, forces in the wall at that level, V.
shall be distributed to each pier in proportion
to PpD/H.

For thewall at that level:
0.7Vyx <V, (Equation A1-22)
2.2. Shear controlled mode. Where the pier shear
capacity is less than the pier rocking capac-
ity, i.e, Vo<V, inatleast onepierin alevel,
forces in the wall at the level, V,,,, shall be
distributed to each pier in proportion to D/H.

For each pier at that level:
Vp<V,
and
Vo<V, (Equation A1-24)
If Vi, <V, for each pier and V,, >V, for one or

more piers, such piers shall be omitted from the
analysis, and the procedure shall be repeated
for the remaining piers, unless the wall is
strengthened and reanalyzed.

(Equation A1-23)
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3. Masonry pier tension stress. Unreinforced masonry
wall piers need not be analyzed for tension stress.

[BS] A112.2.3 Shear walls without openings. Shear
walls without openings shall be analyzed the same as for
walls with openings, except that V, shall be calculated as
follows:

V, =0.9(Pp + 0.5P,)D/H (Equation A1-25)

[BS] A112.3 Plywood-sheathed shear walls. Plywood-
sheathed shear walls may be used to resist lateral forces for
buildings with flexible diaphragms analyzed according to
provisions of Section A111. Plywood-sheathed shear walls
may not be used to share lateral forces with other materials
along the same line of resistance.

[BS] A112.4 Combinations of vertical elements.

[BS] A112.4.1 L ateral-force distribution. Lateral forces
shall be distributed among the vertical-resisting elements
in proportion to their relative rigidities, except that
moment-resisting frames shall comply with Section
Al112.4.2.

[BS] Al112.4.2 Moment-resisting frames. Moment-
resisting frames shall not be used with an unreinforced
masonry wall in a single line of resistance unless the wall
has piers that have adequate shear capacity to sustain rock-
ing in accordance with Section A112.2.2. The frames shall
be designed in accordance with the building code to carry
100 percent of the lateral forces tributary to that line of
resistance, as determined from Equation A1-7. The story
drift ratio shall be limited to 0.0075.

SECTION A113
DETAILED SYSTEM DESIGN REQUIREMENTS

[BS] A113.1 Wall anchorage.

[BS] A113.1.1 Anchor locations. Unreinforced masonry
walls shall be anchored at the roof and floor levels as
required in Section A110.2. Ceilings of plaster or similar
materials, when not attached directly to roof or floor fram-
ing and where abutting masonry walls, shall either be
anchored to the walls at a maximum spacing of 6 feet
(1829 mm), or be removed.

[BS] A113.1.2 Anchor requirements. Anchors shall con-
sist of boltsinstalled through the wall as specified in Table
A1-E, or an approved equivalent at a maximum anchor
spacing of 6 feet (1829 mm). All wall anchors shall be
secured to the joists to devel op the required forces.

[BS] A113.1.3 Minimum wall anchorage. Anchorage of
masonry walls to each floor or roof shall resist aminimum
force determined as 0.95,g times the tributary weight or
200 pounds per linear foot (2920 N/m), whichever is
greater, acting normal to the wall at the level of the floor
or roof. Existing wall anchors, if used, must meet the
reguirements of this chapter or must be upgraded.

[BS] A113.1.4 Anchors at corners. At the roof and floor
levels, both shear and tension anchors shall be provided
within 2 feet (610 mm) horizontally from the inside of the
corners of thewalls.
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[BS] A113.2 Diaphragm shear transfer. Bolts transmitting
shear forces shall have a maximum bolt spacing of 6 feet
(1829 mm) and shall have nuts installed over malleable iron
or plate washers when bearing on wood, and heavy-cut wash-
ers when bearing on steel.

[BS] A113.3 Coallectors. Collector elements shal be pro-
vided that are capable of transferring the seismic forces origi-
nating in other portions of the building to the element
providing the resistance to those forces.

[BS] A113.4 Ties and continuity. Ties and continuity shall
conform to the requirements of the building code.

[BS] A113.5 Wall bracing.

[BS] A113.5.1 General. Where awall height-to-thickness
ratio exceeds the specified limits, the wall may be laterally
supported by vertical bracing members per Section
A113.5.2 or by reducing the wall height by bracing per
Section A113.5.3.

[BS] A113.5.2 Vertical bracing members. Vertical brac-
ing members shall be attached to floor and roof construc-
tion for their design loads independently of required wall
anchors. Horizontal spacing of vertical bracing members
shall not exceed one-half of the unsupported height of the
wal or 10 feet (3048 mm). Deflection of such bracing
members at design loads shall not exceed one-tenth of the
wall thickness.

[BS] A113.5.3 Intermediate wall bracing. The wall
height may be reduced by bracing elements connected to
the floor or roof. Horizontal spacing of the bracing ele-
ments and wall anchors shall be as required by design, but
shall not exceed 6 feet (1829 mm) on center. Bracing ele-
ments shall be detailed to minimize the horizontal dis-
placement of the wall by the vertical displacement of the
floor or roof.

[BS] A113.6 Parapets. Parapets and exterior wall append-
ages not conforming to this chapter shall be removed, or sta-
bilized or braced to ensure that the parapets and appendages
remain in their original positions.

The maximum height of an unbraced unreinforced
masonry parapet above the lower of either the level of tension
anchors or the roof sheathing shall not exceed the height-to-
thickness ratio shown in Table A1-F. If the required parapet
height exceeds this maximum height, a bracing system
designed for the forces determined in accordance with the
building code shall support the top of the parapet. Parapet
corrective work must be performed in conjunction with the
installation of tension roof anchors.

The minimum height of a parapet above any wall anchor
shall be 12 inches (305 mm).

Exception: If a reinforced concrete beam is provided at
the top of the wall, the minimum height above the wall
anchor may be 6 inches (152 mm).

[BS] A113.7 Veneer.

1. Veneer shall be anchored with approved anchor ties
conforming to the required design capacity specified in
the building code and shall be placed at a maximum
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spacing of 24 inches (610 mm) with a maximum sup-
ported area of 4 square feet (0.372 m?).

Exception: Existing anchor ties for attaching brick
veneer to brick backing may be acceptable, provided
theties arein good condition and conform to the fol -
lowing minimum size and material requirements.

Existing veneer anchor ties may be considered
adequate if they are of corrugated galvanized iron
strips not less than 1 inch (25 mm) in width, 8 inches
(203 mm) in length and l/16 inch (1.6 mm) in thick-
ness, or the equivalent.

2. The location and condition of existing veneer anchor
ties shall be verified asfollows:

2.1. An approved testing laboratory shall verify the
location and spacing of the ties and shall submit
a report to the building official for approval as
part of the structural analysis.

2.2. The veneer in a selected area shall be removed
to expose a representative sample of ties (not
less than four) for inspection by the building
official.

[BS] A113.8 Nonstructural masonry walls. Unreinforced
masonry walls that carry no design vertical or lateral loads
and that are not required by the design to be part of the lateral
force-resisting system shall be adequately anchored to new or
existing supporting elements. The anchors and elements shall
be designed for the out-of-plane forces specified in the build-
ing code. The height- or length-to-thickness ratio between
such supporting elements for such walls shall not exceed
nine.

[BS] A113.9 Truss and beam supports. Where trusses and
beams other than rafters or joists are supported on masonry,
independent secondary columns shall be installed to support
vertical loads of the roof or floor members.

Exception: Secondary supports are not required where
$p; islessthan 0.3g.

[BS] A113.10 Adjacent buildings. Where elements of adja-
cent buildings do not have a separation of at least 5 inches
(127 mm), the allowable height-to-thickness ratios for “all
other buildings’ per Table A1-B shall be used in the direction
of consideration.

SECTION Al114
WALLS OF UNBURNED CLAY,
ADOBE OR STONE MASONRY

[BS] A114.1 General. Walls of unburned clay, adobe or
stone masonry construction shall conform to the following:

1. Walls of unburned clay, adobe or stone masonry shall
not exceed a height- or length-to-thickness ratio speci-
fiedin Table A1-G.

2. Adabe may be alowed a maximum value of 9 pounds
per square inch (62.1 kPa) for shear unless higher val-
ues are justified by test.

2015 SEATTLE EXISTING BUILDING CODE



3. Mortar for repointing may be of the same soil composi-
tion and stabilization as the brick, in lieu of cement-

mortar.

[BS] TABLE A1-A
ELEMENTS REGULATED BY THIS CHAPTER

APPENDIX A

Sp1

BUILDING ELEMENTS

>0.0674 <0.133, >0.1334 < 0.204 > 0.204 < 0.304 > 0.304
Parapets X X X X
Walls, anchorage X X X X
Walls, h/t ratios X X X
Walls, in-plane shear X X X
Diaphragms? X X
Diaphragms, shear transfer? X X X
Diaphragms, demand-capacity ratios? X X
a. Appliesonly to buildings designed according to the general procedures of Section A110.
b. Appliesonly to buildings designed according to the special procedures of Section A111.
[BS] TABLE A1-B
ALLOWABLE VALUE OF HEIGHT-TO-THICKNESS RATIO OF UNREINFORCED MASONRY WALLS
Sp1 2 0.4 Sp1 > 0.4,

WALL TYPES 0.134 < Sp; < 0.255 | 0.255 < Sp; <0.44 BUILDINGS WITH CROSSWALLS? | ALL OTHER BUILDINGS
Walls of one-story buildings 20 16 16°¢ 13
First-story wall of multistory building 20 18 16 15
Wallsin top story of multistory building 14 14 14°¢ 9
All other walls 20 16 16 13

a. Appliesto the specia procedures of Section A111 only. See Section A111.7 for other restrictions.
b. Thisvalue of height-to-thickness ratio may be used only where mortar shear tests establish a tested mortar shear strength, v, of not less than 100 pounds per
square inch (690 kPa). This value may also be used where the tested mortar shear strength is not less than 60 pounds per square inch (414 kPa), and where a
visual examination of the collar joint indicates not less than 50-percent mortar coverage.
c. Where avisual examination of the collar joint indicates not |ess than 50-percent mortar coverage, and the tested mortar shear strength, v, is greater than 30
pounds per square inch (207 kPa) but less than 60 pounds per square inch (414 kPa), the allowable height-to-thickness ratio may be determined by linear
interpolation between the larger and smaller ratios in direct proportion to the tested mortar shear strength.

[BS] TABLE A1-C
HORIZONTAL FORCE FACTOR, C,

CONFIGURATION OF MATERIALS Cp
Roofs with straight or diagonal sheathing and roofing applied directly to the sheathing, or floors with straight tongue-and- 0.50
groove sheathing.
Diaphragms with double or mulitple layers of boards with edges offset, and blocked plywood systems. 0.75
Diaphragms of metal deck without topping:
Minimal welding or mechanical attachment. 0.6
Welded or mechanically attached for seismic resistance. 0.68
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[BS] TABLE A1-D

STRENGTH VALUES FOR EXISTING MATERIALS

EXISTING MATERIALS OR CONFIGURATION OF MATERIALS?

STRENGTH VALUES

X 14.594 for N/m

Roofs with straight sheathing and roofing applied directly to the
sheathing.

300 Ibs. per ft. for seismic shear

Roofs with diagonal sheathing and roofing applied directly to the
sheathing.

750 Ibs. per ft. for seismic shear

Floors with straight tongue-and-groove sheathing.

300 Ibs. per ft. for seismic shear

Horizontal

diaphragms Floorswith straight shef'athlng and finished wood flooring with board 1,500 Ibs. per ft. for seismic shear
edges offset or perpendicular.
Floors with diagona sheathing and finished wood flooring. 1,800 Ibs. per ft. for seismic shear
Metal deck welded with minimal welding.© 1,800 Ibs, per ft. for seismic shear
Metal deck welded for seismic resistance.d 3,000 Ibs. per ft. for seismic shear
Plaster on wood or metal lath. 600 Ibs. per ft. for seismic shear
Plaster on gypsum lath. 550 Ibs. per ft. for seismic shear

Crosswalls®

Gypsum wallboard, unblocked edges.

200 |bs. per ft. for seismic shear

Gypsum wallboard, blocked edges.

400 Ibs. per ft. for seismic shear

Existing footing, wood
framing, structural steel,
reinforcing steel

Plain concrete footings.

f'e = 1,500 psi (10.34 MPa) unless other-
wise shown by tests

Douglasfir wood.

SameasD.F.No. 1

Reinforcing stedl.

F,= 40,000 psi (124.1 N/mm?) maximum

Structural steel.

F= 33,000 psi (137.9 N/mm?) maximum

For SI: 1inch =25.4 mm, 1 square inch = 645.16 mm2, 1 pound = 4.4 N.
a. Material must be sound and in good condition.

b. Shear values of these materials may be combined, except the total combined value should not exceed 900 pounds per foot (4380 N/m).
¢. Minimum 22-gage steel deck with welds to supports satisfying the standards of the Steel Deck Institute.
d. Minimum 22-gage steel deck with 3/4 ¢ plug welds at an average spacing not exceeding 8 inches (203 mm) and with sidelap welds appropriate for the deck

span.
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[BS] TABLE A1-E
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STRENGTH VALUES OF NEW MATERIALS USED IN CONJUNCTION WITH EXISTING CONSTRUCTION

NEW MATERIALS OR CONFIGURATION OF MATERIALS

STRENGTH VALUES

Horizontal diaphragms

Plywood sheathing applied directly over existing straight sheathing
with ends of plywood sheets bearing on joists or rafters and edges of
plywood located on center of individual sheathing boards.

675 Ibs. per ft.

Crosswalls

Plywood sheathing applied directly over wood studs, no value
should be given to plywood applied over existing plaster or wood
sheathing.

1.2 times the value specified in the current
building code.

Drywall or plaster applied directly over wood studs.

The value specified in the current building
code.

Drywall or plaster applied to sheathing over existing wood studs.

50 percent of the value specified in the
current building code.

Tension bolts®

Bolts extending entirely through unreinforced masonry wall secured
with bearing plates on far side of a three-wythe-minimum wall with
at least 30 square inches of area ¢

5,400 Ibs. per bolt.
2,700 Ibs. for two-wythe walls.

Shear bolts®

Bolts embedded a minimum of 8 inches into unreinforced masonry
walls; bolts should be centered in 21/2-i nch-diameter holes with dry-
pack or nonshrink grout around the circumference of the bolt.

The value for plain masonry specified for
solid masonry in the current building code;
no value larger than those given for 3/4-inch
bolts should be used.

Combined tension and
shear bolts

Through-bolts—bolts meeting the requirements for shear and for
tension bolts.”¢

Tension—same as for tension bolts.
Shear—same as for shear bolts.

Embedded bolts—bolts extending to the exterior face of the wall
with a21/2-inch round plate under the head and drilled at an angle of
221/2 degrees to the horizontal; installed as specified for shear
bolts. &b

Tension—3,600 Ibs. per balt.
Shear—same as for shear bolts.

Infilled walls

Reinforced masonry infilled openings in existing unreinforced
masonry walls; provide keys or dowels to match reinforcing.

Same as values specified for unreinforced
masonry walls.

Reinforced masonry?

Masonry piers and walls reinforced per the current building code.

The value specified in the current building
code for strength design.

Reinforced concreted

Concrete footings, walls and piers reinforced as specified in the
current building code.

The value specified in the current building
code for strength design.

For Sl: 1inch = 25.4 mm, 1 square inch = 645.16 mm?, 1 pound = 4.4 N.
a. Embedded bolts to be tested as specified in Section A107.4.

® Q0T

. Boltsto be Y/, inch minimum in diameter.
. Drilling for bolts and dowels shall be done with an electric rotary drill; impact tools should not be used for drilling holes or tightening anchors and shear bolt nuts.
. No load factors or capacity reduction factor shall be used.
. Other bolt sizes, values and installation methods may be used, provided a testing program is conducted in accordance with Section A107.5.3. The strength

value shall be determined by multiplying the calculated allowable value, determined in accordance with Section A107.5.3, by 3.0, and the usable value shall
be limited to amaximum of 1.5 times the value given in the table. Bolt spacing shall not exceed 6 feet on center and shall be not less than 12 inches on center.

[BS] TABLE ALl-F

MAXIMUM ALLOWABLE HEIGHT-TO-THICKNESS RATIOS FOR PARAPETS

Sp1
0.134 < Sp; < 0.25¢ 0.254 < Sp; < 0.4g Sp1 2 0.44
Maximum allowable height-to-thickness ratios 25 25 15
[BS] TABLE A1-G
MAXIMUM HEIGHT-TO-THICKNESS RATIOS FOR ADOBE OR STONE WALLS
Sp1
0.134 < Spy < 0.25 0.254 < Sp; < 0.4, Sp1 2 0.4,

One-story buildings 12 10 8
Two-story buildings

First story 14 11 9

Second story 12 10 8
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Vix = Total shear force resisted by the wall.
2V, = Rocking shear capacity of all piers in the wall.
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CHAPTER A2

EARTHQUAKE HAZARD REDUCTION IN
EXISTING REINFORCED CONCRETE AND REINFORCED
MASONRY WALL BUILDINGS WITH FLEXIBLE DIAPHRAGMS

Appendix A2 is not adopted by The City of Seattle.
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CHAPTER A3

PRESCRIPTIVE PROVISIONS FOR SEISMIC STRENGTHENING
OF CRIPPLE WALLS AND SILL PLATE ANCHORAGE OF LIGHT,
WOOD-FRAME RESIDENTIAL BUILDINGS

SECTION A301
GENERAL

[BS] A301.1 Purpose. The provisions of this chapter are
intended to promote public safety and welfare by reducing
the risk of earthquake-induced damage to existing wood-
frame residential buildings. The requirements contained in
this chapter are prescriptive minimum standards intended to
improve the seismic performance of residential buildings;
however, they will not necessarily prevent earthquake dam-
age.

This chapter sets standards for strengthening that may be
approved by the code official without requiring plans or cal-
culations prepared by a registered design professional. The
provisions of this chapter are not intended to prevent the use
of any material or method of construction not prescribed
herein. The code official may require that construction docu-
ments for strengthening using alternative materials or meth-
ods be prepared by aregistered design professional.

[BS] A301.2 Scope. The provisions of this chapter apply to
residential buildings of light-frame wood construction con-
taining one or more of the structural weaknesses specified in
Section A303.

Exception: The provisions of this chapter do not apply to
the buildings, or eements thereof, listed below. These
buildings or elements require analysis by a registered
design professional in accordance with Section A301.3 to
determine appropriate strengthening:

1. Group R-1, R-2 or R-4 occupancies with more than
four dwelling units.

2. Buildings with a lateral force-resisting system
using poles or columns embedded in the ground.

3. Cripple walls that exceed 4 feet (1219 mm) in
height.

4. Buildings exceeding three storiesin height and any
three-story building with cripple wall studs exceed-
ing 14 inches (356 mm) in height.

5. Buildings where the code official determines that
conditions exist that are beyond the scope of the
prescriptive requirements of this chapter.

6. Buildings or portions thereof constructed on con-
crete slabs on grade.

[BS] A301.3 Alternative design procedures. The details
and prescriptive provisions herein are not intended to be the
only acceptable strengthening methods permitted. Alternative
details and methods shall be permitted to be used where
approved by the code official. Approval of aternatives shall
be based on a demonstration that the method or material used
is at least equivalent in terms of strength, deflection and
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capacity to that provided by the prescriptive methods and
materials.

Where analysis by a registered design professiona is
required, such analysis shall be in accordance with all
requirements of the building code, except that the seismic
forces may be taken as 75 percent of those specified in the
building code.

SECTION A302
DEFINITIONS

For the purpose of this chapter, in addition to the applicable
definitions in the building code, certain additional terms are
defined asfollows:

[BS] ADHESIVE ANCHOR. An assembly consisting of a
threaded rod, washer, nut, and chemical adhesive approved
by the code official for installation in existing concrete or
masonry.

[BS] CRIPPLE WALL. A wood-frame stud wall extending
from the top of the foundation to the underside of the lowest
floor framing.

[BS] EXPANSION ANCHOR. An approved post-installed
anchor, inserted into a predrilled hole in existing concrete or
masonry, that transfers loads to or from the concrete or
masonry by direct bearing or friction or both.

[BS] PERIMETER FOUNDATION. A foundation system
that is located under the exterior walls of abuilding.

[BS] SNUG-TIGHT. Astight as an individual can torque a
nut on a bolt by hand, using a wrench with a 10-inch-long
(254 mm) handle, and the point at which the full surface of
the plate washer is contacting the wood member and slightly
indenting the wood surface.

[BS] WOOD STRUCTURAL PANEL. A panel manufac-
tured from veneers, wood strands or wafers or a combination
of veneer and wood strands or wafers bonded together with
waterproof synthetic resins or other suitable bonding systems.
Examples of wood structural panels are:

Composite panels. A wood structural panel that is com-
prised of wood veneer and reconstituted wood-based
material and bonded together with waterproof adhesive;

Oriented strand board (OSB). A mat-formed wood
structural panel comprised of thin rectangular wood
strands arranged in cross-aligned layers with surface lay-
ers normally arranged in the long panel direction and
bonded with waterproof adhesive; or

Plywood. A wood structural panel comprised of plies of
wood veneer arranged in cross-aligned layers. The plies
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are bonded with waterproof adhesive that cures on appli-
cation of heat and pressure.

contain fungus infection shall be removed and replaced
with new material. Any wood material found to be
infested with insects or to have been infested with insects
shall be strengthened or replaced with new materias to
provide a net dimension of sound wood at least equal to its
undamaged original dimension.

[BS] A304.1.3 Floor joists not parallel to foundations.
Floor joists framed perpendicular or at an angle to perime-
ter foundations shall be restrained either by an existing

SECTION A303
STRUCTURAL WEAKNESSES

[BS] A303.1 General. For the purposes of this chapter, any
of the following conditions shall be deemed a structural
weakness:

1. Sill plates or floor framing that are supported directly
on the ground without a foundation system that con-
forms to the building code.

2. A perimeter foundation system that is constructed only
of wood posts supported on isolated pad footings.

3. Perimeter foundation systems that are not continuous.
Exceptions:

1. Existing single-story exterior walls not
exceeding 10 feet (3048 mm) in length, form-
ing an extension of floor area beyond the line
of an existing continuous perimeter founda
tion.

2. Porches, storage rooms and similar spaces not
containing fuel-burning appliances.

4. A perimeter foundation system that is constructed of
unreinforced masonry or stone.

5. Sill plates that are not connected to the foundation or
that are connected with less than what isrequired by the
building code.

Exception: Where approved by the code official,
connections of a sill plate to the foundation made
with other than sill bolts may be accepted if the
capacity of the connection is equivalent to that
required by the building code.

6. Cripple wallsthat are not braced in accordance with the
requirements of Section A304.4 and Table A3-A, or
cripple walls not braced with diagonal sheathing or
wood structural panels in accordance with the building
code.

SECTION A304
STRENGTHENING REQUIREMENTS

[BS] A304.1 General.

[BS] A304.1.1 Scope. The structural weaknesses noted in
Section A303 shall be strengthened in accordance with the
requirements of this section. Strengthening work may
include both new construction and alteration of existing
construction. Except as provided herein, all strengthening
work and materials shall comply with the applicable provi-
sions of the building code.

[BS] A304.1.2 Condition of existing wood materials. All
existing wood materials that will be a part of the strength-
ening work (sills, studs, sheathing, etc.) shall bein a sound
condition and free from defects that substantially reduce
the capacity of the member. Any wood materia found to
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nominal 2-inch-wide (51 mm) continuous rim joist or by a
nominal 2-inch-wide (51 mm) full-depth block between
aternate joists in one-and two-story buildings, and
between each joist in three-story buildings. Existing
blocking for multistory buildings must occur at each joist
space above abraced cripple wall panel.

Existing connections at the top and bottom edges of an
existing rim joist or blocking need not be verified in one-
story buildings. In multistory buildings, the existing top
edge connection need not be verified; however, the bottom
edge connection to either the foundation sill plate or the
top plate of a cripple wall shall be verified. The minimum
existing bottom edge connection shall consist of 8d toe-
nails spaced 6 inches (152 mm) apart for a continuous rim
joist, or three 8d toenails per block. When this minimum
bottom edge-connection is not present or cannot be veri-
fied, a supplemental connection installed as shown in Fig-
ure A3-8A or A3-8C shall be provided.

Where an existing continuous rim joist or the minimum
existing blocking does not occur, new 3/4—inch (19.1 mm)
or 23/3,-inch (18 mm) wood structural panel blocking
installed tightly between floor joists and nailed as shown
in Figure A3-9 shall be provided at the inside face of the
cripple wall. In lieu of wood structural panel blocking,
tight fitting, full-depth 2-inch (51 mm) blocking may be
used. New blocking may be omitted where it will interfere
with vents or plumbing that penetrates the wall.

[BS] A304.1.4 Floor joists paralld to foundations.
Where existing floor joists are parallel to the perimeter
foundations, the end joist shall be located over the founda-
tion and, except for required ventilation openings, shall be
continuous and in continuous contact with the foundation
sill plate or the top plate of the cripple wall. Existing con-
nections at the top and bottom edges of the end joist need
not be verified in one-story buildings. In multistory build-
ings, the existing top edge connection of the end joist need
not be verified; however, the bottom edge connection to
either the foundation sill plate or the top plate of acripple
wall shall be verified. The minimum bottom edge connec-
tion shall be 8d toenails spaced 6 inches (152 mm) apart. If
this minimum bottom edge connection is not present or
cannot be verified, a supplemental connection installed as
shownin Figure A3-8B, A3-8C or A3-9 shall be provided.

[BS] A304.2 Foundations.

[BS] A304.2.1 New perimeter foundations. New perime-
ter foundations shall be provided for structures with the
structural weaknesses noted in Items 1 and 2 of Section
A303. Soil investigations or geotechnical studies are not
required for this work unless the building is located in a
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special study zone as designated by the code official or
other authority having jurisdiction.

[BS] A304.2.2 Evaluation of existing foundations. Par-
tial perimeter foundations or unreinforced masonry foun-
dations shall be evaluated by a registered design
professional for the force levels specified in Section
A301.3. Test reports or other substantiating data to deter-
mine existing foundation material strengths shall be sub-
mitted to the code official. Where approved by the code
official, these existing foundation systems may be
strengthened in accordance with the recommendations
included with the evaluation in lieu of being replaced.

Exception: In lieu of testing existing foundations to
determine material strengths, and where approved by
the code official, a new nonperimeter foundation sys-
tem designed for the forces specified in Section A301.3
may be used to resist lateral forces from perimeter
walls. A registered design professional shall confirm
the ability of the existing diaphragm to transfer seismic
forces to the new nonperimeter foundations.

[BS] A304.2.3 Details for new perimeter foundations.
All new perimeter foundations shall be continuous and
constructed according to either Figure A3-1 or A3-2. All
new construction materials shall comply with the require-
ments of building code. Where approved by the code offi-
cial, the existing clearance between existing floor joists or
girders and existing grade below the floor need not comply
with the building code.

Exception: Where designed by aregistered design pro-
fessional and approved by the code official, partia
perimeter foundations may be used in lieu of a continu-
ous perimeter foundation.

[BS] A304.2.4 New concr ete foundations. New concrete
foundations shall have a minimum compressive strength
of 2,500 pounds per square inch (17.24 MPa) at 28 days.

[BS] A304.2.5 New hollow-unit masonry foundations.
New hollow-unit masonry foundations shall be solidly
grouted. The grout shall have minimum compressive
strength of 2,000 pounds per sgquare inch (13.79 MPa).
Mortar shall be Type M or S.

[BS] A304.2.6 New sill plates. Where new sill plates are
used in conjunction with new foundations, they shall be
minimum 2x nominal thickness and shall be preservative-
treated wood or naturally durable wood permitted by the
building code for similar applications, and shall be marked
or branded by an approved agency. Fasteners in contact
with preservative-treated wood shall be hot-dip galvanized
or other material permitted by the building code for similar
applications. Anchors, that attach a preservative-treated
sl plate to the foundation, shall be permitted to be of
mechanically deposited zinc-coated steel with coating
weights in accordance with ASTM B 695, Class 55 mini-
mum. Metal framing anchors in contact with preservative-
treated wood shall be galvanized in accordance with
ASTM A 653 with a G 185 coating.
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[BS] A304.3 Foundation sill plate anchorage.

[BS] A304.3.1 Existing perimeter foundations. Where
the building has an existing continuous perimeter founda-
tion, all perimeter wall sill plates shall be anchored to the
foundation with adhesive anchors or expansion anchorsin
accordance with Table A3-A.

Anchors shall be installed in accordance with Figure
A3-3, with the plate washer installed between the nut and
the sill plate. The nut shall be tightened to a snug-tight
condition after curing is complete for adhesive anchors
and after expansion wedge engagement for expansion
anchors. All anchors shall be installed in accordance with
manufacturer’s recommendations. Where existing condi-
tions prevent anchor installations through the sill plate,
this connection shall be made in accordance with Figure
A3-4A, A3-4B or A3-4C. The spacing of these aternate
connections shall comply with the maximum spacing
regquirements of Table A3-A. Expansion anchors shall not
be used where the installation causes surface cracking of
the foundation wall at the locations of the anchor.

[BS] A304.3.2 Placement of anchors. Anchors shall be
placed within 12 inches (305 mm), but not less than 9
inches (229 mm), from the ends of sill plates and shall be
placed in the center of the stud space closest to the
required spacing. New sill plates may be installed in
pieces where necessary because of existing conditions. For
lengths of sill plates 12 feet (3658 mm) or greater, anchors
shall be spaced along the sill plate as specified in Table
A3-A. For other lengths of sill plate, anchor placement
shall be in accordance with Table A3-B.

Exception: Where physical obstructions such as fire-
places, plumbing or heating ducts interfere with the
placement of an anchor, the anchor shall be placed as
close to the obstruction as possible, but not less than 9
inches (229 mm) from the end of the plate. Center-to-
center spacing of the anchors shall be reduced as neces-
sary to provide the minimum total number of anchors
required based on the full length of the wall. Center-to-
center spacing shall be not less than 12 inches (305
mm).
[BS] A304.3.3 New perimeter foundations. Sill plates
for new perimeter foundations shall be anchored in accor-
dance with Table A3-A and as shown in Figure A3-1 or
A3-2.

[BS] A304.4 Cripplewall bracing.

[BS] A304.4.1 General. Exterior cripple walls not
exceeding 4 feet (1219 mm) in height shall be permitted to
be specified by the prescriptive bracing method in Section
A304.4. Cripple walls over 4 feet (1219 mm) in height
require analysis by a registered design professional in
accordance with Section A301.3.
[BS] A304.4.1.1 Sheathing installation require-
ments. Wood structural panel sheathing shall be not
less than 1%/3,-inch (12 mm) thick and shall be installed
in accordance with Figure A3-5 or A3-6. All individual
pieces of wood structural panels shall be nailed with 8d
common nails spaced 4 inches (102 mm) on center at
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all edges and 12 inches (305 mm) on center at each
intermediate support with not less than two nails for
each stud. Nails shall be driven so that their heads are
flush with the surface of the sheathing and shall pene-
trate the supporting member a minimum of 11/2 inches
(38 mm). When a nail fractures the surface, it shall be
left in place and not counted as part of the required nail-
ing. A new 8d nail shall be located within 2 inches (51
mm) of the discounted nail and be hand-driven flush
with the sheathing surface. Where the installation
involves horizontal joints, those joints shall occur over
nominal 2-inch by 4-inch (51 mm by 102 mm) blocking
installed with the nominal 4-inch (102 mm) dimension
against the face of the plywood.

Vertical joints at adjoining pieces of wood structural
panels shall be centered on studs such that there is a
minimum l/8 inch (3.2 mm) between the panels. Where
required edge distances cannot be maintained because
of the width of the existing stud, a new stud shall be
added adjacent to the existing studs and connected in
accordance with Figure A3-7.

[BS] A304.4.2 Distribution and amount of bracing. See
Table A3-A and Figure A3-10 for the distribution and
amount of bracing required for each wall line. Each braced
panel length must be at least two times the height of the
cripple stud. Where the minimum amount of bracing pre-
scribed in Table A3-A cannot beinstalled along any walls,
the bracing must be designed in accordance with Section
A301.3.

Exception: Where physical obstructions such as fire-
places, plumbing or heating ducts interfere with the
placement of cripple wall bracing, the bracing shall
then be placed as close to the obstruction as possible.
The total amount of bracing required shall not be
reduced because of obstructions.

[BS] A304.4.3 Stud space ventilation. When bracing
materials are installed on the interior face of studs forming
an enclosed space between the new bracing and the exist-
ing exterior finish, each braced stud space must be venti-
lated. Adequate ventilation and access for future
inspection shall be provided by drilling one 2-inch to 3-
inch-diameter (51 mm to 76 mm) round hole through the
sheathing, nearly centered between each stud at the top
and bottom of the cripple wall. Such holes should be
spaced a minimum of 1 inch (25 mm) clear from the sill or
top plates. In stud spaces containing sill bolts, the hole
shall be located on the center line of the sill bolt but not
closer than 1 inch (25 mm) clear from the nailing edge of
the sheathing. When existing blocking occurs within the
stud space, additional ventilation holes shall be placed
above and below the blocking, or the existing block shall
be removed and a new nominal 2-inch by 4-inch (51 mm
by 102 mm) block shall be installed with the nominal 4-
inch (102 mm) dimension against the face of the plywood.
For stud heights less than 18 inches (457 mm), only one
ventilation hole need be provided.

[BS] A304.4.4 Existing underfloor ventilation. Existing
underfloor ventilation shall not be reduced without provid-
ing equivalent new ventilation as close to the existing ven-
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tilation as possible. Braced panels may include underfloor
ventilation openings when the height of the opening, mea-
sured from the top of the foundation wall to the top of the
opening, does not exceed 25 percent of the height of the
cripple stud wall; however, the length of the panel shall be
increased a distance equal to the length of the opening or
one stud space minimum. Where an opening exceeds 25
percent of the cripple wall height, braced panels shall not
be located where the opening occurs. See Figure A3-7.

Exception: For homes with a post and pier foundation
system where a new continuous perimeter foundation
system is being installed, new ventilation shall be pro-
vided in accordance with the building code.

[BS] A304.5 Quality contral. All work shall be subject to
inspection by the code official including, but not limited to:

1. Placement and installation of new adhesive or expan-
sion anchors installed in existing foundations. Special
inspection is not required for adhesive anchorsinstalled
in existing foundations regulated by the prescriptive
provisions of this chapter.

2. Installation and nailing of new cripple wall bracing.

3. Any work may be subject to specia inspection when
required by the code official in accordance with the
building code.

[BS] A304.5.1 Nails. All nails specified in this chapter
shall be common wire nails of the followi nq diameters and
lengths: 8d nails shall be 0.131 inch by 2/, inches. 10d
nails shall be 0.148 inch by 3 inches. 12d nails shall be
0.148 inch by 31/4 inches. 16d nails shall be 0.162 inch by
3Y, inches. Nails used to attach metal framing connectors
directly to wood members shall be as specified by the con-
nector manufacturer in an approved report.
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CHAPTER A4

EARTHQUAKE RISK REDUCTION
IN WOOD-FRAME RESIDENTIAL BUILDINGS
WITH SOFT, WEAK OR OPEN FRONT WALLS

SECTION A401
GENERAL

[BS] A401.1 Purpose. The purpose of this chapter isto pro-
mote public welfare and safety by reducing the risk of death
or injury that may result from the effects of earthquakes on
existing wood-frame, multiunit residentia buildings. The
ground motions of past earthquakes have caused the loss of
human life, personal injury and property damage in these
types of buildings. This chapter creates minimum standards
to strengthen the more vulnerable portions of these structures.
When fully followed, these minimum standards will improve
the performance of these buildings but will not necessarily
prevent all earthquake-related damage.

[BS] A401.2 Scope. The provisions of this chapter shall
apply to all existing Occupancy Group R-1 and R-2 buildings
of wood construction or portions thereof where the structure
has a soft, weak, or open-front wall line, and there exists one
or more stories above.

SECTION A402
DEFINITIONS

Notwithstanding the applicable definitions, symbols and
notations in the building code, the following definitions shall
apply for the purposes of this chapter:

[BS] ASPECT RATIO. The span-width ratio for horizontal
diaphragms and the height-length ratio for shear walls.

[BS] GROUND FLOOR. Any floor whose elevation is
immediately accessible from an adjacent grade by vehicles or
pedestrians. The ground floor portion of the structure does
not include any floor that is completely below adjacent
grades.

[BS] NONCONFORMING STRUCTURAL MATERI-
AL S. Wall bracing materials other than wood structural pan-
els or diagonal sheathing.

[BS] OPEN-FRONT WALL LINE. An exterior wall line,
without vertical elements of the lateral force-resisting system,
that requires tributary seismic forces to be resisted by dia
phragm rotation or excessive cantilever beyond parallel lines
of shear walls. Diaphragms that cantilever more than 25 per-
cent of the distance between lines of lateral force-resisting
elements from which the diaphragm cantilevers shall be con-
sidered excessive. Exterior exit balconies of 6 feet (1829 mm)
or less in width shall not be considered excessive cantilevers.

[BS] RETROFIT. An improvement of the lateral force-
resisting system by alteration of existing structural elements
or addition of new structural elements.

[BS] SOFT WALL LINE. A wall linewhose lateral stiffness
islessthan that required by story drift limitations or deforma-
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tion compatibility requirements of this chapter. In lieu of
analysis, a soft wall line may be defined as awall line in a
story where the story stiffness is less than 70 percent of the
story above for the direction under consideration.

[BS] STORY. A story as defined by the building code,
including any basement or underfloor space of a building
with cripple walls exceeding 4 feet (1219 mm) in height.

[BS] STORY STRENGTH. The total strength of all seis-
mic-resisting elements sharing the same story shear in the
direction under consideration.

[BS] WALL LINE. Any length of wall along aprincipal axis
of the building used to provide resistance to lateral loads. Par-
alel wall lines separated by less than 4 feet (1219 mm) shall
be considered one wall line for the distribution of loads.

[BS] WEAK WALL LINE. A wall linein a story where the
story strength is less than 80 percent of the story above in the
direction under consideration.

SECTION A403
ANALYSIS AND DESIGN

[BS] A403.1 General. All modifications required by the pro-
visions in this chapter shall be designed in accordance with
the International Building Code provisions for new construc-
tion, except as modified by this chapter.

Exception: Buildings for which the prescriptive measures
provided in Section A404 apply and are used.

No alteration of the existing lateral force-resisting system
or vertical load-carrying system shall reduce the strength or
stiffness of the existing structure, unless the atered structure
would remain in conformance to the building code and this
chapter.

[BS] A403.2 Scope of analysis. This chapter requires the
alteration, repair, replacement or addition of structural ele-
ments and their connections to meet the strength and stiffness
requirements herein. The lateral-load-path analysis shall
include the resisting elements and connections from the wood
diaphragm immediately above any soft, weak or open-front
wall lines to the foundation soil interface or to the uppermost
story of a podium structure comprised of steel, masonry, or
concrete structural systems that supports the upper, wood-
framed structure. Stories above the uppermost story with a
soft, weak, or open-front wall line shall be considered in the
analysis but need not be modified. The lateral-load-path
analysis for added structural elements shall also include eval-
uation of the allowable soil-bearing and lateral pressures in
accordance with the building code. Where any portion of a
building within the scope of this chapter is constructed on or
into a slope steeper than one unit vertical in three units hori-
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zontal (33-percent slope), the lateral force-resisting system at
and below the base level diaphragm shall be analyzed for the
effects of concentrated lateral forces at the base caused by
this hillside condition.

Exception: When an open-front, weak or soft wall line
exists because of parking at the ground floor of a two-
story building and the parking area is less than 20 percent
of the ground floor area, then only the wall lines in the
open, weak or soft directions of the enclosed parking area
need comply with the provisions of this chapter.

[BS] A403.3 Design base shear and design parameters.
The design base shear in a given direction shall be permitted
to be 75 percent of the value required for similar new con-
struction in accordance with the building code. The value of
R used in the design of the strengthening of any story shall
not exceed the lowest value of R used in the same direction at
any story above. The system overstrength factor, 4g, and the
deflection amplification factor, Cy, shall be not less than the
largest respective value corresponding to the R factor being
used in the direction under consideration.

Exceptions:

1. For structures assigned to Seismic Design Category
B, values of R, 4g and C4 shall be permitted to be
based on the seismic force-resisting system being
used to achieve the required strengthening.

2. For structures assigned to Seismic Design Category
Cor D, valuesof R, A5 and C4 shall be permitted to
be based on the seismic forceresisting system
being used to achieve the required strengthening,
provided that when the strengthening is complete,
the strengthened structure will not have an extreme
weak story irregularity defined as Type5bin ASCE
7 Table12.3-2.

3. For structures assigned to Seismic Design Category
E, values of R, 4q and Cy shall be permitted to be
based on the seismic force-resisting system being
used to achieve the required strengthening, pro-
vided that when the strengthening is complete, the
strengthened structure will not have an extreme soft
story, aweak story, or an extreme weak story irreg-
ularity defined, respectively, as Types 1b, 5a and
5bin ASCE 7 Table 12.3-2.

[BS] A403.4 Story drift limitations. The calculated story
drift for each retrofitted story shall not exceed the allowable
deformation compatible with all vertical load-resisting ele-
ments and 0.025 times the story height. The calculated story
drift shall not be reduced by the effects of horizontal dia-
phragm stiffness but shall be increased when these effects
produce rotation. Drift calculations shall be in accordance
with the building code.

[BS] A403.4.1 Pole structures. The effects of rotation
and soil gtiffness shall be included in the calculated story
drift where lateral loads are resisted by vertical elements
whose required depth of embedment is determined by pole
formulas. The coefficient of subgrade reaction used in
deflection calculations shall be based on a geotechnical
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investigation conducted in accordance with the building
code.

[BS] A403.5 Deformation compatibility and P A effects.
The requirements of the building code shall apply, except as
modified herein. All structural framing elements and their
connections not required by design to be part of the lateral
force-resisting system shall be designed and/or detailed to be
adequate to maintain support of expected gravity loads when
subjected to the expected deformations caused by seismic
forces. Increased demand due to P A effects and story
sidesway stability shall be considered in retrofit stories that
rely on the strength and stiffness of cantilever columns for
lateral resistance.

[BS] A403.6 Ties and continuity. All parts of the structure
included in the scope of Section A403.2 shall be intercon-
nected as required by the building code.

[BS] A403.7 Collector elements. Collector elements shall be
provided that can transfer the seismic forces originating in
other portions of the building to the elements within the scope
of Section A403.2 that provide resistance to those forces.

[BS] A403.8 Horizontal diaphragms. The strength of an
existing horizontal diaphragm sheathed with wood structural
panels or diagonal sheathing need not be investigated unless
the diaphragm is required to transfer lateral forces from verti-
cal elements of the seismic force-resisting system above the
diaphragm to elements below the diaphragm because of an
offset in placement of the elements.

Rotational effects shall be accounted for when asymmetric
wall stiffness increases shear demands.

[BS] A403.9 Wood-framed shear walls. Wood-framed
shear walls shall have strength and stiffness sufficient to
resist the seismic loads and shall conform to the requirements
of this section.

[BS] A403.9.1 Gypsum or cement plaster products.
Gypsum or cement plaster products shall not be used to
provide lateral resistance in a soft or weak story or in a
story with an open-front wall line, whether or not new ele-
ments are added to mitigate the soft, weak or open-front
condition.

[BS] A403.9.2 Wood structural panels.

[BS] A403.9.2.1 Drift limit. Wood structural panel
shear walls shall meet the story drift limitation of Sec-
tion A403.4. Conformance to the story drift limitation
shall be determined by approved testing or calculation.
Individual shear panels shall be permitted to exceed the
maximum aspect ratio, provided the allowable story
drift and allowable shear capacities are not exceeded.

[BS] A403.9.2.2 Openings. Shear walls are permitted
to be designed for continuity around openings in accor-
dance with the building code. Blocking and steel strap-
ping shall be provided at corners of the openings to
transfer forces from discontinuous boundary elements
into adjoining panel elements. Alternatively, perforated
shear wall provisions of the building code are permitted
to be used.
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[BS] A403.9.3 Hold-down connectors.

[BS] A403.9.3.1 Expansion anchors in tension.
Expansion anchors that provide tension strength by
friction resistance shall not be used to connect hold-
down devices to existing concrete or masonry elements.

[BS] A403.9.3.2 Required depth of embedment. The
required depth of embedment or edge distance for the
anchor used in the hold-down connector shall be pro-
vided in the concrete or masonry below any plain con-
crete slab unless satisfactory evidence is submitted to
the code official that shows that the concrete slab and
footings are of monolithic construction.

SECTION A404
PRESCRIPTIVE MEASURES FOR WEAK STORY

[BS] A404.1 Limitation. These prescriptive measures shall
apply only to two-story buildings and only when deemed
appropriate by the code official. These prescriptive measures
rely on rotation of the second floor diaphragm to distribute
the seismic load between the side and rear walls of the ground
floor open area. In the absence of an existing floor diaphragm
of wood structural panel or dlagonal sheathing, a new wood
structural panel diaphragm of minimum thickness of /4 inch
(19.1 mm) and with 10d common nails at 6 inches (152 mm)
on center shall be applied.

[BS] A404.1.1 Additional conditions. To qualify for
these prescriptive measures, the following additional con-
ditions need to be satisfied by the retrofitted structure:

1. Diaphragm aspect ratio L/Wislessthan 0.67, where
W is the diaphragm dimension parallel to the soft,
weak or open-front wall lineand L isthe distancein
the orthogonal direction between that wall line and
the rear wall of the ground floor open area.

2. Minimum length of side shear walls = 20 feet (6096
mm).

3. Minimum length of rear shear wall = three-fourths
of the total rear wall length.

4. No plan or vertical irregularities other than a soft,
weak or open-front wall line.

5. Roofing weight less than or equa to 5 pounds per
square foot (240 N/m?).

6. Aspect ratio of the full second floor diaphragm
meets the requirements of the building code for
new construction.

[BS] A404.2 Minimum required retrofit.

[BS] A404.2.1 Anchor size and spacmg The anchor size
and spacing shall be a minimum of /4 inch (19.1 mm) in
diameter at 32 inches (813 mm) on center. Where existing
anchors are inadequate, supplemental or alternative
approved connectors (such as new steel plates bolted to the
side of the foundation and nailed to the sill) shall be used.

[BS] A404.2.2 Connection to floor above. Shear wall top
plates shall be connected to blocking or rim joist at upper
floor Wlth a minimum of 18-gage galvanized steel angle
clips 4 /2 inches (114 mm) long with 12-8d nails spaced
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no farther than 16 inches (406 mm) on center, or by equiv-
alent shear transfer methods.

[BS] A404.2.3 Shear wall sheathlng The shear wall
sheathing shall be a minimum of /32 inch (11.9 mm) 5-
Ply Structural | with 10d nails at 4 inches (102 mm) on cen-
ter at edges and 12 inches (305 mm) on center at field;
blocked all edges with 3 by 4 board or larger. Where exist-
ing sill plates are less than 3-by thick, place flat 2-by on top
of sill between studs, with flat 18-gage galvanized steel
clips 41/2 inches (114 mm) long with 12-8d nails or 3/8-
inch-diameter (9.5 mm) lags through blocking for shear
transfer to sill plate. Stagger nailing from wall sheathing
between existing sill and new blocking. Anchor new block-
ing to foundation as specified above.

[BS] A404.2.4 Shear wall hold-downs. Shear walls shall
be provided with hold-down anchors at each end. Two
hold-down anchors are required at intersecting corners.
Hold- downs shall be approved connectors with a mini-

mum /8 inch-diameter (159 mm) threaded rod or other
approved anchor with a minimum allowable load of 4,000
pounds (17.8 kN). Anchor embedment in concrete shall be
not less than 5 inches (127 mm). Tie-rod systems shall be
not less than 5/8 inch (15.9 mm) in diameter unless using
high- strength cable. High-strength cable elongation shall
not exceed /8 inch (15.9 mm) under a 4,000 pound (17.8
kN) axial load.

SECTION A405
MATERIALS OF CONSTRUCTION

[BS] A405.1 New materials. New materials shall meet the
requirements of the International Building Code, except
where allowed by this chapter.

[BS] A405.2 Allowable foundation and lateral pressures.
The use of default values from the building code for continu-
ous and isolated concrete spread footings shall be permitted.
For soil that supports embedded vertical elements, Section
A403.4.1 shall apply.

[BS] A405.3 Existing materials. The physical condition,
strengths, and stiffnesses of existing building materials shall
be taken into account in any analysis required by this chapter.
The verification of existing materials conditions and their
conformance to these requirements shall be made by physical
observation, material testing or record drawings as deter-
mined by the registered design professional subject to the
approval of the code official.

[BS] A405.3.1 Wood-structural-panel shear walls.

[BS] A405.3.1.1 Existing nails. When the required cal-
culations rely on design values for common nails or
surfaced dry lumber, their use in construction shall be
verified by exposure.
[BS] A405.3.1.2 Existing plywood. When verification
of the existing plywood is by use of record drawings
alone, plywood shall be assumed to be of three plies.
[BS] A405.3.2 Existing wood framing. Wood framing is
permitted to use the design stresses specified in the build-
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ing code under which the building was constructed or
other stress criteria approved by the code official.

[BS] A405.3.3 Existing structural steel. All existing
structural steel shall be permitted to be assumed to comply
with ASTM A 36. Existing pipe or tube columns shall be
assumed to be of minimum wall thickness unless verified
by testing or exposure.

[BS] A405.3.4 Existing concrete. All existing concrete
footings shall be permitted to be assumed to be plain con-
crete with a compressive strength of 2,000 pounds per
square inch (13.8 MPa). Existing concrete compressive
strength taken greater than 2,000 pounds per square inch
(13.8 MPa) shall be verified by testing, record drawings or
department records.

[BS] A405.3.5 Existing sill plate anchorage. The analy-
sis of existing cast-in-place anchors shall be permitted to
assume proper anchor embedment for purposes of evaluat-
ing shear resistance to lateral loads.

SECTION A406
INFORMATION REQUIRED TO BE ON THE PLANS

[BS] A406.1 General. The plans shall show all information
necessary for plan review and for construction and shall accu-
rately reflect the results of the engineering investigation and
design. The plans shall contain a note that states that this ret-
rofit was designed in compliance with the criteria of this
chapter.

[BS] A406.2 Existing construction. The plans shall show
existing diaphragm and shear wall sheathing and framing
materials, fastener type and spacing; diaphragm and shear
wall connections; continuity ties; and collector elements. The
plans shall also show the portion of the existing material s that
needs verification during construction.

[BS] A406.3 New construction.

[BS] A406.3.1 Foundation plan elements. The founda
tion plan shall include the size, type, location and spacing
of all anchor bolts with the required depth of embedment,
edge and end distance; the location and size of all shear
walls and al columns for braced frames or moment
frames; referenced details for the connection of shear
walls, braced frames or moment-resisting frames to their
footing; and referenced sections for any grade beams and
footings.

[BS] A406.3.2 Framing plan elements. The framing plan
shall include the length, location and material of shear
walls; the location and material of frames; references on
details for the column-to-beam connectors, beam-to-wall
connections and shear transfers at floor and roof dia
phragms; and the required nailing and length for wall top
plate splices.

[BS] A406.3.3 Shear wall schedule, notes and details.
Shear walls shall have a referenced schedule on the plans
that includes the correct shear wall capacity in pounds per
foot (N/m); the required fastener type, length, gage and
head size; and a complete specification for the sheathing
material and its thickness. The schedule shall also show
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the required location of 3-inch (76 mm) nominal or two 2-
inch (51 mm) nominal edge members; the spacing of shear
transfer elements such as framing anchors or added sill
plate nails; the required hold-down with its bolt, screw or
nail sizes; and the dimensions, lumber grade and species
of the attached framing member.

Notes shall show required edge distance for fasteners
on structural wood panels and framing members; required
flush nailing at the plywood surface; limits of mechanical
penetrations, and the sill plate material assumed in the
design. The limits of mechanical penetrations shall also be
detailed showing the maximum notching and drilled hole
sizes.

[BS] A406.3.4 General notes. General notes shall show
the requirements for material testing, special inspection
and structural observation.

SECTION A407
QUALITY CONTROL

[BS] A407.1 Structural observation, testing and inspec-
tion. Structural observation, in accordance with Section 1709
of the International Building Code, shall be required for all
structures in which seismic retrofit is being performed in
accordance with this chapter. Structural observation shall
include visual observation of work for conformance to the
approved construction documents and confirmation of exist-
ing conditions assumed during design.

Structural testing and inspection for new construction
materials shall be in accordance with the building code,
except as modified by this chapter.
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CHAPTER A5

EARTHQUAKE HAZARD REDUCTION IN
EXISTING CONCRETE BUILDINGS

Appendix A5 is not adopted by The City of Seattle.
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ASCE/SE

CHAPTER A6
REFERENCED STANDARDS

American Society of Civil Engineers
Structural Engineering Institute
1801 Alexander Bell Drive

Reston, VA 20191-4400

Standard Referenced
reference in code
number Title section number
7—10 Minimum Design Loads for Buildings and Other Structures with SupplementNo. 1........... A104, A403.3
41—13 Seismic Rehabilitation of Existing Buildings. . ................ A503.2, A504.1, A505.1, A506.3.2, A507.1

ASTM International
A M 100 Barr Harbor Drive

West Conshohocken, PA 19428-2959
Standard Referenced
reference in code
number Title section number
A653/A653M—08 Standard Specification for Steel Sheet, Zinc Coated (Galvanized) or

Zinc-lron Alloy-Coated (Galvannealed) by Hot-DipProcess ... ... A304.2.6
C90—2003 Standard Specification for Load-bearing Concrete Masonry Units. .. ...............ooi... A505.2.3
C496—96 Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete Specimens . ... A104, A106.3.3.2
E 488-10 Test Method for Strength of Anchorsin Concrete and Masonry Elements. ....................... A107.5
E519—00el Standard Test Method for Diagonal Tension (Shear) in Masonry Assemblages. . .......... A104, A106.3.3.2

International Code Council
I 500 New Jersey Avenue, NW, 6th Floor

Washington, DC 20001
Standard Referenced
reference in code
number Title section number
BNBC—93 BOCA National Building Code® A502
BNBC—96 BOCA National Building Code® . . ... ...t A502
BNBC—99 BOCA National Building Code® A202
1BC—00 International Building CoUE® . . A202.1, A502.1
IBC—03 International Building Code® . . . ..o . oot A202.1, A502.1
|IBC—06 International Building CoUE® . . A202.1, A502.1
IBC—09 International Building CoUE® . . A202.1, A502.1
IBC—12 International Building Code® . . . .. ...t A202.1, A502.1
IBC—15 International Building Code® . . ........................ A102.2, A108.2, A202.1, A203, A206.3, A206.9,

A403.1, A405.1, A407.1, A502.1, A503.3, A506.4,

SBC—94 Standard Building Code® . . . ... oot A502
SBC—97 Standard BUilding Code® . . . ... oo A502
SBC—99 Standard Building COUE® . A202,A502
UBC—76 Uniform BUIlding Code® . . . ..o A502
uUBC—97 Uniform Building CoUE® .o A202, A502
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