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PREFACE

The first edition of this illustrated guide to building construction appeared in 1972, introducing students and builders
of architecture Yo the fundamental principles that govern how buildings are erected. It marked the emergence of a visual
approach to understanding the relationship between design and construction.

In 19971, the second edition provided a more expansive survey of building construction by adding coverage of structural
stegl, reinforced concrete, and curtain wall systems. The Third edition in 2001 remained a comprehensive infroduction to
the principles underlying building construction while refining the graphic format and organization of the first two editions,
incorporating an expanded discussion of structural principles, elements, and systems and referencing the Americans with
Disabilities Act Accessibility Guidelines and the MasterFormat™ system established by the Constructions Specifications
Institute (CSI) for organizing construction information.

The fourth edition in 2008 introduced the LEED® Green Building Rating System™ in Chapter One and referenced
specific LEED criteria wherever appropriate; updated section numbers to correspond to the 2004 edition of the CSl
MasterFormat™ system; and complied with the requirements of the 2006 edition of the International Building Code®.

A common thread that wove itself through the first four editions and continues in this fifth edition is the attitude that
buildings and sites should be planned and developed in an environmertally sensitive manner, responding to context and
climate to reduce their reliance on active environmental control systems and the energy they consume. This edition
therefore continues o reference the latest edition of the LEED® Green Building Rating System™ criteria and the section
numbers of the 2012 CSI MasterFormat™ system wherever appropriate. Many of the changes and additions in this fifth
edition, such as updating information in lighting technologies and ways in which to reduce energy usage in buildings, are
incremental and often subtle, but together they comprise a continuing commitment to build wisely and sustainably.

It would be nearly impossible to cover all building materials and construction techniques, but the information presented
herein should be applicable to most residential and commercial construction situations encountered today. Construction
techniques cortinue to adjust to the development of new building materials, products, and standards. What does not
change are the fundamental principles that underlie building elements and the ways in which systems are constructed.
This illustrated guide focuses on these principles, which can serve as guideposts when evaluating and applying new
information encountered in the planning, design, and construction of a building.

Each building element, component, or systiem is described in terms of its end use. The specific form, quality, capability,
and availability of an element or component will vary with manufacturer and locale. It is therefore important to always
follow the manufacturer's recommendation in the use of a material or product and to pay careful attention to the building
code requirements in effect for the use and location of a planned building. [t is the users responsibility to ascertain the
appropriateness of the information contained in this handbook and to judge its fitness for any particular purpose. Seek
the expert advice of a professional when needed.

Metric Equivalents
The International System of Units is an internationally accepted system of coherent physical units, using the meter,
kilogram, second, ampere, kelvin, and candela as the base units of length, mass, time, electric current, temperature,
and luminous intensity. To acquaint the reader with the International System of Units, metric equivalents are provided
throughout this book according to the following conventions:
* All whole numbers in parentheses indicate millimebers unless otherwise noted.
+ Dimensions 3 inches and greatier are rounded to the nearest multiple of 5 millimeters.
* Nominal dimensions are directly converted; for example, a nominal 2 x 4 is converted to 51x 100
even though its actual 1-1/2"x 3-'/2" dimensions would be converted to 38 x 90.
+ Note that 3487 mm = 3407 m.
* Inall other cases, the metric unit of measurement is specified.
* Refer to the Appendix for metric conversion factors.
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1.02 BUILDING IN CONTEXT

Buildings do not exist in isolation. They are conceived to house,
support, and inspire a range of human activities in response to
sociocultural, economic, and political needs, and are erected in
natural and built environments that constrain as well as offer
opportunities for development. We should therefore carefully
consider the conextual forces that a site presents in planning the
design and construction of buildings.

The microclimate, Topography, and natural habitat of a site all
influence design decisions at a very early stage in the design
process. To enhance human comfort as well as conserve energy and
material resources, responsive and sustainable design respects
the indigenous qualities of a place, adapts the form and layout of
a building to the landscape. and takes into account the path of the
sun, the rush of the wind, and the flow of water on a site.

In addition to environmental forces, there exist the regulatory
forces of zoning ordinances. These requlations take into account
existing land-use patterns and prescribe the acceptable uses and
activities for a site as well as limit the size and shape of the building
mass and where it may be located on the site.

Just as environmental and regulatory factors influence where and
how development, occurs, the construction, use, and maintenance
of buildings inevitably place a demand on transportation systems,
utilities, and other services. A fundamental question we face is
how much development a site can sustain without exceeding the
capacity of these service systems, consuming too much energy, or
causing environmental damage.

Consideration of these contextual forces on site and building design
cannot proceed without a brief discussion of sustainability.
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SUSTAINABILITY 1.03

In 1987, the United Nations World Commission on Environment
and Development, chaired by Gro Harlem Brundtland, former Prime

Minister of Norway, issued a report, Qur Common Future. Among Principles
its findings, the report defined sustainable development as “a * Reduce resource consummption
form of development that meets the needs of the present without - Reuse resources
compromising the ability of future generations to meet their own - Recycle resources for reuse
needs.” - Protect nature

- Eliminate toxics
Increasing awareness of the environmental challenges preserted by * Applylife-cycle costing
climate change and resource depletion has pushed sustainability + Focus on quality

i becoming a significant issue shaping how the building design
industry operates. Sustainability is necessarily broad in scope,
affecting how we manage resources as well as build communities,
and the issue calls Tor a holistic approach that considers the social,
economic, and environmental impacts of development and requires
the full participation of planners, architects, developers, building
owners, conbractors, manufacturers, as well as governmental and
non-governmental agencies.

In seeking to minimize the negative environmental impact of
development, sustainability emphasizes efficiency and moderation
in the use of materials, energy, and spatial resources. Blilding in 2
sustainable manner requires paying attention to the predictable
and comprehensive outcomes of decisions, actions/and events
throughout the life cycle of  building, from conception to the siting,
design, construction, use, and maintenance of ngw buildings as well

Framework for Sustainable Development
In 1994 Task Group 16 of the International Council for Research
and Innovation in Building and Construction proposed a three-

Resources
as the renovation process for existing buildings and the dimensional framework for sustainable development. - Land
reshaping of communities and cities. - Materials

- Water
+ Energy

+ Ecosystems

R T "_‘j-’lt'/a"‘: o gl

TR

Phase
* Planning
* Development

- Design

- Construction

+ Use & Operation
» Maintenance e i
* Modification ' - ——
- Deconstruction f
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1.04 GREEN BUILDING

The terms “green building” and “sustainable design” are often

used interchangeably to describe any building designed in an
environmentally sensitive manner. However, sustainability calls for
a whole-systems approach to development that encompasses the
notion of green building but also addresses broader social, ethical,
and economic issues, as well as the community context of buildings.
As an essential component of sustainability, green building seeks to
provide healthy environments in a resource-efficient manner using
ecologically based principles.

Green building is increasingly governed by standards, such as the
Leadership in Energy and Environmental Design (LEED®) Green
Building Rating System™, which provides a set of measurable
criteria that promote environmentally sustainable construction.
The rating system was developed by the U.5. Green Building Council
(USGBC) as a consensus among its members—rTederal/statellocal
agencies, suppliers, architects, engineers, contractors, and building
owners—and s continually being evaluated and refined in response
to new information and feedback. In July 2003 Canada obtained
alicense from the USGEC to adapt the LEED rating system o
Canadian circumstances.

LEED® The LEED rating system for new construction addresses seven

To aid designers, builders, and owners achieve LEED major areas of development.

certification for specific building types and phase of a

building life cycle, the USGBC has developed a number of 1. Sustainable Sites

versions of the LEED rating system: deals with reducing the pollution associated with construction
* LEED for New Construction and Major Renovations activity, selecting sites appropriate for development, protecting
* LEED for Existing Buildings: Operations & Maintenance environmentally sensitive areas and restoring damaged habitats,
- LEED for Commercial Interiors encouraging alternative modes of transportation to reduce

* LEED for Core & Shell the impact of automobile use, respecting the natural water

- LEED for Schools hydrology of a site, and reducing the effects of heat islands.

- LEED forRetail

+ LEED for Healthcare 2. Water Efficiency

* LEED for Homes promotes reducing the demand for potable water and the

+ LEEDfor Neighborhood Development generabion of wastewater by using water-conserving fixtures,

capturing rainwater or recycled graywater for conveying sewage,
and treating wastewater with on-site systems.
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LEED® GREEN BUILDING RATING SYSTEM 1.05
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3. Energy and Atmosphere
encourages increasing the efficiency with which buildings
and their sites acquire and use energy, increasing renewable,
nonpolluting energy sources to reduce the environmental and
economic impacts associated with fossil fuel energy use, and

minimizing the emissions that corribute to ozone depletion and

global warming.

4. Materials and Resources

seeks to maximize the use of locally available, rapidly renewable

and recycled materials, reduce waste and the demand for
virgin materials, retain cultural resources, and minimize the
environmental impacts of new buildings.

5. Indoor Environmental Quality

promotes the enhanced comfort, productivity, and well-being of
building occupants by improving indoor air quality, maximizing
daylighting of interior spaces, enabling user control of

lighting and thermal comfort systems to suit task needs and
preferences, and minimizing the exposure of building ocoupants
to potentially hazardous particulates and chemical pollutants,
such as the volatile organic compounds (VOC) contained in
adhesives and coatings and the urea-formaldehyde resins in
composite wood products.

. Innovation in Design

rewards exceeding the requiremertts set by the LEED Green
Building Rating System andlor demonstrating innovative
performance in Green Building categories not specifically
addressed by the LEED Green Building Rating System.

. Regional Priority

provides incentives for practices that address geographically-
specific environmental priorities.
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1.06 THE 2030 CHALLENGE

Residential: 22.2%

Industrial: 31.4% \

Transportation: 27.6% —/

Commercial: 16.5%

U.S. Energy Consumption by Sector
Source: 2012 DOE Annual Energy Review

3. While some of this infrared
radiation passes through the
atmosphere, some is absorbed
and re-emitted in all directions
by greenhouse gas molecules and
. Water vapor in the atmosphere.

4. The downward part of
this infrared radiation is
the ‘greenhouse effect;,”

2. The absorbed
energy is then

emitted from the raising the temperature of
earthis surface as the lower atmosphere and
long-wave infrared the earths surface.
radiation.

&

N e i .
1. Some of the incoming solar radiation is reflected by the earth
and the atmosphere but most of the radiation is absorbed and - smae?" e
warmns the earth’s surface and atmosphere.

o (]

(limate Change & Global Warming

Greenhouse gases, such as carbon dioxide, methane, and nitrous oxide,
are emissions that rise into the atmosphere. C02 accounts for the
largest share of U.S. greenhouse gas emissions. Fossil fuel combustion
is the main source of C02 emissions.

Architecture 2030 is an environmental advocacy group whose
mission is "to provide information and innovative solutions in the
fields of architecture and planing, in an effort to address global
climate change.” Its founder, New Mexico architect Edward Mazria,
points to data from the U.S. Energy Information Administration
that indicates buildings are responsible for almost half the total
U.5. energy consumption and greenhouse gas (GHG) emissions
annually; globally, Mazria believes the percentage is even greater.

What is relevant to any discussion of sustainable design is

that most of the building sectors energy consumption is not
attributable to the production of materials or the process of
construction, but rather to operational processes—the heating,
cooling, and lighting of buildings. This means that to reduce the
energy consumption and GHG emissions generated by the use and
maintenance of buildings over their life span, it is necessary to
properly design, site, and shape buildings and incorporate natural
heating, cooling, ventilation, and daylighting strategies.

The 2050 Challenge issued by Architecture 2020 calls for all
new buildings and developments to be designed to use half the
fossil fuel energy they would typically consume, and that an equal
amount of existing building area be renovated annually to meet a
similar standard. Architecture 2050 is further advocating that
the fossil fuel reduction standard be increased from 70% in 2015
1080%in 2020 and 90% in 2025, and that by 2030, all new
buildings be carbon-neutral (using no fossil-fuel GHG-emitting
energy to build and operate).

There are two approaches to reducing a building’s consumption

of GHG-emitting fossil fuels. The passive approach is to work

with the climate in designing, siting, and orienting a building and
employ passive cooling and heating techniques to reduce its
overall energy requirements. The active approach is to increase
the ability of a building to capture or generate its own energy from
renewable sources (solar, wind, geothermal, low-impact hydro,
biomass, and bio-gas) that are available locally and in abundance.
While striking an appropriate, cost-effective balance between
energy conservation and generating renewable energy is the goal,
minimizing energy use is a necessary first step, irrespective of the
fact that the energy may come from renewable resources.
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SITE ANALYSIS 1.07

Site analysis is the process of studying the
contextual forces that influence how we might
situate a building, lay out and orient it spaces,
shape and articulate its enclosure, and establish its
relationship o the landscape. Any site survey beging
with the gathering of physical site data.

+ Draw the area and shape of the site as defined by its legal boundaries.
* Indicate required sethacks, existing easemerts, and rights-of-way.
+ Estimate the area and volume required for the building program, site

amenties, and future expansion, if desired.

* Analyze the ground slopes and subsoil conditions to locate the areas

suitable for construction and outdoor activities.

* ldertify steep and moderate slopes that may be unsuitable for

development.

* Locate soil areas suitable for use as a drainage field, if applicable.
* Map existing drainage patterns. (LEED 55 Credits 6.1,6.2:

Stormwater Design)

+ Detiermine the elevation of the water table.
* |dentify areas subject to excessive runoff of surface water,

flooding, or erosion.

* Locate existing trees and native plant materfals that should be

preserved.

+ Chart existing water features, such as wetlands streams, watersheds,

flood plains, or shorelines that should be protected. (LEED 55 Credit
5.1: Site Development—FProtect or Restore Habitat)

* Map climatic conditions: the path of the sun, the direction of

prevailing winds, and the expected amount of rainfall

-+ Consider the impact of landforms and adjacent structures on solar

access, prevailing winds, and the potential for glare.

* Evaluate solar radiation as a potential energy source.

+ Determine possible points of access from public roadways and public

transit stops. (LEED 55 Credit 4.1: Alternative Transportation—
Public Transportation Access)

* Study possible circulation paths for pedestrians and vehicles from

these access points to building entrances.

- Ascertain the availability of utilities: water mains, sanitary and storm

sewers, gas lines, electrical power lines, telephone and cable lines, and
fire hydrante.

-+ Determine access to other municipal services, such as police and fire

protection.

* Identify the scope of desirable views as well as objectionable views.
= (ite potential sources of congestion and noise.

+ Evaluate the compatibility of adjacent and proposed land uses.

* Map cultural and historical resources that should be preserved.

- Consider how the existing scale and character of the neighborhood

or area might affect the building design.

* Map the proximity to public, commercial, medical, and recreational

facilities. (LEED 85 Credit 2: Development Density and Community
Connectivity)
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1.08 soILs

There are two broad classes of solls——coarse-grained soils and fine-grained soils. Coarse-
grained solls include gravel and sand, which consist of relatively large particles visible to the
naked eye; fine-grained sols, such as silt and clay, consist of much smaller particles. The
American Society for Testing and Materials (ASTM) Unified Soil Classification System further
divides gravels, sands, silts, and clays it soil types based on physical composition and
characteristics. See table that follows.

- Gravel The soil underlying a building site may actually consist of superimposed layers, each

of which contains a mix of soil types, developed by weathering or deposition. To depict this
succession of layers or strata called horizons, geotechnical engineers draw a soil profile, 2
sERERERE +——— diagram of a vertical section of soil from the ground surface to the underlying material, using

S 4 ge g oa o] information collected from a test pit or boring.

EAGIHI

'r.] ! T The integrity of a building structure depends ultimately on the stability and strength under
{1 1] i loading of the soil or rock underlying the foundation. The stratification, composition, and

' density of the soil bed, variations in particle size, and the presence or absence of groundwater

77
%// are all critical factors in determining the suitability of a soil as a foundation material. When
s

/ designing anything other than a single-family dwelling, it is advisable To have a geatechnical
//% engineer undertake a subsurface investigation.

o

g

A subsurface investigation (CSl MasterFormat™ 02 32 00) involves the analysis and testing
of soil disclosed by excavation of a test pit up to 10" (3 m) deep or by deeper test borings in
order to understand the structure of the soil, its shear resistance and compressive strength,
it water content and permeability, and the expectied extent and rate of consolidation under

B s o s o= loading. From this information, the geotechnical engineer is able to gauge the anticipated total
L lf and differential settlement under loading by 2 proposed foundation system.
Soil Classification* Symbol  Description Presumptive Bearing Capacity' Susceptibility ~ Permeability
psft kPa to Frost Action & Drainage
Gravels Cleangravels — GW Well-graded gravel 10000 479 None Excellent
04-76.2 mm GF Foorly graded gravel -~ 10000 479 None Excellent
Gravels wl fines  GM Silty gravel 5000 239 Slight Foor
GC Clayey gravel 4000 192 Slight Foor
Sands Cleansands — SW Well-graded sand 7500 359 None Excellent
0.05-64 mm or Foorly graded sand 6000 287 None Excellent
Sands w/ fines  SM Silty sand 4000 192 Slight Fair
SC Clayey sand 4000 192 Medium Foor
Silts LL>50° ML Inorganic silt 2000 96 Very high Foor
0.002-0.05mm (L Inorganic clay 2000 90 Medium Impervious
& Clays LL<b0? oL Organic silt-clay Very poor High Impervious
<0.002 mm MH Elasticinorganicsitt 2000 90 Very high Foor
CH Plastic inorganic clay 2000 96 Medium Impervious
OH Organic clay and silt Very poor Medium Impervious
Highly organic soils Pt Feat Unsuitable Slight Foor

* Based on the ASTM Unified Soil Classification System

! Consult a geotechnical engineer and the building code for allowable bearing capacities.

 1pst=0.0479kFa

5 LL = liquid limit: the water content, expressed as a percertage of dry weight, at which a soil passes from a plastic to a liquid state.
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SOIL MECHANICS 1.09

The allowable bearing capacity of a soil is the maximum unit
pressure a foundation is permitted to impose vertically or
laterally on the soil mass. In the absence of geotechnical
investigation and testing, building codes may permit the use of
conservative load-bearing values for various soll classifications.
While high-bearing-capacity soils present few problems, low-
bearing-capacity soils may dictate the use of a certain type of
foundation and load distribution pattern, and ultimately, the
form and layout of a building.

Density is a critical factor in determining the bearing capacity
of granular soils. The Standard Fenetration Test measures the
density of granular soils and the consistency of some clays

at the bottom of a borehole, recording the number of blows
required by a hammer Yo advance a standard soil sampler.

In some cases, compaction, by means of rolling, tamping, or
soaking to achieve optimum moisture content, can increase the
density of a soil bed.

Coarse-grained soils have a relatively low percentage of void
spaces and are more stable as a foundation material than silt
or clay. Clay solls, in particular, tend to be unstable because
they shrink and swell considerably with changes in moisture
content. Unstable soils may render a site unbuildable unless an
elaborately engineered and expensive foundation system is put
in place.

The shearing strength of a soil is a measure of its ability to
resist displacement when an external force is applied, due

largely to the combined effects of cohesion and internal friction.

On sloping sites, as well as during the excavation of a flat site,
uncontined soil has the potential to displace laterally. Cohesive
soils, suich as clay, retain their strength when unconfined;
granular soils, such as gravel, sand, or some silts, require a
confining force for their shear resistance and have a relatively
shallow angle of repose.

The water table is the level beneath which the soil is saturated
with groundwater. Some building sites are subject to seasonal
fluctuations in the level of groundwater. Any groundwater
present must be drained away from a foundation system to
avoid reducing the bearing capacity of the soil and to minimize
the possibility of water leaking into a basement. Coarse-grained
solls are more permeable and drain better than fine-grained
solls, and are less susceptible to frost action.

ISl
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1.10 TOPOGRAPHY

T \ Topography refers to the configuration of surface features
) ) of a plot of land, which influences where and how to build and
. Ly develop a site. To study the response of a bullding design to the
/ \ topography of a site, we can use a series of site sections or a
site plan with contourlines.

Contour lines are imaginary lines joining points of equal
elevation above a datum or bench mark. The trajectory of each
contour line indicates the shape of the land formation at that
elevation. Note that contour lines are always continuous and
never cross one another; they coincide ina plan view only when
they cut across a vertical surface.

Contour interval refers to the difference in elevation
represented by any two adjacent contour lines on a topographic
map or site plan. The interval used is determined by the scale of
a drawing, the size of the site, and the nature of the topography.
The larger the area and the steeper the slopes, the greater the
irerval between contours. For large or steeply sloping sites,
20'or 40" (5 or 10 m) contour intervals may be used. For small
sites having relatively gradual slopes, 1', 2", or 5'(0.50r 1.0 m)
conbours may be necessary.

We can discern the topographical nature of a site by reading the
horizontal spacing and shape of contour lings.

Contours spaced far apart indicate a relatively flat

or gently sloping surface.

Equally spaced contours denate a constant slope.

Closely spaced contours disclose a relatively steep

rise in elevation.

+ Contourlings represent a ridge when pointing toward

lower elevations; they represert a valley when pointing
toward higher elevations.

Ground slopes over 25% are subject to erosion and
are difficult to build on.

Ground slopes over 10% are challenging to use for
outdoor activities and are more expensive to build on.

_ —-—\/ Ground slopes from 5% to 10% are suitable for
* Slope (h) = [elevation gain (v)/ horizontal distance (h)] x 100 informal outdoor activities and can be built on without
too much difficulty.
The ground slope between any two contour lines is a function Ground slopes up to 5% are usable for most outdoor
of the total change in elevation and the horizontal distance between activities and are relatively easy to build on.

the two contours.
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TOPOGRAPHY 1.11

For aesthetic and economic, as well as ecological reasons, the general

intent in developing a site should be to minimize the disturbance of existing

landforms and features while taking advarrtage of natural ground slopes and

the microclimate of the site.

+ St development and construction should minimize disrupting the
natural drainage patterns of the site and adjacent properties. .

* When modifying landforms, include provisions for the drainage > &5 S

of surface water and groundwater ——8 — . S
+ Attempt to equalize the amourt of cut and fill required

for construction of a foundation and site development.
* Avoid building on steep slopes subject to erosion or slides.
* Wetlands and other wildlife habitats may require protection
and limit the buildable area of a site.
+ Fay particular attention to building restrictions on sites
located in or near a flood plain.

LEED 56 Credit, 9.7: Site Development—
Protect or Restore Habitat

* Elevating a structure on poles or piers minimizes
disturbance of the natural terrain and existing vegetation.
+ Terracing or stepping a structure along a slope requires
excavation and the use of retaining walls or bench terracing.
+ Cutting a structure into a slope or locating it partially
underground moderates temperature extremes and minimizes exposure
towind, and heat loss in cold climates.
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The microclimate of a site is influenced by the ground elevation,
the nature and orientation of landforms, and the presence of
bodies of water.

* The temperature in the atmosphere decreases
with altitude—approximately 1°F (0.56°C) for

- Warm air rises. every 400' (122 m) in elevation. \
" Heavier ool air seftles Solar radiation warms southern slopes, creating a
into low-lying areas. 2 emperate zore.
Daytime breezes, which replace updrafts of warm air over
7a

land, can have a cooling effect of up 1o 10°F (5.6°C).

Grass and other ground covers tend to lower

ground temperatures by absorbing solar radiation and
enicouraging cooling by evaporation.

* Hard surfaces tend to elevate ground temperatures.

- Light-colored surfaces reflect solar radiation; dark surfaces
absorb and retain the radation.

el e A g

Large bodies of water:

* Act as heat reservoirs and moderate variations in local temperature;

+ Are generally cooler than land during the day and warmer at night, LEED S5 Credits 7.1,7.2: Heat lsland Effect
generating offshore breezes;

- Are generally warmer than land in winter and cooler in summer.

+ Inhot-dry climates, even small bodies of water are desirable, both e 7

psychologically and physically, for their evaporative cooling effect. e e

o e e T e e g
%——?—, (SI MasterFormat 31 10 00: Site Clearing

(SI MasterFormat 31 20 00: Earth Moving
(SI MasterFormat 32 70 00: Wetlands
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.12 PLANT MATERIALS

LEED 55 Credits 6.7, 6.2: Stormwater Design
LEED 55 Credit 7.1: Heat Island Effect—Nonroof
LEED WE Credit 1: Water Efficient Landscaping
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(SI MasterFormat 32 90 00: Planting

Plant materials provide aesthetic as well as functional benefits in
conserving energy, framing or screening views, moderating noise,
retarding erosion, and visually connecting a building to its site. Factors
to consider in the selection and use of plant materials in landscaping
include the:

+ Tree structure and shape

- Seasonal density, texture, and color of foliage

+ Opeed or rate of growth

* Mature height and spread of foliage

* Requirements for soil, water, sunlight, and temperature range
* Depth and extent of the root structure

* Trees and other plant life adapt their forms to the climate.

+ Existing healthy trees and native plar materials should be preserved
whenever possible. During construction and when regrading a site,
existing trees should be protected for an area equal to the diameter
of their crowns. The root systems of trees planted too close toa
building may disturb the foundation system. Root structures can
also interfere with underground utility lines.

+ Tosupport plant life, a soil must be able to absorb moisture, supply
the appropriate nutrients, be capable of aeration, and be free of
concentrated salts.

Grass and other ground covers:

+ Can reduce air temperature by absorbing solar radiation and
encouraging cooling by evaporation;

* Aid in stabilizing soil embankments and preventing erosion;

* Increase the permeability of soil to air and water.

- Vines can reduce the heat transmission through a sunlit wall
by providing shade and cooling the immediate environment by
evaporation.
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TREES 1.13

Trees affect the immediate environment of 2 building in the following ways: Providing Shade

The amount of solar radiation obstructed or filtered
by atree depends on its:

- Orientation to the sun

+ Proximity to a building or outdoor space

* Shape, spread, and height

- Density of foliage and branch structure

+ Trees shade a building or outdoor space most effectively from
the southeast during the morning and the southwest during the late
afternoon when the sun has a low altitude and casts long shadows.

+ South-facing overhangs provide more efficient shading during
the midday period when the sun is high and casts short shadows.

* Deciduous trees provide shade and glare protection during the summer
and allow solar radiation to penetrate through their branch structures
during the winter.

* Evergreens provide shade throughout the year and help reduce snow
glare during the winter.

Serving as Windbreak

* Evergreens can form effective windbreaks and reduce
heat loss from a building during the winter.

+ The foliage of plant materials reduces wind-blown dust.

Defining Space
+ Trees can shape outdoor spaces for activity and movement.

Directing or Screening Views

+ Trees can frame desirable views.

+ Trees can screen undesirable views and provide privacy for
outdoor spaces.

Attenuating Sound

+ A combination of deciduous and evergreen trees is most effective in
intercepting and attenuating airbore sound, especially when combined
with earth mounds.

Improving Air Quality

+ Trees trap particulate matter on their leaves, which is then washed to
the ground during rainfall.

* Leaves can also assimilate gaseous and other pollutants.

+ Photosynthetic process can metabolize fumes and other odors.

Stabilizing Soil
= The root structures of trees aid in stabilizing soll, increasing the
permeability of the soil to water and air, and preventing erosion.
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1.14 SOLAR RADIATION

The location, form, and orientation of a building and its spaces
should take advantage of the thermal, hygienic, and psychological
benefits of sunlight. Solar radiation, however, may not always be
beneficial, depending on the latitude and climate of the site. In
planning the design of a building, the objective should be to maintain
abalance between underheated periods when solar radiation is
beneficial and overheated periods when radiation should be avoided.

The path of the sun through the sky varies with the seasons and the
latitude of a building site. The range of solar angles for a specific site
should be obtained from a weather almanac or service bureau before
calculating the potential solar heat gain and shading requirements
for 2 building design.

- Altifude is the angular
elevation of the sun above
the horizon.

Horizon
Summer solstice (June 21)

+ Spring equinox (March 21)
* Autumnal equinox (September 22)

Winter solstice (December 22)

Azimuth is the angle of horizontal deviation, Solar Path Diagram
measured clockwise, of a bearing from a .
standard south direction. MR

b
dnd W
Representative Solar Angles

North Latitude  Representative City ~ Altitude at Noon Azimuth af Sunrise & Sunset*
Dec. 22 Mar. 21/Sept. 22 Dec. 22 June 21

48° Seattle 16 42° o4 124°
44 Toronto 22° 46° 56° 122
40° Denver 26° 50° 58° 1207
50° Tulsa a0 o4° 00 118°
o2 Phoenix o4° 58° 02° 116°

* Azimuth is east of south for sunrise, and west of south for sunset.
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SOLAR RADIATION

.15

The following are recommended forms and orientations for
isolated buildings in different climatic regions. The information
presented should be considered along with other corextual
and programmatic requirements.

Cool Regions

Minimizing the surface area of a building reduces exposure to N

low temperatures.

* Maximize absorption of solar radiation. Location

* Reduce radiant, conductive, and evaporative heat logs. Orientation

+ Provide wind protection.

Temperate Regions

Elongating the form of a building along the east-west

axis maximizes south-facing walls.

- Minimize east and west exposures, which are Location
generally warmer in summer and cooler in winter than Orientation
southern exposures.

+ Balance solar heat gain with shade protection on a
seasonal basis.

* Encourage air movement in hot weather; protect against
wind in cold weather.

Hot-Arid Regions

Building forms should enclose courtyard spaces.

+ Reduce solar and conductive heat gain. ‘

. o Location
+ Promote cooling by evaporation using water features and S
. Orientation
plartings.

* Provide solar shading for windows and outdoor spaces.

Hot-Humid Regions

Building form elongated along the east-west axis minimizes

€ast, afd West exposures.

- Reduce solar heat gain. ,

- Utilize wind to promote cooling by evaporation. Location

p g vy evap o
Orientation

+ Provide solar shading for windows and outdoor spaces.

LEEDEA Credit 1: Optimize Energy Ferformance
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.16 PASSIVE SOLAR DESIGN

Fassive solar heating refers to using solar energy to heat the interior
spaces of a building without relying on mechanical devices that
require additional energy. Fassive solar systems rely instead on

the natural heat transfer processes of conduction, convection, and
radiation for the collection, storage, distribution, and control of
solar energy.

The solar constant is the average rate at which radiant energy
from the sur is recelved by the earth, equal to

430 Btu per square foot per hour (1355 Wim?/hr), used in
caloulating the effects of solar radiation on buildings.

There are two essential elements in every passive solar system:

1. South-facing glass or transparent plastic for solar collection

- Area of glazing should be 30% to 50% of floor area in cold
climates and 15% to 25% of floor area in temperate climates,
depending on average outdoor winter Temperature and projected
heat lose.

- Glazing material should be resistant to the degradation caused
by the ultraviolet rays of the sun.

* Double-glazing and insulation are required to minimize nighttime
heat loss.

+—— 2. Athermal mass for heat collection, storage, and distribution,
oriented 1o receive maximum solar exposure

- Thermal storage materials include concrete, brick, stone, tile,
rammed earth, sand, and water or other liquid.
Phase-change materials, such as eutetic salts and paraffing, are
also feasible.

- Concrete: 12"10 18" (305 10 455)

+ Brick: 10"70 14" (25510 359)

- Adobe: 8"10 12" (20010 505)

- Water. 6" (150) or more

- Dark-colored surfaces absorb more solar radiation
than light-colored surfaces.

* Vents, dampers, movable insulation panels, and shading devices
can assist in balancing heat distribution.

Based on the relationship between the sun, the interior space, and
the heat collection system, there are three ways in which passive
solar heating can be accomplished: direct gain, indirect gain, and
isolated gain.

LEED EA Credit 2: On-Site Renewable Energy
LEED EA Credit ©: Green Fower

(SI MasterFormat 23 56 00: Solar Energy Heating Equipment
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PASSIVE SOLAR DESIGN 1.17

Direct Gain

Direct gain systems collect heat directly within an interior
space. The surface area of the storage mass, which is
incorporated into the space, should be 50% to 66% of the
total surface area of the space. During the cooling season,
operable windows and walls are used for natural or induced
ventilation.

Indirect Gain

Indirect gain systems control heat gain at the exterior skin of a
building. The solar radiation first strikes the thermal mass, either
a concrete or masonry Trombe wall, or a drumwall of water-filled
barrels or Tubes, which is located between the sun and the living
space. The absorbed solar energy moves through the wall by
conduction and then to the space by radiation and convection.

Sunspace

A sunroom or solarium is another medium for indirect heat
gain. The sunspace, having a floor of high thermal mass, is
separated from the main living space by a thermal storage wall
from which heat is drawn as needed. For cooling, the sunspace
can be vented to the exterior.

Roof Pond

Another form of indirect gain is a roof pond that serves as a liquid
mass for absorbing and storing solar energy. An insulating panel
is moved over the roof pond at night, allowing the stored heat

to radiate downward into the space. In summer, the process is
reversed to allow internal heat absorbed during the day to radiate
fo the sky at night.

Isolated Gain

Isolated gain systems collect and store solar radiation away
from the space to be heated. As air or water in a collector is
warmed by the sun, it rises to the served space oris stored
inthe thermal mass until needed. Simultaneously, cooler air
or water is pulled from the bottom of the thermal storage,
creating a natural convection loop.

B
\ !‘f =] PV
Vent for cooling

i

R |

Thermal mass: 12" (205) Trombe wall or 6" (150) drumwall

38

Vent for cooling

Vent for cooling

| Roofpond

Vent for cooling
Heated medium rises.

Jmedium falls for

reheating.




(c) ketabton.com: The Digital Library

1.18 SOLAR SHADING

Shading devices shield windows and other glazed areas from
direct sunlight in order to reduce glare and excessive solar
heat gain in warm weather. Their effectiveness depends on
their form and orientation relative to the solar altitude and
azimuth for the time of day and season of the year. Exterior
devices are more efficient than those located within interior
spaces because they intercept solar rays before they can reach
an exterior wall or window.

llustrated are basic types of solar shading devices. Their form,
orientation, materials, and construction may vary to suit

« Horizontal overhangs are most effective « Horizontal louvers parallel to a wall permit specific situations. Their visual qualities of patter, texture,
when they have southern orientations. air circulation near the wall and reduce and rhythm, and the shadows they cast, should be considered
conductive heat gain. when designing the facades of a building.

* Louvers may be operated manually or
controlled automatically with time or

a photoelectric controls to adapt to the
e solar angle.

i
m

=
S
* Slanted louvers provide more protection * Louvers hung from a solid overhang * Vertical louvers are most effective for eastern or
than those parallel to a wall. protect against low sun angles. Western exposures.
- Angle varies according to the range of - Louvers may interfere with view. * Louvers may be operated manually or controlled
solar angles. automatically with time or photoelectric controls to
adapt to solar angle.

* Separation from wall reduces conductive heat gain.

o
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- Eggcrates combine the shading characteristics + Solar blinds and screens can provide up to 2 + Trees and adjacent structures may provide shade depending
of horizontal and vertical louvers and have a high 50% reduction in solar radiation, depending on on their proximity, height, and orientation.
shading ratio. their reflectivity.
- Eggcrates, sometimes referred 10 a5 * Heat-absorbing glass can absorb up to 40% of
brise-soleil, are very efficient in hot climates. the radiation reaching fts surface.

(SI MasterFormat 10 71 13: Exterior Sun Control Devices
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DAYLIGHTING 1.19

Solar radiation provides not only heat but also light for the interior
spaces of a building. This daylight has psychological benefits as well as
practical utility in reducing the amount of energy required for artificial
lighting. While infense, direct sunlight varies with the time of day, from
56250 10 season, and from place to place, it can be diffused by cloud
cover, haze, and precipitation, and reflected from the ground and other
surrounding surfaces.

Direct sunlight

Skylight reflected and diffused by air molecules

External reflectance from the ground and adjacent structures
Internal reflectance from room surfaces

- North-facing windows let in

: ‘i:k The quantity and quality of daylighting in a space are determined by
soft, diffuse skylight. }

the size and orientation of its window openings, transmittance of
the glazing, reflectance of room surfaces and outdoor surfaces, and
obstructions of overhangs and nearby trees.

East- and west-facing windows require shading devices to avoid the
bright early-morning and late-afternoon sun.

South-facing windows are ideal sources for daylight if horizontal
shading devices can control excessive solar radiation and glare.

e : ' The level of illumination provided by daylight diminishes as it penetrates
% e /,7 an interior space. Generally, the larger and higher a window is, the more
3 P o
s ; daylight will enter a room.

/’ \ Light shelves shade glazing from direct sunlight while reflecting

/ daylight onto the ceiling of a room. A series of parallel, opaque white
louvers can also provide solar shading and reflect diffused daylight

into the interior.

Auseful rule of thumb is that daylighting can be effective for task

illumination up to a depth of twice the height of 2 window.

* The ceiling and back wall of a space are more effective than the side

walls or the floor in the reflection and distribution of daylight; light-

colored surfaces reflect and distribute light more efficiently, but large

areas of shiny surfaces can cause glare.

Skylights with translucent glazing can effectively daylight a space

from above without excessive heat gain.

- Roof monitors are another means of reflecting daylight into

el \ g
E 4 aspace.
[
Excessive brightness ratios can lead to glare and impairment of visual

performance. Glare can be controlled by the use of shading devices, the
proper orientation of task surfaces, and allowing daylight to enter a
space from at least two directions.

e

e

LEEDIEQ Credit 8.1: Daylight and Views—Daylight

* For the most balanced
daylighting, allow daylight to
penetrate a space from at Place windows adjacent to side walls for additional reflectance and
least two directions. fllumination.

/]
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1.20 PRECIPITATION

- Cisterns for collecting
rainwater may serve as a
primary or backup supply of
water; rooftop cisterns can
impose above-normal gravity
loads on the roof structure.

* See Chapter 6 for constructing roof systems.
* See Chapter 7 for roofing assemblies.

The amount of annual and seasonal precipitation expected for a
building site should influence the design and construction of the
roof structure of a building, the choice of building materials, and

the detailing of its exterior wall assemblies. Furthermore, the runoff
of rain and melting snow from constructed roof areas and paved
surfaces increases the amount of storm water that must be drained
from the sife.

Flat roofs require either interior roof drains or scuppers along

their perimeter for drainage. Secondary, emergency overflow roof

drains or scuppers are required in cases where water might be

trapped if the primary roof drains are blocked.

* Incold climates, flat roofs are subject to heavy snow loads. The
layer of snow may serve as additional insulation.

* Moderately pitched roofs easily shed rain but may
retain snow.

Overhangs protiect the exterior walls of a building from
the weathering effects of sun and rain.

+ Stieeply pitched roofs shed rainwater quickly. If the angle
of the slope is greater than ©0°, the roof may also be able
to slough off snow.

Gutters and downspouts lead to a storm sewer or 1o a
natural outfall on the site.
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SITE DRAINAGE 1.21

Development of a sitie can disrupt the existing drainage pattern and create
additional water flow from constructed roof areas and paved surfaces.
Limiting disruption of a site’s natural water hydrology and promoting
infiltration by such means as pervious paving and vegetated roofs is
advisable. Site drainage is necessary to prevent erosion and the collection
of excess surface water or groundwater resulting from new construction.

There are two basic types of site drainage: subsurface and surface
drainage systems. Subsurface drainage consists of an underground
network of piping for conveying groundwater to a point of disposal, as a
storm sewer system or a natural outfall at a lower elevation on the site.
Excess groundwater can reduce the load-carrying capacity of a foundation
soil and increase the hydrostatic pressure on a building foundation.
Waterproofing is required for basement structures situated close to or
below the water table of a site.

Surface drainage refers to the grading and surfacing of 2

site in order to divert rain and other surface water info

natural drainage patterns or a municipal storm sewer system. A holding
pond may be necessary when the amount of surface runoff exceeds the
capacity of the storm sewer system.

A curtain or intercepting drain may be placed
between a source of groundwater and the area to be
profected.

+ One ype of curtain drain is a French drain, which
consists of a trench filled 1o ground level with loose
stones or rock fragments.

LEED 66 Cred% 6 1 6 2 Stormwater Design
LEED WE Credit 2: Innovative Wastewater Technologies

Finish grades should be sloped to drain surface
water away from a building: 5% minimum; 2%
minimum for impervious surfaces.

Groundwater consists largely of surface water
that has seeped down through porous ol

Foundation drain system; see 3.14.

Surface Drainage Slopes
- (rass lawns and fields: 1.5% to 10%

recommended

* Faved parking areas: 2% to 5% recommended

Swales are shallow depressions formed by the
intersection of two ground slopes, designed
to direct or divert the runoff of surface water.
Vegetated swales can increase infiltration.

+ Grass swales: 1.5% to 2% recommended
- Faved swales: 4% to 0% recommended

Area drains collect surface water from a basement
floor or paved area.

* Drywells are drainage pits lined with gravel or

rubble to receive surface water and allow it to
percolate away to absorbent earth underground.

Catch basins are receptacles for the runoff of
surface water. They have a basin or sump that
retains heavy sediment before it can pass into an
underground drainpipe.

Culverts are drains or channels passing under 2
road or walkway.

Catchment areas can be designed to look like and
function as ponds and marshes.

- Constructed wetlands are engineered, designed,

and constructed to utilize natural processes in
treating wastewater and improving water quality.

(SI MasterFormat 32 70 00: Wetlands
(SI MasterFormat 33 40 00: Storm Drainage Utilities
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1.22 WIND

- Qutlets should be as large
or larger than inlets for
maximum air flow.

* The position of an outlet has

’”‘"\b‘ [ .u_«‘fl**\ little effect on the air flow
-+ - ] ———/ pattem but should allow rising
— Y 4 .
———— lowinlets direct air = Warmairto escape.
* High pressure H flow at occupants.

* Highinlets direct air flow upward,
resulting in a loss of cooling effect.

* Low pressure
| .|
T
LI =1
’F,,_---—-_____._-——"'_j

] |

- Roof overhangs increase + Overhangs over openings direct flow
incoming flow of air. upward which may be undesirable for cooling.

—
|_| ,ﬁ[' * Interior partitions and
> furnishings may adversely
o ]
‘/I'—l-/ﬁ‘ l..l =3 alter air flow patterns,

+ Slots in overhangs equalize + Louvers can beneficially redirect
external pressure. and diffuse air flow.

See 7.47 for the
ventilation of
concealed spaces.
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+ Flat roof

* Roofslopes up o 7:12

* Roof slopes greater than 7:12

The direction and velocity of prevailing winds are important
site considerations in all climatic regions. The seasonal and
daily variations in wind should be carefully considered in
evaluating its potential for ventilating interior spaces and
outdoor courtyards in warm weather, causing heat loss in cold
weather, and imposing lateral loads on a building structure.

Wind-induced ventilation of interior spaces aids in the

air exchange necessary for health and odor removal. In

hot weather, and especially in humid climates, ventilation

is beneficial for convective or evaporative cooling. Natural
ventilation also reduces the energy required by mechanical
fans and equipment. (LEED IEQ Credit 2: Increased Ventilation)

The movement of air through a building is generated by
differences in air pressure as well as temperature. The resulting
patterns of air flow are affected more by building geometry and
orlentation than by air speed.

The ventilation of concealed roof and crawl spaces is required
to remove moisture and control condensation. In hot weather,
attic ventilation can also reduce overhead radiant heat gain.

Incold climates, a building should be buffered against chilling
winds to reduce infiltration into interior spaces and lower heat
loss. A windbreak may be in the form of an earth berm, a garden
wall, or a dense stand of trees. Windbreaks reduce wind velocity
and produce an area of relative calm on their leeward side. The
extent of this wind shadow depends on the height, depth, and
density of the windbreak, its orientation to the wind, and the
wind velocity.

* Avpartially penetrable windscreen creates less pressure
differential, resulting in a large wind shadow on the leeward
side of the screen.

The structure, components, and cladding of a building must

be anchored to resist wind-induced overturning, uplift, and
sliding. Wind exerts positive pressure on the windward surfaces
of abuilding and on windward roof surfaces having a slope
greater than 30°. Wind exerts negative pressure or suction
onthe sides and leeward surfaces and normal to windward

roof surfaces having a slope less than 30°. See 2.09 for more
information on wind forces.
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SOUND & VIEWS .23

ound requires a source and a path. Undesirable exterior
sounds or noise may be caused by vehicular traffic, aircraft,
and other machinery. The sound energy they generate travels
through the air outward from the source in all directions in

a continuously expanding wave. This sound energy, however,
lessens in intensity as it disperses over a wide area. To reduce
the impact of exterior noise, therefore, the first consideration
should be distance—locating a building as far from the noise
source as possible. When the location or dimensions of a site
donot make this possible, then the interior spaces of a building
may be screened from the noise source in the following ways.

* Use building zones where noise can be Tolerated, for example,
mechanical, service, and utility areas, as a buffer.

+ Employ building materials and construction assemblies
designed to reduce the transmission of airborne and
structure-borne sound.

+ Orient door and window openings away from the sources of
undesirable noise.

+ Place physical mass, such as earth berms, between the noise
source and the building.

+ Utilize dense plantings of trees and shrubs, which can be
effective in diffusing or scattering sound.

+ Plant grass or other ground cover, which is more absorptive
than the hard, reflective surfaces of pavements.

Animportart aspect of site planning is orienting the interior
spaces of a building to the amenities and features of a

site. Given the appropriate orientation, window openings in
these spaces should be positioned not only to satisfy the
requirements for natural light and ventilation, but also to reveal
and frame desirable views. Depending on the location of the
site, these views may be close or distant in nature. Even when
desirable views are nonexistent, a pleasant outlook can often be
created within a building site through landscaping.

Awindow may be created within a wall in a number of ways,
depending on the nature of the view and the way it is framed
in the wall construction. It is important to note that the size * Expansive view * Restricted view + Filtered view
and location of windows also affect the spatial quality and

daylighting of a room, and the potential for heat loss or gain.

- South-facing windows can be effectively D[:”:

shaded while admitting daylight.
+ North-facing windows are exposed to
winter winds in cool climates.
+ East- and west-facing windows are sources
of overheating and are difficult to shade effectively.

N
i
AL L
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.24 REGULATORY FACTORS

Zoning ordinances are enacted within a municipality or

land-use district to manage growth, regulate land-use patterns,
control building density, direct development to areas with
adequate services and amenities, protect environmentally
sensitive areas, and conserve open space.

For any single building site, a zoning ordinance will regulate both
the types of activity that may occur on it and the location and bulk
of the building or buildings constructed to house such activities. A
special type of zoning ordinance is the Planned Unit Development,
which allows a fairly large tract of land to be developed as a single
entity for added flexibility in the placement, grouping, size, and use

\/ of structures.

- Percentage of allowable lot coverage = (Cx D) / (A x B) It is important to understand how a zoning ordinance might

+ Percentage of allowable total floor area = [(Cx D) + (ExF) + (GxH)]/ (AxB) constrain the allowable size and shape of a building. The bulk of a
building is requlated directly by specifying various aspects of its
size.

How much of the land can be covered by a building structure and
the total floor arca that may be constructed are expressed as
percentages of the ot area.

The maximum width and depth a building may have are
expressed as percentages of the dimensions of the sife.

Zoning ordinances also specify how tall the building structure
can be.

+ Fercentage of allowable width or depth = C/A or DIB

* Required front, side, rear sethacks
- Buildable area The size and shape of a building are also controlled indirectly by

specifying the minimum required distances from the structure to
the property lines of the site in order to provide for air, light, solar

access, and privacy.

Existing easements and rights-of-way may further limit the

K/mam area of a site.
Aneasement is a legal right held by one party to make limited

use of the land of another, as for a right-of-way or for access to
light and air.

* Aright-of-way is a legal right granted to a single party or
the public to traverse anothers land, as for access to or the
construction and maintenance of utility lines.

All of the above requirements, together with any restriction on
type and density of use, define a three-dimensional envelope
beyond which the volume of 2 building may not extend. Refer to the
applicable zoning ordinance for specific requirements.

LEED 55 Credit 1: Site Selection
LEED 5 Credit, 2: Development, Density and Community Connectivity
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ZONING ORDINANCES 1.25

Exclusions to the general requirements of a zoning ordinance may ]
exist in the form of exceptions or allowances. Exceptions to the normal ! + Required sethack
sethack requirements may be made for:

+ Projections of architectural features such as roof
overhangs, cornices, bay windows, and balconies

- Accessory structures such as low-level decks, fences,
and detached carports or garages

- Precedents set by existing, neighboring structures

Possible exceptions

Exceptions are often made for sloping sites, or for sites adjacent to
public open spaces.

+ Sloping roofs, chimneys, and other roof projections may be allowed to
extend beyond the normal height limitation.

+ The height limit may be directly related to the slope of a site.

* Areduction in the sethack requirements may be made for sloping
sities or for sites fronting on open space.

In order to provide for adequate light, air, and space, and =1
to enhance the streetscape and pedestrian environment, requirements §
may exist for: E
=
+ Open spaces accessible to the public * Fossible reduction w)
(LEED 95 Credit 5.2: Site Development—Maximize Open Space) for slope ————
- Additional sethacks if a sbructure rises above a certain height ‘@\\\\\\\Y

* Modulation of the facade of a building fronting a public space
* Vehicular access and off-street parking

* Sethack 2
Zoning ordinances may also contain requirements that apply only to * Sethack 1]
specific use categories as well as procedures for requesting a variance
from the requlations.

* Restrictive covenants are provisions in a deed that restrict
the action of any party to it, as an agreement among property owners
specifying the use to which a property can be put. Racial and religious
restrictions are legally unenforceable.

Height 2

Other regulatory instruments exist that affect the way buildings are

sited and constructed. These statutes——commonly referred to as the

building code—establish the relationship between:

+ The type of accupancy a building houses

- The fire-resistance rating of its sbructure and construction

+ The allowable height and floor areas of the building, and its separation
from neighboring structures

‘. + .
T o
N N SR S N \\%\\&
NN

“BUILDING CODE |

T b
pAFifeLET. BFREl

2eo0p

- See 2.0 for more information on building codes.
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1.26  SITE ACCESS & CIRCULATION

Providing for access and circulation for pedestrians, automobiles,
and service vehicles is an important aspect of site planning,
which influences both the location of a building on its site and the
orientation of its entrances. Outlined here and on the following
pages are fundamental criteria for estimating and laying out the
space required for walkways, roadways, and surface parking.

1. Provide for safe and convenient pedestrian access and
movement to building entrances from parking areas or public
transit stops with minimal crossing of roadways.

2. Determine the number of parking spaces required by the zoning
ordinance for the type of occupancy and total number of units
or floor area of the building.

3. Determine the number of accessible parking spaces as
well as curb cuts, ramps, and paths to accessible building
entrances required by local, state, or federal law.

4. Provide loading zones for buses and other public transportation
vehicles where applicable.

5. Oeparate service and truck loading areas from pedestrian and
automobile traffic.

0. Furnish access for emergency vehicles such as fire frucks and
ambulances.

7. Establish the required width and location of curb cuts and their
proper distance from public street intersections.

6. Ensure clear sight lines for vehicles entering public roadways.

9. Plan for control of access to parking areas where required.

10. Frovide space for landscaping: screening of parking areas may be
required by zoning ordinance.

11. Slope paved walkways and parking areas for drainage.

12. Provide space for snow removal equipment in cold climates.

+ llustration adapted from the site plan for the
Carré House, designed by Alvar Aalto.

(SI MasterFormat 32 10 00: Bases, Ballasts, and Paving
(Sl MasterFormat 32 30 00: Site Improvements
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PEDESTRIAN CIRCULATION .27

- 76" (2265) minimum overhead clearance

* Minimize conflicts with roadways and parking areas.
+ Provide traction in areas subject to icy conditions.
* 0.5% minimum slope for drainage; 1.5% preferred

Pedestrian Walks RN -\ A W \\NN\\N P o
Z 2'(915) minimum for Z 4'(1220) minimum for two ©'(1630) minimum when
single pathway people walking side by side; 6'to &' adjacent o parking area where
(183010 2440) preferred cars can overhang the walkway

* Minimum of three risers per run of stairs
* Handrails are required for stairs having four or more risers,
or where icy conditions exist.

i._..
11" (280) minimum tread dimension

—p 4"(100) minimum riser; 7" (160) maximum riser
+ See 9.03 for proportioning stair dimensions.

Exterior Stairs

b
+ Provide amenities, such as benches, trash containers, and
lighting. W El
I vESY s L
Bike Paths IS | Ltz'h\ N\
4'(1220) minimum for one-way Z 7'(2125) minimum for two-way traffic;
traffic; 5' (1525) preferred &' (2440) preferred
* Avoid surface irregularities that can impede wheglchair e
traffic. OOOO O
* Provide tactile warning strips for the visually impaired at OOOOOOO
grade changes and hazardous vehicular areas. OOOOOOO
* See A03 for general ADA Accessibility Guidelines. 0 00O
ADA Accessibility Guidelines 4" (1220) minimurm from top of ramp
to nearest obstruction
- 9'(915) minimum width
+ Curb ramps are required wherever an accessible 1:12 maximum ramp slope
route crosses a curb. S

1:10 maximum slope for flared sides
* Surface of ramp should be stable, firm, and

slip-resistant.
* Returned curbs are allowable where pedestrians
would ot normally walk across the ramp.

Z 1:20 maximum counter slope

Curb Ramps
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1.28 VEHICULAR CIRCULATION

/Loading Berth: 10't0 12!

(3050 10 3600) wide; 35'
t050'(10%015m) long

- 20'(6099) radius;
15'(4570) minimum

+ One lane: 13'(3960);
10'(3050) minimum
« Twolanes: 22' (6705);
16" (5465) minimum

- 15'(4570);
12'(3960) minimum

- 20'(6099) radius;
15'(4570) minimum

- 11'3355) TN
merginglane 4 K.

- 8-0"(915) minimum from

wheel stop to wal{orstorag@/ L
- 26" (760) minimum ~_———

* Slope slab for drainage

20-10" (6350)

> 4'(1220) radius
— 20'(6095) radius;
19'(4570) minimum

118" (3555)
pe——r

= =

Lw 7-4 (5265)

minimum

[—
i
i
1
1
1
1
1
1
1
[
\
1

Outside Turning Radius

+ Car: 22'(6705)

- Ambulance: 30’ (9149)

+ Bus: 54'(16,460)

- Fire truck: 48'(14,630)

- Semitruck/railer: 50' (15,240)

\_/ Inside Turning Radius

- (ar:12'(3660)

- Ambulance: 18 (5465)

+ Bus: 32'(9759)

- Fire truck: 54' (10,565)

- Semitruck/railer: 28' (6535)

H——— 1:6 maximum slope; 1:10 preferred
— Transition slope equal to one-half of

main slope

Private Roadways

e T

e 220" (6705)

5

E— = |

0-0"(2440)
minimum

- 7(21%9)
10'(3050) radius

S 2p(7315)

N

S~ 11"(3255) minimutm

P, A

Residential Drives and Garages
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VEHICULAR PARKING .29

Vehicle Dimensions
+ Compact car: 5-8"x 160" (1725x4879)
- Standard car: 6-6"x 16™-0" (1980 x 5485)

Parking Spaces
- Standard cars: 8-6"10 9-0" (2590 10 2745)
18-0"10 200" (5485 10 6095)

- Compact cars: 8-0" (2440) x 16-0" (4879)

* Slope 1% to 5% for drainage;
2% 1o 3% recommended

Parking Lots

+ Transition slope equal to one-half of ramp slope;

10'(3050) length

Garage Ramps

- Local, state, and federal laws requlate the
number of accessible spaces required.

+ Locate accessible parking spaces as close
as possible to building or facility entrance.

* 1:50 maximum slope for spaces and
access aisles

ADA Accessibility Guidelines

© 40" (1220) radius -

- Clearance for walkway ———
+ 20" (760) to curb or wheelstop

560" (16 m) overall; 66-0" (20 m) preferred

* Identify accessible parking

+ 8'(2440) minimum idh—"

5'(1525) minimum access aisle;

may be shared by two accessible
parking spaces.

spaces with a sign showing
the international symbol of
accessibility.

* Accessible parking spaces for

vans used by persons with
dieabilities should have a clear
height of 9-2" (2490) and an
access aisle atleast &' (2440)
wide.

=
[« Q)
- Width of structural column - Provide additional width for = %
\mce preceding columﬂ\ S %
3 flol 4\\ WO"Z"”J 13’0” | 2 §
(59@0)] (3150) (3150) [, S
\ \ \(? Sré
3, N\ : - =
\QQ\_ \\' 3 :i—/ :@
\ \ \ 2|3
N\ Bl
& N 2
j\—f NS Walllne !
- 2-6"(760)

* Access alsles for parking spaces

and passenger loading zones
should be part of the accessible
route of travel to the building or

facility entrance.\

=

5'(1525) minimum access aisle,
20' (6 m) long, for passenger
loading zones adjacent and
parallel to the vehicle pull-up
5pace.
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1.30 SLOPE PROTECTION

Slopes that are subject to erosion from the runoff of surface water

S
,%% S T require some means of stabilization. The need for stabilization can
D ;:éQ///\\\.V\ }ﬁ,’&% be reduced by diverting the runoff at the top of the slope, or by
2N % m\ creating a series of terraces to reduce the velocity of the runoff.
Rz 5
$ %"\(5%‘-,/@7,,

N
:g(&\v\ 2

VA S VEN SN
RO
N
R A /\? ’)\?&’% >~
-\’_ ey
TR , The principal mechanical means of protecting an embankment

against erosion is a revebmert, of riprap or gabions.

Riprap is alayer of irreqularly broken and random-sized stones
placed on the slope of an embankment to prevent erosion.

Depth of layer should be greater than the maximum size of stone.
Filter fabric or graded sand and gravel for drainage

O NN
N AASAE e
§ >—:_~:__‘_‘ B W Cribbing or bin walls may also be used o hold back and protect steep
J‘{ — embankments.
PRLK: {‘ﬁ‘ A Cribbing is a cellular framework of squared steel, concrete, or
A " timber members, assembled in layers at right angles, and filled
_ with earth or stones.
wanm
: \ Abinwallis a type of gravity retaining wall formed by stacking
- \ modular, interlocking precast concrete units and filling the voids
am with crushed stone or gravel.

=

H\
b " °5 \ .
(S| MasterFormat 31 35 00: Slope Protection ui'.J{ ‘??Q/{\:’J('y”/ "
(S| MasterFormat 31 36 00: Gabions e ’__ s ﬁ B

(SI MasterFormat 31 37 00: Riprap *\1

Gabions are galvanized or PVC-coated wire baskets filled with
stones and stacked to form an abutment or retaining structure,
or as riprap Yo stabilize an embankment.

Filter fabric or graded sand and gravel for drainage

W
R
-
73
N
S
\>/

of
2
2
A
R
2

0
o
2
R
.
>
AN

N

%
7,
X

Natural means of stabilization include soil binders—plant
materials that inhibit or prevent erosion by providing a ground cover
and forming a dense network of roots that bind the sol.
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RETAINING WALLS .31

When a desired change in ground elevation exceeds the angle of
repose of the soll, a retaining wall becomes necessary to hold back
the mass of earth on the uphill side of the grade change.

Aretaining wall must be designed and constructed to resist the
lateral pressure of the soil being retained. This active pressure
increases proportionally from zero at the upper grade level to 2
maximutn valu at the lowest depth of the wall. The total pressure
orthrust may be assumed to be acting through the centroid of the
triangular distribution pattern, one-third above the base of the wall.

Surcharge is an additional load, as that of the earth above
aretaining wall. The ling of thrust parallels the slope of the
surcharge.

Assume 33° for the angle of repose of most soils.
See 1.09 for the angle of repose for bare soil embankments.

+ T=0286x5H2 + T=0833x5(H+H)?/2
(for a retaining wall with surcharge) A retaining wall may fail by overturning, horizontal sliding, or

- T="total pressure or thrust excessive setiling.

- Thrust tends to overturn wall about toe of base.

+ Toprevent a retaining wall from overturning, the resisting
morment (M) of the composite weight of the wall and any

soil bearing on the heel of the base (W x d) must counter the
overturning moment (Mo) created by the soil pressure (T x H/3).
Using a safety factor of 2, Mr > 2Mo.

- 5=weight of retained soll;
100 pef (1600 kg/m?) typical

* W = composite weight of wall acting
through centroid of the section

+ R=resultant of Tand W

+ Toprevent a retaining wall from liding, the composite weight of
the wall times the coefficient of friction for the soil supporting
thewall (W x C.F) must counter the lateral thrust on the wall (T).
Using a safety factor of 1.5, WxC.F. > 1.5T.

The passive pressure of the soll abutting the lower level of the
wall aids in resisting the lateral thrust (T).

Akeyalso increases the resistance of the wall to sliding.

- Average coefficients of friction: gravel, 0.6; silt/dry clay, 0.5;
sand, 0.4; wet clay, 0.3

+ To prevent a retaining wall from settling, the vertical force (W)
must not exceed the bearing capacity of the soil (B.C.), where
W = weight of the wall and any soil bearing on the base plus the
vertical component of the soil thrust for a wall with surcharge.
Using a safety factor of 1.5,B.C. > 15 W/A.

(SI MasterFormat 32 32 00: Retaining Walls
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1.32 RETAINING WALLS

 8'(209)

i

o

'\X‘ ‘

R0
R
_%‘;‘,

,\/

L

v

N

/\\
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v
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AR
f}&/f\\\\\%\
SN

3

%

|_oeH |
(0.9 Hwl surcharge) [

4 ~ 0.7H

o 10(25)

(1.25 Hwl surcharge)

(1.0Hwl surcharge)

- Batter refers to the
backward sloping face of 2
wall as it rises, which can

offset the illusion of the face
leaning forward./

+ Temperature steel for walls /
more than 10" (255) thick

- Structural steel
reinforcement

] W/\\V’\\v\\.\‘?\\‘l\\‘!‘%\ﬁaﬁl\\\'}s
+ Footing should extend below % W@%}@\&{&%
the frostline or 2'(610) %%%‘éw@
below the lower grade level, ' /%\}@}\*
RN
N
i AN

whicheveris gr@ater./\

(SI MasterFormat 32 32 13: Cast-in-Place Concrete Retaining Walls

Reinforced Concrete Retaining Walls

The proportioning guidelines below are for preliminary design only.
Consult a structural engineer for final design, especially when a
retaining wallis to be built on poor soil or is subject to surcharge or
live loads.

A gravity retaining wall resists overturning and sliding by the sheer
weight and volume of its mass. Gravity walls may be used for retaining
structures less than 10 (3040) high.

. T-Type Cantilevered Wall

Cantilevered walls of reinforced concrete are used for
retaining walls up to 20' (6095) high. Above this height, counterfort
walls are employed.

Counterfort Wall

A counterfort wall utilizes triangular-shaped cross walls to stiffen the
vertical slab and add weight to the base. The counterforts are spaced
at regular intervals equal to one-half the wall height.

L-Type Cantilevered Wall
This type of retaining wall is used when the wall abuts a property line or
other obstruction.

* Drainage system may be required to relieve the buildup of water
pressure behind the wall.

Drainage mat wi filter fabric or porous gravel backfill
2"(51) o weepholes @ 4'—0' (1220—1820) .., or perforated
drainpipe sloped to outlet away from wall

2" (571) minimum
8" (75) minimum

/- Provide vertical control joints @ 25' (7620) o.c., and vertical

expansion joints every fourth control joint.
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RETAINING WALLS

1.33

Timber and concrete, brick, or stone masonry may
be used for relatively low retaining walls.

- Deadman is a timber,

+ Gravel drain for walls over 2' (610) high

7 RS
SYNAEIAS
Horizortal tie \\‘i‘%'%?\%% 'gl 4x0 or 6x0 pressure-treated timbers laid w/

RO
%sfft“\/ﬁ‘/( L,/z\\#)n\':}9
%\ AN o

K

e

stone, or concrete mass buried in
the ground as an anchor; used for
walls over 3'(915) high and placed
6'-0"(1620) oc.

Horizontal Timber Wall

Brick or stone coping

- 8'x24"(205x610)

/ 2 & Galvanized wall ties
= 5 / 4"(100) brick veneer

* Weepholes @ 4—6' SN %
(1220-1830) oc. o
+ Ferforated drainpipe sloped S 8" (205) concrete masonry units
to outlet away from wall X 12" (309) concrete masonry units
N
« Frostline % g

concretetooting 7 faniiact ol e Brick Veneer Wall

- Provide a well-drained,

1 2 / Batter
Tilt stones into slope for stability

6" (150)

2 AN
RODNIG

-

compacted granular subbase;
base need not extend to frostline.

- Bottom of mortared stone walls ' Dry Stone Wall

should extend below frostline.

overlapping joints and spiked together or ted w/
galvanized steel rods @ 4'-0" (1220) oc.

(SI MasterFormat 32 32 19: Unit Masonry Retaining Walls
(SI MasterFormat 32 32 29: Timber Retaining Walls
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1.34 PAVING

Faving provides a wearing surface for pedestrian or vehicular traffic on
asite. It is a composite structure whose thickness and construction
are directly related to the type and intensity of traffic and loads o be
carried, and the bearing capacity and permeability of the subgrade.

The pavement receives the traffic wear, protects the base, and
transfers it load to the base structure. There are two types of
pavement: flexible and rigid.

The base is a foundation of well-graded aggregate that transfers the
pavement load to the subgrade. It also prevents the upward migration
of capillary water. Heavy-duty loads may require an additional
layer—a subbase of coarser aggregate such as crushed stone.

The subgrade, which must ultimately carry the pavement load, should

o be undisturbed soll or compacted fil. Because it may receive moisture
: > from infiltration, it-should be sloped to drain.
%, & \ .

RN DRORRORDRDR, , o 4 \
i gx\\\@\ N DAV «wf&. \/%\‘. ! Flexible pavements, consisting of concrete, brick, or stone unit pavers
?% %\:/’ A v" N X% {:}f{.\‘?\///\\\\ laid on a sand setting bed, are somewhat resilient and distribute loads
RPN PRI PR IR R RO o the subgrade in a radiating manner. They require wood, steel, stone,
(SI MasterFormat 32 10 00: Bases, Ballasts, and Paving masonry, or concrete edging 1o restrain the horizontal movemert of the

paving material. Specially designed unit pavers may qualify as permeable

or pervious paving that allows rainfall and stormwater to percolate to

an underlying reservoir base where the runoff s efther infiltrated to
(LEED 59 Credits .1, 6.2: Stormwater Design) <——— underlying soils or removed by a subsurface drain.

Rigid pavements, such as reinforced concrete slabs or paving units
mortared over a concrete slab, distribute their loads infernally
- and transfer them to the subgrade over a broad area. They require

* 1% minimum slope for drainage; highly textured reinforcement and an extension of the base material along their edges.
paving may require a steeper slope.

* Brick paver: 4'x 4", 8", 12" 1'=2" thick + Concrete unit paver: 12", 18", 24" square; 1'/2"=3"  « Interlocking pavers: 2'/2'~3'/2" thick
(100% 100, 205, 305; 2557 thick) thick (209,455, 610 square; 36795 thick) (64-90 thick)

+ Grid or burf black: 3 /2" thick + Granite cobble: 4" or 6" square; 6" thick + Cut stone: width and length varies; 1"=2" thick
(90 thick) (100 0or 120 square; 150 thick) (25-51 thick)

Paving Materials
+ Consult local supplier for availability of shapes, sizes, colors, textures, absorption properties, compressive strength, and installation recommendations.
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PAVING .35

T O e ] S ATSONST
Sl i i | ‘ [ %&&%
s o e — | OIS
N8 S grag @%‘é@ o
0 O J SO SR
i s | ] l : LTS O
s R pul DR
R P T_ %ﬂugfi%} ol
A s Ee | | AT OLOE
- Unif running bond - Stack bond - Unif basketweave - Inferlocking basketweave  + Octagon and dov - Roman cobble
T 101 7
AL : ¥
[ £ 1 : .
[T T] o { |
- Coursed ashlar - Unit herringbone - Inferlocking herringbone -« Interlocking basketweave - Turf block - Random stone
Paving Patterns
_—— Unit pavers w/ handtight sand-swep? joints
+ Faving unit on mortar bed,
set; on edge or laid flat 5 1'=2"(25-51) sand setting bed

+ Concrete footing; provide
gravel under footing if frost
depth is deeper than footing.

- Faving unit st vertically
on mortar bed; unit may
extend up to 112 of paver
height to form curb.

- Concrete footing

* 2%, 4x, or Ox pressure-treated

wood edge or curb
- 2"(57) layer o wo;dchipa\
crushed stone, or pea gravel . ‘

- 2"(57) base of soil-cement
mixture or crushed stone
* 2x2 or 2x4 pressure-treated
wood stakes, 24" (610) long,
@ 3704 (91510 1220) oc.

Edge Conditions

Paving Details

2'-0" (51-150) compacted aggregate
where required in high traffic areas or over
expansive soll

Compacted subgrade or undisturbed soil

Brick or concrete pavers

314" (19) bituminous setting bed
4"t06" (10010 150) concrete slab

Compacted aggregate, if required

Turf block

Topsoil mix for grass or ground cover
2"(57) sand setting bed

2'-0"(51-150) compacted aggregate
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1.36  THE SITE PLAN

The sitee plan illustrates the existing natural and built features of
asite and describes proposed construction in relation to these
existing features. Usually based on an engineer's land survey, the
sitie plan is an essential piece of a set of construction documents.
A completed site plan should include the following items: o

1. Name and address of property owner
2. Address of property, if different from owner’s address

3. Legal description of property (\,
4. Source and date of land survey

5. Description of the site boundaries: dimensions of property
lines, their bearing relative to north, angles of corners, and radii
of curves D

0. Contract or project limits, if different from site boundaries

North arrow and scale of drawing

8. Location and description of bench marks that establish
the reference points for the location and elevations of new
consbruction

~

9. Identification and dimensions of adjacent streets, alleys, and
other public rights-of-way
10. Location and dimensions of any easements or > SRE

rights-of-way that cross the site
1. Dimensions of setbacks required by the zoning ordinance //_\;
12. Location and size of existing structures and a description of ' K“j

any demolition required by the new construction

13. Location, shape, and size of structures proposed | @
for construction, including roof overhangs and other
projections

14 Location and dimensions of existing and proposed paved @
walkways, drives, and parking areas

15. Location of existing utilities: water mains, sanitary and storm
sewers, as lines, electrical power lines, telephone and cable
lines, fire hydrants, as well as proposed points of connections

16. Existing contour lines, new contour lines and the finish grades

of drives, walks, lawns, or other improved surfaces after %

completion of construction or grading operations
17. Existing plant materials to remain and those to be removed
16. Existing water features, such as drainage swales, creeks, flood
plains, watersheds, or shorelines
19. Proposed landscaping features, such as fencing, retaining : '
walls, and plantings; if extensive, landscaping and other site
improvements may be shown on z separate site plan.

20. References o related drawings and details
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1.38 SITE DESCRIPTION

0 = Alegal description of a site consists of the location
/ %\ and boundaries of a specific parcel of land, based on a
’ metes-and-bounds survey or a rectangular system of
# ‘\/ \ survey, or made with reference to a recorded plat.

- 7 \
|, Ametes-and-bounds survey calls out the course

s and length of each boundary line of a parcel of land,
\_ i starting at a known reference point and working
\ / around the periphery of the plat until returning to the
~ place of beginning.

\ # * Asurvey platis a legal document describing the
/* 5/ location, boundaries, and dimensions of a tract
| or parcel of land, including zoning and planning
>” commission approvals, easements and restrictions,
and, for a subdivision, the dividing lines of street,
l% | g - ] | blocks,and lots, and the numbering and dimensions
+ Principal meridians are north-south i T . | of each lot.
reference lines established at
substantial landmarks for large [ S sy [ Therectangular system of survey is based on a
areas ofland, — | T < modified grid of north-south principal and quide
+ Guide meridians are north-south R B —T | meridians and east-west baselines.
reference lines located between
correction lines at 24-mile L g = |
(28.62-km) intervals to the east
and west of principal meridians, ——= { © Range is one of a series of divisions numbered east
- Range lines are north-south | or west from a guide meridian and consisting of a row
reference lines located at 6-mile 7" of townships that are numbered north or south from
a baseline.

(9.60-km) infervals between ’
guide meridians. // ..... L
- East-west baseline _/*'-ﬂ——-__

+ Correction lines are east-west
reference lines located at 24-mile
(38.62-km) intervals to the north
and south of a baseline to correct
for the convergence of meridians
and equalize east-west distances.

Townshipis a unit of land area, approximately six
miles square (92.2 km?) containing 36 sectiors.

Section is one of the 36 numbered subdivisions
of a ownship, each approximately one square mile
(259 km? or 640 acres) and further subdivided
ino halves, quarters, and quarter-quarters.

(SI MasterFormat 02 21 13: Site Surveys
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THE BUILDING

2.02
2.03
2.05
2.06
2.07
2.08
2.09
2.10
2.11
2.12
2.13
2.14
215
2.16
2.17
2.18
2.19
2.20
2.2
2.22
2.24
2.25
2.26
2.27
2.28
2.29
2.30

The Building

Building Systems
Building Codes

Types of Construction
Occupancy Classification
Loads on Buildings
Wind Loads
Earthquake Loads
Structural Forces
Structural Equilibrium
Columns

Beams

Beam Spans

Trusses

Frames & Walls

Plate Structures
Structural Units
Structural Spans
Structural Patterns
Lateral Stability
High-Rise Structures
Arches & Vaults
Domes

Shell Structures
Cable Structures
Membrane Structures
Joints & Connections
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2.02 THE BUILDING

Architecture and building construction are not necessarily
ong and the same thing. An understanding of the methods
for assembling various materials, elements, and components
is necessary during both the design and the construction
of a building. This understanding, however, while it enables
one to build architecture, does not quarantee it. A working
knowledge of building construction is only one of several
critical factors in the execution of architecture. When we
speak of architecture as the art of building, we should consider
the following conceptual systems of order in addition to the
physical ones of construction:

* The definition, scale, proportion, and organization of the
ierior spaces of a building

- The ordering of human activities by their scale and
dimension

+ The functional zoning of the spaces of a building according
to purpose and use

* Access to the horizontal and vertical paths of movement
through the inferior of 2 building

+ The sensible qualities of a building: form, space, light, color,
texture, and pattern

+ The building as an integrated component within the natural
and built environment

Of primary interest to us in this book are the physical systems
that define, organize, and reinforce the perceptual and
conceptual ordering of a building.

A systerm can be defined as an assembly of interrelated or
interdependent parts forming a more complex and unified
whole and serving a common purpose. A building can be
understood to be the physical embodiment of a number of
systems and subsystems that must necessarily be related,
coordinated, and integrated with each other as well as with
the three-dimensional form and spatial organization of the
building as a whole.




(c) ketabton.com: The Digital Library

BUILDING SYSTEMS Z.03

Structural System

The structural system of a building is designed and
constructed to support and transmit applied gravity and
lateral loads safely to the ground without exceeding the
allowable stresees in its members.

+ The superstructure is the vertical extension of a building

above the foundation.

+ Columns, beams, and loadbearing walls support floor and

roof structures.
+ The substructure is the underlying structure forming
the foundation of  building.

Enclosure System

The enclosure system is the shell or envelope of a building,

consisting of the roof, exterior walls, windows, and doors.

+ The roof and exterior walls shelter interior spaces from
inclement weather and control moisture, heat, and air
flow through the layering of construction assemblies.

+ Exterior walls and roofs also dampen noise and provide
seourity and privacy for the occupants of a building.

* Doors provide physical access.

* Windows provide access tolight, air, and views.

* Interior walls and partitions subdivide the interior
of a building into spatial units.

Mechanical Systems

The mechanical systems of a building provide essential

services to a building.

* The water supply system provides potable water for
human consumption and sanitation.

+ The sewage disposal system removes fluid waste and
organic matter from a building.

+ Heating, ventilating, and air-conditioning systems
condition the interior spaces of a building for the
environmental comfort of the occupants.

+ The electrical system controls, meters, and protects
the electric power supply to a building, and distributes
it in a safe manner for power, lighting, security, and
communication systems.

+ Vertical transportation systems carry people and goods

from one level to another in medium- and
high-rise buildings.
- Fire-fighting systems detect and extinguish fires.
+ Structures may also require waste disposal and
recycling systems.

Roof Systems
Chapter 6

" Moisture & Thermal
Protection
Chapter 7

Floor Systems
Chapter 4

Special Construction
Chapter 9

Doors & Windows
Chapter &

Mechanical &
Electrical Systems
Chapter 11

Wall Systems
Chapter 5

UNIFORMAT II Group D: Services
Finish Work

Chapter 10
Foundation Systems
Chapter 3

The Building Site

Chapter 1

Notes on Materials
Chapter 12

UNIFORMAT 11 Group A: Substructure
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2.04 BUILDING SYSTEMS

+ The U.5. Occupational Health
and Safety Act (0SHA)
requlates the design of
workplaces and sets safety
standards under which a building
must be constructed.

The manner in which we select, assemble, and integrate the various building
systems in consbruction should take into account the following factors:

Performance Requirements

* Structural compatibility, integration, and safety

+ Fire resistance, prevention, and safety

- Allowable or desirable thickness of construction assemblies

- Control of heat and air flow through building assemblies

+ Control of migration and condensation of water vapor

- Accommodation of building movement due to settlement,
structural deflection, and expansion or contraction with changes
in temperature and humidity

+ Noise reduction, sound isolation, and acoustical privacy

- Resistance to wear, corrosion, and weathering

* Finish, cleanliness, and maintenance requirements

- Safetyin use

Aesthetic Qualities
* Desired relationship of building to its site, adjacent properties,
and neighborhood
* Preferred qualities of form, massing, color, pattem, texture, and detail

Regulatory Constraints
+ Compliance with zoning ordinances and building codes

Economic Considerations

* Initial cost comprising material, transportation, equipment,
and labor costs

- Life-cycle costs, which include not only initial cost, but also maintenance
and operating costs, energy consumption, useful lifetime, demolition and
replacement costs, and interest, on invested money

Environmental Impact

- Conservation of energy and resources through siting
and building design

- Eneryy efficiency of mechanical systems

- Use of resource-efficient and nontoxic materials

- 5e¢1.03-1.00

Construction Practices

* Safety requirements

* Allowable tolerances and appropriate fit

- Conformance to industry standards and assurance
+ Division of work between the shop and the field

- Division of labor and coordination of building trades
+ Budget constraints

+ Construction equipment required

* Erection time required

- Provisions for inclement weather
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BUILDING CODES .05

Building codes are adopted and enforced by local government agencies Companion Codes
to requlate the design, construction, alteration, and repair of buildings The International Residential Code® (IRC) requlates the construction of detached one- and two-
in order to protect the public safety. health, and welfare. The codes family dwellings and townhouses not more than three stories in height and having a separate
generally establish requirements based on the type of occupancy means of egress. The International Existing Building Code®, which regulates the alteration,
and construction of a building, minimum standards for materials repair, and renovation of existing facilities, emerged with the increasing importance of historic
and methods of construction, and specifications for structural and preservation and sustainable reuse of existing buildings. Other companion codes include the
fire safety. While codes are primarily prescriptive in nature, they also International Energy Conservation Code®, International Fire Code®, International Mechanical
contain performance criteria, stipulating how a particular component Code®,and International Pumbing Code®.
or systerm must function without necessarily giving the means to be
employed to achieve the results. The codes often reference standards Other Important Codes
established by the American Society for Testing and Materials (ASTM), The National Fire Protection Association (NFPA) has developed a new model building code, NFPA
the American National Standards Institute (ANSI), and other technical 5000, as an alternative to the International Building Code. The NFFA also publishes other code
societies and trade associations, to indicate the properties desired documents.
in a material or component and the methods of testing required to * NFPA-70, the National Electric Code, ensures the safety of persons and the safeguarding of
substartiate the performance of products. buildings and their contents from hazards arising from the use of electricity for light, heat,
and power.

Model Codes « NFPA-101, the Life Safaty Code, establishes minimum requirements for fire safety, the
Model codes are building codes developed by national organizations of prevention of danger from fire, smoke and gases, fire detection and alarm systems, fire
code officials, materials and life safety experts, professional societies, extinguishing systems, and emergency egress.
and trade associations for adoption by local communities as legally * NFPA-13 governs the installation of fire sprinklers.
enforceable regulations. If certain provisions need to be modfied or
added to address local requirements or concerns, a model code may be Federal Requirements
enacted by a municipality with amendments. In addition to the locally adopted version of the model codes, there are specific federal

requirements that must be considered in the design and construction of facilities.
International Building Code® + The Americans with Disabilities Act (ADA) of 1990 is federal civil-rights legislation requiring
Since the early part of the last century, three major mode! codes have that buildings be made accessible to persons with physical disabilities and certain defined
been developed for use invarious parts of the U.S. by the Building mental disabilities. The ADA Accessibility Guidelines (2010 ADA Standards for Accessible
Officials and Code Administrators International, Inc. (BOCA), the Design) are maintained by the U.5. Access Board, an independent governmental agency, and
International Conference of Building Officials (CB0), and the Southern the requlations are administiered by the U.5. Department of Justice. Federal facilities must
Building Code Conference (SBCC). In 1994, these model-code groups comply with standards issued under the Architectural Barriers Act (ABA). Inits last update,
merged to form the International Code Council (ICC) with the goal of the Access Board harmonized the ADA guidelines with its guidelines for facilities covered by
developing a comprehensive and coordinated set of national model the ABA and published them jointly as the ADA-ABA Accessibility Guidelines. In addition, the
codes. In 2000, the ICC published the first edition of the International Board and the International Code Council (ICC) worked cooperatively to coordinate the ADA
Building Code® (IBC). and ABA guidelines and access provisions in the International Building Code.

+ The Federal Fair Housing Act (FFHA) of 1968 includes Department of Housing and Urban
As with the model codes that preceded it, the IBC begins by defining Development, (HUD) regulations requiring all residential complexes of four or more dwelling
categories of use or occupancy and setting height and area limitations units constructed after March 12, 1997 to be adaptable for use by persons with disabilities.

in relation to the ocoupancy of a building and the type of construction

employed. and then prescribes five types of construction according

to degree of fire resistance and combustibility. The code also contains

provisions for interior finishes, fire protection systems, emergency —
eqress, accessivility, interior environment, energy efficiency, exerior Occupancy or Use

walls and roofs, structural design, building materials, elevators and * See2.07

conveying systems, and existing structures.

Maximum Height & Area

v

Type of Construction
+ 5ee2.00
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2.06 TYPES OF CONSTRUCTION

The 1BC classifies the construction of a building according to the
fire resistance of its major elements: structural frame, exterior and
interior bearing walls, nonbearing walls and partitions, and floor and
roof assemblies.

B * Type | buildings have their major building elements constructed of
noncombustible materials, such as concrete, masonry, or steel.
Some combustible materials may be allowed if they are ancillary to
the primary structure of the building. Type Il buildings are similar
toType | buildings except for a reduction in the required fire-
resistance ratings of the major building elemente.

* Type Ill buildings have noncombustible exterior walls and major
interior elements of any material permitied by the code.

Type IV buildings (Heavy Timber, HT) have noncombustible exterior
walls and major interior elements of solid or laminated wood of
specified minimum sizes and without concealed spaces.

— Type V buildings have structural elements and exterior and interior
walls of any material permitted by the code.

* Type V-Frotected construction requires all major building elements,
except for nonbearing interior walls and partitions, to be of one-
hour fire-resistive construction.

* Type V-Unprotected construction has no requirements for fire-
resistance except for when the code requires protection of exterior
walls due their proximity to a property ling or to adjacent buildings
on the same site.

+ The table below outlines the required fire-resistive ratings of major
building elements for the various types of construction. Consult
Table 601 of the International Building Code for more specific
requirements.

* See Appendix for the fire-resistance ratings of representative
construction assemblies.

Fire-Resistance Rating Requirements (hours)

Construction Type Type | Type Il Type Ill Type IV Type V
A B A B A B HT A B
Building Element

Structural frame ) 2 1 0 1 0 HT 1 0
Bearing walls
Exterior 5 2 1 0 2 2 2 1 0
Interior 5 2 1 0 1 0 1HT 1 0
Nonbearing walls Varies with occupancy, type of construction, location on propertyline, and distance to adjacent structures
Floor construction 2 2 1 0 1 0 HT 1 0

Roof construction 12 1 1 0 1 0 HT 1 0
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OCCUPANCY CLASSIFICATION 2.07

The IBC limits the maximum height and area per floor of a building
according to construction type and occupancy group, expressing the
ibrinsic relationship between degree of fire resistance, size of a building,
and nature of an occupancy. The larger a building, the greater the number
of occupants, and the more hazardous the occupancy, the more fire-

A

resistant the facility should be. The intent is to protect a building from fire / %/ \\. \ \\\ \
and to contain a fire long enough for the safe evacuation of ocoupants and ///': et // \’\&

for afirefighting response to occur. The limitation on size may be exceeded //_',/////// Z /%// ,,./-/”;/
)

if the building i equipped with an automatic fire sprinkler system, or if it
is divided by fire walls into areas not exceeding the size limitation.

+ Fire walls are required to have a fire-resistance rating sufficient to
prevent the spread of fire from one part of a building to another. They
must extend in a continuous manner from the foundation to a parapet
above the roof of a building, or to the underside of 2 noncombustible
roof. All openings in fire walls are restricted to a certain percentage
of the wall length and must be protected by self-closing fire doors,
fire-rated window assemblies, and, in the case of air ducts, by fire and
soke dampers.

» Occupancy separations refer to fire-resistive vertical or horizontal
constructions required to prevent the spread of fire from one
oceupancy to another in a mixed-occupancy building.

+ Fire separation distance refers to the space required between a
property line or adjacent building and an exterior wall having a specified
fire-resistance rating.

Examples of Occupancy Classifications
A Assembly
Auditoriums, theaters, and stadiums
B Business
Offices, laboratories, and higher education facilivies
E Educational
Child-care facilities and schools through the 12th grade
F Factories
Fabricating, assembling, or manufacturing facilities
H  Hazardous uses
Facilities handling a certain nature and quartity of hazardous materials
| Institutional
Facilities for supervised occupants, such as hospitals, nursing homes, and reformatories
M Mercantile
Stores for the display and sale of merchandise
R Residential
Homes, apartment buildings, and hotels
S Storage
Warehousing facilities
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7.08 LOADS ON BUILDINGS

+ Dead loads are static loads acting
vertically downward on a sbructure,
comprising the self-weight of the
sbructure and the weight of building
elemerts, fixtures, and equipment
permanently attached to it.

\\\\\\\\\Q\‘?“
\
- Settlement loads are imposed §
on a structure by subsidence of %
a portion of the supporting soil §
and the resulfing differential %\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ﬁ
settlemert of its foundation. \

+ Ground pressure is the horizortal
force a soil mass exerts on a

In enclosing space for habitation, the structural system of a building
must be able to support two Types of loads—static and dynamic.

Static Loads

Static loads are assumed to be applied slowly to a structure urtil
it reaches it peak value without fluctuating rapidly in magnitude or
position. Under a static load, a structure responds slowly and it
deformation reaches a peak when the static force is maximum.

+ Liveloads comprise any moving or movable loads on a structure
resulting from occupancy, collected snow and water, or moving
equipment. Alive load typically acts vertically downward but may
act horizontally as well to reflect the dynamic nature of a moving
load.

Occupancy loads result from the weight of people, furniture,
stored material, and other similar items in a building. Building
codes specify minimum uniformly distributed unit loads for
various uses and occupancies.

Snow loads are created by the weight of snow accumulating on
aroof. Snow loads vary with geographic location, site exposure,
wind conditions, and roof geometry.

Rain loads result from the accumulation of water on a roof
because of its form, deflection, or the clogging of its drainage
system.

vertical retaining structure. . _aOSSO.G"

R
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- Water pressure is the hydraulic
force groundwater exerts on a
foundation system.

- Thermal sbresses are the
compressive or tensile stresses
developed in a material
constrained against thermal
expansion or contraction.

1

* Impact loads are kinetic loads of short duration due to moving
vehicles, equipment, and machinery. Building codes treat this
load as a static load, compensating for its dynamic nature by
amplifying the static load.

Dynamic Loads

Dynamic loads are applied suddenly to a structure, often with rapid
changes in magnitude and point of application. Under a dynamic
load. a structure develops inertial forces in relation to its mass and
its maximum deformation does not necessarily correspond to the
maximum magnitude of the applied force. The two major types of
dynamic loads are wind loads and earthquake loads.
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WIND LOADS Z.09

Wind loads are the forces exerted by the kinetic energy of 2
moving mass of air, assumed to come from any horizontal
direction.

+ The structure, components, and cladding of a building
must be designed to resist wind-induced sliding, uplift, or
overturning. i Rt

+ Total wind loads are determined by taking the product
of the wind load per square foot multiplied by the area of
building or structure projected on a vertical plane normal
to the wind direction.

- Wind is to be assumed to come from any horizontal
direction and wind pressures are 1o be assumed to act
normal to the surface considered.

+ Because wind can create positive pressure as well as
suction or negative pressure on a building, the force is to
be resisted in either direction normal to the surface.

* Design wind pressure i a minimum design value for the
equivalent static pressure on the exterior surfaces of 2
structure resulting from a critical wind velocity, equal to
a reference wind pressure measured at a height of 33'
(10'm), modified by a number of coefficients to account
for the effects of exposure condition, building height, wind
gusts, and the geometry and orientation of the structure
to the impinging air flow.

* Animportance factor may increase the design values for
wind or seismic forces on a building because of its large
oceupancy, its potentially hazardous contents, or its
easential nature in the wake of a hurricane or earthquake.

&

Q/\/;AAAA /NN~
\4

.{R

YAVA)
~/
YAVATAVEIN\'

COSLANY
SANNNNNV AN

A
~/

* Flutter refers to the rapid oscillations of a flexible cable
or membrane structure caused by the aerodynamic
effects of wind.

+ Tall, slender buildings, structures with unusual or complex
shapes, and lightweight, flexible structures subject to
flutter require wind tunnel testing or computer modeling
to investigate how they respond to the distribution of
wind pressure.
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2.10 EARTHQUAKE LOADS
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+ The natural period of a structure
varies according to its height above
the base and its dimension parallel
to the direction of the applied forces.
Relatively stiff structures oscillate
rapidly and have short periods while
more flexible structures oscillate
more slowly and have longer periods.

s

An earthquake consists of a series of longitudinal and transverse
vibrations induced in the earths crust by the abrupt movement of
plates along fault lines. The shocks of an earthquake propagate along
the earth’s surface in the form of waves and attenuate logarithmically
with distance from its source. While these ground motions are three-
dimensional in nature, their horizontal components are considered

to be the more critical in structural design; the vertical load-carrying
elements of a structure usually have considerable reserve for resisting
additional vertical loads.

The upper mass of a structure develops an inertial force as it tends
to remain at rest while the base is translated by the ground motions
of an earthquake. From Newton's second law, This force is equal to the
product of mass and acceleration.

A statically equivalent lateral force, base shear, may be computed
for reqular structures less than 240" (73 m) in height, irregular
structures not more than five stories high, and structures at low
seismic risk.

Base shear is the minimum design value for the total lateral seismic
force on a structure assumed to act in any horizontal direction. It

is computed by multiplying the total dead load of the structure by a
number of coefficients to reflect the character and intensity of the
ground motions in the seismic zone, the soll profile type underlying
the foundation, the type of occupancy, the distribution of the mass
and stiffness of the structure, and the natural period—~the time
required for one complete oscillation—of the structure.

. Base shear is distributed to each horizontal diaphragm above the

base of reqular structures in proportion to the floor weight at each
level and its distance from the base.

* Amore complex dynamic analysis is required for high-rise structures,
structures with irregular shapes or framing systems, or for
structures built on soft or plastic soils susceptible o failure or
collapse under seismic loading.

Any lateral load applied at a distance above grade generates

an overturning moment at the base of a structure. For equilibrium,
the overfurning moment must be counterbalanced by an external
restoring moment and an internal resisting moment provided by
forces developed in column members and shear walls.

A restioring moment i provided by the dead load of a structure
acting about the same point of rotation as the overturning
moverment. Building codes usually require that the restoring moment
be atleast D0% greater than the overturning moment.

The following is a brief infroduction to the way a structural systerm
must resolve all of the forces acting on a building and channel them to
the ground. For more complete information on the structural design and
analysis of buildings, see Bibliography.
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STRUCTURAL FORCES 2.11

Aforce s any influence that produces a change in the shape

or movement of a body. It 15 considered Yo be a vector quantity
possessing both magnitude and direction, represerted by an
arrow whose length is proportional to the magnitude and whose
orientation in space represents the direction. A single force acting
on arigid body may be regarded as acting anywhere along its line
of action without altering the external effect of the force. Two or
more forces may be related in the following ways:

- Collinear forces occur along a straight line, the vector sum of eocmememedGarmes B )
which is the algebraic sum of the magnitudes of the forces, Emrmeo e ety B e — ——— — —

acting along the same line of action.

- Concurrent forces have lines of action intersecting at a common
point, the vector sum of which is equivalent to and produces the
same effect on a rigid body as the application of the vectors of
the several forces.

* The parallelogram law states that the vector sum or resultant
of two concurrent forces can be described by the diagonal of
a parallelogram having adjacent sides that represent the wo
force vectors being added.

- Inasimilar manner, any single force can be resolved into
two or more concurrent forces having a net effect on a rigid
body equivalent to that of the initial force. For convenience
in structural analysis, these are usually the rectangular or
Cartesian components of the initial force.

+ The polygon method is z graphic technique for finding the
vector sum of a coplanar system of several concurrent forces =
by drawing to scale each force vector in succession, with the Fz
tail of each at the head of the one preceding it, and completing
the polygon with a vector that represents the resultant force,

extending from the tail of the first to the head of the last : F2
vector. '

+ Nonconcurrent forces have lines of action that do not intersect e
at acommon point, the vector sum of which is a single force j
that would cause the same translation and rotation of a body
as the set of original forces.

+ Amoment is the tendency of a force Yo produce rotation ofa
body about a point or line, equal in magnitude to the product
of the force and the moment arm and acting in a clockwise or
courterclockwise direction.

* Acouple is a force system of two equal, parallel forces acting
in opposite directions and tending to produce rotation but not
translation. The moment of a couple is equal in magnitude to
the product of one of the forces and the perpendicular distance
between the two forces.

~_
N Mortert (M) = F xd
d = moment arm
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2.12 STRUCTURAL EQUILIBRIUM
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In both structural design and analysis, we are concerned first with
the magnitude, direction, and point of application of forces, and
their resolution to produce a state of equilibrium. Equilibrium s 2
state of balance or rest resulting from the equal action of opposing
forces. In other words, as each structural element is loaded, its
supporting elements must react with equal but opposite forces. For
arigid body to be in equilibrium, two conditions are necessary.

+ First, the vector sum of all forces acting on it must equal zero,

ensuring translational equilibrium:

ZFX = OI ZFy = O; ZFZ =0.

- Second, the algebraic sum of all moments of the forces about

any poirtt or line must equal zero, ensuring rotational equilibrium:

I M=0.

7

- Newton's third law of motion, the law of action and reaction,

states that for every force acting on a body, the body exerts a
force having equal magnitude in the opposite direction along the
same line of action as the original force.

A concentrated load acts on a very small area or particular point
of a supporting structural element, as when a beam bears on a
post or a column bears on it footing.

A uniformly distributed load is a load of uniform magnitude
extending over the length or area of the supporting structural
element, s in the case of the live load on a floor deck or joist, or a
wind load on a wall.

Afree-body diagram is a graphic representation of the complete
system of applied and reactive forces acting on a body or

an isolated part of a structure. Every elementary part of a
sbructural system has reactions that are necessary for the
equilibrium of the part, just as the larger system has reactions at
its supports that serve to maintain the equilibrium of the whole.
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COLUMNS 2.13

Columns are rigid, relatively slender structural members designed

primarily Yo support axial compressive loads applied to the ends of
the members. Relatively short, thick columns are subject to failure
by crushing rather than by buckling. Failure occurs when the direct
stress from an axial load exceeds the compressive strength of the
material available in the cross section. An eccentric load, however,

can produce bending and result in an uneven stress distribution in

the section.

- External forces create
internal stresses within
structural elements.

- Kernarea is the central area of any horizontal section of a T %7
column or wall within which the resultant of all compressive loads Ty
must: pass if only compressive stresses are to be present in the T
section. A compressive load applied beyond this area will cause
tensile stresses to develop in the section.

|
‘@_ N N\\\

Long, slender columns are subject to failure by buckling rather than o <
by crushing. Buckling is the sudden lateral or torsional instability of P 7 A M N\
. . ‘ 2
a slender structural member induced by the action of an axial load i \ 1
before the yield stress of the material is reached. Under a buckling 7 /< Y
: r

load, a column begins to deflect laterally and cannot generate the
internal forces necessary to restore its original linear condition.
Any additional loading would cause the column to deflect further d . B Radius of qyration (1) s the distance
urrtil collapse occurs in bending. The higher the slenderness ratio T From an axis 2t which the mass

of a column, the lower is the critical stress that will cause it to of a body may be assued bo be
buckle. A primary objective in the design of a column is to reduce its concentrated. For 2 column section,
slenderness ratio by shortening it effective length or maximizing the radius of qyration s equal t0 the

the radius of gyration of its cross section. square root of the quotient of the
L L moment of inertia and the area.

SN

- The slenderness ratio of a column is the ratio of it effective
length (L) to its least radius of gyration (r). For asymmetrical
column sections, therefore, buckling will tend to occur about the

weaker axis or in the direction of the least dimension. N \ \% NN \:r N -
| r& | |
\ ! ! \
| | 1
¥ | | |
+ Effective lengthis the distance between inflection points in “ '[ 1[ Ill
a column subject, to buckling. When this portion of a column - } || I !]
buckles, the entire colurmn fails. r i ! !
- The effective length factor (K) is a coefficient for modifying the )i_ % ]J |
acbuallength of a column according to its end conditions in order / / !
to determine its effective length. For example, fixing both ends of : ' !
along column reduces its effective length by half and increases - - - - . s =
15 load-carrying capacity by a factor of 4. NN &\k\\\\}\\\\ \\\\\\\\:\\\\\\ \\\\\\ NAN \\\\\\\\\
© Bothendsfived; - Oneendpinned, - Bothendspinned; - Oneendfree,
k=05 one end fixed; k=10 one end fixed;

k=0.7 k=20
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2.14 BEAMS
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Beams are rigid structural members designed to carry and transfer
transverse loads across space to supporting elements. The nonconcurrent
pattern of forces subjects a beam to bending and deflection, which must be
resisted by the infernal strength of the material.

Deflection is the perpendicular distance a spanning member deviates from
atrue course under transverse loading, increasing with load and span,
and decreasing with an increase in the moment of inertia of the section or
the modulus of elasticity of the material.

Bending moment is an external moment tending to cause part of a
structure to rotate or bend, equal to the algebraic sum of the moments
about the neutral axis of the section under consideration.

Resisting moment is an internal moment equal and opposite to a bending
moment, generated by aforce couple to maintain equiliprium of the
section being considered.

Bending stress is a combination of compressive and tension stresses
developed at a cross section of a structural member to resist a
transverse force, having a maximum value at the surface farthest from
the neutral axis.

The neutral axis is an imaginary line passing through the centroid of the
cross section of a beam or other member subject to bending, along which
no bending stresses oceur.

Transverse shear occurs at a cross section of a beam or other member
subject to bending, equal to the algebraic sum of transverse forces on one
side of the section.

Vertical shearing stress develops to resist transverse shear, having a
maximurn value ab the neutral axis and decreasing nonlinearly toward the
outer faces.

Horizoral or longitudinal shearing stress develops to prevent slippage
along horizontal planes of a beam under transverse loading, equal at any
point to the vertical shearing stress at that point.

The efficiency of a beam is increased by configuring the cross section fo
provide the required moment of inertia or section modulus with the smallest
possible area, usually by making the section deep with most of the material
at the extremities where the maximum bending stresses ocour. For example,
while halving 2 beam span or doubling its width reduces the bending stresses
by afactor of 2, doubling the depth reduces the bending stresses by a factor
of4.

* Moment of inertia is the sum of the products of each element of an

area and the square of its distance from a coplanar axis of rotation. It
i5 a geometric property that indicates how the cross-sectional area of
astructural memberis distributed and does not reflect the intrinsic
physical properties of a material.

* Section modulus is 2 geometric property of a cross section, defined as

the moment, of inertia of the section divided by the distance from the
neutral axis to the most remote surface.
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BEAM SPANS Z.15

free to rotate and having no moment resistance. As with any
statically determinate structure, the values of all reactions, ‘ ! : : :
shears, and moments for a 5implebeW g ‘ : l .- |
ross-sectional shape and material. : : {
crose-sectional shape and materia ‘NTTN o ‘ |

A

‘L : ?heardiagram
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- Asimple beam rests on supports at both ends, with the ends I
‘ i LLLlllLel i
[

* Acartilever 5 a projecting beam or other rigid
structural metmber supported at only one fixed end. .
* Anoverhanging beam is a simple beam extending beyond one A n|l
|
|

of its supports. The overhang reduces the positive moment at

midspan while developing a negative moment at the base of the /,‘/Hﬂf \‘ i T i

cantilever over the support. Assuming a uniformly distributed : HE B :
load, the projection for which the moment over the support is \\Q)V/
equal and opposite to the moment at midspan is approximately
313 of the span.

+ Adouble overhanging beam is a simple beam extending beyond

projections for which the moments over the supports are equal
and opposite to the moment at midspan are approximately
13 of the span.

+ |

et
V)

both of its supports. Assuming a uniformly distributed load, the IL Lol E4 ST G Tl dad \L_Ll
|
|
1
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- Afixed-end beam has both ends restrained against franslation
and rotation. The fixed ends transfer bending stresses, increase
the rigidity of the beam, and reduce its maximum deflection.
* Asuspended span is a simple beatm supported by the v

overhangs of two adjoining spans with pinned construction ALlLLLLL i J{ l
Joints at points of zero moment. \

* A continuous beam extends over more than two supportsin
| m [Th

I

order to develop greater rigidity and smaller moments than a
series of simple beams having similar spans and loading. Both
fixed-end and continuous beams are indeterminate structures
for which the values of all reactions, shears, and moments are
dependent not only on span and loading but also on the cross-
sectional shape and material of the beam.
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2.16 TRUSSES

Atruss is a structural frame based on the geometric
rigidity of the triangle and composed of linear members
subject only to axial tension or compression.

Top and bottom chords are the principal members of a
truss extending from end to end and connected by web
members.

Web is the integral system of members connecting the
upper and lower chords of a truss.

Fanel refers to any of the spaces within the web of a
truss between any two panel points on a chord and a
corresponding joint or pair of joints on an opposite chord.

Heel i the lower, supported end of a truss.

Fanel point is any of the joints between a principal web
member and a chord. A truss must be loaded only at its
panel points if its members are To be subject only to axial
tension or compression. To prevent secondary stresses
from developing, the centroidal axes of truss members
and theload at a joint should pass through a common
point.

Zero-force members theoretically carry no direct load;
their omission would not alter the stability of the truss
configuration.

* 56e 0.09 for Types of Trusses and
truss configurations.

- Vierendeel trusses are framed beam structures having

H [ ]l J D D vertical web members rigidly connected to parallel top

and bottom chords. Vierendeel trusses are not true
trusses because their members are subject to nonaxial

ssnnsani s
00000000
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FRAMES & WALLS Z2.17

A beam simply supported by two columns is not capable of JIIL Ll L L4

resisting lateral forces unless it is braced. If the joints connecting £ R =7 [’ =
the columns and beam are capable of resisting both forces and ;’f

moments, then the assembly becomes a rigid frame. Applied loads ,f:

produce axial, bending, and shear forces in all members of the frame /

because the rigid joints restrain the ends of the members from
rotating freely. In addition, vertical loads cause a rigid frame to
develop horizontal thrusts at its base. A rigid frame is statically
indeterminate and rigid only in its plane.

* Afixed frame is a rigid frame connected 1o its supports with
fixed joints. A fixed frame is more resistant to deflection than
a hinged frame but also more sensitive to support settlements
and thermal expansion and contraction. \—/

* Ahinged frame is a rigid frame connected to its supports
with pin joints. The pin joints prevent high bending stresses
from developing by allowing the frame to rotate as a unit when
strained by support settlements, and to flex slightly when
stressed by changes in Temperature.

- Athree-hinged frame is a structural assembly of two rigid
sections connected to each other and to its supports with pin
Joints. While more sensitive to deflection than efther the fixed
or hinged frame, the three-hinged frame is least affected by
support settlements and thermal stresses. The Three pin
Joints also permit the frame to be analyzed as a statically
determinate structure.

If we illin the plane defined by two columns and a beam, it becomes
aloadbearing wall that acts as a long, thin column in fransmitting
compressive forces to the ground. Loadbearing walls are most
effective when carrying coplanar, uniformly distributed loads and
most vulnerable o forces perpendicular to their planes. For lateral
stability, loadbearing walls must rely on buttressing with pilasters,
cross walls, transverse rigid frames, or horizontal slabs.

Any opening in a loadbearing wall weakens it structural integrity.
Alintel or arch must support the load above a door or window
opening and allow the compressive stresses to flow around the
opening to adjacent sections of the wall
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2.18 PLATE STRUCTURES

Plate structures are rigid, planar, usually monolithic structures that
disperse applied loads in a multidirectional pattern, with the loads

generally following the shortest and stiffest routes to the supports.
A common example of a plate structure is a reinforced concrete slab.

A platie can be envisioned as a series of adjacent beam strips
iberconnected continuously along their lengths. As an applied

load is transmitted to the supports through bending of one beam
strip, the load is distributed over the entire plate by vertical shear
transmitted from the deflected strip to adjacent strips. The
bending of one beam strip also causes twisting of transverse strips,
whose torsional resistance increases the overall stiffness of the
plate. Therefore, while bending and shear transfer an applied load in
the direction of the loaded beam strip, shear and twisting transfer
theload at right angles to the loaded strip.

A plate should be square or nearly square to ensure that it behaves
as a two-way structure. As a plate becomes more rectangular
than square, the two-way action decreases and a one-way system
spanning the shorter direction develops because the shorter plate
strips are stiffer and carry a greater portion of the load.

Folded plate structures are composed of thin, deep elements joined
rigicly along their boundaries and forming sharp angles to brace
each other against lateral buckling. Each plane behaves as a beam in
the longitudinal direction. In the short direction, the span is reduced
by each fold acting as a rigid support. Transverse strips behave as

a continuous beam supported at fold points. Vertical diaphragms or
rigic frames stiffen afolded plate against deformation of the fold
profile. The resulting stiffness of the cross section enables a folded
plate to span relatively long distances.

A space frame s composed of short rigid linear elements
triangulated in three dimensions and subject only to axial tension
or compression. The simplest spatial unit of a space frame is a
tetrahedron having four joints and six structural members. Because
the structural behavior of a space frame is analogous to that of
‘ \ aplate structure, its supporting bay should be square or nearly
““ “ square to ensure hat it acts as a two-way structure. Enlarging the
’,Iiv?‘"v;;i‘" bearing area of the supports increases the number of members into
Eﬁé}"/ g}"fgg 5 which shear is transferred and reduces the forces in the members.

e \Va\V% ""/ See 6.10 for more information on space frames.

(SI MasterFormat™ 13 32 00: Space Frames

%
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STRUCTURAL UNITS  2.19

With the principal structural elements of column, beam,
slab, and loadbearing wall, it 1s possible to form an
elemertary structural unit capable of defining and enclosing
avolume of space for habitation. This structural unit is the
basic building block for the structural system and spatial
organization of a building.

Planks or decking
Joists
Beams or girders

+ Horizontal spans may be traversed by reinforced concrete Slab or plate structure
slabs or by a layered, hierarchical arrangement of girders, ,
beams, and joists supporting planks or decking. Bearing wall

+ The vertical support for a structural unit may be provided
by loadbearing walls or by a framework of columns and
beams.

Column-and-beam frame

The dimensions and proportions of a structural unit or bay
influence the selection of an appropriate spanning system.

+ One-way systems of joists, planks, or slabs are more
efficient when structural bays are rectangular—that
is, when the ratio of the long to the short dimensions
is greater than 1.5:T—or when the structural grid j
generates a linear pattern of spaces, — 7

- Two-way systems of beams and slabs are more effective
for square or nearly square bays.

* Atwo-way slab supported by four columns
defines a horizontal layer of space.

+ The parallel nature of loadbearing walls leads
naturally to the use of one-way spanning systems.
- Because loadbearing walls are most effective when

supporting a uniformly distributed load, they typically\—/
support a series of joists, planks, or a one-way slab.

- Alinear framework of columns and beams defines a three-
dimensional module of space capable of being expanded
both horizontally and vertically.

- Twoloadbearing walls naturally define an axial,

bidirectional space. Secondary axes can be developed
perpendicular to the primary axis with openings within
the loadbearing walls.




(c) ketabton.com: The Digital Library

2.20 STRUCTURAL SPANS

Representative Span Ranges

- Flanks
- Joists
=
= - Laminated beams
- Trusses
E - Decking
&
g 2 - Wide-flange beams
= [2)
&
5 = Open-web joists
=
S
+ One-way slabs
- Joist slabs
@ + Precast planks
_‘2 + Precast tees
S
S
gl =
2
Z + Flat plates
& - Two-way slabs & beams
=)
=
g - Waffle slabs
=

4

The spanning capability of horizontal elements
determines the spacing of their vertical supports. This

[< —1> fundamerrtal relationship between the span and spacing
) of structural elements influences the dimensions and
scale of the spaces defined by the structural system of
a building. The dimensions and proportions of structural
bays, in turn, should be related to the programmatic
/I requirements of the spaces.
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STRUCTURAL PATTERNS  2.21

The arrangement, of principal vertical supports not only
regulates the selection of a spanning system, it also
establishes the possibilities for the ordering of spaces
andfunctions in a building.

The principal points and lines of support for a structural
system typically define a grid. The critical points of the
grid are those at which columns and loadbearing walls
collect loads from beams and other horizontal spanning
elements and channel these loads vertically to the
ground foundation.

The inherent geometric order of a grid can be used in the
design process to initiate and reinforce the functional

and spatial organization of a bullding design.

* Nonloadbearing walls may be placed to define a

variety of spatial configurations and allow a building 7
0 be more flexible in responding to the programmatic T
requirements of its spaces.

- Astructural grid can be modified by addition or
subtraction to accommodate special needs, such as
large spaces or unusual site conditions.

- Agrid may be irregularin one or two directions

to accommodate the dimensional requirements of ]
program spaces.

* A portion of the grid can be dislocated and rotated

about a pointinthe basic pattert —— |

+ Two parallel grids can be offset from each other to
develop intervening or interstitial spaces that define
patterns of movement, mediate between a series of
larger spaces, or house mechanical services.

+ When two structural patterns cannot be conveniently

aligned, a third element, such as a loadbearing wall, 2
mediating space, or a finer-grained spanning system,
can be used.

* Nonuniform or irreqular grids can be employed to
reflect the hierarchical or functional ordering of
spaces within a building.

Grid lines represent horizontal beatms
and loadbearing walls.

Inversections of grid lines represent
the lacations of columns or
concentrated gravity loads.

- Abasic structural unit or bay can

be logically extended vertically along
the axes of columns and horizontally
along the spans of beams and

loadbearing walls.
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2.22 LATERAL STABILITY

Horizontal Diaphragm

- Avrigid floor structure,
acting as a flat, deep beam,
transfers lateral loads to
vertical shear walls, braced
frames, or rigid frames.

) S & = = ]

- Knee bracing - Kebrace

The structural elements of 2 building must be sized, configured,
and joined to form a stable structure under any possible load
conditions. Therefore, a structural system must be designed to not
only carry vertical gravity loads, but also withstand laferal wind
and seismic forces from any direction. The following are the basic
mechanisms for ensuring lateral stability.

Rigid Frame
A steel or reinforced concrete frame with rigid joints
capable of resisting changes in angular relationships

Shear Wall
Awood, concrete, or masonry wall capable of resisting changes
in shape and transferring lateral loads to the ground foundation

Braced Frame
A timber or steel frame braced with diagonal members

- (ross bracing

_— Whenusing cable bracing, two are necessary to stabilize the

-

o

structure against lateral forces from either direction. For each
direction, one cable will operate effectively in tension while the
other would simply buckle. If rigid bracing is used, a certain
degree of redundancy is involved because a single member is
capable of stabilizing the structure,

Any of these systems may be used singly or in combination to
stabilize 2 structure. Of the three vertical systems, a rigid frame
tends to be the least efficient. However, rigid frames can be useful
when employing braced frames or shear walls would form undesired
barriers between adjacent spaces.

£~ ateral forces tend to be more critical in the short direction of

rectangular buildings, and more efficient shear walls or braced
frames are typically used in this direction. In the long direction, any
of the lateral force-resisting elements may be used.

Bents are braced or rigid frames designed to carry
vertical and lateral loads transverse to the length of 2 framed
structure.
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LATERAL STABILITY 2.23

To avoid destructive torsional effects, sbructures subject to

lateral forces should be arranged and braced symmetrically W

o

with centers of mass and resistance as coincident as

possible. The asymmetrical layout of irregular structures -1

generally requires dynamic analysis in order to determine the Li
torsional effects of lateral forces. —

Irregular structures are characterized by any of various plan
orvertical irreqularities, such as the asymmetrical layout of
mass or lateral force-resisting elements, a soft or weak story,
or a discontinuous shear wall or diaphragmm.

- Torsional irreqularity refers to the asymmetrical layout
of mass or lateral force-resisting elements, resulfing in
noncoincident centers of mass and resistance.

* Areentrant corner s a plan configuration of a structure
having projections beyond a corner significantly greater
than the plan dimension in the given direction. A re-grbrant
corner tends to produce differential motions between
different portions of the structure, resulting in local stress
concentrations at the corner. Solutions nclude providing 2
selsmic joint To separate the building into simpler shapes,
tying the building together more strongly at the corner, or
splaying the corner.

+ Selemic joints physically separate adjacent building
masses 50 that free vibratory movement in each can
occur independently of the other.

- Adiscontinuous shear wall has a large off%% g
significant change in horizontal dimension.

]
P
Ty

(SI MasterFormat 13 48 00: Sound, Vibration, and Seismic Control
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The center of resistance is the centroid of
the vertical elements of alateral force-

resisting system, through which the shear
reaction to lateral forces acts.

A discorttinuous diaphragi is a horizortal
diaphragm having a large cutout or open
area, or a stiffness significantly less than
that of the story above or below.

A s0ft or weak story has lateral stiffness or
strength significantly less than that of the
stories above.
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2.24  HIGH-RISE STRUCTURES
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* Internal damping is the damping
that naturally occurs as a building
undergoes elastic or plastic
deformation, as from the internal
friction of a stressed material
(hysteresis damping), from the friction
between two moving parts (frictional
damping), or from the viscous

resistance of a fluid such as silicone ol :&\

R

(viscous damping). 0\&&\\

lateral forces. A rigid frame is the least efficient way fo achieve
lateral stability and is appropriate only for low- to medium-rise
structures. As the height of a building increases, it becomes
necessary to supplement a rigid frame with additional bracing
mechanisms, such as diagonal bracing or a rigid core. An efficient
type of high-rise structure is a tube structure that has perimeter
lateral force-resisting systems internally braced by rigid floor
diaphragms. The structure acts essentially as a cantilevered box
beam in resisting lateral forces.

Aframed tube has closely spaced perimeter columns

rigidly connected by deep spandrel beams.

A perforated shell tube has perimeter shear walls with less
than 30% of the surface area perforated by openings.
Abraced tube is a framed structure tied together by a system
of diagonal braces.

Atrussed tube has trussed wall frames of widely spaced
columns tied together by diagonal or cross bracing.

A latticed truss tube has perimeter frames of closely spaced
diagonals with no vertical columns.

Bundled tubes is an assembly of narrow tubes tied directly
to each other to form a modular structure that behaves like a
multicellular box girder cantilevering out of the ground. More
tubes are sometimes provided in the lower portion

of atall sbructure where greater lateral force resistance

is needed.

A tube-in-tube structure has an inner braced core added to
the perimeter tube to improve its shear stiffniess in resisting
[ateral forces.

Damping mechanisms are viscoelastic devices that are typically
installed at structural joints to absorb the energy generated by
wind or earthquake forces, progressively diminish or eliminate

vibratory or oscillatory motions, and prevent destructive

resonances from occurring.

Atuned mass damper i5 a heavy mass mounted on rollers and
attached to the upper portion of atall building with spring
damping mechanisms, having an inertial tendency to remain

at rest and thus counteracting and dissipating any building
movements.

Base isolation refers to isolating the base of a building from the
ground with damping mechanisms to allow the superstructure
tofloat as a rigid body and alter the natural period of vibration
of the structure so that it s different from that of the ground,
thus preventing destructive resonances from occurring.
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ARCHES & VAULTS 2.25

Columns, beams, slabs, and bearing walls are the most
common structural elements because of the rectilinear
building geometry they are capable of generating. There

are, however, other means of spanning and enclosing space.
These are generally form-active elements that, through
their shape and geometry, make efficient use of their
material for the distances spanned. While beyond the scope
of this book, they are briefly described in the following
section.

+ For bending to be eliminated
throughout an arch, the line of thrust
must coincide with the arch axis.

Arches are curved structures for spanning an opening,
designed to support a vertical load primarily by axial
compression. They transform the vertical forces of a
supported load ino inclined components and transmit
them to abutments on either side of the archway.

- Masonry arches are constructed of individual
Wedge-shaped stone or brick voussoirs; for more
information on masonry arches, see 5.20.

- Rigid arches consist of curved, rigid structures of
timber, steel, or reinforced concrete capable of carrying

some bending stresses. \/

+ The thrust of an arched structure on
it abutments is proportional to the
total load and span, and inversely
proportional to the rige.

Vaults are arched structures of stone, brick, or reinforced
concrete, forming a ceiling or roof over a hall, room, or other
wholly or partially enclosed space. Because 2 vault behaves
a5 an arch extended in a third dimension, the longitudinal
supporting walls must be buttressed to counteract the
outward thrusts of the arching action.

- Barrelvaults have semicircular cross sections.

* Groin or cross vaults are compound vaults formed by the
perpendicular intersection of two vaults, forming arched
diagonal arrises called groins.
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2.26 DOMES

A dome is a spherical surface structure having a
clrcular plan and constructed of stacked blocks, 2
continuous rigid material like reinforced concrete, or
of short, linear elements, as in the case of a geodesic
dome. Adome is similar to a rotated arch except
that circumferential forces are developed that are
compressive near the crown and tensile in the lower
portion.

Meridional forces acting along a vertical section
cut through the surface of the dome are always
compressive under full vertical loading.

Hoop forces, restraining the out-of-plane
movement, of the meridional strips in the shell of
a dome, are compressive in the upper zone and
tensile in the lower zone.

The transition from compressive hoop forces to
tensile hoop forces accurs at an angle of from 45°
to 60" from the vertical axis.

A tension ring encircles the base of a dome

to contain the outward components of the
meridional forces. In a concrete dorme, this

ring is thickened and reinforced to handle the
bending stresses caused by the differing elastic
deformations of the ring and shel.

+ Schwedler domes are steel dome structures having + Lattice domes are steel dome structures - Geodesic domes are steel dome structures having

members that follow the lines of latitude and having members that follow the circles of members that follow three principal sevs of great

longitude, and a third set of diagonals completing latitude, and two sets of diagonals forming a circles intersecting at 60°, subdividing the dome

the triangulation. series of isosceles triangles. surface into a series of equilateral spherical
triangles.

(SI MasterFormat 13 33 00: Geodesic Structures




(c) ketabton.com: The Digital Library

SHELL STRUCTURES 2.27

Shells are thin, curved plate structures typically
consbructed of reinforced concrete. They are
shaped to transmit applied forces by membrane
stresses—the compressive, tensile, and shear
stresees acting in the plane of their surfaces. A
shell can sustain relatively large forces if uniformly
applied. Because of its thinness, however, a shell
has |i5tle bending resistance and is unsuitable for
concentrated loads.

- Translational surfaces are generated by sliding a
plane curve along 2 straight line or over another
plane curve.

- Ruled surfaces are generated by the motion
of a straight line. Because of its straight-line
geometry, a ruled surface is generally easier
to form and construct than a rotational or
translational surface.

- Rotational surfaces are generated by rotating
aplane curve about an axis. Spherical, elliptical,
and parabolic dome surfaces are examples of
rotational surfaces.

- Barrel shells are cylindrical shell

structures. If the length of a barrel shell
is three or more times its transverse
span, it behaves as a deep beam with

a curved section spanning in the
longitudinal direction. If it i relatively
short, it exhibits archlike action. Tie rods
or transverse rigid frames are required to
counteract the outward thrusts of the
arching action.

A hyperbolic paraboloid is a surface
generated by sliding a parabola with
downward curvature along a parabola
with upward curvature, or by sliding

a straight line segment with its ends
on two skew lines. It can be considered
to be both a translational and a ruled
surface.

Saddle surfaces have an upward
curvature in one direction and

a downward curvature in the
perpendicular direction. Ina saddle-
surfaced shell structure, regions

of downward curvature exhibit
archlike action, while regions of
upward curvature behave as a cable
structure. If the edges of the surface
are not supported, beam behavior
may also be present.

A one-sheet hyperboloid is a ruled
surface generated by sliding

an inclined line segment on two
horizontal circles. [t vertical
sections are hyperbolas.
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2.28 CABLE STRUCTURES

Cable structures utilize the cable as the principal means of
support. Because cables have high tensile strength but offer no
resistarce to compression or bending, they must be used purely in
tension. When subject to concentrated loads, the shape of a cable
consists of straight-line segments. Under a uniformly distributed
load, it will take on the shape of an inverted arch.

Afunicular shape is the shape assumed by a freely deforming
cable in direct response to the magnitude and location of
external forces. A cable always adapts its shape so that it is in
pure tension under the action of an applied load.

A catenary is the curve assumed by a perfectly flexible, uniform
cable suspended freely from two points not in the same vertical
line. For aload that is uniformly distributed in a horizontal
projection, the curve approaches that of a parabola.

+ Guy cables absorb the horizontal Suspension structures utilize a network of cables suspended and
component of thrust in a prestressed between compression members o directly support
suspension or cable-stayed applied loads.
structure and transfer the force to
a ground foundation. Single-curvature structures utilize a parallel series of cables to

* The mast is a vertical or = support surface-forming beams or plates. They are susceptible
inclined compression member & —  toflutterinduced by the aerodynamic effects of wind. This
in 2 suspension or cable-stayed liability can be reduced by increasing the dead load on the
structure, supporting the sum of structure or by anchoring the primary cables to the ground
the vertical force components in the with transverse quy cables.

primary and guy cables. Inclining
the mast enables it to pick up some
of the horizontal cable thrust and
reduces the force in the guy cables.

Double-cable structures have upper and lower sets of cables
of different curvatures, pretensioned by ties or compression
struts to make the system more rigid and resistant to flutter.

Double-curvature structures consist of a field of crossed
cables of different and often reverse curvatures. Each set of
cables has a different natural period of vibration, thus forming
a self-dampening system that is more resistant to flutter.

Cable-stayed structures have vertical or inclined masts from
which cables extend to support horizontally spanning members
arranged in a parallel or radial pattern.

(SI MasterFormat 13 31 23: Tensioned Fabric Structures
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MEMBRANE STRUCTURES  2.29

Membranes are thin, flexible surfaces that carryloads primarily
through the development of tensile stresses. They may be
suspended or stretched between posts, or be supported by air
pressure.

Tent structures are membrane structures that are prestressed
by externally applied forces and held completely taut under

all anticipated load conditions. To avoid extremely high tensile
forces, membrane structures should have relatively sharp
curvatures in opposite directions.

Membrane and steel cables transmit
external loads to masts and ground
anchors by means of tensile forces.
Reinforcing edge cables stiffen the free
edges of a tent structure.

The membrane may be tied to the mast
supports by a reinforcing cable loop or be
stretched over a distribution cap.

The masts are designed to resist buckling
under compressive loading.

Prieumatic structures are membrane structures that are placed
in tension and stabilized against wind and snow loads by the
pressure of compressed air. The membrane is usually a woven
textile or glass-fiber fabric coated with a synthetic material such
as silicone. Translucent membranes provide natural illumination,
gather solar radiation in the winter, and cool the interior space
at night.. Reflective membranes reduce solar heat gain. A fabric
liner can capture air space to improve the thermal resistance of
the structure.

Some air-supported structures

use a net o cables placed in tension
by the inflating force to restrain the
membrane from developing it natural
inflated profile.

There are two inds of pneumatic structures: air-supported
structures and air-inflated structures.

* Alir-supported structures consist of a single membrane
supported by an internal air pressure slightly higher than
normal abmospheric pressure, and securely anchored and
sealed along the perimeter to prevent leaking. Air locks are
required at entrances to maintain the internal air pressure.

* Air-inflated structures are supported by pressurized air
within inflated building elements. These elements are shaped
to carry loads in a traditional manner, while the enclosed
volume of building air remains at normal atmospheric pressure.
The tendency for a double-membrane structure to bulge in the
middle is restrained by a compression ring or by internal ties
or diaphragms.

(SI MasterFormat 13 31 13: Air-Supported Fabric Structures
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2.30

JOINTS & CONNECTIONS

L

Butt joints

Interlocking or overlapping joints

Molded or shaped joints

Point connector: bolt

Surface connector: glue

Welded steel connections

Reinforced concrete

The manner in which forces are transferred from
one structural element to the next and how a
structural system performs as a whole depend

10 2 great extent on the types of joints and
connections used. Structural elements can be
Joined to each other in three ways. Butt joints
allow one of the elements to be continuous and
usually require a third mediating element to make
the connection. Overlapping joints allow all of the
connected elements to bypass each other and be
continuous across the joint. The joining elements
can also be molded or shaped to form a structural
connection.

The connectors used to join the structural
elements may be in the form of a point, a line,

or a surface. While linear and surface types of
connectors resist rotation, point connectors do
not unless a series of them is distributed across a
large surface area.

—— Finned joints theoretically allow rotation but

resist branslation in any direction.

_— Rigid or fixed joints maintain the angular

relationship between the joined elements,
restrain rotation and Sranslation in any
direction, and provide both force and moment
resistance.

_— Roller joints allow rotation but resist

translation in a direction perpendicular into or
away from their faces. They are not employed

in building construction as often as pinned or
fixed connections but they are useful when a
Joint must allow expansion and corbraction of 2
structural element to accur.

- Acable anchorage allows rotation but resists
translation only in the direction of the cable.




(c) ketabton.com: The Digital Library

FOUNDATION SYSTEMS

3.02
3.04
3.06
3.07
3.08
3.09
3.10
3.16
3.7
3.18
3.22
3.24
3.25
3.26

Foundation Systems

Types of Foundation Systems
Underpinning

Excavation Support Systems
Shallow Foundations

Spread Footings

Foundation Walls

Column Footings
Foundations on Sloping Ground
Concrete Slabs on Grade
Pole Foundations

Deep Foundations

Pile Foundations

Caisson Foundations
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3.02 FOUNDATION SYSTEMS

- Superstructure ———————

See 2.06—2.10for
building loads.

* Anchorage required to resist
sliding, uplift, or overturning —|

- Substructure
Foundation 3{?@ N

+ Supporting soil or rock
* 566 1.06-1.09 for 5o
properties and mechanics.

« Thrust from arched or tensile structures

The foundation is the lowest division of a building—its
substructure—constructed partly or wholly below the
surface of the ground. Its primary function is to support

and anchor the superstructure above and transmit its loads
safely info the earth. Because it serves as a critical link in the
distribution and resolution of building loads, the foundation
system must be designed to both accommodate the form
and layout of the superstructure above and respond to the
varying conditions of soil, rock, and water below.

The principal loads on a foundation are the combination of
dead and live loads acting vertically on the superstructure.

In addition, a founaation system must anchor the
superstructure against wind-induced sliding, overturning,
and uplift, withstand the sudden ground movements of
anearthquake, and resist the pressure imposed by the
surrounding soil mass and groundwater on basement walls.

In some cases, a foundation system may also have to cournter
the thrust from arched or tensile structures.

Active earth pressure exerted by a soil mass on a
basement wall

Fassive earth pressure is developed by a soil mass in
response to the horizontal movement of a foundation.

Lateral forces can cause the foundation to impose
nonuniform pressure on the supporting soil

Some shear resistance is provided by the friction between
the foundation and the underlying soil.
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FOUNDATION SYSTEMS 3.03

Settlement is the gradual subsiding of  structure as the soil
beneath its foundation consolidates under loading. As a building
is constructed, some settlement is to be expected as the load
on the foundation increases and causes a reduction in the Seftlement
volume of soil voids containing air or water. This consolidation T —— ___%1\

is usually slight and occurs rather quickly as loads are applied 0

on dense, granular soils, such as coarse sand and gravel.
When the foundation soil is a moist, cohesive clay, which has a

scale-like structure and a relatively large percentage of voids,
consolidation can be quite large and occur slowly over a longer DU - - [ I

period of time.

A properly designed and constructed foundation system should
distribute its loads so that whatever settlement occurs is
minimal or is uniformly distriputed under all portions of the
structure. This is accomplished by laying out and proportioning
the foundation supports so that they transmit an equal load
per unit area to the supporting soil or rock without exceeding its
bearing capacity.

Consolidation

N

Differential settlement—_the relative movement of different [ J L
parts of a structure caused by uneven consolidation of the
foundation soil—can cause a building to shift out of plumb o L__
and cracks to occur in its foundation, structure, or finishes. If
extreme, differential settlement can result in the failure of the
structural integrity of a building.
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3.04 TYPES OF FOUNDATION SYSTEMS

Foundations utilize 2 combination of bearing walls, columns,
and piers to transmit bullding loads directly to the earth. These
structural elements can form various types of substructures:

Basements wholly or partly below grade require a continuous
foundation wall to hold back the surrounding earth and support
the exterior walls and columns of the superstructure above.

Crawl spaces enclosed by a continuous foundation wall or piers
provide space under a first floor for the integration of and access
to mechanical, electrical, and plumbing installations.

Concrete slabs-on-grade supported directly by the earth and
thickened to carry wall and column loads form an economical
foundation and floor system for one- and two-story structures in
climates where little or no ground frost occurs.

Agrid of independent piers or poles can elevate the
superstructure above the surface of the ground.
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TYPES OF FOUNDATION SYSTEMS  3.05

We can classify foundation systems into two broad categories—
shallow foundations and deep foundations.

Shallow Foundations

Shallow or spread foundations are employed when stable soil of
adequate bearing capacity occurs relatively near to the ground
surface. They are placed directly below the lowest part of 2
substructure and transfer building loads directly to the supporting
soil by vertical pressure.

Deep Foundations
Deep foundations are employed when the soil underlying a
foundation is unstable or of inadequate bearing capacity. They
extend down through unsuitable soil to transfer building loads to
a more appropriate bearing stratum of rock or dense sands and
gravels well below the superstructure.

Factors to consider in selecting and designing the
type of foundation system for a building include:

- Fattern and magnitude of building loads

- Subsurface and groundwater conditions

+ Topography of the site

* Impact on adjacent properties

* Building code requirements

- Consbruction method and risk

The design of a foundation system requires professional analysis
and design by a qualified structural engineer. When designing
anything other than a single-family dwelling on stable soil it is also
advisable to have a geotechnical engineer undertake a subsurface
investigation in order to determine the Type and size of foundation
system required for the building design.

1 CSI MasterFormat™

] | 0232 00: Geotechnical Investigations

02 32 13: Subsurface Drilling and
+ Sampling
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3.06 UNDERPINNING

Underpinning refers o the process of rebuilding or strengthening
the foundation of an existing building, or extending it when a

new excavation in adjoining property is deeper than the existing
foundation.

I |
R provide Temporary support while an existing foundation

is repaired, strengthened, or degpened, needle beams are passed

/ through the foundation wall and carried by hydraulic jacks and
shores.

=%
]
L

r e

Another method for providing temporary support is to dig
ibermittent pits under the existing foundation down to the level
of the new footings. After the new foundation wall and footing
sections are placed, additional pits are dug until the entire wall
has been deepened.

An alternative to extending a new foundation wall and placing
new footings is to construct piles or caissons on either side of
the existing foundation, remove a section of foundation wall, and
replace the section with a reinforced concrete pile cap.

CSI MasterFormat 31 40 00: Shoring and Underpinning
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EXCAVATION SUPPORT SYSTEMS  3.07

When the building site s sufficiently large that the sides of =
an excavation can be bench terraced or sloped at an angle less b
than the angle of repose for the soil, no supporting structure is N
necessary. When the sides of a deep excavation exceed the angle N
of repose for the soil, however, the earth must be temporarily g

braced or shored until the permanent construction is in place.

eI
5’ Q‘*Qk\ 2

Sheet piling consists of timber, steel, or precast concrete
plarks driven vertically side by side to retain earth and prevent
water from seeping ino an excavation. Steel and precast
concrete sheet piling may be left in place as part of the
substructure of a building.

= Soldier piles or beams are steel
H-sections driven vertically into the
ground to support horizontal lagging.
¥ Lagging refers to the heavy timber planks
Joined together side by side to retain the
face of an excavation.

Sheet piling and soldier beams with
lagging are supported with continuous
horizontal wales braced by horizonfal
P steel crossbracing or by diagonal steel
rakers bearing on heel blocks
or footings.

- Tiebacks secured to rock or soil anchors (C51: 3151 00)

may be used if crossbracing or rakers would inferfere with the
excavation or construction operation. The tiebacks consist of
steel cables or tendons that are inserted into holes predrilled
through the sheet piling and into rock or a suitable stratum of
soil, grouted under pressure to anchor them to the rock or soll
and post-tensioned with a hydraulic jack. The Tiebacks are then
secured to continuous, horizontal steel wales to maintain the
tension.

Aslurry wall (CSI: 3156 00) is a concrete wall cast in a trench
t0 serve as sheeting and often as a permanent foundation wall
[Bis constructed by excavating a trench in short lengths, filling
it with a slurry of bentonite and water to prevent the sidewalls
from collapsing, setting reinforcement, and placing concrete in

the trench with a tremie To displace the slurry.

- Existing water table

N
\
\
\
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Dewatering (CSl: 31 23 19) refers to the process of lowering
awater table or preventing an excavation from filling with
groundwater. [t 15 accomplished by driving perforated tubes
called wellpoints into the ground to collect water from the
surrounding area o it can be pumped away.

CSI MasterFormat 31 50 00: Excavation Support and Protection
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3.08 SHALLOW FOUNDATIONS

The lowest part,of a shallow foundation are spread footings. They are extended
laterally to distribute theirload over an area of soil wide enough that the
allowable bearing capacity of the soil is not exceeded. The contact are
required is equal o the quotient of the magnitude of forces transmitted and
the allowable bearing capacity of the supporting soil mass.

E — dfor unit masonry walls

| T~ dforcorcretewalls

b\ Critical sections for shear
i

Compression
d = effective depth
Tension

Concrete having a minimum compressive strength of
2500 psi (17 kFa) at 26 days

Longitudinal temperature reinforcement

Tensile reinforcement is required when a spread footing projects more than
half of the foundation wall thickness and is subject to bending.

6" (150) minimum above steel reinforcement

8" (75) minimum clearance between reinforcing bars
and concrete surface

When footings for light frame construction bear on stable, noncohesive soll
and transmit a continuous load of less than 2,000 pounds per lineal foot

(29 kN/m), they may have the following cross-sectional proportions.
M\J Thickness (T) of concrete or unit masonry foundation wall
\ supporting two floors: 8" (205) minimurm
3 Projection ="/2T
. 4 Aﬁ—\ Thickness of footing =T
Width of footing = 2T

To minimize the effects of ground heaving when groundwater freezes and
@@%\\\g\\\&\éﬁ\\\\\\ = expands in cold weather, building codes require that footings be placed below
NN G \)

< ‘\‘/\ \\% the depth of frost penetration expected at the building site.

T

\ >
Frostline is the average depth at which soil is frozen
or frost penetrates the ground.

e
' 12"(305)

" A

To minimize settlement, footings should always rest on stable, undisturbed
= s0il free of organic material. When this is not possible, a specially engineered
fill, compactied in 8" to 12" (205 to 309) layers at a controlled moisture

content, can be used to make up the extra depth.
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SPREAD FOOTINGS 3.09

The most common forms of spread footings are strip
footings and isolated footings.

+ Strip footings are the continuous
spread footings of foundation walls.

Other types of spread footings include the following:

+ Stepped footings are strip footings that change levels
in stages to accommodate a sloping grade and maintain
the required depth at all poirts around a building.

* Acantilever or strap footing consists of a column footing
connected by a tie beam to another footing in order to
balance an asymmetrically imposed load.

- A combined footing is a reinforced concrete footing for a
perimeter foundation wall or column extended to support
an interior column load.

- Cantilever and combined footings are often used when a
foundation abuts a property ling and it is not possible to
construct a symmetrically loaded footing. To prevert the
rotation or differential settlement that an asymmetrical
loading condition can produce, continuous and cantilever
footings are proportioned to generate uniform soil
pressure.

- Amat or raft foundation is a thick, heavily reinforced
concrete slab that serves as a single monolithic
footing for 2 number of columns or an entire building.
Mat foundations are used when the allowable bearing
capacity of a foundation soil is low relative to building
loads and interior column footings become so large that
it becomes more economical to merge them info a single
slab. Mat foundations may be stiffened by a grid of ribs,
beams, or walls.

- Afloating foundation, used in yielding soil, has for its
footing a mat placed deep enough that the weight of the
excavated soil is equal to or greater than the weight of
the construction being supported.

Isolated footings are the individual
spread footings supporting
freestanding columns and piers.

A continuous footing is 4 reinforced
concrete footing extended to
support a row of columns.

A grade beam is a reinforced
concrete beatm supporting a bearing
wall at or near ground level and
transferring the load to isolated
footings, piers, or piles.

CSI MasterFormat 03 30 00: Cast-in-Place Concrete
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3.10 FOUNDATION WALLS

- Extend foundation wall at least

Foundation walls provide support for the superstructure
above and enclose a basement or crawl space partly or
wholly below grade. In addition to the vertical loads from
the superstructure, foundation walls must be designed and
constructed to resist active earth pressure and anchor the

\lsuperetructure against wind and seismic forces.
Wall systerm

/\ Floor system

©" (150) above finish grade when
supporting wood construction.
* Slope finish grade to drain surface

water from rain or melting snow away

from the foundation;
5% minimum. N

A AN Ty 7 /\\vé“:
S 2SN NSNS \i\\vﬁ} >
7 /! 2 / 7% 7 & \.\,\{
L
o
VN NN 0
I8 UV s s
g (v
DR »Q"{\
R

‘;’?/'s;

+ Dampproofing or *— |
waterproofing as required; h\
see 5.14. /IS

J/

+ Active soil preﬁsure«\ P,

.‘H;J
- Subsoll drainage system:; S =
see 0.14. /
,_ B e
.f'r;“ N ”

=
j;i/ Fositive anchorage required to resist

. lateral, uplifting, or overturning forces

L Gravityload from superstructure

When enclosing a habitable space, a foundation wall system
:/ must be constructed 1o resist the penetration of water and
s0il gases such as radon, control heat flow, accept a range

of suitable finishes, and accommodate windows, doors, and
| other openings.

Cast-in-place concrete or concrete masonry units; see
.15 for wood foundation walls.
For thermal insulation options, see 7.44.

Steel dowels or mechanical keys anchor
foundation wall to footing.

Premolded filler and sealant at expansion joint
Concrete ground slab; see 3.16.

o2
* The foundation system must transfer the lateral \EE 5 © :95‘

loads on the superstructure tothe ground. The
horizortal component of these lateral forces

The size of the footing is based on the foundation

is pransferred largely through a combination of
soil friction on the bottom of footings and the
development of passive soil pressure on the sides
of footings and foundation walls.

ST

wall load and the allowable bearing capacity of the
underlying soil.
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FOUNDATION WALLS 3.11

Crawl spaces enclosed by a continuous foundation wall or
piers provide space under a first floor for the integration
of and access to mechanical, electrical, and plumbing
installations.

« Wall system /
. Floor5y5wtemxv

+ Floor joists may bear on or frame into girder. \ S
1
|
1' N
| Ventilation of crawl space is
- Comn | i —r—f— / required; see 7.47.
- 18"x 24" (455x610) access i' + Cast-in-place concrete |V é * Screen openings o prevent the
to crawl space required. = | or concrete masonry 6::{?__::_:? entry of insects and animals.
I' ' foundation wall EF* 6" (150) minimum

+ Clearance is required to facilitate
cross ventilation of crawl space

.18 (455)minimw
of beam or girder

- 24" (610) minimum
to bottom of joists

- Reinforced concrete grade beam

: éﬁape bottom or provide a rigid foam

- For thermal insulation

requirements, see 7.39,

* Vapor barrier to control

ground moisture

e T

\y‘\% S

Mechanical key locks
foundation wall to footing.

s, -

AUVANVREN
Y T
D7 O
-
AN

1 Sizeoffooting depends on
foundation wallload and allowable
bearing capacity of the underlying
soil.

| Place footing on undisturbed soll

| below frostline.

supported by cast concrete piers

cushion to allow expansive soil to
rise without lifting foundation.

- 12"018" (30510 455) diameter

piers; engineer reinforcement \

* Flared bottom for piers as required

LEER

) BaRN
[ 6" (150) miniturm cover on
| } | interior of grade beam
Lo
L
I
|
| l
! |
ek
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3.12 FOUNDATION WALLS

Concrete Foundation Walls
Cast-in-place concrete foundation walls require formwork and
access Yo place the concrete.

Anchor bolts for sill plates of light frame construction; see
519 and4.28.

8" (205) minimum wall thickness
* Horizontal and vertical reinforcement as required
by engineering analysis; see 5.00.

Concrete ground lab; see 3.16.

Concrete footing; see 3.06-3.09.
- Steel dowels anchor foundation wall to footing.
* Key provides additional resistance tolateral slippage.

Concrete Masonry Foundation Walls

Concrete masonry foundation walls utilize easily handled small
units and do not require formmwork. Because concrete masonry is a
modular material, all major dimensions should be based on the 8"
(205) module of standard concrete block.

Anchor bolts for sill plates of light frame construction;
se¢ .15 and 4.20.

Fill cells in top course with grout.
Screen to retain grout.

Masonry units laid in running bond with Type M or S mortar.
- 0" (205) minimurm nominal wall thickness.

+ Vertical reinforcement in grouted cells and horizontal bond
beams as required by engineering analysis.
- See 5.16 for reinforcement of masonry walls.

Concrete ground slab; see 3.10.

Concrete footing; see 3.06-2.09.
Steel dowels anchor foundation wall to footing.
Full mortar joint on roughened footing.

(SI MasterFormat 03 30 00: Cast-in-Place Concrete
(SI MasterFormat 04 20 00: Unit Masonry
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FOUNDATION WALLS 3.13

The top of a foundation wall must be prepared to Stud wall framing

r

recelve, support, and anchor the wall and floor I Header or rim joist

systems of the superstructure. | Wood joist framing;
| ( oee 4.26— 4.28.

+ Gillplate anchors or holddowns
are required to secure the
wall and floor framing to the
foundation against uplifting
wind or seismic forces.

\

i \ Pressure-treated 2x0 or 2x5 sill
_— i plate typical; lay over fibrous sil

|

'r

sealer to reduce air infiltration; level
4L with shims if necessary.

| _—— Additional thickness for masonry
cavity or veneer walls,

jl “ - Masonry or concrete foundation may
(180) into concrete or the grouted cells of masonry continue up as exterior wall above
) foundation walls at no more than 6'(1830) 0. grade; see 5.25-5.24.
Wood Joists » . o
minimun of two bolts per sill piece w/ one within 12
(205) of each end; more stringent requirements
exist for Seismic Zones 3 and 4.
« Provide 'f2" (12) minimum air
space on the tops, sides, and Wood beam
ends of wood beams entering a - %/
concrete or masonry wall unless
pressure-treated wood is used; /
additional space may be required <l . &
for construction accese. T "~~~ Building felt preverts direct contact
between wood and concrete or
\ masonry.
TINT Shims to level beam
——— 2" (75) minimum bearing for wood
beams supported on concrete or
‘ masonry; thicken wall to form 2
Wood Beams Fockgt % recalve wood beam pilaster if additional bearing area is
required.
T Masonry or concrete foundation may
K continue up as exterior wall above
= Steel base plates anchored ! | grad.
to concrete foundation wall Operweb steel oists:see 4.19.
or o a continuous bond g C .
beam in masonry walls RS\ 1
; /
B i
TN #1006 (10010150) minimum
bearing for regular joists;
0"10 9" (150 to 230) minimum
for longspan joists

Open-Web Steel Joists
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3.14 FOUNDATION WALLS

Asubsoll drainage system is
required to collect and divert water
away from a foundation to a storm
sewer, dry well, or natural outfall at
alower elevation on the site.

allows water to flow down to the \%\}f{/{

footing drains.
* Drainage mat is approximately
514" (19) thick and consists of
a synthetic matting or eggcrate
core faced with a filter fabric

Dampproofing is applied to a foundation wall when subsoil
conditions indicate that hydrostatic pressure from the
groundwater table will not occur. When subject to hydrostatic
pressure from the groundwater table, foundation walls should be
waterproofed. Some building codes require that all foundation
walls enclosing a habitable space below grade be waterproofed.

/
i

)

\f

N

S

| _——  Dampproofing or waterproofing membrane should extend from

0" (150) above grade down to the top of the footing.

Dampproofing may consist of a bituminous or acrylic modified
/ cement coating.

* Parge concrete masonry walls with not less than °/s" (10)
portland cement mortar covered by a 116" (2) bituminous
coating.

|_— > Waerproofing membrane may consist of rubberized or polymer-

modified asphalt, butyl rubber, or other approved material
capable of bridging nonstructural cracks.

+ Bentonite clay may be sprayed on as a slurry or be installed
in panel form with the dry clay filling the voids of corrugated
cardboard sheets; the bentonite swells when wetted to become
virtually impervious to water.

- Protect the membrane during backfilling with 2 drainage mat,

that allows water to pass freely rigid extruded polystyrene insulation, or a protection board
but prevents the passage of fine such as asphalt-impregnated fiberboard.
soil particles.

* Slope w/ mortar or use a Premolded filler and sealant at expansion joint

For waterproofing, seal joint between foundation wall and slab
with bentonite clay or other waterstop.

nonbiodegradable cant strip
- ©"(190) minimum cover of
gravel or crushed stone
+ Protect top of pipe or tile w/
filter fabric.

Concrete ground slab; 4" (100) minimum
* See 5.16 for typical base course requirements.

+ Footing drain of perforated
pipe or drain tile;
4"(100) g minimum

* Invert of pipe or tile should
not be above elevation of slab; $§
slope 1o drain to a storm '

| fiS NS EENEEEEEER NN AR AN R IO AN NS RN NSRRGSR E SR AN AT SN AN R

ia! Ia'|I'i"}__i-_i_'}_r'l'l'|/ﬂ+h'l'l I'H'H.I ‘.H,””“'}H'H_’._F,'-'—.H ] BegES EESSRERS
"-\-'5-‘ R L R LN "‘- : : S AT e
\ Waterproofing membrane, if required

sewer, dry well, or natural Protection board for waterproofing; asphalt-impregnated
outfall on site. fiberboard or extruded polystyrene

- 2"(57) minimum Amudslab of unreinforced concrete is used when the

waterproofing membrane continues under the ground slab

or to provide a working surface on unstable soil.

(SI MasterFormat 07 10 00: Dampproofing and Waterproofing
(SI MasterFormat 33 46 13: Foundation Drainage
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FOUNDATION WALLS 3.15

Treated wood foundation systems can be used for both basement
and crawl space construction. The wall sections may be buly
on-site or be factory-fabricated to reduce erection time. All wood
and plywood used to fabricate a foundation system must be
pressure-treated with a preservative approved for ground contact
use; all field cuts should be treated with the same preservative.
All metal fasteners should be of stainless steel or hot-dipped
7inc-coated steel.

Treated wood strip should extend at
least 2" (51) above and 5" (125)
below finish grade to protect the
polyethylene from ultraviolet light and
mechanical damage.

Upper top plate field-applied to tie wall
sections together; offset joints from those
of lower top plate.

Lower top plate end-nailed to studs

+ Protective slope;

5% minimum\/

'12"(13) or thicker pressure-treated
plywood bonded with exterior glue
+ 118" (3) joints to be caulked

2xstuds @ 12" or 16" (309 0r 405) o.c.

* Thermal insulation, vapor retarder, and wall
% finish as required
+ O-mil polyethylene;

lap 6" (150) and
bond w/ sealant.

2x bottom plate
Txcontinuous strip

+ Gravel or crushed stone
backfill for drainage

Concrete ground slab;
566 .10,

- Ferimeter footing drain S

- Interior bearing wall ~
; Double bottom plates to extend
K} above top of slab

Extend gravel, sand, or crushed
stone footing under basement
floor slabs for drainage.

+ Composite footing consists of a footing
plate and a layer of gravel, sand, or
crushed stone;

4" (100) minimum.

» 2xDfooting plate,
where D depends on foundation wall
load and bearing capacity of soil

* A sump may be required for basement
spaces below grade to drain the porous
layer; 24" (610) g or 20" (510) square
and at least 24" (610) below the
bottom of the slab.

(SI MasterFormat 06 14 00: Treated Wood Foundations
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3.16 COLUMN FOOTINGS

Reinforced Concrete Column

Wood Post

(SI MasterFormat 03 30 00: Castin-Place Concrete
(SI MasterFormat 03 31 00: Structural Concrete

- See 5.50 for wood column base

/—\ Vertical reinforcement

Lateral reinforcement

+ See also 5.04 for concrete column details.

Steel dowels anchor column to footing
Two-way reinforcement uniformly spaced

©" (190) minimur
above steel reinforcement

d = effective depth

2" (75) minimum cover for steel reinforcement
when concrete is cast against and permanently
exposed Lo earth

Critical section for one-way shear

Critical section for two-way shear

A =P[5 where:

P = Column load in pounds

A = Contact area of footing

A variety of proprietary post bases
is available. Consult manufacturer
for allowable loads and installation
details. Fost bases can also be
fabricated to satisfy specific design
conditions.

connections.

Steel Column

6 = Soil bearing capacity in psf;
1psf=0.0479kFa

A stieel base plate is necessary
to distribute the column load
over an area wide enough that
the allowable stresses in the
concrete are not exceeded.

+ See 0.58 for steel base plate
connections.
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FOUNDATIONS ON SLOPING GROUND 3.17

Structures and foundations on or adjacent to ground slopes
exceeding 1007 should adhere to the following requirements:

+ Set face of footing back from a descending
slope a distance sufficient to provide
vertical and lateral support for the footing
and prevent settlement.

- Hi3or40' (12 m) maximum

o e e o S e

Lo

i
¥ et face of structure away from the foe of 2
rising slope to provide protection from site
drainage and erosion.
H/Z or 15'(5 m) maximum
EEETE R |
2 xfooting width minimum
1:2 maximum slope
00" for rock
50" for ol
Closely spaced footings or adjacent footings located at + Ground surface should not encroach on
different levels can cause overlapping soil stresses. bearing prism of soil or rock.
Grade

Maintain thickness of footing (T) in verfical
step.

Limit vertical step (H) to /2L

or 2-0"(610) maximurm.

Length of step (L) should be at least
2-0"(610).

- Utilize modular dimensions for concrete
masonry walls.

Stepped footings change levels in stages to accommodate a
sloping grade and maintain the required depth at all points
around a building.
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3.18  CONCRETE SLABS ON GRADE

* Superstructune ———— .|

- Concrete slab on grade
Isolation joints 1
* Independent foundations
A a M i _' Lt &
LA o . a
b 3 : & s
2 : *.-_ e 7

] dU;-

P %o "3@50%’ Af‘f‘f

2 \ %
:‘?’”@\ L g@ % o O ’ @i
i/ / X /o X /f 2%

o

«j'f/f/vé’f & /ﬁ
L

A concrete slab may be placed at or near grade level to serve as a combined floor
and foundation system. The suitability of a concrete slab for such use depends
on the geographic location, topography, and soil characteristics of the site, and
the design of the superstructure.

Concrete slabs on grade require the support of a level, stable, uniformly dense
or properly compacted soil base containing no organic matter. When placed
over soil of low bearing capacity or over highly compressible or expansive soils,
aconcrete ground slab must be designed as a mat or raft foundation, which
requires professional analysis and design by a qualified structural engineer.

4" (100) minimum slab Thickness; thickness required depends on expected
use and load conditions.
Welded wire fabric reinforcement set at or slightly above the mid-depth of
the slab controls thermal stresses, shrinkage cracking, and slight differential
movement in the soil bed; a grid of reinforcing bars may be required for slabs
carrying heavier-than-normal floor loads.

* Admixture of glass, steel, or polypropylene fibers may be added to concrete
mix to reduce shrinkage cracking.

- Concrete additives can increase surface hardness and abrasion resistance.

©-mil (0.15 mm) polyethylene moisture barrier

The American Concrete Institute recommends a 2" (51) layer of sand

be placed over the moisture barrier to absorb excess water from the concrete

during curing.

Base course of gravel or crushed stone to prevent the capillary rise

of groundwater; 4" (100) minimum

Stable, uniformly dense soil base; compaction may be required

toincrease soil stability, loadbearing capacity, and resistance to

water penetration.

Maximum Stas DIMENSIONS WIRE SPACING WIRe Size
FEET (M) INCHES (Mm) (NUMBER)
Upto45(14) 0x0(150%x150)  W14xW14
45-60(14-16) 0x0 W2.0xW2.0
60-75(16-22) 0x0 W2.9xW2.9

(SI MasterFormat 03 30 00: Cast-in-Place Concrete
(SI MasterFormat 03 31 00: Structural Concrete
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CONCRETE SLABS ON GRADE 3.19

Three types of joints may be created or constructed

in order to accommodate movement in the plane of 2
concrete slab on grade—isolation joints, construction
Joints, and control joints.

Isolation Joints

Isolation joints, often called expansion joints,
allow movement to occur between a concrete
slab and adjoining columns and walls of a
building.

Construction Joints

Construction joints provide a place for
construction to stop and then continue at
alater time. These joints, which also serve
as isolation or control joints, can be keyed
or doweled to prevent vertical differential
movement of adjoining slab sections.

o 18" (3) radius
" \* Prevent, bond
S | Coated dowels or a keyed joint
e if required to prevent vertical
differential movement

Control Joints

Control joints create lines of weakness so

that the cracking that may result from tensile
stresses ocours along predetermined lines.
Space control joints in exposed concrete 15'to
20" (457006100 0., or wherever required
to break an irregular slab shape into square or
rectangular sections.

Sawn joint 8" (3) wide and /4 of
slab depth; fill w/ joint filler.

"I6" (3) premolded or metal strip
inserted when concrete is placed;
finish flush with surface.

Keyed joint

Prevent bond by using a preformed
metal or plastic joint material, or by
applying curing compound to one side
before other side is placed.
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3.20 CONCRETE SLABS ON GRADE

| _— > Exterior masonry wall and foundation

Concrete slab on grade;
see 3.16 for typical section

Isolated or integral footings are required to transmit loads
from the superstructure above to the foundation soil

TToT
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©" (150) minimum clear distance
from any wood to finish grade
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* Anindependent footing should be used when
a bearing wall or column transmits a heavy
or concentrated load.

]

/ Pressure-treated sill plates /\
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Extruded polystyrene foam insulation

may be placed on either the exterior

or the interior of the foundation wall.
Cast-in-place concrete or concrete masonry
foundation wall

Stud Wall

* Inwarm or temperate climates where

little or no ground frost occurs, it may be
economical to thicken the edges of a concrete
slab on grade to form infegral footings for the
exterior walls.

a5 0,

e L P

..|
oo 05

-

©" (150) minimurn clear distance from any
wood to finish grade

12" (205) minimum footing depth

et below frostline or 12" (305) below
ground surface.

Thickened Edge Slab

/ 12" (205) minimum

i

“Ufon, ity 0 05

- 07 o ¥ hy
B 0 g a 9
s 50a0 0.0 ,%%E’Ja.a.ﬁr‘?a%ﬂsa,.eﬁ.

The width and depth of the slab
footing are determined by the
magnitude of the load and the
bearing capacity of the soil

- Aconcrete ground slab may be thickened to
support an interior bearing partition or post and
transmit the load to the underlying ol
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CONCRETE SLABS ON GRADE

3.2

Fﬁ I A R . n

Embedded Heating Pipes
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Slab Openings

2-112"(64) minimum cover

Ferimeter insulation
Insulated air ducts

1-112"10 3" (4010 75) cover

Copper or polybutylene piping; provide for movement
where pipes pass through construction joints.

Underslab insulation recommended

Foamed plastic pipe insulation
isolates water supply and waste
piping from the concrete slab.

Chamfer or radius edge
Nosing bar; provide 1-'/2" (38) cover

4"(100) minimum thickness

Expansion or construction joint
Use coated dowels or a shear key to prevent
vertical differential movement.

For slab openings larger than 12" (302), extend
second layer of wire mesh reinforcement 2-0" (610)
on all sides of opening.
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3.22 POLE FOUNDATIONS
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(SI MasterFormat 06 13 16: Pole Construction

o
)\

Pole foundations elevate timber structures above the ground plane,
require minimal excavation, and preserve the natural features and existing
drainage patterns of a site. They are particularly useful when building on
steep slopes and in areas subject to periodic flooding.

The treated poles are usually laid out along a grid defined by the beam-and-
Joist framing pattern. Their spacing determines both the beam-and-joist
spans and the vertical loads they must support.

+ L d Poles 6" 10 12" (150 10 309) in diameter; treat with a

preservative Lo protect against decay and insect infestation.

The treated poles may extend vertically to form the loadbearing frame of
the superstructure or terminate at the first-floor level

to support a conventional platform frame.

Solid, built-up, or spaced wood beams; limit overhangs to

"1 0f the backspan.

Insulate floors, walls, and roof according to local

climatic conditions.

Foles are spaced 6'to 12' (1630 t0 5660) apart to

support, floor and roof areas up to 144 sf (12.4 m?)

Foles are set in holes dug by hand or by a power auger. Adequate
embedment length, suitable backfilling, and proper connections are
required for a pole structure to develop the necessary rigidity and
resistance 1o lateral wind and seismic forces. The required embedment
length varies according to:

+ Slope of the site

+ Subsurface soil conditions

+ Pole spacing

* Unsupported height of the poles

+ Seismic zone

—— Floors should be designed and constructed as a diaphragm to transfer

the rigidity of uphill poles to the rest of the structure.

‘\Embedmem Length for Steep Slopes
5'108' (1525 to 2440) for uphill poles; uphill poles have shorter

unsupported heights but require deeper embedment in order to provide
the necessary rigidity for the structure.
450 7' (1220 %0 2122) for downhill poles

Embedment Length for Flat Slopes
4105'(1220 10 1525)

When the necessary embedment is not possible, such as on a rocky slope,

steel rod crossbracing with turnbuckles or shear walls of concrete or

masonry can be used to provide lateral stability.

+ Consult a qualified structural engineer when designing and constructing
a pole structure, especially when building on a steeply sloping site
subject to high winds or flooding.
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Spaced wood beams; limit of
one splice per post

+ Notching improves the

bearing for beams and

provides better contact

with round poles. This ;

notching is sometimes ! / N + Gusset

referred 10 as dapping. + Aspiked grid connector ? i « Solid or buile-up wood beam ——"|

= Treat all field notching, - : with a single through- ' '

cuts, and drilled holes with | bolt can provide better * When piers terminate at the

an approved preservative. ' loadbearing values than first floor, beams can bear
; anotched and bolted i | directly on the piers and be
| connection. | I secured with wood gussets or
L \[\—J’ metal connectors. —

Spaced beams are through-bolted to the sides of the
treated poles, which then continue up to form the
loadbearing frame for the superstructure.

i . |
Treated wood p0|66—/? . + Concrete collar . i

. + Lag bolts for \: |
« Grade Lo anchorage |

2-0"(610) maimum ;
v{* Frostline 5|

10" (205) minimum

Tamped backfil of
clean sand, gravel, or

8 / crushed rock\‘f_:__'u.-_d ¢
4-0"(1220) '
minimum

+ Opikes or galvanized
metal straps for better

anchorage ————_| " - -

+ Concrete pad A\\F' .
distributes pole load ol u‘:
I

|
I - E '. -_‘ # . if C '-'. 'I ) -
‘ . : .Il L~ gy Frostling ! e P I
10 soil or rock; size e — N | R S [
o oS el &" (200) minimum | <. 5 a0, K :
okl ey o st .

should be determined by |-
engineering analysis. L.

16" (495)

minimum e i/ 16" (455) minimum
Foles may distribute their loads with a concrete footing or - BacKfilling with concrete or a soil-cement mixture
necklace or by bearing directly on rock. Concrete pads and can reduce the required embedment length; may
collars increase the contact area of the poles with the soil and be required on steep slopes with average or below-

distribute their loads over a larger area. average solls.
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3.24 DEEP FOUNDATIONS

Deep foundations extend down through unsuitable or unstable soil to

transfer building loads to a more appropriate bearing stratum of rack or
dense sands and gravels well below the superstructure. The two principal
types of deep foundations are pile foundations and caisson foundations.

; A pile foundation is a system of end-bearing or friction piles, pile caps,
andtie beams for transferring building loads down to a suitable bearing
stratum.

- Column load

Loadbearing wall
Reinforced concrete grade or tie beam with integral pile caps

Piles are usually driven in clusters of two or more,
spaced 2-6"t0 40" (76010 1220) o.c.

A reinforced concrete pile cap joins the heads of a cluster of piles
in order to distribute the load from a column or grade beam equally
among the piles.

Varies with column load; 12" (205) minimum
3" (75)

©0'(150)

Place below frostline

Files may be of treated timber poles, but for large buildings, steel
H-sections, concrete-filled pipes, or precast reinforced

or prestressed concrete are more common.

+ Plles are driven into the earth by a pile driver, composed of a tall
framework supporting machinery for lifting the pile in position before
driving, a driving hammer, and vertical rails or leads for guiding the
hammer.

End-bearing piles depend principally on the bearing resistance

of soil or rock beneath their feet for support. The surrounding soil

+ Examples of pile cap layouts ‘1

A
|
i
&A
: ==
:%_h

1 r 1 r mass provides a degree of lateral stability for the long compression
members.

j r 1 r/\ Friction piles depend principally on the frictional resistance of a
surrounding earth mass for support. The skin friction developed

1 f j r between the sides of a pile and the soil info which the pile is driven

is limited by the adhesion of soil to the pile sides and the shear
strength of the surrounding soil mass.
* The allowable pile load is the maximum axial and lateral loads
permitted ona pile, as determined by a dynamic pile formula,
a static load test, or a geotechnical investigation of the
foundation ol
+ Plle eccentricity, the deviation of a pile from its plan location or from
the vertical, can result in a reduction of it allowable load.

Bearing stratum of soil or rock

(SI MasterFormat 31 60 00: Special Foundations and Load-Bearing Elements
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PILE FOUNDATIONS 3.25

* Timber piles are logs driven usually as a friction pile. /\@
They are often fitted with a steel shoe and a drive band to

prevent their shafts from splitting or shattering.

+ Composite piles are constructed of two materials, such as
atimber pile having a concrete upper section to prevent the
portion of the pile above the water table from deteriorating.

* H-piles are steel H-aections, sometimes encased in concrete
£0 a point below the water table to prevent corrosion. ———— |
H-sections can be welded together in the driving process to
form any length of pile.

-

+ Pipe piles are heavy steel pipes driven with the lower end either
open or closed by a heavy steel plate or point and filled with

concrete. An open-ended pipe pile requires mw
excavation before being filled with concrete.

sections and sometimes an open core. Precast piles are often

/

+ Precast concrete piles have round, square, or polygonal cross ﬁ

prestressed. L///LA

+ Cast-in-place concrete piles are constructed by placing
concrete imo a shaft in the ground. The concrete piles may be
cased or uncased.

+ Cased piles are constructed by driving a steel pipe or casing
i the ground until it meets the required resistance and
thenfilling 5 with concrete. The casing is usually a cylindrical
steel section, sometimes corrugated or tapered for increased
stiffness. A mandrel consisting of a heavy steel tube or core
may be inserted ino a thin-walled casing to prevent it from

collapsing in the driving process, and then withdrawn before Lo

concrete is placed in the casing.

+ Uncased piles are constructed by driving a concrete plug into
the ground along with a steel casing until it meets the required
resistarce, and then ramming concrete into place as the casing
is withdrawn.

* A pedestal pile s an uncased pile that has an enlarged foot to
increase the bearing area of the pile and strengthen the bearing
stratum by compression. The foot is formed by forcing concrete
out at the bottom of the casing into the surrounding soll.

* Micropiles are high capacity, small diameter [5" to 12"
(12510 305)). drilled and grouted in-place piles that are
typically reinforced. They are often used for foundations in
urbanized areas or inlocations with restricted access, and
for underpinning or emergency repairs because they can
be installed in virtually any ground condition with minimal
vibration and disturbance to existing structures.
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(SI MasterFormat 31 62 00: Driven Piles
(SI MasterFormat 31 63 00: Bored Piles
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3.26 CAISSON FOUNDATIONS

s

/

—

(SI MasterFormat 31 64 00: Caissons

Caissons are cast-in-place, plain or reinforced concrete piers formed
by boring with a large auger or excavating by hand a shaft in the earth
to a suitable bearing stratum and filling the shaft with concrefe. For
this reason, they are also referred to as drilled piles or piers.

Caisson

Reinforcement in upper part of shaft, provides additional resistance
to bending caused by lateral forces or eccentric column loading.

The boring is often 2-6" (760) or larger in diameter to permit
inspection of the bottom.

Atemporary casing may be required to seal out water, sand, or
loose fill from the shaft during excavation.

The base of a caisson may be enlarged into a bell shape to increase
its bearing area and resist uplift from soil expansion. The bell may be
excavated by hand or be formed by a bucket attachment to an earth
auger that has a set of retractable blades.

Suttable bearing stratum of soil or rock

Socketed caissons are drilled into a stratum of solid rock in order to
gain additional frictional support.

Rock caissons are socketed caissons that have a steel H-section
core within a concrete-filled pipe casing.
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FLOOR SYSTEMS

4.02
4.04
4.05
4.08
4.10
4.11
4.12
413
4.14
4.16
417
419
4.20
4.22
4.23
4.24
4.26
4.28
4.32
4.33
4.35
4.36
4.37
4.38
4.40

Floor Systems

Concrete Beams

Concrete Slabs

Prestressed Concrete

Concrete Formwork & Shoring
Precast Concrete Floor Systems
Precast Concrete Units
Precast Concrete Connections
Structural Steel Framing

Steel Beams

Steel Beam Connections
Open-Web Steel Joists
Open-Web Joist Framing
Metal Decking

Light-Gauge Steel Joists
Light-Gauge Joist Framing
Wood Joists

Wood Joist Framing

Wood Subflooring
Prefabricated Joists & Trusses
Wood Beams

Wood Beam Supports

Wood Post-Beam Connections
Wood Plank-and-Beam Framing
Wood Decking
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4.02 FLOOR SYSTEMS

Floor systems are the horizontal planes that must support both

&i live loads—people. furnishings, and movable equipment—and
1 dead loads—rthe weight of the floor construction ifself. Floor
G5

5} -' systems must transfer their loads horizontally across space to

: either beams and columns or to loadbearing walls. Rigid floor planes
can also be designed to serve as horizontal diaphragms that act as

& thin, wide beams in transferring lateral forces to shear walls.

Afloor system may be composed of a series of linear beams and

>1 Joists overlai with a plane of sheathing or decking, or consist of

a nearly homogeneous slab of reinforced concrete. The depth of 2
floor system is directly related to the size and proportion of the
structural bays it must span and the strength of the materials
used. The size and placement of any cantilevers and openings
within the floor plane should also be considered in the layout of the
structural supports for the floor. The edge conditions of the floor
structure and its connection to supporting foundation and wall
systems affect both the structural integrity of a building and its
physical appearance.

Because it must safely support moving loads, a floor system
should be relatively stiff while maintaining its elasticity. Due to the
detrimental effects that excessive deflection and vibration would
have on finish flooring and ceiling materials, as well as concern for
human comfort, deflection rather than bending becomes the critical
controlling factor.

The depth of the floor construction and the cavities within it
should be considered if it is necessary to accommodate runs of
mechanical or electrical lines within the floor system. For floor
systems between habitable spaces stacked one above another,
additional factors to consider are the blockage of both airborne
and structure-borne sound and the fire-resistance rating of the
assembly.

Except for exterior decks, floor systems are not normally exposed
to weather. Because they all must support traffic, however,
durability, resistance to wear, and maintenance requirements are
factors to consider in the selection of a floor finish and the system
required to support, It.

() ()
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FLOOR SYSTEMS 4.03

Concrete

+ Cast-in-place concrete floor slabs are classified
according to their span and cast, form;
see 4.09-4.07.

+ Precast concrete planks may be supported by beams
or loadvearing walls.

Steel

- Oteel beams support steel decking
or precast concrete planks.

+ Beams may be supported by girders, columns, or
loadbearing walls.

* Beamframing is typically an integral part of a steel
skeleton frame system.

+ Closely spaced light-gauge or open-web joists may be
supported by beams or loadbearing walls.

* Stieel decking or wood planks have relatively short
spans.

+ Joists have limited overhang potential.

Wood

* Wood beams support structural planking or decking.

+ Beams may be supported by girders, posts, or
loadbearing walls.

+ Concentrated loads and floor openings may require
additional framing.

+ Underside of floor structure may be left exposed; an
applied celling is optional.

* Relatively small, closely spaced joists may be
supported by beams or loadbearing walls.

* Subflooring, underlayment, and applied celling
finishes have relatively short spans.

+ Joist framing is flexible in shape and form.
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4.04 CONCRETE BEAMS

Reinforced concrete beams are designed to act together with

+ 1"(25) clear minimum or not less than 1-'/3 x

nommalbar@omizeofcoaraeaggregat@/\'_-“_ o

+ 1-112" (38) minimurm cover required to protect

steel reinforcement from fire and corrosion E
* 14" (19) bevel or charmfer Y ;

longitudinal and web reinforcement in resisting applied forces. Cast-
in-place concrete beams are almost always formed and placed along

with the slab they support. Because a portion of the slab acts as an
integral part of the beam, the depth of the beam is measured to the
top of the slab.

Beam depth in 2" (57) increments
* Rule of thumb for estimating depth of a concrete

./

beam: span/ 16

Effective depth is measured from the compression
face to the centroid of tension reinforcement.

+ Beamwidthis /30 /2 of beam depth in 2" or 3" (50
or 75) multiples.
Beam width should be equal to or greater than width

+ Reinforcing bars extend ito and down
column support for structural continuity
and to develop the required embedment
length for anchorage.

- Continuity between columns, beams, slabs,
and walls is required to minimize bending
moments at these junctures. Because
continuity is easily attainable in concrete
construction, structures continuous over
three or more spans are usually the most

of supporting column.
* Whenever possible, vary required steel reinforcement
rather than beam size.

|
|
|
I
{ efficient.
|
|
i
{
]
LY

| \*

Top bars are longitudinal bars serving as tension
reinforcement in the section of 2 concrete beam subject to
the upward bending of a negative moment. Top bars may
also be required when the beam depth s limited and there
is insufficient concrete area to handle the compressive
5tresses.

+ Web reinforcement consists of bent bars or stirrups,
placed in a concrete beam to resist diagonal tension.
I Bent bars are longitudinal bars bent to an angle of 30°
or more with the axis of a concrete beam, perpendicular
to and infersecting the cracking that could occur from

diagonal tension.

+ Stirrups are any of the U-shaped or closed-loop bars
placed perpendicular to the longitudinal reinforcement
of a concrete beam to resist the vertical component of
diagonal tension.

- Hooks are bends given to the end of tension
bars to develop an equivalert, embedmert
length for anchorage. A standard hook is a

90°,125°, or 160° bend made at the end
of a reinforcing bar according to industry
standards with a radius based on the bar
diameter.

K Bottom bars are longitudinal bars serving as tension

reinforcement in the section of a concrete beam subject
To a positive moment.

* Truss bars are longitudinal bars bert up or down at points
of moment reversal in a concrete beam.

N il

. AR 4

+ Diagonal tension results from the principal
tensile stresses acting at an angle fo the
longitudinal axis of a beam.
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CONCRETE SLABS 4.05

Concretie slabs are plate structures that are reinforced to span either one or both
directions of a structural bay. Consult a sbructural engineer and the building code for
the required size, spacing, and placemert of al reinforcement.

One-Way Slab
A one-way slab is uniformly thick, reinforced in one direction, and
cast integrally with parallel supporting beams.

(SI MasterFormat™ 03 20 00: Concrete Reinforcing
CSI MasterFormat 03 30 00: Cast-in-Place Concrete
CSI MasterFormat 03 31 00: Structural Concrete

Tensile reinforcement

Shrinkage and temperature reinforcement
{ perpendicular to main tensile reinforcement

- WP, Yl A - > L

One-Way Joist Slab

Ajoist or ribbed slab is cast integrally with a series of closely
spaced joists, which in turn are supported by a parallel set of beams.
Designedt as a series of T-beams, joist slabs are more suitable for
longer spans and heavier loads than one-way slabs.

T

N Rule of thumb for estimating thicknese:
span/30 for floor slabs; 4" (100) minimum
span/30 for roof slabs
Suitable for light to moderate loads over relatively shor?
spans of 6't0 18' (1630 10 5490)

+ Slab s supported on two sides by beams or loadbearing
walls; beams, in turn, may be supported by girders or
columns.

Tensile reinforcement occurs in the ribs.
Shrinkage and temperature reinforcement is
placed inthe slab.

e L e e 7.=qm

|
Bs

g N e e b — i

+ See 12.04-12.05 for a discussion of
concrete as a construction material.

3504 112" (75 %0 115) slab depth: rule of thumb for
total depth: span/24
570 9" (12510 230) joist width
Fans are reusable metal or fiberglass molds, available in 20"
and 30" (510 and 760) widths and from 6" to 20" (150 o
510) depthsin 2" (51) increments. Tapered sides allow for
easier removal.
Tapered endforms are used to thicken joist ends for greater
shear resistance.
Distribution rib is formed perpendicular to the joists in order
to distribute possible load concentrations over a larger area:
one required for spans between 20" and 30' (6 and 9 m), and
not more than 15' (4.5 m) o.c. for spans over 30' (9 m).
Joist band is a broad, shallow supporting beam that is
economical to form because its depth is the same as that of
the joists.
Suitable for light to medium live loads over spans of 12'
£0 36' (4 to 10 m); longer spans may be possible with
posttensioning.
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4.06 CONCRETE SLABS

Two-Way Slab and Beam

A two-way slab of uniform thickness may be reinforced in two directions and cast
integrally with supporting beams and columns on all four sides of square or nearly
square bays. Two-way slab and beam construction is effective for medium spans
and heavy loads, or when a high resistance to lateral forces is required. For economy,
however, two-way slabs are usually constructed as flat slabs and plates without

Wil
5w . r g
i
N (100) minimum slab depth; rule of thumb for slab depth:
‘ slab perimeter/160
A Tensile reinforcemers
\_/ Two-way slabs are most efficient when spanning square or nearly square bays,
! e ' 1 and suitable for carrying intermediate to heavy loads over 15'10 40' (4.6 to
= 12 m) spans.
}i_> To simplify the placement of reinforcing stieel, two-way slabs are divided into
:]: Q column and middle strips, within which moments per foot are assumed to be
t'; constant.
—Ajk-4  + Acontinuous slab, extending as a sbructural unit over three or more supports in
$= agiven direction, Is subject to lower bending moments than a series of discrete,
[ simply supported slabs.
Two-Way Waffle Slab

Awaffle slabis 2 two-way concrete slab reinforced by ribs in two directions. Waffle
slabs are able to carry heavier loads and span longer distances than flat slabs.

S .

i S 5'0r6' (12500 150) ibwideh

'? Square metal or fiberglass dome forms are available in 19" and 30" (485 and
760) widths and from 8" to 20" (209 10 510) depths in 2' (51) increments.
Larger sizes are also available. Tapered sides allow for easier removal.
19" (465) domes and 5" (125) ribs create a 2' (610) module; 30" (760) domes
and ©" (150) ribs produce a 2 (915) module.
For greater shear strength and moment-resisting capacity, solid heads at
column supports are formed by omitting dome forms; size depends on span and
load conditions.
* Suitable for spans of 24'to 54' (7 10 16 m); longer spans may be possible with
postiensioning.
+ For maximum efficiency, bays should be square or nearly square as possible.
Waffle slabs can be efficiently cantilevered in two directions up to '/ of the main
span. When no cantilever is present, a perimeter slab band is formed by omitting
dome formes.
+ Coffered underside is usually left exposed.

& Tensile reinforcement
: — 3"%04-"12" (7550 115) slab depth; rule of thumb for totial depth: span/24
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CONCRETE SLABS 4.07

Two-Way Flat Plate

Aflat plate is a concrete slab of uniform thickness reinforced in two or
more directions and supported directly by columns without beams or
girders. Simplicity of forming, lower floor-to-floor heights, and some
flexibility in column placement make flat plates practical for apartment
and hotel construction.

——

7
. _Ten&le reinforcement
« 9"10 12" (12510 305) slab depth;

rule of thumb for slab depth: span/33

+ Suitable for light live to moderate loads over relatively short spans of
12'1024' (3610 7 m)

* While a regular column grid is most appropriate, some flexibility in
column placement is possible.

* Shear at column locations governs the thickness of a flat plate.

* Punching shear is the potentially high shearing stress developed by
the reactive force of a column on a reinforced concrete slab.

Two-Way Flat Slab
Aflat slab is a flat plate thickened at its column supports to increase
its shear strength and moment-resisting capacity.

111

Fd

- |

i 34 -\
T /
+ Tenslle reinforcement

* 0"10 12" (15010 309) typical slab depth;
rule of thumb for slab depth: span/30

* Drop panelis the portion of a flat slab thickened around a column
head to increase it resistance to punching shear.

+ Minimum projection of drop panel: 0.25 x slab thickness

+ Minimum width of drop panel: 0.52 span

+ Column capital may be used in place of or in conjunction with
a drop panel for increased shear resistance.

* Suitable for relatively heavy loads and spans from
20't040' (00 12 m)

A,
¥
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4.08 PRESTRESSED CONCRETE

<K_]] §_§@&
A R X A\ .

- Steeltendons are first stretched across the casting bed between two
abutments until a predetermined tensile force is developed.

- Concrete is then cast in formwork around the stretched tendons and fully
cured. The tendons are placed ecoerntrically in order to reduce the maximum

compressive stress to that produced by bending alone.

- When the tendons are cut or released, the tensile stresses in the
tendons are transferred to the concrete through bond stresses. The
eccentric action of the prestressing produces a slight upward curvature
or camber in the member.

Lodo & Lol lob L ol

+ The deflection of the member under loading tends to equalize its
upward curvature.

T

- Dead load stresses

* Deadtload and
prestress siresses

Prestressed concrete is reinforced by pretensioning or posttensioning
high-strength steel tendons within their elastic limit to actively resist
aservice load. The tensile stresses in the tendons are transferred to
the concrete, placing the entire cross section of the flexural member

in compression. The resulting compressive stresses counteract the
tensile bending stresses from the applied load, enabling the prestressed
member to deflect less, carry a greater load, or span a greater distance
than a conventionally reinforced member of the same size, proportion,
and weight.

There are two types of prestressing techniques. Pretensioning is
accomplished in a precasting plant, while posttensioning is usually
performed at the building site, especially when the structural units are
too large to transport from factory o site.

— Pretensioning

Pretensioning prestresses a concrete member by stretching the
reinforcing tendons before the concrete is cast.

e}
| - —
- Prestress stresses - Combined dead load and
prestress shresses
7 .m
=

- Live load stresses + Final combined stresses

+ Acertain amount of initial prestress is lost due to the combined effects

(SI MasterFormat 03 38 00: Posttensioned Concrete
(SI MasterFormat 03 40 00: Precast Concrete

of elastic compression or creep of the concrete, relaxation of the steel
tendons, frictional losses, and slippage at the anchorages.
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PRESTRESSED CONCRETE 4.09

[ | |
- The extremely high-strength steel tendons may be in the form of + Unstressed steel tendons, draped inside the bearm or slab form, are coated or
wire cables, bundled strands, or bars. sheathed to prevent bonding while the concrete is cast.

* After the concrete has cured, the tendons are clamped on one end and jacked
against the concrete on the other end until the required force is developed.

Posttensioning
Fosttensioning is the prestressing of a concrete member by
tensioning the reinforcing tendons after the concrete has set.

+ The Tendons are then securely anchored on the jacking end and the jack

+ Posttensioned members tend to shorten over time due to elastic removed. After the postiensioning process, the steel tendons may be left
compression, strinkage, and creep. Adjoining elements that would unbonded, or they may be bonded to the surrounding concrete by injecting
be affected by this movement should be constructed after the grout into the annular spaces around the sheathed strands.

postiensioning process is completed and be isolated from the
posttensioned members with expansion joints.

+ The deflection of the member under loading tends to equalize its upward
curvature.

* Load balancing is the concep?, of prestressing a concrete member E _—
with draped tendons, theoretically resulting in a state of zero 7 - o T
deflection under a given loading condition. ——

+ Draped tendons have a parabolic trajectory that mirrors the moment
diagram of a uniformly distributed gravity load. When tensioned,
the tendons produce avariable eccentricity that responds to the
variation in applied bending moment along the length of the member.

+ Depressed tendons approximate the curve of a draped tendon with ‘
straight-l ' foni - ‘ :

ght-line segmerts. They are used in the pretensioning process ¢ ; ! o
because the prestressing force does not allow for draping the B e iy
tendons. Harped tendons are a series of depressed tendons having |
varying slopes.
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4.10 CONCRETE FORMWORK & SHORING

* FProprietary systems are used to
form joist and waffle slabs.

- Foreconomy, standard forms
should be used in a repetitive

manner whenever possible. T

Fresh concrete must be shaped and supported by formwork until
it cures and can support itelf. This formwork is often designed
asa separave structural system by an engineer because of the
considerable weight and fluid pressure a concrete mass can exert
onit.

- Kneebrace
- Ledger

e Slab sheathing of plywood, hardboard, or boards.

S Yo a e

- Blocking
- Kicker

+ Braced T-and L-heads provide
support for beam forms. /

- Using columns and beams
of a constant section and
varying the amount of steel .
reinforcement to carry the
imposed loads results in e
greater economy.

- Shoring must be braced in both
the vertical and horizontal ——— |
planes to stiffen and prevent
buckling of individual members
of the formwork.

+ Gills may be required to

[ —1

distribute the shoring load

A\y T T
%k Metal or wood joists U
] Stringers

r To support beam and slab forms until the placed concrete can cure

and support itself, temporary supports called shoring are used.

[~ Adjustable shores are metal or wood-and-metal shores avallable

- with jacks or screw-type devices for adjusting the elevations

of the shores once they are placed; various fittings can be

interchanged at the top for vertical extensions, U-heads, and

T-heads.

| Single-post wood shores are cut slightly short of the desired
elevation and adjusted by driving wooden wedges under the
shore or at its top.

* Double-post shores may be assembled with cross bracing for
relatively heavy loads.

+ Horizontal shoring consists of adjustable metal members used

b to support slab forms over comparatively long spans without

intervening vertical shores. Horizontal shoring requires fewer

vertical shores, each carrying a comparatively greater load, and

leaves open spaces clear for work, but each vertical support

over green concrete.

- Flying forms are large sections of formwork,
including supporting trusses, beams, or
scaffolding, that can be moved by a crane in
constructing the concrete floors and roofs of

carries a greater concentration of load.

- After a concrete slab or beam has cured sufficiently to carry
its own weight, the original formwork is removed and the slab or
beam is reshored until the concrete reaches it full strength.

* See 5.07-5.08 for the formwork required
for concrete columns and walls.

+ Lift-slab construction is a technique of constructing multistory
buildings in which all horizontal slabs are cast at ground level

multistory buildings.

and, when cured, are raised into position by hydraulic jacks.

T

CSI MasterFormat 03 10 00: Concrete Forming and Accessories
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PRECAST CONCRETE FLOOR SYSTEMS 4.11

Precast concrete slabs, beams, and structural tees are

one-way spanning units that may be supported by sitecast
concrete, precast concrete, or masonry bearing walls, or by steel,
sitecast concrete, or precast concrete frames. The precast units
are manufactured with normal-density or structural lightweight
concrete and prestressed for greater structural efficiency, which
results in less depth, reduced weight, and longer spans.

The units are cast and steam-cured in a plant off-site, transported
to the construction site, and set in place a5 rigid components with
cranes. The size and proportion of the units may be limited by the
means of transportation. Fabrication ina factory environment
enables the units to have a consistent quality of strength,
durability, and finish, and eliminates the need for on-site formwork.
The modular nature of the standard-sized units, however, may not
be suitable for irreqular building shapes.

Small openings may be cut in the field.

Narrow openings parallel to slab span
are preferred.

* Engineering analysis i required for

Wide openings.

« A2"102-"12" (5110 90) concrete topping reinforced
with steel fabric or reinforcing bars bonds with the
precast units to form a composite structural unit. l

- Groutkey
P S )

DOOIOOO!

* The topping also conceals any surface irregularities, L
increases the fire-resistance rating of the slab, and
accommodates underfloor conduit for wiring.

+ When the flooring is to be pad and carpet. the topping may be
omitted if smooth-surface units are used.

g

——f=— Frecast slabs may be supported by a
structural frame of sitecast or precast
concrete girders and columns, or by a
loadbearing wall of masonry, sitecast
concrete, or precast concrete.

| \\//
r l____—:-——.—.___[Y;": :
i AT T e T
| &1 -
I —.E /
-+ If theflooris to serve as a horizontal 1 | 1V Theunderside of precast slabs may
diaphragm and transfer lateral forces to A T ! be caulked and painted; a celling
shear walls, steel reinforcement must tie 1 by L | finish may also be applied to or be
the precast slab units to each other over Nakeabad suspended from the slabs.

their supports and at their end bearings.

(SI MasterFormat 03 40 00: Precast Concrete
CSI MasterFormat 03 50 00: Cast Decks and Underlayment
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4.12 PRECAST CONCRETE UNITS

T 468" (100,150, 205)

| 40 (1220) typicalwideh |

Solid Flat Slabs

L 1400544060 | S 6".8"10", 12" (150, 205, 255, 305)
(405,610,1015,1220,2440)
Hollow Core Slabs

B 10 (240m%050) : 20'1048" (51010 1220)

L. W/z” (%8)
5" (76)

Single Tees

12"1052" (305 10815)

Bland 10 (2440a1d2050)

* Double tees do not require temporary

C 4 and 9 122|Oand1625 inst tippi
Double Tees ( ) support against tipping.
24",32" 40" 1-0"(309) 1-0"(209)

(610,815,1015) -

r = VTR WAL B 2,
< ~ 12"0r 16" Z Y3502 of 20"t0 60"

(305 or 405) total depth (51010 1525)

Rectangular Beams L-Shaped Beams Inverted Tee Beams

£ 5-0"3-9.46'(915,1145,1370)

& 7 ‘[,] T - AASHTO: American Association of State Highway
170 14 TH57(305,405.510) and Transportation Officials

- Designed originally for bridge structures but used
AASHTO Girders sometimes in building construction.

 —
e

i | R (ot [ Voot N T R |

+ 12't0 24" (2.6 %07 m) span range
* Rule of thumb for depth: span/40

———

| I I I ! | I I I S e
+ 12'%040' (2.6 %0 12 m) span range

* Rule of thumb for depth: span/40

+ 3010 120" (9 t0 36 m) span range
* Rule of thumb for depth: span/20

+ 3010 100" (9 t0 30 m) span range
* Rule of thumb for depth: span/28

+ 15'1075'(4.5%0 22 m) span range
* Rule of thumb for depth: span/15

+ Use the span ranges indicated for preliminary sizing

only. Consult manufacturer for availability of sizes, exact
dimensions, connection details, and span-load tables.

+ 36'1060' (1010 18 m) span range
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PRECAST CONCRETE CONNECTIONS 4.13

| l<— Structural precast concrete wall panels; see 5.10. + Sitecast concrete topping, reinforced with welded wire fabric

: | Extend steel dowels into reinforced concrete topping or orreinforcing bars, bonds to precast, slabs to form a composite
I ! ( into grouted shear keys for structural continuity. structural unit; 2" (57) minimum, \

| N—

gl

é Steel bars in topping or in
grouted key joints to tie slab

L Grout voids of hollow core units at ends to tie into
concrete or masonry support.

™~ High-density plastic bearing strip units over their support

l— Minimum bearing length should be at least /180 Stirrups in concrete beam or

of the clear span but not less than 2" (51) for solid studs on steel beam project up

or hollow core slabs. to tle info topping.

Precast Slabs

i ' Steel plate welded to plates cast info } | Grout voids of hollow core units
!__ precast, slabs and concrete support i_ ] /atsuppor%.

| i = S

il N
High-density Grouted shear keys lock High-density § NN Oteel ies in topping or in
plastic bearing adjacent units together. plastic bearing R grouted key joints
strip strip Reinforced masonry or concrete

Precast Slabs bearing wal

Steel angle welded to plates cast into + Top bars continue through |+ Reinforced sitecast concrete
precast tees and concrete wall support column beyond. BN topping \

1 T AR T

| ™= Steel plate welded 1o
: angles cast into beam and
sbructural tee

|
V/» Synthetic rubber bearing pad ‘ir. 3

] : .
Minimurm bearing length should be at least '/160 of the clear span but 148 DH Synthetic rubber bearing pad
not less than 2" (76) for beams or stemmed members. Inverted tee beam

Precast Structural Tees

fjil_\[ Steel angle welded to steel plates cast into beam and column \{ :

13\':-‘ ot ]
Faa e
Y

Sy -8 - T

=T
dh
b
i

-
=

Steel bearing angle cast info
beam recess; dry-pack wi grout
—— Steel wide-flange haunch cast
into concrete column

Synthetic rubber bearing pad
Haunch cast with concrete column

Precast Beams
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4.14 STRUCTURAL STEEL FRAMING

Structural steel girders, beams, and columns are used to construct
a skeleton frame for structures ranging in size from one-story
buildings to skyscrapers. Because structural steel s difficult to
work on-site, it is normally cut, shaped, and drilled in a fabrication
shop according Yo design specifications; this can result in relatively
fast, precise construction of a structural frame. Structural steel
may be left exposed in unprotected noncombustible construction,
but because steel can lose strength rapidly in a fire, fire-rated
assemblies or coatings are required to qualify as fire-resistive
construction. In exposed conditions, corrosion resistance is also
required. See 12.08 for a discussion of steel as a construction
material; see the Appendix for fire-rated steel assemblies.

Steel framing is most efficient when the girder and beam
supports are laid out along a regular grid.

Resistance to lateral wind or earthquake forces requires the
use of shear walls, diagonal bracing, or rigid framing with
moment-resisting connections.

For nonbearing or curtain wall options, see 7.24.

- Metal floor deck wl concrete fill; see 4.22 ,\

jEaaas
A
¥
4

- Steel beam
- Steel girder

When bearing on concrete or masonry, steel

- Connections usually use transitional

elemerts, such as steel angles, tees, bearing plates are required to distribute the

or plates. The actual connections may concentrated load imposed by a column or beam

be riveted but are more often bolted or 50 that the resultant unit bearing pressure

welded. does not exceed the allowable unit stress for
the supporting material.

(SI MasterFormat 05 12 00: Structural Steel Framing
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STRUCTURAL STEEL FRAMING 4.15

- Lateral-load-carrying mechanisms are

: S 4 J: T I r F B =E

[

+ Each pair of external columns supports a long-spanning beam
or girder. This system is suitable for long, narrow buildings,
especially when a column-free space is desired.

One-Way Beam System

required in both directions, but lateral
forces tend to be more critical in the

short direction.
\v .

-~

¢ Typical span range for beams is 20' to
32" (610 10 m); above this range, open-
web steel joists become an economical
alternative due to their reduced weight.
Beams are spaced 0'to 15' (1630 1o
4570), depending on the magnitude of
the applied load and spanning capability
of the floor deck.

Steel framing should utilize rectangular bay units, with
comparatively lightly loaded beams spanning farther
than more heavily loaded girders.

Two-Way Beam System

TR T TR
g SRERER B inder
B B [

0 ] e
I I = I E SR R byl

oy . T A T Y B

Lo { : . ‘I T : Lo

I i | [

Fir TRt

L T T A A N R

| S 1 T N (S R AN (Y Y I

Framing beams into girders minimizes floor
depth; some mechanical services can pass
through holes cut into the beam webs, but
large lines may have to be accommodated in
a suspended ceiling space below.

+ Two-layer system increases floor depth
considerably but provides more space
for mechanical services.

* Girders spanning the short axis of a
building can contribute to the lateral
stability of the structure.

FrrfrrFrrir s
er - %-/[/;L
il

=1 |
T T
4_1._L_L4_i__._;j_ b

= -

1
-
4

* When a large, column-free space is required, long-spanning plate
girders or trusses can be used to carry the primary beam, which
in turn support a layer of secondary beams.

Triple Beam System

Primary beams
Secondary beams
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A.16 STEEL BEAMS

* More structurally efficient wide-flange (W) shapes have largely
superseded the classic I-beam (5) shapes. Beams may also be in
the form of channel (C) sections, structural tubing, or composite

+ S shape sections.

Rules of thumb for estimating depth:
B B beams: span/20
girders: span/12

Width ="/3t0 /2 of depth

+ The general objective is to use the lightest steel section that will

- Wehape o, R resist bending and shear forces within allowable limits of stress
and without excessive deflection for intended use.

- Inaddition to material costs, also consider the labor costs
required for erection.

* Cohape

- Structural fubing

B/ Plate girders are built up from plates or shapes that are welded or
/ riveted together. A web plate forms the web of a plate girder, while

Qﬂ 4:' (}:' flange angles form the top and bottom flanges. Shear plates may

be fastened to the web of the girder to increase its resistance to

shearing stresses.

=] 1_' L Cover plates are fastened to the flanges of a plate girder to

increase its section modulus in areas subject to high bending

stresses.

/—ﬂ

Stiffener angles are fastened to each side of a web plate to
stiffen it against buckling; bearing stiffeners are placed at a point
of support, or under a concentrated load; intermediate stiffeners
are placed between bearing stiffeners for increased resistance to
diagonal compressive stresses.

Box girders are built up from shapes and have a hollow,

= W%\j rectangular cross section.

Castellated beams are fabricated by dividing the web of a wide-

) . . ; _<| flange section with 2 lengthwise zigzag cut, then welding both
. \ : halves together at the peaks, thus increasing its depth without

increasing its weight.

(SI MasterFormat 05 12 23: Structural Steel for Buildings
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STEEL BEAM CONNECTIONS 4.17

There are many ways in which steel connections can be made, using different
types of connectors and various combinations of bolts and welds. Refer to
the American Institute of Steel Constructions (AISCs) Manual of Steel
Construction for steel section properties and dimensions, allowable load
tables for beams and columns, and requirements for bolted and welded
connections. In addition to strength and degree of rigidity, connections
should be evaluated for economy of fabrication and erection, and for visual
appearance if the structure is exposed to view.

The strength of a connection depends on the sizes of the members and
the connecting tees, angles, or plates, as well as the configuration of bolts
or welds used. The AISC defines three types of stieel framing that govern
the sizes of members and the methods for their connections: moment
connections, shear connections, and semi-rigid connections.

Top and bottom flanges
welded to colurmn

Tab plate welded to column
and bolted to beam web

+ Stiffener plates
welded to column

* Beam welded to stiffener
plates and bolted to tab

"%

Shear boltg
Backing bar
Stiffener

Stiffener plates welded to
column and bolted to beam
flanges

Welded all around

i

+ Sheartab welded to
column and bolted to
beam web

Erection
seabangle

Moment Connections

AISCType 1—Rigid Frame—connections are able to hold their
original angle under loading by developing a specified resisting
moment, usually by means of plates welded or bolted to the beam
flanges and the supporting column.

Weld flanges or use a splice
platie bolted to top flanges of

= girder and beam.

Shearis carried by plates
welded to girder web and bolted
Lo beam web.

Plate welded to girder web and
bolted to bottom flange of
beam

Beam continues over girder;
boltto keep beam from shifting.
Small openings may be

cut or drilled in web; large
openings weaken web in shear
and require stiffening or
reinforcement.
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4.18 STEEL BEAM CONNECTIONS

- Aframed connection is
a shear-resisting steel
connection made by welding
or bolting the web of a beam
tothe supporting column or
girder with two angles or 2
single tab plate.

- Angles bolted or welded to webs of
girder and beam; for the top of the
beam o be flush w/ the top of the
girder, the Top flange of the beam is
coped or cut away.

Two angles welded or bolfed
o column and web of beam

* Two angles shop-welded to beam
web and field-welded to column —
* Bolts hold beam in place until

Wwelds are made on site.

i—T

Stabilizing angle

Seat angle carries
shearload.

Tab plate welded to column
and bolted to web of beam

Shear Connections

- Aseated connection s

a shear-resisting steel
connection made by welding
or bolting the flanges of
abeamto the supporting
column with a seat angle
below and a stabilizing angle
above.

- Aseated connection may

be stiffened to resist large
beam reactions, usually by
means of a vertical plate or
pair of angles directly below
the horizontal component of
the seat angle.

AISC Type 2—Simple Frame—connections are made to
resist only shear and are free to rovate under gravity loads.
Shear walls or diagonal bracing is required for ateral stability

of the structure.

o

=

- All-welded connections are
aesthetically pleasing, especially when
ground smooth, but they can be very
expensive to fabricate.

2

Semi-Rigid Connections

End plate welded to beam all
around and bolted to column

AISC Type 5—"Semi-Rigid Frame—connections assume
beam and girder connections possess a limited but known

tmoment-resisting capacity.
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OPEN-WEB STEEL JOISTS 4.19

Open-web joists are lightweight, shop-fabricated steel

members having a trussed web. A K series joist has a web

consisting of a single bent bar, running in a zigzag pattern

between the upper and lower chords. LH and DLH series

Joists have heavier web and chord members for increased

loads and spans. 2-112" (64) for K series; 5" (125) for LH/DLH series;
7-112"(1190) for DLH 18 and 19

Minimum bearing length:

K series: 4" t0 6" (10010 150) on masonry;
2-112"(65) on steel

LH/DLH: 6"t0 12" (150 t0 505) on masonry;
4"(100) on steel [

|

Extension of bottom chord for direct attachment of -« Profiles of open-web stieel joists vary
celling: square-end joists are available. according to manufacturer.

T VA VAVAVAVAVAN

+ Kegries standard joists; 0" to 30" (205 1o 760) depths

BK1 12016 (4105m) " B |

10K 129020 (4106m) | Lo :

1263 12%004 (4t 7 & iy :

144 161028 (5%09m) ® > |

1665 161052 (5t010m) i e

186 200036 (607111 . 5 5

2069 24042 (Tt015m) foscicg 5

249 241048 (Tr015m) o ' g i

2810 281054 (91016m) | o s |

30K12 321060 (10%0 16 m) & ;
* LH series longspan joists; 18" to 48" (455 to 1220) depths

18LH5 280026 (910 111) ? ot 5 |

24HT 361048 (111015m) : T >

26LHO 421054 (13t076m) i o N

32LH10 54'5060' (1650 161) ‘: 5 j . $

Chord designation

Joist series

Nominal joist depth in inches

-+ Consult the Steel Joist Institute for specifications and complete load tables for all joist types.

[T

+ DLH series deep longspan joists are available in 52
t0 72" (1320 %0 1830) depths and can span up to

144' (44 m). (S| MasterFormat 05 20 00: Metal Joists

(SI MasterFormat 05 21 00: Steel Joist Framing
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4.20 OPEN-WEB JOIST FRAMING

N

* Floor deck spans across joists. \

o T

N

+ Open-web steel joists may be supported by a bearing wall of
masonry or reinforced concrete, or by steel beams or joist
girders, which are heavier versions of open-web joists.

Open webs permit the passage of mechanical services.

Ceiling may be attached to bottom chords or be suspended if
additional space for services is required; ceiling may also be
omitted to expose joists and floor deck.

+ Fire-resistance rating depends on the fire rating of the floor and
ceiling assemblies; see Appendix.

* Floor deck spans joist spaces.

+ Floor deck may consist of:
- Metal decking wiconcrete fill + Spacing of joists is related to the magnitude of floor load,
+ Precast concrete planks the spanning capability of the decking material, the load-

+ Plywood panels or wood planking,
requiring a nailable top chord or
nailer bolted to top chord

carrying capacity of the joists, and the floor construction
depth desired.

2'%010' (6100 3050) spacing;

4'(1220) spacing common in large buildings

Joist span should not exceed 24 x joist depth.

"
o
Horizortal or diagonal bridging to prevent lateral movement

of joist chords
i - - il = The relatively lightweight construction is analogous to wood
joist framing.
i ———__— Because of their standard depths and manufactured
| lengths, open-web joists should span rectangular bays.
LM + The framing works most efficiently when the joists carry
uniformly distributed loads.

* If properly engineered, concentrated loads may bear over the

B A e e e | i panel poirits of the joists.
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OPEN-WEB JOIST FRAMING 4.21

Reinforced concrete or masonry bearing wall
Minimum bearing length:

4"£00" (10010 150) for K series joists;

©6"t0 12" (1500 305) for LH/DLH series joists

* Proportion bearing area so that unit bearing stress
does not exceed the allowable unit stress for the
wall material.

Oecure every joist to a steel bearing plate anchored
inthe wall.

Steel beam or joist girder

Minimum bearing length:

2-112"(65) for K series joists;

4"(100) for LH/DLH series joists

Two 1/e" (54) fillet welds 1" (25) long or '/2" (12) g bolt
+ For LH/DLH series joists, use two /4" (57) fillet welds
2"(51)long or two °/4" (19) g holts.

» Horizontal or diagonal bridging is
required to prevent lateral movement of
Joist chords.

+ Bridging is spaced from 10'to 20/
(205010 6095) 0.c., depending on joist
span and chord size.

Horizontal bridging angles are welded to
top and bottom chords.

Use diagonal bridging angles for LH/DLH
series joists.

* Weld or bolt bridging to clip angles
secured to masonry wall or steel edge
beam.

* Small openings may be framed + Limited overhangs are possible by extending the top chords.
with steel angle headers - Extended ends of steel angles or channel sections are
supported by trimmer joists. avallable for short overhangs. For K series joists, the
Large openings require overhang may extend 5-6" (1675), with an allowable load of
structural steel framing. 300 psf (1 psf = 0.479kFa).

(— Header to support tail joist
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4.22 METAL DECKING

- Concrete floor slab
« 212" 503" (64 0 75) bypical;

2'(57) mmimumw , :;:Zf_"f"‘:

Metal decking is corrugated to increase its stiffness and spanning
capability. The floor deck serves as a working platform during
consbruction and as formwork for a sitecast concrete lab.

+ The decking panels are secured with puddie-welds or shear studs
welded through the decking to the supporting steel joists or beams.

* The panels are fastened to each other along their sides with screws,
welds, or button punching standing seams.

+ [fthe deckis to serve as a structural diaphragm and transfer lateral
loads to shear walls, its entire perimeter must be welded to steel
supports. In addition, more stringent requirements for support and
side lap fastening may apply.

- Continuous bearing angle
to support deck edge; anchor bolt

to masonry wall. There are three major types of metal decking.
Steel joist or beam

o< ¢ + 916" (14) spanning 16" 10 3' (45510 915)
+ 1"(25) spanning 3't0 5' (9150 1525)
= 2"(57) spanning 5't0 12' (1525 0 5660)

Form Decking
+ Form decking serves as permanent formwork for a reinforced concrete
slab until the slab can support iteelf and s live load.

Composite Decking

+ Composite decking serves as tensile reinforcement for the concrete
slab to which it is bonded with embossed rib patterns. Composite
action between the concrete slab and the floor beams or joists
can be achieved by welding shear studs through the decking to the
supporting beam below.

Cellular Decking

- Cellular decking is manufactured by welding a corrugated sheet to a
flat steel sheet, forming a series of spaces or raceways for electrical
and communications wiring; special cutouts are available for floor
outlets. The decking may serve as an acoustic ceiling when the

" (36) spanning 6't0 12" (1830 to 5660) perforated cells are filled with glass fiber.
(51) spanning 6'to 12' (1630 10 3660)
(75) spanning 10't0 16" (3050 10 4875)

* Rule of thumb for overall depth: span/24

+ Consult the manufacturer for pattemns, widths, lengths,
gauges, finishes, and allowable spans.

(SI MasterFormat 05 30 00: Metal Decking
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LIGHT-GAUGE STEEL JoIsTS 4.23

Light-gauge steel joists are manufactured by cold-forming
sheet or strip steel. The resulting steel joists are lighter, more
dimensionally stable, and can span longer distances than their
wood countterparts but conduct more heat and require more
energy to process and manufacture. The cold-formed steel joists
can be easily cut and assembled with simple tools into a floor
structure that is lightweight, noncombustible, and dampproof.
As in wood light-frame construction, the framing contains
cavities for utilities and thermal insulation and acoepts a wide
range of finishes.

- Nominal depths: 6", 8" 10", 12" 14" —— 5
(150,205, 255,205, 355)
* Flange widths: 1-1/2",1-14", 2", 2-1/2"
(28,45,51,64) =
- Gauges: 14 through 22 - Nestable joist - Cjoist - Joist closure

Types of Light-Gauge Steel Joists

+ Prepunched holes reduce joist weight and allow the
passage of piping, wiring, and bridging straps.

e = 5 = !
A 5
Span Ranges for Light-Gauge Steel Joists
- G'(150)joists 105014 (3050%04265) [ 1 l
- 8" (200) joists 12'1018' (566010 5465) |: [ [ G
- 10"(255)joists 14't0 22" (42650 6705) [ [ 1
- 12"(305)joists 18't0 26 (54850 7925) [ | 1

* Rule of thumb for estimating joist depth: span/20
+ Consult manufacturer for exact joist dimensions, framing
details, and allowable spans and loads.

(SI MasterFormat 05 40 00: Cold-Formed Metal Framing
(SI MasterFormat 05 42 00: Cold-Formed Metal Joist Framing
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4.24 LIGHT-GAUGE JOIST FRAMING

e =3 TR = =2 = s
L Web stiffeners are required where concentrated + Joists may be supported by a metal stud wall or
loads might cripple joist webs, such as at joist a concrete or masonry foundation wall

ends or over interior supports. + 1-112" (28) minimum bearing at joist ends;
3" (75) minimum bearing at interior supports.

- Reinforced concrete over metal
decking or wood panel subflooring

Light-gauge steel joists are laid out in and assembled in a

manner similar to wood joist framing.

Joists are spaced 10", 24", or 48" (405,610,1220) oc.
depending on the magnitude of applied loads and spanning
capabllity of the floor deck.

+ Connections are made with self-drilling, self-tapping
screws inserted with an electric or pneumatic tool, or with
preumatically driven pins; welded connections are also
possible.

~

Strap bridging prevents the rotation or

lateral displacement of the joists; space
5'108' (1525 t0 2440) o.c., depending
on joist span.

Overhangs and floor openings are framed in a
manner similar to wood joist framing; see 4.25.
- See 5.39 for metal stud wall framing.

See 4.25 for span ranges of light-gauge
steel joists.
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LIGHT-GAUGE JOIST FRAMING 4.25

+ Wood panel deck laid over
2 continuous bead of adhesive
and screwed to
top flange of joists.

Steel studs
Continuous runner

Double channel
Clip angle

Steel joists
Metal stud wall

it
Interior Bearing

» Wood panel deck

Steel joist continues or
laps with adjoining joist over
beam or wall support

- 8"(75) minimum bearing
atinterior supports

Web stiffener

~ Double joists under partition
loads

Interior Bearing

Doubled joists or web stiffener
over support

Doubled or nested joists
Ferimeter closure channel

Floor Projections and Openings

Exterior Bearing

Exterior Bearing

..:/.

Exterior Bearing

Metal stud wall
Continuous runner
fastened through deck to
closure channel

Ferimeter closure channel

Web stiffener

1-112" (38) minimum
bearing at joist ends
Steel joists

Metal stud bearing wall

Metal stud wall
Continuous runner

Ferimeter closure channel;
shim and grout as required.
Web stiffener

Foundation clip

Steel joists

Metal stud wall
Continuous runner
Anchor bolt

Reinforced concrete over
metal decking

- Frovide continuous steel

bearing angle for metal
decking at ends.

Clip angle
Steel joists
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4.26 WOOD JOISTS

Wood joist floors are an essential subsystem of wood light-frame

construction. The dimension lumber used for joists is easily worked
and can be quickly assembled on site with simple tools. Together

@ r with wood panel sheathing or subflooring, the wood joists form a

! i level working platform for construction. If properly engineered, the
— resulting floor structure can serve as a structural diaphragm to
transfer lateral loads to shear walls; consult the building code for

Joists are spaced 12", 16", or 24" P
specific requirements.

(305,405, 0r 610) 0.c., depending

on the magnitude of applied loads and
spanning capability of the subflooring.
Cavitles can accommodate piping, wiring,
and thermal insulation.

Ceiling may be applied directly o joists,
or be suspended to lower ceiling area or
conceal mechanical runs perpendicular to
Joists.

- Because wood light-framing is combustible, it must rely on finish
flooring and ceiling materials for its fire-resistance rating.

+ The susceptibility of wood light-framing to decay and insect
infestation requires positive site drainage, adequate separation
from the ground, appropriate use of pressure-treated lumber, and
ventilation to control condensation in enclosed spaces.

+ 56 12.11-12.12 for discussion of wood as a construction
material.

, * Lateral support required for joist ends
* End joists may be doubled to provide

> Rim joist or header
additional support for perimeter wall /
framing. ;

See 4.37 for framing for floor
projections and openings.

+ Joist span; see 4.27

Sheathing or subflooring ties and stabilizes the
Joists to prevent twisting and buckling: see 4.32.

+ Finish flooring is laid over wood panel or plank
subflooring; some finish flooring materials may
require additional underlayment.

(SI MasterFormat 06 10 00: Rough Carpentry
(SI MasterFormat 06 11 00: Wood Framing
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woob Joists 4.27

=]
A
+ Joists may be supported by wood stud framing, A\/ Joist span is related to the:
. wood or stieel beams, or a bearing wall of concrete * magnitude of applied loads
0r masonry. * Joist size and spacing
L— 1-1/2" (28) minimum bearing on wood or metal * species and grade of lumber used
- 9" (75) minimum bearing on concrete or masonry - deflection allowable for the
intended use

Span Ranges for Wood Joists

26 upto10'(3050) i 1
26 Boi2(aonieen) 0 [ ]
- 210 100014 (30500 4265) | | |

- 12 12'10 18 (3660 10 5485) E

* Rule of thumb for estimating joist depth: span/10

+ Joist deflection should not to exceed /360 th of span.

+ The stiffness of the joist framing under stress is more
critical than its strength.

+ If the overall construction depth is acceptable, deeper joists
spaced further apart are more desirable for stiffness than
shallow joists spaced more closely together.

+ Consult manufacturer for sizes and spans of laminated ” N N
veneer lumber joists. L 2" (57 minimum fo joist edge

4
I 1O<__~ Maximum diameter = /3 oist depth

e th of joist depth maximurm and not within
/ middle third of span

) ._r \/
i
Bridging consists of wood or metal crossbracing or full-depth blocking To allow plumbing and electrical lines to pass through
between each joist at &' (2440) intervals. Bridging may be required by floor joists, cuts may be made according to the
some building codes if the joist depth is 6 or more times its thickness. guidelines illustrated above.

However, it is usually not necessary if the joist ends are supported
laterally against rotation and their top compression edges are
restrained by sheathing or subflooring.
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4.28 WOOD JOIST FRAMING

N \
End joists bear "N :
entirely onsill plate. ~ I3

+ Inareas subject to
insect infestation,
install a confinuous
sheet-meval shield.

Platform Framing

/i

Balloon Framing

-

%
N\
\
k.

N

\\ \\
kN AN
N\

\

\

b

\ &
N
A
\

NN
AN

Sill may be set back to allow
wall sheathing to be flush wi
foundation.

Wall studs rest directly on a double
sill plate and are facenalled to joists

and toenailed to sill.

— Subfloor

%
\ \\\
AN\

\
NN

N,

\

* + Toenail sil plates at corners, 10d

th

Solid blocking serves as firestop

— 104

* See 5.41-5.42 for discussion of balloon and platform framing.

B

(4 —
==

i

.~

Wood stud wall framing; see 5.45-5.45.
Subflooring; see 4.32.
Wood joists

Sill plate anchors or holddowns may be required to
secure the wall and floor framing to the foundation
against uplifting wind or seismic forces.

Rim joist or header

16d
Toenall, 64 @ 16" (405) o.c.

1-1/2" (38) minimum bearing

- Toenail, three &d

Pressure-treated 2x0 or 2x5 sill plate typical

+ Sillplate transfers floor and wall loads to foundation;

lay over fibrous sill sealer to reduce air infiltration;
level with shims if necessary.

112" (13) g anchor bolts @ 6 (1830) o.c.; minimum
of two bolts per sill piece wlone within 12" (309)
of each end; more stringent requirements exist for
Seistmic Zones 3 and 4.

+ il may be doubled for greater stiffness; nail w/ 104

staggered @ 24" (010) o.c.; ap at corners.

Provide /2" (13) minimum air space on the tops,
sides, and ends of wood beams entering a concrete or
masonry wall unless pressure-treated wood is used.

* Beam support for joists \L

SN

Building felt prevents direct contact between wood
and concrete or masonry.

Shims tolevel beam

3" (75) minimum bearing for wood beams supported
on concrete or masonry

Thicken wall to form a pilaster if additional bearing is
required.

Beam Pocket
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WOOD JOIST FRAMING 4.29

Wood joists may be supported by wood or steel beams. In either
case, the elevation of the beam should be coordinated with the
perimeter sill condition and how the beam supports the floor joists.
Wood is most susceptible to shrinkage perpendicular to its grain.
For this reason, the total depth of wood construction for both the
sill condition and the joist—beam connection should be equalized to

avoid subsidence of the floor plane.

Steel Beam Under Joists

Wood scabs tie joists
together, maintain horizontal
continuity of floor structure,
and support subfloor.

+ Nail scab to each joist

12" (13) space for joist
shrinkage

Nailing plate secured w/
threaded rod welded to beam
flange; plate should be a5
thick as perimeter sill to
equalize shrinkage.

Steel beam

In-line Joists wi wood scab or
metal vie strap
1-112" (38) minimum bearing

Wood sill secured w/ threaded
rod welded to beam flange;
sill should be as thick as
perimeter sill to equalize
shrinkage.

4" (100) minimum lap;
three 104
Toenailw/ 104

Wood Beam w/Joist Hangers

Wood Beam w/Ledger

Wood Beam w/Lapped or Spliced Joists

Solid or built-up wood bearn
Align joists on opposite
sides of beam.

Equalizing joist and
beam depths minimizes
subsidence of floor
structure.

- Use only with well-seasoned

lumber,

Metal joist hangers

Wood scab nailed Yo each
Joist

112" (13) space for joist
shrinkage

Metal straps tie in-line
Joists Together when tops
of joists are flush wf top of
wood beam.

Toenail w/ 104 to beam
Three 16d @ each joist;
avoid notiching of joists over
bearing.

2x4 ledger provides 1-'/2"
(36) minimum bearing.

4" (100) minimum lap;
three 104

Solid blocking between
Joists as required

In-line joists wi wood scab
or metal tie strap

1-112" (38) minimum
bearing
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4.30 WOOD JOIST FRAMING

- Wood stud framing
Soleplate
Subfloor

Joists

Nonbearing Partition L to Joists— No Partition Below

e

- Wood stud framing
Soleplate

Subfloor

Joists

Firestop and header
between joists
Double top plate of
partition below

Bearing Partition L to Joists

Joists
Firestop and header
-; between joists

| Double top plate

———— Wood stud framing

Bearing Partition L to Joists— No Partition Above

Nonbearing Partition Parallel to Joists —No Partition Below

Nonbearing Partition Parallel to Joists —No Partition Above

Double joists under partition
2x4 blocking @ 16" (409)
0c.

Fartition bearing between
Joists
2x solid blocking

Double joists spaced to allow
for passage of mechanical
56rvices

2x0 olid blocking @ 16"
(409) oc.

2x2 ledgers

Continuous wall studs in
balloon framing
Double joists

Double joists under partition

- 2xd blocking @ 16" (405)

0c.
Double top plate of partition
below

2x4 blocking @ 16" (409)
0c.

1%6 o provide nailing
surface for finish ceiling
Double top plate

<—  Woodstudframing
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WOOD JOIST FRAMING 4.31

Floor Projection L to Joists

i

Floor Opening— Length L to Joists

- Headerslongerthan 100

Joist direction

Double stringer——

Stringer \

Double joist
Joist hangers or framing
anchors

Solid blocking; may be set
out from sill to provide
nailing surface for soffit

Header nailed to joists w/
Tail joists - 20d

Double joist

Frojections greater than 24"
(610) should be engineered.
Rim joist or header

Frojections greater than
24" (610) should be
engineered.

Header nailed to joists w/
204

Floor Projection Parallel to Joists
— Double trimmers and
headers for spans greater
than4'(1220)
- Joist hangers or framing
anchors
(3050) should be desigred (S
>
as beam. Z
Beam hanger
{ ]

Tall joists secured to header Y ‘l
wl joist hangers or framing \\
o >

Wall or beam support, for
joists

Double trimmer; 104 @ 10"
(409) oc.

Double header

Fost or wall support, for
header and trimmer

Floor Openings— Length Parallel to Joists
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4.32 WOOD SUBFLOORING

Subfloor Thickness
inches*

Span
Rating

Span
inches (mm)

Panel Subfloor

Forrated s
sheathing & '2,%18
Structural | 518,512, ls
&llgrades 31a,"1p

Underlayment

Underlayment s
orC—Cplugged ~ le
ext. grade

52116
26116
42120
48124

Over panel subfloor
Over board subfloor

Combined Subfloor—Underlayment

For APA rated %

Sturd--floor 58,314
grades %14, 718,1
241 11/

16.(405)
20(510)
24(610)

48(1220)

“Metric equivalerte:

SR (13)

- 9" (16)

< (19)

< (22)

<1 (29)

-1 (29)
“\._\\\

/

N LS Y LY
NI VLT

JLL

‘—

Subflooring is the structural material that spans across floor joists,
serves as a working platform during construction, and provides a base
for the finish flooring. The joist and subfloor assembly can also be used
as a structural diaphragm to transfer lateral forces to shear walls if
constructed according to approved standards. Consult the building
code for requirements.

* Subflooring typically consists of plywood, although ather nonveneer
panel materials such as oriented strand board (05B), waferboard,
and particleboard can be used if manufactured according to approved
standards. Consult the American Plywood Association (APA).

The Span Rating is part of the gradestamp found on the back of each

panel. The first number indicates the maximum rafter spacing for

roof sheathing and the second number indicates the maximum joist

spacing for subflooring.

+ Spanmaybe 24" (610)if 212" (20) wood strip flooring is laid
perpendicular to joists.

* Underlayment provides impact load resistance and a smooth surface

for the direct application of nonstructural flooring materials; may

be applied as a separate layer over board or panel subflooring, or be

combined in a single thickness with the subfloor panel; when floor is

subject to unusual moisture conditions, use panels with exterior glue

(Exposure 1) or Exterior plywood.

Panel Subfloor and Underlayment

Indicated spans assume panels are laid continuously over two or
more spans with their long dimension perpendicular to the joists.
Stagger end joints.

+ Space joints '/&" (3) unless otherwise recommended by panel
manufacturer; space butt joints in underlayment /32" (1),

(SI MasterFormat 06 16 23: Subflooring; 06 16 26: Underlayment

Nail @ ©" (190) o.c. along edges and 12" (505) o.c. along
intermediate supports; nail @ ©" (150) o.. along both edges and
itermediate supports of 2-4-1 panels.

- Use 6d ring-shank or &d common nails for thicknesses through
314" (19) and &4 ring-shank or common nails for panels "/¢" (22)
and thicker.

Provide blocking under edges or use tongue-and-grove panel edges;
not required if underlayment joints are offset from subfloor joints.

Gluing combined subfloor-underlayment panels to the floor joists
enables the panels to act together with the joists to form integral
T-beam units. This application system lessens floor creep and squeaking,
improves floor stiffness and, in some cases, increases the allowable
spans for the joiste. These benefits, of course, are contingent on the
quality of the application. In addition to gluing, the panels are secured
with power-driven fasteners or with Gd ring- or screw-shank nails.
Consult the APA for detailed recommendations.
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PREFABRICATED JOISTS & TRUSSES 4.33

Prefabricated, pre-engineered wood joists and trusses are
increasingly used in the place of dimension lumber to frame floors
because they are generally lighter and more dimensionally stable
than sawn lumber, are manufactured in greater depths and lengths,

and can span longer distances. . , ‘
paniong * |-joists are manufactured with sawn or laminated

veneer lumber flanges along the top and bottom
edges of asingle plywood or 058 web.

10"t0 16" (255 10 406) nominal depths
+ Span ranges for |-joists:
+ 10" (255) depth can span up to 10' (4879)
+ 12" (209) depth can span up to 19'(5790)
+ 14" (255) depth can span up to 22' (6709)
+ 16" (405) depth can span up to 25' (7620)
— - 12'1024"(30510610) depths for commercial
construction available
* 20'%060' (610 16 m) spans

= + 2x4 chords and webs wl metal toothed
plate connectors

<— 12"10 24" (30510 610) depths
4+ 4010060 (1210 18 m) spans

W T ] ;i T F F 1] =1 - Wood chords and verticals w/ diagonal
/ : steel web members
<— 12"t0 24" (30510 610) depths
( 1 {7 o * 40'1080' (12 to0 24 m) spans
+ Wood chords w/ 1"t0 1-1/2" (2510 38) o
tubing webs

<— Upto40" (1005) depths
* 40't080' (12 t0 24 m) spans

. . P |
| « Two 2x6 chords w/ 2" (1) o steel webs
[ <— Upt060" (1525) depths
& * 60'%0100' (18 10 30 m) spans
: : : ] B o

* Rule of thumb for estimating depth of trussed joists: span/16

* Openings in webs allow the passage of electrical and mechanical lines.

* Consult manufacturer for available lengths and depths, recommended
spacing and allowable spans, and required bearing conditions.

(SI MasterFormat 06 17 00: Shop-Fabricated Structural Wood
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4.34 PREFABRICATED JOISTS & TRUSSES

L I-joist or 2x blocking
* |-joists must be stiffened

under bearing walls; consult
manufacturer and the building
code for requirements.

While the precise form of a prefabricated floor joist or truss varies
with the manufacturer, the way they are laid out to frame a floor is
similar in principle to converrvional wood joist framing. They are most
appropriate for long spans and simple floor plans; complex floor
layouts may be difficult to frame.

Wood panel subflooring

e

L4

Cortvinuous sill plate or top
plate of stud bearing wall
3-112" (90) minimum bearing

I-joist @ Exterior

| .
Z 12",16", or 24" (305,405,610) oc.
24" (405) spacing is most typical.

Stud bearing wall

I-joist @ Interior

+ Trussed joists may bear Double trusses provide support for
on top or hottom chord. parallel bearing partitions.
e S— " > ENm—— — g .1\
\‘\ P \ 4 N 1§ Ml W |
5 £ ‘\\
v B BNV i
\' Continuous nailer for lateral support o Wood beam or stud bearing wall Bracing is necessary o provide lateral
< of bottom chords * Headers or loadbearing walls support perpendicular to the plane of
[ Wood stud or masonry bearing wall support joists at openings. Phe trusses.
Top Chord Bearing Top Chord Bearing @ Interior
+ Continuous banding @ _
top and bottom
Continuous banding Support at panel point
23 h ™
g i N | 7
N [
__——Wood stud or masorry Wood beam or stud * Overhang should be
bearing wall bearing wall engineered by joist or
truss manufacturer.

Bottom Chord Bearing

Bottom Chord Bearing @ Interior

Bottom Chord Bearing @ Overhang
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wooD BEAMS 4.35

Solid Sawn Lumber

In the selection of a wood beam the following should be considered: lumber
species, structural grade, modulus of elasticity, allowable bending and shear
stress values, and the minimum deflection permitted for the infended use. In
addition, attention should be paid to the precise loading conditions and the
types of connections used. See Bibliography for sources of more detailed span
andload tables.

K

\
/| tH=HH=Hn
A i
Box Beam Flitch Beam

* Made by gluing two or more plywood or
058 webs to sawn or LYL flanges.

+ Engineered to span up 10 90' (27 m) « Engineered design

Glue-Laminated Timber

Glue-laminated timber (CSI MasterFormat 06 18 00) is made by laminating
stress-grade lumber with adhesive under conbrolled conditions, usually with
the grain of all plies being parallel. The advantages of glued-laminated timber
over dimension lumber are generally higher allowable unit stresses, improved
appearance, and avallabllity of various sectional shapes. Glue-laminated
timbers may be end-joined with scarf or finger joints to any desired length, or
edge-glued for greater width or depth.

Parallel Strand Lumber

Farallel strand lumber (PSL) is a structural lumber product made by bonding
long, narrow wood strands together under heat and pressure using a
waterproof adhesive. Farallel strand lumber is a proprietary product marketed
under the trademark Farallam, used as beams and columns in post-and-bear
construction and for beams, headers, and lintels in light-frame construction.

Laminated Veneer Lumber

Laminated veneer lumber (LVL) is a structural lumber product made by bonding
layers of wood veneers together under heat and pressure using a waterproof
adhesive. Having the grain of all veneers run in the same longitudinal direction
results ina product that is strong when edge-loaded as a beam or face-

loaded as a plank. Laminated veneer lumber is marketed under various brand
narmes, such as Microlam, and used as headers and beams or as flanges for
prefabricated wood -joiste.

- Timbers set on edge and bolted side by
side to steel plates or sections

Rule of thumb for estimating the depth of 2
wood beam: span/15
Beam width ="/3t0 /2 of beam depth

+ Limit deflection to "/z60th of span

Built-Up Beam
/ + Equalin strength to the sum of the
strengths of the individual pieces if none of

the laminations are spliced
- Two members nailed w! 104 @ 16" (405) o..

staggered and two 10d @ each end
+ Three or more members nailed wi 204 @ 32"

(819) 0. staggered and two 20d @ each
end

Spaced Beam
+ Blocked and securely nailed at frequent

interva

5 to enable individual member to

act as an integral unit

= A

Engineered to span up to 60' (24 m)
* Rule of thumb for estimating the depth of
glue-laminated beams: span/20

Beam width = /410 /3 of beam depth
/
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4.36 WOOD BEAM SUPPORTS

- Provides resistance to
uplift and horizontal
forces

112" (12) minimum
clearance on top, end,
and sides; more space
may be required for
construction access.
Steel clip angles
Bearing plate at least
114" (75) thick set on
bed of dryset grout
Anchor bolts

Optional prefabricated
beam seat

- Forwell-seasoned or
laminated beams and
light to moderate loads
Metal tension tie across
girder

Beam hanger w/
concealed or exposed
flanges

Avariety of metal attachments are manufactured for wood-to-
wood, wood-to-metal, and wood-to-masonry connections. These
include joist and beam hangers, post bases and caps, framing
angles and anchors, and floor ties and holddowns. Consult
manufacturer for specific shapes and sizes, allowable loads,
and fastening requirements. Depending on the magnitude of
the loads being resisted or transferred, the connectors may be
nailed or bolted.

- Forlight-frame construction
Header same depth as beam
Sill plate

8" (75) minimum bearing
Foundation wall

Foundation Wall Support

Clip angles for
superimposed beams;
provide for lateral stability
of supported beam if
necesoary.

- For moderate to heavy loads
Exposed beam hanger
Beams raised above girder

for decking to clear saddle
Girder Support Girder Support
f - Fositive bending _|l_ * Negativebending | - Fositive bending _i
[ T S—— I Continuous spans produce more uniform stresses than
VS PN i =g simple spans, resulting in more efficient use of material. Any

Spliced at point of zero
moment

Supported beam
Overhanging beam

Steel Splice Connector

splices should ocour at points of minimum bending stress,
approximately /4 to '/5 of the span on either side of an
interior support.

Wedges

Mortise Splice
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WOOD POST-BEAM CONNECTIONS 4.37

The size and number of bolts required at a connection
depend on the thickness of the members, the species of
wood, the magnitude and direction of the load relative fo
the grain of the wood, and the use of metal connectors.
Shear plate or split-ring connectors, which can develop
greater stresses per unit bearing, can be used when there
is insufficient area to accommodate the required number
of through bolts. See 5.49 for split-ring and shear plate
connectors and bolt spacing guidelines.

Ja
v

Continuous Post

|
]
!
H B Y
L
|-

L &

-

J\/

z
e

Spaced Post

4 Through-bolts

or split-ring
connector

t | T~ Blocking as

required

Spaced beam
Bearing blocks
provide direct
support and
increases area for
bolts.

Continuous beam
Through bolts

or split-ring
connector
Blocking at top.
middle, and bottom
of spaced post; see
als05.47.

Exposed Column Cap

Continuous Post

Concealed Connection

Steel U-plate or
saddle

Side plate for
connection to
wood post

- Through bolts

Welded connection
to steel post or
colurmn

Steel clip angles
Metal strap tie
Steel brackets w/
web stiffeners and
through bolts

Steel plate in sawn
kerf

+ Steel pipe with

bearing plate if
necessary

For concealment,
countersink bolt
heads and nuts,
and plug.

Exposed T-Strap

Continuous Beam

i

Interlocking Connection

©" (150) minimur
bearing in direction
of beam span when
two beams abut
over support

Metal strap tie
Shear plates and
pins

Bearing blocks
provide direct
support and
increases area for
bolts.

Through bolts
or split-ring
connector
Middle post
member
continuous
Outer beam
members
continuous
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4.38 WOOD PLANK-AND-BEAM FRAMING

Structural floor plane of wood decking
+ Other options: 2-4-1 plywood or prefabricated
stressed-skin panels

1 A f

* Wood beams may be supported by: KJ Underside of decking may be left exposed as a

Timber, steel, or concrete columns
+ Timber or steel girders
+ Concrete or masonry bearing walls
- Bearing area should be sufficient to ensure the
allowable compressive stresses of the beam and
bearing material are not exceeded.

Primary beam
Secondary beams may span over or frame into
primary beams to reduce span of decking.

Beatn spacing = span of planks or decking;
\ 4'108' (122010 2440) o.c. typical

Overhangs possible; limit to '/4 of backspan
Openings and concentrated loads require
additional framing

Diagonal bracing or shear walls required to
provide lateral stability.

(SI MasterFormat 06 13 00: Heavy Timber Construction
(SI MasterFormat 06 15 00: Wood Decking

finished ceiling.

Wood plank-and-beam floor systems are typically used
with a supporting grid of posts or columns to form

a skeleton frame structure. Using larger but fewer
structural members that can span greater distances
translates info potential savings in material and labor
005%5.

+ Plank-and-beam framing is most effective when
supporting moderate, evenly distributed loads:
concentrated loads may require additional framing.

* When this structural system is left exposed, as is
often the case, careful attention must be paid to
the species and grade of wood used, the detailing
of joints, especially at beam-to-beam and beam-to-
post connections, and the quality of workmanship.

* Plank-and-beam framing may qualify as heavy
timber construction if the structure is supported
by noncombustible, fire-resistive exterior walls and
the members and decking meet the minimum size
requirements specified in the building code.

* Disadvantages of the plank-and-beam floor
system include its susceptibility to impact sound
transmission, and its inherent lack of concealed
spaces for thermal insulation, piping, wiring, and
ductwork.
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WOOD PLANK-AND-BEAM FRAMING 4.39

In the plank-and-beam framing system, the supporting grid ¢ o

of beams should be carefully integrated with the required ////////

placement of interior partitions for both structural and /j/ A

visual reasons. Normally, most partitions in this system e %
L~

are nonloadbearing and may be placed as shown. If bearing /,/_ //
//’/ -

partitions are required, however, they should continue down to 2

foundation wall or be placed directly over beams large enough to // ’ /

carry the imposed load.

2-4-1 Plywood

Stressed-Skin Panels (S| MasterFormat 06 12 00: Structural Panels

* Wood strip flooring laid at right angles
to planking

* Underlayment required for resilient and
thinset tile flooring

FEa”,
- /—\ Wood studs
%

| / Soleplate
; f The load of nonbearing partitions

perpendicular to the floor decking is
distributed evenly across the planks.

Fartitions parallel with the floor decking
may be supported either below or above
the planking.
Beam must be framed into posts or
other beams for support.

* Limited overhangs possible

- Combined subfloor—underlayment
1-"g" (29) thick
Tongue-and-groove edges
Can spanup to 4' (1220)

* Laid continuously over two spans with
face plies perpendicular to beams and end
Joints staggered

* Nooverhang possible

* Stressed-skin panels consist of
plywood facings bonded with adhesives
under heat and pressure to lumber
stringers and cross bracing. The plywood
facings and lumber stringers act as
aseries of [-veams with the plywood
distributing concentrated loads and
resisting nearly all of the bending
Stresses.

+ Fanels integrate thermal insulation, a
vapor retarder, and an interior finish into
asingle component.

* Limited overhangs possible
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4.40 WOOD DECKING

- Solid - Solid
20, 2x8 nominal

Types of Wood Decking

* V-groove

Surface Patterns for Exposed Ceilings

batalm

sty -
RN
©z

+ 5%, 4x0 nominal

+ Channel groove

- Laminated
-+ 2x0, 5x8, 2x10; 4x0,
4x0: 00, 0%6 nominal

Rule of thumb for estimating depth of decking:
span/20

« Limit deflection to /240 th of decking span.

- Consult manufacturer for available sizes and
allowable spans.

- Striated

[ I

Simple Span

+ Planks simply supported at each
end have the most deflection for
aqiven load.

Types of Spans

* 2xdecking can span up to ©' (1830)

+ Bxdecking can span 6'to 10' (163010 3020)

* Axdecking can span 10't0 14' (2090 10 4265)
* Ox decking can span 12't0 20' (3655 10 6099)

Span Ranges

(SI MasterFormat 06 15 00: Wood Decking

I I

Double Span
- Most efficient structural use of
material of a given length

Y
|

Continuous Span

* Planks span continuously over four or more
supporfs.

+ Use of random lengths reduces waste.

- Layout must be carefully controlled.

+ 2'(010) minimum between end joints in adjacent
courses

+ Joints in the same general line must rest on ab
least one support.

* Separate joints in nonadjacent rows by 12" (305)
or two rows of planks.

= Only one joint should accur in each course between
supporfe.

+ Each plank must rest on at least one support.

* Inend spans, one-third of the planks should be
free of joints.
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WALL SYSTEMS

5.02  Wall Systems

5.04  Concrete Columns

5.06  Concrete Walls

5.07  Concrete Formwork

5.09  Concrete Surfacing

5.10  Precast Concrete Walls

511  Precast Concrete Wall Panels & Columns
5.12  Precast Concrete Connections
513  Tilt-Up Construction

514 Masonry Walls

5.16  Unreinforced Masonry Walls
5.18  Reinforced Masonry Walls
5.19  Masonry Columns & Pilasters
5.20  Masonry Arches

5.21  Masonry Lintels

5.22  Expansion & Control Joints
5.23  Masonry Wall Sections

5.26  Masonry Bonding

5.28  Structural Clay Tile

5.29  Gloss Block

5.31  Adobe Construction

5.3 Rammed-Earth Construction
5.33  Stone Masonry

5.35  Structural Steel Framing
5.37  Steel Columns

5.39  Light-Gauge Steel Studs
5.40  Light-Gauge Stud Framing
5.41  Balloon Framing

5.42  Platform Framing

5.43  Wood Stud Framing

5.46  Stud Wall Sheathing

5.47  Wood Columns

5.48  Wood Post-and-Beam Framing
5.49  Wood Post-Beam Connections
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5.02 WALL SYSTEMS

e
e
|
S
e
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|
=
|
|
—

Walls are the vertical constructions of 2 building that
enclose, separate, and protect its interior spaces. They may
be loadbearing structures of homogeneous or composite
construction designed to support imposed loads from floors
and roofs, or consist of a framework of columns and beams
with nonstructural panels attached to or filling in between
them. The pattern of these loadbearing walls and columns
should be coordinated with the layout of the interior spaces
of a building.

In addition to supporting vertical loads, exterior wall
constructions must be able to withstand horizontal wind
loading. If rigid enough, they can serve as shear walls and
transfer lateral wind and seismic forces to the ground
foundation.

Because exterior walls serve as a protective shield against
the weather for the interior spaces of a building, their
construction should control the passage of heat, infiltrating
air, sound, moisture, and water vapor. The exterior skin, which
may be either applied to or integral with the wall structure,
should be durable and resistant to the weathering effects of
sun, wind, and rain. Building codes specify the fire-resistance
rating of exterior walls, loadbearing walls, and interior
partitions.

The interior walls or partitions, which subdivide the space
within a building, may be efther structural or nonloadbearing.
Their construction should be able to support the desired
finish materials, provide the required degree of acoustical
separation, and accommodate when necessary the
distribution and outlets of mechanical and electrical
services.

Openings for doors and windows must be constructed so
that any vertical loads from above are distributed around the
openings and not transferred o the door and window units
themselves. Their size and location are determined by the
requirements for natural light, ventilation, view, and physical
access, as well a the constraints of the structural system
and modular wall materials.




(c) ketabton.com: The Digital Library

WALL SYSTEMS

5.03

Structural Frames
+ Concrete frames are typically rigid frames and qualify as

noncombustible, fire-resistive construction.

- Noncombustible steel frames may utilize moment connections

and require fireproofing to qualify as fire-resistive construction.

* Timber frames require diagonal bracing or shear planes for

lateral stability and may qualify as heavy timber construction if
used with noncombustible, fire-resistive exterior walls and if the
members meet the minimum size requirements specified in the
building code.

+ Stieel and concrete frames are able to span greater distances

and carry heavier loads than timber sbructures.

+ Structural frames can support and accept a variety of

nonbearing or curtain wall systems.

+ The detailing of connections is critical for structural and visual

reasons when the frame is left exposed.

Concrete and Masonry Bearing Walls
+ Concrete and masonry walls qualify as noncombustible

construction and rely on their mass for their load-carrying
capability.

+ While strong in compression, concrete and masonry require

reinforcing to handle tensile stresses.

* Helght-to-width ratio, provisions for lateral stability, and

proper placement of expansion joints are critical factors in
wall design and construction.

* Wall surfaces may be left exposed.

M

etal and Wood Stud Walls

Studs of cold-formed metal or wood are normally spaced @ 16"
or 24" (406 or 610) o.c.; this spacing is related to the width and
length of common sheathing materials.

+ Studs carry vertical loads while sheathing or diagonal bracing

stiffens the plane of the wall.

- Cavities inthe wall frame can accommodate thermal insulation,

vapor retarders, and mechanical distribution
and outlets of mechanical and electrical services.

* Stud framing can accept a variety of interior and exterior wall

finishes; some finishes require a nail-vase sheathing.

+ The finish materials determine the fire-resistance rating of the

wall assembly.

+ Stud wall frames may be assembled on site or panelized off site.
- Stud walls are flexible in form due to the workability of relatively

small pieces and the various means of fastening available.
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5.04 CONCRETE COLUMNS

- Dowels tie column to

supported beams and slabs. ——

+ Inclined bars should not exceed
a 1:0slope.

e e e e e e s e

Concrete columns are designed to act together with vertical
and lateral reinforcement in resisting applied forces. Consult
astructural engineer and the building code for the required
size, spacing, and placement of all reinforcement.

Lateral reinforcement restrains the vertical
reinforcement and strengthens the column
against buckling.

- Lateralties should have a minimum g of
316" (10), spaced apart not over 48 tie o,
16 vertical bar g, or the least dimension
of the column section. Each corner and
alternate longitudinal bar should be
laterally supported by the bend of a tie
having an included angle of not more than
135°, with no bar being more than 6"
(120) clear from such a supported bar.

+ Opiral reinforcement consists of an evenly
spaced continuous spiral held firmly in
place by vertical spacers.

+ Spiral reinforcement should have a
minimum g of /6" (10), with 2 maximurm
center-to-center spacing between spirals
of /6 of the core diameter, and a clear
space between spirals not more than 3"
(75) nor less than 1-2/8" (35) or 1-'/2
times the size of the coarse aggregate.

+ Extend spiral 1-1/2 turns for anchorage at
ends.

+ Rectangular columns:
0" (205) minimum
Width and a minimum
gross area of 96 sq. in.

(61,935 mme)

+ Round columns:
10"(255)
minimum g

7

|
1

T e A e T e
A
!
|
b
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Vertical reinforcement augments the ability of a concrete
/ column o carry compressive loads, resists tensile forces

when the column is subject to lateral loads, and reduces the

effects of creep and shrinkage in the column.

+ Vertical reinforcement should not be less than 1% nor
more than &% of gross cross-sectional area; four No. 5
bars minimum for tied colurmns or six No. 5 bars minimurm
for spiral columns.

+ Extra ties may be required at support points.

1-1/2" (38) minimum cover for steel reinforcement,

Splices may be made by lapping the ends of vertical bars
\  byalength specified in bar diameters, or by butting the

ends of vertical bars and efther connecting them with a

=

+

slegve clamp or arc-welding the butt joint.

Dowels overlap vertical bars 40 bar diameters or 24"
(610); extend down into footing or pile cap far enough
to develop adequate length for anchorage.

Concrete columns may be supported by isolated footings,
by a mat or combined footing, or by pile caps; see 5.09 and
.10,

3" (75) minimum cover for steel reinforcement when
concrete is cast against and permanently exposed
toearth

(SI MasterFormat™ 03 20 00: Concrete Reinforcing
CSI MasterFormat 03 30 00: Cast-in-place Concrete
CSI MasterFormat 03 31 00: Structural Concrete

Below frostline

Contact area of footing distributes column load to ensure
that the allowable bearing capacity of the supporting soil
is 1ot exceeded; 1-8" (510) minimum.
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CONCRETE COLUMNS 5.05

Reinforced concrete columns are usually
cast with concrete beams and slabs to form
a monolithic structure.

Reinforced concrete columns
Reinforced concrete beams and slabs;
see 4.04-4.05

- Reinforced concrete two-way slabs;
see 4.00-4.07

Column spacing = beam or slab span
+ Column spacing determines imposed loads

- 12" (205) column can support up to
2000 s (185 m?) of floor and roof area.
+ 16" (405) column can support up to
3000 sf (280 m) of floor and roof area.
+ 20" (510) column can support up to
4000 f (372 m?) of floor and roof area.

Lay out columns along a regular grid for
economical forming of beams and slabs.

= Columns should be continuous to the building
foundation.

Whenever possible, vary required steel
reinforcement rather than column size; when
necessary, vary only one dimension of 2
column at a time.

With the aid of a variety of steel connectors,
reinforced concrete columns can also support a
grid of timber or steel beams.

\/; Timber or steel beams

Steel connectors are required to support
and anchor wood or steel beams to concrete
columns.
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5.06 CONCRETE WALLS

s o
AN o
- Anchor reinforced concrete walls to floor L ——— Wallamore than 10" (255) thick require
] slabs, columns, and intersecting walls with reinforcemert in two layers placed parallel with
No. 3 bars minimum @ 12" (305) o.c. for the faces of the wall
) each layer of wall reinforcement. ¥ No.3bars minimum spaced ot more than
Bend horizontal reinforcement at corners and  xwall thickness or 16" (455) o..
wallintersections for structural continuity. - Minimum ratio of vertical reinforcement 1o
- gross concrete area: 0.0012
+ Minimum ratio of horizontal reinforcement to
gross concrete area: 0.0020
+ 914" (19) minimum cover when W Minimum wall thicknesses:
exposed 1o ground or weather. - ©"(190) minimum for bearing walls or
+ 1-112" (38) minimurm cover when corcrete I 125 of the unsupported height or length
: o i5 exposed to earth or weather; iy r_ between stiffening elements
o2 e o B E 2 (571 minimum for No. 6 bars and larger \/ A « 4"(100) minimurm for nonbearing walls or /26
A R —X | — of unsupported height or length
" I— { + 2"(57) minimum for nonbearing interior
o > | partitions not used as shear elements
1] S o + 6"(150) minimum for plain (unreinforced) walls
; 3': il [ with 2 height-to-thickness ratio of less than
f i 22
i s '/. I - 0" (205) minimum for basement, foundation,
AN (LS| P fireor party wall
A '
Reinforce door and window openings ||° . + Concrete walls usually rest on a continuous
with a minimum of fwo No. 5 bars strip footing; see .09-3.10.
| p Toobing;
extending atleast 24" (610) beyond | | Wallis tied to it footing with dowels bent in
the corners of the opening. 2 alternate directions.
2" (57) clearance |
Diagonal bars optional [ ©"(190) minimurm above reinforcement
" (75) minimum cover when concrete s cast

against and permanertly exposed to the earth

- Consult a structural engineer and the building
code for the required size, spacing, and
placement of all reinforcement.

- 5ee 12.04—12.05 for a discussion of concrete
as a construction material.

(SI MasterFormat 03 20 00: Concrete Reinforcing

CSI MasterFormat 03 30 00: Cast-in-place Concrete

(SI MasterFormat 03 31 00: Structural Concrete
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CONCRETE FORMWORK 5.07

Concrete formwork for columns and walls may be
custom-built for a specific job, but prefabricated,
reusable panels are used whenever possible. The
framework and bracing must be able to maintain
the position and shape of the forms until the
concrete sefe.

A

MEREN

\

+ The contact surfaces of forms are coated witha
parting compound—oll, wax, or plastic—7o aid
in their removal. From a design standpoint, the
shape of a concrete section must allow for the easy
removal of the formwork. Tapered sections are used
where the formwork might otherwise be trapped by
the surrounding concrete. Sharp external corners
are usually beveled or rounded to avoid chipping and
ragged edges.

o -+ 1-0"to 36" (3050 1065) in diameter
- Sonotube is a trademark for 2 brand of

Column Forms

o

S
[~

(SI MasterFormat 03 10 00: Concrete Forming and Accessories

Fiber forms have a smooth or spiral pattern finish
and are disposable.

cylindrical column form made of compressed,
resin-impregnated paper.

Wood formwork

Reusable forms may have a square or
rectangular cross section.

Yokes are clamping devices for keeping column
forms and the tops of wall forms from spreading
under the fluid pressure of newly placed concrete.

Wall Forms

Spreaders, usually of wood, space and keep the
wall or forms apart.
Form ties; se¢ .08

Plywood sheathing
Inner surface of panels leaves an impression on
the concrete

Wood studs
Horizontal walers reinforce the vertical
members of formwork.

* Ifnecessary, strongbacks provide vertical

support for aligning and reinforcing walers.
Sill plate

Bracing
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5.08 CONCRETE FORMWORK

Al T A PR

o

When exposed or visible, the
tie hole locations should be
coordinated with the wall's
surface design.

s Width varies

e EN# 1/5”t(ﬂ/4" (3t06)

\\/ 1250914 (1310 19)

Form ties are required to keep wall forms from

spreading under the fluid pressure of newly placed
' %ﬂ concrete. While various proprietary forms are
avallable, there are two basic types: snap ties and
she bolts.

I OSnapties have notches or crimps that allow
their ends to be snapped off below the concrete

. surface after stripping of the forms. Either cones
% or washers are used to maintain the correct wall
thickness.

| — Small, truncated cones of wood, steel, or plastic,
attached to form ties to space and spread wall
forms, leave a neatly finished depression in the
concrete surface to be filled or left exposed.

She bolts consist of waler rods that are inserted

—
through the form and threaded onto the ends of
aninner rod. After stripping, the waler rods are
removed for reuse while the inner rod remains in the
conerete.

Avariety of wedges and slotted devices tighten

the formwork and transfer the force in a form tie to
the walers.

Tie holes may be:

Fatched to match the surrounding finish

,/_

Left exposed with the exposed tie end epoxied
Filled with a plastic cap

112" (36)

- Linear recesses can be used to create a

Chamfer strips of wood or other material are

pattern onthe surface of a concrete wall,
separate different wall surface treatments,
and help conceal construction joints.

(SI MasterFormat 03 11 16: Architectural Cast-in-Place Concrete Forming
CSI MasterFormat 03 11 16.13: Concrete Form Liners

attached to the inside of a form to produce a
smooth, rounded, or beveled edge on the outside
corner of a concrete member.

Rustication strips of wood or other material are
attached to the inside face of a form to produce
aqroove inthe surface of a concrete member.
These strips are also available as parts of plastic
formliner systems.
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CONCRETE SURFACING 5.09

Avariety of surface patterns and
textures can be produced by the
following methods.

Sandblasted Plywood

AnROWEIE L G RS e TO g
o

B Lo B P o

a8 o
W00 0 shaL ln

Exposed Fine Aggregate

Bushhammered Surface

o g U B0

90?0"0 ouﬂo 009“0°05
2gdp i ols % 200 g5 Q"
2 Hp0 en O o oocpbﬁg"o Oaw

Sl Sk oy
?{:‘. ] 00“000

Ribbed Surface Bushhammered

Selection of the Concrete Ingredients
+ The color of concrete can be controlled with the

Th

use of colored cement and aggregates.

Exposed aggregate finishes are produced by
sandblasting, etching with an acid, or scrubbing
a concrete surface after the initial set in order
to remove the outer layer of cement paste and
expose the aggregate. Chemicals can be sprayed
on the forms to help retard the setting of the
cement paste.

e Impressions Left by the Forms

Béton brut refers to concrete that is left in

its natural state after formwork is removed,
especially when the concrete surface reflects the
texture, joints, and fasteners of a board form.
Plywood forms can be smooth, or be sandblasted
or wirebrushed to accentuate the grain pattern of
the face ply.

* Sheathing lumber produces a board texture.

Metal or plastic formliners can produce a variety
of textures and patterns.

Treatment after the Concrete Sefs
+ Concrete can be painted or dyed after It has set.
- The concrete surface can be sandblasted, rubbed,

or ground smooth.

Both smooth and textured surfaces can be bush-
or jackhammered to produce coarser textures.
Bushhammered finishes are coarse-textured
finishes obtained by fracturing a concrete or
stone surface with a power-driven hammer having
arectangular head with a corrugated, serrated, or
toothed face.
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5.10 PRECAST CONCRETE WALLS

* Upto24' (7 m) high * Upto24' (7 m) high
< 20" 5010" \ c 512"
(900 255) thick (140 t0 305) thick

‘fé Rigid foam

insulation core
- 8'(2440) width typicalfor - Wire shear ties bind
all panel types; up 1o 12! inner and outer
(3660) widths available wythes of concrete.
Solid Panels Composite Panels

Precast Concrete Wall Panels

Precast Concrete Columns
Precast concrete columns are typically used with
precast beams to form a structural frame. See 4.17.
Because rigid joints are difficult to fabricate in a
precast structural frame, shear walls or diagonal
bracing are normally relied upon to stabilize the
structure against lateral forces.

+ Upto48' (14 m) high
- 120 24" \
(50510610) depth

Ribbed Panels

(SI MasterFormat 03 40 00: Precast Concrete
(SI MasterFormat 03 41 00: Precast Structural Concrete

Precast concrete wall panels are cast and steam-cured in a
plant off site, transported to the construction site, and set in
place with cranes as rigid components. Fabrication in a factory
environment enables the units to have a consistent quality

of strength, durability, and finish, and eliminates the need for
on-site formmwork.

The precast wall panels may be convertvionally reinforced or
prestressed for greater structural efficiency. reduced panel
thicknesses, and longer spans. In addition to the required
tensile, shrinkage, and temperature reinforcement, extra
reinforcement may be necessary to resist the stresses of
transportation and erection.

+ Precast wall panels may be of solid, composite, or ribbed
consbruction.

S~ Window and door openings, corbels, and anchoring devices

are cast into the wall panels.
* Avariety of quality-controlled surface textures and
patterns are available; consult manufacturer.

10"x 10" (255 % 255) column will support
approximately 2000 f (185 m?)

12"x 12" (309 % 305) column will support
approximately 2750 of (255 m?).

16" 16" (409 x 405) column will support
approximately 4500 of (418 m?).

+ For preliminary design purposes, the above sizes
of precast columns can be assurmed to support the
indicated floor and roof areas.
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PRECAST CONCRETE WALL PANELS & COLUMNS .11

Precast concrete wall panels may serve as bearing walls
capable of supporting sitecast concrete or steel floor and roof
systems. Together with precast concrete columns, beams,
and slabs, the wall panels form an entirely precast structural
system that is inherently modular and fire-resistive. See also
4.1 and 4.13. For nonstructural precast concrete panels,
s6¢7.27.

The lateral stability of a precast concrete structure requires
that those floors and roofs that serve as horizontal
diaphragms be able to transfer their lateral forces to
shear-resisting wall panels. The wall panels, in turn, must

be stabilized by columns or cross walls as they transfer

the lateral forces to the ground foundation. All forces are
transferred by a combination of grouted joints, shear keys,
mechanical connectors, steel reinforcement, and reinforced
concrete toppings.

Building design should take advantage

Ird

Hil

of standard panel sizes and

i AL Precast concrete slabs; see 4.11 , configurations.
Precast columns and beams |_—— Coordinate height of wall panels and

desired floor-to-floor height.

!}5 * Precast loadbearing wall panels
# + See 7.27 for nonbearing precast wall

5

panels.

i
g o

=

H/ Corbels may be cast into walls and
columns to provide additional bearing
for floor and roof slabs.

I_..L...._

q

L. _le— — OSpreadfooting

Continuous footing or grade beam
supported by piers or piles
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5.12 PRECAST CONCRETE CONNECTIONS

Precast Concrete Slab

W

o ||-

21,
Il

Precast Concrete Slab

a

.i
|a
|

.
i
Bl

][Z s

I
£l 28

Concrete Footings

’/—\

Steel angle welded to plates
anchored in wall and slab units
Built-up or membrane roofing
system; see 7.15-7.14.

Neoprene bearing strip
Corbel provides required bearing
area.

* Minimum bearing length should

be at least 1180 of the clear
span; 2" (5) minimum for solid
or hollow core slabs; 3" (75)
minimum for beams or stemmed
members.

Steel base plate cast with upper
wall panels and secured with
anchor bolt cast into lower wall
panels.

Grout pocke? after bolted
connection is made.

Dowels in reinforced concrete
topping or grouted shear keys
tie slabs across supporting wall
panels.

Clip angle welded to
anchor plate

Anchor bolt

Shim pads and
nonshrink grout
Continuous strip footing

Fosttensioned rod
Shim pads and
nonshrink grout
Fosttensioned anchor
cast into footing

Panel Joints

Column Splice

Quirk miter: 2/2"t0 1-"/2"
(1910 28)

Backer rod and sealant
Vertical joint; '/2" (13)
minimum

Discontinue sealant at
vertical joints for drainage.

Splice bars welded to

steel angles

Steel bottom plate secured
to column section with
anchor bolts

Drypack with nonshrink
grout after columns are
aligned and bolted.

- Seealso4.15 for

column, beam, and slab
connections.

+ Consult a professional

engineer and the building
code for detailed structural
requirements.

Column Base

>

Steel base plate secured to
column
Leveling nuts

« Anchor bolts; 1"(25) 0

minimum

Drypack with nonshrink
grout after column is
aligned.

Column footing
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TILT-UP CONSTRUCTION 5.13

Tilt-up construction is a method of casting reinforced concrete
wall panels on site In a horizontal position, then tilting them

up into their final position. The principal advantage of tilt-up
construction is the elimination of the costs associated with
constructing and stripping vertical wall forms; this cost savings
is offeet by the cost of the crane required tolift the completed
wall panels iro place.

* Once the wall panels are cured to
sufficient strength, they are lifted
with a crane and set on their footings
or piers. They are
then temporarily braced until
connections can be made 1o the
remaining part of the structure.

* The wall panels must be designed to
withstand the stresses of being lifted
and moved, which can exceed the

in-place loads.

* Projections and the pickup
devices are cast into the upper face.

- The concrete ground slab for the building
under consbruction usually serves as the
casting platform, although earth, plywood,
or steel molds can also be used. The slab
must be designed to withstand the truck
crane load if the lifting operation requires the
presence of the crane on the slab.

* Full-size panels may be up
t015'(4570) wide.
© 5125011112 (14050

290) thick
3

]

* The casting platform should be level and
smoothly troweled; a bond breaking agent

i5 used to ensure a clean lft.
* Reveals and recessed steel plates may be
cast info the underside of the panels.

* Spandrel units can overhang and span

openings up 1o 30" (9145) wide.
+ The floor and roof connections are similar to
those shown in4.15 and ©.12. Shown are

typical wall panel connections to adjacent

=

I

|

|

I

i
i |
panels and footings. L

This section of slabis placed
afterwallis erected.

(191038)

Lapped corner

|
5 1 610) minimum
N | Dowels from wall units are welded il

112" (12) minimum
Backer rod and sealant

. 50 5lab dowels.
g /\ Grouted after wallis set
7 Groove in continuous footing
allows wall panels to be shimmed
to a level postion.
+ Precast wall panels may be
supported by isolated spread
footings, strip footings, or piers.

Foundations Panel Connections

Precast wall panels

314" (19) chamfers at panel joints

_;/ 112" (12) minimum
T Backer rod and sealant

(SI MasterFormat 03 47 13: Tilt-Up Concrete
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5.14 MASONRY WALLS

G

777

Masonry walls consist of modular building blocks bonded together
with mortar to form walls that are durable, fire-resistant, and
structurally efficient in compression. The most common Types of
masonry units are bricks, which are heat-hardened clay units, and
concrete blocks, which are chemically hardened units. Other types
of masonry units include structural clay tile, structural glass block,
and natural or cast stone. See 12.06—12.07 for a discussion of
masonry as a consbruction material.

make curvilinear and
irregular forms possible.

- Relatively small unit sizes v =
\\V —]

(SI MasterFormat 04 20 00: Unit Masonry
(SI MasterFormat 04 21 00: Clay Unit Masonry
(SI MasterFormat 04 22 00: Concrete Unit Masonry

Masonry walls may be constructed as solid walls,
cavity walls, or veneered walls.
- See 7.26~17.29 for masonry veneer systems.

- Masonry walls may be unreinforced or reinforced.

+ Unreinforced masonry walls, also called plain masonry,
incorporate horizontal joint reinforcement and metal wall ties
to bond the wythes of a solid or cavity wall; see .16-5.17 for
types of unreinforced masonry walls.

Awythe refers 1o a continuous vertical section of a wall
that is one masonry unit in thickness.

- Reinforced masonry walls utilize steel reinforcing bars embedded

in grout-filled joints and cavities to aid the masonry in resisting

stresses; see 0.6 for reinforced masonry walls.

* Masonry bearing walls are typically arranged in parallel sets to
support steel, wood, or concrete spanning systems.

Common spanning elements include open-web steel joists, timber
or steel beams, and sitecast or precast concrete slabs.

Filasters stiffen masonry walls against lateral forces and
buckling, and provide support for large concentrated loads.
Openings may be arched or spanned with lintels.

Modular dimensions

Exterior masonry walls must be weather-resistant

and control heat flow.

+ Water penetration must be controlled through the use

of tooled joints, cavity spaces, flashing, and caulking.

+ Cavity walls are preferred for their increased resistance

to water penetration and improved thermal performance.

- Differential movements in masonry walls due to changes

in temperature or moisture content, or fo stress conceftrations,
require the use of expansion and control joints.

- Forinstallation of thermal insulation, see 7.44.

- Forfire-resistance ratings of noncombustible masonry walls,
see A12-A13.
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MASONRY WALLS 5.15

Lateral Support for Masonry Walls

Type of Masonry ~ Maximum L/t or H/t ] Minimum Wall Thickness
—E 8" (205) minimum nominal thickness for:
Bearing Walls e * Masonry bearing walls
Solid or grouted 20 ' - Masonry shear walls
Al other 15 b * Masonry parapets; height of parapet not to
Nonbearing Wl : exceed 9 x parapet thickness
onbearing Tafs = - ©"(190) minimurm nominal thickness for:
Exterior 16 R . ,
: ' - Reinforced masonry bearing walls
Interior 50

- Solid masonry walls in one-story buildings not
more than 9'(2745) high

* Masonry walls relied upon for resistance to
lateral loading are limited to 35' (10 m) in height.

+ LIt =ratio of wall length to thickness;
lateral support may be provided by cross
walls, columns, or pilasters.

- H/t = ratio of wall height to thickness;
lateral support may be provided by floors,
beams, or roofs.

* More stringent requirements exist for
Setsmic Zones 3 and 4.

+ Consult a professional engineer and
the building code for the structural
requirements of all masonry walls.

Mortar

Mortaris a plastic mixture of cement or lime, or a combination

of both, with sand and water, used as a bonding agent in

masonry construction.

- (5 Masterrormat 04 05 12: Masonry Mortaring

- Cement mortar is made by mixing portland cement, sand, and
water.

- Lime mortaris a mixture of lime, sand, and water that is
rarely used because of its slow rate of hardening and low
compressive strength.

- Cement-lime mortaris a cement mortar to which lime is
added toincrease its plasticity and water-retentivity.

Allowable Compressive Stresses (psi)*
in Unreinforced Masonry Walls
Mortar Type
Type M Type S Type N

B

* Masonry cement is a proprietary mix of portland cement
Solid brick masonry and other ingredients, as hydrated lime, plasticizers, air-
4500+ psi 250 008 200 entraining agents, and gypsum, requiring only the addition of
2500~4500 psi 175 160 140 sand and water to make cement mortar.
Solid concrete masonry
GradeN 175 160 140 * Type M mortaris a high-strength mortar recommended for
Grade S 125 115 100 use in reinforced masonry below grade or in contact with
Grouted masofiry the earth, as foundation and retaining walls subject to frost
4900+ psi 550 270 Not action or 1o high lateral or compressive loads; compressive
2500-4500psi 275 215 peritted strengthof 2500 ps (17.236173)
Cmgovlvjjlfmw 140 130 10 + Type Smortaris 2 me@um—high—strength mortar
Hollow urits: 70 50 50 recommended for use in masonry where bond and lateral
Hollow uni masonry 170 150 140 strength are more important than compressive strength;
Natural stone 140 120 100 compressive strength of 1800 psi (12,411 kFa).
+ Type N mortar is a medium-strength mortar recommended
for general use in exposed masonry above grade where
* 1psi=0.59kFa. high compressive and lateral strength are not required;
t Solid masonry units have a net surface area at least 75% compressive strength of 750 psi (9171 kFa).
of the gross cross-sectional area parallel to the bedding + Type O mortar is alow-strength mortar suitable for use n
plane. interior nonloadbearing walls and partitions.

¢ Hollow masonry units have a net surface area less than
7% of the gross cross-sectional area parallel to the
bedding plane.

+ Type Kmortaris a very-low-strength mortar suitable only for
use in interior nonloadbearing walls where permitted by the
building code.
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5.16  UNREINFORCED MASONRY WALLS

- Truss ties or
[adder ties

Solid Masonry
Solid masonry walls may be constructed of efther solid
or hollow masonry units laid contiguously with all joints

solidly filled with mortar.

Single wythe walls are typically of concrete masonry
\uniw (CMU) bonded with horizontal joint reinforcement.
Concrete masonry units (CMUs)

\/ Horizontal joint reinforcement is fully embedded

in bed joint mortar.
 Vertical spacing of joint reinforcement not to
exceed 10" (405)

Vertical cells of the concrete blocks may be
/ reinforced with steel bars embedded in grout.

- Wythes may be bonded by
masonry headers
or by metal Ties.

- Masonry headers should
compose at least 4% of exposed
face area, with a vertical and
horizontal spacing of ot less
than 24" (610).

- Metal ties should conform to
requirements for cavity walls.

Solid masonry walls may also consist of multiple
wythes bonded by grout, corrosion-resistant metal wall
tles, or horizontal joint reinforcement.

WA

+ Composite walls are solid masonry walls having 2
facing wythe and a backup wythe of different solid
or hollow masonry units.

Facing wythe

/ Backup wythe

]
i |

.

518" (16) minimum mortar cover between ties
or joint reinforcement and any exposed face

+ 114" (6) minimum mortar thickness between
masonry and ties or joint reinforcement

(SI MasterFormat 04 20 00: Unit Masonry
(SI MasterFormat 04 05 23: Masonry Accessories
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UNREINFORCED MASONRY WALLS 5.17

Grouted Masonry

Grouted masonry walls have all interior joints filled
entirely with grout as the work progresses. The grout
used to consolidate the adjoining materials into 2
s0lid mass i a fluid portland cement mortar that wil
flow easily without seqregation of the ingredients.

+ Allinterior joints are filled
entirely w/grout.

Cavity Walls

Cavity walls are constructed of a facing and a backing
wythe of efther solid or hollow masonry units, completely
separated by a continuous air space and bonded with
metal wall ties or horizontal joint reinforcement. Cavity
walls have two advantages over other types of masonry
walls:

1. The cavity enhances the thermal insulation value of
the wall and permits the installation of additional
thermal insulation material.

2. The air space acts as a barrier against water
penetration if the cavity is kept clear, and if adequate
weep holes and flashing are provided.

+ Adjustable loop tie
+ Ladderloop tie
+ Drip to prevent, water
from running across
tie toinner wythe

314" (19) minimum for low-lift grout construction

- Low-lift grouting is executed in lifts not exceeding
0 x the width of the grout space or a maximum of "
(202 mm) as the wallis constructed.

8" (75) minimum for high-lift grouting

* High-lift grouting is completed a story at a time
inlifts not exceeding ©' (1630). High-lift grouting
requires a wider grout space and rigid metal ties to
bond the two tiers together.

316" (5) minimum g e of corrosion-resistant metal
for each 2 f (0.19 m?) of wall area

+ 16" (405) maximum vertical spacing of ties

—1——— OnlyType Mor Type S mortar is permitted.

(SI MasterFormat 04 05 16: Masonry Grouting

Cavity tobe not less than 2" (51) nor more
than 4-1/2" (115) wide

Solid or hollow masonry units

- Both facing and backing wythes to have a 4" (100)
minimurn nominal thickness. When computing the
ratio of unsupported height or length to thickness,
the value for thickness is equal to the sum of the
nominal thicknesses of the inner and outer wythes.

*116" (5) minimum g e of corrosion-resistant metal
for each 4 -'12 of (0.42 m?) of wall area for cavities
upto 3" (75) wide; for wider cavities, provide a metal
tie for each 3 f (0.28 m?) of wall area,

- Stagger ties in alternate courses wi a maximum
J vertical distance between ties of 16" (405) and a

maximum horizontal spacing of 36" (915).

- Place additional ties at 3'(915) o.c. maximum
around openings within 12" (305) of the edges of
the openings.

|

/" 518" (16) minimum mortar cover for joint

reinforcement

L]
i
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5.18 REINFORCED MASONRY WALLS

embedded in portland cement grout. Joints or cavities with a fluid grout mix of portland cement, aggregate,
* 214" (75) minimum masonry cover and water for greater strength in carrying vertical loads and increased
for reinforcement; 1-'/2" (36) resistance to buckling and lateral forces. It is essential that a strong
when exposed to weather; bond develop between the reinforcing steel, grout, and masonry units.
2" (57) when exposed o sol
+ 318" (16) minimum cover
for horizontal joint
reinforcement

- Reinforcing steel bars are fully §ﬂ Reinforced masonry walls use steel reinforcing bars placed in thickened

i Reinforced Grouted Masonry

for plain grouted masonry. See 5.17.

Metal wall Ties

114" (6) minimum between reinforcement and masonry for
fine grout; '/2" (1) minimum cover for coarse grout

1
§'lr' * Reinforced grouted masonry should conform to the requirements

Reinforced Concrete Unit Masonry
Horizontal bond beam

All cells containing reinforcement are filled solidly with grout.

- Cells are aligned vertically to form a 2"x 2" (51 x 75) minimum clear,
continuous vertical space.

- Reinforcement continues down to a reinforced concrete footing.

Horizontal joint reinforcement

Fullbed mortar @ end walls and cross webs form grouted cells;
only Type M or Type S mortaris permitted.

* Where grout ift exceeds 4' (1220), provide cleanouts at bottom
course of cells to be grouted; inspect and seal before grouting.

General Requirements
- Provide horizontal reinforcement
At top of parapet walls

z

MHWT“__T_“_T | _["— | Abstructurally connected floors and roofs
] . 1A At top of wall openings
=k | /\—LH// At the top of foundations

— “""—E"——“—"I--———"“L— —Z—"—_“——F“T—/ 10'(3020) maximum spacing

| | | Vertical reinforcement to be °/e" (10) g minimum, with a maximum

| spacing of 4' (1220) oc.

« The sum of vertical and horizontal reinforcement to be at least
0.002 % the gross cross-sectional area of the wall.
One No. 4 or two No. 3 bars around openings, extending at least
24" (610) beyond corners

- Consult a structural engineer and the building code for the structural
requirements of reinforced masonry walls.

(SI MasterFormat 04 20 00: Unit Masonry
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MASONRY COLUMNS & PILASTERS 5.19

- Minimum nominal width = 12" (305)

+ Minimum nominal length = 12" (305);
maximum = 3 x column width

+ Lateral support for columns = 30 x column width

- The least dimension of reinforced masonry columns to
be 12" (305) with a maximum unsupported height of
20 x the least dimension.

Vertical core of portland

cement grout

Vertical reinforcement bars

extend down and are tied to

dowels embedded in column

footing.

Lateral ties

+ Maximum reinforcement = 0.03 of effective + Embed extraties or a
portion of required lateral

area of masonry
reinforcement in mortar

+ Minimum lateral reinforcement = 0.0016 of effective s oK, ] i
area of masonry \_// MR joints.

Masonry Columns

- Minimum of four No. 3 bars with
lateral ties at least 10" (455) o.. or 0.005

of effective area of masonry ————— |

-/ ety \ Pilaster blocks
* Vertical core of portland cement grout Vertical reinforcement in grout-
- Vertical reinforcement bars extend down and are Tied filled core
to dowels embedded in pilaster footing. Lateral ties

- Lateral tles

( Concrete masonry units (CMUs)
\

Alternate courses

- Filasters are rectangular columns embedded in and
projecting slightly from one or both faces of a wall. +
In addition to carrying vertical concentrated loads,
pilasters provide lateral support for masonry walls.

Vertical reinforcement in grout-
filled cores

Lateral metal Vies embedded in
Masonry Pilasters mortar joints




(c) ketabton.com: The Digital Library

5.20 MASONRY ARCHES

- Asegmental arch is struck from a center below
the springing line.

* AGothic archis a pointed arch having two
centers and usually equal radii

* Alancet archis a pointed arch having two
centers and radii greater than the span.

* Adroparchis a pointed arch having two centers
and radit less than the spa.

- ARoman arch has a semicircular intrados.

+ Opandrel refers to the triangular-shaped arez
between the extrados of two adjoining arches, or
between the left or right extrados of an arch and
the rectangular framework surrounding if.

Masonry arches utilize the compressive strength of
brick and stone to span openings by transforming

the vertical forces of a supported load into inclined
components. These outward thrusts of the arching
action, which are proportional to the total load and
span, and inversely proportional to the rise, must be
resisted by abutments adjacent to the opening or by
equal but opposite thrusts from adjoining arches. For
bending to be eliminated throughout an arch, the lines
of thrust must coincide with the arch axis.

- Amasonry arch may consist, of brick coursework or
individual stone voussoirs.

Alternating soldier and rowlock courses

Two or three rowlock courses

Skewback is a stone or course of masonry having a
sloping face against which the end of a segmental
arch rests.

Keystone is the wedge-shaped, often embellished
voussoir at the crown of an arch, serving to lock the
other voussoirs in place.

Voussoirs are any of the wedge-shaped units in 2
masonry arch, having side cuts converging at one of

the arch centers.

Crown

Extrados is the exterior curve or boundary of the

- Abasket-handle arch io a three-centered arch
having a crown with a radius much greater than
that of the outer pair of curves.

- ATudor archis a four;centered arch having an

visible face of an arch.

Arch axis

[ntrados is the inner curve of the visible face of an
arch; soffit refers to the inner surface of an arch

inner pair of curves with radii much greater than

that of the outer pair. \

forming the concave underside.
Opring is the point at which an arch, vault, or dome
rises from its support.

Rise s the height of an
arch from the springing line
tothe highest point of the
soffit; minimum of 1" per
foot of span (1:12).

\\X\\\\\M WIS

+ Ajack arch has a horizontal soffit with
voussoirs radiating from a center below,
often built with a slight camber to allow for
settling.

Skewback '12" per foot of span (1:24) for each
4"(100) of arch depth
Camber = "/s" per foot of span (1:100)
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MASONRY LINTELS 5.21

* Superimposed floor or AR « Concentrated load

roof load ———| P N Floor load
- Wallload area for é’ é’ é' J’ J7 - i

e e e Ly gy bl

A : WUl
o X vale! o ]

e ] AT R | M
- Arching action of masonry above - Lintel carries less wall load - Lintel must carry an additional load - Horizontal thrust from any arching

opening supports wall load outside than normal load triangle. if a concentrated load or floor or action must be resisted by the wall

of load triangle. roof loads fall within normal load tass on efther side of the opening.

triangle.

Loads on Lintels

Steel Lintels + Lintel may be visually articulated with
Clear Span  Exterior Angle Interior Angle asoldier course. —~
8" (205) wall (no floor load) ~ (floor load) Flashing
Interior angle
4012200 2Yox2Yoxhe  B-ex 2o xhe Exterior angle

(90%x90x8) (90x90x8)
5(1525)  2Yox2-'2x’he 5x3-'2xhe

(90x90%8)  (125%90x8)
0'(1830)  4x3-'2x%he  5x32xle

(100x90%8)  (125x90x10) Reinforcing steel fully embedded in

portland cement grout

Four to seven courses high

8", 10", and 12" (205,255, and 309)
Widths

- Confirm with structural engineer
« Limit deflection to '/eoo of clear span.

Lintel or bond beam block w/ portland
cement grout fill and reinforcing steel

Reinforcing for Lintels in 8" (205) Masonry Walls
No superimposed loads
Lintel type Clear span  No./size

8" (205) minimur
bearing on solid or
grouted masonry

Concrete Masonry Lintels

7o (195)square 4'(1220)  4#3 -

reinforced concrete €' (1630) 4 #4 Precast reinforced concrete
0'(2440)  4#5 lintels may be used to span

6x0x16 4(1220)  2#4 openings in both brick and

nominal CMU lintel 0'(1830) 2#5 concrete masonry walls,
8'(2440) 2 #06

- Confirm with structural engineer Precast Concrete Lintels




(c) ketabton.com: The Digital Library

5.22 EXPANSION & CONTROL JOINTS

Masonry materials expand and contract with changes

Movement joints should be spaced every 100 TIO/\
125' (3010 58 m) along unbroken wall lengths, i—— _-‘

in temperature and moisture content. Clay masonry

and: : | : ; units tend to absorb water and expand, while concrete
(1) At changes inwall height or thickness <_®_y “@ masonry units usually shrink as they dry after

(2) At columns, pilasters, and wall infersections i i : : manufacture. Movement joints to accommodate these
(3) Nearcorners @ dimensional changes should be located and constructed
(4) Onboth sides of openings >6' (>1630) ' 50 a5 10t to compromise the structural integrity of the
(5) Onone side of openings <6' (< 1620) ll @%: @ masonry wall

] '*gg;ggigggig ?&‘? > Cavity wall = N Brick maﬁlovﬂry Expansion joints are co@inuous, unobstructed slots
f T2 Premolded 5 %2 F % expands; joint closes constructed to close slightly to accommodate the
% k\\ \&m compressible joint \ slightly. moisture expansion of brick and stone masonry surfaces.
k filler « See 748 forsizesof  Expansion joints should provide lateral stability across
Adjustable metal movement joints. the joint, and be sealed to prevent the passage of air and
ties water.
Backer rod and
sealant
- Metalties * Copper waterstop w/
Joint sealant anchor tabs
Premolded Backer rod and
compressible joint sealant
filler
Control Joints
KRR » Mortarfil - Concrete masonry Control joins are constructed to open slightly to
) interlocks adjacent shrinks; joint opens accommodate the shrinkage of a concrete masonry wall
" wall sections. slightly. as 1t dries after construction. Shrinkage cracking can
Building felt on one - See7ABforsizesof  bealso controlled by using Type 1 moisture-controlled
side to break bond movement joints. concrete masonry units and reinforcing horizontal joints.
Control joinbs should be sealed to prevent the passage
of air and water and interlock to prevent out-of-plane
G Sash blocks = Control joint blocks movement. Joint reinforcement should be inferrupted to
— Prefortmed gasket + Backer rod and allow in-plane movetnent.
Tt + Rake joint %14 (19) sealant
and caulk.

* Movement joints are also required to prevent
the deflection of 2 steel or concrete structural
frame from placing stress on a supported
masonry wall or panel. See 7.20.

Expansion Joints

Vertical Spacing of
Joint Reinforcement

Control Joint Spacing

16" (405) 8" (205)

Walllength (L) 50'(15m) 60 (18m)
LH ratio J 4
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MASONRY WALL SECTIONS 5.23

The wall sections on this and the
following two pages illustrate how
concrete, steel, and wood floor and roof
systetns are supported by and tied to
various types of masonry bearing walls.
The bearing area of masonry should

be proportioned so as not to exceed
the allowable compressive stress of
the masonry material. All floors and
roofs that provide lateral support for a
masonry wall must be secured at least
6'(1830) o.c. with anchors embedded
ina reinforced, grouted structural
element of the wall

+ Concrete masonry units (CMU); 7

CSI Masterformat 04 22 00:
Concrete Unit Masonry

* Horizontal joint reinforcement
vertically spaced @ 16" (409)
0. typical

+ Vertical reinforcing bars in grout--
filled cores

+ See 744 for thermal insulation
options.

* 566 5.2 for lintel options.

Wood rafters or joists
Pressure-treated top plates
anchoredw! /2" (12) g
anchor bolts @ no more than
0'(1630) o.c.

Embed anchor bolts at least
15" (380) into grout-filled
cells or weld to bond-beam
reinforcetment.

Metal lath to support grout
in CMU cells

A\

Wood floor joists —
Metal joist anchors
Minimum 3 x & ledger
secured wi bolts as required
Fill CMU cells wi grout.

\

S + Rowlock sl
- Surface bonding consists - Continuous flashing and
of laying concrete masonry B weep holes
units dry, without mortar, and
plastering each side with a
surface bonding compound,
’ cem@tiﬁoua compourjd / Flashing and weep holes @
containing short glass fibers. 52 (815) oc.

- (51 Masterformat, 04 22 00.106:
Surface-Bonded Concrete Unit
Masonry

2x pressure-treated il
anchor-bolted to grout-filled
cells

+ Wood floor joists

L Widened CMU foundation
wall

Concrete Masonry Bearing Wall

Flat roof assembly; see 7.12.
Open-web steel joists

\\J Minimum bearing length: 4" t0 6"

(10010 150) for K series joists;
6"%012" (15010 305) for LH/
DLH series joists

+ Oecure every joist to a steel
bearing plate anchored in 2
continuous reinforced CMU bond
beam; sec 4.21.

Wood floor joists with firecu?

_____ ends,angular cuts that allow

&j " the members o fallwithout

damaging the wall if they burn

through somewhere along their

length.

1-114"x5he" (32 x 5) twisted

steel strap ties @ €' (1830) oc.

maximum

5" (75) minimum bearing

Grouted CMU or reinforced CMU

bond beam

+ Secure joists parallel to wall with
steel strap ties @ 6' (1830)
0.6. maximum; extend to at least

N

: three joists and provide blocking
g between joists at each strap
anchor.

Composite masonry

Facing wythe; CS104 21 00:

Clay Unit Masonry

Backup wythe; C5104 22 00:

Concrete Unit Masonry

314" (19) collar joints bypical; fil

with mortar or grout.

Metal wall ties @ 10" (405) o.c.

typical

- See 744 for thermal insulation
options.

2
3 _._§
S

Composite Masonry Bearing Wall




(c) ketabton.com: The Digital Library

5.24 MASONRY WALL SECTIONS

+ Flashing with weep holes
@2'(610) oc. typical

- Steel angle lintel; see
5.2 forlintel options.

* Rowlock sill; 15° slope
minimurm
- Continuous flashing with

weep holes )

- 5e¢5.17 for cavity wall
requirements.

- 2"(57) net minimur
cavity width

- Metal wall ties vertically
spaced @ 10" (409) oc.
typical; adjustable wall
ties allow for misaligned
bed joints.

- Rigid thermal insulation may
be placed in the wall cavity,
inserted into the CMU cores,
or secured 1o the interior face
of the backup wythe.

- See 744,

- Flashing
- Mortarfil
* Weep holes @ 2' (610) o.c..

114" (6) g minimum ————— RN

* Membrane waterproofing

2x pressure-treated top plate
112" (13) g anchor bolts @
©'(1630) o.. maximum,
embedded at least 19" (360)
into masonry and welded to a
3'%6"x 114" (75 x 455 x.6)
steel plate

* Wood floor joists with
firecut ends

1-114"x3he" (32 x 5) twisted
steel sbraps @ ' (1830) o.c.
maximum

3" (75) minimum bearing
Grouted CMU or bond beam

NN I
A E. I
Y iy |
&‘ ﬁ’:’.“”:" 7“
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2 1L+ Conerete ground slab, see 3,18,
*‘;‘ﬂ / 12" (13) expansion Joint /

iy
C _"_a' '“
A AN

‘ H
s o N P

Reinforced concrete foundation
wall
Ferimeter insulation

Cavity Bearing Wall

Masonry parapet
N W 6@67.1éiorcipingandﬂashmg
+ Open-web steel joists
N ] -
SBie
N B

A4

Minimurn bearing length: 4" o 6" (100
£0150) for K series joists; 6" 10 12"
(15010 305) for LH/DLH series joists
Secure every joist 1o a steel bearing
plate anchored in a continuous
reinforced CMU bond beam; see 4.21.

Precast concrete sill with drip
Flashing with weep holes
Metal wall ties

+ Precast hollow core slabs
Fill with grout
Faper dam

|-

Neoprene bearing strip

Minimum bearing length at least
160 of the clear span but ot less
than 2" (51)

Grouted CMU or bond beam

- Seealso4.13.

- Metal decking with concrete fill
see4.22

k Open-web steel joists

Cavity Bearing Wall
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MASONRY WALL SECTIONS 5.25

* Wood rafters or joists oo i
// -
e e
e - ////
(/ i s
L

\

-

-

2xtop plate w! /2" (51) g anchor
bolts @ 6' (1630) o.c. maximur,
embedded at least 19" (360) into
masonry

Reinforced bond beam

Fortland cement grout

Vertical reinforcement

Wood floor joists
ﬁ Metal joist anchors @ 4' (1220) o.c.

e o o]

f<— Minimum 3x6 ledger secured w/ bolts
as required
Bond beam wl horizontal reinforcement

+ Corbels are permitted only in
solid walls at least 12" (305) thick.

N / Maximum total projection =
"4 wall thickness
Header top course

1"(25) maximum projection
@ each course

Vertical reinforcement overlaps
steel dowels to tie wall to concrete
foundation.

Reinforced Brick Masonry Wall

Flat roof assembly; see 7.12.

+ Open-web steel joists w

S " iy

A V4

Minimurm bearing length: 4" o 6" (100
£0150) for K series joists; 6" 1o 12"
(15010 305) for LH/DLH series joists
Secure every joist to a steel bearing
plate anchored ina continuous
reinforced bond beam; see also 4.21.

Precast hollow core slab

Extend steel dowels info topping or
grouted keys in order to anchor lab
units to wall,

Bk

_':'-ltl__---_ \ Minimum bearing length at least
1160 of the clear span but not less
than 2" (51).

Neoprene bearing strip

Reinforced bond beam
- Seealso4.12.

Rigid plastic foam insulation may be
adnered to the inner or outer face of
wall.

- %ee 5.1 for reinforced masonry
wall requirements.

Reinforced Concrete Masonry Wall




(c) ketabton.com: The Digital Library

5.26 MASONRY BONDING

Masonry Terminology

- Wythe s a continuous vertical
section of 2 masonry wall one ¢
unit in thickness. i

- Course is a continuous horizontal
range of masonry units.
+ Collar joint is the vertical joint
between two wythes of masonry.
+ Bed joint is the horizontal joint
between two masonry courses.
The term bed may refer to the \
underside of a masonry unit, or
tothe layer of mortar in which 2
masonry unit is laid.
+ Head joint is the vertical joint

between two masonry units,
perpendicular to the face of a wall.

Stretcher is a masonry unit laid horizontally with the
longer edge exposed or parallel to the surface.
Header is 2 masonry unit laid horizontally with the
shorter end exposed or parallel to the surface.
Rowlock i a brick laid horizontally on the longer edge
with the shorter end exposed.

Soldier is a brick laid vertically with the longer edge
face exposed.

* Mortar joints vary in thickness from g i

\\\ N "1a"t0 /2" (610 13) but are typically I T\ - 2-215" (68) units;
. Concave Joirt 18" (10) thick. ' N a c;u]m:&" (205)
R I —Moaular
— Tooled joints are mortar joints compressed and [ "\ —— Norman

shaped with any tool ather than a trowel. Tooling SCR brick
—  compresses the mortar and forces it tightly
against the brick surfaces, providing maximum

protection against water penebration in areas A l ],

A

subject to high winds or heavy rains.

+ 315" (80) units;

NARNNNN [ L~ 5 courses = 16" (405)
- Weathered Joint } - Engineer
Q & N L L— Norwegian
DR T — Troweled joints are finished by striking off excess =
NN \ mortar with a trowel. In troweled joints, the - = - 2'(57)units;
- Struck Joint mortaris cut or struck off with a trowel. The [______% 4 courses = 8" (209)
KOS most effective of these is the weathered joint [ I — Roman
because It sheds water. P e S
S\ L] - oo
+ Flush oint | 2 courses = 8" (209)
1 - Raked joint is made by removing mortar to a given 5 Utility

Mortar Joints

depth with a square-edged tool before hardening.
Raked joints are for interior use only.

+ Formortar types, see 5.12.

(SI MasterFormat 04 05 13: Masonry Mortaring

(o

urse Heights
Relative course heights are nominal dimensions that include the thickness
of the mortar joints.

+ For lengths, use multiples of 4", 8", or 12" (100, 209, or 305)
* Forbrick types and sizes, see 12.06.
* Wall thicknesses vary with the type of masonry wall; see 9.14-5.1.
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MASONRY BONDING 5.27

- Garden-wall bond, used for lightly loaded
boundary walls, has a sequence of a header
and three stretchers in each course, with
each header being centered over a header in
alternate courses.

- English bond has alternate courses of headers

and stretchers in which the headers are centered
on stretchers and the joints between stretchers
line up vertically in all courses.

7 S P | | | | [ | | ! | NN I I
il AN | — I @@@mmﬁ NSNS ] Il
I | Ll I I If Il I I NN ] I
M OISO EE A I I i NN i | —
O R I =1 f [ O NSSL
Il i Il Il IC] I ii I Il I N I |
— [ I [ — [ Nl I
] I [ [ W@@NE N [ [ |
[ | Il Il | - [ I[ 1] ) I RN [ |
il il I I[ L [l 1l | II Il N L l I If]
| i 1l Il i 1L Il 1] Il ] BN [ J ]
- | | [l I | P | I RN | b 1
Il | i Il I | 1l 1L il il d | IS | I Il
- Running bond, commonly used for - Common bond has a course of headers between - Stack bond has successive courses of
cavity and veneer walls, is composed of every five or six courses of stretchers; also stretchers with all head joints aligned
overlapping stretchers. known as American bond. vertically. Because units do not overlap,
horizortal joint reinforcement is required @
16" (409) o.. in unreinforced walls,
[ 1NN\ NN IS | J] | I N\
NC SN NC___ 0 I -] N |
L INC_ NS INC . — |
N N NLC__I CEar el 63 N
I N N INNL NN n—“_llj [ NN\ NN}
I NN N i [ ] mm@m%
[ N BN NN I NS I AN SN N
5 [ | i s || I\ DI:DW
R - L 0L [ IRNNC_ L N L e e %
I - i Bk . l_.l§§1 T — N\ -
[ | . | — ] T Jr —ll [ —
S | s | | | | S ] S .:I:l:]l:tm
I ] I ] i I I | I E—[ NN\ RN
+ Flemish bond has alternating headers and + Flemish cross bond is a modified Flemish bond + Flemish diagonal bond is a form of Flemish
stretichers in each course, each header being inwhich courses of alternate headers and cross bond in which the courses are offset
centered above and below a stretcher. Flare stretichers alternate with stretiching courses. toform a diamond pattern.
headers with darker ends are often exposed
in patterned brickwork.
; ” “ﬂ “ -“ mz | D@%@E
e ALY AT Y “_“:
[ [ - mm
;%mm@l: | "'EDmW@DFJD
VY Y
:@WW% ”_i ljl—ll_li_l[:{H_rl_]E]l:]E_'IE
[ | ]
] i i [ i Di_ﬁ_‘r—n_[_”_]]_][__][j - Tominimize the cutting of brick and
[ I Il I | I[ Il Il enhancing the appearance of bonding
i L T | ] I T I JlH: 100 TE_[TDT]—TI_][ patterns, the major dimensions of
1l 1T - I s T o T o masonry walls should be based on the
| | | S| [ I I 1l siz¢ of the modular units used.
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5.28 STRUCTURAL CLAY TILE

- Stretchers

+ Corners and jambs

+ Slllsand caps

- Cove bases

+ Consult manufacturer for
specific Types, sizes, colors,
and nomenclature.

1]
H N

1
|

* 6T shapes have nominal

5-113"x 12" (135 % 205) faces.

9-314" (250)

o

bobed

10" (255) Cavity Wall

- 4" (100) inner wythe of
sbructural facing tile w/ an
outer wythe of brick

Typical Wall Sections

* BW shapes have nominal
8"x 16" (209 x405) faces.

8" (205) Wall
- Two 4" (100) wythes
Wl metal ties

CSI MasterFormat 04 21 23: Structural Clay Tile Masonry

’4} / -
111

L
4
//7
2

Structural clay tile is hollow tile of fired clay having parallel cells

or cores and used typically in constructing walls and partitions.

- LB Grade: loadbearing structural clay tile suitable for masonry
walls not exposed to frost action, or in exposed masonry
where protected by a facing of " (75 mm) or more of stone,
brick, terra cotta, or other masonry.

- LBX Grade: loadbearing structural clay tile suitable for
masonry walls exposed to weathering or frost action.

Structural facing tile is structural clay tile having a glazed
surface and used for facing walls and partitions, especially in
areas subject to heavy wear, moisture problems, and strict
sanitation requiremerts.

* FT5 Grade: structural facing tile suitable for exposed exterior
and interior masonry walls and partitions where moderate
absorption, slight variation in face dimensions, minor defects
in surface finish, and medium color range are acceptable.

* FTX Grade: smooth structural facing tile suitable for exposed
exterior and interior masonry walls and partitions where low
absorption and stain resistance are required, and where a high
degree of mechanical perfection, minimum variation in face
dimensions, and narrow color range are desired.

1/
.

T
&

/

/1
L

I/

v
h"

(J 1-4" (405)

- Nominal dimensions
include the thickness of
the mortar joints.

G 5 (1)

M-m" (99)

4" (100) Wall

+ Asingle 4" (100) wythe or
two 2" (two 51) wythes w/
metal ties

6" (150) Wall

- Asingle©" (150) wythe or a
2"wythe and a4" (51 and 100)
wythe w/ metal ties; each side
may have a different color.

+ Forgeneral masonry wall requirements, see 5.14-5.17.
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GLASS BLOCK .29

Glass block is a translucent, hollow block of glass with clear,
textured, or patterned faces, made by fusing two halves
together with a partial vacuum inside. Glass block may be

used in nonloadbearing exterior and interior walls, and in
conventionally framed window openings. The glass block units
arelaid in Type S or Type N mortar with joints at least /4"

(6) but not more than °/s" (10) thick. Typically, a wall panel is
mortared at the sill support and provided with expansion joints
along the top and sides to allow for movement and settling.

—— Nominal Face Dimensions
- 0"x0" (150 % 150)
- 0"x8"(205%205)
< 12"x 12" (305 % 309)
-+ 4"%8" (100 % 205)

« Various surface textures are available as

well as inserts and coatings to control
heat gain, glare, and brightness.

* Special end and corner blocks are also

available.
- Lateral support provided * 4" (100) nominal thickness for standard units
by panel anchors or by a - 8" (79) nominal thickness for thin units
continuous channel
T 7 ] | 5 : Exterqurtjndfzzgdéunizt)panelsmaynoz
+ Detail at head and jambs 3 | W exceed 144 of (13 me) in unsupporte
should allow for movement . C ’ F/ /area with a maximum width of 25'(7620)
and settling. '// : . — or height of 20" (6095); exterior thin-unit
[>. = panels may not exceed 85 of (7 m?) in
+ Panel anchors secured to e - unsupported area with a maximum width of
adjacent construction ; il : 15'(4570) or height of 10°(2020).
+ Provide horizontal joint ; i =1 Inferior standard-unit panels may not
reinforcement as required , ] > - exceed 250 f (22 m?) in unsupported
b 7 A area; interior thin-unit panels may not
- Fanels are designed to be Pl /* exceed 190 f (12 m?) in unsupported
mortared at their sills. \_F/../__ TN ST O L WS (RO SO SO T area. Neither may have a width greater
ki L3 b8 ba ko * mER than 25'(7620) or height greater than
T A . : dedo b 4 20 (6099).
; ’ ‘ RN + Vertical stiffeners and horizontal shelves
can break larger wall areas into the required
i L panel sizes.
g ™N
™~
\ \\. LYo S R
N~ N ﬁ 116" (5) inside joirt
i B N\\E\\\\\ / °18" (16) outside joint
1 \‘\, h :
| ] \\:\\\\\E\\:ﬁx —_——
T NN SN T
N ) i HH}L\\\\ \xi\:h-—/ Curved wall panels should have
Minimum Radi ™ ‘\\\\\\ oL L expansion joints at each change
- 6"(150) glass block: 4'(1220) /\\\\ \\\H\Ha_ of direction.
- 8"(205) glass block: 6'(1630) \w‘\\\_\“mxn_
+ 12" (205) glass block: 8' (2440) \\\ ~_| |
~ —
\\\u&‘"‘"ﬁhﬁ_“
e |

(SI MasterFormat 04 23 00: Glass Unit Masonry
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5.30 GLASS BLOCK

Structural steel beam or
channel

Steel angles
Backer rod and sealant

Allow for deflection; °/e"
(10) minimum
Expansion strip

1"(25) minimum lap
Head Section

Fanel anchors extend
into wall construction

Oealant
Expansion strip
Jamb Section
— — Mortar
C L ™ Asphalt emulsion

- base

Sill Section

Typical Glass Block Details

+ Concrete sill or masonry -

Steel channel anchored
tolintel construction

Head Section

Backer rod and sealant

Allow for deflection; /5"
(10) minimur
Expansion strip

+ 1"(25) minimum lap

Steel channel anchored
o wall construction

Jamb Section

Yo Ea—

L
!
1
I
1

——

Vertical Stiffener

Backer rod and sealant
Expansion strip

1"(25) minimum lap

Horizontal joint
reinforcement
Galvanized dovetall
anchors welded to steel
tube or column

Expansion strip
* Allow for differential

movement; °/&" (10)
minimum
Backer rod and sealant

_*_7[7—_3' i

il
I
I
|

Head Section

S
N
(R
[i
-
i
AL

Jamb Section

Horizontal Shelf Support

Wood or metal stud
lintel

Casing trim

Solid blocking

Sealant

Fanel anchors
Expansion strip

Wood or metal stud
framing

Solid blocking
Casing trim

Fanel anchors secured
tojamb
Expansion strip

Sealant

Mortar
Asphalt emulsion

Stieel shelf support
Backer rod and sealant
Allow for deflection;
318" (10) minimum

+ Provide lateral support

with 1" (25) minimum
lap or with panel
anchors
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ADOBE CONSTRUCTION 5.31

Adobe and rammed-earth construction both use unfired,
stabilized earth as the primary building material.
Current building codes vary in their acceptance of and
requirements for adobe and rammed-earth construction.
However, the use of earth as a building material is an
economic necessity in many areas of the world, and both
adobe and rammed-earth remain low-cost alternative
building systems.

Adobe is sun-dried clay masonry, traditionally used in
countries with little rainfall. Almost any soil having a 15%
10 25% clay content may be used for the mud mixbure;
soils with a higher clay content may require tempering with
sand or straw to make satisfactory bricks. Gravel or other
coarse aggregate may make up 50% of the volume of the
mix. The mixing water should not contain dissolved salts,
which can recrystallize and damage the brick upon drying.

Adobe brick is typically made near the point of use with
soil obtained from the excavation of basements or from
surplus soil from site grading. The mud is mixed by hand
or by mechanical means and cast in wood or metal forms,
which are set on level ground and wetted with water to
aid separation of the units. After initial drying, the units
are stacked on edge until fully cured. The brick units are
extremely fragile until completely dry. '

- The dimensions of adobe brick vary according to locale,
but a common sizeis 10" (255) x 14" (355) x 2" to 4"
(57 0 100) Shick. Thinner bricks dry and cure faster
than thicker bricks. Each brick can weigh 25 1o 20
pounds (110 14 kg).

- Stabllized or treated adobe contains an admixture of
portland cement, asphalt emulsion, and other chemical
compounds to limit the water absorption of the bricks.

* Allowable loads for top-supported adobe columns
10'(2050) high:

+ 10"%20" (259x710)  12,0001b.(5400kg)
-+ 14"'%20"(359x510) - 13,0001b.(5900kg)
- 24" 24" (670x610)  28,0001h.(12,700kg)

Farapet flashing; see 7.20.
Built-up roofing over rigid insulation; see 7.14.
- Tongue-and-groove decking

_;\4 beams supporting the roof in adobe construction.

+ Oee 0.52 for general requirements governing both adobe and rammed-earth construction.

+ LEED® MR Credit; 5: Regional Materials

Wood beams or vigas, the traditionally rough-hewn

Continuous timber or concrete bond beam at least
©" (150) deep; reinforce concrete beam with two
#4 hars minimum.

Galvanized metal flashing if required by head detail
Timber or reinforced concrete lintels;
9" (220) minimum bearing

Wood nailing blocks are laid up with the wall for the
attachment of door and window jambs.

Brick, tile, or wood sill with positive drainage
4"(100) concrete sill

= Adobe bricks are laid with mortar made of the

same material with full slush joints only as thick as
necessary 1o accommodate irregularities in the brick
units. Type M. S, or N mortar may also be used.

- 4" (100) minimum bonding length

All untreated exterior walls should be plastered on

the outside with portland cement stucco at least °/4"
(19) thick to pratect against deterioration and loss of
strength due to water flowing across the wall surface.
Galvanized metal wire mesh reinforcement

Interior plaster

Mechanical key

Moisture barrier to prevent the rise of capillary
moisture

Foundation walls should be at least as thick as the
walls they support.

6" (150) minimum above finish grade

(SI MasterFormat 04 24 00: Adobe Unit Masonry
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5.32 RAMMED-EARTH CONSTRUCTION

e o e
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* Adobe and rammed-earth have low
tensile strength but a compressive

strength of 300 psi (14 kFa) or
more.
- The strength of adobe and rammed-

S L0 { S

earth construction lies in the mass
and homogeneous nature of the wall.

- While not as thermally efficient as

other insulating materials, adobe
and rammed-earth walls serve
effectively as thermal mass for heat
storage.

- LEED MR Credit 5: Regional
Materials o

-
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Rammed earth, also called pisé de terre, is another traditional
building material. It is essentially a stiff mixbure of clay, silt, sand,
and water that is compressed and dried within forms as a wall
construction. The soil mixture should contain less than 50% clay
and silt, and a maximum aggregate size of /4" (6). Saltwater should
never be used in the mix.

— 1

BRI Rammed-earth walls are constructed with slip forms 24" to 36"

(61010915) high and 10't0 12" (3050 t0 5660) long.

+ Corners are formed first with special forms.
The damp soil mixture (approximately 10% moisture content)
is fully compacted by hand or mechanically in lifts or layers not
more than 6" (150) high before the next lift is placed. Each lift
should bond securely with the preceding lft.

+ Structural loads cannot be placed urtl the earth has fully dried
and cured.

General Requirements
* Requirements for adobe and rammed-earth construction
aresimilar.

=y Bond beams are required to distribute roof loads and stabilize the
7 tops of bearing walls, as well as at each floor level and at regular
imtervals to maintain the required thickness-to-unsupported wall
height ratio.
Bond beams should be reinforced against tension,
especially at corners.

Wood anchors for attaching door and window frames are cast
with the earth wall.

Sound foundations and ample roof overhangs that
protiect exterior walls from rain improve the durability
of earthen structures.

— +

A

———————— Minimum Wall Thicknese:
- 0"(205) for interior nonbearing walls
+ 12" (205) for one-story bearing walls up to 12" (3660) high
- 18" (455) for the first story of two-story bearing walls up to
22'(6705) high and 12" (205) for the second

Provide cross-wall supports @ 24' (7515) o.c. maximum.
Window and door openings should be no closer than 24" (710)
o any corner.

The total length of wall openings should be limited to /3 of the

wall length.
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STONE MASONRY 5.33

Natural stone is a durable, weather-resistant
consbruction material that may be laid in morfar
much like clay and concrete masonry units to make

both bearing and nonbearing walls. Some differences
result, however, from the irregular shapes and sizes

of rubble, the uneven coursing of ashlar masonry,
and the varying physical properties of the different
types of stone that may be used in the wall
construction.

Natural stone may be bonded with mortar and laid
up in the traditional manner as a double-faced

loadbearing wall. More often, however, stone is used

as afacing veneer tied 1o a concrete or masonry
backup wall. To prevert discoloration of the stone,
only nonstaining cement and noncorrosive ties,

anchors, and flashing should be used. Copper, brass,

and bronze may stain under certain conditions.

+ See 7.50 for stone veneer walls.
+ See 12.10 for a discussion of stone as a
construction material.

+ Ashlar refers to squared building stone
finely dressed on all faces adjacent to those
of other stones 5o as to permit very thin
mortar joints.

+ 18" %0 %14 (1010 19) face Joints

- Random rubble is 2 masonry wall of broken stones

having discontinuous but approximately level beds
or courses. The mortar joints are usually held back
of the stone faces to emphasize the natural stone
shapes.

* Squared rubble is a masonry wall built of

squared stones of varying sizes and coursed at
every third or fourth stone.

- Coursed ashlaris built of stones having the
same height within each course, but with
each course varying in height.

- Coursed rubble is 2 masonry wall of

broken stones having approximately level
bed joints and brought at intervals to
continuous level courses.

« 112"%01-112" (13 10 38) face joints

! = -

=

e

| —
[ - 1L

- Random ashlar s built with stones in

discontinuous courses.

-
1L

- Broken rangework is ashlar masonry laid in

horizontal courses of varying heights, any one
of which may be broken at intervals into two or
more courses.

Rustication is masonry having the visible faces
of the dressed stones raised or otherwise
contrasted with the horizontal and usually
the vertical joints, which may be rabbeted,
chamfered, or beveled.

(SI MasterFormat 04 43 00: Stone Masonry
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5.34 STONE MASONRY

j{__,-_.— Lt fEtf it
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1.

(1

Splayed copings slope
only in one direction.

Drip on each side
1-112" (38) minimum
Center dowel
Flashing

Saddle copings slope to
either side of a center
ridge.

Two vertical dowels per
stone
Step flashing

Cuoin refers to an exterior angle of
amasonry wall, or one of the stones

or bricks forming stich an angle,

usually differentiated from adjoining
surfaces by material, texture, color,

size, or projection.

Long-and-short work is an

arrangement of rectangular quoins

or jambstones set alternately
horizontally and vertically.

Copestones form a coping, the finishing or
protective course to an exterior wall, usually

sloped or curved to shed water.

Dripstone is 2 stone molding used as a drip,
as onacornice over a window or doorway.

Z

A

Stone facing; 4'(100) minimum
CMU or reinforced concrete backup wythe

L

-

— Slush fill voids for solid wall or create a

continuous air space for cavity wall

£
+ Concrete may be waterproofed to prevent
staining.
4~ Noncorrosive metal ties or anchors in dovetail

slots

- See 7.30 for stone veneer walls,
Stone Masonry over a Backup Wall

N

Q

Stringcourse is a horizontal masonry course
flush with or projecting beyond the face of a
building, often molded to mark a division in
the wall. Stringcourses are also known as belt
€oUrses.

Water table is a projecting stringcourse,
molding, or ledge placed s0 as to divert

N \\
BN

rainwater from a building.

Plinthis a continuous, usually projecting
course of stones forming the base or
foundation of a wall.
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STRUCTURAL STEEL FRAMING  5.35

Conventional steel-framed structures are constructed of
hot-rolled beams and columns, open-web joists, and metal
decking. Since structural steel is difficult to work on I— - ) T - T ik
site, it is normally cut, shaped, and drilled in a fabrication
shop according Yo design specifications; this can result in I P .. : s
relatively fast, precise construction.

- Steel framing is most efficient when columns are laid out - T
to support a regular grid of girders, beams, and joists.

+ Column spacing = beam or girder spans -
+ Orient the webs of columns parallel to the short axis of |
the structural frame or the direction along which the j | 1
structure is most susceptible to lateral forces. . - = * 3
+ Orient the flanges on perimeter columns to the
=

outside tofacilitate attachment of curtain walls A
to the structural frame.

* Resistance tolateral wind and seismic forces requires
the use of shear planes, diagonal bracing, or rigid

framing with moment-resisting connections. ,
N - :

L

Th s =]
\/‘% 5,
] prraroe et
G e s
T 7 o
W L
* Because steel can lose strength rapidly in afire, il o™ [
fire-resistive assemblies or coatings are required; i [ |
see A.12. In unprotected noncombustible construction,
steel framing may be left exposed.
* See4.14 for steel beams and floor framing systems. = r & . e
+ See 12.00 for a discussion of steel as a construction
material.

CSI MasterFormat 05 12 00: Structural Steel Framing
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5.36  STRUCTURAL STEEL FRAMING

T

Wall units incapable of spanning
between columns or from floor to floor
require secondary framing of mullions
and shelf angles.

* The curtain wall framing or panels and

the supporting structural frame may
respond differently to variations in
temperature and to gravity or wind
loads. Connection details should allow
for the differential movement between
the wall and structural frame, as well

pressure and suction.

If diagonals are used to brace the
structural frame, they will affect the
design of the wall units.

- For general information on curtain wall

systems, see 7.04—17.20.

£y
«—> ==y
as between the wall units themselves. L
+ The wall may be 5ubj@cW Spandrel wall units are supported at one floor only.

- Forglazed curtain walls, see £.371.

e TR Because the columns in a steel frame structure

transfer the gravity and lateral loads down to the
k e | L foundation system, the exterior walls are essentially

nonloadbearing curtain walls.

A

TUS—— _Therearethregbasic relationships that may be

established between a structural steel frame and the
curtain wall or cladding it supporte.

* Columninfront of the wall plane

+ Column within the wall plane

* Column behind the wall plane

The framing or panels of a curtain wall may be
supported in one of two ways:

[ T—— - Bythecolumns alone

\/ By the columns as well as by spandrel beams or

the edges of floor slabs
)
&P
—>
"~ Story-height wall panels may be suspended

— from the floor above

Alternately, they may be supported onthe

I / floor below.

>

For stability, they may be braced either:
Below the floor

| Above the floor

pr— ke
w0 F
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STEEL COLUMNS 5.37

The most frequently used section for columns is the
wide-flange (W) shape. It s suitable for connections

to beams in two directions, and all of its surfaces are
accessible for making bolted or welded connections.
Other stieel shapes used for columns are round pipes and
square or rectangular tubing. Column sections may also
be fabricated from a number of shapes or plates to fit the
desired end-use of a column.

+ Compound columns are structural steel columns
encased in concrete at least, 2-'/2" (64 mm) thick,
reinforced with wire mesh.

+ Composite columns are structural steel sections
thoroughly encased in concrete reinforced with both
vertical and spiral reinforcement.

* Welded plates + Cruciform (4 angles) * Welded plates

Column Shapes

The allowable load on a steel column depends on its
cross-sectional area and its slenderness ratio (L/r),
where (L) is the unsupported length of the column in
inches and (r) is the least radius of gyration for the
cross section of the column.

Estimating Guidelines for Steel Columns

* Ax4 stieel tube column may support up to
750 5f (70 m?) of floor and roof area.
* 6x0 steel tube column may support up to
2400 sf (223 m°) of floor and roof area.
+ W6x0 may support up o
750 5f (70 m?) of floor and roof area.
* WOxB may support up to
3000 sf (279 m?) of floor and roof area.
* W10x10 may support up to
4500 f (418 m?) of floor and roof area.
- W12x12 may support up to
6000 sf (557 m?) of floor and roof area.
* W14x14 may support up to
12,000 5f (1115 m?) of floor and roof area.

b
|

+ Column spacing = beam span; see 4.16. ————————__|
- Columns are assumed to have an effective length of

12'(3660).

* Increased sizes or weight's are required for columns
supporting heavy loads, rising to greater heights, or
contributing to the lateral stability of a structure.

- Consult a structural engineer for final design
requirements.

P
_______*Fq%.__.__

(SI MasterFormat 05 12 23: Structural Steel for Buildings
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5.38 STEEL COLUMNS

!

I
e —
\z:..._____“;..’

=

Beam Connections

When a change in the nominal
size of a column occurs, a thick
butt plate welded to both
column sections is used to
transfer the load.

Column Splices

« Column is welded to its
steel base plate after the
platee is leveled on a bed of
nonshrinking grout.

Column Bases

Double wood beam
Steel connector welded to column

V /
A backer plate can make up the Plate to keep columns aligned
difference inflange thicknesses at until welds are formed

abolted connection. - Welded butt connection

Nonshrinking grout —
» Anchor bolts

Stiffeners may be required Base plates for large columns
when a column bears on a are set on leveling nuts before
thin base plate. grouting.

* Asteel base plate s required to distribute the concentrated load

from a column to the concrete foundation to ensure that the
allowable stresses in the concrete are not exceeded.

For steel beam connections,
see 4.17-4.18.

As the load on a column diminishes,
different flange thicknesses may be used
aba column-to-column connection.

- A seismic foundation connection

utilizes stiffener plates and anchor
bolts set into a concrete foundation.
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LIGHT-GAUGE STEEL STUDS 5.39

Light-gauge steel studs are manufactured by cold-forming
sheet or strip steel. The cold-formed stieel studs can be easily
cut and assembled with simple tools into a wall structure that
is lightweight, noncombustible, and dampproof. Metal stud

walls may be used as nonloadbearing partitions or as bearing
walls supporting light-gauge steel joists. As in wood light-frame
construction, the stud framing contains cavities for utilities and
thermal insulation and accepts a wide range of finishes.

* Diagonal steel strap bracing .
welded o studs and runners ——— |
= Secure strap connection to stud
and runner with a steel gusset
plate or welds.

* Angle clip welded to stud and
bolted to foundation.

\\\

+ Limit height of 2-18" (90) studs to 12' (3660).
- Lirit height of @ (150) studs o 20'(6100),
+ Lirit height of & (205) studs to 26 (8575).

(W Channel studs

- C-Studs — > Light-gauge steel studs are

</ 3
]
” H

bracing to pass through.

<o 110 (25,35) thick
ﬁ 2-112" 3-114" 358" 4" "
1-Ya,1-308" 112" 155"

(32,55, 36, 41) thick

211" 3" 30" 350" 4" 511" " 711" 8" (64,
75,90, 100,140,150, 190, 20) wide

N

<<

-

\/%<_/

- Horizontal channel bracing
- Walls less than 10" (3050) high:
« 2 rows @ /3 height for vertical loads

- Walls over 10" (3090) high:

- Light-gauge steel stud

prepunched to allow piping, wiring, and

+ Consult manufacturer for specific shapes
and available sizes and gauges.

(64,85,90,100, 150) wide

-1 row @ mid-height for wind loads
- Continuous runner channel
- Light-gauge steel studs
@12',16" or 24"
(305,405,0r610) 0c.

- 3-4"(1015) 0. maximum
forvertical loads

- 5-0"(1525) o.c. maximum
for wind loads

assembly @ corners

\-)

A\

+ Splice runner sections
Wwith a stud section

ustally

- Light-gauge stud walls are framed,
sheathed, insulated, and finished as in
wood ligh-frame consbruction.
Connections are made with self-drilling,
self-tapping screws inserted with an
electric or pneumatic tool, or with
pneumatically driven pins.

* See 4.22—4.25 for light-gauge joist
framing.

- See D.A0 for wall sheathing and 7.44 for
thermal insulation options.

(SI MasterFormat 05 40 00: Cold-Formed Metal Framing
(SI MasterFormat 05 41 00: Structural Metal Stud Framing
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5.40 LIGHT-GAUGE STUD FRAMING
| 7
: lf M Light-gauge steel studs — Light-gauge steel studs L— Provide web stiffeners for
|' L Cortinuous runner channel | Continuous runner channel steel joists that continue
{ over support; see 4.29.
: Light-gauge steel joists; - Reinforced concrete on metal Light-gauge steel joists
E see 4.24—4.25. for floor
P framing details.
L | = g g I ———— =
| R *r
-.T )
| L Web stiffeners ; K‘ Double channel
+ Overhang possible Continuous runner Open-web steel joists Continuous runner
I FPerimeter channel ~— Steelbeam or light-gauge channel
stud bearing wall ; Light-gauge stud
|~ Forlintel options, Exterior Wall Interior Partition ~ bearing wall i

- Exterior wall
sheathing and

finish \

|
|
|
|
[
|
|
|
I
|
i
|
|
|
|
i
1
|
|
i
[
|
|
|
|
[
I[
|

+ Ferimeter channel
fastened to web
stiffeners and clip

I see below.

IL— Light-gauge steel studs

@12",10" or 24"
(305,405,0r610) oc.

see 0.59 for requirements.

Continuous runner channel

+ Light-gauge steel joists
( Web stiffener 7

N Horizontal channel bracing;

Stud

assembly @ Exterior Corner

ek

-

I

—— Steel gussel

Double C-joistﬁfv

@ Partition Infersection

plate

Structural steel channel

|
|
|
I
|
|
I
1
I
I
|
i
I
I
i
1
|
|
I
|
1
[

angles \
|
|
|

Exterior Wall Section

/ 2

: Clip angle anchor bolted to

concrete foundation wall

B

+ Trussed header

i

N

Il & : -

[

Trussed bridging at corners

next to openings

Framing of Openings

\C Double or nested studs
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BALLOON FRAMING 5.41

Balloon framing utilizes studs that rise the full height of the
frame from the sill plate to the roof plate, with joists nailed
to the studs and supported by sills or by ribbons let into the
studs. Balloon framing is rarely used today, but the minimal
vertical shrinkage it affords may be desirable for brick veneer

and stucco finishes.
>
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Factors to consider in the selection

of an exterior wall finish for stud wall

frames include:

+ Stud spacing required

+ Sheathing or backing requirements

+ Color, texture, pattern, and scale desired

+ Standard widths and heights of panel siding

- Detailing of corners and vertical and
horizontal joints

* Integration of door and window openings
ibo wall pattern

* Durability, maintenance requirements, and
Weathering characteristics

* Heat conductivity, reflectance, and porosity
of the material

* Expansion joints, if required

G

'\\\

\

2xstuds spaced 16" or 24"
(4050r610) 0. and rising
the full height of the wall from
the sill plate to the roof plate

Second floor Joists lap the
continuous wall studs.

T4 ribbon let into studs
provides additional support
forjoists.

Concealed spaces inwall
framing require 2x firestops
£o prevent drafts between
stories and between a top
story and the roof.

Lateral bracing required;
see 9.40.

First floor joists bear on a
foundation sill plate.
Foundation wall; see
Chapter 3

Flat or pitched roof system;

see Chapter 0
’/
/// '
’/
-~ -~
- -~
ot -
- ol
/, o,
- A
e -~
s P
- -
. //
-~ ekl
/’ -

N Double roof or top plate

- Subflooring

( Floorjoiatswv
@\j\

/< 2xfirestops

—~—— x4 ribbon let into studs

2x firestop
( Subflooring W/

N
* Floor joists )

grinad

) :;f\ Sill plate

Z/—\‘ Foundation wall

(SI MasterFormat 06 10 00: Rough Carpentry
(SI MasterFormat 06 11 00: Wood Framing
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5.42 PLATFORM FRAMING

& Double top plate

(4050r610)0c.

Sole plate
Double or triple end
Joists

Double top plate

N Wall sheathing and
[ - finish; see 5.40.

Sole plate

Double or triple end
Joists
Single or double sill
plate

Foundation wall; see
Chapter 3.

/ Story height 2x studs
spaced 10" or 24"

]
S
|

N

!

N - Lateral bracing as §
requied —— || TN\

—4 N

7 7>
f/
( / {/ f?_/}

..

- Although vertical shrinkage is greater

L

Platform framing is a light wood frame having studs only
one story high, regardless of the stories built, each story
resting on the top plates of the story below or on the sil
plates of the foundation wall. Platform framing is also
referred to as western framing.

—
-~
- it

ot
o~ > Flavorpitched roof system:
// //
A see Chaptier O.
B

- Nailer for ceiling finish

Double top or roof plate

—— 2xwall studs

R

Vi
\[//
\\%

Sole plate
/ Subflooring extends to outer edge of wall
frame and serves as a work platform.

s |

[ Floor joists rest on top plate
of stud wall below.

\d Nailer for ceiling finish
Double top plate

= 2xwall studs

.

LYY

Sole plate
Stud walls are adaptable to / Subflooring
off-site fabrication as panels or (
totilt-up construction. 7

thaninballoon framing, it

] C -
i equalized beteen loors e Floor joists rest on foundation sill plate;

se64.28.
SN Single or double sill plate
Foundation wall
Wall Stud Sizes ~ Maximum Maximum
Unsupported Height  Spacing
2ud studs 14 (4265) 16" (405) oc,
except when supporting only a ceiling and roof,
2x4 studs not more than 10" (3050) high may be
spaced 24" (610) oc.
246 studs 20/ (6100) 24" (610) 0,

except when supporting 2 stories and a roof,
space 2x0 shuds not more than 16" (405) o.c.
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WOOD STUD FRAMING 5.43

Top Plates
Overlap top plates at corners and
intersections with other partitions;
facenail, two 16d.
Double 2x top plate; facenail, 164
@ 16" (405) o.c. staggered

End nail top plate to studs, two 104

+ Offeet end joints in top plates at least
48" (1220); facenail, two 10d

Provide nailing surface for wall
finish material.
- 164 @ 24" (610) 0. staggered

Intersecting Partitions

Four 2xs
Nailing surfaces for wall finish material
- 164 @ 12" (305) 0.c. staggered

Three 2xs

A Corner Assemblies
|

Three 2xs and blocking

Where intersecting partition falls
bebween two studs, use a single 1x and
2x blocking @ 24" (610) o.c.

/ - Toenail, four 84, or

= endnall, two 164
+ Facenailto joist or blocking,
16d4@ 10" (405) o.c.
staggered

Sole Plates
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5.44 'WOOD STUD FRAMING

|

- 9e66.21-0.22 for roof edge conditions.

Second floor wall framing similar fo
first floor below

+ Finish flooring over subflooring

Toenail blocking between joists
totop plate, three Od; toenail rim joists
totop plate, 84 @ 6" (150) oc.

I
|
|
1
|
|
|
|
J
|
1
J
I
I
E
F
v
[
:

L — See 4.30 forfloor/partition
connections.
* See 543 for framing
partition intersections.

56645 -
|
+ Exteri i |
Exteflgrwall sheathing |
and finish _
+ Some finish materials may P

require 2x blocking.

+ Thermal insulation and =
vapor retarder; se¢ 7.44
and 7.46.

- ©"(190) minimum clearance
between finish grade and
wood construction

* Slope finish grade to drain
surface water away from

+ Soffit j I \ S
- 2-0"(610) overhang; i

+ Wood joist floor system; see 4.27-4.31.

2x blocking to provide a nailing
surface for ceiling finish
Double 2x top plate

2xstuds @ 16" or 24" (405 0r 610) 0.6, see
542 for size and spacing requirements.

- With the increase in thermal insulation

required by building and energy codes, 2x0
or even 2x9 studs have come info greater
usage. Alternatives include using double wall
construction or installing 2x4 horizontal
strapping inside or outside a standard stud
wall. See also 7.44.

2%6 studs

2x4 horizontal strapping

Interior wall finish

2xsole plate
Finish flooring over subflooring

L — 2xdstuds @ 16"
(409) 0.c. may be used
for interior nonbearing
partitions.

foundation.

G
o

Exterior Wall Section

v 2xsill plate anchored to foundation wall

see4.28.

Interior Wall Section

k Provide beam or wall support

for interior loadbearing
partitions.
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WOOD STUD FRAMING 5.45

With a continuous two—2x0 header,

g 0l

i

Headers 2-2x4 2-2x6 2-2x8 2-2x10 2-2x12

Supporting Can span

Roof only 4 4-¢' 0'-&' 8'=10" 10-12'
(1220)  (1220-1830) (1830-2440) (2440-3050) (3050-3660)

One story 4 4-0 08 =10

Two stories 4-¢ 6-8'

- Oversized header may
be used to eliminate
short, cripples.

+ Forspans over 4'(1220) wide, header requires
2" (97) minimum solid bearing at each end down
to floor or bottom plate.

+ 112" (13) plywood spacers are used with 2x
members to match 2x4 or 2x6 stud width.

+ For unusual load conditions, header should be
engineered as a beam; verify minimum bearing
requirements.

* Double header
+ Cripple or blocking

Trimmer studs support header;
face nail double studs, 104 @
12" (305) o.c.

Rough il

Cripple stud

\

>z

Full studs

L

to4'(1220) wide.
<" Metal straps a comers\

//
:

no lintels are required for openings up

N\

|
i

* Framing bolted
1o steel channel

* Plywood box beam + Steelflitch plate

bolted to double header

Lintel Options for Wide Openings

|
- Laminated wood joist ‘

+ These lintels should be engineered as beams; verify minimum bearing requirements.
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5.46  STUD WALL SHEATHING

——— 116" (3) joint spacing unless
| otherwise recommended by
manufacturer

AL When applied horizontally,
stagger vertical joints.
Support horizontal edges
[ w/blocking or plyclips; nai
| @12"(309) 0c.and 6"
| (150) oc. along edges.

For use as a nailable base

for exterior siding: °/s" (10)
minimum for 16" (405) stud
spacing and '/2" (13) minimum
for 24" (610) stud spacing

- 4x8.9,10
(1220 2440, 2745, 3020) pane! sizes

Rated Panel Sheathing

For use as corner bracing,
apply vertically and na
@8"(205)0¢., and 4"
(100) o.c. along edges; °/16"
(6) minimum for 16" (409)
stud spacing and ’ls" (10)
minimum for 24" (610)
stud spacing.

/ When applied horizontally,
| stagger vertical joints.
Solid blocking or V-groove
| Joints along horizontal

| edges

/ Nail @ &" (205) o.c. and 4"

* High-density panels may be
Used as a nailable base for
exterior siding.

- 4%8.9,10,12
(1220 x 2440, 2745, 3020, 3660) pan

Fiberboard Sheathing

(SI MasterFormat 06 16 00: Sheathing

(100) 0. along edges

For use as corner bracing,
use /2" (13) high-density
panels applied vertically; nail
@06"(150)0c.and 2" (79)
0.c. along edges.

el sizes

+ Kigid insulation may extend

- Seealso 7.44.

When applied horizontally,
stagger vertical joints.

e .-.//@ Support horizontal edges
™ W/ blocking.

Nail @ ©" (205) o.c.

For use as corner bracing,
apply 12" (13) panels
vertically and nail or use
adhesives according

to manufacturers
recommendations.

Exterior siding must

be nailed to stud frame
because gypsum board is
not a nailable base.

< 4'%8.10,12'14°

(1220 2440, 3020, 3660, 4265) pane! sizes

Gypsum Sheathing

Exterior siding must be
nailed directly to stud
frame.

* Because the foam plastic
is an effective vapor barrier,
the wall assembly must be
properly vented.

Rigid insulation cannot be
used as corner bracing; use
steel strap or 1x4 let into
shuds.

below grade to insulate 4

) Protect exposed surfaces
basetment or crawl space. 7" wl treated plywood or

stucco.

< 2'x4 8 and4'x 89

(610x1220, 2440 and 1220 x 2440, 2745) panel sizes

Rigid Foam Plastic Sheathing
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WOOD COLUMNS 5.47

Wood columns may be solid, bullt-up, or spaced. In selecting 2

wood column, the Tollowing should be considered: lumber species;
structural grade; modulus of elasticity; and allowable compressive,
bending, and shear stress values permitted for the intended use. In
addition, attention should be paid to the precise loading conditions
and the types of connections used.

Wood columns and poste are loaded axially in compression. Failure
canresult from crushing of the wood fibers if the maximum unit
stress exceeds the allowable unit stress in compression parallel to
the grain. The load capacity of a column is also determined by its
slenderness ratio. As the slenderness ratio of a column increases, a
column can fail from buckling.

See2.13.

=

+ Solid sawn columns should be of

well-seasoned wood.

* Built-up columns may be glue-

laminated or mechanically
fastened. Glue-laminated columns

¥ may have a higher allowable
e | 1 | \< K ) compressive stress than solid
F dabialied sawn columns, while mechanically

’ 4 fastened columns cannot equal the
* 1ld < 507or solid or built-up columns strengbh of a solid colurm of the

* Ild < 80 for individual member of a \{,{\? same dimensions and material.
spaced column e

* = unsupported leﬂgthinincheﬁ\ S

* d=theleast dimension of the
compression member in inches

A * Spaced columns consist of two or
more members separated at their
ends and middle points by blocking
and joined at their ends by timber
B connectors and bolts.

ot
i

|

|
o
£

Estimating Guidelines for Wood Columns

+ 6x6 may support up t0 500 of (46 m)
of floor and roof area.

+ Bx8 may support up to 1000 F (92 m?)
of floor and roof area.

+ 1010 may support up to 2500 f (232 m?)
of floor and roof area.

+ Columns are assumed to have an unsupported L]
height of 12" (3660). "

* Increased sizes are required for columns
supporting heavy loads, rising to greater
heights, or resisting lateral forces.

+ See the Bibliography for sources of more
detailed load tables.

+ Consult a structural engineer for final —
design requirements. ' L

]
|
XX
[

;
|
|
|

L1
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5.48 WOOD POST-AND-BEAM FRAMING

Fost-and-beam construction uses a framework of vertical posts

* Roof system: conventional wood and horizontal beams to carry both floor and roof loads. The
rafters or plank-and-beam framing; beams supporting the floor and roof systems transmit their loads
see Chapter . 10 posts or columns that, in turn, carry the loads down to the

foundation syster.

74

4N

Column spacing is related to the
desired size and proportion of the
bays, and the spanning capability of

+ Together with plank-and-beam floor and roof systems,

the post-and-beam wall system forms a three-dimensional
structural grid, which may be expanded vertically or horizontally.

+ The skeleton frame of posts and beams is often left exposed to

form a visible framework within which nonbearing wall panels,
doors, and windows are integrated.

* When the post-and-beam frame is left exposed, as is often the

case, careful avtention must be paid to the species and grade of
wood used, the detailing of joirs, especially at beam-to-beam
and beam-to-post connections, and the quality of workmanship.

Floor system: conventional joists
or plank-and-beam framing; see Chapter 4.

Resistance to lateral wind and seismic forces requires
the use of rigid shear walls or diagonal bracing.

Fosts or columns may be supported by individual piers
or by a wall foundation.

the beams, joists, and decking. Heavy Timber Construction

(SI MasterFormat 06130: Heavy Timber Construction

+ Fost-and-beam framing may qualify as heavy timber

construction if the plank-and-beam floor and roof structures
are supported by noncombustible, fire-resistive exterior walls
and the wood members and decking meet the minimum size
requirements specified in the building code.

Floor decking: not less than 3" (75) nominal tongue-and-groove
(t84) or splined planks with 1" (25) nominal tég flooring or '/2"
(13) wood structural panel subflooring

* Roof decking: notless than 2" (51) nominal t&g or splined planks

or 1-1/6" (32) thick wood structural panel

Beams and girders: not less than €' (150) nominal in thickness
and 10" (255) nominal in depth

Columne: not less than &x8 nominal when supporting floors; not
less than &x6 nominal when supporting roofs only.
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WOOD POST-BEAM CONNECTIONS 5.49

The strength of a post-and-beam connection depends on:

+ The species and grade of lumber used

- The thickness of the wood members

- The angle of the resisting force relative fo the grain of the wood
- The size and number of bolts or timber connectors used

The size and number of bolts required for a connection depend on the
magnitude of the loads being transferred. Generally, greater efficiency
i5 achieved with a few large bolts rather than with more smaller ones.
The drawings to the right illustrate general guidelines for the placement
of bolts.

Timber Connectors

If there is insufficient surface contact area to accommodate the
required number of bolts, timber connectors can be used. Timber
connectors are metal rings, plates, or grids for transferring shear
between the faces of two timber members, used with a single bolt that
serves 1o restrain and clamp the assembly together. Timber connectors
are more efficient than bolts or lag screws used alone because they
enlarge the area of wood over which 2 load s distributed and develop
higher stresses per unit of bearing.

Load Parallel to Grain

4d
End distance:
* Adin compression; d = bolt diameter
* Tdintension
Edge distance:
1-Y2d or 12 row spacing for /d ratios <6
Row spacing parallel to grain is determined
by net section requirements.

Load Perpendicular to Grain

/\ Row spacing perpendicular to grain:
« 2-Y2dforlld of 2

- Ddforldofo

Edge distance for edge toward which
load is acting > or = 4d

4d

Split-ring connectors consist of a metal ring
inserted into corresponding grooves cut iro the
faces of the joining members and held in place by
a single bolt. The tongue-and-groove split in the
ring permits it to deform slightly under loading
and maintain bearing at all surfaces, while

the beveled cross section eases insertion and
ensures a tight-fitting joint after the ring s fully
seated inthe grooves.

+ Avalable in 2-1/2" and 4" (64 and 100)

diameters

31" (90) minimum face width for

2-112" (64) splitrings; 5-1/2" (140) minimurm
for 4" (100) split rings

112" (13) g bolt for 2-112" (64) split rings;
314" (19) ofor 4" (100) split rings

Shear plates consist of a round plate of
malleable iron inserted into a corresponding
groove, flush with the face of a timber, and held
in place by a single bolt. Shear plates are used in
back-to-back pairs to develop shear resistance
in demourntable wood-to-wood connections, or
singly in a wood-to-metal connection.
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5.50 WOOD POST-BEAM CONNECTIONS

- Beamhanger w/
concealed flanges

* Built-up beam
resting on built-up
column

- Steel angle w/
web stiffener

* Kerfed beam
( . , set o steel plate

+ Bearing block
bolted to column

Column Supports for Beams

b

1 - Diagonally
‘1@@3’ braced
connection

le— Fost w/ saw kerf

atbase

-— Through-bolts w/
countersunk heads and
nuts; plug holes

| — Steel plate welded to
base; base anchored 10
foundation

Concrete foundation wall
orisolated pier

Column Base Supports

Eu

L

el

b

N

~

|
~d

Column-Beam Connections

<~ Postor column

o Column base w/

anchor strap cast into
concrete foundation wall
or pier

Through-bolts
- 0" (150) to grade
minimum
- Building code may
requirea 2" (51)
standoff height above

concrete when exposed
£o weather or water

splash.

e i e e e e et i e g i s it s St g
7

Wood decking; see 4.40.
Solid column

Spaced beams
Nonloadbearing infill may
consist of wood stud
framing, prefabricated wall
panels, or door and window
units.

+ Joint details should provide

a weathertight seal through
the use of offeets, flashing,
or caulking.

+ Allowance should be made

for the movement, of exposed
wood due to changes in
moisture contert, and, when
Joining dissimilar materials,
for differing rates of thermal
expansion and contraction.

- Seealso4.57 for

post-beam connections.

* Avariety of proprietary post

bases and beam anchors
are available. Consult
manufacturer for sizes,
shapes, installation details,
and allowable loads.

- Fost-and-beam connectors

can also be shop-fabricated
to suit specfic design
conditions.

- Connectors should be

galvanized or plated to
resist corrosion when
exposed To weather.
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ROOF SYSTEMS
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Roof Systems

Roof Slopes

Reinforced Concrete Roof Slabs
Precast Concrete Roof Systems
Structural Steel Roof Framing
Steel Rigid Frames

Steel Trusses

Truss Types

Space Frames

Open-Web Steel Joists
Open-Web Joist Framing
Metal Roof Decking
Cementitious Roof Planks
Rafter Framing

Light-Gauge Roof Framing
Wood Rafters

Wood Rafter Framing

Roof Sheathing

Wood Plank-and-Beam Framing
Wood Post-Beam Connections
Wood Trusses

Wood Trussed Rafters
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6.02 ROOF SYSTEMS
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The roof systiem functions as the primary sheltering element for the
irerior spaces of a building. The form and slope of a roof must be
compatible with the type of roofing—shingles, tiles, or a continuous
membrane—used to shed rainwater and melting snow to a system
of drains, gutters, and downspouts. The construction of a roof should
also control the passage of moisture vapor, the infiltration of air, and
the flow of heat and solar radiation. And depending on the type of
construction required by the building code, the roof structure and
assembly may have to resist the spread of fire.

Like floor systems, a roof must be structured to span across space
and carry its own weight as well as the weight of any attached
equipment and acoumulated rain and snow. Flat roofs used as decks
are also subject to live occupancy loads. In addition to these gravity
loads, the planes of the roof may be required to resist lateral wind
and seismic forces, as well as uplifting wind forces, and transfer these
forces to the supporting structure,

Because the gravity loads for a building originate with the roof system,
its structural layout must correspond to that of the colurmn and
bearing wall systems through which its loads are transferred down fo
the foundation system. This pattern of roof supports and the extent
of the roof spans, in turn, influences the layout of interior spaces and
the type of ceiling that the roof structure may support. Long roof
spans would open up a more flexible interior space while shorter roof
spans might suggest more precisely defined spaces.

The form of a roof structure—whether flat or pitched, gabled or
hipped, broad and sheltering, or rhythmically articulated—has a
major impact on the image of a building. The roof may be exposed with
its edges flush with or overhanging the exterior walls, or it may be
concealed from view, hidden behind a parapet. If its underside remains
exposed, the roof also transmits its form o the upper boundaries of
the interior spaces below.

NS TR N




(c) ketabton.com: The Digital Library

ROOF SLOPES 06.03

Flat Roofs

- 12'(305)
A )

Py ot

NANAANANNNN
g

-12

/://

+ Flat roofs require a continuous membrane roofing material.

-
* The roof slope may be achieved by inclining the structural

Minimum recommended slope: '/4" per foot (1:50)

members or roof deck, or by Tapering the layer of thermal
insulation.

+ The slope usually leads to interior drains. Secondary, emergency

overflow roof drains or scuppers are required in cases where
water might be trapped if the primary roof drains are blocked.

Flat roofs can efficiently cover a building of any horizontal
dimension, and may be sbructured and designed to serve as an
outdoor space.

The structure of a flat roof may consist of:

Reinforced concrete slabs

Flat timber or steel trusses

Timber or steel beams and decking

Wood or steel joists and sheathing

Sloping Roofs
* Sloping roofs may be categorized into

* Low-slope roofs—up t0 3:12
* Medium-to high-slope roofs—4:12 t0 12:12

High slope
Medium slope  The roof slope affects the choice of roofing material,
4 Low slope the requirements for underlayment and eave flashing, and design

- Rise

wind loads.

* Low-slope roofs require roll or continuous membrane roofing;

some shingles and sheet materials may be used on 2:12 pitches.

* Medium- and high-slope roofs may be covered with

shingles, tiles, or sheet materials.

* Sloping roofs shed rainwater easily to eave gutters.

+ The helght and area of a sloping roof increase with its horizontal

dimensions.

* The space under a sloping roof may be usable.
 Sloping roof planes may be combined to form a variety

of roof forms.

* Sloping roofs may have a structure of:

Wood or steel rafters and sheathing
Timber or steel beams, purlins, and decking

/ Timber or steel trusses
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6.04 REINFORCED CONCRETE ROOF SLABS

Reinforced concrete roof slabs are formed and sitecast in the
same manner as the concrete floor systems illustrated on
4.05-4.07.Roof slabs are normally covered with a type of
membrane roofing shown in the cross section below. See 7.12
for flat roof assemblies.

Slope top of slab or layer of roof insulation for roof drainage;
14" per oot (1:50) minimum recommended.

Roof slabs may be supported by reinforced concrete columns,
reinforced concrete frames, or bearing walls of reinforced
concrete or masonry.

Wear course
Roofing membrane

Rigid foam or lightweight concrete
insulation

* Vapor retarder

* Anupturned edge beam can fortm 2
parapet wall

Ametal reglet may be cast info the
parapet to recelve cap flashing.

- Theslab can be cantilevered beyond its

perimeter supports to form an overhang. —— e
Smooth troweled finish to receive
insulation and roofing
Reinforced concrete roof slab

* Anedge or spandrel beam can support,  <———— Theedge of a concrete roof slab may be treated in
anonbearing curtain wall three different ways.

Metal anchors may be cast into the
spandrel beams to secure the curtain
wall panels.

Reinforced concrete may be designed and cast into a variety
of other roof forms, such as folded plates, domes, and shell
structures. See 2.16 and 2.26-2.27.

(SI MasterFormat™ 03 20 00: Concrete Reinforcing
(SI MasterFormat 03 30 00: Castin-place Concrete
CSI MasterFormat 03 31 00: Structural Concrete
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PRECAST CONCRETE ROOF SYSTEMS  6.05

Precast concrete roof systems are similar in form and See 7.19 for parapet flashing.
construction to precast floor systems and use the ! \ Roofing membrane over rigid
same types of slab units. See 4.11-4.13 for general / insulation; see 7.12.

conditions and requirements. Sitecast concrete topping,

N reinforced with welded wire fabric
J or reinforcing bars, bonds to

precast slabs o form a composite
structural unit; 2" (9) minimum.
The topping may be omitted if
rigid foam insulation is laid over
smooth-surfaced precast units.

* Slope concrete topping or precast
units to drain; /4" per foot (1:50)
minimum recommended.

Toserve as a horizontal diaphragm
and transfer lateral forces to shear
walls, steel reinforcement must tie
the precast slab units to each other
over their supports and at their end

Bearing connections should allow for limited
horizortal movement due to creep, shrinkage,
and temperature changes.

bearings.
=3 Precast hollow core slab unit _ L
Extend steel dowels into reinforced concrete
topping or into grouted shear keys for
s structural continuity. | A | _— Reinforced concrete topping;

; Grout voids at ends of hollow core units. ! 2" (571) minimum
\J// J 7 | Hooked bars cast into slab
-t::ﬁ, forer : : edge slots @ 4' (1220) oc.

Underside of precast slabs

High-density plastic bearing strip

i \_lL/ may be caulked and painted;
. Minimum bearing length should be at least o acelling finish may also be
"f1g00f the clear span but not less than 2" applied to or be suspended
(51) for solid or hollow core slabs. - from slab.

Bearing Wall End Wall

Reinforced concrete topping

r Weld bonds tee units together.
Ee= % Precast structural tee

J Synthetic rubber bearing pad + Overhang possible il Solid fill or glazed opening
Minimum bearing length should be at least - Consult a structural | _— Reinforced concrete or
11180 of the clear span but not less than 3" engineer for bearing “ masonry wall
(76) for beams or stemmed members. connection details.
Bearing Wall + See4.13 for additional bearing connections. Bearing Wall

(SI MasterFormat 03 40 00: Precast Concrete
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6.06 STRUCTURAL STEEL ROOF FRAMING

i Aflat roof structure may be framed with structural steel
members similar to the way steel floors are framed. See
4.14-4.15,

The primary and secondary roof beams may support open-
web steel joists, metal roof decking, a sitecast concrete
slab, or precast concrete units.

Roof overhangs may be achieved by extending the
secondary roof beams over their supports or by recessing
the exterior wall construction.

C O
] Roofing membrane over rigid foam or * Overhanging beams may be framed within the depth
; lightweight concrete insulation; see of the primary beam or be continuous over the main beam
{ 7.12 for flat roof assemblies. support.
Newore Web stiffeners
2 jl =
1§ 1
7 Curtain wall panels or facing vereers Splice plate
Lt | may be supported either by steel edge i : E”d? of beamg may be tapered
beams or by a concrete slab cast over or lightened with cutouts.
metal decking; see 7.25,7.286~7.29,
6.51-8.33. N

Structural steel can also be used to frame sloping roofs.

Metal or cementitious roof decking
Purlin spacing = decking span

Sloping roof beams support purlins.
Beam spacing = purlin span’

Girders support roof beams at ridge and eaves.

(SI MasterFormat 05 12 00: Structural Steel Framing
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STEEL RIGID FRAMES 0.07

Rigid frames consist of two columns and a beam or girder that

are rigidly connected at their joints. Applied loads produce * Various shapes of rigid frames can be fabricated
axial, bending, and shear forces in all members of the frame of steel to span from 30" to 120" (9 10 36 m).
since the rigid joints restrain the ends of the members from * Rigid frames typically form one-story structures
rotating freely. In addition, vertical loads cause a rigid frame used for light-industrial buildings, warehouses,
to develop horizontal thrusts at its base. A rigid frame is and recreational facilities.

statically indeterminate and rigid only in its plane.

Channel or Z-shape purlins

Purlin spacing = span of roof decking;
4'105'(1220%01525) oc.

Eave strut

Channel or Z-shape girts

Frames spaced 20' 1o 24' (610010 7319) o.c.
+ Frame spacing = span of purling
+ Frame spacing = span of girts

Rigid frames provide resistance tolateral forces
in their planes; they must be braced in a direction
perpendicular to the frames.

+ Framing is typically clad with corrugated metal
roofing and siding.

+ Oteel frames may be left exposed in unprotected
noncombustible construction.

+ See A12 forfireproofing of steel structures.

* Some building codes reduce the fire-protection
requirements for steel roof structures 25' (7620)
or more above the floor. Crown

* Rule of thumb for crown depth: span/40

Pitch: 11210412

Connection bolted or welded to resist, moments

L Shoulder
\ \/ Rule of thumb for shoulder depth: span/25

——— Wllheight:8'1030' (2440 10.9145)

Em Typical span: 30't0 120" (9 10 56 m)

J. / J : — Base: 0"10 20" (20510 510)

(SI MasterFormat 05 12 13: Architecturally-Exposed Structural Steel Framing
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6.08 STEEL TRUSSES

- See 2.16 for more information on trusses. Steel trusses are generally fabricated by welding or bolting
structural angles and tees together to form the triangulated
framework. Because of the slenderness of these truss members,
connections usually require the use of steel gusset plates. Heavier

- Metal or cementitious roof decking steel trusses may utilize wide-flange shapes and structural tubing.

or panels span purlin spaces.

+ Channel or W-shape purling span the

truss spacing.
* If not bearing at a panel point, purling Members are bolted or welded with gusset
subject top chord to local bending. plate connectors.

* Toprevent secondary shear and bending
stresees from developing, the centroidal axes
of truss members and the load at a joint should
pass through a common point.

Steel bearing plate
Structural steel or reinforced

concrete column support Trusees require lateral bracing in a direction

perpendicular to their planes.

Mechanical services such as piping, conduit, and
ductwork may pass through the web spaces.

+ Noncombustible steel construction may be left exposed
if atleast 20' (6095) above the finish floor; consult the
building code for requiremente.

Depth range for pitched trusses: span/4 to span/5
Depth range for bowstring trusses: span/o to span/®

+ Theincreased depth of trusses allows them to span
greater distances than steel beams and girders.

i._ Ml/\ Span range: 25'10 120' (7 t0 56 m)

(SI MasterFormat 05 12 00: Structural Steel Framing
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TRUSS TYPES 0.09

+ Flat trusses have parallel top and bottom chords.

Flat trusses are generally not as efficient as pitched
or bowstring trusses.

Pratt trusses have vertical web members in compression
and diagonal web members in tension. It is generally more
efficient to use a truss type in which the longer web
members are loaded in fension.

Howe trusses have vertical web members in tension and
diagonal web members in compression.

Belgian trusses have only inclined web members.

Fink frusses are Belgian trusses having subdiagonals to
reduce the length of compression web members toward
the centerline of the span.

Diagonals connect a top to a bottom chord.
Subdiagonals join a chord with 2 main diagonal.

Warren trusses have inclined web members forming a series
of equilateral triangles. Vertical web members are sometimes
ibroduced to reduce the panel lengths of the top chord,
which is in compression.

Bowstring trusses have a curved top chord meeting a
sbraight bottom chord at each end.

- Raised-chord trusses have a bottom chord raised

substantially above the level of the supports.

Crescent trusses have both top and bottom chords curving
upward from a common point at each side.

Scissors brusses have tension members extending from
the foot of each top chord to an intermediate point on the
opposite top chord.
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6.10 SPACE FRAMES

Triangular Grid
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- Welded connection - Bolted connection

(SI MasterFormat 13 32 13: Metal Space Frames

- Threaded connections

A space frame is a long-spanning three-
dimensional plate structure based on the
rigidity of the triangle and composed of linear
elements subject only to axial tension or
compression. The simplest spatial unit of a
space frame is a tevrahedron having four joints
and six structural members.

+ llustrated are three of the many
patterns available.

+ Typical modules: 4.,5.,8', 12"
(1220,1525, 2440, 3660)

o 0O ou 1L I

+ Opace frames may be constructed of structural
steel pipe, tubing, channels, tees, or W-shapes.

+ Fabricated connectors join the members.
+ Consult manufacturer for detalls, module size,
and allowable spans.
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SPACE FRAMES 06.11

* As with other constant-depth plate structures, the supporting
bay for a space frame should be square or nearly square to ensure

that it acts as a two-way structure.

+ Four-point cruciform

g %41' NN MNNANANANNNNN DEEK
I\'\ ¥ 4 I
X |
P
% ' \_$ * Top-chord supported + Bottom-chord supported
l_ ‘ _.
\ANANANNANNNNNNNN
ZaaN

+ Frame capital

+ Glazing may ocour within the panels
of the space frame or be attached
to the space frame.

- Interior wall

- Exterior wall

Wood panel sheathing, metal roof

decking, or cementitious roof planks
* Slope or camber frame for drainage;

minimurm of '/4" per foot (1:50)
recommended.

* Depth range: span/12 to span/20

-

* A space frame should always be

supported at a panel poir.

- Increasing the bearing area of

the supports increases the
number of members info which
shearis transferred and reduces
the forces in the members.

« Areinforced concrete or

masonry bearing wall distributes
its support points along a lire.
Steel bearing plates anchored
into concrete or bond beam

Roof and partition
connections are made ab
panel points.

VAVAVAVAVAY

I
|
|

/

|

* Mechanical services such as piping,
conduit, and ductwork may pass through
the web spaces.

- Noncombustible steel construction may
beleft exposed if at least 20' (6099)
above the finish floor; consult the building
code for requirements.

C

* Span range for column-supported space frames:

Opan: 610 36 modules

501080 (910 24 m)

+ Span range for wall-supported space frames:

30't0130' (91039 m)

/ -
Overhangs:

19% 80 20% of span
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6.12 OPEN-WEB STEEL JOISTS

Roof systems using open-web steel joists Joists may frame into 2 Roofing membrane over rigict foam or
are similar in |ayout and construction to bearing wall rising to form lightweight concrete insulation; see
steel joist floor systems. For joist sizes and a parapet or bear onthe 7.2 for flat roof assemblies.
span ranges, refer t0 4.19—4.21. wall to form a flush or Roof deck may consist of metal
overhanging roof edge. roof decking, plywood panels, or
cementitious roof plarks.

+ Toresist uplifting wind forces, every
Joist must be securely anchored to its
supporting structure.

+ Top chord extension for roof overhang

+ For Kseries joists, the overhang may
extend 56" (1075), with an allowable
load of 200 psf. (1 psf = 0.479kFa).

Continuous bearing angle for roof deck
bolted to concrete or masonry
Bridging should be securely anchored
toendwall.

Reinforced concrete or
masonry bearing wall

* Horizontal or diagonal bridging is required to prevent
lateral movement of joist chords.
* Bridging is spaced from 10't0 20" (3050 10 6095)
0.., depending on joist span and chord size.
+ Horizontal bridging angles for K series joists spacing typica
are welded to top and bottom chords. + Joist span should not excesd
- Diagonal bridging angles for LH/DLH series joists; 24 xjoist depth
weld or bolt bridging to clip angles secured to masonry
wall or steel edge beam.

Joist spacing = span of roof
decking, panels, or planks;
4'1%010'(122010 3050)

Steel beam or joist girders

+ Top and bottom chords parallel; * LH/DLH series LH and DLH joists are
required roof slope may be achieved j__\/ \/ \/ \/\/\/ \/ \/ \/ \/_/_j avallable with single or double pitch
by shortening some of the joist f top chords.
supports and sloping the joists, or by

tapering the insulating layer of the TE\/\/\/\/\\/ \/\/\/\/\KE1 P Top chord pitched one way

roof deck.

P

& —— Top chord pitched two ways
W \/\/\/\/ \/ i + Standard slope i Tfe" per foot

(1:100).

(SI MasterFormat 05 21 00: Steel Joist Framing




(c) ketabton.com: The Digital Library

OPEN-WEB JOIST FRAMING 6.13

- Secure every roof joist to
a steel bearing plate with
anchors embedded in wall.

« 18" (10) p steel bar 8"
(205) long; for LH/DLH
series Joists, anchor w/ /4"
(19) o steel bar 12" (309)
long.

- Minimum bearing length:

4"t06" (10010 150) for\d

K series joists; 6" to 12"
(15010 305) for LH/DLH
series joists

Parapet: Bearing Wall

- Secure every roof joist 1o a
steel bearing plate anchored
in a continuous reinforced
bond beam.

Two /2" (13)

\m

-

f\\/\/\

Bottom chord may extend to
support cefling.

bolts; for LH/DLH series I

Jolsts, use two °f4" (19) o
anchor bolts.

Flush Edge: Bearing Wall

+ Minimum bearing length:
2-112" (65) for K series
Joists; 4" (100) for LH/DLH
series joists

« Two '/e" (54) fillet welds 1"
(25) long or 112" (13) g bolt

+ For LH/DLH series joists,
two /4" (57) fillet welds 2"
(57) long or two /4" (19) g
bolts

Structural Steel Frame

Metal gravel stop and fascia
Metal roof decking is secured to
all supports with puddle welds or
mechanical fasteners.

" —————— -1
— For flashing requirements, eee 7.19—7.20. - Precast concrefe or metal coping; — [ ] It
e - Roofing membrane over rigid foam insulation  see 7.19. T i
i or lightweight insulating concrete fil - Continuous bearing angle for edge of 1 B
= - Metal roof decking decking bolted to wall i ==
= \ ) e
W ] \\\'- (/ F== —
™ g ¥ St U L S O
T —

( Horizontal or diagonal bridging welded or

bolted to clip angles anchored to end wall

=
=
-y
%"
=

Parapet: End Wall

* Double treated wood plate;
secure w/ /2" (13) g anchor bolts
@6'(1820) o.c. maximum

- Continuous bearing angle for
edge of decking bolted to wall

!
y

\ A
i
_____ i e e Ny I
S A ¥ S S ey y
- ( Reinforced bond beam S
Horizontal or diagonal bridging welded or
- bolted to clip angles anchored to end wall =

S

1Y

Flush Edge: End Wall

 Precast corcrete or cut stone veneer —— |
* Expansion bolt, through slotted hole in

supporting steel angle
« Angle cast into edge ofm

— =]
[:3

Mo

i s

VAVAN

AV

+ Metal slab cl%ur@
+ Steel beam

* Fireproofing as required J

Parapet Wall
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6.14 METAL ROOF DECKING

= Metal roof decking is corrugated to increase its stiffness and ability to span
across open-web steel joists or more widely spaced steel beams and to serve as a
base for thermal insulation and membrane roofing.

The decking panels are puddle-welded or mechanically fastened to the
supporting steel joists or beams.

* The panels are fastened to each other along their sides with screws, welds, or
button-punching standing seams.

* Ifthe deck is to serve as a structural diaphragm and transfer lateral loads to
shear walls, its entire perimeter must be welded to steel supports. In addition,
more stringent requirements for support and side lap fastening may apply.
Metal roof decking is commonly used without a concrete topping, requiring
structural wood or cementitious panels or rigid foam insulation panels to
bridge the gaps in the corrugation and provide a smooth, firm surface for the
thermal insulation and membrane roofing.

To provide maximum surface area for the effective adhesion of rigid foam
insulation, the top flange should be wide and flat. If the decking has stiffening
grooves, the insulation layer may have to be mechanically fastened.

* Metal decking has low-vapor permeance but because of the many
discontinuities between the panels, it is not airtight. If an air barrier is
required to prevent the migration of moisture vapor into the roofing assembly,
a concrete topping can be used. When a lightweight insulating concrete fill is
used, the decking may have perforated vents for the release of latent moisture
and vapor pressure.

A\

/\Ribbed Roof Decking
% 6" (150)
-J - - W W - —N 1-112" (38) depth spans 4't0 9' (1220 10 2745)

| ‘ 24", 30", 36" (010, 760,915)

Ribbed Roof Decking
ey

o \_u u \J ~— Band4-"12 (75.and 115) depths span 8' to 16' (2440 to 4875)

| \/ 12", 24" (305, 610)
L
m&llulur Roof Decking
]* 6'(150)

\ [ u L - 5"(75)d@pth5pan510t020 (305010 6095)

] \[—_T/ 24"(610)

- Acoustic roof decking used as a sound-absorbing ceiling contains glass fiber
between the perforated webs of ribbed decking or in the perforated cells of
cellular decking.

* Decking profiles vary. Consult manufacturer for available profiles, lengths,
gauges, allowable spans, and installation details.

(SI MasterFormat 05 30 00: Metal Decking
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CEMENTITIOUS ROOF PLANKS .15

Cementitious roof planks are manufactured with portland
cement, lightweight aggregate. an arating compound, and
galvanized welded wire fabric reinforcement.

+ These noncombustible roof planks may span
across steel joiste, beams, and purlins and be
secured with galvanized steel clips.

* The roof planks provide a nailable base for roofing
shingles or tiles.

- Anacoustical treabment may be cast in the
underside and left exposed as the ceiling finish.

Cementitious roof planks may also consist of wood fibers that
are chemically processed and bonded under pressure with
portland cement. These structural planks can be used to span
wood or steel roof framing and serve as roof sheathing or as
permanent formwork for a concrete slab; their undersides may
be left exposed as an acoustical celling. They have thermal and
acoustic insulation value and may be used in fire-resistant
construction.

16" and 24" (405 10 610) widths typical

Thicknesses:
« 2"(57) thickness can span 3'to o'
(91510 1525);

-\ V. - + 3"(75) thickness can span 4'to 7'

(122010 2135);
* 4"(100) thickness can span 5' 10 &'
(1525 10 2440).

Tongue-and-groove edges may
be reinforced with galvanized
steel channels.

- Channelslabs have 2 1" (25) web

thickness and thickened edges to span

longer distances.

Edge thicknesses:

+ 2-%14" (70) edge Thickness can span
450 7' (122010 213D)

+ 3-112" (90) edge thickness can span
7109 (212510 2749)

+ 4"(100) edge thickness can span
91012 (27450 5660)

5'10 12' (152510 5660) lengths
24", 30", 48" (610, 760,1220) widths

Thicknesses:

+ 2"(57) thickness can span up to
3'(915);

+ 2-112" (64) thickness can span up to
3'-6"(1065);

+ 3" (75) thickness can span up to
4'(1220);

+ 3-112" (90) thickness can span up to
46" (1570);

+ 4"(100) thickness can span up to
5'(1525).

(SI MasterFormat 03 51 13: Cementitious Wood Fiber Decks
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6.16 RAFTER FRAMING

Roof Terminology

Ridge is the horizontal line of intersection at the top between

* Hipis the inclined projecting two sloping planes of a roof.

angle formed by the junction
of two adjacert sloping

Dormers are projecting structures built out from a sloping roof
sides of a roof.

and housing a vertical window or ventilating louver.

Gable is the triangular portion of wall enclosing the end of

a pitched roof from ridge to eaves.

Rake is the inclined, usually projecting edge of a sloping roof.

+ Shedis a roof having a single slope.

Eave is the overhanging lower edge of a roof.
- Soffit is the underside of an overhanging roof eave.

~Y

+ Valleyis anintersection of
two inclined roof surfaces
toward which rainwater flows.

Gable Roofs
Gable roofs slope downward in two parts from a central ridge, so
as to forma gable at each end.

Kidge board is a nonstructural horizontal member to which
the upper ends of the rafters are aligned and fastened.

ii\Hi;H'\'J'.‘\iE;iHiHEHE?

Common rafters extend from a wall plate to a ridge board or
ridge beam and support the sheathing and covering of a roof.
Collar ties unite two opposing rafters at a point below the
ridge, usually in the upper third of the rafter length.

F
A

The ties that resist the outward thrust of the rafters may
be designed as celling joists supporting only attic loads or as
floor joists supporting habitable space.

Rafter span

Loadbearing wall or beam

Ridge beam is a structural horizontal member supporting the
upper ends of rafters at the ridge of a roof.
* Rafter ties between the exterior wall or beam supports are

* Knee walls are short walls not required.

supporting rafters at some
itermediate position along their With sufficient headroom, natural light, and venfilation, attic
length. space may be habitable.

Beam or loadbearing wall

w Rafter span
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RAFTER FRAMING 6.17

Hip Roofs
Hip roofs have sloping ends and sides meeting at an
inclined projecting angle.

Kidge board

Common rafters

Hip rafters form the junction of the sloping sides of a
hip roof.

- Jackrafteris any rafter that is shorter than the full
length of the roof slope, as one meeting a hip or a
valley.

Hip jacks are jack rafters extending from a wall plate
to ahiprafter.

- Valley jacks extend from
avalley rafter o a ridge.

+ Valleyrafters connect
the ridge to the wall
plate along avalley.

Gambrel Roofs
Gambrel roofs are divided on each side into a shallower
slope above a steeper one.

Ridge board
Furlin

Common rafters

) vy ' A \
i AR
+ Celling joists & ' Uz Rafter spans
and floor joists i Z P
serve as rafter fies. _
- Beams or loadbearing walls

Flat Roofs
Flat roofs are framed in a manner similar to floor joist
framing; see 4.20.

Roof joists
Double trimmer joist

* The required roof slope may be achieved by shortening

some of the joist supports and sloping the joists, or
by tapering the insulating layer of the roof deck.

Lookout rafters support the roof overhang.
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6.18 LIGHT-GAUGE ROOF FRAMING

- Steel joist roof rafter
- Angle clip
+ Nested steel joists

form ridge.

- Steel studs
frame gable end.

+ Ridge
: Crtppk—\ s
- Double header ‘
AN
PO
/QM
- Valley rafter Iﬁ“\\\\ék\ﬁ //’~>/\\\

 Valley jack \\\“ /
| \\e‘\@‘%
/7

- Double trimmer rafter \
NS\

+ Dormer ridge \\‘\\\r

and rafters \\\\

* Side stud \\‘\\‘Il\!l

+ Corner post \
- Double header \\}Q\\\i
« Tailrafter A

+ Common rafter

« Gable end wall of dormer
may also be directly above
and be an extension of the
exterior wall as illustrated

Gable Dormer with the shed dormer.

(SI MasterFormat 05 40 00: Cold-Formed Metal Framing

L

Roofs and ceilings may be constructed

with light-gauge steel members in a manner
similar to wood light-frame construction; see
0.19-6.22. The light-gauge steel members
may also be screwed or welded together to form
roof trusses similar to those described in 6.29.

Light-gauge steel joist sections serve as
raftiers; see 4.25 for types and sizes of
light-gauge steel joists.

Rafters are typically spaced at 12", 16", or
24" (305,405,610) o.., depending on the
magnitude of roof loads and the spanning
capability of the roof sheathing.

Steel joist rafter
Steel celling joist

Anchor clips secure both rafters and ceiling
Joists to the top runner of the stud wall
framing.

Soffit framed with light-gauge steel stud
sections

- Common rafters
of shed roof

- Double trimmer rafter
- Nailer to carry
roof sheathing

N/ /I 5

+ Common rafter
* Floor joists

Wall framing rests on top
plate of exterior stud wall

Shed Dormer

- 96¢6.16-6.17 for light-frame roof forms and terminology.
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WOOD RAFTERS 0.19

Roof structures framed with wood rafters are an essential
subsystem of wood light-frame construction. The dimension
lumber used for roof joists and rafters is easily worked and can

be quickly assembled on site with simple tools. /

* Ridge members supporting rafters
having a slope of less than 3:12 must

Rafter span ranges:

* 2%6 canspanupto10' (2090

-+ 2xB canspanupto 14' (4265

+ 2x10 canspanup to 16' (4875

+ 2x12 can span up to 22' (6705

* Rafter spans are related to the
magnitude of applied loads, the rafter
size and spacing, and the species and
grade of lumber used.

- Rafters may be oversized to
accommodate the required thermal
insulation and provide space for
ventilating the concealed roof spaces.

+ Consult manufacturer for sizes and
spans of laminated veneer lumber joists.

= = =

- Rake overhangs are constructed with

lookouts framed irto a double common
rafter and bearing on the top plate of the
gable end wall

Barge or fly rafters are the end rafters

in the partof a gable roof that projects
beyond the gable wall.

* Roof openings are framed in a manner

similar to floor joist openings; see 4.31.
Double header
Double rafters for large openings

| [

* Sloping rafters and flat roof joists are

typically of solid-sawn 2x lumber, but

Ijoists and laminated veneer lumber may also
be used.

Rafters and roof joists are typically spaced
at 12",16" or 24" (209,409,610) oc.,
depending on the magnitude of roof loads and
the spanning capability of the roof sheathing.

- Because wood light-framing is combustible, it

must rely on roofing and ceiling materials for
its fire-resistance rating.

Roof sheathing; see 6.23.

The susceptibility of wood light-framing
to decay requires vertilation to control
condensation in enclosed roof spaces.
See 7.43 for thermal insulation of roofs.

A celling finish is usually applied directly to the
underside of roof rafters or ceiling joists.

* If celling joists are used, attic space may

accommodate mechanical equipment.

(SI MasterFormat 06 10 00: Rough Carpentry
CSI MasterFormat 06 11 00: Wood Framing
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6.20 WwOOD RAFTER FRAMING

Ridge board keeps rafters aligned

during construction; Tx material

minimurm; 2x material is better

* Ridge board should be as deep as
the plumb cuts at the upper ends

of the rafters.

+ Ventilation at the peak of a roof may be

provided with a corvinuous ridge vent \_/”/L :
or by louvered vents in the gable end walls;
see 747,

+ Facenail five 104 and toenail two
16d to each side, or use a sheet-
metal framing anchor.

Collar ties bind pairs of rafters
together and help them resist uplify
in high winds.

- X0 or 1x8; use 2x if ceiling is
attached. Secure to each rafter with
three 104 or four &d.

Rafters are framed opposite each
other at the ridge board; face- or
toenail, two 10d for Tx ridge or two
164 for 2x ridge.

7

Eave Attachment + Ceiling joists
Building code may require stee! anchor

straps 1o resist uplifting wind forces.

- Seat cutis a horizontal cut af the lower
end of a rafter that allows i to rest on and

+ Critical depth of rafters ————_| be connected to a beam or the top plate of

astud wall frame.

- Nail a 2x ledger to studs
orletina Txledger where
rafters frame into a stud wall.

+ Birds mouthis a right-angled notch
cut on the underside of a raffer fo
fit over a beam or the top plate of a
stud wall frame.

—_—— ™ Securesingle platew/ 10d @
4"(100) 0. and over each joist
Subflooring

Attic floor or ceiling joists

— Rafters may bear on the Solid blocking
double top plate of a stud Double top plate
+ Lave detail varies; see 6.21. wall or on a single plate / Stud wall frame
when attic floor joists are
supported by the stud wall

Eave Support Conditions
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WOOD RAFTER FRAMING 6.21

It is important to consider how the roof eave detail
turns the corner and meets the rake detall.

: Roofsheathm@5

+ Blocking _
- Gableend wall

framing ——

Closed Rake

+ Common raﬂ;erS

+ Blocking ]

- Gable end wall —

Rake Overhang

Exposed rafter tails or sloping
soffit

Rake trim and bargeboard may
extend beyond eave fascia to
terminate the end of the eave
fascia and qutter.

Closed rake with a narrow eave
soffit

Rake trim and bargeboard may
be terminated by a cornice
return.

Acornice return extends the
eave fascia and soffit around
the corner and turns info the
gable end wall

Metal drip edge
Rake tritm

- Coordinate rake trim and

bargeboard with eave fascia
and gutter detail.
Bargeboard extended to form
drip; sometimes carved for
ornamental effect.

Fly rafter

Lookout rafter

Soffit of plywood or tg
boards

Frieze board

Roof sheathing

Metal drip edge
Rake trim
Frieze board

- Coordinate rake trim and

frieze board with eave fascia
and gutter detail.

+ Blocking w/
screened vent
holes

N
* Exposed rafters

- Rafter tails may N

———
1=

Fascia is the broad, flat

extend and be cut surface of the outer
in an ornamental edge of a roof.
maner. Header
Exposed Rafters \—/
* Roof sheathing

+ Common rafters

« Topplate of stud
wall frame !:Ei
- 2xledger |,;
- Frieze board i
+ Continuous N Header
screened or slotted | Lookout
vent strip | Sofftt of plywood or
. l 16 boards
Wide Vented Soffit

=

X
/.)'/’% e ]

o
/// e

- Rafterends are cut
10 receive a soffit of
plywood or 1&g boards.

- Wall sheathing ———|
- Frieze board —

- Fascia
Header

Continuous screened or
slotted vent strip

Narrow Vented Soffit - Similar 1o 2 wide vented soffis
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6.22 WwOOD RAFTER FRAMING

— —  Metalorprecast
J N conerete coping
> Masonry parapet;
1 8" (205) minimum

|
I
|

o ( Roof joists; 3" (75)
\\ minimum bearing

Pressure-treated top

L F[aﬁhmg;see7.19.\/_-:- T:

"_.-.'_: k Steel strap anchors @

6'(1525) 0. maximum

to reinforced concrete or
masonry wall

Bond beam reinforcetment

plates anchored wi /2"
(13) o anchor bolts @ no
\/ more than 6'(1830) o..
P N MU vl
Parapets
- Consult the building
code for height
and fire-resistance
requirements. =
|
|
B
feeny

W

Fasten joists 1o plate
with sheet-metal framing
anchors or toenail, three

Bd ortwo 10d each side .

Single or double top plate
anchored to reinforced

concrete or masonry
bond beam

Flat Roof Joists

f |

. Enclosed roof spaces
require vertilationto

prevent condensation;
see 7.47.

Minimurm 3x8 ledger bolted

T
[
=4

. Woodor metal coping
—— Flashing; see 7.19.

+ Roof joists

2xblocking

xledger letinto studs

I |_—— Continuous studs of wood
framed wall

e e e S

< Thermal insulation

——— Continuous screened or
slotted vent strip

—— Wood stud wall framing

7,

1 Flush edge conditions do not
protect exterior wall from
weather and are especially
susceptible toleaking.
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ROOF SHEATHING 6.23

Sheathing over wood or light-gauge metal rafters typically
consists of APArated plywood or nonveneered wood panels.
The panels enhance the stiffness of the rafter framing and
provide a solid base for the application of various roofing
materials. Sheathing and underlayment requirements should
be in accordance with the recommendations of the raofing
manufacturer. In damp climates not subject to blizzard
conditions, spaced sheathing of 1x4 or 1x6 boards may be
used with wood shingle or shake roofing. See 7.04—7.05.

- Nall @ 6" (150) o.c. around edges
and@ 12" (305) o.c. along
intermediate supports.

- Use &d common or ring-shank nails
for panels up to /2" (12) thick and
Bd for panels °le" to 1" (16 0 25)
thick.

+ Protect edges of Exposure 1and 2
panels against exposure to weather,
or use exterior-grade plywood at
roof edges.

Panel Roof Sheathing

Panel Panel Maximum Span in inches (mm)
Span Thickness w/ edge support  w/o0 edge support
Rating inch (mm)

1210 916(8) 12.(305)

16/0 916,95 (8,10) 16 (405)

2000 5,315 (8, 10) 20(510)

2410 s (10) 24(610) 16 (405)
240 12(13) 24(610) 24(610)
3216 '1.%0(13,16) 32 (815) 28(710)
10020 W s(1619.22)  40(1015) 32 (815)
w84 % 715(19,22) 48 (1220) 36(915)

+ The span rating of a panel can be determined from its identifying grade stamp.
* The table above assumes that the panels are laid continuously over two or more spans with
theirlong dimension perpendicular to the supports, and capable of carrying 30 psf live load

and 10 psf dead load; 1 psf = 0479 kFa.

Exterior-grade plywood, or Exposure 1
(exterior glue) or Exposure 2 (intermediate
glue) panels

Direction of face grain perpendicular to
framing

Edges may be supported with panel clips,
blocking, or tongue-and-groove joints.
Stagger end joints; space joints '/6" (3)
unless otherwise recommended by panel
manufacturer.

Soffit panels should be of exterior-grade
plywood.

(SI MasterFormat 06 16 00: Sheathing
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6.24 WOOD PLANK-AND-BEAM FRAMING

Wood plank-and-beam roof systems typically use the
same supporting grid of posts or columns as do plank-
* Beam spacing = span of wood decking; and-beam floor systems. See 4.58 and 5.50.

4'108' (122010 2440) typical

- The quidelines in 4.40 may be used to
estimate the span of wood decking.

- Underside of decking may be left
exposed as a finished ceiling.

+ Other options:
© 2-4-1 plywood
+ Prefabricated composite or

stressed-skin panels

+ Cementitious roof planks

+ Beamspan
+ Rule of thumb for estimating the
depth of a beam:
- Solid sawn wood beams: span/15;
beam width ="/ /2 of beam d@pth\
* Glue-laminated beams: span/20;
beam width = '/4t0 113 of beam depth
* The required size of a wood beam is
directly related to the magnitude of
the roof load, the species and grade
of lumber used, and the beam spacing
and span.

(SI MasterFormat 06 13 23: Heavy Timber Construction

* Roof beams may be supported by:

- Timber, steel, or concrete columns
- Timber or steel girders
- Areinforced concrete or

masonry bearing wall

- Bearing area should be sufficient to ensure the

allowable compressive stresses of the beam and
bearing material are not exceeded.

Overhangs possible; limit to '/4 of backspan

The structural frame requires bracing of the wall
floor, and roof planes against lateral wind and
selsmic forces.

* The plank-and-beam framing is often left exposed

to the interior with rigid thermal insulation being
applied over the roof deck and a vapor retarder.
Exposed structures require thoughtful detailing
of connections, the use of quality materials, and
careful workmanship.

- Plank-and-beam framing offers no concealed

spaces for overhead ductwork, pipes, or wiring,
except when a layered structure or spaced
structural members are used.

+ Plank-and-beam framing may qualify as heavy

timber construction if the structure is supported
by noncombustible, fire-resistive exterior walls and
the wood members and decking meet the minimum
size requirements specified in the building code.
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WOOD PLANK-AND-BEAM FRAMING 6.25

There are alternatives for how a plank-and-beam roof structure

can be framed, depending on the direction and spacing of the roof
beams, the elements used to span the beam spacing, and the overall
depth of the construction assembly.

The roof beams may be spaced 4'to &' (1220 to 2440) o.c. and spanned
with solid or glu-laminated wood decking. The beams may be supported by
girders, columns, or a reinforced concrete or masonry bearing wall.

Roof Beams Parallel with Slope

In this example of a two-layer structure,
the roof beams support a conventional
systerm of wood rafters.

Roof Beams Perpendicular to Slope

Roof beams
Furling
Roof decking

Roof decking
Roof beams

In this two-layer system, the roof beams may be spaced farther apart
and support a series of purling. These purlins, in turn, are spanned
with wood decking or a rigid, sheet roofing material.

Roof beams
Roof decking
or secondary
beams

Rafters
Roof beams

The roof beams may be spaced close enough to be spanned
with wood decking. Spaced farther apart, the beams can
support a series of secondary beams parallel with the slope.
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6.26 WO0OD POST-BEAM CONNECTIONS

* Forslopes of 4:12 or greater,
use back-to-back shear plates
W/ a through-bolt and washers
counterbored into beams. ) i

Ridge Connection

For flatter slopes, use a
metal strap or plate to tie
beams together @ ridge.

« Solid wood beams

* Metal tie strap
or gusset
Metal framing
angle on both
sides of beam

Solid wood posts

Post-Beam Connection

Connections may be
made w/ through-bolts; if
nadequate space exists
for the number of bolts
required, use a split-ring
connector. See 5.49.

+ Solid wood beam
* Opaced wood post ——=|

S
8 | - The ends of roof beams may
- Solid blocking | & |

be shaped for ornamental
effect: do not expose end
grainto weather.

Post-Beam Connection

& Spaced wood beam [
* Solid wood beam

* Opaced wood ie
or celling joist
Solid wood vie or

fling joist
A
]

ce
&
|
~1~ - Building code may
require metal strap ——
to secure post-beam
connection against

* Wood post uplifting wind forces.

Post-Beam Connection

Spaced wood beam

5%
! N
* Wood post — Diagonal brace to
support overhang

Post-Beam Connection

Spaced wood beam

member continlous

4T
R
~ L7

Post-Beam Connection
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WOOD POST-BEAM CONNECTIONS

b.27

Shear plate connectors w/
a through-bolt and washers
counterbored into beams,

+ Wood decking spans across
roof beams.

g e £ ":;j:' Rigid foam insulation over vapor retarder
A Roofing material must be secured w/
fasteners long enough to penetrate through
the insulation and well info the decking.

- Ridge beam
Roof Section @ Ridge

Blocking may be required on steep

slopes to stabilize purlins.
+ Purlin spacing is determined by
decking span. * Solid infill or
glazed opening S
- Beams are notched for
i Z
full bearing on post or g
girder support. j
* Fascia optional
Underside of roof deck
may serve as soffit.
+ Thermal insulation may BoR 2 Roof Section @ Exterior Wall
be applied over roof deck ' o
or within space created \\\\
by ceiling finish. k.
Purling may frame into the
roof beams with the use of + Critical depth of beam
metal hangers. - Weathertight s

closure required

* 5ee .26 for post-beam Lo
connections. \/

for ornamental effect; do not
expose end grain to weather.

Ceiling may be applied to
create a concealed space for
piping, wiring, and thermal
insulation.

Roof Section @ Interior Support Roof Section @ Exterior Wall

Ends of roof beams may be shaped
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6.28 WOOD TRUSSES

In contrast to monoplanar trussed rafters, heavier wood
trusees can be assembled by layering multiple members and
Joining them at the panel points with split-ring connectors.
These wood trusses are capable of carrying greater loads
than trussed rafters and are spaced farther apart. Consult
a structural engineer for design, bracing, and anchorage
requirements.

+ To avoid additional bending stresses
in fruss members, loads should be
applied at panel points.

+ Vertical sway bracing may be required
between the top and bottom chords of
adjacent trusses to provide resistance
against lateral wind and seismic forces.

* Horizontal crose-bracing may be required
in the plane of the top or bottom chord if .
the diaphragm action of the roof framing " e e S
is not adequate for end-wall forces.

- Any knee bracing should connect to the
top or bottom chord at a panel point.

* Wood trusses may be spaced up 1o 8'(2440) oc.,
depending on the spanning capability of the roof decking
or planking. When purlins span across the trusses, the
truss spacing may be increased up to 20' (6099).

Span range for shaped trusses:
40'10 150 (121045 m)
* Depth range for shaped trusses: span/2 to span/o

* 566 0.09 for a description of truss configurations.

Opan range for flat trusses:
40'10 110' (1210 35 m)
* Depth range for flat trusses: span/10 to span/15

Composite trusses have timber compression members
and steel tension members.

Truss rods are metal tie rods that serve as tension
members in a truss or trussed beam.

- Trussed beams are timber beams stiffened by a
Tk combination of diagonal truss rods and either
compression sbruts or suspension rods.
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WOOD TRUSSES .29

+ Members are 2x or dx material;
3-95" (90) minimurm face width for

2-112" (64) splitrings; 5-'12" (140) sl sl
minimum for 4" (100) split rings. -
- Trusses usually do not exceed five
members in thickness.
Top chord — Ferpendicular or vertical
Web members web members may extend to

- Roof sheathing or

support, purlins.

planking

\ ) N
N 3 F—— T -HQ?\ —— e e
H Splice plates + 2'(670) minimum lap @ splices J /\/ Bottom chord Heel
: == I 5L
= t

L= span

Example of a Belgian Truss

* Member sizes and joint details are determined by
engineering calculations based on truss type, load pattern,
span, and grade and species of lumber used.

+ The size of compression members is generally governed by
buckling while the size of tension members is controlled by
tensile stresses at connections.

- Consult building code for minimum member thicknesses if
trusses are to qualify as heavy timber construction.

5-112" (140)
minirmum bearing
Steel angles

Steel bearing plate
Wood strap
Split-ring
connectors

Top plate

Steel bearing plate
Solid or built-up
column support

Built-up column
support matches
truss thickness

Heel Joints

| PRSP,

bending stresses from developing,
the centroidal axes of truss members
andthe load at a joint should pass
through a common node.

Through-bolt
Anchor bolts

Steel bearing plate
onmortar bed
Reinforced concrete
or masonry bearing
wall
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6.30 WOOD TRUSSED RAFTERS

+ Sheathing requiremerts are
similar to those for conventional
rafter framing; see €.23.

metal-toothed plate connectors.

Typical spacing is 2' (610) o.c., but
may vary up to 4'(1220) o.c.
- Truss members are connected with

Wood trussed rafters are pre-engineered and shop-
fabricated monoplanar trusses. Because the individual
members are subject primarily to compressive and
tensile forces, they are typically 2x4s; 2x65 are
sometimes used for the top chord. Trussed rafters
are best used when a rectangular plan requires a
quantity of a single truss type and clear spans

over 18'(5465). Consult the truss manufacturer

for configurations, allowable spans and loads, and
construction details.

- 2'(6710) maximum extension
of top chord for overhangs

+ Greater overhangs up to the '/4
points are possible with the use of

Wedqe blocks or struts.
‘\J

\\‘-\
R < 2 Roof sheathing

et

Top chord

Web block or strut
tied to web system
of fruss

Fascia
Vented soffit

Soffited Eave

(SI MasterFormat 06 17 53: Shop-Fabricated Wood Trusses

Lateral bracing is required perpendicular
to the plane of the trusses both during
installation and after erection.

A celling may be applied directly to the

bottom chords. For trusses spaced more
than 2'(610) o.c., furring strips may be
required to support the ceiling material.

+ Thermalinsulation as well as electrical
and mechanical equipment may be
accommodated within the truss depth.

Trussed rafters may be supported by timber or steel
beams or by a stud-framed or masonry bearing wall.

Fitch range: 2:12 70 &:12
* Depth range: span/10 to span/20

P -.
4[/ Trussed ratters typically span from 20'to 32'
(009510 9755); up 1o 60' (18 m) spans are
possible.
+ 5ee ©.09 for a description of truss configurations.

Roof sheathing
Top chord overhang

Soffit returns may
be fabricated w/
fruss univs.

Overhunging. Fave
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MOISTURE & THERMAL PROTECTION

7.02  Moisture & Thermal Protection
7.03  Underlayment for Shingle Roofing
7.04  Wood Shingles

7.05  Wood Shakes

7.06  Composition Shingles

7.07  Slate Shingles

7.08  Tile Roofing

7.09  Vegetated Roofing

7.10  Sheet Metal Roofing

7.11  Corrugated Metal Roofing
7.12  Flat Roof Assemblies

7.14  Built-Up Roofing Systems
7.15  Single-Ply Roofing Systems
7.17  Roof Drainage

7.18  Flashing

7.19  Roof Flashing

7.21  Flashing Roof Penetrations
7.22  Wall Flashing

7.23  Rainscreen Wall Systems
7.24  Curtain Walls

71.27  Precast Concrete Panels
7.28  Masonry Veneer

7.30  Stone Veneer

7.31  Metal Cladding

7.32  Plywood Siding

7.33  Wood Shingle Siding

7.34  Horizontal Board Siding
7.35  Vertical Board Siding

7.36  Stucco

7.38  Exterior Insulation & Finish Systems
7.39  Thermal Resistance

7.40  Thermal Insulation

7.41  Insulating Materials

7.43  Insulating Roofs & Floors
7.44  Insulating Walls

7.45  Moisture Control

7.46  Vapor Retarders

7.47  Ventilation

7.48  Expansion Joints

7.50  Joint Sealants
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7.02 MOISTURE & THERMAL PROTECTION

Roofing materials provide the water-resistant covering for a roof system.
They range in form from virtually continuous, impervious membranes to
overlapping or interlocking pieces of shingles and tiles. The type of roofing
that may be used depends on the pitch of the roof structure. While a
sloping roof easily sheds water, a flat roof must depend on a continuous
waterproof membrane to contain the water while it drains or evaporates.
Aflat roof as well as any well-insulated sloping roof capable of retaining
snow may Therefore have to be designed to support a greater live load
than a moderately or high-pitched roof. Additional factors to consider in
the selection of a roofing material include requirements for installation,
mainfenance, and durability, resistance to wind and fire, and, if visible, the
roofing pattern, texture, and color.

To prevent water from leaking into a roof assembly and eventually the
interior of a building, flashing must be installed along roof edges, where
roofs change slope or abut vertical planes, and where roofs are penetrated
by chimneys, vent pipes, and skylights. Exterior walls must also be flashed
where leakage might ocour — at door and window openings and along
Joints where materials meet in the plane of the wall

T
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Exterior walls also must provide protection from the weather. While some
exterior wall systems, such as solid masonry and concrete loadbearing
walls, use their mass as barriers against the penetration of water into the
interior of a building, other wall systems, such as cavity walls and curtain
walls, use an interior drainage system to carry away any moisture that
finds its way through the facing or cladding.

Moisture is normally present, in the inferior spaces of a building in the
form of water vapor. When this water vapor reaches a surface cooled

by heat loss to the colder outside air, condensation may occur. This
condensation may be visible, as on an uninsulated window pane, or it
can collect in concealed roof, wall, or floor spaces. Means of combating
condensation include the correct placement of thermal insulation and
vapor retarders, and the ventilation of concealed spaces, such as attics
and crawl spaces.

1!”1:111111111111:"na-n"...
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Fotential heat loss or gain through the exterior enclosure of a building

i5 an important factor when estimating the amount of mechanical
equipment and energy required to maintain the desired level of
environmertal comfort in the interior spaces. The proper selection of
building materials, the correct construction and insulation of the building
enclosure, and the orientation of a building on its site are the basic means
of cortrolling heat loss and gain.

Building materials expand and conract due to variations within the
normal temperature range, as well as exposure 1o solar radiation and
wind. To allow for this movement and help relieve the stresses caused by
thermal expansion and contraction, expansion joints should be flexible,
weathertight, durable, and correctly placed to be effective.
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UNDERLAYMENT FOR SHINGLE ROOFING /.03

Underlayment protects the roof sheathing from
moisture until the roofing shingles are applied.
Once the roofing is applied, the underlayment
provides the sheathing with additional protection
from wind-driven rain. The underlayment material
should have low vapor resistance so that moisture
does not accumulate bebween the underlayment
andthe roof sheathing. Only enough nails are used
£0 hold the underlaymert in place until the roofing
shingles are applied.

4"(100) sidelap

2"(90) top lap

- Layunderlayment 6" (150) on both
sides of hips and ridges.

Drip edges of corrosion-resistart
metal are applied over underlayment
along rake, and directly to the

roof deck along the eave. They may
be omitted on wood shingle and
shake roofs because the shingles
themselves form drips by projecting
beyond the roof edges.

Eave Flashing

Eave flashing is required whenever there is 2
possibility that ice might form along the eave and
cause melting ice and snow to back up under the
roofing shingles.

* Onnormal slope roofs, eave flashing consists of
two layers of 15 Ib. felt or a single layer of 501,
smooth roll roofing extending from the eave up
the roof 1o a point 24" (610) inside the interior
wallline.

* On'low slope roofs, an additional course of
underlayment is cemented in place, and

R T

19" (465) starter course

A

o e th 36" (915)
;xt@jd@d tog point 36" (915) inside the Asphaltcerment
interior wall line.
19" (485)
Underlayment for Low Slope Roofs (3:12 to 4:12)
Underlayment and Sheathing for Shingle Roofs
Roofing Type Sheathing  Underlayment Normal Slope Low Slope
Fiberglass shingles ~ Solid 151b. asphalt-saturatedfelc ~ 412andup  Single layer 3:12t04:12  Double layer
Asphalt shingles Solid 15 |b. asphalt-saturated fel ~ 4:12andup  Single layer 2:12104:12  Doublelayer
Wood shingles Spaced 15 |b. asphalt-saturated felc ~ 4:12andup  Optional 31210412 Reduce weather exposure
Solid 19 b. asphalt-saturated felt ~ 4:12andup  Optional; eave 31210412 Optional; eave
flashing required flashing required
insnow areas insnow areas
Wood shakes Spaced 30 1b. asphalt-saturated felt 412 andup Not recommended
(interlayment)
Solid 30 b.asphalt-saturated felt 412 and up 51210472 Single layer underlayment
(interlayment) and interlayment

over entire roof
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7.04 WOOD SHINGLES

Maximum Recommended Exposure in Inches (mm)

Shingle Grade  Length Roof Slope

Inches (mm)  4:12andup  3:12 to 4:12

No. 1 16" (405) 5'(125) 304 (95)
18"(455)  5V2'(140)  4-14'(110)

24'610)  7-'(190) 594 (145)

No. 2 16" (405) 20000 31(90)
18'(455) 412 (115) 4'(100)

24'(610)  6-12'(165)  5-112'(140)

No. 3 16'(405)  3-"(90) 3 (75)
18" (456) 201000 32'(90)

24'(610) 512" (140) 5" (125)

Wood Shakes ~ 18"(455)  7-'12"(190) Not
24"(610) 10"(259)  recommended

+ Use only corrosion-resistant nails, such as hot-dipped
galvanized steel or aluminum-alloy nails. Two fasteners per
shingle are required. Nails should be driven flush with, but
not into the surface of the shingles.

+ Spaced Tx4 or 1x0 sheathing provides ventilation for the
shingles. Board spacing is equal to the shingle exposure.

Wood shingles and shakes are normally cut from red cedar, although white cedar,
redwood, and red cypress shingles may be avallable. Red cedar has a fine, even

grain and is naturally resistant to water, rot, and sunlight.

Red cedar shingles are available in 16" (405), 16" (455), and 24" (610)

lengths, and in the following grades:

- No. 1 Premium Grade (Blue Label);
- 100% heartwood, 100% clear, T00% edge grain
- No. 2 Infermediate Grade (Red Label):
- 10" (255) clear on 16" (405) shingles
- 11"(280) clear on 18" (455) shingles
- 16" (405) clear on 24" (610) shingles
= Some flat grain permitted
- No. 3 Utlity Grade (Black Label):
-6"(190) clear on 16" (405) and 18" (455) shingles
- 10" (255) clear on 24" (610) shingles

26-gauge galvanized steel or 0.019"

(0.5 mm) corrosion-resistant flashing;

provide underlayment under flashing in
severe climates.

"14"t0 8" (6 10 10) joints
to allow for expansion

1-112" (38) minimum offeet
between adjacent courses; do
not align joints in alternate
00Ur5€s.

/ Doubled first course;

+ Shingle exposure extend 1"t0 1-1/2"
depends on shingle length and (2510 28) to form drip.
roof slope; see table above. Shingles may project

* Inareas subject to wind-driven
sow and roof ice buildup, eave
flashing over solid sheathing is
required; se¢ 7.02.

1"(25) beyond rake trim
to fortm drip, or be canted
with a beveled strip to
eliminate drip.

CSI MasterFormat™ 07 31 29: Wood Shingles and Shakes

11" (260) minimum to each side of

valley centerling with 36" (915) wide

underlayment for roof slopes of 3:12
L v 4

I . I (25%) and over
sl Lap4'(100)
5“1; 5”
L S 12 (19) edge crinps (7510125)
A Alternate

overlap

Ny

(4" (100)

Open Valley

Double starter course

* Ridge similar to hip
construction

+ Preformed ridge and hip units
are available.

Hip Application
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WOOD SHAKES /.05

While wood shingles are sawn, wood shakes are formed by
splitting a short log into a number of tapered radial sections,
resulting in at least one textured face. Shakes are normally
100% clear heart wood, and available in 18" (150) and 24"
(610) lengths. Tapersplit and straightsplit shakes have 100%
edge grain, while handsplit and resawn shakes have at least 90%
edge grain.

Both wood shingles and shakes are flammable unless chemically
treated to receive a UL Class C rating. A Class B rating may be
possible if Class C shingles or shakes are used over a solid roof
deck of /5" (16) plywood w exterior glue covered with a plastic-
coated sheet foll.

- Because of the rough texture of wood
shakes, a layer of interlayment is laid
between each course. The inferlayment,
30 Ib. asphalt-saturated felt, serves s a
baffle against wind-driven rain or snow.

- 18" (455) wide interlayment
* 2 xexposure distance

+ Opaced sheathing

x4 minimum

Double starter

+ 30" (919) wide starter strip;
for eave flashing, cement course; project 1" to
an additional layer of 20 Ib. 1-112" (2510 38) to
asphalt-saturated felt from the form drip.
eave Up the roof 1o a point 56"

(919) inside the
irerior wall line.

318" %0 %/g" (100 16) joints
to allow for expansion

1-112" (38) minimum offeet
between adjacent courses

- - —

. 6(150)E

Open Valley

For weather exposure,
see tablein 7.04.

- Use only corrosion-resistant nails,

such as hot-dipped galvanized steel

or aluminum-alloy nails. Nails should
be driven flush with, but not info, the
surface of the shakes.

Sawn chingle

Shakes

Tapersplit shakes are handsplit
shakes tapered by reversing the
block with each split.

Handsplit and resawn shakes are
tapersplit shakes having a split face
and a sawn back.

Straightsplit shakes are handsplit
shakes of uniform thickness.

50 Ib. felt underlayment
11" (260) minimurm;
lap sections 4" (100)

1"(25) high center crimp

112" (13) edge crimps 6" (190)
/ Alternate
oo overlap

Double starter shingles
Hip Application

+ Ridge similar to
hip construction

- Preformed ridge and
hip units are available.
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7.06 COMPOSITION SHINGLES

36" (919) typical

" .
|tl‘:’-‘|\-._.3 == eesfee s rJI_—JH

i 12" (305) typical

* Two-tab square butt

+ Three-tab square butt

e — 1 — g — i — = |

- Random-edge cut

Shingle Designs
- Shingles vary in weight from 209 b,
t0 360 Ib. per square.

+ O square = 100 5f (9.29 m?)

- Consult the roofing manufacturer
for sizes, patterns, colors, and
installation details.

=it P = e e

e

- Laminated overlay

* Random spacing

- Half-break points ———
NS

ljJ 12'1015' (30510 360)

Composition shingles have either an inorganic fiberglass base or

an organic felt base surfaced on the weather side with colored mineral
or ceramic granules. Inorganic fiberglass base shingles have excellent
fire resistance (UL Class A); organic felt base shingles possess only a
moderate resistance to fire (UL Class C). Most composition shingles
have tabs with a self-sealing adhesive or locking tabs that make them
wind-resistant. Wind resistance is important when shingles are used on
low-slope roofs and in areas subject to high winds.

- W (width) = 12"(309)
E (exposure) = 5"(125)

* TL(top lap) = 7"(160)

* HL (head lap) = 2" (51)

L Minimum recommended

Start third course w/ full
strip minus one tab.

Start second course w/ full
strip minus /2 tab.

9" (230) starter sbrip
Start first course w/ full
strip.

Start third course with full
shingle minus 8" (205).
Start second course with full
shingle minus 4" (100).
Inverted shingle strip minus
3"(75)

Start first course w/ full
shingle.

Repeat.

Corrosion-resistant drip
edges along eaves and rakes

(SI MasterFormat 07 31 13: Asphalt Shingles
CSI MasterFormat 07 31 13.13: Fiberglass-Reinforced Asphalt Shingles

slope — 4:12

18" (495) strip face down secured w/
asphalt cement and minimal nailing
12" (209) lap

36" (919) strip face up

Trim shingles to form valley 6" (150)
wide at ridge; widen at rate of '/¢" per
foot (1:100).

Open Valley

Valleylining of 36" (915) roll raofing
Extend each strip 12" (305) beyond |
center of valley. A

Closed valley is formed by
overlapping successive
courses of shingles in
alternate directions.

+ 5"(125) exposure
at hips and ridges
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SLATE SHINGLES /.07

Slate is an exbremely durable, fire-resistant, and low-
maintenance roofing material. Slate shingles are split,
trimmed, and drilled to receive copper nails or wire ties. The
principles governing their application are similar to those of
wood shingles.

S8

3't011-'12" (75 t0 290)
EXpoSUres

* Exposure (E) =

Length (L) — Headlap (HL)/2

/%7

20:12;HL= 2" (51)
8:12:H.=3'(75)
412:HL = 4" (100)

* Two nail holes per shingle

- 10"%0 24" (25510 610) long
in2"(51) increments
+ %116"v0 1" (5 %0 25) thick

- 6'10 14" (15010 355) vids

16 0z. copper flashing
11"(280) minimum; overlap
sections 4" (100).

1"(25) splash diverter

5" (75) minimum
offset

Slate shingles can weigh from
600103600 b. (360 10 1630 kg)
per square (9.29 m?) of roof area.
Heavier-than-normal roof framing or
decking is therefore required. Slate
shingles may be applied over:

+ Solid wood decks

- Nailable concrete

- Steel angle framing

Widen valley toward
bottom '/2" per foot

+ Underlayment of 30 Ib. roofing (1:100).
felt is normally required over the Starter slate is used - Mitered hip
solid roof deck. 45 Ib. felt may be Project 2" (51) to form drip 1o give first course
required for Thick slate shingles. It eave. the same slope a5
12"01" (12 %0 25) projection succeeding courses.

atrake

1 ——

= Diagonal slating is a method of i 1
laying roofing slates with the diagonal [ 5 -
of each tile running horizontally. 1 [,

« Honeycomb slating is diagonal T |
slating in which the tails are cut |

from the roofing slates.
+ Open or spaced slating is a method
of laying roofing slates with spaces
between adjacent tiles in a course.

(SI MasterFormat 07 31 26: Slate Shingles
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7.08 TILE ROOFING

Cover starter unit
Ridge cover units

- Arris tiles cover the rake g,

Field tiles
Cement mortar

, , o N Eave closure units
The following are typical types, dimensions,

and weights of clay tiles. Confirm sizes,
weights, and installation details with tile
manufacturer.

* Mission or Spanish tiles are tapered,
semicylindrical roofing tiles laid convex
side up to overlap flanking, similar tiles
laid concave side up.

* Imbrex laid convex side up:
tegula laid concave side up.

+ Taper allows tiles to nest into
the overlapping tiles.

* Minimum recommended slope — 4:12

+ 10" (299) wide; 19" (462) long

* Exposure: 16" (405)

+ Pantiles have an S-shaped cross section,
laid 50 the downturn of one overlaps the
upturn of the next in the same course.

* Minimum recommended slope — 4:12

- 14" (255) wide; 19" (485) long

* Exposure: 16" (405)

- Inferlocking tiles are flat, rectangular
roofing tiles having a groove along one
edge that fits over 2 ﬂanW
tile in the same course.

+ Minimum recommended slope — 3:12

- 9'(220) wide; 12"(305) long

* Exposure: 9" (220)

- Shingle tiles are flat, rectangular roofing
tiles laid in an overlapping pattern.

* Minimum recommended slope — 3:12

- 10" (255) wide; 16" (405) long

* Exposure: 13" (530)

(SI MasterFormat 07 32 00: Roof Tiles

Tile roofing consists of clay or concrete units that overlap or
interlock to create a strong textural pattern. Like slate, roofing
tiles are fire-resistant, durable, and require little maintenance. They
are also heavy (800 10 1000 Ib. per square; 365 to 454 kg per
9.29 m?) and require roof framing that is strong enough to carry
the weight of the tiles. Roofing tiles are normally installed over 2
solid plywood deck with an underlayment of 30 Ib. or 45 Ib. roofing
felt. Special tile units are used at ridges, hips, rakes, and eaves.

+ Ridge cover units
- Wood nailer
« Closure with mortar

or with top fixture units

Akl
o\“}‘-n iy

Roofing felt

\—/ ::;;\\\
- 4"(100) minimum NN
+ Copper base flashing e NN
+ Top fixture unit 5

Roofing felt

Eave closure unit

Eave
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VEGETATED ROOFING /.09

Vegetated roofing, also known as green roofing, refers to
anatural roof covering typically consisting of vegetation
plared in engineered soil or growing medium over a
waterproof membrane. While vegetated roofing typically
requires a greater initial investiment, the natural covering
protects the waterproof membrane from daily temperature
fluctuations and the ultraviolet radiation of the sun that
breaks down conventional roofing systems. Vegetated roofing
also offers environmental benefits, including conserving a
pervious area otherwise replaced by a building’s footprint,
controlling the volume of stormwater runoff, and improving air
and water qualty.

The surface temperature of traditional roofing can be up

to 90°F (52°C) warmer than the air temperature on a hot
summer day. A vegetated roof, having a much lower surface
temperature, helps reduce the heat island effect in urban
areas. The increased insulation value of 2 vegetated roofing
systetn can also help stabilize indoor air temperatures and
humidity and reduce the heating and cooling costs for a
building.

There are three types of vegetated roofing systems: intensive,

extensive, and modular block.

* Intensive vegetative roofing systems require a minimum
of one foot (305) of soil depth to create an accessible
roof garden with larger trees, shrubs, grasses, and other
landscapes. They require irrigation and drainage systems
to maintain the plant materials, which can add 60 to 150
psf (2670043710 Fa) to the load on the roof structure.
Concrete is usually the best choice for a roof deck.

- Extensive vegetative roofing systems are low maintenance
and built primarily for their environmental benefit. The
lightweight growing medium they use is typically 4" to "
(1000 150} in depth and contain small, hardy plants
andthick grasses that are accessed for maintenance
only. Extensive vegetative roof systems can add between
15and 50 psf (715 to 2395 Fa) to the load on the roof
structure and can be installed over any properly designed
concrete, steel, or wood roof deck.

- Modularblock systems consist, of anodized aluminum
containers or recycled polystyrene trays with 3" to 4"
(7510100) of engineered soil supporting low-growing
plart species. A pad fastened to the bottom of each block
protects the roof surface and allows controlled drainage
through the unit. The typical weight of the system is 12 to
18 psf (57510 660 Fa).

LEED 55 Credit 6: Stormwater Design
LEED 55 Credit 7: Reduce Heat lsland Effect

0 b s Vegetative roofing consists of the following layers:

The mix of plants improves air quality, offers agsthetic
qualities, and provides natural habitat for wildlife.
- Lightweight, engineered soil or growing medium is
- specially formulated to absorb up to 40% of its volume
T2 5 P2y inrainwater. Rainwater percolates through and feeds
% < theplant materials.
% Filter fabric prevents fine-grained soil from clogging
ot the drainage layer.

Retention layer holds rainwater and slows the release
=N of excess runoff
- Drainage layer carries excess water away from the
surface of the roof deck. The retention and drainage
layers are often combined in shallow, extensive
vegetative roofing systems.

N \\
LS Y
N s n %

Sheet barrier protects the waterproof membrane

from mechanical abrasion and root attachment or
penetration. It is very difficult to locate a leak once the
growing medium is in place.

Waterproof membrane; see 7.12 for membrane roofing.
See 7.12—7.13 for placement options of thermal
insulation and vapor retarder.

Supporting roof structure must have the necessary
load-bearing capacity to support wet densities of 60
£0 90 pef (960 to 1440 kglm°).

* Vegetated roofing is easiest to create on low-sloped
roofs, but it-can also be installed on roof slopes up to
12:12 (100%) if a suitable system for stabilizing the
soil or growing medium is in place.

(SI MasterFormat 07 33 63: Vegetated Roofing
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7.10 CORRUGATED METAL ROOFING

Corrugated or ribbed roofing panels span between roof
beams or purlins running across the slope. The roofing
panels may be of:

- Aluminum with a natural mill or enameled finish

- Galvanized steel

+ Fiberglass or reinforced plastic

- Corrugated structural glass

+ Rake flashing laps high point
of corrugation.

Preformed ridge cap of same metal as roofing
Minimum recommended slope — 3:12

Roofing panels may be factory-cut to the full length
of the roof from ridge to eave.

Purlin spacing = span of roofing;

2'%06' (61010 1630) o.c. typical

Roof beam or truss support for purlins

+ Preformed closure strips seal the
openings of ribs or corrugations
against wind-driven rain and insects.

* Many corrugation and ribbed patterns are available.
Translucent fiberglass or plastic panels with matching
profiles are available for use as skylights.

© %l4"t01" (1910 25)

Hip flashing e 94101116 (1910 29)
6" (150) typical

Closure strip

or seal T 198" 0 2-114 (3510 57)

O 102" (381051)

+ 2'102' (01010 915) typical widths
- Consult roofing manufacturer for material
specifications, panel sizes and weights, finishes,
Preformed ridge cover allowable spans, and installation details.

Closure flashing or seals to keep out
\\ \
\ y

wind-driven rain and insects

L— Lap sides one rib or 1-'12 corrugations
- Mechanical fastenings are made
through the top portion of the
corrugations or ribs. Washers and
Ridge gaskets are generally required.

+ Any required insulation should
be integrated within the depth
of the roof structure.

CSI MasterFormat 07 41 13: Metal Roof Panels
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SHEET METAL ROOFING /.11

A sheet metal roof is characterized by a strong visual pattern

of interlocking seams and articulated ridges and roof edges. The
metal sheets may be of copper, zinc alloy, galvanized steel, or
terne metal, a stainless steel plated with an alloy of tin and lead.

To avoid possible galvanic action in the presence of rain water, + Metal roofing is installed over
flashing, fastenings, and metal accessories should be of the same an underlayment of roofing felt.
metal as the roofing material. Other factors to consider in the use Rosin paper s used to prevent
of metal roofing are the weathering characteristics and coefficient bonding between the felt and

of expansion of the metal. terne metal roofing.

Standing or batten seams —

Horizontal and valley seams are

flat and usually soldered. ;//

Provide expansion joints on runs
exceeding 30' (I m).

Vertical seams are spaced from
12"10 24" (30510 610) o.c.,
depending on the starting width of

+ Minimum slope — 2:12 /

Interlocking gutter and

- Maybe less if locked b the metal sheets and the size of the lining of same metal as roofing
and soldered seams are used. i £~ standigor batten seams.
* Nailing strips must be provided 1 * The seams on prefabricated batten
if roofing is laid over a non-nailable P roofs are spaced from 24" to 56" )
roof deck. - (61010915) 0.
+ Standing seams are made by folding up N\ Metal pan may continue down - Batten ridge seam
the adjoining edges against each other, R toform a deep fascia.

then folding their upper portion over in
the same direction a number of times.

+ Batten seams are made by turning up ) * Standing ridge seam
the adjoining edges against 2 batten %
and locking them in place with a metal \ N\
strip placed over the batten. N\ AN

« Taper batten to allow for expansion of N\ Ilﬂ
roofing. — 3 \\\*{-\

+ Various prefabricated standing and

batten seams are available from metal
roofing manufacturers‘_//_J ﬂs ”
* Lock seams are made by folding up the <

adjoining edges against each other,
folding them over, and flattening the

interlock. \_/// X

* Roll seams are joints between two pieces
of sheet metal in the direction of fall of 2
curved or sloping roof, made by turning up
the adjoining edges against each other, then
bending thern around to form a cylindrical roll,

Cleats and holddowns
restrain the edge or joint
of sheet metal roofing.

Types of Seams - Eave seam

(SI MasterFormat 07 61 00: Sheet Metal Roofing
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7.12  FLAT ROOF ASSEMBLIES

The construction of a flat roof requires the following elements:

1. The wear course protects the roofing from uplifting wind forces and
mechanical abrasion. It may be provided by built-up roofing aggregate.
ballast aggregate, or plaza deck pavers.

2. The drainage layer permits the free flow of water to the roof drains. It may
consist of the aggregate layer in a built-up roofing system, the ballast layer
in a loose-laid, single-ply roofing system, the surface of a fully adhered
single-ply roof, or the drainage fabric or space under the pavers in a plaza
deck system.

3. The roofing membrane is the waterproofing layer of the roof. It should be
sloped at least /4" per oot (1:50) to transport rainwater to the roof
drains. This slope may be created by adjusting the height of the beams
that support the roof deck, placing a tapered fill of insulating lightweight
concrete over the roof deck, or installing tapered panels of rigid foam
insulation over the roof deck. The two major types of membrane systems
are:

* Built-up roofing systems; see 7.14.
= Single-ply roofing systems; see 7.15—7.16.

L=

AL

e

4. Thermal insulation; see 7.12 for placement options.

5. Avapor retarder impedes the paseage of water vapor info the roofing
assembly. The use of a vapor retarder is generally recommended in
geographic locations where the average outdoor temperature in January
is below 40°F (4°C) and the interior relative humidity in winter is 45% or
greater at 08°F (20°C). Consisting of conventional built-up roofing or 2
proprietary material of low permeance, the vapor retarder is placed on the
predominantly warm side of an assembly. The temperature at the vapor
retarder should be warmer than the dew-point temperature to prevent
condensation from occurring, which can damage the thermal insulation,
roofing membrane, and structural materials. It is also important that the
vapor retarder be continuous, sealed at all roof penetrations, and tied into
the wall assembly around the perimeter of the roof. When a vapor retarder
is present, topside vents may be required to allow any trapped moisture to
escape from between the vapor retarder and the roofing membrane. For more
information on moisture control, see 7.49.

0. The roof deck must be stiff enough to maintain the desired slope under
expected loading conditions, and be smooth, clean, and dry enough for
the rigid insulation or roofing membrane to adhere properly. See 7.14 for
alist of types of roof decks and substrates. Large roof areas may require
expansion joints or area dividers. For these and other flashing details, see
7.19-7.20.

(SI MasterFormat 07 50 00: Membrane Roofing
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FLAT ROOF ASSEMBLIES /.13

Thermal insulation provides the required resistance to heat flow
through the roof assembly. It may be installed in three positions:
below the structural roof deck, between the roof deck and the roofing
mermbrane, or above the roofing membrane.

* When located below the roof deck, the thermal insulation typically
consists of batt insulation installed over a vapor retarder. A
ventilated air space between the insulation and the roof deck
is required to dissipate any water vapor that migrates into the
construction assembly.

- When located between the roof deck and the roofing membrane, the
thermal insulation may be in the form of alightweight insulating
concrete fill or rigid foam insulation boards capable of supporting
the roofing membrane. Rigid insulation should be installed in at
least two staggered layers to minimize heat loss through the
Joints. The firstlayer should be mechanically fastened to resist
wind uplift; the upper layers are fully adhered with shot steep
asphalt. When rigid polyurethane, polystyrene, or polyisocyanurate
insulation is used, the top layer should be perlite or gypsum board
to provide a stable underlayment for the roofing membrane and to
comply with building code requirements.

* Inthe protected membrane system, the thermal insulation is
placed over the roofing membrane. In this position, the insulation
protects the roofing membrane from temperature extremes but not
from almost continual dampness. The thermal insulation consists
of moisture-resistant extruded polystyrene boards laid loosely or
adhered to the roofing membrane with hot asphalt. The insulation
is protected from sunlight and held in place by stone ballast laid
over a filtration fabric, an integrally bonded concrete facing, or
interlocking concrete blocks.

Roofing membrane
Roof deck

Vented airspace
' 'q = &l
%000 0

s Thermal insulation
Vapor retarder

Roofing membrane

Thermal insulation
Roof deck

Thermal insulation

Roofing membrane
3 T T T T et EBR Baeaaan e =
1 T 1 T 1 Tt T T T
! HEHHE I T T
T T 1 1 i 1 T T
‘ * v 8 4 .2 ‘ B . B
’ 4 . * 4 h ’t
o - - rFl "
4 g =
bl a g s
Roof deck

(SI MasterFormat 07 22 00: Roof and Deck Insulation
(SI MasterFormat 07 55 00: Protected Membrane Roofing
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/.14 BUILT-UP ROOFING SYSTEMS

+ Rigid thermal insulation;
se¢ 7.13 for options.

* Vapor retarder, if required;
see7.12.

Types of Roof Decks or Substrates

- Steel deck: 22-gauge minimum; building code
may require overlayment of perlite or gypsum
board.

- Wood: 1"(25) minimum nominal thickness;
should be of well-seasoned lumber with
tongue-and-groove or splined jointe; knotholes
and large cracks should be covered with sheet
metal.

* Plywood: '/2" (12) minimum thickness, laid
with face plies perpendicular to supports
spaced no more than 24" (610) o.c.; tongue-
and-groove joints or blocking under joints.

- Structural wood-fiber deck must be dense
enough to hold mechanical fasteners.

+ Cast-in-place concrete should be well-cured,
dry, frost-free, smooth, and sloped to drain.

+ Precast concrete must have all joints grouted;
any unevenness bebween units must be leveled
with a vented topping or fill

- Lightweight insulating concrete: must be
fully cured and air dried; consult roofing
manufacturer for acceptability as a roof deck.

* Consult roofing manufacturer for approved
types of deck, insulation, and fastenings,
installation detalls, requirements for vapor
retarder and verting, and the Underwriters’
Laboratories (UL) Fire-Hazard Classification
of the roofing assembly.

- Wear course of gravel, slag,
ormarble chips aids in
stiffening membrane and
resisting wind blowoff,
Surfacing bitumen of

coal tar or asphalt

Cap sheet of coated, mineral-
surfaced felt

Base sheet of glass fiber with
2"(57) laps, or organic base
roofing felt with 4" (100) laps
Plysheets of fiberglass,
asphalt-saturated felt, or
coat tar-saturated felt placed
with hot steep asphalt, or coal
tar bitumen

Felt overlap

+ 2-plyroofing: 19" (485)

+ 3-plyroofing: 24-%12' (625)
 4-plyroofing: 27-'12" (700)

Minimum recommended slope — 1:40

Maximum slope for aggregate surfaces — 3:12

Maximum slope for smooth-surface roofs — 6:12
10 9:12

+ Forslopes over 1:12, lay plies parallel to slope
and back nail o prevent slippage; provide non-
nallable decks with treated wood nailers for
back- nailing.

CSI MasterFormat 07 51 00: Built-Up Bituminous Roofing
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SINGLE-PLY ROOFING SYSTEMS /.15

Single-ply membrane roofing may be applied in liquid or sheet form.

Large domed, vaulted, or complex roof forms require that the roofing

membrane be rolled or sprayed or in liquid form. Materials used for

liquid-applied membranes include silicone, neoprene, butyl rubber,

and polyurethane. On planar roof forms, the roofing membrane may

be applied in sheet form. Sheet materials used for single-ply roofing

include:

+ Thermoplastic membranes, which may be heat- or chemically welded.

* PVC( polyvinyl chloride) and PVC alloys

* Polymer-modified bitumens, asphaltic materials to which polymers
have been added for increased flexibility, cohesion, and toughness;
often reinforced with glass fibers or plastic films

- Thermosetting membranes, which can be bonded only by adhesives.

+ EPDM (ethylene propylene diene monomer), a vulcanized
elastomeric material

+ CSPE (chlorosulfonated polyethylene), a synthetic rubber

* Neoprene (polychloroprene), a synthetic rubber

Metal cap wi
continuous cleat

Bonding adhesive
Reinforced EPDM membrane
flashing

Splicing cement
3" (75) minimum
Lap sealant

Mechanical fasteners @ 12"
(205) o.c. must penetrate
into roof deck. _

Rigid insulation and roof

deck
These materials are very thin — from 0.03" 10 0.10" (0.8 t0 2.9)

Phick — flexible, and strong. They vary in their resistance to flame

propagation, abrasion, and degradation from ultraviolet rays, ]

pollutants, oils, and chemicals. Some are reinforced with glass fiber Parapet,or curb; 6" (150)

or polyester; others have coatings for greater heat-reflectance or minimum

resistance 1o flame spread. Consult the roofing manufacturer for:

* Material specifications

* Approved types of roof deck, insulation, and fastenings

- Installation and flashing details

- Underwriters’ Laboratories (UL) Fire-Hazard Classification of the 3"(75) minimum lap
roofing assembly ab splices

Lap sealant
The details on this and the following page refer to EFDM roofing.

Details for other single-ply membranes are similar in principle. There

are Threg generic systems for the application of EPDM roofing: T= PR AN S EREREEERRRER
+ Fully adhered system H e " S

* Mechanically fastened system ; E \LJ Splicing cement

- Loose laid, ballasted system ;

Fully Adhered System S sgam sealant for cured
The membrane is fully adhered with bonding adhesive to a smooth- membranes

surfaced concrete or wood deck, or to rigidt insulation boards that are
mechanically fastened to the roof deck. The membrane is mechanically
fastened along the perimeter and at roof penetrations.

Because there is no slope
limitation, this system
can be used for complex or
contoured roof forms.

(SI MasterFormat 07 52 00: Modified Bituminous Membrane Roofing
(SI MasterFormat 07 53 00: Elastomeric Membrane Roofing
(SI MasterFormat 07 54 00: Thermoplastic Membrane Roofing
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/.16 SINGLE-PLY ROOFING SYSTEMS

Metal fascia
Galvanized metal dam

EPDM flashing and lap splice
applied with splicing cement

Galvanized roofing nails
@12"(305)o.c.

2" (75) minimum
Lap sealant

EPDM roofing membrane

Treated wood nailer

* Maximum slope — 18:12

EPDM roofing membrane
/\ 5" (75) minimum
In-seam sealant
i Lap sealant
L 5,
T T h..ri ||r""—'_{'1‘""-" T .'![
H RN N —H HH

\/ Fastening plates

@12"(305)oc.

Water cutoff mastic
Hard rubber counterflashing
Lap sealant

Bonding adhesive

EPDM flashing and lap splice
applied wi splicing cement
1" (25) minimurm

Fastening strip

EPDM roofing membrane
Sponge tubing

Expansion joint filler

Nonbearing wall

* Maximum slope — 2:12

Gravel stop must extend
above gravel surface.

Well-rounded grave! ballast:;
10 psf (479 Fa) minimum

st 7 ) b o 4 R b P xe
21NN O Ok s v 02005 & R
\/ Splicing cement

Treated wood nailer |

|

S~ Sponge tubing and filler

at expansion joints

Mechanically Fastened System

After the thermal insulation boards have been mechanically
fastened to the roof deck, the membrane is also secured to the deck
with plates and fasteners in the membrane splices.

\/ Roof deck must be able to

carry additional weight of
ballast.

Loose Laid, Ballasted System

Both the insulation and the membrane are laid loosely over the
roof deck and covered with a layer of river-washed gravel or a roof
paver system. The membrane is mechanically fastened to the roof
deck only along the perimeter and at roof penetrations.
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ROOF DRAINAGE /.17

The amount of rain or melting snow a roof and its drainage system must
handle is a function of:

= The roof area leading to the roof drains or qutters

* The frequency and intensity of the rainfall for the region

Flat roofs should be pitched to roof drains that are located at the low
points and that connect to the storm drain system of the building. A
system of scuppers or overflow drains may also be required with the
inlet flow 2" (51) above the low points of the roof.

Rainwater shed by sloping roofs should be caught by gutters along the
eave 1o prevent, ground erosion. Gutters empty into vertical downspouts
or leaders that, inturn, discharge into a dry well or storm sewer system.
In dry climates or for small roof areas with adequate overhangs, gutters
may be omitted and a bed of gravel or a masonry strip st in the ground
under the eave line.

Gutters are typically of vinyl, galvanized steel, or aluminum, although
copper, stainless steel, terne metal, and wood ones are also available.
Aluminum gutters can be cold-formed on-site in continuous runs
without joints.

Gutter Shapes - Beveled

* Strainer to prevent

clogging of downspout
- Endeap 4%2

End section w/ outlet
Leader or downspout leads to
storm sewer or drywell.

Provide leader head for downspouts
over 40' (12 m) long

Straps @ top, bottorm,

and intermediate joints

of roof area; 3" (75) o minimurm
Elbow and splash block or connection
to storm drain system

(SI MasterFormat 07 63 00: Sheet Metal Roofing Specialties

Slope roof a minimum of
14" per oot (1:50)

Downspout; 1 5q. in. per 100 sf (1:14,000)

10,000 sf of roof area.
* Scuppers are openings in the sides of 2

building to drain off rainwater. N
* Conductor heads and leaders carry the \

- Half-round

Minimum of two roof drains for roof
areas less than 10,000 sf (900 m?) and
one additional drain for each additional

rainwater away to a storm or combined
sewer; it i more expensive to make
repairs if leaders are concealed within
walls and columns.

:

— \ 4108 (10010205)
e~ 214" 6" (7010 150)

N

S

- Kestyle
Strap hangers are nailed + Spike andferrule
or screwedt to roof sheathing hangers are spiked
or through sheathing to tofasciaorto
tops of rafters. rafter tails.
+ Gutter supports are spaced * Bracketsare
3'(915) oc. screwed to fascia

Wire mesh to protect gutter or to rafter tails.

from leaves

4" (100) wide gutter for up to
750 5f (70 m?) of roof area;
5" (125) gutter for up to
1400 5f (120 m?).

Slope straight runs /16" per
foot (1:200); lap and solder or
seal joints with mastic; provide
expansion joints for runs over
40" (12 m) long.

+ 114"(6) for 12:12 roof slope %

« 112"(13) for 7:12 roof slope \/}Z/

+ 914"(19) for 5:12 roof slope

\_;{/

+ Flace gutters below the roof

slope line 5o that snow or ice
can slide free.
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7.18 FLASHING

Flashing refers to thin continuous pieces of sheet metal or other
impervious material installed to prevent the passage of water into
a structure from an angle or joint. Flashing generally operates

on the principle that, for water to penetrate a joint, it must

work itself upward against the force of gravity, or, in the case of
wind-driven rain, it would have to follow a tortuous path during
which the driving force would be dissipated. See also 7.23 for a
discussion of pressure-equalized rainscreen wall design.

Flashing may be exposed or concealed. Exposed flashing is usually
of a sheet metal, such as aluminum, copper, painted galvanized
steel, stainless steel, zinc alloy, terne metal, or copper-clad lead.
Metal flashing should be provided with expansion joints on long
runs to preverrt deformation of the metal sheets. The selected
metal should not stain or be stained by adjacent materials or
react chemically with them. See 12.09.

Flashing concealed within a construction assembly may be of
sheet, metal or a waterproofing membrane such as bituminous
fabric or plastic sheet material, depending on climate and
structural requirements.
- Aluminum and lead react chemically with cement mortar.
* Some flashing materials can deteriorate with exposure

to sunlight.

(SI07600: Flashing
(S107620: Sheet Metal Flashing
(S 07650: Flexible Flashing

S D B Da B B S Oe B O oo G
- o - b T

Flashing Locations

Upturned edges and sloping
surfaces use gravity to lead water
tothe outside.

Interlocking seams form a labyrinth that
inhibits the passage of water.

* Water can penetrate a joint through

surface tension and capillary action.

* Capillary action is a manifestation of

surface tension by which the greater
adhesion of a liquid to a solid surface
than the internal cohesion of the liquid
itself causes the liquid to be elevated
against a vertical surface.

Drips and cavities form capillary breaks
between two surfaces wide enough to
prevent the capillary action of moisture
through the space.

Roof valleys, ridges, hips, and
changes in roof pitch

Roof penetrations, such as chimneys,
roof drains, vent pipes, and skylights

Window and door openings
Roof eaves and rakes
Floor and wall intersections

Intersections between roofs and vertical
surfaces

Where the building meets the ground

Expansion joints and other breaks in the
building skin
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ROOF FLASHING /.19

+ Cast-in-place The flashing details on this and the following pages illustrate general
metal r@glet - conditions and can be adapted for use with various building materials
* Sealant over and assemblies. All dimensions are minimum. Weather conditions and
vinyl tubmg 7\ roof slope may dictate greater overlaps. Consult the manufacturer for
\ 2% details of flashing and flashing accessories.
/ Turnup2' (57) ;
I minimum L : E\/ Exterior wall finish over
Cap flashing terminates | : layer of building felt
1 ] in a continuous reglet in concrete | Extend cap receiver up
[ walls, or inerlocks with a through- L] atleast 2" (57).
= wall cap receiver in masonry walls. / Cap or counterflashing
Cap or counterflashing 4" (100) lap minimum
L should lap base flashing at Base flashing should
least 4" (100). extend 810 12" (205
z Base flashing should extend 10 309) above highest
{ 8"10 12" (20510 305) above anticipated waterline.
[ highest anticipated waterline. Cant strip
i 7 + Roofing membrane
%/ =

I

Masonry or Concrete Parapet Stud-Framed Parapet

112" (12) maximum Gravel stop must be high to

Stone or precast concrete coping retain roofing gravel.
Rubbed or embossed through-wall Cant dam
flashing and cap receiver Base flashing over

= Cap flashing cant dam

S 4" (25) lap minimum

© Base flashing should extend &"

= 012" (205 10 305) above highest Fascia depth varies.

8 anticipated waterline. Continuous wind cleat one
- gauge heavier than metal
% being restrained
Low Parapet Wall Metal Gravel Stop and Fascia

Anchor plate with
compression bars }_—?—\ 4"(100)
Continuous cleat Treated wood nailers
n T . Formed metal coping - 1"to 5”/:[
é (25%079)
’g/ - 111" (38)
Anchor-gutter bar
Anchor bolts

Extruded aluminum coping

]

~—— - Continuouscleat

34 (19)

Metal Copings ; Metal Gravel Stop
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7.20 ROOF FLASHING

* Lapshinglesin
alternate directions.
- 4"(100) minimurn

* Laplengths of flashing 4' (100).

Ridge Flashing — Concealed

- 4"(100) minimurn

\Rooﬂng membrane

)
e |

+ Capflashing is restrained by
acontinuous cleat.
- Shingle roofing

Flat to Sloping Roof

i
! 6" (150) minimum
]
i
f Iﬁ—\ Lap atleast 4" (100).
i1 | JA\K 4"(100) minimum

Top of Shed @ Wall

- 4"(100) minimur
+ Flashing is attached
with screws and
neoprene washers.

+ Formed metal ridge vent
with weather baffle

Ridge Flashing — Exposed Ridge Vent

12" (12) edge crimp
5" (125) minimur

+ 4" (100) minimurm B
]

For wood shingles,
7" (180) minimum on
roof slopes 6:12 or
Crimp 1"(25) greater; 10" (255) on
to form splash slopes less than 6:12
diverter. - 17" (260) minimur
for wood shakes and
other shingles

- Continuous cleat
- Metal roofing

Flat to Sloping Roof Exposed Valley

* Project wood shingles and shakes
1"%0 1-'/2" (25 10 38) to form
drip; use a metal drip edge with
other roofing shingles; overlap
inner side of qutter.

I areas subject to wind-driven
snow and roof ice buildup, eave
flashing over solid sheathing is
required; see 7.00.

Eave Flashing
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FLASHING ROOF PENETRATIONS

7.0

— Minimum 4"
(100) apron

e | T
v aiH IS
(T T

s 4 i

1
{

:%}/l“'"n
o /'///////l'l"‘!l
; s %/'/%)H!HIMB
\ Pl //////%‘I//

_

Chimney Flashing

- Shingle exposure ~
plusZ‘(fﬂ)%\
* 2"(51) sidelap — S ™

§

™

- 4"(100)
minimum

Wl Zey
%

My

Stack Flashing

+ Flatpan w14 (19) drip
- Flashing @ ridge \

Cricketis a saddle
constructed to divert water
around a chimney or other
projection on a sloping roof;
it i5 flashed with one or

two pieces with locked and
soldered joints.

Base flashing should extend
up wall and onto roof at least
4"(100) with minimur
sidelaps of 3" (75); hold back
pieces /2" (13) from butt
edges of shingles.

Cap flashing should overlap
base flashing at least
4"(100) and extend info
masonry 4' (100); sidelap
3" (75) minimum

4"(100) minimum
2"(57) minimum

+ Extend base flashing up

wall at least 4" (100) and
onto roof at least 2" (51).
Hold flashing pieces

back from exposed edges
of shingles.

Exterior wall finish

serves as cap flashing.

Extend flange 4" (100) above,
8" (205) below, and 6" (150) 1o
each side of stack.

Shingles applied over flange at
sides and top

Flange laid over shingles
avbottom

* Stepped-pan through-wall flashing

is used for chimneys built of porous masonry

materials such as stone or rubb\e/

+ Extend base flashing up
under skylight frame
- 4"(100) minimurn

SR i

Skylight
- Nonhardening sealant
- Drawband
——
. M@ta[hood\
M 11—

- 8" (209) minimum _//ﬁi
: 4"(TOO)mimmum/\L

= =11

Tall Pipe or Pole

* Minimum 2" (51) lap
+ Soldered lap seam

- 4"(100) minimurn
* Metal pitch dam \\

=3

F

- 6'(150)

- 12" (209) minimum ——1

Vent Pipe




(c) ketabton.com: The Digital Library

7.22 WALL FLASHING

Wall flashing is installed to collect any moisture that may * Slope top of coping to drain
penetrate a wall and divert it to the outside through weep « V12" (13) maximurm \

holes. The drawings on this page illustrate where wall flashing =S
. b 3 o )

is usually required. Masonry walls are especially susceptible to Parapet Flashing v% /—~ Turnup 2" (57)
water penetration. Rain penetration can be controlled by properly
tooling mortar joints, sealing joints such as those around window : Cap receiver
and door openings, and sloping the horizontal surfaces of sills Spandrel Flashing \ " Caporcounterflashing
and copings. Cavity walls are especially effective in resisting the .
penetration of water. * Weep holes at 24" (610) o.c. X Base flashing

in brick masonry walls and

52" (615) 0. inconcrete

masonry walls.

- 112" (13) maximum;

it is preferable to extend
flashing beyond the exterior face
of the wall°/4" (19) and bend

down at a45° 50 that water can

* Turnup2"'(57) \ﬁ drip free of the wall
Head Flashing V\ m_

S
N
Head Flashing /\%

| Reglet to receive flashing
~— | — Alternate position
of spandrel flashing

Turnup2"(57)

I\ 6'109" (15010 230)
differential

Sill Flashing

r —

+ Slope exterior sill to drain
+ Drip

- i
Sill Flashing — gAL]/J
L Base Course Flashing

= T1] g
+ Flashing in masonry walls must
R 1 divert water to weep holes that

are formed in the head joints
directly above the flashing at 24"
(610) o.c.in brick masonry walls
and 32" (815) o.c.in concrete

- Threshold

+ Slope paving %

lls.
A A e masonry walls, ————

777, 707\

‘L - Finish grade

N Base Course Flashing @ Sill — Threshold

Base Course Flashing -

: S]OWPMHM%F\/ ﬁ = T

* Bond w/ waterproofing membrane

|
|
|

Stud-Framed Wall Masonry Wall
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RAINSCREEN WALL SYSTEMS /.23

Water can penetrate exterior wall joints and assemblies by
the kinetic energy of raindrops, gravity flow, surface tension,
capillary action, and pressure differential. According to

how exterior walls deter water penetration, they can be
categorized as follows:

- Mass wall systems, such as concrete and solid masonry
walls, shed most rain at the exterior face, absorb the
remainder, and dry by releasing the absorbed moisture as
vapor.

- Barrier wall systems, such as EIFS walls, rely on a
continuous seal at the exterior face, which requires ongoing
maintenance to be effective in resisting solar radiation,
thermal movement, and cracking.

* Drainage walls, such as traditional stucco and clapboard
walls, use a drainage plane or moisture barrier between
the exterior cladding and supporting wall for additional
moisture resistance.

- Rainscreen walls consist of an outer layer of cladding (the
rainscreen), an air cavity, and a drainage plane on a rigi,
water-resistant, and airtight support wall.

Simple rainscreen walls, such as brick cavity walls and furred-
out clapboard walls, rely on cladding to shed most of the rain
while the air cavity serves as a drainage layer to remove any
water that may penetrate the outer layer. The cavity should be
Wide enough to prevent the capillary movement of this water
from bridging the cavity and reaching the support wall.

Pressure differential can drive water through an opening in a
wall assembly, no matter how small, when water is present
on one side of the opening, and the air pressure on that side
I5 greater than that on the other side. Pressure-equalized
rainscreen (PER) walls utilize vented cladding and an air
cavity, often divided into drainable compartments, to
facilitate pressure equalization with the outside atmosphere
and limit water penetration through joints in the cladding
assembly. The primary seals against air and vapor are located
on the indoor side of the air cavity, where they are exposed to
little if any water.

/

L

nterior Side

- Anair-barrier system contains
the primary joint seals,
controls the flow of air and
noise through the wall, and is
airtight and rigid enough to
withstand wind pressures. ————

- Thermal insulation is situated
on the indoor side of the air
cavity. The air barrier itself
may be a continuous membrane
placed on either side of the
insulation or on either side of
the interior wall layer.

Il

Lapping horizontal joints in shingle
fashion, sealing vertical joints, and
sloping horizontal surfaces away from the
interior can stem gravity flow.
Overlapping materials or internal baffles
deflect the kinetic energy of wind-driven
raindrops.

Drips break the surface tension that
causes water to cling to and flow along
the underside of horizontal, or nearly
horizontal, surfaces.

Discontinuities or air gaps disrupt the
capillary movement of water.

Lapped or shingled siding serves as a
rainscreen.

Furring strips space the siding material
away from the wall framing, creating a
vented cavity that is drained and back-
ventilated to promote evaporation of
any collected water.

Sheathing and a weather barrier behind
the furring strips create a drainage
plane.

Insect screening

Metal flashing and drip

Exterior Side

< Vented cladding (the rainscreen) deflects

the kinetic force of rain and deters water
penetration at the exterior face of a wall.
An air cavity provides a place for the
equalization of air pressure to ocour,

is wide enough o prevent the capillary
movement of water, and serves as

a drainage layer for any water that
manages to penetrate the rainscreen.
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7.24 CURTAIN WALLS

Structural steel or reinforced
concrete frame

Anchors
Wall panels of precast

concrete, cut stone, brick
masonry, or metal

+ Forglazed curtain wall

systems, see £.51.

A curtainwall is an exterior wall supported wholly by the
steel or concrete structural frame of a building and carrying
10 loads other than its own weight and wind loads. A curtain
wall may consist of metal framing holding either vision glass
or opaque spandrel units, or of thin veneer panels of concrete,
stone, masonry, or metal.

Fanel systems consist entirely of precast concrete, masonry,
or cutb stone units. The wall units may be one, two, or three
stories in height, and may be preglazed or glazed after
installation. Fanel systems offer controlled shop assembly
and rapid erection, but are bulky to ship and handle.

While simple in theory, curtain wall construction is complex
and requires careful development, testing, and erection. Close
coordination is also required between the architect, structural
engineer, contractor, and a fabricator who s experienced in
curtain wall consbruction.

As with other exterior walls, 2 curtain wall must be able to
withstand the following elements:

Loads
The curtain wall panels must be adequately supported by
the structural frame.

- Any deflection or deformation of the structural frame
under loading should not be transferred to the curtain wall

+ Seismic design requires the use of energy-absorbing
connections.

Wind

Wind can create both positive and negative pressure on a
wall, depending on its direction and the shape and height of
the building.

+ The wall must be able to transfer any wind loads to

the structural frame of the building without excessive
deflection. Wind-induced movement of the wall should be
anticipated in the design of it joints and connections.

Fire
A noncombustible material, sometimes referred to as
safing, must be installed to prevent the spread of fire at
each floor within column covers and between the wall panels
and the slab edge or spandrel beam.

* The building code also specifies the fire-resistance
requirements for the structural frame and the curtain wall
panels themselves.
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CURTAIN WALLS

/.25

Sun
- Brightness and glare should be confrolled with shading devices or

the use of reflective or tinted glass.

+ The ultraviolet rays of the sun can also cause deterioration of joint

and glazing materials and fading of interior furnishings.

Temperature
+ Daily and seasonal variations in temperature cause expansion and

+ Joints and sealarts must be able to withstand the movement \—/g
caused by thermal stresses.

contraction of the materials comprising a wall assembly, especially
metals. Allowance must be made for differential movement caused
by the variable thermal expansion of different materials.

- Heat flow through glazed curtain walls should be controlled by using

insulating glass, insulating opaque panels, and by incorporating
thermal breaks into metal frames.

+ Thermal insulation of veneer panels may also be incorporated into

W

the wall units, attached to their backsides, or provided with a
backup wall constructed on site.

ater

Rain can collect on the wall surface and be wind-driven under
pressure through the smallest openings.

* Water vapor that condenses and collects within the wall must be

drained to the outside.

Pressure-Equalized Design

The pressure-equalized design principles outlined in 7.23 become
critical in the detailing of curtain walls, especially in larger and
taller buildings, where the pressure differential between the outside
avmosphere and an interior environment can cause rainwater to
migrate through even the smallest openings in wall joints.

-

T

Pressure-equalization
chambers

- Deterrent seal

+ Openingsin

Tight air seals

« Deterrent seal ; Fressum‘equaﬁzzﬂtion
\"‘ chambers

Exterior Side Interior Side

Application of Pressure-Equalization Principle in Glazed Curtain Wall
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7.26 CURTAIN WALLS

Any of various metal devices may be used to secure a curtain wall
to the structural frame of a building. Some connections are fixed

+ Foraccessibility, top anchorages 1o resist loads applied from any direction. Others are designed
are best. toresist only lateral wind loads. These joints typically permit
adjustment in three dimensions in order to allow for discrepancies
Structural tees or brackets bolted or between the dimensions of the curtain wall units and the structural
welded to column flange frame, a5 well as to accommodate the differential movement when
* Angle clip shimmed and bolted or the structural frame deflects under loading or when the curtain wal
welded to flange of spandrel beam reacts to thermal stresses and changes in temperature.

Shim plates and angles with slotted holes allow adjustments

to be made in one direction; a combination of angles and plates
allows adjustments to be made in three dimensions. Affer final
adjustments are made, the connections can be permanently secured
by welding if a fixed connection is required.

<&@

Awedge-shaped slot receives 2
wedge-shaped nut that provides
for both vertical adjustment and a

N positive connection.
\ i - Concrete slab may have a steel angle
Structural Steel Frame I cast into its edge or be cut to expose + Welded plate (P
the flange of the spandrel beam. Stud bolt welded < e ,f’ i
toangle J / i
'y
Lo
.-’" ;///
Angle cast into slab edge i
/

of concrete slab / ;:/
Embedded unistrut channel A

1174

~

A horizontal support can be
suspended from the spandrel
beam.

Malleable cast iron insert
accepts a skew head bolt for
vertical adjustment.

Reinforced Concrete Frame
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PRECAST CONCRETE PANELS /.27

Precast concrete wall panels may be used as nonbearing facings
supported by a structural steel or reinforced concrete frame. See
5.10 for loadbearing precast wall panels. Bearing connection; wall panels are typically
attached to the supporting structural frame
with steel angles bolted or welded to anchors

cast intothe precast units.

‘ |
1
. | | /_ Shims
] i Backer rod and sealant
| 1
' | Tieback connection
=i} l — Slotted holes for adjustment of panels.
a _?{ + Attachments must transfer the panel forces to
L : the structural frame and allow for differential
' movement between the frame and panels.
* Avariety of quality-controlled smooth and

textured finishes are available.

- Ceramic tile and thin brick or stone facings
may be fixed to the wall panels.

+ Thermal insulation may be sandwiched in
the wall panel, attached to its backside, or
provided with a backup wall constructed on
site.

Light-gauge steel frame is attached to
the wall panels at the factory.

Thin stieel rod anchors permit some
movement to occur between the wall
panels and the steel frame.

Glass-fiber-reinforced concrete can be used in place of
conversionally reinforced concrete to produce much thinner
and lighter veneer panels. The panels are produced by spraying
short glass fibers onto a mold with a portland cement and
sand slurry. A variety of three-dimensional panel designs and
finishes are possible.

—_— Fanel-bearing angles are bolted to the
steel structure or to angles cast into the
>r concrete structure; nuts and washers
= allow for adjustment of panel elevation.

« 112" (13) minimum 1
panel thickness .
+ VIg" (3) radius typical

« 1-112"(38) flanges L
are required for
inserting backer rods -

and joint sealant at
Joints and corners.

Fanels are tied back with threaded rods,
which allow for ateral adjustment.

L

(SI MasterFormat 03 45 00: Precast Architectural Concrete
CSI MasterFormat 07 44 53: Glass-Fiber-Reinforced Cementitious Panels
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/.28 MASONRY VENEER

- Wood orlight-gauge metal rafters
- Height difference between
masonry and stud wall depends g

- Masonry veneer construction consists of a single wythe of masonry

T serving as a weather barrier and anchored but not bonded to a

supporting structural frame. In residential construction, wood or
.- metal stud walls are typically faced with a brick veneer.

on roof edge detall.

* Building paper laps flashing. ———_|

+ Flashing — i

* Weep holes

@2'(010) o,c.—\

%?/ ',

- Steel angle lintel

- Height difference between
masonry and stud frame
depends on door or window detail.

+ Rowlock sl

+ Flashing w/ weep holes 3
@2'(610)oc.

« Wall sheathing ,ﬁ--&

+ Building paper N\

* 1"(25) minimum clear air space

+ Masonry veneer N

* Building paper laps flashing. N
+ Flashing P\

+ Weep holes
@2'(610)os. AN\

* Wood or light-gauge metal studs

* Building paper

over wall sheathing
- 1"(25) minimum
clear air space

- Masonry veneer
Corrugated metal or adjustable wire
ties fastened to wall studs; space no
more than 16" (405) horizontally and
24" (610) vertically.

(SI MasterFormat 04 21 13.13: Brick Veneer Masonry

* 56¢5.14-5.16 for unreinforced and
reinforced masonry wall systems.
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MASONRY VENEER /.29

Masonry veneers can also be used as curtain
walls supported by steel or concrete frames.

* Masonry veneer/\

- Dovetail slots w/ wire tie anchors

+ Flashing
* Weep holes @ 2' (610) o.c.

- Steel shelf angle

+ Continuous compressible filler under

* Metal wallties @ 16" (405) o.c. typical \

+ Flashing
* Weep holes @ 2' (610) o.c.

- Backer rod and sealant .}

J

==

@ 16" (405) oc. vertically ———=—

bolted to wedge inserts

—

9054594490041

ﬂ

Precast concrete, stone, or metal coping

Farapet flashing; see 7.19.

Reinforced concrete structure

Wedge insert boxes @ 24" (610) o.c.

shelf angle to form an expansion joint.
Expansion joints are required to allow

for brick expansion and to prevent the

deflection of the structural frame from

Backer rod and sealant
Continuous compressible filler

Thermal insulation on interior face

placing stress on a masonry wall or panel
below. Finish joirt with a backer rod and
sealant.

Oy

2"102" (5110 75) cavity
Thermal insulation in cavity
Air barrier

Reinforced concrete frame

+ Continuous compressible filler

toform a horizontal expansion joint

- Masonry veneer

+ Vertical expansion joints are required to

- Masonry ties screwed to metal studs

+ Building paper over gypsum sheathing \

* Metal stud framing \

+ Flashing and weep holes

- Bottom of masonry and stud

divide masonry into panels. See 5.22.

desTEkAL

Metal wall studs are screwed and

e

welded to steel angle @ slab edge
Angle welded to beam

Structural steel frame

framing is supported by a steel angle

Stieel framing to support angle
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7.30 STONE VENEER

Expansion bolts or split-tail
anchors in vertical joints

Stone cap with dowel anchors
Farapet flashing: see 7.19.

paee - Steel structure; |
fireproofing
omitted for
clarity; see A12. \

%
¥ Shelf angle with dowel
H bolted or welded to clip angle

Support plate with welded rod
is shimmed, bolted, and then

Welded to angle cast into edge
of slab.

g

CER Ty

Angle bracing struts
Restraining plate with slotted
hole for expansion bolt

Clip angle with slotted hole for
expansion bolt, welded or bolted
1o angle cast into edge of slab

- Reinforced concrete structure

- Shelf angles with welded bars
support, pane! at pockets milled
into edges of panel.

Typical Monolithic Stone Panel Details

CSI MasterFormat 04 42 00: Exterior Stone Cladding

I = s

o
X

Stone facings may be set in mortar and tied to a concrete or
masonry backup wall; see 5.23—5.34. Large stone veneer panels
from 1-'12"t0 3" (32 to 75) thick may also be supported by the
steel or concrete structural frame of a building in a number of ways.

* Monolithic stone panels may be fastened directly to the

structural frame of a building.

Stone panels may be mounted on a steel subframe designed

to transmit gravity and lateral loads from the slabs fo the
structural frame of a building. The subframe consists of vertical
steel struts that support horizontal stainless steel or aluminum
angles. Bars welded to the angles engage slots in the lower and
upper edges of the stone panels.

+ Stone veneers may be preassembled infolarger panels by
mounting the thin slabs on non-corrosive metal framing, or by
bonding them to reinforced precast concrete panels with bent
stainless stegl anchors. A moisture barrier and bonding agent
may be applied between the concrete and stone to prevent
concrete salts from staining the stonework.

The required anchorages should be carefully engineered and take
into account the strength of the stone veneer, especially at
anchorage points, the gravity and lateral loads to be sustained, and
the anticipated range of structural and thermal movement. Some
anchors must carry the weight of the stonework and transfer the
load to the supporting structural wall or frame. Others only restrain
the stonework from lateral movement. STl others must offer
resistance to shear. All connecting hardware should be of stainless
steel or nonferrous metal to resist corrosion and prevent staining
of the stonework. Adequate tolerances must be built in o allow for
proper fitting and shimming, if necessary.

?ickerrodandsea[ant
o \ Rod cramps

\RES Metal anchors

2 ol
€ 2T Quirk miter

Columns
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METAL CLADDING /.31

Insulated and bonded metal panels are used primarily to clad

industrial-type buildings; se¢ 6.07. They may have facings of

anodized aluminum or steel with porcelain, vinyl, acrylic, or enamel

finishes. The panels are typically 3' (915) wide and span vertically * Metal gravel stop and fascia
between horizontal steel girts spaced 8'to 24' (2.5t0 7.5 m)

apart, depending on the type and profile of panel used. Consult HE
manufacturer for profiles, sizes, allowable spans, thermal and \/ ik
acoustical ratings, and installation details. - Sealant : — Stieel girts span between

HH exterior columns o support
+H the metal panels.

/—\ Bonded metal panels may have iaE
. honeycomb or urethane cores. R i |

S

e
Spsse :.‘4' — Metal panels span vertically
| <Y between horizontal girts.
= ) /A < 8'1024'(25%07.3m)
= -5 3 span range
»sy*! pan rang
2
i <3
3 ]
I e
Insulated metal panels have inner
* Interlocking seams join panels along their sides. and outer sheet-metal facings
sandwiching alayer of thermal
nsulation. \
Gir
Sub-girt
A
_ Inner sheet
- Qutersheet ————_| * Inner face may be perforated
for sound control.
Gauge of metal and depth of ribs, + Aninner gypsum board core
flutes, or corrugations determine may provide the required
allowable span of panels. fire-resistance rating.
Preformed metal wall panels of galvanized steel, stainless steel,
and aluminum are available with corrugated or ribbed profiles in 12"

and 10" (305 and 405) widths. The metal panels can be installed Oub-girt closure @ bottor et bl
, o - Steel base angle 258 Bt
as part of afield-assembled wall system with liner panels or as the B

exterior component of a simple rainscreen wall assembly; see 7.22.

(SI MasterFormat 07 42 13: Metal Wall Panels
(SI MasterFormat 13 34 19: Metal Building Systems
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/.32 PLYWOOD SIDING

16" (405) stud spacing for
318" (10) plywood; 24" (610)
spacing for panels '/2" (13)
and thicker

Panel Textures

Butt joint
+ Caulk or back w/ building

paper

Shiplap joint

* Typical joint for Texture
1-11, reverse board
and batten, and kerfed
panels

Batten strip
- Nails for battens should
penetrate studs.

Vertical Joints

(SI MasterFormat 07 46 29: Plywood Siding

* Use only hot-dipped
galvanized nails.

16" (3) space at all end and
edge joints

Blocking is required at

end joints.

|+ Diagonal bracing s not

required when paniels are /s"
(10) or thicker.

0" (190) minimurm
clearance above grade

T

[ 1

iexture 1-11

Panel Siding Patterns

Exterior-grade plywood siding panels are typically 4' x &'
(1220%2440), although 9" and 10" (2.6 and 3.0 m) lengths

are available. The most common patterns imitate vertical board
siding. The panel surface may have a grooved, rough-sawn, brushed,
or striated texture, and may be stained or treated with a clear
water-repellant finish. Medium-density overlay (MDO) is an exterior
plywood panel having a melamine or phenolic resin overlay on one or
both sides, providing a smooth base for painting.

Horizontal joints, which must be protected by flashing or other
means, are very noticeable. These horizontal lines should therefore
be coordinated with other exterior wall elements such as window
and door openings.

L

Reverse Board and Batten

Channel Groove

- 18" (10) | - 918" (16) |

—!_-
i 14" (6) deep, 12" (10)

! N 1 | X

K/%' (2) deep,le" (10) wide K{@)d@@p 1"(25)

wide grooves @ 4" or 8" grooves @ 4" or 8" (100 or wide grooves @ 12"
(100 0r209) 0. 205)oc. (205) o.c.
+ Overlapping joint
Header forsecond ~ + Caulk joint.
floor framing * Building paper @

Horizontal Joints

Seal all panel edges
before installation.

- Buttand flashed
joirt
Galvanized or other ~ + One panel edge
noncorrosive metal rabbeted
. flashing + Caulk joir.
' \ Plywood * Lapped corner
M~ Shiplap joint boards

corners

Interior Corners

Exterior Corners
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WOOD SHINGLE SIDING /.33

On exterior walls, wood shingles are laid in uniform courses that resemble
lap siding. The courses should be adjusted to mee? the heads and sills

of window openings and other horizontal bands neatly. The shingles may
be stained or painted. Premium-grade shingles can be left unpainted to
weather naturally.

Wood shingle siding may be applied in single or double coursing, with The
following exposures:

Shingle Length Single Coursing Double Coursing
16'(405)  6"t07-'2" (15010 190) 8"1012" (20510 305)
18"(459)  6't08-'/2" (15010 190) 910 14" (22010 359)
24'(610)  8'1011-"/2" (20510 290) 12"1020" (30510 510)

—— > Breathing type

A

A\ \ building paper

1x3s5 or 1x4s nailed

| towall studs

T = Spacingequals

= 5 shingle exposure
+ Plywood or \ + Opaced sheathing is required over

nailable fiberboard non-nailable sheathing or siding

Types of Sheathing

No. 2 red label shingles

Nail 2" (571) above beltline of
succeeding course

Exposure (see table)

114" (6) joints

1-114" (32) minimum offeet

between joints
'“\1
o
) Double starting course; lap
N| foundation wall 1"(25).

Single Coursing Application

M~ No. 5 undercourse

L | No.1blue label shingles
| ™ Outercourseis /2" (13)
lower than undercourse.

Exposure (see table)

Triple starting course; lap
foundation wall 1"(29).

Double Coursing Application

Dimension and fancy butt shingles are cut

to uniform widths and shapes. They are used on
walls to create certain effects such as scalloped
or fish-scale textures.

Dimension Shingles - Square * Arrow

At corners, alternating courses are lapped over the adjacent corer
shingles on the other side. Exposed edges should be treated. Corner
boards can also be used to receive the shingles at both interior and
exterior corners. Building paper should be used to flash corners and
wherever the shingles abut wood trim.

Corners

- Round - Half cove - Fish scale

- Octagonal - Hexagonal

Inside corner board

* Alternating overlap Lapping outside corner boards

(SI MasterFormat 07 46 23: Wood Siding
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/.34 HORIZONTAL BOARD SIDING

* Bevel siding, also known as lap siding,
is made by cutting a board diagonally
across it cross section so that the
siding has one thin edge and one thick
edge. The rough, resawn side can be
exposed for stain finishes, while the
simooth, planed side can be either
painted or stained.

(SI MasterFormat 07 46 23: Wood Siding

= Dolly Varden siding is bevel iding

rabbeted along the lower edge
1o receive the upper edge of the
board below it.

Frieze board rabbeted or furred out
to receive top course

Nailable wall sheathing

Fermeable building paper that allows
any water vapor in wall to escape to
the outside

1"(25) minimum lap

Adjust exposure of bevel siding so
that courses align neably with heads
and sills of windows, frieze boards,
and other horizontal bands.

« Provide '/g" () space forexpanamz

Face nail; nails should clear
undercourse and penetrate at least
1-112" (38) into framing.

Backprime before installation.
Corttinuous starter strip

6" (150) minimum clearance
tograde

Horizontal board sidings are available in different forms.

e

e

NN

* Shiplap siding consists of boards
Joined edge to edge with overlapping
rabbeted jointe.

e ——
i

Siding Application

- Inside corner board

* Drop siding is composed of boards

narrowed along the upper edges
to it into rabbets or grooves in
the lower edges, laid horizontally
with their backs flat against the
sheathing or studs of the wall

13 vertical wood spacers may
be aligned over the wall studs to
create a simple rainscreen; see
7.23.

314" (19) minimum air space;
provide for drainage and insect
screening of vents.

Lapping exterior
corfier boards

Corners

Horizortal board sidings are fastened through the wall sheathing and into the
wall studs with hot-dipped galvanized, aluminum, or stainless steel nails. Nailing
i done to allow the individual boards to expand and contract freely with changes
in moisture content. Board ends should meet over a stud or butt against corner
boards or window and door trim; a sealant is usually applied to the board ends

during installation and the joirts caulked.
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VERTICAL BOARD SIDING /.35

Vertical board siding can be laid in various patterns. Matched
boards that interlap or iverlock can have flush, V-groove, or beaded
Joints. Square-edged boards can be used with other boards or
battens to protect their vertical joints and form board-and-board
or board-and-batten patterns.

While horizontal siding is nailed directly to the wall studs, vertical
siding requires solid blocking at 24" (610) o.c., or plywood
sheathing at least °/¢" or /4" (16 or 19) thick. Over thinner
sheathing, 1x4 furring can be used at 24" (610) o.c A permeable
building paper that allows water vapor to escape to the outside is
used under the siding.

As with other wood siding materials, only hot-dipped galvanized
or obher corrosion-resistant nails should be used. Treat ends and
edges of siding, and the back of batten strips, with a preservative
before installation.

Backprime boards before
installation.

Matched boards lap each
other at corners.

; _ Undercut or bevel to form
’! | drip at bottom.

Backprime boards before
installation.

End joints should be
beveled and sealed during
installation.

Batten strips lap each
other at corners.

Corners

Alternative Sidings

Avariety of siding materials have been designed to mimic the

appearance of traditional wood siding, offer improved durability

and resistance to weathering, and reduce maintenance costs.

These alternatives include aluminum siding, vinyl (PVC) siding, and

fiber-cement planks and panels. Consult the following sources for

more information on the suitability of these siding alternatives

for specific applications.

- American Architectural Manufacturers Association (AAMA)
Publication 1402 for aluminum siding

* Vinyl Siding Institute’s (VEI) publication on rigid vinyl siding
application instructions

+ National Evaluation Service, Inc. (NES) Report No. NER-405
for cement-fiber products

Matched Sidings

i

L
Board Sidings

- Board and batten

- Batten and board - Board and board

Tongue-and-groove siding
One blind nail @ each
support; extra face nails are
required for boards 8" (205)
and wider.

1-1/2" (38) minimum
penetration typical

Channel groove siding

Allow '/g" (3) space for
expansion

Face nail should clear tongue
of adjacent board.

Board-and-batten siding
Batten nails are driven
between boards.

Face nails are centered.
112" (13) minimum space
112" (13) minimum overlap

Batten-and-board siding
First nails

Board nails should clear
battens.

112" (13) minimum overlap

Vertical Joints
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/.36 sTUCCO

Stucco is applied in three coats
over paper-backed expanded-
- Wood or metal metal or wire lath; see table
stud frame. T belowfor thickness. See also
10.03-10.04 for general
information on plaster, lath,
and accessories.
Metal reinforcement must be
furred out '/4" 10 °/e" (6 to
10) to permit the stucco to
completely embed the metal;
lath may be self-furring or be
attached with special furring
nails.
Waterproof building paper
or felt
Wall frame may be sheathed or

Z i

3

| 1] unsheathed. If unsheathed, the

A frame must be properly braced.

A A To support the bulding paper
Z% andlath, line wires are strung

v/

tightly across the studs at
0" (190) o.c.

|

Stud Wall Base

Thickness of Portland Cement Stucco

Base Minimum Finished Thickness
from Face of Base

Expanded metal or wirelath /8" (22); exterior
218" (16); interior

Masonry walls 112"(13)
Concrete walls 18" (22) maximum
Concrete cellings 18" (10) maximum

(SI MasterFormat 09 24 23: Portland Cement Stucco

Stucco is a coarse plaster composed of portland or masonry cement, sand, and
hydrated lime. mixed with water and applied in a plastic state to form a hard
covering for exterior walls. This weather- and fire-resistant finish is normally
used for exterior walls and soffits, but it can also be used for interior walls and
cellings that are subject to direct wetting or damp conditions.

- Concrete or masonry

Masonry or Concrefe Base

Stucco Finishes
The finish coat may have a float, stippled, combed, or pebbled texture. The finish
may be natural or be integrally colored through the use of pigment, colored sand,
or stone chips.

wall with joints struck

Stuccols applied in two coats
over a suitable masonry or
concrete surface; see table
below for thickness.

-+ Themasonry or concrete

wall should be structurally
sound and its surface should
be free of dust, grease, or
other contaminants that
would prevent good suction

or chemical bond. In addition,
the surface should be rough
and porous enough to ensure a
good mechanical bond.

-+ Metal reinforcement, a dash

coat of portland cement and
sand, or a bonding agent is
used if a good bond is doubtful.

Float finish is a fine-textured
finish produced with a carpet or
rubber-faced float.
Stipple-troweled finish is first
stippled with a broom: the high
spots are then troweled.
Combed finish is formed with 2
notched or serrated tool.
Rock-dash finish is produced by
machine-spraying small pebbles
0nto unset stucco.
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STUCCO DETAILS /.37

Like gypsum plaster, stucco is a relatively thin, hard, brittle
material that requires reinforcement or a sturdy, rigid, unyielding
base. Unlike gypsum plaster, which expands slightly as it hardens,
portland cement stucco shrinks as it cures. This shrinkage, along
with the stresses caused by structural movement of the base

support and variations in temperature and humidity, can cause the

stucco 1o crack. Control and relief joints are required to eliminate

or minimize any cracking.

Relief Joints

+ Relief joints relieve stress by
permitting independent movement
along the perimeter of a stucco
membrane. They are required where
two planes of stucco meet at an
internal corner, or where a stucco
membrane abuts or is penetrated
by a structural element, such as a
beam, column, or loadbearing wall.

Control Joints
+ Corrol joints relieve stress in the
stucco membrane and prealign the
cracking that can be caused by
structural movement in the supporting
consbruction, drying shrinkage,
andvariations in temperature.
When stucco is applied over metal
reinforcement, control joints should
be spaced no more than 18' (5.5 m)
apart and define panels no larger than
190 f (14 m?).

+ When stuccois applied directly to
amasonry base, control joints should
be installed directly over
and aligned with any control joints
existing in the masonry base.

+ Control joints are also required
where dissimilar base materials meet
and along floor lines in wood frame
construction.

L Support framing for soffit

@ Internal Corners

Plan

3 % Metal cortrol joint is wired to lath.

+ Casing beads wired
to reinforcement
- Backer rod and sealant

@ Soffit

* Metal control joint is wired to [ath
+ Cut reinforcement at joint \
* Horizontal control joints

should provide weathertightness as

well as control cracking of the stucco
membrane.

Cut reinforcement at joint

- Stucco membrane /i:

* Supporting construction

- (asing bead —\

Base \-/
- Sealant

+ Concrete foundation /\

Section
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/.38

EXTERIOR INSULATION & FINISH SYSTEMS
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Rigid insulation panels are 1" 1o 4"
(2510 100) thick, 2' (610) wide, and
24, 0r8'(610,1220, or 2440) long.
The insulation panels are secured to
frame walls with solid, water-resistant
sheathing or to a suitable masonry
surface with adhesive or mechanical
fasteners. Damaged or brittle
substrates may require a mechanically
fastened track system for attachment
of the insulation panels.

The base coat is reinforced with
glass-fiber mesh to prevent surface
cracks.

The synthetic stucco finish is made
with acrylic polymers and an aggregate
of silica sand, quartz chips, or marble
chips to achieve the desired texture; the
desired color is achieved by painting or
tinting the finish coat with pigment.

314" (19) minimum expansion joints are
required at floor levels in stud framing,
where changes in the substrate occur,
or wherever similar joints exist in the
supporting construction.
Folymer-modified systems are
susceptible to shrinkage cracking. The
artificial stucco finish must therefore
be divided into panel areas with control
joints.

Backer rod and sealant

Expanded polystyrene is generally used
above grade, extruded polystyrene below
grade.

Continue base coat, glass-fiber mesh,
and finish coat onfo wall surface 2
minimurm of 4" (100).

(SI MasterFormat 07 24 00: Exterior Insulation and Finish Systems

Exterior insulation and finish systems (EIFS) are available for
cladding the exterior of new structures as well as insulating and
refacing existing buildings. The systerm consists of a thin layer of
synthetic stucco troweled, rolled, or sprayed over a layer of rigid
plastic foam insulation.

EIFS systems are susceptible to leaking around windows and
doors because of poor detailing or faulty installation. There is no
internal drainage system that would allow any water that does
penetrate the system to escape. This trapped water can cause the
insulation layer to separate from the substrate or the sheathing
to deterlorate. To address this problem, a proprietary system uses
a drainage mat installed between an air and water barrier and the
insulation layer to allow water to drain o plastic flashings above
wall openings and at the base of the wall.

There are two generic types of EIFS systems: polymer-modified
and polymer-based systems. Folymer-modified systems consist
of a portland cement, base coat from /4" to /ls" (6.4 0 9.5 mm)
Phick, reinforced with metal wire lath or glass-fiber mesh fastened
to the insulation layer. In areas subject to impact, heavy-duty
fiberglass mesh is used in place of, or in addition to, the standard
mesh. The finish coat of portland cement is modified with acrylic
polymers.

Polymer-based systems consist of a portland cement or acrylic
polymer base coat 116" to /4" (1.6 Y0 6.4 mm) thick, reinforced
with glase-fiber mesh embedded at the time of installation. The
finish coat is made with acrylic polymers. Folymer-based systems
are more elastic and crack-resistant than polymer-modified
systems, but also more susceptible to denting and puncturing.

+ Consult standards published by the Exterior Insulation
Manufacturers Association (EIMA) for installation details.

CDTpejdecoramve V-joints are I

cut with a router.
* 14" (19) minimum

i
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THERMAL INSULATION /.39

The primary purpose of thermal insulation is to control the flow or
Pransfer of heat through the exterior assemblies of a building and
thereby prevent excessive heat loss in cold seasons and heat gain in
hot weather. This control can effectively reduce the amount of energy

required by heating and cooling equipment to maintain conditions for

human comfort in a building.

LEEDEA Credit 1: Optimize Energy Ferformance

'/’_‘f

\s"

\
Y

+ Concealed roof spaces require
ventilation to dissipate any stray
water vapor; see 7.47.

w L e L L ]

Because temperature differential is usually
greater in the roof zone of a building, the roof
structure requires more thermal insulation
than wall or floor structures.

Continuity should be maintained at
foundation, floor, wall, and roof junctures
to form an unbroken envelope of protection
against heat transmission.

- Insulating glass and
weatherstripping limit heat
transfer at windows and doors. J

Sl

RO AN

EE RRSABLLTANNANS

« The temperature differential
between basement spaces and
the ground is less than between

indoor spaces and the outdoors

N
R

.ﬂ{’u’

TR
VA {\/4"?/:\._ &
\,)\\y /)\
SN2

above grade.

Recommended Minimum Thermal Resistances of Building Insulation*

Lone Ceiling Exterior Floor over
or Roof Wall Unheated Space
Minimum recommended 19 X M
Southern zone 20 13 1
Temperate zone 20 19 19
Northern zone 50 19 20

* Use these R-values only for preliminary design. Consult the local or

state energy code for specific requirements.

N AN
A
o
SETET RARRAS
SRR
é} N _-‘/4,% SRS

S

For ventilation of crawl spaces, see 7.47.
Thermal insulation is required between heated
and unheated spaces.

+ For a discussion of the factors that
affect human comfort, see 11.02.

- For siting factors that also affect
potential heat loss or gain, see Chapter 1.

(SI MasterFormat 07 21 00: Thermal Insulation
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7.40 THERMAL RESISTANCE OF BUILDING MATERIALS

Material 1/k* 1/c¢t Material 1/k* 1/¢t
Concrefe Building Paper The tables to the left can be used to estimate the
Coricrete Vapor-permeable felt 0.06 thermal resistance of a construction assembly.
Sand b gravel aggregate 0.0 Folyethylere filrm 0.00 For specific Rvalues of materials and building
Lightweight aggreqate 0.60 components stich as windows, consult the product
Cement, mortar 0.20 Plaster & Gypsum manufacturer,
Stucco 0.20 Cement plaster,
sand aggregate 020 R =F°/Btufhr - of where:
Masonry Gypsum plaster,
Common brick 0.20 sand aggregate 0.16 - Ris a measure of thermal resistance of a given
Face brick 011 perlite aggregate 067 material. Ib1s expressed as the temperature
Concrete block, & (209) Gypsum board, '/2" (12) 045 difference required to cause heat to flow
Sand b.gravel aggregate 117 through a unit area of material at the rate of
Lightweight aggregate 2.00 Flooring one heat unit per hour.
Granite and marble 0.05 Carpet & pad 1.90
Sandstone 0.08 Hardwood, 2/32" (20) 0.71 U = 1/Rs, where:
Terrazzo 0.08
Metal Vinyltile 0.05 + Reis the total thermal resistance for a
Aluminum 0.0007 construction assembly and s simply the sum
Brass 0.0010 Doors of the individual R-values of the component
Copper 0.0004 Steel, mineral fiber core 1.09 materials of an assembly.
Lead 0.0047 Stieel, polystyrene core 213 - Uisameasure of the thermal transmittance
Steel 0.0032 Otieel, urethane core. 5.56 of  building component or assembly. It is
Wood hollow core, 114" (45) 204 expressed as the rave of heat transfer through
Wood Wood solid core, 1-2/4" (45) 513 aunit area of 2 bullding component or assembly
Hardwoods 091 caused by a difference of one degree between
Softwoods 1.25 Glass the air temperatures on the two sides of the
Plywood ) 1.29 Single, clear, /4" (0) 066 component or assembly. The U-value for a
Particleboard, °/e" (16) 082 Double, clear, °/16" (5)space 1601 component or assembly is the reciprocal of its
Wood fiberboard 2.00 14" (6) space 172 Revale.
12" (12) space 204
Roofing Double, blue/clear 225 Q=UxAx(ti—to), where:
Built-up roofing 0.3 graylclear 240
Fiberglass shingles 0.44 green/clear 250 + Qi the rate of heat flow through a
Slate roofing 0.05 Double, clear, low-¢ coating 0.20 construction assembly and is equal to:
Wood shingles 0.94 Triple, clear 2.56 « U =overall coefficient of assembly
Glass block, 4" (100) 1.79 + A= exposed area of assembly
Siding + (5~ o) = difference between the
Aluminum siding 061 Air Space inside and outside air temperatures
Wood shingles 087 314" (19), nonreflective 101
Wood bevel siding 081 314" (19), reflective 040
Vinyl sidding 1.00

* 1/k =R perinch of thickness
" 1/C = R for the thickness indicated
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INSULATING MATERIALS /.41

o 5
Gy

Almost all building materials offer some resistance to heat flow. To achieve the desired R value, however,
wall, floor, and roof assemblies usually require the addition of an insulating material. Below is an outline
of the basic materials used to insulate the components and assemblies of a building. Note that all
effective insulating materials usually incorporate some form of captured dead air space.

| Battinsulation consists of flexible, fibrous thermal insulation of glass or mineral wool, made in

various thicknesees and lengths and in 16" or 24" (406 or 610) widths to fif between studs, joists,
and rafters in light wood frame construction, sometimes faced with a vapor retarder of kraft paper,
metal foil, or plastic sheet. Batt insulation is also as a componert in sound-insulating construction.
Rigid foam insulation is a preformed, nonstructural insulating board of foamed plastic or cellular
glass. Cellular glass insulation is fire-resistant, impervious to moisture, and dimensionally stable, but
has a lower thermal-resistance value than foamed plastic insulations, which are flammable and must
be protected by a thermal barrier when used on the interior surfaces of a building. Rigid insulations
having closed-cell structures, such as extruded polystyrene and cellular glass, are moisture-
resistant and may be used in contact with the earth.

Foamed-in-place insulation consists of a foamed plastic, as polyurethane, that is sprayed or injected
into a cavity where it adheres to the surrounding surfaces.

Loose-fill insulation consists of mineral wool fibers, granular vermiculite or perlite, or treated
cellulosic fibers, poured by hand or blown through a nozzle into a cavity or over a supporting
membrane.

Reflective insulation uses a material of high reflectivity and low emissivity, as paper-backed aluminum
foil or foil-backed gypsum board, in conjunction with a dead-air space o reduce the transfer of heat
by radiation.

=
v
-
[
R Form Material R-value per Inch of Thickness
e
Batt or blanket Fiberglass 3.2 Installed between studs, joists, rafters, or furring;
Rock wool 33 considered incombustible except for paper facing
Rigid board Cellular glass 2.5 Boards may be applied over a roof deck, over wall
Folystyrene, molded 5.0 framing as sheathing, in cavity walls, or beneath an
Folystyrene, extruded 50 interior finish material; the plastics are combustible
Folyurethane, expanded 0.2 and give off toxic fumes when burned; extruded
Folyisocyanurate 7.2 polystyrene can be used in contact with the earth but
Ferlite, expanded 26 anyexposed surfaces should be protected from sunlight
Foamed in place Folyurethane 0.2 Usedtoinsulateirregularly shaped spaces
Loose fill Cellulose 5.7 Used o insulate attic floors and wall cavities; cellulose
Perlite 2.7 may be combined with adhesives for sprayed application;
Vermiculite 2.1 cellulose should be treated and Ul-listed for fire resistance
Cast Insulating concrete 112 Used primarily as an insulating layer under membrane

roofing; insulating value depends on its density
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12" (12) gypsum board
9"(230) fiberglass
batt insulation

314" (19) plywood subflooring

- R=317
- U=003

R=20

- U=05

+ Revalue of inside air film = 0.6

Wood siding

Building paper over

12" (13) plywood sheathing
5-112" (140) fiberglass
batt insulation

12" (13) gypsum board

* Re=207
- U=005

...t Re=2506
e U= 04

+ Revalue of inside air film = 0.0

Comparison of R-values for Insulated and Uninsulated Assemblies

The steady state method for calculating heat loss or gain Takes
into account primarily the total thermal resistance (Rs) of the
construction assembly and the differential in air temperature.
Other factors that affect heat loss or gain are:

- The surface color and reflectivity of the materials used;
light colors and shiny surfaces tend to reflect more thermal
radiation than dark, Textured ones.

- The mass of the assembly, which affects the time lag or
delay before any absorbed and stored heat is released by the
structure; time lag becomes a significant factor with thick,
dense materials.

- The orientation of the exterior surfaces of a building, which
affects solar heat gain as well as exposure to wind and the
attendant potential for air infiltration.

+ Latent heat sources and heat gain from the occupants,
lighting, and equipment within a building.

* Properinstallation of thermal insulation and vapor retarders.

* Single glazing
- R=086:U=113

. + Double glazingwi °/16" (5) air space
- R=161:U=062
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INSULATING ROOFS & FLOORS /.43

- Finish flooring over

rigid insulation v

+ Topping of lightweight

Slope roof topping to drain;
14" per oot (1:50) minimum

Roofing membrane over rigid
insulation; eee 7.12 for
placement options.

T o1

insulating concrete v g

e e e R
Concrete [n-— _// 4 S = o S R (SR T R S R R
I A | N O — ] T 4 O
Treated wood sleepers L Additional rigid insulation if
required
| Precast cementitious wood-

+ Solid wood planks Lightweight insulating - Minimum of two staggered fiber planks or lightweight-
have some insulation concrete over steel decking layers of rigid insulation over agqregate concrete slabs
value steel decking can serve as a structural

v roof deck.
| NN NN NS T G S A N S ) O i i g SO -
Steel : \ L7 \\ / \ / \ \ /\\/
Insulation can also be sprayed
i onto underside
of deck.
Roofing over rigid insulation

- Battor blanket + Finish flooring over rigid - Maintain at least 1" (25) clear "‘.f
insulation within joist insulation air space for ventilation ;
5paces

\ \ - Batt or blanket
: = SSeaNaiENEEeaninsens insulation
Wood — = . \
ARAA AN _ ' Wood plank decking left
exposed as celing
L | 2 + Roofing fasteners must be
* Vapor retarder, if Treated wood sleepers : | — long enough to penetrate
required, s laid toward | through insulation and into
heated space in floors | decking.

over unheated spaces.

Floor Conditions

Roof Conditions
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7.44 INSULATING WALLS

1 i

[ ] =L Maintain continuity of

- insulation at floor and roof

] ik junctures.

b b
P* Rigid foam insulation may be

e secuired to the interior face of

]| B cavity walls.,

=t FElL—  Combustible igid foam

= insulations require a

[ it fire-resistant wall finish such

= 25 gypsum wallboard.

e

. rl

— Rigid foam insulation may be
secured to the inner wythe of
cavity walls.

2" (51) minimum
clear air space

R R A e

Rigid foam insulation along
the perimeter of concrete
ground slabs; typically 2" x 24"
(51x610)

Masonry Cavity Walls

- |_— Hollow cores of concrete , T DBattor blanket insulation
masonry can be filled with a | within stud spaces
loose-fill insulation. ! L — Maintain continuity of

- | insulation at floor junctures.

|
i |
' s
BB Polystyrene foam liners may
et | beinserted info the cores of Le— Vapor retander on warm or
§ concrete masonry units. : heated side of wall
fﬁ: — Batt orrigid insulation Spaces between rough
HH|  infurred space framing and window or door
{H L Combustible rigid foam frame should be filled with
% insulations require a . insulation.
fire-resistant wall finish N
_ f such as gypsum wallboard. -0 l\
-
e i <
\\a Rigid foam insulation 4L Horizontal frarming to
- may be secured to 4 accommodate additional
:E exterior face of wall. insulation, if required
H— Vapor retarder
i | Insulation requires a
F,/ protective wall finish such
%_: a5 acrylic stucco; see 7.0 H— Rigid foam insulation panels
i for exterior insulation and can serve as nonstructural
iE finish systems. wall sheathing.
Ei -.
i# Moisture-resistant
= foam insulation such as
extruded polystyrene can
continue down below grade
to the frost line to insulate
a basement, space.
Protect exposed surfaces
with treated plywood or
] similar material.
Cast Concrete or Concrete Masonry Walls Stud Frame Walls
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MOISTURE CONTROL /.45

Moisture is normally present in the air as water vapor.

Evaporation from occupants and equipment can raise the

humidity of the air in a building. This moisture vapor wil - T0°F(2170) .
transform itself into a liquid state or condense when the + 300 relative humidity inside e

airin which it exists becomes completely saturated with all ;
the vapor it can hold and reaches its dew point temperature.
Warm air is capable of holding more moisture vapor and has

a higher dew point than cooler air.

Warm air cavity

Dew point

- OF(=18°C) outside

high to lower pressure areas. This normally means it tends

to diffuse from the higher humidity levels of a buildings

interior toward the lower humidity levels outside. This flow

is reversed when hot, humid conditions exist outdoors and a

building’s interior spaces are cooler. Most building materials - T0°F(21°0) |
offer little resistance to this passage of moisture vapor. If + 307 relative humidity inside |2
the moisture vapor comes into contact with a cool surface :
whose temperature is at or below the dew point of the air, it
will condense.

Because it is a gas, moisture vapor always migrates from }

Wall without Insulation

L Dew point

I i « O°F (=18°C) outside
)

Condensation can lessen the effectiveness of thermal
insulation, be absorbed by building materials, and
deteriorate finishes. Moisture vapor, therefore, must be:

= Prevented by vapor retarders from penetrating the Permeability of Some Building Materials Wall with Insulation
enclosed spaces of exterior construction; Material Permeance (perms)*
* Or be allowed to escape, by means of ventilation, before it + Wall requires a vapor retarder
can condense into a liquid. Brick, 4" (100) 0.800 to prevert water vapor from
Concrete, 1" (25) %.200 condensing within the layer of
+ Surface condensation on windows can be controlled by Concrete block, 8" (205) 2400 insulation. A vapor retarder
raising the surface temperature with a warm air supply or Gypsum board, /8" (10) 50.000 becotmes more important as
by using double or triple glazing. Plaster, /4" (19) 15.000 the level of thermal insulation
Plywood, '/4" (6), exterior glue 0.700 increases.
Built-up roofing 0.000 * Ferm is a unit of water vapor
transmission, expressed in
Aluminum foil, 1 mil 0.000 gramﬁ OWEVZIPOV per one square
Polyeshylene, 4 mil 0.080 foot per hour per inch of mercury
Polyethylene, 6 mil 0.060 pressure difference.
Duplex sheet, asphalt + foll 0.002
Asphalt-saturated + coated paper 0.200
Kraft paper, foil-faced 0.500
Blanket insulation, faced 0400
Cellular glass 0.000
Folystyrene, molded 2.000
Folystyrene, extruded 1.200

Faint, two coats, exterior 0.900
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/.46 VAPOR RETARDERS

Avapor retarder is a material of low permeance installed in 2
construction to prevent moisture from entering and reaching

a point where It can condense into a liquid. Vapor retarders are
normally placed as close as possible to the warm side of insulated
construction intemperate and cold climates. In warm, humid
climates, the vapor retarder may have to be placed closer to the
outer face of the construction.

- The use of avapor retarder is generally recommended to protect
the insulation layer of flat roof assemblies in geographic
locations where the average outdoor temperature in January is
below 40°F (4°C) and the interior relative humidity in winfer is
45% or greater at 60°F (20°C).

* The barrier may be in the form of asphalt-saturated roofing felt
or a proprietary material of low permeance.

When avapor retarder is present, topside verts may be required
to allow any trapped moisture to escape from between the
vapor retarder and the roofing membrane. Consult roofing
manufacturer for recommendations.

* Some rigid foam insulation boards have inherent vapor
resistance, while other insulating materials have a vapor-
retarding facing. A vapor retarder i most effective, however,
when it is applied as a separate layer of aluminum fo,
polyethylene film, or treated paper.

Vapor retarders should have a flow rating of one perm or less
and be installed with all seams at joints and openings lapped and
sealed. In This case, a vapor retarder is sometimes referred to as
anair barrier.

Exterior sheathing, building paper, and siding should be
permeable to allow any vapor in the wall construction to escape
to the outside.

Over unheatied spaces, the vapor retarder is placed on the warm
side of the insulated floor. The vapor retarder may be laid on top
of the subfloor or be integral with the insulation.

SRS Z A moisture barrier, such as polyethylene film, is usually required
S N N RN NSNS \\?/\)‘-". 5 \& ’ ’
%@”‘%\%% W S o retard the migration of ground moisture into a crawl space.
e
@%}wyﬁ w\f@’/\\\'f’ SR
IR R T TRTTGN
R »‘@%“@?’W@%@@W
A A A A A A A A A VA
R
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VENTILATION /.47

Whole-House Ventilation
* Whole-house ventilators are motor-driven fans for pulling
stale air from the living areas of a house and exhausting it
through attic and roof vents.

» Vapor retarders installed in a seamless manner can result in j CE;Q K§}
airtight construction, in which case, a forced-air ventilating = -
systetm with an air-to-air heat exchanger is required to rid , . . -I -I\ et
interior spaces of moisture, odors, and pollutants. * Wind- or motor-driven attic : [ m
ventilators can assist the natural l—l
Energy-Recovery Venfilation =M Pairflow Ehrough an attic space. B e ]
- Energy-recovery ventilation systems are - T 1 =
P Ty
whole-house ventilators that provide a Z b = B Oy
controlled way of ventilating a building S T —
while minimizing energy logs through exles
the use of either heat-recovery 4 /1NN

ventilators or energy-recovery

ventilators. | |
17 11 I 11 1 IT

|
| A
; gg

+ Heat-recovery ventilators (HRV) use a heat-exchange core to
transfer heat from the exhaust air stream to the prefiltered
fresh air stream in the winter and, during the summer, cool the
prefiltered fresh air stream with the exhaust air stream.

- Energy-recovery ventilators (ERV) have a heat exchanger that

Ridge ventilation may be

Y rovided by a continuous
transfers both heat and moisture, cooling and dehumidifying A= p, !

o , , , , VY ridge vent, or by louvers
the incoming fresh airstream in the summer while heating and A s , ¢
humidifying the cold, drier incoming airstream in the winter. 1k gabl e vl

g ' 9 ' = unheated attics.

Roof and Attic Ventilation

* Ventilation of concealed roof spaces and attics is
provided by eave vents and, on sloping raofs, by vents
close to the ridge. The total net free ventilating area
should be atleast '/300th of the area being vented,
with atleast 50% of the required area being at or
along the ridge. Openings should be protected against
the penetration of rain, snow, and insects.

- Fave or soffit vents may consist of a continuous
screened vert slot or a metal vent strip installed
in the eave soffit, or comprise a series of evenly
distributed circular plug vents in frieze boards.

Crawl Space Ventilation
* Unheatied crawl spaces also require vertilation. i S
Openings should have a net area of at least 1-Ta of Folyethylene moisture barrier

T

(0.14 m?) for each 25 lineal feet (76.20) of perimeter s g\”\'\?

N

3 7 I i

wall. There should be at least one opening on each side %}\ }é\v@‘% W@»&)}&%\;@}W%\ SN W\@%}
of the crawl space, located as high as possible and ,%g}; ‘E‘é o ?: /f \:\;f&j\\‘}‘\}zf)\:}}‘ 2\%\‘ N, \fz,(
fear a corner to promate cross ventilation. Openings W{@\ﬁ/%)&gg\ é%) RN _
should be protected against insects and vermin with @ 4%% "/““% ‘%‘9\\/ ' %{\/ @,’5\4\ /@‘%y\ ,\{‘%
wire mesh screening. NURLRL P RRGRUE RIS AL I

(SI MasterFormat 07 71 00: Roof Specialties
(SI MasterFormat 08 90 00: Louvers and Vents
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7.48 MOVEMENT JOINTS

Where 2 new building adjoins
an existing structure

Long surface areas; maximum length
without expansion joints:
Oteel, concrete, or bulli-up
roofing — 200" (60 m)
Masonry —125' (58 m)
+ Surfaces with severe solar exposure
require expansion or control joints at
more frequent intervals.
+ Farapet walls require expansion
or control joints near corners to
prevent their displacemet.

Long, linear building elements, such
as fascias, gravel stops, and curtain
wall framing also require expansion

joints.

At horizontal and vertical
discontinuities in the massing of a
building, such as where a low mass
meets a taller mass, or at wings and
iersections of L+, T- and U-shaped
buildings.

Location of Movement Joints

Coefficients of Linear Expansion
Per Unit Length Per 1 Degree Change in Temperature (°F)*

x 107 x 107 x 107

Aluminum 128 Wood parallel to grain: Brick masonry o4

Brass 104 Fir 21 Concrete masonry 52
Bronze 101 Maple 36 Concrete 55
Copper 9% Oak 27 Granite 47
Iron, cast 59 Fine 50 Limestone 44
Iron, wrought 67 Wood perpendicular to grain: Marble 73
Lead 199 Fir 520 Plaster 76
Nickel 70 Maple 270 Rubble masonry 35
Steel, carbon 05 Oak 200 Slate 44
Steel, stainless 99 Fine 190 Glass 50

* One degree Fahrenheit s equal to approximately 0.0 degree Celsius or Centigrade.
Tofind degrees Celsius or Centigrade, first subtract 92 from the degrees Fahrenheit
and then multiply by “/o.

All building materials expand and contract in response to

normal changes in temperature. Some also swell and shrink with
changes in moisture content, while others deflect under loading.
Joints must be constructed to allow this movement to occur in
order to prevent distortion, cracking, or breaks in the building
materials. Movetment joints should provide a complete separation
of material and allow free movement while, at the same time,
maintaining the weathertightness of the construction.

Types of Movement Joints

* Expansion joints are continuous, unobstructed slots
constructed between two parts of a building or structure
permitting thermal or moisture expansion to ocour without
damage to either part. Expansion joints can offen serve as
control and isolation joints. See 5.22 for expansion joints
in brick masonry walls, 7.29 for horizontal expansion joints
in masonry veneer walls, and 10.04 for expansion joints in
gypsum plaster.

+ Control joints are continuous grooves or separations formed in
concrete ground slabs and concrete masonry walls to form a
plane of weakness and thus regulate the location and amount
of cracking resulting from drying shrinkage, thermal stresses,
or sbructural movement. See 3.19 for control joints in
concrete ground slabs and 5.22 for confrol joints in concrete
masonry walls.

* Isolation joints divide a large or geometrically complex
structure info sections so that differential movement or
settlement can occur between the parts. At a smaller scale, an
isolation joint can also protect a nonstructural element from
the deflection or movement of an abutting structural member.

The width of an expansion joint depends on the building material
and the temperature range involved. It varies from '/4" (6) to
1"(25) or more, and should be calculated for each specific
situation.

* The coefficient of surface expansion is approximately
twice the linear coefficient.

+ The coefficient of volume expansion is approximately
three times the linear coefficient.
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Provide weep holes in
masonry cavity walls.

Cap receiver

—Z T
ﬁj%
/ I

Cap or counterflashing
Use fasteners with

slotted holes or cleats
with loose-lock seams.

Premolded joint filler

L~ Waterstop

|

Wall and Roof Juncture

Flat Roof

These expansion joint detalls, although general in
nature, have the following elements in common:

* Ajoint that creates a complete break through the
structure, which is then usually filled with
a compressible material

* Aweatherstop that may be in the form of

anelastic joint sealant, a flexible waterstop

embedded within the construction, or a flexible

membrane over flat roof joints. Masonry Cavity Wall

-

s

Column and Wall Juncture

Angle fastened towall — |
+ Slipjoint —

FEERGEETIN, =

@ Wall

Expansion Joint Covers

Treated wood curb
Neoprene bellows w/ metal
Joint cover

Base flashing

8" (205) minimum
Compressible insulation

Single-ply membrane roofing
Sponge tubing and joint filler

Fremolded joint filler
Preformed, flexible waterstop

Waterproofing

Premolded joint filler
Flexible metal ties

Backer rod and sealant

Dovetail slots
w/ metal anchors

Backer rod and sealant
@all joints

Fixed plate
Compressible filler

Slip joint
Premolded joint filler

On floor
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7.50 JOINT SEALANTS

To provide an effective seal against the passage of water and
air, a joint sealant must be durable, resilient, and have both

cohesive and adhesive strength. Sealants can be classified
3 according to the amount of extension and compression they
B 5 can withstand before failure.
.\'\ \\ :
\_xk\

- Compressed - A installed ‘Elongated
Low Range Sealants
* Movement capability of +/— 5%
* Oil-based or acrylic compounds
+ Often referred to as caulking and used for small joints where
+ Joints should be tooled to ensure full little movemert is expected
contact with and adhesion to substrate

Joint Movement

Medium Range Sealants

* Movement capability of +/— 9% to +/= 10%

+ Butyl rubber, acrylic, or neoprene compounds

+ Used for nonworking, mechanically fastened joints

+ Sealant joint depth

* Full contact depth ————— ]

* Sealant depth \—/

B High Range Sealants
: : * Movement capability of +/—12% to +/— 25%
« 114" (6) minimum for '/4" (6) joints B + Polymercaptans, polysulfides, polyurethanes, and silicones
+ Equal to joint width for joints up to /2" (13) o + Used for working joints subject to a significant amount of
* Half of joint width for joints /2" (13) and wider, movement, such as those in curtain
but not more than 2" (51)
+ Joint width = sealant width\/ \\ The substrate must be clean, dry, and compatible

with the sealant material.
A primer may be required to improve the adhesion of

« 114" (6) 10 1" (25) or more
+ Width depends on the joint spacing, expected
temperature range, anticipated movement due asealant to the substrate.
towind or structural displacement, and the The joint filler controls the depth of the sealant contact
movement capability of the sealant. with the joining parte. It should be compressible and be
compatible with but not adhere to the sealant. It may
be in the form of a rod or Subing of polyethylene foam,
polyurethane foam, neoprene, or butyl rubber.

When there i insufficient depth for a compressible filler,
a bond breaker, such as polyethylene tape, is required to
prevent adhesion between the sealant and the bottom of
the joint recess.

Most sealants are viscous liquids that cure after being
applied with a hand-operated or power gun. These are
referred to as gunnable sealants. Some lap joints, however,
are difficult to seal with gunnable sealants. These joints
may require instead a preformed solid polybutene or
polyisobutylene tape sealant that is held in place under
compression.

CSI MasterFormat 07 92 00: Joint Sealants
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DOORS & WINDOWS

8.02
8.03
8.04
8.05
8.06
8.08
8.09
8.10
8.11
8.12
8.13
8.14
8.15
8.16
8.17
8.18
8.19
8.20
8.21
8.22
8.23
8.24
8.26
8.28
8.30
8.31
8.35
8.36
8.37
8.38

Doors & Windows

Doors & Doorways

Door Operation

Hollow Metal Doors
Hollow Metal Doorframes
Wood Flush Doors

Wood Rail & Stile Doors
Wood Doorframes

Sliding Glass Doors
Folding & Pocket Sliding Doors
Overhead & Coiling Doors
Glass Entrance Doors
Storefronts

Revolving Doors

Door Hardware

Door Hinges

Door Locksets
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Weatherstripping & Thresholds
Window Elements
Window Operation

Metal Windows

Wood Windows

Glazing Systems
Insulating Glass

Glazed Curtain Walls
Double-Skin Facades
Skylights

Skylight Details
Sunspaces
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8.02 DOORS & WINDOWS
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Doors and doorways provide access from the outside into
the inferior of a building as well as passage between interior
spaces. Doorways should therefore be large enough to move
through easily and accommodate the moving of furnishings
and equipment. They should be located so that the patterns
of movement they creatie between and within spaces are
appropriate to the uses and activities housed by the spaces.

Exterior doors should provide weathertight seals when closed
and maintain the approximate thermal insulation value of the
exterior walls they penetrate. Interior doors should offer the
desired degree of visual and acoustical privacy. All doors should
be evaluated for their ease of operation, durability under the
anticipated frequency of use, security provisions, and the

light, ventilation, and view they may offer. Further, there may
be building code requirements for fire resistance, emergency
egress, and safety glazing that must be satisfied.

There are many types and sizes of windows, the choice of which
affects not only the physical appearance of a building, but also
the natural lighting, ventilation, view potential, and spatial
quality of the buildings interior spaces. As with exterior doors,
windows should provide a weathertight seal when closed.
Window frames should have low thermal conductivity or be
constructed to interrupt the flow of heat. Window glazing
should retard the transmission of heat and control solar
radiation and glare.

Because door and window units are normally factory-

builf, their manufacturers may have standard sizes and
corresponding rough-opening requirements for the various door
and window Types. The size and location of doors and windows
should be carefully planned so that adequate rough openings
with properly sized lintels can be built into the wall systems
that will receive them.

From an exterior point of view, doors and windows are
important compositional elements in the design of building
facades. The manner in which they punctuate or divide exterior
wall surfaces affects the massing, visual weight, scale, and
articulation of the building form.




(c) ketabton.com: The Digital Library

DOORS & DOORWAYS .03

Door Types

+ Hollow metal doors and
frames; see 8,05-0.07.

+ Wood doors and frames; see
8.06—-8.10.

Door Hardware

+ Door hardware includes
the metal fastenings and
fittings required for the
operation of a door, such as

hinges, locksets, and closers;

5 0.17-6.21.

Door Operation

+ 5ee6.04.
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L~ 52" (615) minimum
clear width for all doorways

- The detailing of a doorframe establishes

the appearance of a doorway. Depending

on the thickness of the wall construction,

a doorframe may be set within the rough

opening or overlap its edges.

Rough opening is the wall opening into

which a doorframe s fitted.

Head is the uppermost member of 2

doorframe.

Jamb refers to either of the two side

members of 2 doorframe.

Stop is the projecting part of a doorframe

against which a door closes.

Casing is the brim that finishes the

Joint between a doorframe and its rough

opening.

Threshold is the sill of a doorway, covering

the joint between two flooring materials

or providing weather protection at an
exterior door.

- ADAaccessibility guidelines require that
athreshold, if provided, be no higher than
12" (13) and beveled with a slope ot
steeper than 1:2.

* addle is a raised piece of flooring
between the jambs of 2 doorway, to which
adoor fits closely 50 as to prevers its
binding when opened.

Doorframes

/ Operating hardware should be easy
£0 grasp with one hand without tight

pinching or twisting of the wrist.

f 48" (1220) maximur height
/ above floor for hardware required for

accessible door passage.

— Thebottom 12" (505) of doors should

have a smooth uninterrupted surface
to allow the door o be opened by a

s s b gy Rl e s

—_c——— ' wheelchair footrest.
L _ wd0) H____\ 12" (308)

ADA Accessibility Guidelines for Doors

Minimum Maneuvering Clearances at Doorways
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$.04 DOOR OPERATION
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/ Swinging “Exterior and interior use

& / Bypass Sliding - Exterior and interior use
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/ e Surface Sliding - Exterior and interior use

L

Pocket Sliding « Interior use

Y .

Folding + Interior use

* Door normally turns on hinges about a side jamb when pushed

or pulled, but may also be pivoted from head jamb and threshold.

* Requires space around doorway for door swing;

check clearance required

* Most convenient operation for entry and passage
* Most effective door type for thermal and acoustic

insulation and for weather resistance; can be fire-rated

+ Doors slide on overhead track and along guides or

atrack on the floor.

* Requires no operating space but is difficult to seal

against weather and sound

+ Offers access only through 50% of doorway width
+ Used on exterior as sliding glass doors
+ Used ininteriors primarily for visual screening

+ Gimilar Yo a bypass sliding door but provides access

through full width of doorway

* Nooperating space required but s difficult to weatherproof
* Door is surface-hung on an exposed overhead track

- Door slides on an overhead track into and out of a

recess within the width of 2 wall.

* Doorway has a finished appearance when fully open.
- Often used where a normal door swing would interfere with

the use of a space

* Hinged door panels fold flat against one another when opened.
 Bifold doors divide into two parts, require little operating

