INTERNATIONAL CODE COUNCIL

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 is to pro-
mote public welfare and safety by reducing the risk of death
or injury as a result of the effects of earthquakes on existing
wood-frame, multiple-unit residential 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.
Where 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

[BS] A402.1 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-
ALS. 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 to be 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.
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[BS] SOFT WALL LINE. A wall line whose lateral stiffness
is less than that required by story drift limitations or deforma-
tion compatibility requirements of this chapter. In lieu of
analysis, a soft wall line may be defined as a wall 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 a principal axis
of the building used to provide resistance to lateral loads. Par-
allel wall lines separated by less than 4 feet (1219 mm) shall
be considered to be one wall line for the distribution of loads.

[BS] WEAK WALL LINE. A wall line in 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. Modifications required by the provi-
sions in this chapter shall be designed in accordance with the
California Building Code provisions for new construction,
except as modified by this chapter.

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

Alteration of the existing lateral force-resisting system or
vertical load-carrying system shall not reduce the strength or
stiffness of the existing structure, unless the altered 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 anal-
ysis for added structural elements shall include evaluation of
the allowable soil-bearing and lateral pressures in accordance
with the building code. Where any portion of a building
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within the scope of this chapter is constructed on or into a
slope steeper than one unit vertical in three units horizontal
(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: Where 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, 4,, and the
deflection amplification factor, C,, 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, 4, and C, 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
C or D, values of R, 4, and C, shall be permitted to
be based on the seismic force-resisting 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 Type 5b in
ASCE 7, Table 12.3-2.

3. For structures assigned to Seismic Design Category
E, values of R, 4, and C, shall be permitted to be
based on the seismic force-resisting system being
used to achieve the required strengthening, provided
that when the strengthening is complete, the
strengthened structure will not have an extreme soft
story, a weak story, or an extreme weak story irregu-
larity defined, respectively, as Types 1b, 5a and 5b
in 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 where 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 stiffness 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
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deflection calculations shall be based on a geotechnical
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. Structural framing elements and their con-
nections not required by design to be part of the lateral force-
resisting system shall be designed and detailed to be adequate
to maintain support of expected gravity loads when subjected
to the expected deformations caused by seismic forces.
Increased demand caused by 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 resis-
tance.

[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 where 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 that 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 monalithic construction.

SECTION A404
PRESCRIPTIVE MEASURES FOR WEAK STORY

[BS] A404.1 Limitation. These prescriptive measures shall
apply only to two-story buildings and only where 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 diagonal sheathing, a new wood
structural panel diaphragm of minimum thickness of %/, 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/W is less than 0.67, where
W is the diaphragm dimension parallel to the soft,
weak or open-front wall line and L is the distance in
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. Plan or vertical irregularities shall not be other than
a soft, weak or open-front wall line.

5. Roofing weight less than or equal 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 spacing. The anchor size
and spacing shall be not less than ¥/, 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 with not less than 18-gage galvanized steel angle
clips 4/, inches (114 mm) long with 12-8d nails spaced
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not farther than 16 inches (406 mm) on center, or by
equivalent shear transfer methods.

[BS] A404.2.3 Shear wall sheathing. The shear wall
sheathing shall be not less than **/,,-inch (11.9 mm), 5-Ply
Structural | with 10d nails at 4 inches (102 mm) on center
at edges and 12 inches (305 mm) on center at field; blocked
all edges with 3 by 4 board or larger. Where existing 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 4/,
inches (114 mm) long with 12-8d nails or *-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 blocking to foundation
as specified in this section.

[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 ®/g-inch-diameter (15.9 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 °/; inch (15.9 mm) in diameter unless using
high-strength cable. High-strength cable elongation shall
not exceed °/, 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 California 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. Where the required
calculations 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. Where 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-
ing code under which the building was constructed or
other stress criteria approved by the code official.

189

DISTRIBUTION IS A VIOLATION OF THE FEDERAL COPYRIGHT ACT AND THE LICENSE AGREEMENT, AND SUBJECT TO CIVIL AND CRIMINAL PENALTIES THEREUNDER.

101229698

Copyright © 2019 ICC. ALL RIGHTS RESERVED. Accessed by Howard Cook (howard@bayarearetrofit.com), (-) Order Number #101229698 on Feb 01, 2022 11:40 PM (PST) pursuant to License Agreement with
ICC. No further reproduction, no further reproductions by any third party, or distribution authorized. Single user only, copying and networking prohibited. ANY UNAUTHORIZED REPRODUCTION OR



INTERNATIONAL CODE COUNCIL

APPENDIX A

[BS] A405.3.3 Existing structural steel. All existing
structural steel shall be permitted to be assumed to comply
with ASTM A36. 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; collector elements; and the
portion of the existing materials 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 all 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
the required location of 3-inch (76 mm) nominal or two 2-
inch (51 mm) nominal edge members; the spacing of shear
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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 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 California 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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CALIFORNIA EXISTING BUILDING CODE - MATRIX ADOPTION TABLE
APPENDIX A
CHAPTER A5 — REFERENCED STANDARDS

(Matrix Adoption Tables are nonregulatory, intended only as an aid to the code user.
See Chapter 1 for state agency authority and building applications.)

. BSC- HCD DSA OSHPD
Adopting Agency BSC SFM BSCC | DPH | AGR [DWR |CEC|CA | SL |SLC
CG 1|2|1ACc|Ac|ss|ssicc|1|1R|2|3]|4]|5
Adopt Entire Chapter X XX

Adopt Entire Chapter as
amended (amended
sections listed below)

Adopt only those sections
that are listed below

Chapter / Section

The state agency does not adopt sections identified with the following symbol: T

The Office of the State Fire Marshal’s adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to
Section 1.11.

CHAPTER A5
REFERENCED STANDARDS

ASCE/SEI American Society of Civil Engineers

Structural Engineering Institute
1801 Alexander Bell Drive
Reston, VA 20191-4400

7—16: Minimum Design Loads for Buildings and Other Structures with Supplement No. 1
A104, A403.3

ASTM ASTM International

100 Barr Harbor Drive, P.O. Box C700
West Conshohocken, PA 19428-2959

A36/A36M—14: Specification for Carbon Structural Steel
A405.3.3

A653/A653M—15: Standard Specification for Steel Sheet, Zinc Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by
Hot-Dip Process
A304.2.6

B695—04(2009): Standard Specification for Coating of Zinc Mechanically Deposited on Iron And Steel
A304.2.6

C34—13: Specification for Structural Clay Load-Bearing Wall Tile
A106.2.2.2

C140/C140M—15: Standard Test Methods for Sampling and Testing Concrete Masonry Units and Related Units
A106.2.2.2

C496—96/C496M—11: Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete Specimens
A104, A106.2.3.2

C1531—15: Standard Test Methods for In Situ Measurement of Masonry Mortar Joint Shear Strength Index
A106.2.3.1

E488/E488M—15: Standard Test Methods for Strength of Anchors in Concrete and Masonry Elements
A107.5.3

ES19/E519M—2010: Standard Test Method for Diagonal Tension (Shear) in Masonry Assemblages
Al104, A106.3.3.2
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