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DISCLAIMER

The authors, publishers, and the Concrete Masonry Checkoff Program make no
representations or warranties with respect to the accuracy or suitability of this information,
and persons making use of this information do so at their own risk. The authors, publishers,
and the Concrete Masonry Checkoff Program disclaim liability for damages of any kind,
including any special, indirect, or consequential damages, which may result from use of this
information. This information is not to be interpreted as indicating compliance with, or waiver
of, any applicable building code, ordinance, standard or law. It is not intended for use or
reliance upon as an industry standard, certification, or as a specification. The design and
guidelines may include technical inaccuracies or typographical errors and may be revised
without notice.

Most jurisdictions require construction documents to be prepared by a licensed design
professional for permitting. The involvement of a design professional is recommended for the
design, specification, and construction of a concrete masonry home. The content of this design
guide is intended for use by design professionals who have the competency and ability to apply
the information provided to the design of a residential concrete masonry building.
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INTRODUCTION AND

Building a home with concrete masonry construction makes sense. Concrete masonry is
attractive, strong, and long-lasting. In this Guide and the accompanying design drawings, the
concrete masonry industry supports development of design options to promote concrete
masonry unit (CMU) growth in residential markets and also provides homeowners and builders
with quality information to assist them in choosing the premier wall system for their residence.
The Guidelines also serve to familiarize designers with a typical concrete masonry home
design, optimized to meet code requirements while being as cost effective as possible.

Masonry walls fulfill multiple purposes, contributing to overall efficiency and construction
cost-effectiveness. These walls deliver structural stability, serve as external weather barriers,
offer thermal insulation, and possess a high fire rating that promotes safety and comfort within
residential environments. The primary advantages of masonry walls are outlined below.

o Attractive. Smooth-faced blocks deliver a modern, aesthetically pleasing appearance
desired for contemporary homes. Concrete masonry units (CMUs) are available in a
variety of colors and surface textures, enabling bespoke architectural designs to suit any
preference.

¢ Strong. Reinforced masonry construction offers robust strength and ductility to withstand
everyday loads as well as high winds and earthquake forces.

¢ Durable. Masonry walls have excellent resistance to environmental factors including
moisture, freezing temperatures, and thermal extremes, ensuring longevity without
frequent repair or replacement. Routine use does not compromise their integrity.

e Sustainable. Concrete masonry units are sourced locally across the United States and
composed of natural materials. Their internal pore structure and large surface-area-to-
mass ratio facilitate rapid sequestration of atmospheric carbon dioxide compared to
other cement-based products.

o Fire resistant. Masonry materials are non-combustible and achieve fire ratings that
exceed building code requirements.

o Thermally efficient. CMU construction featuring integral insulation effectively moderates
interior temperatures for comfortable living. The high thermal mass of CMU walls stores
heat and releases it gradually, reducing heating and cooling demands and increasing
energy efficiency.

¢ Sound minimizing. Concrete masonry walls provide superior sound insulation, exceeding
building code requirements for sound transmission and resulting in quieter indoor
environments.

¢ Insect proof. Masonry materials do not provide a food source for termites, ants, or other
insect life.

¢ Mold resistant. Concrete masonry is inorganic and therefore does not support the growth
of mold and mildew.
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INTRODUCTION AND

These Guidelines accompany a separate set of design details and serve as a commentary to
the model CMU home design, providing background to the design process and information on
design alternatives. The base home design is intended to be applicable to design requirements
throughout the majority of North Carolina and South Carolina. Design options are provided that
consider areas with high design wind speeds, increased seismic demand, and cold climates.

Phoenix, AZ Palm Springs, CA

Architect: MACKOS Architect: 02 Architecture
Producer: Superlite Block Producer: Angelus Block Company
Photo courtesy of Arizona Masonry Council Photo courtesy of Lance Gerber

Phoenix, AZ Scottsdale, AZ

Architect: Benjamin Hall Design Architect: Swaback Architects + Planners
Producer: Echelon Masonry Producer: Superlite Block

Photo courtesy of Logan Havens Photo courtesy of Arizona Masonry Council
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Lynchburg, VA Elk Park, NC

Architect: Studio Mgre Designs Architect: Collab Architecture

Producer: Dominion Block Producer: Johnson Concrete Products

Photo courtesy of Beauty of Block® Photo courtesy of Johnson Concrete Products

Columbus, OH San Diego, CA

Architect: The Columbus Architectural Studio

Producer: Snyder Brick and Block Producer: RCP Block & Brick

Photo courtesy of Seth Myers Photo courtesy of RCP Block & Brick
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ARCHITECTURAL

2.1 Home Layout

The model concrete masonry home is thoughtfully designed for a family of four, offering three
bedrooms, two full bathrooms, one half bath, and a spacious two-car garage. With its efficient
two-story layout, the residence minimizes the building’s footprint, providing ample surrounding
space for a patio, landscaping, and driveway access.

On the first floor, an open-concept living area encompasses the kitchen, dining room, living
room, a utility room, and a storage closet located beneath the staircase. All three bedrooms
are situated on the second floor, which also includes a versatile family room at the stair
landing. The primary bedroom features a private en-suite bathroom.

All exterior concrete masonry walls, as well as the wall between the garage and first-floor
living space, are load bearing. Interior wood-framed walls are not and may be repositioned for
flexible space. The second-floor covered deck, supported by three masonry columns, can be
accessed from separate entrances in the front bedrooms, or by extending the hallway for a
single entry point. The large garage fits two full-size vehicles and provides extra storage, while
the overhanging deck protects the garage doors below.

Gross interior square footage

First floor 625
Second floor 1,245

Total 1,870 square feet

Garage 535
Deck 150

2.2 Movement Joints

Concrete masonry construction shrinks over time as walls dry out and cement-based block,
grout, and mortar materials cure. Walls also respond to temperature, expanding slightly during
warm weather and shrinking slightly during cool weather. The concrete masonry industry
typically recommends installing control joints in all CMU construction to mitigate crack
formation. Coupled with horizontal reinforcement designed for the control joint spacing,
control joints are effective at allowing movement where it can be properly managed.

The model concrete masonry home uses 9-gauge horizontal joint reinforcement at every other
course (16 inches on center), reinforced bond beams at the bottoms of walls, tops of walls, and
the second floor line, and reinforced lintels above all door and window openings. Additional
joint reinforcement is placed one course below window openings. These crack control
strategies do not prevent the concrete masonry assembly from shrinking but instead limit the
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formation of cracks that would be an aesthetic distraction or allow air and moisture to
penetrate into the assembly.

Depending on local practices, control joints can be built into the model home for added
confidence against cracking. The model home design includes alternative design detail sheets
showing control joints (with added vertical reinforcement) at mid-length of the long left and
right walls. Control joints may also be placed near building corners. Guidance on design and
construction of control joints can be found in CMHA TEC 009-025, Crack Control Strategies for
Concrete Masonry Construction.

When control joints are used, the reinforcement at the second floor and roof bearing must be
continuous through the control joint. Wires of horizontal joint reinforcement, on the other hand,
are always cut at control joints.

Control joints add the following items to the overall home construction cost:

¢ Building with half-length units on each side of control joints breaks up the production
work of laying the wall between corners.

¢ Vertical reinforcement and grout is required on each side of each control joint.

o Backer rod and sealant is used to finish control joints, forming a weather-tight exterior
wall.

2.3 Exterior Finish Options

Using smooth-faced concrete masonry units (CMU) is a cost-effective way to provide an
attractive, durable finish. Many other exterior finishes are also available to suit different
architectural tastes.

Integral color. Pigments are mixed into the concrete during block manufacturing to provide a
wide range of colors. Check with your local supplier for available colors and the cost of
colored units. See Figure 1.

Texture. Architectural units are available with different surface textures including split face
(sometimes called rock-faced, Figure 1), ribbed, ground face, epoxy-finish, or other textures.
Textures add to the cost of the masonry unit and make surface cleaning more difficult. Unless
sealed, the pore structure is always exposed on any block. If the block is exposed to weather, a
post-applied coating is always recommended.

Bond pattern. The base home design uses half-bond running bond throughout. Using single
courses of textured units (shown in Figure 1), half-high units, or colored units can enhance
appearance. Avoid using different materials such as bricks or stone within the field of the wall:
special detailing is required with these materials to accommodate differential movement.
Stack bond construction, where head joints align at every course through the full wall height,
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also requires special detailing and additional horizontal reinforcement to satisfy building code
structural requirements.

SRR % % ST WAL

Figure 1. Using texture and color to add interest to a concrete masonry wall.

Paint. It is possible to paint concrete masonry walls, if it is done correctly. Use a special
breathable paint made specifically for concrete masonry with a high water vapor transmission
rating of 10 perms or more. Mineral paints, including limewash and silicates, have high perm
ratings and work well with concrete masonry. Breathable paints let trapped moisture escape,
preventing damage, mold, and peeling. Standard epoxy and oil based paints trap water in the
wall and must be avoided.

Painting adds costs to your home, and all paints have a limited service life. Painted walls
require frequent maintenance to address paint deterioration, as well as sealing cracks or other
points of moisture entry. Whereas a concrete masonry wall is essentially maintenance free for
decades, most paints require repainting every seven years or so.

Stucco. Cement plaster or stucco can be installed directly over the outside wall surface to
provide a smooth, moisture-resistant finish. CMHA TEK 09-03A, Plaster and Stucco for
Concrete Masonry, provides recommendations for cement plaster mix design and application
procedures.

Before applying stucco, make sure the masonry surface is clean and has no dirt, oils, or other
materials that inhibit bonding. Hard-coat cement plaster is applied in two layers: the first layer
is troweled onto the wall surface and then raked or otherwise roughened before it hardens. A
finish coat is then applied to the scratch coat to provide the desired appearance. Cement
plaster provides a durable finish that may be integrally colored. If a painted finish is used,
follow the recommendations for masonry painting listed above.

CONCRETE MASONRY HOME




ARCHITECTURAL

Masonry veneer. Many concrete masonry walls have an exterior masonry veneer covering
(Figure 2 and Figure 3). Masonry veneers are commonly built as anchored veneer with an
internal drainage space that effectively prevents moisture infiltration into the building. The
drainage cavity intercepts any moisture that happens to penetrate through the veneer,
collecting moisture at flashing installed at the base of the cavity, and directing that moisture
out of the wall system via weep holes atop the flashing. A wider drainage cavity is used in cold
climates for placement of 1to 3 inches of insulation, depending on code requirements for
different Climate Zones (see Section 5, Thermal Performance). Concrete masonry and brick
veneer is usually 3 to 4 inches thick, whereas most stone masonry veneers range from 4 to 6
inches thick.

Considerations when using anchored masonry veneer include the following.

e Veneer that is 3 or 4 inches thick adds weight, requiring wider footings. Depending on the
type of veneer chosen, footing width will have to be increased by 4 to 6 inches with low-
capacity clay soils. Sandy or other soils with a higher bearing capacity will require
footings to be 2 to 3 inches wider than footings shown for the base home design.

e Veneer is commonly supported on a brick ledge built into the foundation wall. Brick
ledges are built by using a 12-inch wide concrete masonry unit as the first course atop
the concrete footing. This unit projects 4 inches out from the 8-inch wall above to provide
a base for the veneer. It is best to support at least 2/3 of the veneer thickness on the
brick ledge.

¢ Leave a drainage cavity at least one inch wide between the back of the veneer and the
face of the CMU wall or the face of cavity insulation. Veneer is connected to the structural
wall using metal ties placed periodically in bed joints. Metal tie spacing is prescribed by
building codes depending on the type of tie that is used.

e Special detailing is required at windows, doors, and other openings to close off the
drainage cavity and prevent moisture infiltration.

¢ Recognize that clay brick generally expands over time while CMU generally shrinks over
time. Brick veneer design must, therefore, consider differential movement between clay
brick veneers and CMU backups.

Another option is using adhered veneer, where natural or artificial stone is bonded to the
concrete masonry wall using mortar (Figure 4). These thin veneer units range from 3/4 inch to
2 inches thick and are applied directly to the wall without using metal reinforcement or lath.
Code requirements for adhered masonry veneer specify an initial scratch coat be applied,
followed by setting units into a bond coat, similar to application of cement plaster mentioned
above. Note that metal lath is recommended for use in thin brick adhered veneer systems.

Adhered veneer is lighter than anchored veneer. Changes to footings are minimized with
adhered veneer, and the footing width would be increased by 1to 3 inches for construction
using this option.
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Figure 2. Concrete masonry veneer installed over a concrete masonry wall. Flashing is placed
at the base of the drainage cavity, and rigid insulation board is installed against the CMU wall.

Figure 3. Schematic illustration of a reinforced concrete masonry loadbearing wall, with
anchored masonry veneer as the exterior finish (image courtesy of Rocky Mountain Masonry
Institute).
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Figure 4. Adhered masonry veneer systems, using mortar scratch coat and bond coat to
adhere directly to concrete masonry wall (image courtesy of the Rocky Mountain Masonry
Institute).
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3.1 Structural Design Criteria

The model CMU home design represents typical low-rise single-family residential construction
applicable to many areas of the country. The design follows codes and standards that are used
throughout the United States. Recognize, however, that local building codes often have
amendments, minimum (or maximum) requirements, and other conditions that could result in
significant changes to the design. Further, local practices may vary from those shown in the
design and described herein. Some of the detailing and design options may not be available in
your area.

The base home design is intended to be applicable to design requirements in the majority of
North Carolina and South Carolina. Design options are provided that consider areas with high
design wind speeds and increased seismic demand.

Design codes. Project design followed applicable building codes with North Carolina and South
Carolina amendments. North Carolina had planned to adopt the 2021 International Codes in
2024, but this plan was delayed following the devastation caused by Hurricane Helene. North
Carolina’s 2024 codes, which reference the 2021 International Codes, will be effective sometime
after April 1, 2026. South Carolina has already adopted the 2021 International Codes.

Specific codes used during development of design documents included:

e 2021 International Building Code (IBC)

e 2021 International Residential Code (IRC)

e 2018 North Carolina Energy Conservation Code. This code is based on the 2018
International Energy Conservation Code (IECC) with some amendments applicable to the
home design included here.

¢ Minimum Design Loads for Buildings and Other Structures (ASCE 7-16)

e TMS 402/602-16, Building Code Requirements and Specification for Masonry Structures

¢ Building Code Requirements for Structural Concrete (ACI 318-19)

Loads and design parameters. The design used live, snow, wind, and seismic loads following
ASCE 7-16 requirements as listed on drawing sheets as General Notes.

Live Loads (psf)

e Roof: 20
o Attic: 20
e 2" floor, interior rooms: 40
e Deck: 60
¢ 1° floor, interior rooms: 40
e Garage: 40
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Snow Loads (psf)

e Ground snow load Py 20
e Flat roof snow load Px 14
e Snow exposure factor, Ce: 1.0
e Thermal factor, C;: 1.0
o Slope factor, Cs: 1.0
¢ Snow load importance factor, I: 1.0

A ground snow load of 20 psf was used for design as it is the maximum ground snow load
applicable to either North or South Carolina for elevations below 2500 ft (See Figure 5). Note
that site-specific case studies can be required in the states’ western regions for elevations
above 2500 ft.

Following ASCE 7, the snow exposure factor of 1.0 corresponds to a partially exposed condition
for surface roughness categories B or C. The partially exposed condition was chosen as it is
commonly applied to houses in urban areas. Surface roughness categories B and C apply to
terrain with closely spaced obstructions and more open terrain with scattered obstructions,
respectively. These categories cover most of the conditions that would be typically seen for
residential houses.
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Figure 5. Ground snow load map for the continental United States (2024 South Carolina State
Building Code). The home design considers snow loads at green-shaded areas. Areas shaded
gray or white have greater snow loads that are not considered by the design.

Wind
e Basic wind speed: 15 mph
¢ Risk category: Il
e Wind exposure: C
e Internal pressure coefficient:  x0.18
e Topographic factor 10

A basic wind speed of 115 mph was chosen to cover the inland regions of North and South
Carolina (See Figure 6). Wind speeds generally increase for sites that are closer to the coast.
See the high wind speed design option (Section 3.4) for sites with a higher basic wind speed
than 115 mph.
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Figure 6. Basic wind speed map for the continental United States (2024 South Carolina State
Building Code). The base home design applies to all areas shaded green; the high wind option
was developed to address winds in the coastal areas with yellow shading.

Seismic

¢ Building risk category Il

e Seismic importance factor . 1.0

e Mapped spectral response accelerations
Ss 0.350¢g
S 0.16 g

o Site Class D

e Spectral response coefficients
Sos 0.355 g
S 0.183 g

e Seismic design category A B,orC

Seismic analysis for the home design followed the equivalent lateral force method and was
based on the design parameters listed above. The design intent was to have the base home
design apply to Seismic Design Categories A, B, or C, which generally applies to North
Carolina, except for the most western point of the state, and most of the western and northern
regions of South Carolina (See Figure 7). Note that the seismic design category is dependent
on local soils and the site class and will, therefore, vary from site to site within the same
region. Site Class D, which corresponds to a stiff soil, was used for this design as a
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conservative assumption. Design for sites that are designated as Site Class E, which
represents a soft clay soil, may result in a higher Seismic Design Category. An option for
design in Seismic Design Categories D and E is provided later.

Shear walls are considered as “Ordinary Reinforced Masonry Shear Walls” as defined by Code.
The base design meets the vertical and horizontal reinforcement requirements for this shear
wall type. Additional horizontal joint reinforcement is shown above and below openings,
extending 24 inches beyond openings, as required by seismic detailing requirements.

Figure 7. Seismic spectral response acceleration for the continental United States (2024 South
Carolina State Building Code). The base home design applies to all areas shaded green, and the
high seismic option was developed to address seismic loads in the area shaded yellow. Areas
that are shaded gray have exceptionally high seismic loads; these regions require special
design and detailing for development of a reinforced concrete masonry home design.

3.2 Materials
Material requirements are described on the drawing sheets as General Notes on the first page.
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¢ The specified masonry strength ', of 2,000 psi represents the strength of the complete
masonry assemblage: CMU with mortar and grout. This strength exceeds the code-
required minimum of 1,500 psi and is representative of masonry strength provided in the
area.

e Concrete masonry unit strength is not specified. However, based on the required masonry
strength f', of 2,000 psi, the masonry units must also have a strength of approximately
2,000 psi. Lightweight units (concrete unit weight as light as 95 pcf) are used to increase
insulating properties and reduce labor costs. Normal weight units are usually cheaper,
but installation costs associated with placing heavier normal weight units offset any
material cost savings.

o Type S mortar is specified. Pre-blended mortar in accordance with ASTM C1714 is
acceptable. Alternatively, following ASTM C270 requirements, typical Type S mortar has
volumetric proportions of

o 1 part portland cement

o % part hydrated lime

o 3 3/8 to 4 /. parts masonry sand
or

o1 part Type S masonry cement

o2 % to 3 parts masonry sand

e Grout is used to fill cells at all vertical and horizontal reinforcing bars. Grout strength of
2,000 psi is called for to match the specified masonry strength. Grout must be
consolidated by mechanical vibration any time it is placed in lifts of 12 inches or more.
Code also requires re-consolidation, about 10 to 15 minutes after placement.
Reconsolidation is used to close voids that form as grout mix water is absorbed by
surrounding CMU.

e Grade 60 reinforcing bars with yield strength of 60,000 psi are used as horizontal and
vertical reinforcement in grouted cells. The 2022 version of the masonry design code has
an Appendix for designing with Glass Fiber Reinforced Polymer (GFRP) reinforcement.
GFRP reinforcement weighs much less than comparable steel reinforcement and is
easier to handle and place within masonry walls. The design code limits using GFRP
reinforcement in flexural members, and does not yet include options for using GFRP in
load bearing masonry. Future versions of the code are expected to have this option.

e Horizontal joint reinforcement is fabricated of cold-drawn wire with yield strength of
70,000 psi. Ladder-type joint reinforcement is preferred over truss-type: the diagonal
rods of truss-type reinforcement often interfere with placement of vertical reinforcing
bars and grout. Hot-dipped galvanized joint reinforcement is used, rather than
electroplated or mill-galvanized joint reinforcement, to meet durability requirements.
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3.3 Structural Components

3.3.1 Foundations

It is recommended that final design of foundations be based on recommendations provided in a
geotechnical report for the actual site where the home is to be constructed. Special foundation
systems (not covered here) will be required for homes built in areas with expansive clays,
collapsing soils, or locations with a high water table, for example.

For the base home design, foundations are based on the bearing capacity of non-expansive
clay soils, with an allowable soil bearing pressure of 1,500 pounds per square foot (psf) and a
frost depth of 12 inches. Foundations bearing on other soils including sandy soils, loam, and
bedrock, will have much greater allowable bearing pressures, and footing sizes can be
reduced.

The design calls for a reinforced concrete spread footing, sized to resist building loads. Walls
are connected to the footing with post-installed reinforcing bars inserted into holes drilled into
footings and anchored with epoxy. Installing dowels in this manner is usually cheaper and
more effective than having the concrete contractor install reinforcement dowels extending up
above the footing. Post-installed dowels can be placed precisely where required at all of the
wall’s vertical reinforcing bars.

3.3.2 Walls

Concrete masonry walls in the home are load bearing, carrying vertical floor and roof loads.
Walls also resist lateral wind and seismic loads. Exterior walls were designed using 8-inch
CMU. It is possible to construct walls using 6-inch units, but additional vertical reinforcement
would be required .

The interior mid-wall carries vertical loads from the second floor and was designed for a
lateral pressure of 8 psf. Although no vertical reinforcement was required to resist this lateral
load, some reinforcement is included in the wall to meet seismic detailing requirements. This
interior bearing wall may be constructed of either 6-inch or 8-inch CMU.

Flexural design of the home’s walls considered the interaction of vertical and lateral loads at
reducing tension stress across the wall section. The interaction diagram included here as
Figure 8 represents the capacity envelope for first story walls, considering vertical loads
acting at the same time as lateral loads. Applied axial and flexural forces are represented by
the green symbols, all of which lie within the capacity envelope. Even though wall designs
were optimized for applied loads, they have considerable reserve capacity should vertical and
lateral loads exceed design criteria.

The most effective way to build CMU walls is to place vertical reinforcement at a wide spacing,
filling reinforced cells with grout to bond reinforcement with surrounding blockwork. The
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remainder of the CMU cells are left hollow, to be filled later with foamed-in-place insulation.
Partially grouted masonry offers excellent fire, sound, and thermal performance, with costs
substantially less than fully grouted walls.

Vertical reinforcement is shown at locations where it is required to stiffen walls: at corners,
either side of windows, and either side of doors. Once these bars are located, bars are
positioned between them at the maximum design spacing of 10 feet (for #5 reinforcing bars).
There is only one location at the right elevation where bar spacing is at the maximum of 10 feet.
At all other locations bars happen to be spaced closer than the maximum spacing.

Pvs.M

1000

800

600

400

Axial (kip)

200

-200

0 30 80 90 120 150
Moment (kip*ft)

Figure 8. Interaction diagram for first level wall. The blue envelope represents the wall
capacity; actions based on design load combinations are shown in green.

Horizontal reinforcement is shown as ladder type with 9-gauge side rods placed at 16” on
center in all walls, including the mid-wall bearing wall. Joint reinforcement is used to control
width of shrinkage cracks and also serves to meet seismic detailing requirements. As
mentioned above, extra joint reinforcement is shown above and below openings and extending
24" heyond opening to meet requirements of Seismic Design Category A, B, and C.

Grouted bond beams are required at the second floor line and roof line, each reinforced with a
single #4 bar to act as diaphragm chords and stiffening elements. The masonry industry
prefers single bars in bond beams: using 2-bar bond beams interferes with grout and
reinforcement placement, especially at lap splices. Bond beam reinforcement must be
continuous around corners; continuity is provided by corner bars lapped with longitudinal bars
at wall ends.
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Reinforced lintels built with solid-bottom lintel units span over door and window openings,
carrying loads to vertical reinforcement at jambs. Structural design requires a single #5 bar
for all lintels. Lintels with short spans over doors and windows are designed as single-course
beams with one course grouted solid. The long-span lintels over garage door openings could
be designed as 2-course lintels, however this lintel would require vertical shear reinforcement
to resist applied loads. Installing shear stirrups in masonry lintels is difficult and costly. A
better solution is to grout additional courses and have the masonry resist shear in the absence
of shear stirrups. This approach was used here: lintels over garage openings use a single #5
longitudinal bar with three courses grouted solid to meet shear demand.

3.3.3 Wall Construction

Walls are best built using low-Llift grouting procedures, building walls in lifts to a height of 5'-4"
or less. High lift grouting methods may also be used, but the masonry code requires cleanouts
at the bottom of each reinforced cell for this approach. In addition, wall bracing is needed for
high-lift grouting, rather than relying on the “internal bracing” method described in Section 8.

The construction sequence following low lift grouting is shown in Figure 9. Walls are built up to
the top of each bond beam or to a maximum height of 5'-4" before installing reinforcement and
grouting. Horizontal joint reinforcement is placed at every other course as the wall is built;
bond beam reinforcement and vertical bars are placed when each lift is built. Vertical bars are
extended up beyond the top of each lift to lap with vertical bars in the next lift Once
reinforcement is in place, bond beams and reinforced cells are grouted solid. Code requires
that grout be consolidated using mechanical vibration with this approach.
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Figure 9. Wall construction sequence.

Reinforcing bars are typically provided in 20 foot lengths and careful planning of reinforcing
bar cuts minimizes waste. For our design we have vertical bars, horizontal bars in bond
beams, corner bars connecting bond beams around corners, and horizontal bars in lintels. A
reinforcing bar schedule should be developed to minimize reinforcement waste.
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3.3.4 Second Floor Framing

Wood trusses are used to span between masonry bearing walls. The advantage of this type of
construction is that interior wood-framed walls are partition walls only, and the wall layout
can be modified for any internal configuration without worrying about structural requirements.
Second floor trusses are designed with a depth of 16 inches to provide enough space for
placing mechanical heating and cooling trunk lines at any desired location.

A single course of 12-inch CMU is used just below the second floor line as shown in Figure 10.
This “ledger” is grouted solid and provides support for second floor trusses as well as edge
support and nailing for the second floor diaphragm sheathing. Constructing in this way
eliminates a costly double wood ledger with post-installed anchors. Grout is contained by the
solid base of lintel units; hollow units may also be used if grout is contained by using grout-
stop mesh or a form board.

\ 8" NOMINAL
N / EXT WALL

| ~— 2X4 BLOCKING
BETWEEN TOP
TRUSS CHORDS
AT WALL

A epGE _, |
DIST. MIN. ‘

$2ND FL.F.F.

1/2" @ J-BAR, 5" MIN
EMBEDMENT INTO BOND

BEAM BEFORE START OF . Sre—
BEND, EXTEND BENT - \ .
PORTION 2" MIN. 12" NOMINAL CMU
LINTEL UNIT AT BOND
- BEAM AT 2ND FL. CUT
OUT BOTTOM WHERE
2ND FLOOR WOOD VERT. REINF. NEEDS TO
TRUSS BEARING ON PASS THROUGH
CMU LINTEL UNIT '\

SECTION

@ TYP 2ND FL TO EXT SHORT WALL CONNECTION WITH CMU LEDGER

Figure 10. CMU ledger supporting 2™ floor framing.

3.3.5 Roof Framing

Concrete masonry gable walls require a sloped bond beam at the tops of walls, requiring many
units be cut to fit. Wood roof trusses were instead designed for a hipped roof profile to simplify
wall design and construction. Roof trusses are typically engineered by the truss manufacturer.
The shown roof trusses were designed using the loading for the high design wind speed option.
The included roof truss designs can, therefore, be used for the base design, high wind design
option, and high seismic design option.

CONCRETE MASONRY HOME




STRUCTURAL

3.4 Design Option: High Design Wind Speed
A design wind speed of 150 mph was chosen for the high wind design option to cover the
entirety of North Carolina and South Caroling, including the coastal regions.

¢ Basic wind speed: 150 mph
¢ Risk category: Il

e Wind exposure: C

¢ Internal pressure coefficient: +0.18

Increasing the design wind speed from 115 to 150 mph effectively increases wind loads by a
factor of 1.7 times. Designing for the higher wind speed reduces the vertical reinforcement
spacing from a maximum of 10 feet on center to a 7-4" maximum spacing. The high wind
design requires no additional bond beams or horizontal joint reinforcement.

Special connectors are required to tie roof framing to the wall below. Hurricane ties are used
at each roof truss, connected to the sill plate and wall below.

The added vertical reinforcement requires steel and grout in what would otherwise be
insulated cells. The additional vertical bars required at exterior elevations have a small effect
on wall thermal properties and their effect on the insulating properties of the wall section are
neglected. Thermal properties are discussed later in Section 5.

3.5 Design Option: High Seismic Design Categories

The design intent was to have the design for high seismic loads apply to Seismic Design
Categories D and E, which generally applies to the southern coastal region of South Carolina,
centered around Charleston, and the most western tip of North Carolina. This design could also
apply to other areas of the United States falling into Seismic Design Categories D and E. There
remains a small area of Charleston that may require the design to follow Seismic Design
Category F requirements, depending on local soil characteristics.

In addition to vertical and horizontal reinforcement required to meet seismic demand, shear
walls for these seismic design categories must follow detailing requirements for “Special
Reinforced Masonry Shear Walls” as defined by Code. Vertical and horizontal #5 reinforcement
spacing cannot exceed 48 inches on center to meet these requirements.

The home design followed the equivalent lateral force method and was based on the design
parameters listed below.
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¢ Building risk category I

e Seismic importance factor I, 10
e Mapped spectral response accelerations
Ss 10g
S 0311g
¢ Site Class D
e Spectral response coefficients
Sos 0.733 ¢
So 0.415 g
e Seismic design category DorE

The SDC D and E design required more vertical reinforcement and more horizontal bond
beams, mainly as a result of prescriptive seismic detailing requirements rather than resist
seismic design forces. Both the vertical and horizontal reinforcement spacing cannot exceed
48 inches in these cases.

The added vertical reinforcement requires steel and grout in what would otherwise be
insulated cells. The additional vertical and horizontal reinforcement reduces the wall’'s
insulating properties (thermal properties are discussed in Section 5).

Code requirements also require that the design compressive strength for the concrete
foundations be increased from 2,500 psi to 3,000 psi for these higher seismic design
categories.

Designing for high SDC also requires significant upgrades to framing, including:

¢ Installing blocking along all sheathing edges, with increased nailing requirements

¢ Reducing the spacing of connectors where the 2™ floor diaphragm meets exterior walls
e Using heavier connectors to anchor roof trusses to tops of walls.

¢ Adding vertical reinforcement to the interior CMU mid-wall.
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Single wythe masonry construction is cost effective. Taking advantage of masonry’s ability to
perform many different functions, concrete masonry walls provide resistance to structural
loads and also act as part of the building’s exterior weather enclosure. The masonry’s mass
helps resist water infiltration, and special materials and products help make single-wythe
walls weather resistant. Design and construction practices used to improve single wythe
concrete masonry’s resistance to moisture infiltration are discussed here.

4.1 Checklist for Single-wythe Masonry

In 2012 the Rocky Mountain Masonry Institute carried out a program to evaluate performance of
single wythe concrete masonry walls and develop recommendations for providing weather-
resistant construction. Many of the recommendations are relevant to design and construction
of our model concrete masonry home.

1. Use integral water repellent in both the concrete block and in the mortar.

2. Apply a breathable spray-applied water repellent to walls after construction and
cleaning. Choose a product that is formulated specifically for the type of concrete
masonry being used. Breathable water repellents will not “waterproof” the walls but do
help shed water that hits the wall surface.

3. Install horizontal joint reinforcement and bond beam reinforcement as designed to
minimize cracking.

4. Install control joints (as shown in one design option) to mitigate shrinkage crack
formation.

5. Provide head joints and bed joints that are filled to a depth equal to the thickness of the
face shell.

6. Tool all mortar joints concave to compress and seal the joint. Do not use other joint
tooling styles.

7. Provide sills with drip edges at all windows to direct water off masonry below. Sills
may be metal, vinyl, stone, precast, or other impermeable material. Sills are often built
integral with windows.

8. Install sealant joints where masonry meets sills to allow small movements to occur
without cracking.

9. Use flashing and weep holes above all bond beams, lintels, and other grouted cells, and
at the base of walls.

10. Install finish grade around the exterior according to the design. Door thresholds and
interior slabs should be at least 4 inches above grade. Slope grade away from the home
following the design (see detail excerpt in Figure 11).

11. Do not install vinyl wall paper or other non-breathable coating as interior finishes.

12. Clean newly built walls in a timely manner. Wait 7 to 10 days before cleaning to let the
mortar cure. Do not wait more than 30 days or you will have to use aggressive cleaning.
Check with your block manufacturer for the right cleaning product to use on your walls.
Do not use muriatic acids for masonry cleaning. Do not clean by sandblasting, which
can open tiny hairline cracks that let in water.
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13. Cracks will let water into the wall system. It is a good idea to walk around the home
each year and check for cracks. Repair cracks promptly to limit moisture infiltration.
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Figure 11. Project design details include holding exterior grading down below the interior slab
elevation, and sloping grade away from the home. Both concepts help drain surface water and
keep water from entering the home.

4.2 Integral Water Repellent

Project General Notes require an integral water repellent (IWR) to be used in both the concrete
masonry units and the mortar. IWR is commonly added to the concrete mixture during
manufacturing. Preblended mortars, delivered to the project site in bags or silos, may include
an integral water repellent additive. It is also common to have the mason contractor add liquid
IWR to each mortar batch.

Integral water repellents help walls shed water and also provide some protection against
moisture moving through walls. IWR additives do add cost to concrete block and mortar, but
the nominal added cost is a small price to pay for providing good water-resistant performance.

4.3 Flashing and Weeps

Water has a way of finding its way into even the best-built walls. Single wythe walls use a
combination of mass and drainage at ungrouted cells to manage moisture infiltration. Cells
that are grouted solid provide an effective moisture barrier. At hollow or insulated cells, water
getting past the block face shell tends to run downward within the vertical cell space. Flashing
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and weeps are used at the bottom of all ungrouted cells to collect water and move it out of the
wall system.

Flashing for our model concrete masonry home uses a proprietary polymer pan and weep
system that is installed at the bottom of all empty cells. See Figure 12 below. These pans are
placed at the base of walls and atop all grouted spaces as the wall is being built. Flashing will
be built in atop the second floor bond beam.

CMU pan flashing with integral

weep/vent at each open cell
Grouted cell /— Grouted cell
l E) i ™
S I S I
RS S e N | RN | e

\— Concrete masonry wall Weep/vent spout

Polyester drainage Advantages: |
mat at each open *  noneed to field-cut units
cell* \ e  structural continuity of
masonry at face shells is
maintained

fashi ith no end dams required
Pan flashing wit bond beam under flashing is

weep/vent at eadlwl not required for support
opence * every open cell contains a

;:ﬁ=!-4 —T weep

Header block —~ Disadvantages:

o during high winds, individual

7 YOO, flashing pieces must be

N ) secured in place until the next
; “ course of masonry is placed

\\\
R

* There are a variety of products available to keep weeps from being clogged by
mortar droppings. The configuration shown in one example.

Figure 12. Pan flashing is installed in single wythe walls during construction. The system
includes weeps to collect water and move that water out of the wall system. Image adapted
from TEK 19-02B Design for Dry Single-Wythe Concrete Masonry Walls courtesy of Concrete

Masonry & Hardscapes Association.
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Thermal performance of wall construction is based on steady-state and thermal mass
characteristics. Steady-state performance is described by the wall's U-factor or R-value. In
general, walls with lower U-factor or greater R-values have better resistance to energy flow
through the wall system.

Thermal performance is based on a number of properties, including:

Size, type, and configuration of masonry unit
Density of concrete masonry units

Number and size of openings in walls

Type and location of insulation

Wall cladding

Building exposure and orientation

Wall thermal mass

In addition to masonry’s inherent insulating properties, masonry walls have high thermal
mass. Mass walls absorb and store heat energy during times of thermal gain, releasing that
energy slowly during cooling cycles. This thermal mass effect moderates temperature
fluctuations in a building by damping heating and cooling extremes. Building codes recognize
the benefit of thermal mass at reducing heating and cooling loads by requiring less insulation
for mass walls.

5.1 Insulation Requirements

The 2018 North Carolina Energy Conservation Code (NCECC) is based on the 2018 International
Energy Conservation Code. These codes require that exterior wall assemblies have minimum
insulating properties, depending on the building's climate zone and the assembly’s thermal
mass properties.

The 2018 NCECC has different requirements for building thermal envelope insulation depending
on Climate Zone. General Climate Zones are shown in Figure 13; refer to your local building
department or the NCECC for specific requirements of each county.
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Figure 13. 2018 IECC climate zone map [IECC, 2018].

Climate Zones 3 and 4. The base design considers the home to be built in either Climate Zone 3
or 4. These climate zones apply to all of South Carolina and most of North Carolina. NCECC
insulation requirements are the same for Climate Zone 3 and Climate Zone 4. Table 1 lists
insulation requirements for exterior mass masonry walls and concrete slab construction. In
Climate Zone 4, insulation for monolithic concrete slabs cast integral with exterior walls is to
extend to the bottom of the footing but need not exceed 2 feet below grade.

Mass Wall Insulation, R-Value

. More than % of the S‘?b
Climate Zone . : . . Insulation, R-
cells or at wall insulation on the interior
! Value
exterior of the wall
3 5 13 0
4 5 13 10
5 13 17 10
6 15 20 10

Design Alternate: Climate Zones 5 and 6. Alternate design requirements are provided for
Climate Zones 5 and 6 following the insulation requirements listed in Table 1. A small
mountainous area in western North Carolina is designated as Climate Zone 5; this zone is also
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applicable to many areas of the country. Climate Zone 6 requirements apply to northern states
and parts of Utah, Wyoming, and Colorado. Insulation requirements for Climate Zone 6 are not
listed in the NCECC; values listed in Table 1 are from the 2018 IECC.

Insulation requirements for monolithic concrete slabs cast integral with exterior walls must
extend to the bottom of the footing, but need not exceed 2 feet for homes built in Climate Zone
5. For Climate Zone 6, this same requirement applies except the maximum required insulation
depth is 4 feet.

5.2 Block Fill Insulation

Energy codes acknowledge the benefit of mass wall construction and require less insulation
for concrete masonry mass walls. In accordance with NCECC Section R402.2.5, mass walls are
defined as

"above-ground walls of concrete block, concrete, insulated concrete form, masonry
cavity, brick but not brick veneer, adobe, compressed earth block, rammed earth, solid
timber or solid logs"OR are “any wall having a heat capacity greater than or equal to 6
Btu/fe"

The model concrete masonry home has walls constructed of lightweight (95 pcf), 8-inch thick
partially grouted concrete masonry. This wall type qualifies as a mass wall system as defined
by the NCECC.

Many options are available to meet energy code insulation requirements. A simple and cost
effective approach with hollow or partially grouted concrete masonry construction is to fill
empty cells with foamed-in-place insulation. Aminoplast insulation is chosen for this wall
system. This foamed-in-place insulation is cost effective, has good sound insulating properties,
and excellent thermal resistance. The insulation is injected into empty cells after the wall is
built, where it flows into open cells and spaces. Aminoplast insulation has a hybrid mixture of
open and closed cells, and is considered as open cell insulation, effectively permitting
moisture vapor transmission and promoting drying of walls should dampness enter the
system. The installation provides an insulating R-value of up to 5.0 per inch. An R-value of 4.6
per inch is assumed here for calculating assembly thermal properties.

5.3 Continuous Insulation

The prescriptive requirements of the NCECC imply that continuous insulation, uninterrupted by
webs of concrete masonry units or by interior furring, is required for concrete masonry and
other mass walls. However, there are several other options to comply with energy code
requirements without providing continuous insulation. Mass wall systems with thermal
properties meeting the insulation requirements listed above are not required to have
continuous insulation.
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5.4 Wall System Thermal Properties

Thermal properties of a wall system are calculated by considering the combined contribution
of all wall components, using the series-parallel method as recognized by code. All wall
components including finishes, air spaces, internal grout, and insulation contribute to thermal
performance. Additional information can be found in CHMA TEK 06-01C, R-Values of Multi-
Wythe Concrete Masonry Walls, and CMHA TEK 06-02C, R-Values and U-Factors of Single
Wythe Concrete Masonry Walls.

Walls of the base home design are partially grouted, with grout placed only at cells containing
vertical or horizontal reinforcing bars. The remaining empty cells are filled with foamed-in-
place insulation taking advantage of the wall's thermal mass properties. The R-value of the
wall system is based on the percentage of insulated cells, the percentage of grouted cells,
thermal properties of the insulation, and thermal properties of the concrete masonry unit.
Webs of concrete masonry units act as thermal bridges; this effect is also considered when
calculating insulating properties of the wall system. For our case, grouted/reinforced cells
comprise 24% of the total cells, leaving 76% of the cells for insulation. Following the process
described in CHMA TEK 06-01C, with lightweight units (95 pcf concrete mixture), the R-value of
the partially grouted and insulated wall is 4.52 °F-ft>-h/BTU.

The R-value of the wall assembly is the sum of the individual components:

Component R-Value
Outside air film 0.17
Concrete masonry wall 4.52
1.5" air gap 10
%" gypsum wallboard 0.45
Interior air film 0.68
Total 6.82

The NCECC requires exterior walls to have an R-value of 5 in Climate Zones 3 and 4. Our model
home’s wall system has an R-value of 6.82, exceeding building code thermal performance
requirements by over 35 percent.

The NCECC also requires insulation with R-value of 10 be placed at exterior foundation walls,
down to the depth of the footing (or 2 feet, maximum). Extruded polystyrene insulation board
provides an insulating value of 5.0 per inch; using 2 inch insulation board as foundation
insulation is a common and cost-effective way to meet this building code requirement.

Climate Zone 5 Alternate. The NCECC requires walls to have an R-value of 13 (external
insulation) or 17, when more than half of the insulation is placed at the interior wall face. Our
base wall system does not meet these requirements and additional insulation must be
installed for homes built in Climate Zone 5.
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One option is to add insulation at the exterior wall face, in which case a total R value of 13 is
required. Insulation must be protected from weather and is best covered by a masonry veneer
or synthetic stucco. Using a nominal 4-inch concrete masonry veneer (95 pcf), the R-value of
the wall system is calculated as:

Component R-Value
Outside air film 0.17
4" concrete brick veneer (95 pcf) 1.43

1” air cavity 0.97
Cavity insulation X
Insulated partially grouted wall 4.52
1.5" air gap 1.0
%" gypsum wallboard 0.45
Interior air film 0.68

Total 9.22 + x

Hence insulation with an R-value of 3.8 must be placed in the drainage cavity between the
concrete masonry veneer and the reinforced wall. An R-value of 3.8 can be obtained using %"
of extruded polystyrene board (R value of 5.0 per inch) or 1" of mineral wool insulation (R value
of 4.0 per inch).

For the exterior veneer option, if the empty cells in the concrete masonry walls are not
insulated, the wall R-value is reduced by half to 2.26. In this case cavity insulation with an R-
value of 6.0 is required to meet Climate Zone 5 requirements: use either 17" extruded
polystyrene board or 17" mineral wool insulation.

Another option is to add insulation to the interior of the wall, within the furred space. Thermal
mass effects are reduced if insulation is placed at the interior face of the wall mass, and the
NCECC requires the wall system have an R-value of 17 for this approach. The R-value of the
insulated CMU wall is calculated as follows:

Component R-Value
Outside air film 0.17
Concrete masonry wall 4.52
Insulation X

%" gypsum wallboard 0.45
Interior air film 0.68

Total 5.82+ x

Hence interior insulation must have an R-value of 11.2 to meet Climate Zone 5 requirements.
This can be accomplished with 2 1/2” rigid polystyrene board with wood furring at 24 inches on
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center, or R13 fiber batt insulation. Both of these options require the furred out space be
increased by placing 2x4 furring on end rather than flat as shown in detail drawings.

If core-fill insulation is left out of the CMU wall, interior insulation must have an R-value of
13.4. Viable options are using either 2 %" of rigid polystyrene board or R15 fiber batt insulation.
Both of these insulation options can fit in a 3 2" furred space.

Climate Zone 6 Alternate. Following the Climate Zone 5 discussion above, the IECC requires
walls to have an R-value of either 15 (external insulation) or 20, when more than half of the
insulation is placed at the interior wall face. Options for additional insulation are listed below.

5.8 R-value, when placed in the drainage cavity of a concrete masonry veneer system
¢ 17" extruded polystyrene board and foamed insulation at empty cells
¢ 17" mineral wool insulation and foamed insulation at empty cells

8.0 R-value, when placed in the veneer drainage cavity, with no insulation at empty cells in
CMU walls

e 13" extruded polystyrene board, no insulation at empty cells

¢ 2" mineral wool insulation, no insulation at empty cells

13.2 R-value, when placed in furred out space at the inside face of the wall (empty cells
insulated as well)
Furred out space must be 3 72" wide

¢ 3" extruded polystyrene board and foamed insulation at empty cells

e R13 fiber batt insulation and foamed insulation at empty cells

15.5 R-value, when placed in furred out space at the inside face of the wall (no insulation at
empty cells)
(both of these options require non-standard insulation thicknesses and should be avoided)
e 3.1" extruded polystyrene board, no insulation at empty cells
¢ R15.5 fiber batt insulation, no insulation at empty cells
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Fire rated construction is required by building codes to limit the spread of fires and prevent
building collapse, providing time for occupants to escape and for emergency services to
respond. Concrete masonry has excellent fire resistance: masonry materials are
noncombustible, and its thermal mass slows the rate of heat transmission that occurs during a
fire.

Required fire resistance of structural materials and assemblies is covered in Section R302 of
the International Residential Code. All single-family residential construction requires that
exterior walls have a fire rating of 1.0 hours for homes built near the lot line.

Concrete masonry fire rating is based on the solidity of the masonry units, calculated as the
“equivalent thickness,” whether all cells are filled with an approved material (such as grout or
aggregate), and aggregate type. The equivalent thickness is essentially the solid thickness that
would be obtained if the volume of concrete contained in a hollow unit were recast to be solid
without core holes. Interior and exterior finishes such as stucco, cement plaster, or gypsum
wallboard will contribute to wall fire rating. The effect of such finishes on fire rating is
described in CMHA TEK 01-01D, Fire Resistance Ratings of Concrete Masonry Assemblies.

Structural walls of the prototype residence discussed in this guide are constructed with hollow
8-inch (nominal) concrete masonry units. Masonry unit density is specified as 95 pounds per
cubic foot assuming expanded clay, shale, or slate lightweight aggregate. The contribution of
interior and exterior finishes is not considered in this example.

Fire rating is best calculated following the approach of CMHA TEK 07-01D, Fire Resistance
Ratings of Concrete Masonry Assemblies with consideration given to aggregate type and
equivalent thickness. The TEK note lists the equivalent thickness of a typical 8-inch partially
grouted concrete masonry wall as 4.0 inch. A fire rating period of 1.9 to 2.2 hours applies to
this equivalent thickness for typical CMU aggregate blends, exceeding building code
requirements by approximately 2 times.

Walls built of the same 8-inch hollow unit can have a fire rating ranging from 1 hour 50
minutes (for units made with calcareous or siliceous gravel aggregate), to 2 hours (limestone,
cinders, or unexpanded slag aggregate), or as high as 3.0 hours for masonry units having
expanded slag or pumice aggregate. Manufacturers will produce block with the aggregate
blend necessary to meet the fire rating specified by the designer.
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Masonry walls are excellent at reducing noise, and have the mass, texture, and solidity to
effectively reduce exterior noise from passing through to the interior. The ability of a wall to
minimize sound transmission through the wall section is represented by a wall’'s Sound
Transmission Class (STC), measured as decibels (dB) of sound reduction. Construction with
higher STC values are better at blocking sound than those with lower STC values. For a given
construction typology, the most significant factor influencing the STC rating is its weight:
heavier walls generally block more sound. Procedures for determining the STC of concrete
masonry construction are described in CMHA Tek 13-01D, Sound Transmission Class Rating for
Concrete Masonry Walls.

Building codes require certain STC ratings depending on the location and function of the
constructed wall. For example, the IBC requires a calculated STC rating of 50dB for walls of
corridors or walls separating dwelling units. The IRC does not require minimum STC ratings;
however, it has a non-mandatory appendix that recommends a STC rating of 45dB for walls. It
is important that all holes, cracks, or voids in walls are filled to achieve the listed STC ratings.

For our prototype home, constructed of 8-inch masonry units with a density of 95 pcf, the walls
have a STC rating of 45 dB if left completely hollow. Greater STC ratings are provided for sand-
filled units (STC of 53 dB), and for solid grouted walls (STC of 55 dB).

The ability of construction to diminish noise effects is represented by a Noise Reduction
Coefficient (NRC), which considers sound absorption at a range of frequencies. More porous
and open-textured surfaces, such as CMU, absorb more sound than dense, smooth surfaces
and, as a result, they have a higher NRC.

CONCRETE MASONRY HOME




MASONRY

The Occupational Safety and Health Administration (OSHA) requires that any masonry wall
sections constructed over eight feet in height be braced during construction. Walls under
construction must have adequate bracing to prevent overturning or collapse until the walls are
connected to structural framing. Once the floor and roof framing are in place and anchored to
walls, with floor and roof sheathing installed, the framing provides lateral support and bracing
is no longer required.

There are two general approaches to bracing masonry walls under construction:

1. Provide external braces, such as wood braces, steel pipe braces, or tension cables. The
Council for Masonry Wall Bracing developed the “Standard Practice for Bracing
Masonry Walls Under Construction”in 2012 to guide contractors for different external
bracing methods. These guidelines are available online and through the Mason
Contractors Association of America.

2. Rely on internal bracing, using the strength of the masonry assembly for resistance to
overturning and collapse. This concept considers masonry strength development in the
first few days after walls are constructed and relies on the mass and strength of the
wall to resist short-term wind and seismic forces. The International Masonry Institute
(IMI) funded development of the “Internal Bracing Design Guide for Masonry Walls
Under Construction”in 2013. This guide is available for free online through IMI and other
masonry industry sources.

Most contractors use the internal bracing approach for low-rise construction such as our
concrete masonry home. Newly-constructed masonry has mass and develops strength in the
first hours and days after construction; both of these actions are used to resist lateral loads.
The main advantage of the internal bracing approach is cost and simplicity as no external
braces are required.

The engineered internal bracing solution requires a “Restricted Zone” be established around
the masonry under construction that extends on both sides of the wall a distance equal to the
wall height plus 4 feet. Personnel are not allowed in the Restricted Zone when wind speeds
exceed 20 miles per hour for newly built walls, or 35 miles per hour after walls have aged for
either 12 or 24 hours, depending on design parameters including masonry strength, grout
solidity, and lap splice length. A design professional must be involved in the development of a
project bracing plan using either external supports or the internal bracing scheme.

CONCRETE MASONRY HOME
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STRUCTURAL NOTES

1

2

3

‘GENERAL NOTES
'CONCRETE MASONRY HOME MODEL DESIGN GUIDELINES.
VERSION 10" (PUBLISHED MARCH 2026) ARE REQUIRED TO BE
USED IN COMBINATION WITH THESE DRAWINGS.

DO NOT SCALE CONTRACT DRAWINGS FOR THE PURPOSE OF
ESTABLISHING DIMENSIONS.

THE CONTRACT STRUCTURAL DRAWINGS REPRESENT THE
FINISHED STRUCTURE. UNLESS OTHERWISE NOTED, THEY DO NOT
INDICATE THE MEANS OR METHODS OF CONSTRUCTION, THE
CONTRACTOR IS SOLELY RESPONSIBLE FOR THE MEANS AND
METHODS OF CONSTRUCTION AND FOR PROVIDING ALL
MEASURES REQUIRED TO PROTECT THE STRUCTURE, WORKMEN,
AND OTHER PERSONS DURING ALL PHASES OF CONSTRUCTION 8Y
MEANS OF BRACING, SHORING, ETC.

o

DESIGN CRITERIA
A APPLICABLE CODES AND STANDARDS
2021 INTERNATIONAL BUILDING CODE (I8}
2021 INTERNATIONAL RESIDENTIAL CODE {IRC)
MINIMUM DESIGN LOADS FOR BUILDINGS AND OTHER
STRUCTURES (ASCE 7-16)
TMS 402/602-16 "BUILDING CODE REQUIREMENTS AND
'SPECIFICATION FOR MASONRY STRUCTURES"
BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE

{ACH 318-19)
B UVELDADS
PARSSUSNNEES  $20PSF
2075
INTERIOR ROOMS. 2075F
- DECK. 50PsF
- IstFLOOR
INTERIOR ROOMS. . 0 7sF
GARAGE 20 55F
€ ROGF SNOW LOAD
- GROUND SNOW LOAD, P . 20psF
FLAT ROOF SNOW LOAD, Pf. oo APSE
SNOW EXPOSURE FACTOR, Ce..... 10
THERMAL FACTOR, .. - 10
SLOPE FACTOR, Gs.... i A0
SNOW LOAD IMPORTANCE FACTOR, L...couvcce 1.0
D WIND DESIGN DATA
- BASIC WIND SPEED. 115 MPH
RISK CATEGORY. "
WING EXPOSURE <
- TOPOGRAPHIC FACTOR.. 10
INTERNAL PRESSURE COEFFICIENT. . 018
E. EARTHQUAKE DESIGN DATA
RISK CATEGORY "
SEISMIC IMPORTANCE FACTOR, | 10
MAPPED SPECTRAL RESPONSE ACCELERATIONS
- 0350
s 01168
SITE CLASS o
SPECTRAL RESPONSE COEFFICIENTS
- S 0335g
-5 0183g
SEISMIC DESIGN CATEGORY. 4,8,08C

ANALYSIS PROCEDURE USED
EQUIVALENT LATERAL FORCE

FOUNDATION
A FOUNDATION DRAINAGE AND WATERPROGFING BY OTHERS.
B, FOOTING DESIGN CRITERIA
SOIL TYPE cLay
- MIN. ALLOWABLE SOIL BEARING PRESSURE 1,500 PSF
MAX, FROST DEPTH 121N

CONCRETE
PROVIDE CONCRETE AS SHOWN BELOW. PROVIDE BATCH MIXING,
TRANSPORTATION, PLACING AND CURING OF CONCRE TE IN
ACCORDANCE WITH RECOMMENDATIONS OF ACI 301, ACI 318
AND ASTM C94, PROVIDE ADMIXTURES AND SPECIAL
REQUIREMENTS AS SPECIFIED.
PORTLAND CEMENT SHALL CONFORM TO ASTM C150, TYPE IL/IIL
UNLESS OTHERWISE NOTED. AGGREGATE FOR NORMAL WEIGHT
CONCRETE SHALL CONFORM TO THE REQUIREMENTS AND TESTS
OF ASTM €33,
USE OF CALCIUM CHLORIDE AND OTHER CHLORIDE CONTAINING
AGENTS IS PROHIBITED.
CONCRETE SHALL BE NORMAL WEIGHT CONCRETE (150 PCF) AND
DEVELOP A MINIMUM 28-DAY COMPRESSIVE STRENGTH {fc) AS
FOLLOWS:
- FOUNDATION WALLS AND FOOTINGS. 3,000 P51
5LAB ON GRADE 3000Ps1
UNLESS OTHERWISE NOTED, MINIMUM CLEAR CONCRETE COVER
FOR REINORCING BARS SHALL BE AS FOLLOWS:
- CONCRETE CAST AGAINST EARTH...
CONSOLIDATE ALL CONCRETE DURING PLACEMENT AND
THOROUGHLY WORK ARDUND REINFORCING AND EMBEDDED
ITEMS AND INTO CORNERS OF FORMS FOLLOWING ACI
RECOMMENDATIONS.
FOLLOW HOT WEATHER REQUIREMENTS IN AC1 305R GUIDE TO
HOT WEATHER CONCRETING.
FOLLOW COLD WEATHER REQUIREMENTS IN ACI 306R GUIDE TO
COLD WEATHER CONCRETING,
PROVIDE CONTROL JOINTS IN SLAB ON GRADE AT 150" MAX O.C.
EACH WAY, UON. PANEL LENGTH IN ONE DIMENSION SHOULD
NOT EXCEED THE OTHER BY MORE THAN 50%.
J. PROVIDE ISGLATION JOINTS IN SLAB ON GRADE 10 ISOLATE THE
SLAB FROM COLUMNS, WALLS, £TC.

>

=

°

o

=

REINFORCING STEEL
REINFORCING STFEL SHALL CONFORM TO ASTM A615, GRADE 60,
REINFORCING TO BE WELDED SHALL BE ASTM A706, GRADE 50.
EPOXY-COATED REINFORCING STEEL SHALL CONFORM TO ASTM
a7,

WELDED WIRE REINFORCEMENT (WWR) SHALL CONFORM TO
ASTM A1064, fy = 65 KS!, WWR MUST LAP ONE FULL MESH PLUS
2° AT SIDE AND END LAPS, BUT NOT LESS THAN 6° AND SHALL BE
WIRED TOGETHER. WWR SHALL BE PLACED IN THE CENTER OF
SLAB-ON-GRADS OR IN THE CENTER OF THE CONCRETE THICKNESS
'ABOVE THE DECK FOR SLABS ON FORM DECK

>

®

©. DOWELS FOR WALLS AND COLUMINS SHALL BE THE SAME SIZE
AND SPACING AS THE WALL/COLUMN REINFORCING, UNLESS
OTHERWISE NOTED.

D. DO NOT WELD REINFORCEMENT IN THE FIELD UNLESS
SPECIFICALLY SHOWN OR APPROVED BY STRUCTURAL ENGINEER,

E. DETAIL BARS IN ACCORDANCE WITH THE LATEST EDITIONS OF THE
ACI DETAILING MANUAL AND ACI BUILDING CODE REQUIREMENTS
FOR STRUCTURAL CONCRETE.

MASONRY

A ALLMASONRY SHALL DEVELOP A MINIMUM COMPRESSIVE
STRENGTH, fm OF 2,000 PS1 AT 28 DAYS.

B, PROVIOL IGHT WEIGHT (95 BCF} CONCRETE MASONRY UNITS
{CMU] CONFORMING TO ASTM C30. CMU SHALL BE PLAIN GRAY,
SMOOTH FACED, AND HAVE INTEGRAL WATER REPELLENT ADDED
AT THE TIME OF MANUFACTURE. LAY UNITS IN AUNNING BOND
UNLESS OTHERWISE NOTED.

€. ALLMASONRY MORTAR SHALL BE TYPE 5 CONFORMING TO ASTM)
C270 OR ASTM C171. MORTAR SHALL CONTAIN INTEGRAL
'WATER REPELLENT ADDITIVE, PROPORTIONED AND MIXED
foL REC

D. ALLMASONRY GROUT SHALL CONFORM TO ASTM C476
{PROPCRTIONAL REQUIREMENTS), WITH & MAXIMUM
AGGREGATE SIZE OF 3/8". GROUT SHALL BE PROPORTIONED 8Y
LABORATORY O FIELD EXPERIENCE TO OBTAIN AMINIMUM
COMPRESSIVE STRENGTH OF 2,000 751

E. SUFFICIENT WATER SHALL B ADDED TO THE GROUT BEFORE
PLACEMENT TO ASSURE FILLING OF ALL CELLS TO BE GROUTED.
GROUT SLUMP AT THE TIME OF GROUTING SHALL BE 810 11
INCHES

F. THE USE OF SELF-CONSOUDATING GROUT (SCG} IS PERMITTED.
SCG GROUT SHALL HAVE A SLUMP FLOW AS REQUIRED BY THE
MANUFACTURER

G. PROVIDE VERTICAL REINFORCEMENT IN CMU WALLS AS SHOWN
IN DRAWINGS. CENTER ALL VERTICAL REINFORCEMENT IN WALL
THICKNESS. FILL THE REINFORCED CELLS SOLIDLY WITH GROUT.

£5 OTHERWISE NOTED, PROVIDE 1- #5 VERTICAL
REINFORCING FULL HEIGHT AT ALL CORNERS, ENDS OF WALLS,
EACH SIDE OF CONTROL JOINT, AND EACH SIDE OF WALL
OPENINGS,

I PLACE CONTINUOUS BOND BEAM AT 2ND FLOOR UINE AND AT
ROOF UNE

1. UNLESS OTHERWISE NOTED, PROVIDE HORZONTAL JOINT
REINFORCING IN WALLS AT 16 INCHES ON CENTER VERTICAL
SPACING. JDINT REINFORCING TO BE HOT DIP GALVANIZED
LADDER TYPE WITH W1.7 (9 GAGE] SIDE RODS AND CROSS TIES AT
16 INCHES ON CENTER, CONFORMING TO AST AS51L. LAP
HORIZONTAL JOINT REINFORCEMENT A MINIMUM OF 8 INCHES
AT SPLICES. CUT JONT REINFORCING AT CONTROL JOINTS.

K. INSTALL ANCHORS, ACCESSORIES, AND OTHER ITEMS TO BE BUILT
1N AS WORK PROGAESSES,

ALLCELLS CONTAINING VERTICAL BARS AND ALL BOND BEANS

BE FILLED WITH GROUT_ CLEAN MORTAR FINS AND DEBRIS

FROM CELL PRIOR TO GROUT PLACEMENT. GROUT SHALL BE
CONSOLIDATED BY MECHANICAL VIBRATION DURING PLACEMENT
INA MANNER TO FILL THE GROUT SPACE.

M. FOLLOW ALL HOT AND COLD WEATHER REQUIREMENTS IN TS
402/c02

w00

A UNLESS OTHERWISE NOTED ON THE DRAWINGS OR ON THESE

NOTES, ALL WOOD FRAMING SHALL HAVE THE FOLLOWING

MINIMUM PROPERTIES (NORMAL DURATION) AND BE ATA

MOISTURE CONTENT OF 15% OR LESS MEASURED THROUGH THE

FULL DEPTH OF THE MEMBER.

- LIGHT FRAMIING {fx OR LESS):

~ SOUTHERN PINE, NO. 2
SOUID TIMBER BEAMS AND POSTS:
- SOUTHERN PINE, NO. 2
STRUCTURAL PANELS (PLYWOOD OR 058)
19/32" APA RATED SHEATHING

ALLWOOD ELEMENTS EXPOSED TO WEATHER, OR IN CONTACT

WITH CONCRETE O MASONRY WITHIN 12" OF ADJACENT GRADE

SHALL BE PRESERVATIVE-TREATED

« THE MINIMUM
CONTAINED N TABLE RE02.3(1) OF THE IRC UNLESS MORE
STRINGENT REQUIREMENTS ARE SHOWN ON THESE ORAWINGS

[

AL NAILS ARE TO B COMMON NAILS. WHERE POWER NAILS
ARE USED, THEY SHALL BE EQUIVALENT IN DIAMETER TO THE
COMMON NAILS INDICATED.

PROVIDE SOLID BLOCKING OR RIM JOISTS AT ALL JOIST SUPPORTS

AND JOIST ENDS.

£ METAL FRAMING CONNECTORS SHALL BE SIMPSON STRONG-TIE

‘R APPROVED EQUAL INSTALLED WITH THE NUMBER AND TYPE
OF FASTENERS PER MANUF RECOMMENDATIONS

=

VAL BRACNG

A MASONRY WALLS OVER & FEET IN HEIGHT SHALL BE BRACED
DURING CONSTRUCTION.

B PROVIDE INTERNAL BRACING FOLLOWING THE INTERNATIONAL

NTERNAL BRACING DESIGN GUIDE FOR
MASONRY WALLS UNDER CONSTRUCTION."

€. BRACING SHALL REMAIN IN PLACE UNTIL PERMANENT
CONNECTIONS ARE MADE AND SHEATHING IS IN PLACE AT FLOOR
AND ROOF DIAPHRAGMS.

INSULATION
A INSULATE EMPTY CMU CELLS BY FILLING WITH AMINOPLAST
ISULATION SHALL HAVE AN R VALUE OF 4.5 PER INCH OR

10, FLASHING

A PROVIDE FLASHING AT THE BOTTOM OF ALL EMPTY OR INSULATED
CELLS, FLASHING SHALL BE PLACED ATOP BOND BEAMS, LINTELS,
FOUNDATIONS, AT THE FIRST BED JOINT ABOVE GRADE, AND.
‘OTHER LOCATIONS WHERE THE DOWNWARD FLOW OF WATER IS
INTERRUPTED.

USE SINGLE WYTHE PAN FLASHING, SIZED FOR THE MASONRY
UNITS USED. INSTALL ACCORDING TO MANUFACTURER
RECOMMENDATIONS.

LAP SPLICE SCHEDULES

VASONRY LAP SPLICE (V15 SCHLOULE INCHES)
Fur220008

[ evosao |

= [ =

LAP SPLICE AND DEVELOPMENT LENGTH NOTES:
1 MLS: MASONRY LAP SPLICE
2. MDL: MASONRY DEVELOSMENT LENGTH

3. TABUILATED VALUES ARE PER TMS 402 REQUIREMENTS FOR THE SPECIFIED MASONRY.
COMPRESSIVE STRENGTH AND COVER CONDITIONS,

4. WHERE INSTALLATION VARIES FROM BAR SIZE LISTED, MINIMUM SPACING AND/OR
fir, LENGTHS SHALL BE ADJUSTED ONLY WITH THE APPROVAL OF THE EOR

e
sasar _ asaco M w00 0 _
s [ w | w [ =

LAP SPLICE AND DEVELOPMENT LENGTH NOTES:

1 CLS: CONCRETE LAP SPLICE

2. CDL: CONCRETE DEVELOPMENT LENGTH

3. TABULATED VALUES ARE PER ACI 318 REQUIREMENTS FOR THE SPECIFIED CONCRETE
COMPRESSIVE STRENGTH.

4. WHERE INSTALLATION VARIES FROM THE BAR SIZE LISTED, MINIMUM SPACING
ANDJOR f', LENGTHS SHALL BE ADJUSTED ONLY WITH THE APPROVAL OF THE £OR

5. STAGGER LAP SPLICES 30" MIN.

STANDARD 90° AND 180" HOOKS
FOR PRIMARY REINF.

STRUCTURAL DRAWING LIST
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506 SLAB ON GRADE
HORIZ HORIZONTAL
HT HEIGHT b TYPICAL
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TRUSSES BEARING ON CMU
~ LEDGER AT SHORT WALLS
ACCORDING 70 9 % 10/57.

-2
7
SHEATHING BEARING ON 2X4
BLOCKING AT CMU LEDGER AT
\I LONG WAILS, SEE 9.8 10/57.
%
% CMU MID-WALL BELOW
T T T O P P P P
H H i e
EIEIEIEIEIEIEIBIEIEIE [E®
2X8 DECK JST AT 16" O.C., SEE.
20/57 FOR CONNECTION TO
| f—=—"""" MASONRY, SEE 21/57 FOR
CONNECTION TO LV T¥P.
"
B £ £l
/| L
1X6 DECKING / 2PLY 1-3/4" X9 1/2" PWT TREATED LVL, SEE
18/57 FOR 2-PLY CONNECTION, SEE 19/57 FOR
CONNECTION TO COLUMNS.
NOTE: FLOOR TRUSSES BY SBC WOOD TRUSS MFR. SEE
SUPPLEMENTARY DOCUMENT FOR TRUSS GEOMETRY,
SECOND FLODR INTERIOR SHEATHING
USE 19/32" APA RATED SHEATHING, 100 NAILS SPACED.
AT 6" 0.C. WITH 1-1/2" PENETRATION INTO FRAMING AT
PANEL EDGES, 10D NAILS SPACED AT 12" 0.C. WITH 1-1/2*
PENETRATION INTO FRAMING IN FIELD OF PANELS
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NOTE: ROOF TRUSSES Y SBC WOOD TRUSS MFR. SEE SUPPLEMENTARY
DOCUMENT FOR TRUSS GECMETAY.
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B NOMINALCMU

H5 VERT REINF CENTERED IN
CELLAT 10" MAX. SPACING, TP
ALSD INCLUDE ADIACENT TQ
JAIVBS AND AT CORNERS, ONLY
GROUT CELLS THAT CONTAIN
VERT REINF.

FOAM-NIECTED

INSULATION 1N ALL

UNGROLTED CELLS

24 FURRING FLAT-LAID AT

S 22" 0.C. ANCHOR T0 CMU
W/ PAF @ 16'0.C.

p——— 1/2' GYP.a0RRD

s

8" NOMINALCMU

FOAMMMECTED
INSULATION IN AL
UNGROUTED CELLS

HORIZ IT REINF AT 167
0. T,

24 FURRING FLAT-LAID
AT24'D.C

b 16 BosRD

TYP EXT WALL - SECTION

112" GYP. BORRD

244 WOODSTUD

B 2 G300

. \__TYP INT WALL - PLAN

5 BOND BEAM REINF
AT 2ND FLOGR LINE

& NOMINAL CVU

3 COURSES FULLY
GROUTED

2" NOMINAL LINTEL
BLOCK

ki
5 LONGTUDINAL ﬁ

STEEL REINF

1 COURSE FULLY

iR
e

: 5 LONGITUDINAL A g 7 .
PR .
. il
3

T
3'covER
1

NOTE: FLACE SINGLE WYTHE PAN
FUASHING IMMMEDIATELY ABOVE ALL
LINTELS AND BOND BEAVIS WHERE
UNGROUTED CELLS ARE PRESENT

LINTEL ABOVE 15T FLOPENINGS - SECTION

/"¢ \_TYP LINTEL ABOVE 2ND FLWINDOWS/DOORS - SECTION

S " NOMINALLINTEL L erour

BLock sTOP
HOTE: PLACE SINGLE WYTHE PAN NOTE: PLACE SIN
FLASHING IMMMEDIATELY ABOVE ALL FLASHING IMAN

LINTELS AND BOND BEAWS WHERE
UNGROLTED CELLS ARE PRESENIT.

1 COURSE FULLY

5 /7 GROUTED

£ NOMINAL CMU
BOND BEAM UNIT

~—__ ¥5LONGITUDINAL

STEEL REINF.

WYTHE PAN
TELY ABOVE AL
LINTELS AND BOND BEAMS WHERE
UNGROUTED CELLS ARE PREGENT.

TYP BOND BEAM - SECTION

ENTIRE COLUMN
[ FULLY GROUTED

#5 LONGITUDINAL STEEL
"~ REINFORCEMENT,
CENTEREDIN CELL

PN v nomnaL ey

NOTE: SEE 13/57 FOR COLUNIN FIND.

TYP COLUMN - SECTION

Atkinson-Noland
& Associates, Inc.

m w/ TYP EXT WALL - PLAN

SIMPSON A34 FRAMING

5D SCREWS, ADJACENT
TRUSSES TOHAVE ANGLESON ™,
OFRESITE FACES OF TRUSS.

12" B -BAR, 5° N EMBEDMENT INTO BOND

(e

LT

T Tew Teig - FETIRPE
FASTEN SHEATHING TO - HBAR ONLY LSt BOTION 254 WOODEN
WOODEN ROGF N_Max_ﬂwﬁﬁ% Aa.um zsﬂm BLOCKING AT -BaR LOCATIONS TO FLTRUSS 1/
TRUSS =\ 34" WMAX. ALLOW ROOM FOR NUT AND WASHER
wox 112 i B 8 NEMINAL L2 seNETRATION D | N e \
/7 EXT WAL BOTTOM 256 BLOCKING | SHEATHING FLSHEATHING
deose T NDFLFF. 1/ /
|| / T
DIST. MK i ] 24 BLOCKING BETWEEN TCP / )
TRUSS CHORDS AT WAL 2612 BLOCANG _
F MO Al - BETWEEN FLTRUSSES, ™
A . — SEE 6/57 FOR = X -
% . 20 BLOCKING TOE-NAIL BOTTOM CHORD GF FL
BTM. OF EAVE - 1 BAR, 5" MIN BOND BEAM REINF ,\ TRUSSES INTO BASE PLATE.
— EMBEDMENT INTO BOND T R .
2B BASE PLATE — 4 ¥ BEAW BEFORE START OF \ { DQUBLE 205 BASE PLATE IF 8
3 XTE T
y B e 12" NOMINAL CMU
LINTEL UNIT AT BOND. HOMINAL CMU 15 USED.

ngcx;.iclwér;cszk /
PORTION 2° MIN, SPACE J-BARS AT 40" 0.C., TYP

BGND BEAM AT ROOF LINE |\ i

exTwall — |

@ TYP ROOF TO EXT WALL CONNECTION - SECTION

EXTWALL ——=

ChIU HEADER BLOCK.
ITINCLCE AN E:

[ VERTREINF

ND FLOOR WaOD
TRUSS BEARING ON
CU LINTEL UNIT

—~

w©

'

s
El
z

PASS THRO

TYP 2ND FLTO EXT SHORT WALL CONNECTION - SECTION

R

COLUMN

" THICK CONCRET:
[ FLOOR SLAB, CAST

+ w INTEGRAL WITH WAL

rere

VERT REINF, CONTINUOUS
" TQTOP OF FTG, TYP,

45 DOWELWITH 6* EMBED. INTO
FT6, POST-INSTALLED WITH HILTI
HIT-HY 100, LAP WITH COLUMN
REINF I ACCORDANCE WITH LAP
SPLICE SCHEDULE

I

3 COVER

~L

conerete F16 —
(2] #5 LONGITUDINAL
REINF BARS IN FTG

LT varon swsmin

AT BOTTOM OF SLAB

2NDFLOOR
WOOD TRUSS

/7 TYP 2ND FL TO EXT SHORT WALL CONNECTION - ELEV.

H 12" NOMINAL CHU LINTEL UNIT
PROJECTING FROM WAL, TYP.

1/2' D) BAREMBEDDED VTG~ |
SORD BEAM, SPACED AT 21" O..

6 CRE"NOMINAL __—
CMU MID-WALL

(i

\Sm REINF
T0P OF 506G

RE: PLAN @

T T T vapoR BaRRIER

£° ORE" NOMINAL CMU

CAN BE LISED FOR —_

MID-WALL CONSTRUCTION
SAWCLT OR TODLED C. FILL

@\_ TYP 2ND FL TO MID-WALL CONNECTION - SECTION

&

MU MID-WALL, INSTALL #5
VERT REINF AND GROUT AT
EACH END OF THE WALL
AND AT 10'0.C. MAX
TOTAL VERT
ED N THIS
WAL OPTION 10 INSULA
AL UNGROUTED CELLS.

v 7]
WITH SCALING COMPOURD HORIZ JOINT REINF @ 7 SPACING,
16"0C ot BARS REQH
506 REINF —,
Y

@ TYP CONCRETE FTG UNDER EXT WALL - SECTION

BOND BEAM,

EROUT 50LID J/
HOREZRENF—, " Tl
warnen—_ AT

e N
MLS NUMBER, SIZE &

A\ Seaciuc or Laas 10
VEATCH HORIZ REVE

TYP WALL INTERSECTION AT BOND BEAM - PLAN

o & LavEROF
FREE-DRAINING GRAVEL NOTES:
L REINFORCE SOG WITH 6x6 - WLAXWLA WLULF. OR 1 PROVIDE TOOLED JOINT OR SRWCUT JOINT WITHIN 4-3
FULLY GROUT MASORAY & AT 18" OC EACH WIAY, UON. CENTER REINF IN HOURS OF CONCRETE PLACEMENT. T
BEAOW GRADE San 3 PROVIDE CONTROL IOINTS AT 15 MAX O EACH WY, L ] | FulLrGROUT MASONRY
2 PALPARE SUBGRADE FOLLOWING SPECIFCATIONS 0N, PANEL LENGTISIN ONE OIMERSIBN SHOULD NOT . o4 S Fow
1 oL v T 16, / . % DO s i1
WTH WALL REINF IN ACCORDANCE .
. . PROPERLY COMPACTED LAYER OF FAEE-DRAINING CONCRETEFIG TG, POST INSTALLED WITH HILTI
WTH LAP SPLICE SCHEDLLE El @195 REIFORCING fOPERL COMPACTED e oRGTUBAL I\ T4 100 LAP WITH AL REINE
DIRECTION REINF BARS IN FIG oo
Qw TYP CONCRETE FTG UNDER COLUMN - SECTION \HM/_ TYP 50G - SECTION QW TYP SOG CJ - SECTION Hm/ TYP FND AT CMU MID-WALL - SECTION
o e e o
— SD52231255 SCREW, TYP. (4)3/26° @ TAPCON SCREWS 4] 3/16" B TAPCON SCRLWS
S R . COLUMN — WITH MIN. 1-1/2" EMBED. COLMN COLUMN COLUMN
/ INTO MASONRY, T4P. \ e
/ / ik \ HHOLEDEER 2X10 LEDGER PP L8NS
EDGE 2" veRT /aeriyexsuy
L] / frovice [ A, I
] " T 2pvaag f i Il ¢ ¢ 7 T _
‘\ *9-1/2' PWT 2 5 248 15T — L
T TREATED LYL e : i - R 1
i . . . .
3" HoRZ m
A | | g DISTANCE mﬂ ] DISTANCE
& MIN, —=| == FROM EDGE — fROM EDGE
EDGE 6 SPACING, TYP. L ELcvaTion 0F CoLMN secrion ELEVATION OF COLUMMN, INTO LEDGER AND (5] 0.148"
DISTANCE D Y. TP X1-172" NALS INTO JST, T¥P.

W

TYP LVL CONNECTION TO COLUMN AT DECK

NOTE: USE SIMILAR DETAIL FOR.OIST CONNECTION TO EXTERIOR MASONRY WALL, CAH USE
CONTINUOUS LEDGER WITH ROWS OF TAPCON SCREWS SPACED AT 16" 0.C. HORIZONTALLY.

TYP JST CONNECTION TO MASONRY AT DECK.

@

TYP ST CO

NNECTION TO LVL AT DECK

Fye

a‘m) QVN‘EEQOE‘H:OZ
J
\
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As Indicated




BTHL OF EAVE,
174

ISTFLEF

j FRONT ELEVATION - WALL

T

.

O LEFT ELEVATION

=10

STRLER 4
T

@H.», ELEVATION

||

RIGHT ELEVATION
T

BTM. OF EAVE,
=g

WOODEN ROOF
SIMPSON A34 FRAMING TRUSS
ANGLEWITH (2] #9 X 112"
50 SCREVYS, ADIACENT
TRUSSES T HAVE ANGLES ON
OFPOSITE FACES OF TRUSS.

INDFLEE
Eans

BTN OF EAVE |
T =
DOUBLE 2X8 BASE PLATE ] B
1/2" @1-BAR, 5" MIN EMBEDMENT INTO BOND
BEAL BEFORE START OF BEND, EXTEND SENT —
FORTION 2" MIN, SPACE 1-BARS AT 2-0" O.C, TYP.
BOND BEAM AT ROOF LINE
exTwaL — |

s

g

NAILS INTO THE TOP PLATE
USE SIMPSON H10A-2 WITH
SAME NUMEER OF
FASTENERS WHEN ROGI
TRUSS 15 2PLY.

v
NOTE: USE THIS DETAIL IN PLACE OF 8/57 FOR HIGH WIND ALTERNATIVE DESISH.

ASTRLEF.
T

5 REINF BAR WITH STANDARD
LHOOK ACCORDING TO GEHERAL

NOTES. USE AT TERMINATION OF
ALLVERT REINF AT BOND BEAM
AT ROOF LINE

mm T OF EAVE

BONDBEAM
REINF BAR

VERT REINF
BAR

LAP LHOOK BAR AND
VERT REINF IN
ACCORDANCE WITH

LAP SPLICE SCHEDULE

L

G FRONT ELEVATION - COLUMNS

O TYP ROQF TO EXT WALL CONMECTION - SECTION

T e

Q TYP TERMINATION OF VERT REINF AT ROOF

rere

e

AEQLU RED MEDIFICATIONS FOR HIGH WIND DESIGNALTERNATIVE

1. VERTICAL REINFORCEMENT IN EXTERIOR ChAU WALLS {1/57
LIT WA SPACING OF £5 VERT REINF DECREASED FAOM 100" TO 74",
12 USESTANDARD L-HOQKS AT ROOF LINE BOND BEAM AS SHOWN IN 7/58,

2. 2MDFLOOR CONNECTIONTO
21 T

SHORT WALL (9 & 10/57,
1D FROM 347 10 207,

3. 2ND FLOOR CONNECTION TO LONG WAL (SIMILAR TO 9 & 10/57]
32 MA | BAR SPACING AT ChIU LEDGER DECREASED FROM 34" 70 20",

HIGH WIND ALTERNATIVE DESIGN CRITEAIA
DESIGN CRITERTA SELOW USED FOR THIS DESIGN ALTERNATIVE IH PLACE
OF WINE DESIGN DATA INCLUDED IN STRUCTURAL NOTES.

A WIND DESIGN DATA
- BASIC WIND SPEED. . 1SOMPH
RISK CATEGORY... ..o ]
WIND EXPOSUFE......
INTERNAL PRESSURE COEFF

\
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LEFT ELEVATION

BTV OF EAVE,
fil-

D FRONT ELEVATION - WALL

T

BOND BEAM, BEND HORIZ REINF AROUND YERT
\F WITH 180° STANDARD HOOK AT ERDS,
BEND HORIZ REINF AROUND VEAT REINE WITH
90" STANDARD HODK AT CORNERS AS SHOWN
IN17/57,Tye,

1o

2HDFLEF
Exa

SR FEa
[E3

RIGHT ELEVATION

REAR ELEVATION
fT

HIGH SEISMIC ALTERNATIVE DESIGN CAITERIA
DESIGN CRITERIA BELOW USED FOR THIS DESIGN ALTERNATIVE IN FLACE
WOODEN ROOF OF EARTHALUAXE DESIGN DATA INCLUDED IN STRUCTURAL NOTES.

TRUSS
B A EARTHQUAKE DESIGN DATA,
: - - RISK CATEGORY i

SIMPSDN HGALDKT
HURRICANE GUSSET
ANGLE WITH (8) 1447 X

L1/2" 505 SCREWS, . - - SEISMIC IMPORTANCE FACTOR, L 10
e MAPPED SPECTRAL RESPONSE ACCELERATIONS
- -5 10008
ECERTS -5 0311
o sTECLaSs o
BT OF EAVE i SPECTRAL RESPONSE COEFFICIENTS

1 - % 0rag

248 BASE PLATE N u I Qaise

ki SEISMIC DES GH CATEGORY DORE

1/2' @1-84R, 5" MIM EMBEDMENT INTO BOND.
BEAN SEFOIRE START OF BEND, EXTEND BENT.
PORTION 2" MIN, SPACE J-BARS AT 207 0.C,, TYP.

- ANALYSIS PROCEDURE USED
~ EQUIVALENT LATERAL FORCE

T~ VERTREINF
BOND BEAM AT ROGF LINE

BT WAL

NOTE: USE THIS DETAIL IN PLACE GF 8/57 FOR HIGH SEISVIC ALTERNATIVE DESIGH.

TYP ROOF TO EXT WALL CONNECTION - SECTION

g
007
FRONT ELEVATION - COLUMNS
(5) T

=10

RLQUIRED MODIFICATIONS FOR HIGH SEISVIC DESIGN ALTERNATIVE

1. 2ND FLOOK INTERIOR SHEATHING
117 BLOCKED APA RATED SHEATHING, 10D NAILS SPACED AT 4" 0. WITH 1-1/2" PENETRATION INTO.
FRANING AT PANE L EDGES, LOD NAILS SPACED AT 12" D.C WITH 1-12° FENETRATON INTO FRAMING IN
FIELD OF PANELS. BLOCKING TO BE FLAT-LAID 2X4 MEMBERS SPANNING BETWEEN FLOOR TRUSSES,
TOE-NAIL BLOCKING INTO TGP CHORD OF FLODR TRUSSES PRIG TO APPLICATION OF SHEATHING, TP

2. 2NDFLODR CONNECTION 0 SHORT WALL (3 & 10/57)
21 MIAX, -BAR SPACTNG AT CMU LEDGER DECREASED FROM 347 TO 16",

2. 2NDFLOOR CONNECTION T LONG WL (SIMILAR TO 8 & 10/57)
3L MAX.J-BAR SPACING AT CMU LEDGLR DECALASED FROM 34" TO 16

a. -ORCEMENT IN EXTERIOR CMIL WALLS (1/57

41 MAXSPACING OF #5 VERT REINF DECREASED FROM 10' 0" T0 4

5. HORIZONTAL REINFORCEMENT IN EXTERIOR CMU WALL
5.1- MAK SPACING FOR BOND BEAMS (5EE 6/57) OF 7

6. REINFORCEIENT IN ChL MID-WALL
" USE s YERT REINF AT 48" MAX SPACING, INCLUDE #5 VERT REINF AT A

2. CONNECTVERT REINF TO FON USING #5 POST-INSTALLED DOWEL EPOXI
100 AND 6" EMBED., LA DOWEL WITH VERT REINF IN ACCORDANCE WITH LAP SPLICE SCHEDULE.

7. LATERALTIES IN CU COLUMNS
71T THSTALL3/E" @ LATCRALTICS AT 8° 0.C VERTICALLY IN ALL CMU COLUNNS. CUT CHIL WEBS AS
NECESSARY T0 INSTALL TIES SLCH THAT THEY ENCLOSE ALL VERT REINF BARS.

8. CONCRETE DESIGN STRENGTH
1 AL CONCRETE FOR USE [N FOUNDATIONS MUST MEET A MINIMUM DESIGN STRENGTH OF 3,000 751,

()
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