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DISCLAIMER

While the material presented in this document has been prepared in accordance with recog.
nized engineering principles and sound judgment, the document should not be used without
first securing competent advice regarding its suitability for any given application. The use of
this document is subject to approval by local code authorities. Neither the U.S. Department
of Housing and Urban Development of the U.S. Government, nor the Portland Cement
Association, nor the National Association of Home Builders, nor the NAHB Research Center,
Inc., nor their employees or representatives makes any warranty, guarantee, or representa-
tion, expressed or implied, with respect to the accuracy or completeness of information con-
tained in this document or its fitness for any particular purpose, or assumes any liability for
damages or injury resulting from the applications of such information. Users are directed to
perform all work in accordance with applicable building code requirements.

NOTICE

The contents of this report are the views of the contractor and do not necessarily reflect the
views or policies of the U.S. Department of Housing and Urban Development or the U.5. gov-
ernment. The U.S. government does not endorse products or manufacturers. Trade or manu-
facturer names appear herein solely because they are considered essential to the object of this

report.




Foreword

. In the past several years the U.S. Department of Housing and Urban Development (HUD)
has focused on a variety of innovative building materials and systems for use in residential
construction. HUD's efforts have addressed barriers to innovations and promoted educa-
tion of home builders, home buyers, code officials, and design professionals. Key issues
include building material or system limitations, advantages, availability, technical guide-
lines, and installed cost. Efforts on these issues have fostered the development, acceptance,
and implementation of innovative construction technologies by the home building industry.
Innovative design and construction approaches using wood, steel, and concrete materials
have thus far been addressed as viable alternatives to conventional residential construction

methods and materials.

Insulating Concrete Forms (ICFs) represent a category of building product that is receiving
greater attention among builders. ICFs are hollow blocks, planks, or panels that can be con-
structed of rigid foam plastic insulation, a composite of cement and foam insulation, a com-
posite of cement and wood chips, or other suitable insulation material that has the ability to
act as forms for cast-in-place concrete walls. The forms typically remain in place after the
concrete has cured, providing well-insulated construction. ICFs continue to gain popularity
because they are competitive with light-frame construction and offer a strong, durable, and
energy-efficient wall system for housing.

The first edition of the Prescriptive Method for Insulating Concrete Forms in Residential

. Construction represented the outcome of an initial effort to fulfill the need for prescriptive
construction requirements and to improve the overall affordability of homes constructed
with insulating concrete forms. The first edition also served as the source document for
building code provisions in the International Residential Code (IRC).

The second edition expands on the first edition by adding provisions for Seismic Design
Categories C and D (Seismic Zones 3 and 4). Wall construction requirements utilizing
Grade 60 reinforcing steel and concrete mixes with selected compressive strengths are
included. In addition, tables throughout the document have been simplified as a result of

additional evaluation and user input.

We believe that providing this type of information to the home building industry promotes
healthy competition, helps to define optimal use of our nation’s natural resources, and

enhances housing affordability.

Lawrence L. Thompson
General Deputy Assistant Secretary for
Policy Development and Research
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Executive Summary

EXECUTIVE SUMMARY

. The Prescriptive Method for Insulating Concrete Forms in Residential Construction was
developed as a guideline for the construction of one- and two-family residential dwellings
using insulating concrete form (ICF) systems. It provides a prescriptive method for the
design, construction, and inspection of homes that take advantage of ICF technology. This
document standardizes the minimum requirements for basic ICF systems and provides an
identification system for the different types of ICFs. It specifically includes minimum wall
thickness tables, reinforcement tables, lintel span tables, percentage of solid wall length,
and connection requirements. The requirements are supplemented with appropriate con-
struction details in an easy-to-read format. The provisions, including updated engineering
calculations, are consistent with the latest U.S. building codes, engineering standards, and

industry specifications.

This second edition includes improvements upon the previous edition in the following
areas:

* Improved lintel reinforcement and span tables.
¢ Expanded provisions covering high seismic hazard areas, specifically Seismic Design
Category D (Seismic Zones 3 and 4).
e Inclusion of conversions between fastest-mile wind speeds and newer 3-second gust
wind speeds.
¢ Expanded provisions recognizing 3,000 psi and 4,000 psi concrete compressive
. strengths and Grade 60 steel reinforcement.

¢ New connection details.
¢ New table formatting for above-grade walls and required solid wall length to resist

wind and seismic lateral loads.
This document is divided into two parts.

L. Prescriptive Method

The Prescriptive Method is a guideline to facilitate the use of ICF wall systems in the
construction of one- and two-family dwellings. The provisions in this document were
developed by applying accepted engineering practices and practical construction tech-
niques; however, users of the document should verify its compliance with local build-

ing code requirements.

II. Commentary

The Commentary facilitates the use of the Prescriptive Method by providing the neces-
sary background, supplemental information, and engineering data for the Prescriptive
Method. The individual sections, figures, and tables are presented in the same sequence
as in the Prescriptive Method.
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Executive Summary

Three appendices are also provided. Appendix A contains a design example illustrating the
proper application of the Prescriptive Method for a typical home. Appendix B contains the
engineering calculations used to generate the wall, lintel, percentage of solid wall length, .
and connection tables in the Prescriptive Method. Appendix C provides the conversion
relationship between U.S. customary units and the International System (SI) units. A com-
plete guide to the SI system and its use can be found in ASTM E 380 [1].
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Prescriptive Method Introduction

INTRODUCTION

.T he Prescriptive Method is a guideline to facilitate the use of ICF wall systems in the
construction of one- and two-family dwellings. By providing a prescriptive method for the construc-
tion of typical homes with ICF systems, the need for engineering can be eliminated in most applica-
tions. The provisions in this document were developed by applying accepted engineering practices
and practical construction techniques. The provisions in this document comply with the loading
requirements of the most recent U.S. model building codes at the time of publication. However, users
of this document should verify compliance of the provisions with local building code requirements.
The user is strongly encouraged to refer to Appendix A before applying the Prescriptive Method to a
specific house design.

This document is not a regulatory instrument, although it is written for that purpose. The user should
refer to applicable building code requirements when exceeding the limitations of this document,
when requirements conflict with the building code, or when an engineered design is specified. This
document is not intended to limit the appropriate use of concrete construction not specifically
prescribed. This document is also not intended to restrict the use of sound judgement or engineering
analysis of specific applications that may result in designs with improved performance and economy.

.’RESCR]F['IVE METHOD FOR INSULATING CONCRETE FORMS
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1.0 General Prescriptive Method

1.0 GENERAL

11 Purpose .

This document provides prescriptive requirements for the use of insulating concrete form systems in
the construction of residential structures. Included are definitions, limitations of applicability, below-
grade and above-grade wall design tables, lintel tables, various construction and thermal guidelines,
and other related information for home builders, building code officials, and design professionals.

1.2 Approach

The prescriptive requirements are based primarily on the Building Code Requirements for Structural
Concrete (ACI 318-99) [2] and the Structural Design of Insulating Concrete Form Walls in Residential
Construction [3] for member strength and reinforcement requirements. The requirements are also
based on Minimum Design Loads for Buildings and Other Structures (ASCE 7-98) [4], the
International Building Code [5], and the International Residential Code [6]. In addition, the require-
ments incorporate construction practices from the Guide to Residential Cast-in-Place Concrete
Construction [7]. The engineering calculations that form the basis for this document are discussed in
Appendix B, Engineering Technical Substantiation.

The provisions represent sound engineering and construction practice, taking into account the need
for practical and affordable construction techniques for residential buildings. This document is not
intended to restrict the use of sound judgment or exact engineering analysis of specific applications
that may result in improved designs.

1.3 Scope ‘

The provisions of the Prescriptive Method apply to the construction of detached one- and two-
family homes, townhouses, and other attached single-family dwellings in compliance with the
general limitations of Table 1.1. The limitations are intended to define the appropriate use of this
document for most one- and two-family dwellings. An engineered design shall be required for
houses built along the immediate, hurricane-prone coastline subjected to storm surge (i.e., beach front
property) or in near-fault seismic hazard conditions (i.e., Seismic Design Category E). Intermixing of
ICF systems with other construction materials in a single structure shall be in accordance with the
applicable building code requirements for that material, the general limitations set forth in Table 1.1,
and relevant provisions of this document. An engineered design shall be required for applications that
do not meet the limitations of Table 1.1.

The provisions of the Prescriptive Method shall not apply to irregular structures or portions of struc-
tures in Seismic Design Categories C, D1, and D2. Only such irregular portions of structures shall be
designed in accordance with accepted engineering practice to the extent such irregular features affect
the performance of the structure. A portion of the building shall be considered to be irregular when

one or more of the following conditions occur:

¢ When exterior shear wall lines are not in one plane vertically from the foundation to the uppermost

story in which they are required.
o When a section of floor or roof is not laterally supported by shear walls on all edges.
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Prescriptive Method 1.0 General

* When an opening in the floor or roof exceeds the lesser of 12 ft (3.7 m) or 50 percent of the least
floor dimension.
. * When portions of a floor level are vertically offset.
* When shear walls (i.e., exterior ICF walls) do not occur in two perpendicular directions.
* When shear walls are constructed of dissimilar systems on any one-story level.

For townhouses in Seismic Design Category C and all buildings in Seismic Design Category D, the
provisions of this section shall only apply to buildings meeting the following requirements.

1. Rectangular buildings with a maximum building aspect ratio of 2:1. The building aspect ratio
shall be determined by dividing the longest dimension of the building by the shortest dimension
of the building.

Walls are aligned vertically with the walls below.

Cantilever and setback construction shall not be permitted.

The weight of interior and exterior finishes applied to ICF walls shall not exceed 8 psf (0.38 kIN/m2).
The gable portion of ICF walls shall be constructed of light-frame construction.

S

14 ICF System Limitations

There are three categories of ICF systems based on the resulting shape of the formed concrete wall.
The shape of the concrete wall may be better understood by visualizing the form stripped away from
the concrete, thereby exposing it to view as shown in Figure 1.1. The three categories of ICF wall types
covered in this document are (1) flat, (2) waffle-grid, and (3) screen-grid.

The provisions of this document shall be used for concrete walls constructed with flat,
waffle-grid, or screen-grid ICF systems as shown in Figure 1.1, defined in Section 1.5, and in accor-
dance with the limitations of Section 2.0. Other systems, such as post-and-beam, shall be permitted
with an approved design and in accordance with the manufacturer’s recommendations.
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1.0 General
TABLE 1.1
APPLICABILITY LIMITS
ATTRIBUTE MAXIMUM LIMITATION
General

Number of Stories

Design Wind Speed

2 stories abave grade plus a basement

150 mph (241 km /hr) 3-second gust (130 mph (209 km/hr)

fastest-mile)

Roof Clear Span (unsupported)

Ground Snow Load 70 psf (3.4 kPa)
Seismic Design Category A,B,C, D1, and D2 (Seismic Zones 0, 1, 2, 3, and 4)
Foundations
Unbalanced Backfill Height 9 feet (2.7 m)
Equivalent Fluid Density of Soil 60 pcf (960 kg/m3)
Presumptive Soil Bearing Value 2,000 psf {96 kPa)
Walls
Unit Weight of Concrete 150 pef (23.6 KN/m3)
Wall Height (unsupported) 10 feet (3 m)
Floors
Floor Dead Load 15 psf (0.72 kPa)
First-Floor Live Load 40 psf (1.9 kPa)
Second-Floor Live Load (sleeping rooms) | 30 psf (1.4 kPa)
Floor Clear Span (unsupported) 32 feet (9.8 m)
Roofs
Maximum Roof Slope 12:12
Roof and Ceiling Dead Load 15 psf (0.72 kPa)
Roof Live Load (ground snow load) 70 psf (3.4 kI’a)
Attic Live Load 20 psf (0.96 kPa)

40 feet (12 m)

For SI: 1 foot = 0.3048 m; 1 psf = 47.8804 Pa; 1 pcf = 157.0877 N/m3 = 16.0179 kg/m3; 1 mph = 1.6093 km /hr

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS‘
IN RESIDENTIAL CONSTRUCTION, Second Edition

I4



Prescriptive Method

1.0 General
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1.0 General Prescriptive Method

1.5 Definitions

Accepted Engineering Practice: An engineering approach that conforms with accepted principles‘
tests, technical standards, and sound judgment.

Anchor Bolt: A J-bolt or L-bolt, headed or threaded, used to connect a structural member of different
material to a concrete member.

Approved: Acceptable to the building official or other authority having jurisdiction. A rational design
by a competent design professional shall constitute grounds for approval.

Attic: The enclosed space between the ceiling joists of the top-most floor and the roof rafters of
a building, not intended for occupancy but sometimes used for storage.

Authority Having Jurisdiction: The organization, political subdivision, office, or individual charged
with the responsibility of administering and enforcing the provisions of applicable building codes.

Backfill: The soil that is placed adjacent to completed portions of a below-grade structure (i.e,
basement)} with suitable compaction and allowance for settlement.

Basement: That portion of a building that is partly or completely below grade and which may be used
as habitable space.

Bond Beam: A continuous horizontal concrete element with steel reinforcement located in the exteri-
or walls of a structure to tie the structure together and distribute loads.

Buck: A frame constructed of wood, plastic, vinyl, or other suitable material set in a concrete wal]‘
opening that provides a suitable surface for fastening a window or door frame.

Building: Any one- or two-family dwelling or portion thereof that is used for human habitation.

Building Length: The dimension of a building that is perpendicular to roof rafters, roof trusses,
or floor joists (L).

Building Width: The dimension of a building that is parallel to roof rafters, roof trusses, or floor joists
(W).

Construction joint: A joint or discontinuity resulting from concrete cast against concrete that has
already set or cured.

Compressive Strength: The ability of concrete to resist a compressive load, usually measured in
pounds per square inch (psi) or Mega Pascals (MPa). The compressive strength is based on compres-
sion tests of concrete cylinders that are moist-cured for 28 days in accordance with ASTM C 31 [8] and

ASTM C 39 [9].

Crawlspace: A type of building foundation that uses a perimeter foundation wall to create an under
floor space which is not habitable.
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Prescriptive Method 1.0 General

Dead Load: Forces resulting from the weight of walls, partitions, framing, floors, ceilings, roofs, and
all other permanent construction entering into, and becoming part of, a building.

.Deﬂection: Elastic movement of a loaded structural member or assembly (i.e., beam or wall).

Design Professional: An individual who is registered or licensed to practice their respective design
profession as defined by the statutory requirements of the professional registration laws of the state
or jurisdiction in which the project is to be constructed.

Design (or Basic) Wind Speed: Related to winds that are expected to be exceeded once every 50 years
at a given site (i.e., 50-year return period). Wind speeds in this document are given in units of miles
per hour (mph) by 3-second gust measurements in accordance with ASCE 7 [4].

Dwelling: Any building that contains one or two dwelling units.

Eccentric Load: A force imposed on a structural member at some point other than its center-line, such
as the forces transmitted from the floor joists to wall through a ledger board connection.

Enclosure Classifications: Used for the purpose of determining internal wind pressure. Buildings are
classified as partially enclosed or enclosed as defined in ASCE 7 [4].

Equivalent Fluid Density: The mass of a soil per unit volume treated as a fluid mass for the purpose
of determining lateral design loads produced by the soil on an adjacent structure such as a basement
wall. Refer to the Commentary for suggestions on relating equivalent fluid density to soil type.

Exposure Categories: Reflects the effect of the ground surface roughness on wind loads in accordance
.vith ASCE 7 [4]. Exposure Category B includes urban and suburban areas, or other terrain with
numerous closely spaced obstructions having the size of single-family dwellings or larger. Exposure
Category C includes open terrain with scattered obstructions having heights generally less than 30 ft
(9.1 m) and shorelines in hurricane-prone regions. Exposure D includes open exposure to large bod-

ies of water in non-hurricane-prone regions.

Flame-Spread Rating: The combustibility of a material that contributes to fire impact through flame
spread over its surface; refer to ASTM E 84 [10].

Flat Wall: A solid concrete wall of uniform thickness produced by ICFs or other forming systems;
refer to Figure 1.1.

Floor Joist: A horizontal structural framing member that supports floor loads.
Footing: A below-grade foundation component that transmits loads directly to the underlying earth.

Form Tie: The element of an ICF system that holds both sides of the form together. Form ties can be
steel, solid plastic, foam plastic, a composite of cement and wood chips, a composite of cement and
foam plastic, or other suitable material capable of resisting the loads created by wet concrete. Form
ties remain permanently embedded in the concrete wall.

Foundation: The structural elements through which the load of a structure is transmitted directly to
the earth.

‘EESCRIPT TVE METHOD FOR INSULATING CONCRETE FORMS
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1.0 General Prescriptive Method

Foundation Wall: The structural element of a foundation that resists lateral earth pressure, if any, and
transmits the load of a structure to the earth; includes basement, stem, and crawlspace walls.

Grade Plane: A reference plane representing the average of the finished ground level adjoining the
building at all exterior walls.

Grade: The finished ground level adjoining the building at all exterior walls.

Ground Snow Load: Measured load on the ground due to snow accumulation developed from a
statistical analysis of weather records expected to be exceeded once every 50 years at a given site.

Horizontal Reinforcement: Steel reinforcement placed horizontally in concrete walls to provide resist-
ance to temperature and shrinkage cracking. Horizontal reinforcement is required for additional
strength around openings and in high loading conditions such as experienced in hurricanes and

earthquakes.

Insulating Concrete Forms (ICFs): A concrete forming system using stay-in-place forms of foam plas-
tic insulation, a composite of cement and foam insulation, a composite of cement and wood chips, or
other insulating material for constructing cast-in-place concrete walls. Some systems are designed to
have one or both faces of the form removed after construction.

Interpolation: A mathematical process used to compute an intermediate value of a quantity between
two given values, assuming a linear relationship.

Lap Splice: Formed by extending reinforcement bars past each other a specified distance to permit
the force in one bar to be transferred by bond stress through the concrete and into the second bar.
Permitted when the length of one continuous reinforcement bar is not practical for placement.

Lateral Load: A horizontal force, created by earth, wind, or earthquake, acting on a structure or its
components.

Lateral Support: A horizontal member providing stability to a column or wall across its smallest
dimension. Walls designed in accordance with Section 5.0 provide lateral stability to the whole build-
ing when experiencing wind or earthquake events.

Ledger: A horizontal structural member fastened to a wall to serve as a connection point for other
structural members, typically floor joists.

Lintel: A horizontal structural element of reinforced concrete located above an opening in a wall to
support the construction above.

Live Load: Any gravity vertical load that is not permanently applied to a structure; typically transient
and sustained gravity forces resulting from the weight of people and furnishings, respectively.

Load-Bearing Value of Soil: The allowable load per surface area of soil. It is usually expressed in
pounds per square foot (psf) or Pascals (Pa).
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Post-and-Beam Wall: A perforated concrete wall with widely spaced (greater than that required for
screen-grid walls) vertical and horizontal concrete members (cores) with voids in the concrete
etween the cores created by the ICF form. The post-and-beam wall resembles a concrete frame rather
an a monolithic concrete (i.e., flat, waffle-grid, or screen-grid) wall and requires a different engi-
neering analysis per ACI 318 [2]; therefore, it is not addressed in this edition of the Prescriptive

Method.

Presumptive: Formation of a judgment on probable grounds until further evidence is received.

R-Value: Coefficient of thermal resistance. A standard measure of the resistance that a material offers
to the flow of heat; it is expressed as .

Roof Snow Load: Uniform load on the roof due to snow accumulation; typically 70 % to 80 % of the
ground snow load in accordance with ASCE 7 [4].

Screen-Grid Wall: A perforated concrete wall with closely spaced vertical and horizontal concrete
members (cores) with voids in the concrete between the members created by the ICF form; refer to
Figure 1.1. It is also called an interrupted-grid wall or post-and-beam wall in other publications.

Seismic Load: The force exerted on a building structure resulting from seismic {(earthquake) ground
motions.

Seismic Design Categories: Designated seismic hazard levels associated with a particular level or
range of seismic risk and associated seismic design parameters (i.e., spectral response acceleration and
building importance). Seismic Design Categories A, B, C, D1, and D2 (Seismic Zones 0, 1, 2, 3, and 4)
correspond to successively greater seismic design loads; refer to the IBC [5] and IRC [6].

Qill Plate: A horizontal member constructed of wood, vinyl, plastic, or other suitable material that is
fastened to the top of a concrete wall, providing a suitable surface for fastening structural members

constructed of different materials to the concrete wall.
Slab-on-Grade: A concrete floor, which is supported by, or rests on, the soil directly below.

Slump: A measure of consistency of freshly mixed concrete equal to the amount that a cone of
uncured concrete sags below the mold height after the cone-shaped mold is removed in accordance

with ASTM C 143 [11].

Smoke-Development Rating: The combustibility of a material that contributes to fire impact through
life hazard and property damage by producing smoke and toxic gases; refer to ASTM E 84 [10].

Span: The clear horizontal or vertical distance between supports.

Stem Wall: A below-grade foundation wall of uniform thickness supported directly by the soil or on
a footing. Wall thickness and height are determined as that which can adequately distribute the build-
ing loads safely to the earth and resist any lateral load.

Stirrup: Steel bars, wires, or welded wire fabric generally located perpendicular to horizontal
reinforcement and extending across the depth of the member in concrete beams, lintels, or similar
mermnbers subject to shear loads in excess of those permitted to be carried by the concrete alone.
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1.0 General Prescriptive Method

Story: That portion of the building included between the upper surface of any floor and the upper
surface of the floor next above, except that the top-most story shall be that habitable portion of a build-
ing included between the upper surface of the top-most floor and the ceiling or roof above. .

Story Above-Grade: Any story with its finished floor surface entirely above grade except that a
basement shall be considered as a story above-grade when the finished surface of the floor above the
basement is (a) more than 6 feet (1.8 m) above the grade plane, (b) more than 6 feet (1.8 m) above the
finished ground level for more than 50 % of the total building perimeter, or (c) more than 12 feet
(3.7 m) above the finished ground level at any point.

Structural Fill: An approved, non-cohesive material such as crushed rock or gravel.

Townhouse: Single-family dwelling unit constructed in a row of attached units separated by fire walls
at property lines and with open space on at least two sides.

Unbalanced Backfill Height: Typically the difference between the interior and exterior finish ground
level. Where an interior concrete slab is provided, the unbalanced backfill height is the difference
in height between the exterior ground level and the interior floor or slab surface of a basement or

crawlspace.

Unsupported Wall Height: The maximum clear vertical distance between the ground level or finished
floor and the finished ceiling or sill plate.

Vapor Retarder: A layer of material used to retard the transmission of water vapor through a
building wall or floor.

Vertical Reinforcement: Steel reinforcement placed vertically in concrete walls to strengthen the wa’
against lateral forces and eccentric loads. In certain circumstances, vertical reinforcement is require

for additional strength around openings.

Waffle-Grid Wall: A solid concrete wall with closely spaced vertical and horizontal concrete
members (cores) with a concrete web between the members created by the ICF form; refer to Figure
11. The thicker vertical and horizontal concrete cores and the thinner concrete webs create the
appearance of a breakfast waffle. 1t is also called an uninterrupted-grid wall in other publications.

Web: A concrete wall segment, a minimum of 2 inches (51 mm) thick, connecting the vertical and
horizontal concrete members (cores) of a waffle-grid 1CF wall or lintel member. Webs may contain
form ties but are not reinforced (i.e., vertical or horizontal reinforcement or stirrups). Refer to

Figure 1.1.

Wind Load: The force or pressure exerted on a building structure and its components resulting from
wind. Wind loads are typically measured in pounds per square foot (psf) or Pascals (Pa).

Yield Strength: The ability of steel to withstand a tensile load, usually measured in pounds per square
inch (psi) or Mega Pascals (MPa). It is the highest tensile load that a material can resist before
permanent deformation occurs as measured by a tensile test in accordance with ASTM A 370 [12].
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Prescriptive Method 2.0 Materials, Shapes, and Standard Sizes

2.0 MATERIALS, SHAPES, AND STANDARD SIZES

.1 Physical Dimensions

Concrete walls constructed with ICF systems in accordance with this document shall comply with the
shapes and minimum concrete cross-sectional dimensions required in this section. ICF systems result-
ing in concrete walls not in compliance with this section shall be used in accordance with the manu-

facturer’s recommendations and as approved.

2.1.1 Flat ICF Wall Systems

Flat ICF wall systems shall comply with Figure 2.1 and shall have a minimum concrete thickness of
5.5 inches (140 mm} for basement walls and 3.5 inches (89 mm) for above-grade walls.

2.1.2 Waffle-Grid ICF Wall Systems

Waffle-grid ICF wall systems shall have a minimum nominal concrete thickness of 6 inches (152 mm)
for the horizontal and vertical concrete members (cores). The actual dimension of the cores and web
shall comply with the dimensional requirements of Table 2.1 and Figure 2.2.

213 Screen-Grid ICF Wall System

Screen-grid ICF wall systems shall have a minimum nominal concrete thickness of 6 inches (152 mm)
for the horizontal and vertical concrete members (cores). The actual dimensions of the cores shall
comply with the dimensional requirements of Table 2.1 and Figure 2.3.

2.2 Concrete Materials

2.21 Concrete Mix

Ready-mixed concrete for ICF walls shall meet the requirements of ASTM C 94 [13]. Maximum slump
shall not be greater than 6 inches (152 mm) as determined in accordance with ASTM C 143 [11].
Maximum aggregate size shall not be larger than 3/4 inch (19 mm).

Exception: Maximum slump requirements may be exceeded for approved concrete mixtures
resistant to segregation, meeting the concrete compressive strength requirements,
and in accordance with the ICF manufacturer’s recommendations.

2.2.2 Compressive Strength

The minimum specified compressive strength of concrete, fc’, shall be 2,500 psi (17.2 MPa) at 28 days
as determined in accordance with ASTM C 31 [8] and ASTM C 39 [9]. For Seismic Design Categories
D1 and D2, the minimum compressive strength of concrete, fc’, shall be 3,000 psi.
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2.0 Materials, Shapes, and Standard Sizes Prescriptive Method

2.2.3 Reinforcing Steel

Reinforcing steel used in ICFs shall meet the requirements of ASTM A 615 [14], ASTM A 996 [15], (.
ASTM A 706 [16]. In Seismic Design Categories D1 and D2, reinforcing steel shall meet the require-
ments of ASTM A706 [16] for low-alloy steel. The minimum yield strength of the reinforcing steel shall
be 40,000 psi (Grade 40) (300 MPa) except in Seismic Design Categories D1 and D2, where reinforcing
steel shall have minimum yield strength of 60,000 psi (Grade 60) (414 MPa). Reinforcement shall be
secured in the proper location in the forms with tie wire or other bar support system such that dis-
placement will not occur during the concrete placement operation. Steel reinforcement shall have a
minimum 3/4-inch (19-mm) concrete cover. Horizontal and vertical wall reinforcement shall not vary
outside of the middle third of columns, horizontal and vertical cores, and flat walls for all wall sizes.
Vertical and horizontal bars in basement walls shall be permitted to be placed no closer than 3/4-inch
(19-mm) from the inside face of the wall.

Vertical and horizontal wall reinforcement required in Sections 3.0, 4.0, and 5.0 shall be the longest
lengths practical. Where joints occur in vertical and horizontal wall reinforcement, a lap splice shall
be provided in accordance with Figure 2.4. Lap splices shall be a minimum of 404, in length, where 4,
is the diameter of the smaller bar. The maximum gap between noncontact parallel bars at a lap splice
shall not exceed 8d,, where d, is the diameter of the smaller bar.

2.3 Form Materials

Insulating concrete forms shall be constructed of rigid foam plastic meeting the requirements of
ASTM C 578 [17], a composite of cement and foam insulation, a composite of cement and wood chips,
or other approved material. Forms shall provide sufficient strength to contain concrete during the
concrete placement operation. Flame-spread rating of ICF forms that remain in place shall be less tha

TABLE 2.1
REQUIREMENTS FOR ICF WALLS™

WALL TYPE MAXIMUM | MINIMUM MINIMUM MAXIMUM MAXIMUM MINIMUM

and NOMINAL | WALL WIDTH OF THICKNESS | SPACING OF SPACING OF WEB

SIZE WEIGHT’ VERTICAL VERTICAL OF VERTICAL | HORIZONTAL THICKNESS
CORE CORE CORES CORES inches {mm)
inches (mm) inches {(mm} inches (mm) inches (mm)

3.5" Flat 44 N/A N/A N/A N/A N/A

55" Flat 69 N/A N/A N/A N/A N/A

7.5” Flat 94 N/A N/A N/A N/A N/A

9.5” Flat 119 N/A N/A N/A N/A N/A

6" WaffleGrid | 56 6.25 (159) 5(127) 12 (305) 16 (406) 2(51)

8" Waffle-Grid | 76 7 (178) 7(178) 12 (305) 16 (406) 2(51)

6” Screen-Grid | 53 5.5 (140} 5.5 (140) 12 (305) 12 (305) N/A

For SI: 1inch =254 mm

! For width “W", thickness "T", spacing, and web thickness, refer to Figures 2.2 and 2.3.

? N/A indicates not applicable

? Wall weight is based on a unit weight of concrete of 150 pef (23.6kN/m). The tabulated values do not include any allowance
for interior and exterior finishes.
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3
| I — Y

Plan View

Figure 2.3 Screen-Grid ICF Wall System Requirements

Concrete

Reinforcement os Required

Maximum Bdb

—— Reinforcement os Required

Lap Splice

Figure 2.4 Lap Splice Requirements
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Prescriptive Method 3.0 Foundations

3.0 FOUNDATIONS

..1 Footings

All exterior ICF walls shall be supported on continuous concrete footings or other approved systems
of sufficient design to safely transmit the loads imposed directly to the soil. Except when erected on
solid rock or otherwise protected from frost, the footings shall extend below the frost line as specified
in the local building code. Footings shall be permitted to be located at a depth above the frost line
when protected from frost in accordance with the Design and Construction of Frost-Protected Shallow
Foundations [18]. Minimum sizes for concrete footings shall be as set forth in Table 3.1. In no case shall
exterior footings be less than 12 inches (305 mm) below grade. Footings shall be supported on
undisturbed natural soil or approved structural fill. Footings shall be stepped where it is necessary to
change the elevation of the top surface of the footings. Foundations erected on soils with a bearing
value of less than 2,000 psf (96 kPa) shall be designed in accordance with accepted engineering

practice.
3.2  ICF Foundation Wall Requirements

The minimum wall thickness shall be greater than or equal to the wall thickness of the wall story
above. A minimum of one No. 4 bar shall extend across all construction joints at a spacing not to
exceed 24 inches (610 mm) on center. Construction joint reinforcement shall have a minimum of 12
inches (305 mm) embedment on both sides of all construction joints.

Exception: Vertical wall reinforcement required in accordance with this section is permitted
to be used in lieu of construction joint reinforcement.

Vertical wall reinforcement required in this section and interrupted by wall openings shall be placed
such that one vertical bar is located within 6 inches (152 mm) of each side of the opening. A minimum
of one No. 4 vertical reinforcing bar shall be placed in each interior and exterior corner of exterior
ICF walls. Horizontal wall reinforcement shall be required in the form of one No. 4 rebar within
12 inches (305 mm) from the top of the wall, one No. 4 rebar within 12 inches (305 mm) from the
finish floor, and one No. 4 rebar near one-third points throughout the remainder of the wall.

3.2.1 ICF Walls with Slab-on-Grade

ICF stem walls and monolithic slabs-on-grade shall be constructed in accordance with Figure 3.1.
Vertical and horizontal wall reinforcement shall be in accordance with Section 4.0 for the above- and

below-grade portions of stem walls.

3.22 ICF Crawlspace Walls

ICF crawlspace walls shall be constructed in accordance with Figure 3.2 and shall be laterally
supported at the top and bottom of the wall in accordance with Section 6.0. A minimum of one
continuous horizontal No. 4 bar shall be placed within 12 inches (305 mm) of the top of the crawlspace
wall. Vertical wall reinforcement shall be the greater of that required in Table 3.2 or, if supporting an
ICF wall, that required in Section 4.0 for the wall above.
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3.0 Foundations Prescriptive Method

3.23 ICF Basement Walls

ICF basement walls shall be constructed in accordance with Figure 3.3 and shall be laterall

supported at the top and bottom of the wall in accordance with Section 6.0. Horizontal wa

reinforcement shall be provided in accordance with Table 3.3. Vertical wall reinforcement shall be
provided in accordance with Tables 3.4 through 3.9.

3.2.4 Requirements for Seismic Design Categories C, D1, and D2

Concrete foundation walls supporting above-grade ICF walls in Seismic Design Category C shall be
reinforced with minimum No. 5 rebar at 24 inches (610 mm) on center (both ways) or a lesser spacing
if required by Tables 3.2 through 3.9.

Concrete foundation walls supporting above-grade ICF walls in Seismic Design Categories D1 and D2
shall be reinforced with minimum No. 5 rebar at a maximum spacing of 18 inches (457 mm) on
center (both ways) or a lesser spacing if required by Tables 3.2 through 3.9, and the minimum concrete
compressive strength shall be 3,000 psi (20.5 MPa). Vertical reinforcement shall be continuous with
ICF above-grade wall vertical reinforcement. Alternatively, the reinforcement shall extend a minimum
of 40d, into the ICF above-grade wall, creating a lap-splice with the above-grade wall reinforcement
or extend 24 inches (610 mm) terminating with a minimum 90° bend of 6 inches in length.

3.3 ICF Foundation Wall Coverings

3.3.1 Interior Covering

Rigid foam plastic on the interior of habitable spaces shall be covered with a minimum of 1/ 2-inc‘
(13-mm) gypsum board or an approved finish material that provides a thermal barrier to limit the
average temperature rise of the unexposed surface to no more than 250 degrees F (121 degrees C) after
15 minutes of fire exposure in accordance with ASTM E 119 [19].

The use of vapor retarders shall be in accordance with the authority having jurisdiction.

3.3.2 Exterior Covering

ICFs constructed of rigid foam plastics shall be protected from sunlight and physical damage by the
application of an approved exterior covering. All ICFs shall be covered with approved materials
installed to provide an adequate barrier against the weather. The use of vapor retarders and air
barriers shall be in accordance with the authority having jurisdiction.

ICF foundation walls enclosing habitable or storage space shall be dampproofed from the top of the
footing to the finished grade. In areas where a high water table or other severe soil-water conditions
are known to exist, exterior ICF foundation walls enclosing habitable or storage space shall be
waterproofed with a membrane extending from the top of the footing to the finished grade.
Dampproofing and waterproofing materials for ICF forms shall be non-petroleum-based and
compatible with the form. Dampproofing and waterproofing materials for forms other than foam
insulation shall be compatible with the form material and shall be applied in accordance with the

manufacturer’s recommendations.
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3.0 Foundations

34 Termite Protection Requirements

‘tructures consisting of materials subject to termite attack (i.e., untreated wood) shall be protected

a

gainst termite infestation in accordance with the local building code. When materials susceptible to
termite attack are placed on or above ICF construction, the ICF foundation walls in areas subject to

termite infestation shall be protected by approved chemical soil treatment, physical barriers (i.e.,
termite shields), borate-treated form material, or any combination of these methods in accordance

with the local building code and acceptable practice.

TABLE 3.1
MINIMUM WIDTH OF ICF AND CONCRETE
FOOTINGS FOR ICF WALLS'? (inches)

MINIMUM LOAD-BEARING VALUE OF SOIL (psf)

MAXIMUM
NUMBER OF
STORIES® 2,000 2,500 3,000 3,500 4,000
5.5-Inch Flat, 6-Inch Waffle-Grid, or 6-Inch Screen-Grid ICF Wall Thickness®
One Story® 15 12 10 9 8
Two Story® 20 16 13 12 10
7.5-Inch Flat or 8-Inch Waffle-Grid, or 8-Inch Screen-Grid 1CF Wall Thickness®
One Story” 18 14 12 10 8
Two Story’” 24 19 16 14 12
’ 9.5-Inch Flat ICF Wall Thickness®
One Story 20 16 13 11 10
Two Story 27 22 18 15 14

For SI:

1

.RESCRII’T]VE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition

1 foot = 0.3048 m; 1inch = 25.4 mm; 1 psf = 47.8804 Pa

Minimum footing thickness shall be the greater of one-third of the footing width, 6 inches (152 mm), or 11 inches (279 mm)
when a dowel is required in accordance with Section 6.0.
Footings shall have a width that allows for a nominal 2-inch (51-mm) projection from either face of the concrete in the wall

to the edge of the footing.
Table values are based on 32 ft (9.8 m) building width (floor and roof clear span).

Basement walls shall not be considered as a story in determining footing widths.
Actual thickness is shown for flat walls while nominal thickness is given for waffle-gridand screen-grid walls. Refer to

Section 2.0 for actual waffle-gridand screen-grid thickness and dimensions.
Applicable also for 7.5-inch {191-mm)} thick or 9.5-inch (241-mm) thick flat ICF foundation wall supporting 3.5-inch

(88.9-mm) thick flat ICF stories.
Applicable also for 9.5-inch (241-mm) thick flat ICF foundation wall story supporting 5.5-inch (140-mm) thick flat ICF

stories.
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Prescriptive Method

TABLE 3.2
MINIMUM VERTICAL WALL REINFORCEMENT FOR
ICF CRAWLSPACE WALLS #34%¢ .
MINIMUM VERTICAL REINFORCEMENT
SHAPE OF WALL MAXIMUM MAXIMUM MAXIMUM
CONCRETE THICKNESS’ EQUIVALENT EQUIVALENT EQUIVALENT
WALLS (inches) FLUID FLUID FLUID
DENSITY DENSITY DENSITY
30 pcf 45 pef 60 pcf
Flat 358 #3@le” #3@18"; #3@12";
#4@32"# 4@28"; #5@38" #4@22"; #5@28"
5.5 #3@24" #3@24" #3@24"
#4@48" #4@48" #4@48"
7.5 N/R N/R N/R
Waffle-Grid 6 #3@24" #3@24" #3@12";
#4@48" #4@4g8" #4@24"; #5@36"
N/R N/R N/R
Screen-Grid #3@24" #3@24" #3@12"%
#4@48" #4@48" #4@24"; #5@36"

ForSL 1 foot=0.3048m; 1inch=254mm; 1 pcf=16.0179 kg/m*

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

L

N/R indicates no vertical wall reinforcement is required.
Spacing of rebar shall be permitted to be multiplied by 1.5 when reinforcing steel with a minimum yield strength of 60,000

psi (414 MPa) is used. Reinforcement, when required, shall not be less than one #4 bar at 48 inches (1.2 m) on center.

'S

(1.2 m).

~3 o o

Applicable only to crawlspace walls 5 feet (1.5 m) or less in height with a maximum unbalanced backfill height of 4 feet

Interpolation shall not be permitted.
Walls shall be laterally supported at the top before backfilling.
Actual thickness is shown for flat walls while nominal thickness is given for waffle-gridand screen-grid walls. Refer to

Section 2.0 for actual waffle-gridand screen-grid thickness and dimensions.
¥ Applicable only to one-story construction with floor bearing on top of crawlspace wall.
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TABLE 3.3
MINIMUM HORIZONTAL WALL REINFORCEMENT FOR
® ICF BASEMENT WALLS
MAXIMUM HEIGHT OF
BASEMENT WALL LOCATION OF HORIZONTAL REINFORCEMENT
FEET (METERS)
8(2.4) One No. 4 bar within 12 inches (305 mm) of the top of the wall story and one No. 4
bar near mid-height of the wall story
9(27) One No. 4 bar within 12 inches (305 mm) of the top of the wall story and one No. 4
bar near third points in the wall story
10 (3.0) One No. 4 bar within 12 inches (305 mm) of the top of the wall story and one No. 4
bar near third points in the wall story

ForSI: 1foot=0.3048 m; 1inch=254mm; 1 pcf=16.0179 kg/m’

! Horizontal reinforcement requirements are for reinforcing bars with a minimum yield strength from 40,000 psi (276 MPa)
and corncrete with a minimum concrete compressive strength 2,500 psi (17.2 MPa). ‘
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3.0 Foundations
TABLE 3.4
MINIMUM VERTICAL WALL REINFORCEMENT FOR
5.5-inch- (140-mm-) THICK FLAT ICF BASEMENT WALLS 12345
MAX. WALL MAXIMUM MINIMUM VERTICAL REINFORCEMENT
HEIGHT UNBALANCED MAXIMUM MAXIMUM MAXIMUM
(feet) BACKFILL EQUIVALENT EQUIVALENT EQUIVALENT
HEIGHT® FLUID FLUID FLUID
(feet) DENSITY DENSITY DENSITY
30 pcf 45 pcf 60 pcf
4 #4@48" #4@48" #4@48"
5 #4@48" #3@12"; #4@22"; #3@8"; #4@14";
#5@32"; #6@40" #5@20"; #6826"
8 6 #3@12"; #4@22"; #3@8"; #4@14"; #3@6"; #4@10";
#5@30"; #6@40" #5@20"; #6@24" #5@14"; #6820
7 #3@8"; #4@14"; #3@5"; #4@10"; #3@4"; #4@6";
#5@22"; #6@26" #5@14"; #6@18" #5@10"; #6@14"
4 #4@48" #4@48" #4@48"
5 #4@48" #3@12"; #4@207; #3@8"; #4@14";
#5@28"; #6@36" #5@207; #6@22"
9 6 #3@10"; #4@20"; #3@6"; #4@12"; #4@8";
#5@28"; #6@34" #5@18"; #6@20" #5@14"; #6@16"
7 #3@8"; #4@14"; #4@8"; #4@6";
#5@20"; #6@22" #5@12"; #6@16" #5@10"; #6@12"
8 #3@6"; #4@10"; #4@6"; #4@4";
#5@14"; #6@16" #5@10"; #6@12" #5@6"; #6@8"
4 #1@48" #4@48" #4@48"
5 #4@48" #3@10"; #4@18"; #3@6"; #4@14";
#5@26"; #6@30" #5@18"; #6@20"
6 #3@10"; #4@18"; #3@6"; #4@12"; #3@4"; 14@8";
#5@24"; #6@30" #5@16"; #6@18" #5@12"; #6@14”
10 7 #3I@6"; #A@12"; #3@4"; #4@8"; #4@6";
#5@16"; #6@18" #5@12" #5@8"; #6@10"
8 #3@4"; #4@8"; #4@6"; #a@4";
#5@12"; #6@14" H5@B"; #6@12" #5@6"; #6@8"
9 #3@4"; #4@6"; #4@4";
#5@10"; #6@12" #5@6"; #6@8" #5@4"; #6@6"

ForSL: 1foot=03048m; 1inch=254mm; 1 pcf=16.017% kg/m’

1 Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a

minimum specified compressive strength of 2,500 psi (17.2 MPa).

2 Spacing of rebar shall be permitted to be multiplied by 1.5 when reinforcing steel with a minimum yield strength of
60,000 psi (414 MPa) is used. Reinforcement shall not be less than one #4 bar at 48 inches (1.2 m} on center.
3 Deflection criterion is L/240, where L is the height of the basement wall in inches.

4 Interpolation shall not be permitted.
5 Walls shall be laterally supported at the top before backfilling.
6 Refer to Section 1.0 for the definition of unbalanced backfill height.
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TABLE 3.5

MINIMUM VERTICAL WALL REINFORCEMENT FOR

7.5-inch- (191-mm-) THICK FLAT ICF BASEMENT WALLS 123454

MAX. WALL MAXIMUM MINIMUM VERTICAL REINFORCEMENT
HEIGHT UNBALANCED MAXIMUM MAXIMUM MAXIMUM
{feet) BACKFILL HEIGHT’ | EQUIVALENT FLUID EQUIVALENT FLUID EQUIVALENT FLUID
(feet) DENSITY DENSITY DENSITY
30 pef 45 pef 60 pcf
4 N/R N/R N/R
5 N/R N/R N/R
8 6 N/R N/R N/R
7 N/R #4@14"; #4@10";
#5@20"; #6@28" #5@16"; #6@20"
4 N/R N/R N/R
5 N/R N/R N/R
9 6 N/R N/R #4@14";
#5@20"; #6@28"
7 N/R #4@12"; #4@8";
#5@18"; #6@26" #5@14"; #6@18"
8 #4@14"; #4@8"; #4@6";
#5@22"; #6@28" #5@14"; #6@18" #5@10"; #6@14"
4 N/R N/R N/R
5 N/R N/R N/R
6 N/R N/R #4@12";
#5@18"; #o@26"
10 7 N/R #@12"; #4@8";
#5@18"; #6@24" #5@12"; #o@18"
8 #4@12"; #4@8"; #4@6";
#5@20"; #6@26" #5@12"; #6@16" #5@8"; #o@12"
9 #4@10'"; #4@6"; #4@4";
#5@14"; #6@20" #5@10"; #6@12" #5@6"; #6@10"

ForSI: 1 foot=03048 m; linch =254 mm; 1 pcf=16.0179 kg/m3

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a

minimum specified compressive strength of 2,500 psi (17.2 MPa).

? Spacing of rebar shall be permitted to be multiplied by 1.5 when reinforcing steel with a minimum yield strength of
60,000 psi (414 MPa) is used. Reinforcement, when required, shall not be less than one #4 bar at 48 inches (1.2 m) on

center.

3 N/R indicates no reinforcement is required.
! Deflection criterion is L/240, where L is the height of the basement wall in inches.

* Interpolation shall not be permitted.
§ Walls shall be laterally supported at the top before backfilling.

7 Refer to Section 1.0 for the definition of unbalanced backfill height.

.\ESCRIP’]’IVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition

I-21



3.0 Foundations Prescriptive Method

TABLE 3.6
MINIMUM VERTICAL WALL REINFORCEMENT FOR
9.5-inch- (241-mm-) THICK FLAT ICF BASEMENT WALLS 123435 .
MAX. WALL MAXIMUM MINIMUM VERTICAL REINFORCEMENT
HEIGHT UNBALANCED MAXIMUM MAXIMUM MAXIMUM
(feet) BACKFILL HEIGHT’ | EQUIVALENT FLUID EQUIVALENTFLUID | EQUIVALENT FLUID
(feet) DENSITY DENSITY DENSITY
30 pcf 45 pcf 60 pef
4 N/R N/R N/R
8 5 N/R N/R N/R
6 N/R N/R N/R
7 N/R N/R N/R
4 N/R N/R N/R
5 N/R N/R N/R
9 6 N/R N/R N/R
7 N/R N/R #4@12";
#5@18"; #6@26"
8 N/R #@12"; #a@s”;
#5@18"; #6@26" #5@14"; #6@18"
N/R N/R N/R
N/R N/R N/R
N/R N/R #4@18";
#5@26"; #6@36"
10 7 N/R N/R #4@10";
#5@18"; #6@24" '
8 N/R #4@12"; #4@8";
#5@16"; #6@24" #5@12"; #6@16"
9 N/R #4@8"; #a@e";
#5@12"; #6@18" #5@107; #6@12"

ForSL: 1 foot=03048 m; 1inch=25.4mm; 1 pef=16.0179 kg/m’

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

? Spacing of rebar shall be permitted to be multiplied by 1.5 when reinforcing steel with a minimum yield strength of
60,000 psi (414 MPa) is used. Reinforcement, when required, shall not be less than one #4 bar at 48 inches (1.2 m) on
center.

> N/R indicates no reinforcement is required.

 Deflection criterion is L /240, where L is the height of the basement wall in inches.

5 Interpolation shall not be permitted.

6 Walls shall be laterally supported at the top before backfilling.

7 Refer to Section 1.0 for the definition of unbalanced backfill height.
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MINIMUM VERTICAL WALL REINFORCEMENT FOR

TABLE 3.7

6-inch (152-mm) WAFFLE-GRID ICF BASEMENT WALLS234%

MAX. WALL MAXIMUM MINIMUM VERTICAL REINFORCEMENT
HEIGHT UNBALANCED MAXIMUM MAXIMUM MAXIMUM
(feet) BACKFILL HEIGHT® | EQUIVALENT FLUID | EQUIVALENT FLUID EQUIVALENT FLUID
(feet} DENSITY DENSITY DENSITY
30 pct 45 pcf 60 pcf
4 #4@48" #4@24"; #4@12"
#5@24"
8 5 #4@12"; #Hal2;
#5@24" #5@12" Design Required
6 #@12";
T #5@12" Design Required Design Required
7 Design Required Design Required Design Required
4 #4@48" #4@12"; #3@12";
#5@24" #4@12"
5 #4@12" #4@12";
#5@12" Design Required
9 6 . #5@12%;
#6@12" Design Required Design Required
Design Required Design Required Design Required
Design Required Design Required Design Required
#4@48" #4@12"; #5@12"
# #5@12"; #6@12"
5 #3@12";
#4@12" Design Required Design Required
10 6 Design Required Design Required Design Required
7 Design Required Design Required Design Required
8 Design Required Design Required Design Required
9 Design Required Design Required Design Required

For Sl:

1foot = 0.3048 m; 1inch =254 mm; 1 pcf=16.0179 kg/m’

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

z Spacing of rebar shall be permitted to be increased by 12 inches (305 mm} when reinforcing steel with a minimum yield
strength of 60,000 psi (414 MPa) is used. Reinforcement shall not be less than one #4 bar at 48 inches (1.2 m) on center.

* Deflection criterion is L/240, where L is the height of the basement wall in inches.

! Interpolation shall not be permitted.
* Walls shall be laterally supported at the top before backfilling.
® Refer to Section 1.0 for the definition of unbalanced backfill height.
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TABLE 3.8
MINIMUM VERTICAL WALL REINFORCEMENT FOR

8-inch (203-mm) WAFFLE-GRID ICF BASEMENT WALLS%45¢

MAX. WALL MAXIMUM MINIMUM VERTICAL REINFORCEMENT
HEIGHT UNBALANCED MAXIMUM MAXIMUM MAXIMUM
(feet) BACKFILL HEIGHT? | EQUIVALENT FLUID EQUIVALENT FLUID | EQUIVALENT FLUID
(feet) DENSITY DENSITY DENSITY
30 pef 45 pef 60 pcf
4 N/R N/R N/R
8 5 N/R #1@24",; #4@12";
#5@36" #5@24"
6 #4@24"; #@12"; #4@12";
#5@36" #5@24" #5@12"
7 #4@12"; #4@12"; #5@12";
#5@12"; #6@24" #5@12" #6@12"
4 N/R N/R - N/R
5 N/R #4@12"; #4@12";
#5@24" #5@24"
9 6 #4@24"; #4@12"; #@12";
#5@24" #5@12" #5@12"
7 #4@12"; #5@12"; #5@12";
#5@24" #6@12" #6@12"
8 #4@12"; #5@12"
#5@12"; #6@12" Design Required
4 N/R #a@24"; #3@12";
#5@24"; #6@36" #4@12"; #5@24"
5 N/R #3@12"; #4@24",; #4@12"; .
#5@24"; #6@36" #5@24"
10 6 #@12" #4@12"; #5@12";
#5@24" #5@12" #6@12"
7 #4@12"; #5@12"
#5@12"; #6@12" #6@12"
8 #4@12";
#5@12" #6@12" Design Required
9 #5@12";
#o@12" Design Required Design Required

ForSl: 1 foot=03048m; 1inch=254mm; 1 pef=16.0179 kg/m*

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

* Spacing of rebar shall be permitted to be increased by 12 inches (305 mm) when reinforcing steel with a minimum yield

strength of 60,000 psi (414 MPa) is used. Reinforcement, when required, shall not be less than one #4 bar at 48 inches

(1.2 m) on center.

N/R indicates no reinforcernent is required.

* Deflection criterion is L/240, where L. is the height of the basement wall in inches.

Interpolation shall not be permitted.

® Walls shall be laterally supported at the top before backfilling.

7 Refer to Section 1.0 for the definition of unbalanced backfill height.

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORM.

I-24 IN RESIDENTIAL CONSTRUCTION, Second Edition



Prescriptive Method

3.0 Foundations

TABLE 3.9
MINIMUM VERTICAL WALL REINFORCEMENT FOR
. 6-inch (152-mm) SCREEN-GRID ICF BASEMENT WALLS"*4*
MAX. WALL MAXIMUM MINIMUM VERTICAL REINFORCEMENT
HEIGHT UNBALANCED MAXIMUM MAXIMUM MAXIMUM
(feet} BACKFILL HEIGHT® EQUIVALENT FLUID EQUIVALENT FLUID | EQUIVALENT FLUID
(feet) DENSITY DENSITY DENSITY
30 pef 45 pcf 60 pcf
4 #4@48"
8 5
6 #5@12"
#6@12" Design Required
7 Design Required Design Required Design Required
4 #4@48"
5
#4@12"; #5@12" Design Required
9 6 #4@12"%
#5@12" Design Required Design Required
7 Design Required Design Required Design Required
8 Design Required Design Required Design Required
4 #4@48"
. 5
10 6 #4@12"%
#5@12" Design Required Design Required
7 Design Required Design Required Design Required
8 Design Required Design Required Design Required
9 Design Required Design Required Design Required

ForSI: 1 foot=03048 m; 1inch =254 mm; 1 pcf=16.0179 kg/m’

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a

minimum specified compressive strength of 2,500 psi (17.2 MPa).

® Spacing of rebar in shaded cells shall be permitted to be increased by 12 inches (305 mm) when reinforcing steel with a
minimum yield strength of 60,000 psi (414 MPa) is used. Reinforcement shall not be less than one #4 bar at 48 inches

{1.2 m) on center.

3 Deflection criterion is L/240, where L is the height of the basement wall in inches.

* Interpolation shall not be permitted.

* Walls shall be laterally supported at the top before backfilling.
¢ Refer to Section 1.0 for the definition of unbalanced backfill height.
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ICF Wall System .

A\ Siab—on—Grade
4 Feot (1.2 m)
Maximum \

Horizontal Wall Reinforcemnent
as Required

Vertical Wall Reinforcement
as Required

Footing os Required

* Section Cut through Flat
Wall or Vertical Core of a
Waffle— or Screen-—-Grid Wall

(a) Stem Wall
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Figure 3.1 ICF Stem Wall and Monolithic Slab-on-Grade Construction
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3.0 Foundations
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Prescriptive Method 4.0 ICF Abave-Grade Walls

40 ICF ABOVE-GRADE WALLS

..1 ICF Above-Grade Wall Requirements

ICF above-grade walls shall be constructed in accordance with Figures 4.1, 4.2, or 4.3 and this section.
The minimum length of ICF wall without openings, reinforcement around openings, and lintel
requirements above wall openings shall be in accordance with Section 5.0. Lateral support for above-
grade ICF walls shall be provided by the roof and floor framing systems in accordance with Section
6.0. The minimum wall thickness shall be greater than or equal to the wall thickness of the wall above.

Design wind pressures of Table 4.1 shall be used to determine the vertical wall reinforcement require-
ments in Tables 4.2, 4.3, and 4.4. The minimum vertical reinforcement shall be one No. 4 rebar (Grade
40) at 48 inches (1.2 m) on center and at all inside and outside corners of exterior ICF walls. Horizontal
wall reinforcement shall be required in the form of one No. 4 rebar within 12 inches (305 mm) from
the top of the wall, one No. 4 rebar within 12 inches (305 mm) from the finish floor, and one No. 4
rebar near one-third points throughout the remainder of the wall.

For townhouses in Seismic Design Category C, the minimum vertical and horizontal reinforcement
shall be one No. 5 rebar at 24 inches (610 m) on center. For all buildings in Seismic Design Categories
D1 and D2, the minimum vertical and horizontal reinforcement shall be one No. 5 rebar at a maxi-
mum spacing of 18 inches (457 mm) on center, and the minimum concrete compressive strength shall

be 3,000 psi (20.5 MPa).

Above-grade ICF walls shall be supported on concrete foundations reinforced as required for the
above-grade wall immediately above, or in accordance with Tables 3.2 through 3.9, whichever

quires the greater reinforcement.

Vertical reinforcement shall be continuous from the bottom of the foundation wall to the roof. Lap
splices, if required, shall comply with Section 2.2.3 and Figure 2.4. Where vertical reinforcement in the
above-grade wall is not continuous with the foundation wall reinforcement, dowel bars with a size
and spacing to match the vertical ICF wall reinforcement shall be embedded 404, into the foundation

wall and shall be lap-spliced with the above-grade wall reinforcement. Alternatively, for No. 6 and
larger bars, the portion of the bar embedded in the foundation wall shall be embedded 24 inches in

the foundation wall and shall have a standard hook.

Where the free end of a reinforcing bar is required to have a standard hook, the hook shall be a 180-degree
bend plus 44, extension but not less than 2-1/2 inches, or a 90-degree bend plus 124, extension.

For design wind pressure greater than 40 psf (1.9 kPa) or Seismic Design Category C or greater, all
vertical wall reinforcement in the top-most ICF story shall be terminated with a 90 degree bend. The
bend shall result in a minimum length of 6 inches (152 mm) parallel to the horizontal wall reinforce-
ment and lie within 4 inches (102 mm) of the top surface of the ICF wall. Horizontal reinforcement
shall be continuous around building corners using corner bars or by bending the bars. In either case,
the minimum lap splice shall be 24 inches (610 mm). For townhouses in Seismic Design Category C
and for all buildings in Seismic Design Categories D1 and D2, each end of all horizontal reinforcement

shall terminate with a standard hook or lap splice.
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4.0 ICF Above-Grade Walls Prescriptive Method

Exception: In lieu of bending horizontal or vertical reinforcement, separate bent
reinforcement bars shall be permitted provided that the minimum lap splice
with vertical and horizontal wall reinforcement is not less than 404,.

4.2  ICF Above-Grade Wall Coverings

4.2.1 Interior Covering

Rigid foam plastic on the interior of habitable spaces shall be covered with a minimum of 1/2-inch
(13-mm) gypsum board or an approved finish material that provides a thermal barrier to limit the
average temperature rise of the unexposed surface to no more than 250 degrees F (139 degrees C) after
15 minutes of fire exposure in accordance with ASTM E 119 [19]. The use of vapor retarders and air
barriers shall be in accordance with the authority having jurisdiction.

4.2.2 Exterior Covering

ICFs constructed of rigid foam plastics shall be protected from sunlight and physical damage by the
application of an approved exterior covering. All ICFs shall be covered with approved materials
installed to provide a barrier against the weather. Use of air barriers and vapor retarders shall be in
accordance with the authority having jurisdiction.

r

TABLE 4.1
DESIGN WIND PRESSURE FOR USE WITH MINIMUM VERTICAL WALL REINFORCEMENT
TABLES FOR ABOVE-GRADE WALLS! .
WIND DESIGN WIND PRESSURE (psf)
SPEED ENCLOSED? PARTIALLY ENCLOSED®
(mph) Exposure’ Exposure’
B C D B C D
85 18 24 29 23 31 37
90 20 27 32 25 35 41
100 24 34 39 31 43 51
110 29 41 48 38 52 61
120 35 48 57 45 62 73
130 41 56 66 53 73 854
140 47 65 77 61 844 994
150 54 75 864 70 964 1144

ForSl:  1psf=0.0479kN/m% 1 mph = 1.6093 km/hr

! This table is based on ASCE 7-98 components and cladding wind pressures using a mean roof height of 35 ft (10.7 m) and
a tributary area of 10 ft* (0.9 m?).

? Enclosure Classifications are as defined in Section 1.5.

® Exposure Categories are as defined in Section 1.5.

* For wind pressures greater than 80 psf (3.8 kN/ m®), design is required in accordance with accepted practice and approved

manufacturer guidelines.
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Prescriptive Method 4.0 ICF Above-Grade Walls

TABLE 4.2
MINIMUM VERTICAL WALL REINFORCEMENT
. FOR FLAT ICF ABOVE-GRADE WALLS *?
MINIMUM VERTICAL REINFORCEMENT"®
DESIGN | MAXIMUM
WIND WALL SUPPORTING ROOF OR SUPPORTING LIGHT- SUPFPORTING ICF SECOND
PRESSURE | HEIGHT NON-LOAD-BEARING FRAME SECOND STORY STORY AND LIGHT-FRAME
(TABLE 4.1) | PER STORY WALL AND ROOF ROOF
(ps) {feet) MINIMUM WALL THICKNESS (inches)
(kiop:) 35 55 35 55 35 55
8 #4@48 #4@48 #4848 #4@48 #4@48 #4@48
20 9 #4@48 #4@48 #4@48 #4@48 #4@48 #4@48
R 10 #4@38 #4@48 #4@40 #4@48 #4@42 #4@48
8 #4@42 #4@48 #4@46 #4@48 #4@48 #4@48
30 9 #4@32; #4@34; #4@34;
#5@48 #4@48 #5@48 #4@48 #5@48 #4@48
|1 1o Design Design Design
S Required #4@48 Required #4@43 Required #4@148
8 #4@30; #4@30); #4@32;
#5@48 #4@48 #5@48 #4@48 #5@48 #4@48
40 9 Design Design Design
Required #4@42 Required #H4@46 Required #4@48
» q 10 Design #4@32; Design #4@34; Design
Required #5@48 Required #5@48 Required #4@38
8 #4@20; #4@22; #4@24;
#5@30 #4@42 #5834 #4@46 #5@36 #4@48
50 9 Design #4@34; Design #4@34; Design
Required #5@48 Required #5@48 Required #4@38
2.y 10 Desi‘gn #4@26; Desi_gn #4@206; Desilgn #4@28;
: Required #5@38 Required #5@38 Required #5@46
8 Design #4@34; Design Design
Required #5@48 Required #4@36 Required #4@40
60 9 Design #4@26; Design #4@28; Design #4@34;
Required #5@38 Required #5@46 Required #5@48
A 10 Design #4@22; Design #4@22; Design #4@26;
Required #5@34 Required #5@34 Required #5@38
8 Design #4@728; Design #4@30; Design #4@34;
Required #5@46 Required #5@48 Required #5@48
70 9 Design #4@22; Design #4@22; Design #4@724;
Required #5@34 Required #o@34 Required #5@36
3L 10 Design #4@1e; Design #4@18; Design #4@20;
T Required #5@26 Required #5@28 Required #5@30
' 8 Design #4@26; Design #4@26; Design #1Q28;
Required #5@38 Required #5@38 Required #5@46
80 9 Design #4@20; Design #4@20; Design #4@21;
) Required #5@30 Required #5@30 Required #5@34
-2 Y 10 Design #4@14; Design #4@14; Design #4@16;
Required #5@24 Required #5@24 Required #5@26

For SI: 1foot=03048 m; 1inch =254 mm; 1 mph=16093 km/hr

1

2

3

L]

5

6

This table is based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

Deflection criterion is L/240, where L is the height of the wall story in inches.

Interpolation shall not be permitted.

Reinforcement spacing for 32 inch (88.9 mm) walls shall be permitted to be multiplied by 1.6 when reinforcing steel with a minimum
yield strength of 60,000 psi (414 MPa) is used. Reinforcement shall not be less than one #4 bar at 48 inches (1.2 m) on center.
Reinforcernent spacing for 5.5 inch (139.7 mm) walls shall be permitted to be muliiplied by 1.5 when reinforcing steel with a mini-
mum yield strength of 60,000 psi (414 MPa) is used. Reinforcement shall not be less than one #4 bar at 48 inches (1.2 m) on center.
A 3.5-inch wall shall not be permitted if wood ledgers are used to support floor or roof loads.
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4.0 ICF Above-Grade Walls Prescriptive Method

TABLE 4.3
MINIMUM VERTICAL WALL REINFORCEMENT
FOR WAFFLE-GRID ICF ABOVE-GRADE WALLS '** @
DESIGN MAXIMUM MINIMUM VERTICAL REINFORCEMENT4
WIND WALL SUPPORTING ROOF OR SUPPORTING LIGHT- SUPPORTING ICF SECOND
PRESSURE HEIGHT NON-LOAD-BEARING FRAME SECOND STORY | STORY AND LIGHT-FRAME
(TABLE 4.1) | PER STORY WALL AND ROOF ROOF
(psh (feet) MINIMUM WALL THICKNESS (inches)
6 8 6 8 6 8
8 #4@48 #4@48 #4@48 #4@48 #4@48 #4@48
20 9 #4@48 #4@48 #4@48 #4@48 #4@48 #4@48
10 #4@48 #4@48 #4@48 #4@48 #4@48 #4@48
8 #4@48 #4@48 #4@438 #4@48 #4@48 #4@48
30 9 #4@48 #4@48 #4@48 #4@48 #4@48 #4@48
10 #4@36; #4@36; #4@36;
#5@48 #4@48 #5848 #4@48 #5@48 #4@48
8 #4@36;
#5@48 #4@48 #4@48 #4@48 #4@48 #4@48
40 9 #4@36; #4@36; #4@36;
#5@48 #4@48 #5@48 #4@48 #5@48 #1@48
10 #4@24; #4@36; #4@24; #4@24;
#5@36 #5@48 #5@36 #4@48 #5@36 #4@48
8 #4@36; #4@36; #4@36;
#5@48 #4@48 #5@48 #4@48 #5@48 #4@48
50 9 #4@24; #4@36; #4@24; #4@24;
#5@36 #5@48 #5@36 #4@48 #5@48 #4@48
10 Design #4@36; Design #4@36; Design #4@36;
Required #5@48 Required #5@48 Required #5@48
8 #1@24; #4@24; #4@24; .
#5@36 #4@48 #5@36 #4@48 #5@48 #4@48
60 9 Design #4@36; Design #4@36; Design #4@36;
Required #5@48 Required #5@48 Required #5@48
10 Design #4@24; Design #1@24; Design #4@24;
Required #5@36 Required #5@36 Required #5@48
8 #4@24; #4@36; #4@24; #4@36; #4@24;
#5@36 #5@48 #5@36 #5@48 #5@36 #4@48
70 9 Design #4@24; Design #4@24; Design #4@24;
Required #5@36 Required #5@48 Required #5@48
10 Dresign #4@12; Design #4@24; Design #4@24;
Required #5@36 Required #5@36 Required #5@36
8 #4@12; #4@24; #4@12; #4@24; #4@12; #4@36;
#5@24 #5@48 #5@24 #5@48 #5@24 #5@48
80 9 Design #4@24; Design #4@24; Design #4@24;
Required #5@36 Required #5@36 Required #5@36
10 Design #4@12; Design #4@12; Design #4@12;
Required #5@24 Required #5@24 Required #5@24

For SI:1 foot = 0.3048 m; 1inch =254 mm; 1 mph =1.6093 km/hr

1

This table is based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

Deflection criterion is L/240, where L is the height of the wall story in inches.

Interpolation shall not be permitted.

Reinforcement spacing shall be permitted to be increased by 12 inches (305 mm) when reinforcing steel with a minimum
yield strength of 60,000 psi (414 MPa) is used or #4 reinforcing bars shall be permitted to be substituted for #5 bars when
reinforcing steel with a minimum yield strength of 60,000 psi (414 MPa) is used with the same spacing. Reinforcement shall
not be less than one #4 bar at 48 inches (1.2 m) on center.
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Prescriptive Method 4.0 ICF Above-Grade Walls

TABLE 4.4
. MINIMUM VERTICAL WALL REINFORCEMENT
FOR SCREEN-GRID ICF ABOVE-GRADE WALLS >
MINIMUM VERTICAL REINFORCEMENT'
DESIGN MAXIMUM
WIND WALL SUPPORTING ROOFOR | SUPPORTING LIGHT- |  SUPPORTING ICF
PRESSURE HEIGHT PER NON-LOAD-BEARING FRAME SECOND SECOND STORY AND
(TABLE 4.1) STORY WALL STORY AND ROOF | LIGHT-FRAME ROOF
(psf) (feet) MINIMUM WALL THICKNESS (inches)
6 6 6
8 #1@48 #4@48 #4@438
20 9 #4@48 #4@48 #4@48
10 #4@48 #4@48 #4@48
8 #4@48 #4@48 #4@48
30 9 #4@48 #4@48 #4@48
10 #4@36; #5@48 #4@48 #4@438
8 #4648 #4@48 #4@48
40 9 #4@36; #5@48 #4@36; #5@48 #4@48
10 #4@24; #5@48 #4@24; #5@48 #4@24; #5@48
8 #4@36; #5@48 #4@36; #5@48 #4@48
50 9 #4@24; #5@48 #4@24; #5848 #4@24; #5@48
10 Design Required Design Required Design Required
8 #4@24; #5@48 #1@24; #5@48 #4@36; #5@48
60 9 #4@24; #5@36 #4@24; #5@36 #4@24; #5@36
10 Design Required Design Required Design Required
8 #4@24; #5@36 #4@24; #5@36 #4@24; #5@36
70 9 Design Required Design Required Design Required
10 Design Required Design Required Design Required
8 #4@12; #5@36 #4@24; #5@36 #4@24; #5@36
80 9 Design Required Design Required Design Required
10 Design Required Design Required Design Required

For SI:

1 foot = 0.3048 m; 1inch =254 mm; 1 mph =1.6093 km/hr

1 This table is based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPFa) and concrete with a

minimumn specified compressive strength of 2,500 psi (17.2 MPa).

2 Deflection criterion is L/240, where L is the height of the wall story in inches.

3 Interpolation shall not be permitted.

* Reinforcement spacing shall be permitted to be increased by 12 inches (305 mm) when reinforcing steel with a minimum
yield strength of 60,000 psi (414 MPa) is used. Reinforcement shall not be less than one #4 bar at 48 inches (1.2 m) on

center.
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4.0 ICF Above-Grade Walls Prescriptive Method
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Figure 4.1 ICF wall Supporting Light-Frame Roof
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4.0 ICF Above-Grade Walls
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4.0 ICF Above-Grade Walls Prescriptive Method
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Prescriptive Method 5.0 ICF Wall Opening Requirements

5.0 ICF WALL OPENING REQUIREMENTS

..1 Minimum Length of ICF Wall without Openings

The wind velocity pressures of Table 5.1 shall be used to determine the minimum amount of solid wall
length in accordance with Tables 5.2 through 5.4 and Figure 5.1. Table 5.5 shall be used to determine
the minimum amount of solid wall length for Seismic Design Categories C, D1, and D2. The greater
amount of solid wall length required by Tables 5.2 through 5.5 shall apply.

The amount of solid wall length shall include only those solid wall segments that are a minimum of
24 inches (610 mm) in length. The maximum allowable spacing of wall segments at least
24 inches (610 mm) in length shall be 18 feet (5.5 m) on center. A minimum length of 24 inches
(610 mm) of solid wall segment, extending the full height of each wall story, shall occur at all
interior and exterior corners of exterior walls.

For Seismic Design Categories D1 and D2, the amount of solid wall length shall include only those
solid wall segments that are a minimum of 48 inches (1.2 mm) in length. A minimum length of
24 inches (610 mm) of solid wall segment, extending the full height of each wall story, shall occur at
all interior and exterior corners of exterior walls. The minimum nominal wall thickness shall be

5.5 inches (140 mum) for all wall types.

5.2  Reinforcement around Openings

Openings in ICF walls shall be reinforced in accordance with Table 5.6 and Figure 5.2 in addition to
he minimuin wall reinforcement of Sections 3 and 4. Wall openings shall have a minimum depth of
concrete over the length of the opening of 8 inches (203 mm) in flat and waffle-grid ICF walls and
12 inches (305 mm) in screen-grid ICF wall lintels. Wall openings in waffle-gridand screen-grid ICF
walls shall be located such that no less than one-half of a vertical core occurs along each side of the

opening.

Exception:  Continuous horizontal wall reinforcement placed within 12 (305 mm) inches of
the top of the wall story as required in Sections 3.0 and 4.0 is permitted to be
used in lieu of top or bottom lintel reinforcement provided that the
continuous horizontal wall reinforcement meets the location requirements
specified in Figures 5.3, 54, and 5.5 and the size requirements specified in
Tables 5.7 through 5.14.

All opening reinforcement placed horizontally above or below an opening shall extend a minimum of
24 inches {610 mm) beyond the limits of the opening. Where 24 inches (610 mm) cannot be obtained
beyond the limit of the opening, the bar shall be bent 90 degrees in order to obtain a minimum 12-inch

(305-mm) embedment.
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5.0 ICF Wall Opening Requirements Prescriptive Method

5.3 Lintels
5.3.1 Load-Bearing ICF Wall Lintels .

Lintels shall be provided in load-bearing walls over all openings greater than or equal to 2 feet
(0.6 m) in width. Lintels without stirrup reinforcement shall be permitted for flat or waffle-grid ICF
construction in load-bearing walls in accordance with Table 5.7. Lintels with stirrups for flat ICF walls
shall be constructed in accordance with Figure 5.3 and Tables 5.8A and 5.8B. Lintels with stirrups for
waffle-grid 1CF walls shall be constructed in accordance with Figure 5.4 and Tables 5.9A and 5.9B.
Lintels for screen-grid ICF walls shall be constructed in accordance with Figure 5.5 and Tables 5.10A
and 5.10B. Lintel construction in accordance with Figure 53 and Tables 5.8A and 5.8B shall be
permitted to be used with waffle-grid and screen-grid ICF wall construction. Lintels
spanning between 12 feet — 3 inches (3.7 m) and 16 feet -3 inches (5.0 m) shall be constructed in accor-

dance with Table 5.11.

When required, No. 3 stirrups shall be installed in lintels at 2 maximum spacing of d/2 where d equals
the depth of the lintel, D, less the bottom cover of the concrete as shown in Figures 5.3, 5.4, and 5.5.
For flat and waffle-grid lintels, stirrups shall not be required in the middle portion of the span, A, in
accordance with Figure 5.2 and Tables 5.12 and 5.13.

5.3.2 ICF Lintels Without Stirrups in Non Load-Bearing Walls
Lintels shall be provided in non-load-bearing walls over all openings greater than or equal to 2 feet

(0.6 m) in length in accordance with Table 5.14. Stirrups shall not be required for lintels in gable end
walls with spans less than or equal to those listed in Table 5.14.

TABLE 5.1
WIND VELOCITY PRESSURE FOR DETERMINATION OF MINIMUM
SOLID WALL LENGTH!

WIND VELOCITY PRESSURE (ps{)

SPEED Exposure®

(mph) B c D
85 14 19 23
90 16 21 25
100 19 26 31
110 23 32 37
120 27 38 44
130 32 44 52
140 37 51 60
150 43 59 69°

For S 1psf=00479kN/m% 1 mph = 16093 km/hr

! Table values are based on ASCE 7-98 Figure 6-4 wind velocity
pressures for low-rise buildings using a mean roof height of 35 ft
(10.7 m).
2 Exposure Categories are as defined in Section 1.5.
3 Design is required in accordance with acceptable practice and
approved manufacturer guide lines.
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Prescriptive Method 5.0 ICF Wall Opening Requirements

TABLE 5.2A
MINIMUM SOLID END WALL LENGTH
. REQUIREMENTS FOR FLAT ICF WALLS
(WIND PERPENDICULAR TO RIDGE)*2?4*
DESIGN VELOCITY PRESSURE(sA| 20 | 25 | 30 | 35 | 40 | 45 | 5 | eo
WALL BUILDING
CATEGORY | SIDE WALL| ROOF MINIMUM SOLID WALL LENGTH ON BUILDING END WALL (feet)
LENGTH, L | SLOPE
(feet)

16 <1:12 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00

5:12 4.00 4,00 4.00 4.00 4.00 4.00 4.25 450

7:12¢ 4,00 425 4.25 450 475 4.75 500 | 550

12:12* 425 4.50 475 5.00 5.25 5.50 5.75 6.25

24 <1:12 4.00 4.00 4.00 4.00 4.00 4.00 425 | 450

5112 4.00 4,00 4.00 425 4.25 450 450 | 4.75

7:12* 425 4.50 4.75 5.00 5.25 5.50 5.75 6.25

12:12¢ 4.75 5.00 525 5.75 6.00 6.50 6.75 7.50

32 <1:12 4.00 4.00 4.00 4.00 425 4.25 450 | 4.75

5:12 4.00 4.00 425 4.50 450 4.75 5.00 5.25

One-Story or 7:12* 4.50 5.00 525 5.50 6.00 625 6.50 7.25
Top Story of 12:12* 5.00 5.50 6.00 6.50 7.00 7.25 775 | 875
Two-Story 40 <£1:12 4.00 4.00 4.25 425 4.50 450 475 | 5.00
5:12 4.00 425 4,50 475 475 5.00 525 | 5.50

7:12° 4.75 5.25 5.75 6.00 6.50 7.00 7.25 8.00
12:12* 5.50 6.00 6.50 7.25 7.75 8.25 875 | 10.00

’ 50 <1:12 4.00 4.25 425 4,50 4.75 475 500 | 5.50
5:12 4.25 4.50 4.75 5.00 5.25 550 5.75 6.00

7:12¢ 5.25 5.75 6.25 675 7.25 7.75 825 | 9.25
12:12% 6.00 6.75 7.50 8.00 8.75 950 10.25 | 11.50

60 <112 4.00 425 4.50 4.75 5.00 5.25 525 | 5.75

5:12 450 475 5.00 5.25 5.50 5.75 6.00 | 6.75
7:124 5.50 6.25 6.75 7.50 8.00 8.50 925 | 10.25
12:124 6.50 7.25 B.25 92.00 9,75 10.50 1150 | 13.00

ForSI: 1foot=03048 m; 1inch=254mm; 1 psf=0.0479 kN/m*

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a

minimum specified compressive strength of 2,500 psi (17.2 MPa).

Table values are based on a 3.5 in (88.9 mm) thick flat wall. For a 5.5 in (139.7 mm) thick flat wall, multiply the table

values by 0.9. The adjusted values shall not result in solid wall lengths less than 4 ft.

* Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).

* Values are based on a 30 feet (9.1 m) building end wall width. For a 45 ft (13.7 m) building end wall and roof pitches greater
than 7:12, multiply the table values by 1.2. For a 60 ft (18.3 m) building end wall and roof pitches greater than 7:12,
multiply the table values by 1.4.

7 Linear interpolation shall be permitted.
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5.0 ICF Wall Opening Requirements Prescriptive Method

TABLE 5.2B
MINIMUM SOLID END WALL LENGTH
REQUIREMENTS FOR FLAT ICF WALLS .
(WIND PERPENDICULAR TO RIDGE)***4%
DESIGN VELOCITY PRESSURE (psf)] 20 j 25 [ 30 | 35 T 40 | 45 L 50 [ 60
WALL BUILDING
CATEGORY | SIDE WALL| ROOF MINIMUM SOLID WALL LENGTH ON BUILDING END WALL (feet)
LENGTH, L| SLOPE
(feet)
16 <112 400 425 450 475 5.00 5.25 5.25 5.75
5:12 450 4.75 5.00 5.25 5.50 5.75 6.00 6.75
7:124 4.50 5.00 5.25 5.75 6.00 6.25 6.75 7.25
12:124 5.00 5.25 575 6.25 6.50 7.00 7.25 8.25
24 <1:12 4.50 475 5.00 5.25 5.50 5.75 6.00 6.75
5:12 4.75 5.25 550 6.00 6.25 6.75 7.00 7.75
7124 5.25 575 6.25 6.75 7.00 7.50 8.00 9.00
12:124 5.50 6.25 6.75 7.25 8.00 8.50 9.00 10.25
32 <112 4.75 5.00 5.50 5.75 6.25 6.50 6.75 7.50
5112 5.25 5.75 6.25 6.75 7.25 7.50 8.00 9.00
7:12% 5.75 6.50 7.00 7.75 8.25 9.00 9.50 10.75
First Story of 12:12° 6.25 7.00 7.75 B850 925 10.00 10.75 | 12.25
Two-Story 40 < 1:12 5.00 5.50 5.75 6.25 6.75 7.25 7.50 8.50
5:12 5.50 6.25 6.75 7.25 8.00 8.50 9.00 10.25
7:12} 6.25 7.00 7.75 8.75 9.50 10.25 11.00 | 1250
12:12¢ 7.00 800 8.75 9.75 10.75 11.50 1250 | 14.25
50 < 1:12 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.50
5:12 6.00 6.75 7.50 8.25 9,00 9.75 10.50 11.7ﬂ

7:12 7.00 8.00 9.00 10.00 10.75 11.75 12.75 | 14.50
12:12° 7.75 9.00 10.00 11.25 12.25 13.50 1475 | 17.00
60 <1:12 575 6.50 7.00 7.50 8.25 8.75 9.50 10.75
5:12 6.75 7.50 8.25 925 10.00 10.75 11.75 | 13.25
7:12 7.75 9.00 10.00 11.00 12.25 13.25 1450 | 16.75
12:12¢ 8.75 10.00 | 1150 12.75 14.00 15.50 16.75 | 19.50

ForSi: 1foot=03048 m; 1inch=254mm; 1 psf= 00479 kN/m’

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

1 Table values are based on a 3.5 in (88.9 mun) thick flat wail. For a 5.5 in (139.7 mm) thick flat wall, multiply the table
values by 0.9. The adjusted values shail not result in solid wall lengths less than 4 ft.

3 Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).

¢ Values are based on a 30 feet (9.1 m) building end wall width. For a 45 ft (13.7 m) building end wall and roof pitches greater
than 7:12, multiply the table values by 1.2. For a 60 ft (18.3 m) building end wall and roof pitches greater than 7:12,
multiply the table values by 1.4.

% Linear interpolation shall be permitted.
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Prescriptive Method

5.0 ICF Wall Opening Requirements

TABLE 5.2C

MINIMUM SOLID SIDE WALL LENGTH
REQUIREMENTS FOR FLAT ICF WALLS
(WIND PARALLEL TO RIDGE)*345

DESIGN VELOCITY PRESSURE(psD| 20 | 25 | 30 | 35 | 40 [ 4 | s0 | e
WALL BUILDING END -
CATEGORY | WALL WIDTH, W MINIMUM SOLID WALL LENGTH ON BUILDING SIDE WALL (feet)
(feet)
16 400 | 400 | 400 | 400 | 425 425 | 450 | 475
2 400 | 425 | 450 | 475 | 475 500 | 525 5.50
One-Story or 32 450 | 475 | 500 | 525 | 550 600 | 625 6.75
Top Story of 40 500 | 550 | 575 | 625 | 675 700 | 750 | 8.5
Two-Story 50 575 | 625 | 700 | 750 | 825 875 | 950 | 1075
60 650 | 750 | 825 | 925 | 1000 | 1075 | 1175 | 1325
16 425 | 450 | 475 | 500 | 525 550 | 575 6.50
24 475 | 525 | 550 | 600 | 625 675 | 7.00 8.00
First Story of 32 550 | 600 | 650 | 700 | 750 800 | 875 9.75
Two-Story 40 625 | 700 | 750 | 825 | 900 975 | 1050 | 12.00
50 725 | 825 | 925 | 1025 | 1125 | 1225 | 1325 | 1525
60 850 | 975 | 1100 | 1225 | 1350 | 1500 | 1625 | 1875

For SI; 1foot=0.3048m; 1inch =254 mm; 1 psf=0.0479 kN/m?

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).
? Table values are based on a 3.5 in (88.9 mum) thick flat wall. For a 5.5 in {139.7 mm) thick flat wall, multiply the table

.valuts by 0.9. The adjusted values may not result in solid wall lengths less than 4 ft.

Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).
* Table values are based on a maximum 12:12 roof pitch.
5 Linear interpolation shall be permitted.
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5.0 ICF Wall Opening Requirements Prescriptive Method

TABLE 5.3A
MINIMUM SOLID END WALL LENGTH
REQUIREMENTS FOR WAFFLE-GRID ICF WALLS .
(WIND PERPENDICULAR TO RIDGE) 1,2,54,5
DESIGN VELOCITY PRESSURE (psf)] 20 | 25| 30 | 35 | 40 | 45 | 50 | 60
WALL BUILDING
CATEGORY | SIDE WALL| ROOF | MINIMUM SOLID WALL LENGTH ON BUILDING END WALL (feet)
LENGTH, L SLOPE
(feet)
16 <112 4.00 4,00 4.00 4.00 4.00 4.00 400 425
5:12 4.00 4.00 400 4.00 4.25 4.25 4.50 4.75
7:128 4.00 4.25 4.50 4.75 5.00 5.25 5.50 6.00
12:12* 450 4.75 5.00 5.50 5.75 6.00 6.50 7.00
24 <112 4.00 4.00 4.00 4.00 425 425 450 475
5:12 4.00 4.00 425 425 4.50 475 475 5.25
7:12¢ 4.50 475 5.25 5.50 5.75 6.25 6.50 7.25
12:12* 5,00 5.50 6.00 6.50 7.00 7.50 7.75 8.75
32 <112 4.00 4.00 4.00 4.25 4.50 4.50 475 5.00
5:12 4.00 425 4,50 4.75 475 5.00 5.25 5.75
7:124 5.00 5.25 5.75 6.25 6.75 7.00 7.50 8.50
One-Story or 12:12¢ 5.50 6.25 6.75 7.50 8.00 8.75 9.25 10.50
Top Story of 40 <112 4.00 4.00 425 4.50 475 5.00 5.00 5.50
Two-Story 5:12 425 4.50 475 5.00 5.25 5.50 5.75 6.25
7:12° 5.25 5.75 6.25 7.00 7.50 8.00 8.50 9.50
12:124 6.25 7.00 7.75 8.50 9.25 10.00 10.75 12.25
50 <1:12 4.00 425 4.50 4.75 5.00 5.25 5.50 6.00
5:12 4.50 475 5.00 525 575 6.00 6.25 7.00
7:12 5.75 6.50 7.25 7.75 8.50 9.25 9.75 11.00
12:12° 6.75 7.75 8.75 9.50 10.50 11.50 12.50 14.25
60 < 1:12 4.25 4.50 4.75 5.00 5.25 5.75 6.00 6.50
5:12 475 5.25 550 5.75 6.25 6.50 7.00 7.75
7:12¢ 6.25 7.25 8.00 8.75 9.50 10.25 11.00 12.75
12:12° 7.50 8.75 9.75 10.75 12.00 13.00 14.25 16.25

ForSL: 1foot=03048 m; 1inch=254mm; 1 psf=0.0479 kN/m’

Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a min-
imum specified compressive strength of 2,500 psi (17.2 MPa).

Table values are based on a 6 in (152.4 mm) thick nominal waffle-grid wall. For a 8 in (203.2 mm) thick nominal waffle-grid
wall, multiply the table values by 0.9,

*Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).

“Table values are based on a 30 feet (9.1 m) building end wall width, W. For a 45 ft (13.7 m) building end wall and roof pitch-
es greater than 7:12, multiply the table values by 1.2. For a 60 ft (18.3 m) building end wall and roof pitches greater than 7:12,
multiply the table values by 14.

*Linear interpolation shall be permitted.
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Prescriptive Method 5.0 ICF Wall Opening Requirements

TABLE 5.3B
MINIMUM SOLID END WALL LENGTH
. REQUIREMENTS FOR WAFFLE-GRID ICF WALLS
(WIND PERPENDICULAR TO RIDGE) %343
DESIGN VELOCITY PRESSURE(psf)] 20 | 25 | 30 | 35 | 40 | a5 | s0 | 0
WALL [BUILDING
CATEGORY | SIDE WALL| ROOF MINIMUM SOLID WALL LENGTH ON BUILDING END WALL (feet)
LENGTH, L| SLOPE
(feet)

16 < 1:12 4.25 4.50 4.75 5.00 5.25 5.75 6.00 6.50
5:12 4.75 5.00 5,50 5.75 6.25 6.50 7.00 7.75
7:12¢ 5.00 5.50 5.75 6.25 6.75 7.25 7.75 8.50
12:124 525 6.00 6.50 7.00 7.50 8.00 8.75 9,75
24 <1:12 4.75 5.00 5.50 5.75 6.25 6.50 7.00 7.75
5:12 5.25 5.75 6.25 6.75 7.25 7.75 8.25 9.25
7:12* 5.75 6.25 7.00 7.75 8.25 9.00 950 | 11.00
12:12* 6.25 7.00 7.75 8.50 9.50 10.25 11.00 | 1250
32 <112 5.00 5.50 6.00 6.50 7,00 7.50 8.00 9,00
5:12 5.75 6.50 7.00 7.75 8.25 9.00 9.75 11.00
7:121 6.50 7.25 8.25 9.00 9.75 10.75 1150 | 13.25
First Story of 12:124 725 8.25 9.25 10.25 11.25 12.25 1325 | 15.25
Two-Story 40 <112 5.50 6.00 6.75 7.25 7.75 8.50 9.00 10.25
5:12 6.25 7.00 7.75 8.75 9.50 10.25 11.00 | 1250
7:12° 7.25 8.25 9.25 10.25 11.50 12.50 1350 | 15.50
12:12¢ 8.00 9.25 10.50 11.75 13.00 14.25 15.50 | 18.00
. 50 <1:12 6.00 6.75 7.50 8.00 8.75 9.50 1025 | 11.75
5:12 7.00 8.00 9.00 9.75 10.75 11.75 12.75 | 14.75
7:124 8.25 9.50 10.75 12.00 13.25 14.50 15.75 | 18.50
12:12* 9.25 1075 | 12.25 13.75 15.50 17.00 1850 | 21.50
60 <1:12 6.50 7.25 8.25 9.00 9.75 10.75 11.50 | 1325
5:12 7.75 8.75 10.00 11.00 12.25 13.25 1450 | 16.75
7:12* 9.25 1075 | 12.25 13.75 15.25 16.75 1825 | 21.25
12:12° | 1050 | 1225 | 14.00 15.75 17.75 19.50 2125 | 25.00

ForSl: 1foot=03048m; 1inch=254mm; 1 psf=0.0479 kN/m’

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi {276 MPa) and concrete with a min-
imum specified compressive strength of 2,500 psi (17.2 MPFa).

? Table values are based on a 6 in (152.4 mm) thick nomirnal waffle-grid wall. For a 8 in (203.2 mm) thick nominal waffle-
grid wall, multiply the table values by 0.9,

3 Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).

* Table values are based on a 30 feet (9.1 m) building end wall width, W. For a 45 ft {(13.7 m) building end wall and roof
pitches greater than 7:12, multiply the table values by 1.2. For a 60 ft (18.3 m) building end wall and roof pitches greater
than 7:12, multiply the table values by 1.4.

® Linear interpolation shall be permitted.
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5.0 ICF Wall Opening Requirements

Prescriptive Method

TABLE 5.3C

MINIMUM SOLID SIDE WALL LENGTH
REQUIREMENTS FOR WAFFLE-GRID ICF WALLS
(WIND PARALLEL TO RIDGE) 12345

DESIGN VELOCITY PRESSURE (psf)] 20 | 25 | 30 | 35 | 40 [ a5 | 50 | 60
WALL BUILDING END
CATEGORY| WALL WIDTH, W MINIMUM SOLID WALL LENGTH ON BUILDING SIDE WALL (feet)
(feet)
16 400 | 400 | 400 | 425 | 450 450 | 475 | 500
24 425 | 450 | 475 | 500 | 525 550 | 575 | 625
One-Story or 32 475 | 500 | 550 | 600 | 625 675 | 700 | 800
Top Story of 40 550 | 600 | 650 | 700 | 775 | 825 | 875 | 10.00
Two-Story 50 650 | 725 | 800 | 900 | 975 | 1050 | 1150 | 1300
60 775 | 875 | 1000 | 100 | 1225 | 1325 | 1450 | 1675
16 450 | 500 | 525 | 550 | 600 625 | 675 | 7.25
24 525 | 575 | 625 | 675 | 7.25 775 | 825 | 925
First Story of 32 600 | 675 | 750 | 825 | 9.00 975 | 1025 | 1175
Two-Story 40 700 | 800 | 900 | 1000 | 1100 | 1200 | 1300 | 1475
50 850 | o975 | 1125 | 1250 | 1375 | 1525 | 1650 | 19.25
60 1000 | 175 | 1350 | 1525 | 1700 | 1875 | 2050 | 24.00

ForSI: 1foot=030M8m; 1inch=254mm; 1 psf=00479 kN/m’

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa} and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

2 Table values are based on a 6 in (152.4 mm) thick nominal waffle-grid wall. For a 8 in {203.2 mum)} thick nominal waffl
grid wall, multiply the table values by 0.9. i

® Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).

f Table values are based on a maximum 12:12 roof pitch.

® Linear interpolation shall be permitted.
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Prescriptive Method 5.0 ICF Wall Opening Requirements

TABLE 5.4A
MINIMUM SOLID END WALL LENGTH
. REQUIREMENTS FOR SCREEN-GRID ICF WALLS
(WIND PERPENDICULAR TO RIDGE) 7*4%
DESIGN VELOCITY PRESSURE(psf)| 20 | 25 | 30 | 35 | 40 | a5 | so | 60
WALL |BUILDING
CATEGORY |SIDE WALL | ROOF MINIMUM SOLID WALL LENGTH ON BUILDING END WALL (feet)
LENGTH, L | SLOPE
(feet)

16 <1:2 4.00 4.00 4.00 4.00 4.00 4.00 4.00 425
5:12 4.00 4.00 4.00 4.00 4.00 4.25 4.25 4.50
7:124 4.00 4.25 4.50 4.75 5.00 5.25 5.50 6.00
12:12 4.25 4.75 5.00 5.50 5.75 6.00 6.50 7.00
24 <112 4.00 4.00 4.00 4.00 4.00 4.25 4325 4.50
5:12 4.00 4.00 4.00 4.25 450 4.50 4.75 5.00
7:124 4.50 4.75 5.00 5.50 5.75 6.25 6.50 7.25
12:12* 5.00 5.50 6.00 6.50 7.00 7.25 7.75 8.75
32 £1:12 4.00 4.00 4.00 4.25 4.25 4.50 4.75 5.00
5:12 4.00 4.00 425 450 475 5.00 5.25 5.75
7:12° 475 5.25 575 625 6.50 7.00 7.50 8.50
12:12° 550 6.25 6.75 7.50 8.00 8.75 925 | 10.50
40 <1:12 4.00 4.00 425 4.50 4.50 4.75 5.00 550
One-Slory or 5:12 4.00 425 4.50 5.00 5.25 5.50 5.75 6.25
Top Story of 7128 5.25 5.75 6.25 7.00 7.50 8.00 8.50 9.75
Two-Slory 12:124 6.00 6.75 7.75 8.50 9.25 10.00 10.75 | 1225
‘ 50 <112 | 400 | 425 | 450 4.75 5.00 5.25 550 | 6.00
5:12 4.25 4.75 5.00 5.25 5.50 6.00 6.25 7.00
7:124 5.75 6.50 7.00 7.75 8.50 9.25 9.75 11.25
12:12* 6.75 7.75 8.75 9,75 10.75 11.50 1250 | 14.50
60 <1:12 4.25 4.50 4,75 5.00 5.25 5.50 5.75 6.50
5:12 4.50 5.00 5.25 5.75 6.00 6.50 6.75 7.75
7:12* 6.25 7.00 8.00 8.75 9.50 10.25 1125 | 12.75
12:12¢ 7.50 8.75 9.75 11.00 12.00 13.25 1425 | 1650

ForSI: 1 foot=0.3048 m; 1inch=254mm; 1 psf=0.0479 kN/m?

Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a

minimum specified compressive strength of 2,500 psi (17.2 MPa).

2 Table values are based on a 6 in (152.4 mm) thick nominal screen-grid wall.

? Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).

! Table values are based on a 30 feet (9.1 m) building end wall width, W. For a 45 ft (13.7 m) building end wall and roof
pitches greater than 7:12, multiply the table values by 1.2. For a 60 ft (18.3 m) building end wall and roof pitches greater
than 7:12, multiply the table values by 1.4.

® Linear interpolation shall be permitted.
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5.0 ICF Wall Opening Requirements Prescriptive Method

TABLE 5.4B
MINIMUM SOLID END WALL LENGTH
REQUIREMENTS FOR SCREEN-GRID ICF WALLS .
(WIND PERPENDICULAR TO RIDGE) *34%
DESIGN VELOCITY PRESSURE(psf)| 20 | 25| 30 | 35 | 40 | 45 | 50 | 0
WALL | BUILDING
CATEGORY | SIDE WALL| ROOF MINIMUM SOLID WALL LENGTH ON BUILDING END WALL (feet)
LENGTH, L| SLOPE
(feet)
16 <112 | 425 | 450] 475 | 500 | 525 | 550 | 575 | 650
5:12 450 | 500 525 | 575 | 600 | 650 | 675 | 7.75
7124 | 475 | 525] 575 | 625 | 675 | 725 | 775 | 875
12124 | 525 | 575( 650 | 700 | 750 | 800 | 875 | 975
24 <112 | 450 | 500| 525 | 575 | 625 | 650 | 700 | 775
5:12 500 | 575] 625 | 675 | 725 | 775 | 825 | 925
7124 | 575 | 625] 700 | 775 | 825 | 900 | 975 | 11.00
12124 | 625 | 700] 775 | 850 | 950 | 1025 | 1100 | 1275
32 <112 | 500 | 550] 600 | 650 | 700 | 750 | 800 | 9.00
5:12 575 | 625| 700 | 775 | 825 | 900 | 975 | 11.00
First Story of 7124 | 650 | 725| 825 | 900 | 1000 | 1075 | 1175 | 1350
Two-Story 12124 | 725 | 825| 925 | 1025 | 1125 | 1250 | 1350 | 1550
a0 <112 | 550 | 600| 650 | 725 | 775 | 850 | 900 | 1025
5:12 625 | 700 775 | 875 | 950 | 1025 | 11.00 | 1275
7124 | 725 | 825| 925 | 1050 | 1150 | 1250 | 1375 | 1575
12124 | 800 | 950 1075| 1200 [ 1325 | 1450 | 1575 | 1825
50 <112 | 600 | 675 750 | 800 | 875 | 950 | 1025 | 1175 .
5:12 700 | 800] 900 | 1000 | 11.00 | 1200 | 1300 | 1475
7124 | 825 | 950] 1075 | 1225 | 1350 | 1475 | 1600 | 1875
12124 | 925 | 11.00] 1250 | 1400 | 1550 | 1725 | 1875 | 22.00
60 <11z | 650 | 725] 825 | 900 | 1000 | 1075 | 1175 | 1325
5:12 775 | _875] 1000 | 1125 | 1225 | 1350 | 1475 | 17.00
7124 | 925 | 1075] 1225| 1400 ] 1550 | 17.00 | 1850 | 217
12124 | 1050 | 1225 1425 | 1625 | 1800 | 2000 | 2175 | 2550

ForSI: 1 foot = 03048 m; 1inch =254 mm; 1 psf = 0.0479 kN/m’

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a
minimum specified compressive strength of 2,500 psi (17.2 MPa).

2 Table values are based on a 6 in (152.4 mm) thick nominal screen-grid wall.

3 Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).

1 Table values are based on a 30 feet (9.1 m) building end wall width, W. For a 45 ft (13.7 m) building end wall and roof pitch-
es greater than 7:12, multiply the table values by 1.2. For a 60 ft (18.3 m) building end wall and roof pitches greater than
7:12, multiply the table values by 1.4.

5 Linear interpolation shall be permitted.
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Prescriptive Method

5.0 ICF Wall Opening Requirements

TABLE 5.4C
MINIMUM SOLID SIDE WALL LENGTH
REQUIREMENTS FOR SCREEN-GRID ICF WALLS
(WIND PARALLEL TO RIDGE) 12245

DESIGN VELOCITYPRESSURE(sf)| 20 | 25 | 30 | 35 | 40 | 45 50 | 60
WALL BUILDING END
CATEGORY | WALLWIDTH, W | MINIMUM SOLID WALL LENGTH ON BUILDING SIDE WALL (feet)
{feet)
16 400 | 400 | 400 | 435 425 [ 450 | 475 | 500
24 400 | 425 | 450 5.00 525 | 550 | 575 | 625
One-Story or 32 4.50 5.00 5.50 5.75 6.25 6.75 7.00 8.00
Top Story of 30 525 1 600 | 650 7.00 775 | 825 | 875 | 10.00
Two-Story 50 650 | 725 | 800 9.00 975 | 1075 | 1150 | 13.25
60 775 | 875 | 1000 | 1125 | 1225 | 1350 | 1450 | 17.00
16 150 | 475 | 5.5 550 | 575 | 625 | 650 | 7.5
24 500 | 575 | 625 6.75 725 | 775 | 825 | 950
First Story of 32 600 | 675 | 750 8.25 900 | 975 | 1050 | 12.00
Two-Story 40 700 | 800 | 900 | 1000 | 11.00 | 1200 | 13.00 | 1500
50 850 | 975 | 1125 | 1250 | 1400 | 1525 | 1675 | 1950
60 1025 | 1200 [ 1375 | 1550 | 1725 | 1900 | 21.00 | 2450

ForSI: 1foot=03048m; 1inch=254mm; 1 psf=00479 kN/m’

! Table values are based on reinforcing bars with a minimum yield strength of 40,000 psi (276 MPa) and concrete with a

minimum specified compressive strength of 2,500 psi (17.2 MPa).
Table values are based on a 6 in (152.4 mm) thick nominal screen-grid wall,

? Table values are based on a maximum unsupported wall height of 10 ft (3.0 m).

! Table values are based on a maximum 12:12 roof pitch.
5 Linear interpolation shall be permitted.
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5.0 ICF Wall Opening Requirements

Prescriptive Method

ALONG EXTERIOR WALL LINES FOR SEISMIC DESIGN CATEGORY C AND D'?

TABLE 5.5

MINIMUM PERCENTAGE OF SOLID WALL LENGTH

MINIMUM SOLID WALL LENGTH {(percent)
ICF WALL TYPE AND

MINIMUM WALL THICKNESS ONE-STORY OR WALL SUPPORTING WALL SUPPORTING

(inches) TOP STORY OF LIGHT FRAME SECOND ICF SECOND STORY

TWO-STORY STORY AND ROOF AND ROOF

Seismic Design Category C° 20 percent 25 percent 35 percent
Seismic Design Category D1 25 percent 30 percent 40 percent
Seismic Design Category D2° 30 percent 35 percent 45 percent

For SL:

1 inch = 25.4 mm;

1 mph = 1.6093 km/hr

! Base percentages are applicable for maximum unsupported wall height of 10-feet (3.0-m), light-frame gable construction,
all ICF wall types in Seismic Design Category C, and all ICF wall types with a nominal thickness greater than 5.5 inches
{140 mm) for Seismic Design Category D1 and D2. These percentages assume that the maximum weight of the interior and
exterior wall finishes applied to ICF walls do not exceed 8 psf (0.38 kN/m?).

 For all walls, the minimum required length of solid walls shall be based on the table percent value multiplied by the
minimum dimension of a rectangle inscribing the overall building plan.

3 Walls shall be reinforced with minimum No. 5 rebar (grade 40 or 60} spaced a maximum of 24 inches {609.6 mm) on
center each way or No. 4 rebar (Grade 40 or 60) spaced at a maximum of 16 inches (406.4 mm) on center each way.

* Walls shall be constructed with a minimum concrete compressive strength of 3,000 psi (20.7 MPa) and reinforced with
minimum #5 rebar {Grade 60, ASTM A706) spaced a maximum of 18 inches (457.2 mm) on center each way or No. 4 rebar
{Grade 60 ASTM A706) spaced at a maximum of 12 inches (304.8 mm) on center each way.

TABLE 5.6

MINIMUM WALL OPENING REINFORCEMENT
REQUIREMENTS IN ICF WALLS

WALL TYPE AND MINIMUM MINIMUM

OPENING WIDTH, L HORIZONTAL OPENING VERTICAL OPENING
feet (m) REINFORCEMENT REINFORCEMENT

Flat, Waffle-, and None Required None Required
Screen-Grid:
L <2 (0.61)
Flat, Waffle-, and Provide lintels in accordance with Section 5.3. | In locations with wind speeds less than or
Screen-Grid: Top and bottom lintel reinforcement shall equal to 110 mph (177 km/hr) or in Seismic
Lz 2(061) extend a minimum of 24 inches (610 mm} Design Categories A and B, provide one No,

beyond the limits of the opening,.

Provide one No. 4 bar within of 12 inches

(305 mm) from the bottom of the opening,.
Each No. 4 bar shail extend 24 inches (610 mm)
beyond the limits of the opening.

4 bar for the full height of the wall story
within 12 inches (305 mun) of each side of
the opening.

In locations with wind speeds greater than
110 mph (177 km/hr) or in Seismic Design
Categories C, D1 and D2, provide two No. 4
bars or one No. 5 bar for the full height of the
wall story within 12 inches {305 mm) of each
side of the opening,
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Prescriptive Method

5.0 ICF Wall Opening Requirements

TABLE 5.7
MAXIMUM ALLOWABLE CLEAR SPANS FOR

(NO. 4 OR NO. 5 BOTTOM BAR SIZE)

ICF LINTELS WITHOUT STIRRUPS IN LOAD-BEARING WALLS34567

MINIMUM MINIMUM MAXIMUM CLEAR SPAN (feet - inches)
LINTEL LINTEL
THICKNESS, T | DEPTH, D SUPPORTING SUPPORTING SUPPORTING ICF
(inches) {inches) LIGHT-FRAME ROOF LIGHT-FRAME SECOND SECOND STORY AND
ONLY STORY AND ROOF LIGHT-FRAME ROOF ®
MAXIMUM GROUND SNOW LOAD (psf)
30 | 70 30 70 30 70
Flat ICF Lintel
8 2-6 2-6 2-6 24 2-5 2-2
12 42 42 4-1 3-10 3-10 3-7
3.5 i6 Add 4-8 46 42 4-2 3-10
20 P 5-3 4-11 4-6 4-6 4-3
24 A 6-4 6-0 5-6 5-6 5-2
8 =0 2-6 | 2-6 2-5 2-6 2-2
12 4., ] R 3-11 3-10 3-7
5.5 15 == e b 7| 4-2 43 3-10
20 8-2 6-6 6-0 5-4 5-5 5-0
24 9-8 7-11 7-4 6-6 6-7 6-1
8 B T e 235 R TN
12 O 7 e v T T
7.5 16 79 6-1 5-7 4-10 411 4-5
20 8-8 7-2 6-8 5-11 6-0 5-5
. 24 9-6 7-11 7-4 6-6 6-7 6-0
8 e - - D I - [ el X ¥ P 28 e s
12 6-7 5-1 47 311 4-0 Mﬂ.ﬁn 2
9.5 16 7-10 6-4 5-11 5-3 5-4 4-10
20 87 7-2 6-8 5-11 6-0 5-5
24 94 7-10 7-3 6-6 6-7 6-0
Waffle-Grid ICF Lintel
8 2-6 2-6 2-6 24 24 2-2
12 4-2 42 4-1 3-8 3-9 3-5
6 or8 16 5-9 5-8 5-7 5-1 5-2 4-8
20 7-6 7-4 69 6-0 6-3 5-7
24 9-2 8-1 7-6 6-7 6-10 6-2

ForSI: 1inch =254 mm; 1 psf = 0.0479 kN/m%

1ft=03m

Table values are based on tensile reinforcement with a minimum yield strength of 40,000 psi (276 MPa), concrete with a
minimum specified compressive strength of 2,500 psi {(17.2 MPa), and a building width (floor and roof clear span) of 32

feet (9.8m).

Deflection criterion is L/240, where L is the clear span of the lintel in inches.
3Linear interpolation shall be permitted between ground snow loads and between lintel depths.
*Lintel depth, D, shall be permitted to include the available height of ICF wall located directly above the lintel, provided
that the increased lintel depth spans the entire length of the opening.
*Spans located in shaded cells shall be permitted to be multiplied by 1.05 when concrete with a minimum compressive
strength of 3,000 psi (20.7 MPa} is used or by 1.1 when concrete with a minimum compressive strength of 4,000 psi (27.6

MPa) is used.

“Spans shall be permitted to be multiplied by 1.05 for a building width (floor and roof clear span) of 28 feet (8.5 m).
"Spans shall be permitted to be multiplied by 1.1 for a building width (floor and roof clear span) of 24 feet (7.3 m) or less.
¥ Supported 1CF wall dead load varies based on wall thickness using 150 pcf (2403 kg/m3) concrete density

QRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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5.0 ICF Wall Opening Requirements

Prescriptive Method

TABLE 5.8A
MAXIMUM ALLOWABLE CLEAR SPANS FOR
FLAT ICF LINTELS WITH STIRRUPS IN LOAD-BEARING WALLS1,2,34,5,6,7 .
(NO. 4 BOTTOM BAR SIZE)

THICKNESS, T | DEPTH,D | LIGHT-FRAME RQOF | LIGHT-FRAME SECOND SECOND STORY AND

MINIMUM MINIMUM MAXIMUM CLEAR SPAN (feet - inches)
LINTEL LINTEL SUPPORTING SUPPORTING SUPPORTING ICF

(inches) (inches) ONLY STORY AND ROOF LIGHT-FRAME ROOF®

MAXIMUM GROUND SNOW LOAD (psf)
30 70 30 70 30 70

8 4-9 4-2 3-10 3-4 3-5 31
12 6-8 3-5 50

35 16 7-11

20
24

8 5-2 4-2 310 3-5 3-5
12

5.5 | 16
20

24
8 5-2
12
7.5 16 e
20

24
8
12
2.5 16
20
24

ForSI: 1inch=254mm; 1psf=00479kN/m% 1ft=03m

1

Table values are based on concrete with a2 minimum specified compressive strength of 2,500 psi (17.2 MPa), reinforcing
steel with a minimum yield strength of 40,000 psi (276 MPa), and a building width (floor and roof clear span) of 32 feet

(9.8m).
Deflection criterion is L /240, where L is the clear span of the lintel in inches.

Linear interpolation is permitted between ground snow loads and between lintel depths.
Lintel depth, D, is permitted to include the available height of ICF wall located directly above the lintel, provided that

the increased lintel depth spans the entire length of the lintel.
Spans located in shaded cells shail be permitted to be multiplied by 1.2 when reinforcing steel with a minimum yield

strength of 60,000 psi (414 MPa) is used.
Spans shall be permitted to be multiplied by 1.05 for a building width (floor and roof clear span) of 28 feet (8.5 m).

Spans shall be permitted to be multiplied by 1.1 for a building width (floor and roof clear span) of 24 feet or less {73 m).
Supported ICF wall dead load is 69 psf (3.3 kPa).
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Prescriptive Method 5.0 ICF Wall Opening Requiremenis

TABLE 5.8B
MAXIMUM ALLOWABLE CLEAR SPANS FOR
. FLAT ICF LINTELS WITH STIRRUPS IN LOAD-BEARING WALLSY4567
(NO. 5 BOTTOM BAR SIZE)
MINIMUM MINIMUM MAXIMUM CLEAR SPAN (feet — inches)
LINTEL LINTEL SUPPORTING SUPPORTING SUPPORTING ICF
THICKNESS, T | DEPTH,D | LIGHT-FRAME ROOF | LIGHT-FRAMESECOND | SECOND STORY AND
(inches) (inches) ONLY STORY AND ROOF LIGHT-FRAME ROOF *
MAXIMUM GROUND SNOW LOAD (psf)
30 70 30 70 30 70
8 49 4-2 3-11 3-7 3-7 35
12 7-2 6-3 5-11 55 5-5 5-0
35 16 9-6
20 11-1
24 12-2
8 5-6
12 8-3
5.5 16 99 3 ,
20 [ omn [ 96 | - 9.
24 120 | %11 | @ - ; o
8 6-1 5-2 4-9 4-3 43 310
12 8-2 &9 6-3 -5 ] i oy
75 16 TN 2 O T 6 =1
20 1030 | 811 | 8- . _ 69
. 24 100 | 910 | o : X
8 64 52 | 410 4-3 44 3-11
12 8-2 e L i ]
95 16 > S = T =
20 o8 | 8w | R
24 _ny7 { 99 | 90t -] FDe .

ForSl: linch=254mm; 1psf=00479kN/m% 1ft=03m
' Table values are based on concrete with a minimum specified compressive strength of 2,500 psi (17.2 MPa), reinforcing
steel with a minimum yield strength of 40,000 psi (276 MPa), and a building width (floor and roof clear span) of 32 feet

{9.8m).
? Deflection criterion is L/240, where L is the clear span of the lintel in inches.

* Linear interpolation is permitted between ground snow loads and between linte! depths.
* Lintel depth, I, is permitted to include the available height of ICF wall located directly above the lintel, provided that the

increased lintel depth spans the entire length of the iintel.
® Spans located in shaded cells shall be permitted to be muitiplied by 1.2 when reinforcing steel with a minimum yield

strength of 60,000 psi (414 MPa) is used.
® Spans shall be permitted to be multiplied by 1.05 for a building width (floor and roof clear span) of 28 feet (8.5 m).

7 Spans shall be permitted to be multiplied by 1.1 for a building width (floor and roof clear span) of 24 feet (7.3 m) or less.
* Supported ICF wall dead load is 69 psf (3.3 kPa).
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5.0 ICF Wall Opening Requirements Prescriptive Method

TABLE 5.9A
MAXIMUM ALLOWABLE CLEAR SPANS FOR
WAFFLE-GRID ICF LINTELS WITH STIRRUPS IN LOAD-BEARING WALLS!#?45%7 .
(NO. 4 BOTTOM BAR SIZE)

MINIMUM MINIMUM MAXIMUM CLEAR SPAN (feet - inches)
LINTEL LINTEL SUPPORTING SUPPORTING SUPPORTING ICF
THICKNESS, T%| DEPTH,D LIGHT-FRAME ROOF LIGHT-FRAME SECOND SECOND STORY AND
(inches) (inches) ONLY STORY AND ROOF LIGHT-FRAME ROOF ?
MAXIMUM GROUND SNOW LOAD (psf)
30 70 30 70 30 70
8 5-2 | 42 3-10 3-5 3-6 3-2
12 6-8 :
6 16 B B -6
20 . |
24 IREXET i
8 52
12
8 16 [
20 B0 G
24 98 C M

ForSl: 1linch=254mm; 1psf=00479kN/m* 1ft=03m

I'Table values are based on concrete with a minimurn specified compressive strength of 2,500 psi (17.2 MPa), reinforcing
steel with a minimum yield strength of 40,000 psi (276 MPa), and a building width (floor and roof clear span) of 32 feet ‘

(9.8m).
? Deflection criterion is L7240, where L is the clear span of the lintel in inches.

® Linear interpolation is permitted between ground snow loads and between lintel depths.
* Lintel depth, D, is permitted to include the available height of ICF wall located directly above the lintel, provided that

the increased lintel depth spans the entire length of the lintel.
* Spans located in shaded cells shall be permitted to be multiplied by 1.2 when reinforcing steel with a minimum yield

strength of 60,000 psi (414 MPa) is used.
¢ Spans shall be permitted to be multiplied by 1.05 for a building width (floor and roof clear span) of 28 feet (8.5 m).

7 Spans shall be permitted to be multiplied by 1.1 for a building width (floor and roof clear span) of 24 feet (7.3 m) or less.

® Lintel thickness corresponds to the nominal waffle-grid 1CF wall thickness with a minimum web thickness of 2 inches
{51 mm). For actual wall thickness, refer to section 2.0.

? Supported ICF wall dead Ioad is 55 psf (2.6 kPa).
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Prescriptive Method 5.0 ICF Wall Opening Requirements

TABLE 5.9B
MAXIMUM ALLOWABLE CLEAR SPANS FOR
. WAFFLE-GRID ICF LINTELS WITH STIRRUPS IN LOAD-BEARING WALLS 4567
(NO. 5 BOTTOM BAR SIZE)

MINIMUM | MINIMUM MAXIMUM CLEAR SPAN (feet — inches)
LINTEL LINTEL SUPPORTING SUFPORTING SUPPORTING ICF
THICKNESS, T| DEPTH,D | LIGHT-FRAME ROOF | LIGHT-FRAME SECOND | SECOND STORY AND
(inches) (inches) ONLY STORY AND ROOF LIGHT-FRAME ROOF *
MAXIMUM GROUND SNOW LOAD (psf)
30 70 30 70 30 70
8 54 48 45 41 45 310
12 80 69 63 56 63 51
6 16 99 80 7-5 66 7.5 51
20 110
7 122
8 60
12 83
8 16 99
O S O i)
2 T AaD - |eed

For S 1inch =254 mm; 1 psf=0.0479 kN/m%

! Table values are based on concrete with a minimum specified compressive strength of 2,500 psi (17.2 MPa), reinforcing
steel with a minimum yield strength of 40,000 psi (276 MFa), and a building width (floor and roof clear span) of 32 feet

(9.8m).
. Deflection criterion is L /240, where L is the clear span of the lintel in inches.
® Linear interpolation is permitted between ground snow loads and between lintel depths.
1 Lintel depth, D, is permitted to include the available height of ICF wall located directly above the lintel, provided that

the increased lintel depth spans the entire length of the lintel.
® Spans located in shaded cells shall be permitted to be multiplied by 1.2 when reinforcing steel with a minimum yield

strength of 60,000 psi (414 MPa} is used.
¢ Spans shall be permitted to be multiplied by 1.05 for a building width (floor and roof clear span) of 28 feet (8.5 m).

7 Spans shall be permitted to be multiplied by 1.1 for a building width (floor and roof clear span) of 24 feet (7.3 m) or less.

3 Lintel thickness corresponds to the nominal waffle-grid ICF wall thickness with a minimum web thickness of 2 inches
(51 mm). For actual wall thickness, refer to section 2.0.

* Supported ICF wall dead load is 55 psf (2.6 kPa).
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5.0 ICF Wall Opening Requirements Prescriptive Method

TABLE 5.10A
MAXIMUM ALLOWABLE CLEAR SPANS FOR
SCREEN-GRID ICF LINTELS IN LOAD-BEARING WALLSA?A5678 .
(NO. 4 BOTTOM BAR SIZE)
MINIMUM MINIMUM MAXIMUM CLEAR SPAN ({(feet — inches)
LINTEL LINTEL SUPFPORTING SUPPORTING SUPPORTING ICF
THICKNESS, T° DEPTH, D LIGHT-FRAME ROOF LIGHT-FRAME SECOND SECOND STORY AND
(inches) {inches) ONLY STORY AND ROOF LIGHT-FRAME ROOF *°
MAXIMUM GROUND SNOW LOAD (psf}
30 70 30 70 30 70
6 12 3-7 2-10 2-5 2-0 2-0 D/R
24 BT S R e = = O T

For SI'1 inch = 25.4 mm; 1 psf=00479 kKN/m% 1ft=03m

! Table values are based on concrete with a minimum specified compressive strength of 2,500 psi (17.2 MPa), reinforcing
steel with a minimum yield strength of 40,000 psi (276 MTa), and a building width (floor and roof clear span) of 32 feet
{9.8m); D/R indicates design required.

? Stirups are not required for 12 in (304.8 mm) deep screen-grid lintels. Stirrups shall be required at a maximum spacing of
12 inches {304.8 mm) on center for 24 in (609.6 mm) deep screen-grid lintels.

3 Deflection criterion is L/240, where L is the clear span of the lintel in inches.

! Linear interpolation is permitted between ground snow loads and between lintel depths.

® Spans located in shaded cells shall be permitted to be multiplied by 1.2 when reinforcing steel with a minimum yield
strength of 60,000 psi (414 MPa) is used.

¢ Spans shall be permitted to be multiplied by 1.05 for a building width (floor and roof clear span} of 28 feet (8.5 m).

7 Spans shall be permitted to be multiplied by 1.10 for a building width (floor and roof clear span) of 24 feet (7.3 m). .

® Flat ICF lintels may be used in lieu of screen-grid lintels.

% Linte! thickness corresponds to the nominal screen-grid ICF wall thickness. For actual wall thickness, refer to section 2.0.

19 5upported ICF wall dead load is 53 psf (2.5 kPa).
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Prescriptive Method

5.0 ICF Wall Opening Requirements

TABLE 5.10B
MAXIMUM ALLOWABLE CLEAR SPANS FOR

(NO. 5 BOTTOM BAR SIZE)

SCREEN-GRID ICF LINTELS IN LOAD-BEARING WALLS1,2,3,4,5,6,7,8

MINIMUM MINIMUM MAXIMUM CLEAR SPAN (feet — inches)

LINTEL LINTEL SUPPORTING SUPPORTING SUPPORTING ICF
THICKNESS, T°| DEPTH,D | LIGHT-FRAME ROOF | LIGHT-FRAME SECOND | SECOND STORY AND
(inches) tinches) ONLY STORY AND ROOF LIGHT-FRAME ROOF 1*

- MAXIMUM GROUND SNOW LOAD (psf)
30 70 30 70 30 70
6 12 3.7 2-10 2-5 1-10 D/R
24 " 122 | 00 | esFEdE B 7 i i

ForSL 1inch =254 mm; 1psf=00479kN/m’% 1ft=03m

1

5

Table values are based on concrete with a minimum specified compressive strength of 2,500 psi (17.2 MPa), reinforcing
steel with a minimurmn yield strength of 40,000 psi (276 MPa), and a building width (floor and roof clear span) of 32 feet
(9.8m); D/R indicates design required.
Stirups are not required for 12 in (304.8 mm) deep screen-grid lintels. Stirrups shall be required at a maximum spacing
of 12 inches (304.8 mm) on center for 24 in (609.6 mm) deep screen-grid lintels.
Deflection criterion is L/ 240, where L is the clear span of the lintel int inches.
Linear interpolation is permitted between ground snow loads and between lintel depths. Lintel depth, D, is permitted to
include the available height of any ICF wall located directly above the lintel, provided that the increased lintel depth

spans the entire length of the lintel.

Spans located in shaded cells shall be permitted to be multiplied by 1.2 when reinforcing steel with a minimum yield

strength of 60,000 psi (414 MPa) is used.
Spans shall be permitted to be multiplied by 1.05 for a building width {floor and roof clear span) of 2§ feet (8.5 m).

7 Spans shall be permitted to be multiplied by 1.10 for a building width (floor and roof clear span) of 24 feet (7.3 m).

® Flat ICF lintel may be used in lieu of screen-grid lintels.
® Lintel thickness corresponds to the nominal screen-grid ICF wall thickness. For actual wall thickness, refer to section 2.0.

'* Supported ICF wall dead load is 53 psf (2.5 kFPa).
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5.0 ICF Wall Opening Requirements

Prescriptive Method

TABLE 5.11

MINIMUM BOTTOM BAR ICF LINTEL REINFORCEMENT FOR

LARGE CLEAR SPANS WITH STIRRUPS IN LOAD-BEARING WALLS*4>

MINIMUM MINIMUM MINIMUM BOTTOM LINTEL REINFORCEMENT (quantity - size)
LINTEL LINTEL SUPPORTING SUPPORTING SUPPORTING ICF
THICKNESS, T¥| DEPTH,D | LIGHT-FRAME ROOF | LIGHT-FRAME SECOND | SECOND STORY AND
(inches) (inches) ONLY STORY AND ROOF LIGHT-FRAME ROOEF’
MAXIMUM GROUND SNOW LOAD (psf)
30, | 70 | 30 [ 70 Y
[Flat ICF Lintel, 12 feet — 3 inches Maximum Clear Span
3.5 24 1-#5 D/R D/R D/R D/R
5.5 20 1-#6; 2-#4 D/R D/R D/R D/R
24 1-#5 B : 2 D/R
16 D/R D/R D/R D/R D/R
7.5 20 B D/R D/R D/R
24
9.5 16 D/R D/R D/R D/R D/R
20 :
24 Z i [ =
[Flat ICF Lintel, 16 feet - 3 inches Maximum Clear Span
5.5 24 - 85 D/R D/R D/R D/R D/R
7.5 24 L2507 D/R D/R D/R D/R D/R
95 24| 245, |l02#6 [|iW%Se | DR D/R D/R
'Waffle-Grid ICF Lintel, 12 feet - 3 inches Maximum Clear Span
6 20 1-46; 2-#4 D/R D/R D/R D/R D/R
24 1#5 [ 295 | D/R
16 2-#5 D/R D/R D/R D/R D/R
8 20 1-#6; 2-#4 [0 2ep50 2| D/R D/R D/R
24 105 | 245 | cose (| 296 |0 2#6 | oH6 |
Screen-Grid ICF Lintel, 12 feet - 3 inches Maximum Clear Span
6 i 24 1-#5 | D/R | D/R | D/R | D/R I D/R
ForSL linch=254mm; 1psf=00479kN/m% 1ft=03m

1 Table values are based on concrete with a minimum specified compressive strength of 2,500 psi (17.2 MPa), reinforcing
steel with a minimum yield strength of 40,000 psi (276 MPa), and a building width (floor and roof clear span) of 32 feet

(9.8m).

2 D/R indicates design is required.
3 Deflection criterion is L/240, where L is the clear span of the lintel in inches.
4 Linear interpolation is permitted between ground snow loads and between lintel depths. Lintel depth, D, is permitted to

include the available height of ICF wall located directly above the lintel, provided that the increased lintel depth spans the

entire length of the lintel.
5 The required reinforcement(s) in the shaded cells shall be permitted to be reduced to the next smallest bar diameter when

reinforcing steel with a minimum yield strength of 60,000 psi (414 MPa) is used.
¢ Actual thickness is shown for flat lintels while nominal thickness is given for waffle-grid and screen-grid lintels. Refer to
Section 2.0 for actual wall thickness of waffle-grid and screen-grid ICF construction.
7 Supported ICF wall dead load varies based on wall thickness using 150 pef (2403 kg/ m®) concrete density.
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Prescriptive Method 5.0 ICF Wall Opening Requirements

TABLE 5.12
MIDDLE PORTION OF SPAN, A, WHERE STIRRUPS ARE NOT REQUIRED FOR
. FLAT ICF LINTELS?%4567
(NO. 4 or NO. 5 BOTTOM BAR SIZE)
MINIMUM MINIMUM MIDDLE SPAN NOT REQUIRING STIRRUPS (feet - inches)
LINTEL LINTEL SUPPORTING SUPPORTING SUFPORTING ICF
THICKNESS, T | DEPTH,D | LIGHT-FRAME ROOF | LIGHT-FRAME SECOND SECOND STORY AND
(inches) (inches) ONLY STORY AND ROOF LIGHT-FRAME ROOF
MAXIMUM GROUND SNOW LOAD (psf)

30 70 30 70 30 70

8 1-2 0-9 0-8 0-6 0-6 0-5

12 1-11 1-3 1-1 0-10 0-10 0-8

3.5 16 2-7 1-9 1-6 1-2 1-2 1-0

20 33 2-3 1-11 1-6 1-6 1-3

24 3-11 2-8 2-4 1-10 1-10 1-6

8 1-10 1-2 1-0 0-9 0-10 0-8

12 3-0 2-0 1-8 1-4 1-4 1-1

55 16 4-1 29 24 1-10 1-11 1-6

20 5-3 3-6 30 2-4 2-5 20

24 6-3 4-3 3-8 2-10 2-11 2-5

8 2-6 1-8 1-5 1-1 1-1 0-11

12 4-1 2-9 2-4 1-10 1-10 1-6

7.5 16 5-7 3-9 3-3 2-6 2-7 2-1

20 7-1 4-10 4-1 3-3 34 2-9

24 8-6 5-9 5-0 3-11 4-0 3-3

q 8 3-2 2-1 19 1-4 1-5 1-2
12 5-2 3-5 2-11 2-3 2-4 1-11

9.5 16 7-1 4-9 4-1 3-2 3-3 2-8

20 9-0 6-1 5-3 4-1 4-2 3-5

24 10-9 74 6-4 4-11 5-1 4-2

For SI: 1inch =254 mm; 1 psf=0.0479 KN/m% 1ft=03m

1

w

This table is applicable to Tables 5.8A and 5.8B. The values are based on concrete with a minimum specified compressive
strength of 2,500 psi (17.2 MPa), reinforcing steel with a minimum yield strength of 40,000 psi (276 MPa), and a building
width (floor and roof clear span) of 32 feet (9.8m).

Deflection criterion is L /240, where L is the clear span of the lintel in inches.

Linear interpolation is permitted between ground snow loads and between lintel depths. Lintel depth, D, is permitted to
include the available height of ICF wall located directly above the lintel, provided that the increased lintel depth spans the
entire length of the lintel.

The middle portion of the span, A, shall be permitted to be multiplied by 1.09 when concrete with a minimurn compres-
sive strength of 3,000 psi (20.7 MPa) is used.

The middle portion of the span, A, shall be permitted to be multiplied by 1.26 when concrete with a minimum compres-
sive strength of 4,000 psi (27.6 MPa) is used.

The middle portion of the span, A, shall be permitted to be multiplied by 1.1 for a building width {floor and roof clear

span) of 28 feet (8.5 m).
The middle portion of the span, A, shall be permitted to be multiplied by 1.2 for a building width {floor and roof clear

span) of 24 feet (7.3 m).
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TABLE 5.13
MIDDLE PORTION OF SPAN, A, WHERE STIRRUPS ARE NOT REQUIRED FOR
WAFFLE-GRID ICF LINTELS24°672 .
(NO. 4 or NO. 5 BOTTOM BAR SIZE)
MINIMUM | MINIMUM MIDDLE SPAN NOT REQUIRING STIRRUP
LINTEL LINTEL SUPPORTING SUPPORTING SUPPORTING ICF
THICKNESS, T’} DEPTH,D | LIGHT-FRAME ROOF | LIGHT-FRAME SECOND | SECOND STORY AND
(inches) {inches) ONLY STORY AND ROOF LIGHT-FRAME ROOF
MAXIMUM GROUND SNOW LOAD (psf)
30 70 30 70 30 70
8 0-10 0-7 0-5 0-4 0-5 0-4
12 1-5 0-11 0-9 07 0-8 0-6
6or 8 16 1-11 1-4 1-1 0-10 0-11 0-9
20 26 18 1-5 1-1 1-2 0-11
24 30 2-0 19 1-4 15 1-2

ForSL 1inch =254 mm; 1psf=00479 kN/m% 1ft=03m

! This table is applicable to Tables 5.9A and B. The values are based on concrete with a minimum specified compressive
strength of 2,500 psi (17.2 MPa), reinforcing steel with a minimum yield strength of 40,000 psi (276 MFPa), and a building
width (floor and roof clear span) of 32 feet (9.8m).

? Deflection criterion is L/240, where L is the clear span of the lintel in inches.

® Linear interpolation is permitted between ground snow loads and between lintel depths. Lintel depth, D, is permitted to
include the available height of any ICF wall located directly above the lintel, provided that the increased lintel depth spans
the entire length of the lintel.

* The middle portion of the span, A, shall be permitted to be multiplied by 1.09 when concrete with a minimum compre.
sive strength of 3,000 psi (20.7 MPa) is used.

® The middle portion of the span, A, shall be permitted to be multiplied by 1.26 when concrete with 2 minimum compres-
sive strength of 4,000 psi (27.6 MPa} is used.

¢ The middle portion of the span, A, shall be permitted to be multiplied by 1.1 for a building width of (floor and roof clear
span) 28 feet (8.5 m).

7 The middle portion of the span, A, shall be permitted to be multiplied by 1.2 for a building width of (floor and roof clear
span) 24 feet (7.3 m).

% When required, stirrups shall be placed in each vertical core.

# Lintel thickness corresponds to the nominal waffle-grid ICF wall thickness with a minimum web thickness of 2 inches
(51 mm). For actual wall thickness, refer to Section 2.0.
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TABLE 5.14
MAXIMUM ALLOWABLE CLEAR SPANS FOR
. ICF LINTELS IN GABLE END (NON-LOAD-BEARING) WALLS WITHOUT STIRRUPS1,2
(NO. 4 BOTTOM BAR SIZE)

MINIMUM MINIMUM MAXIMUM CLEAR SPAN
LINTEL LINTEL SUPPORTING SUPPORTING ICF
THICKNESS, T DEPTH, D LIGHT-FRAME GABLE SECOND STORY AND
(inches) (inches) END WALL GABLE END WALL
{(feet-inches) (feet-inches)
Flat ICF Lintel
8 11-1 31
12 15-11 5-1
35 16 - 16-3 6-11
20 16-3 8-8
22 16-3 10-5
8 16-3 4-4
12 16-3 7-0
5.5 16 16-3 9-7
20 16-3 12-0
22 16-3 14-3
8 16-3 5-6
12 16-3 8-11
75 16 16-3 12-2
20 16-3 15-3
22 16-3 16-3
. 8 16-3 6-9
12 16-3 10-11
9.5 16 16-3 14-10
20 16-3 16-3
22 16-3 16-3
Waffle-Grid ICF Lintel
8 9-1 2-11
12 13-4 4-10
6or8 16 16-3 6-7
20 16-3 84
22 16-3 9-11
Screen-Grid Lintel
6 12 5-8 4-1
24 16-3 9-1

For SI: 1foot =03048 m; 1inch=254mm; 1 psf=47.8804Pa

! Deflection criterion is L/240, where L is the clear span of the lintel in inches.
? Linear interpolation is permitted between lintel depths.
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Wind
Perpendicular
to Ridge

One—Story or Top Story of

tat— Two—Story

(Tablea 5.2A, 5.3A, and 5.4A)

Min. Solid Wall Length £ A + B + C

% 0— First Story of Two—Story
(Tobles 5.2B, 5.38, and 5.48)
/ Min. Solid Wall Length < D + E
Y

One—Story or Top Story of
Two—Stogy
(Tablea 5.2C, 5.3C, and 5.4C}

Min. Solid Wall Length <« A + B + C

First Story of Two-Sto?
(Tables 5.2C, 5.3C, ond 5.4C}
Min. Salid Wall Length £ D + E + F

NOTE: Each woll segment (A, B, C, D, E, and F)
must mest the minimum polld wall segment length
in arder to be applicable to the minimum

solld wall length equationa above.

Figure 5.1 Variables for Use with Tables 5.2 through 5.4
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Continuous No.4 Bar os

Required auy be Used

intal Reinfarcement Center Distance, A,

as
When Locoted ag Shown 53- Not Raquiring Stirrups
in Figures 5.3, 5.4, or 5.5) 5.4 Lintel Reinforcement
5. ( as Required
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S :

pe a LT

: =
L “No.4 qu—-—-q fr
Opemng Reinforcement " -

as Regquired

| I L
L-Wall Reinforcement
os Required

Figure 5.2 Reinforcement of Openings

No.4 Bor Lintel Reinforcement

1-1/2° 238 mm; Minimum 78‘_\%

2-1/2" (64 mm) Maximum

Minimum No.J3 Stirmup as Required

[~ =—— insulating Form

-

1-1/27 isa mmg Minimum |

2-1/2" {64 mm) Maximum % SN e
\ Herizontal Lints! Reinforcement
aa Required

* Section Cut through Flat Wall

Figure 5.3 Flat ICF Lintel Construction
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No.4 Bar Lintel Reinforcament

1—1/2% (38 mm) Minimum {
2—-1/2° (64 mm) Maximum§

Minimum No.3 Stirrup as Required

Concrete Web (Hidden)

Vertical Concreta
Core

Insulcting Form

Horizontal Lintel Reinforcement
as Required

1-1/2" 535 mm) Minimum
2-1/2" (64 mm) Maoximum

* Section Cut through Vertical
Core of o Waffle—Grid Lintel

(a) Single Form Height

No.4 Bar Lintel Reinforcement .
2-1/2" (64 mm) Moximum

1-1/2" isa mmg Minimum } i

at=H—— Minimum No.3 Stirrup os Required

Vertical Concrete
Care

t=——— |naulating Form

Concrete Web (Hidden)

Horizontal Lintel Reinforcement
as Required

1-1/2% (38 mm) Minimum }
2—-1/2" (64 mm Mu:imums:.

* Section Cut through Vertical
Core of o Waffle—Grid Lintel

(b) Double Form Height

Figure 5.4 Waffle-Grid ICF Lintel Construction
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1.5 In. Min.

2.5 In. Max. —J

L

~~ Horizontal Concrets

Core (Hiddan)

™ No. 4 Bar Lintel Reinforcament

... Yertical Concrete

Core

J i‘ I \Inauluting Form

1.5 In. Hin.J
2.5 In. Max.

1.5 In. Min.

2.5 In. Max. _]

(a) Single Form Height

L

Horizontal Lintel
Reinforcament os Required

Minimum No.3 Stimup
As Required

1. Horizontal Concrote

Core (Hidden)

™~ No. # Bar Linte! Reinforcement

. N

Insulating Form

[
Vertical Concrete
Core

1.5 In. Min. _
2.5 In. Mox,

Reinforcsment as Required

(b) Double Form Height

Figure 5.5 Screen-Grid ICF Lintel Construction
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6.0 ICF CONNECTION REQUIREMENTS

All ICF walls shall be connected to footings, floors, and roofs in accordance with this sech’on.
Requirements for installation of brick veneer and other finishes on exterior ICF walls and other
construction details not covered in this section shall comply with the manufacturer’'s approved
recommendations, applicable building code requirements, and accepted practice.

6.1  ICF Foundation Wall-to-Footing Connection

No vertical reinforcement (i.e., dowels} across the joint between the foundation wall and the footing
is required when one of the following exists:

* The unbalanced backfill height does not exceed 4 feet (1.2 m).

 The interior floor slab is installed in accordance with Figure 3.3 before backfilling.

» Temporary bracing at the bottom of the foundation wall is erected before backfilling and remains
in place during construction until an interior floor slab is installed in accordance with Figure 3.3 or
the wall is backfilled on both sides (i.e., stem wall).

For foundation walls that do not meet one of the above requirements, vertical reinforcement (i.e.,
dowel) shall be installed across the joint between the foundation wall and the footing at 48 inches
(1.2 m} on center in accordance with Figure 6.1. Vertical reinforcement (i.e., dowels) shall be provided
for all foundation walls for buildings located in regions with 3-second gust design wind speeds
greater than 130 mph (209 km/hr) or located in Seismic Design Categories D1 and D2 at 18 inches (457

mm} on center.

Exception:  The foundation wall’s vertical wall reinforcement, at intervals of 4 fee‘
(1.2 m} on center, shall extend 8 inches (203 mm) into the footing in lieu of
using a dowel as shown in Figure 6.1.

6.2 ICF Wall-to-Floor Connection
6.2.1 Floor on ICF Wall Connection (Top-Bearing Connection)

Floors bearing on ICF walls shall be constructed in accordance with Figure 6.2 or 6.3. The wood sill
plate or floor system shall be anchored to the ICF wall with 1/2-inch- (13-mm-) diameter bolts placed
at a maximum spacing of 6 feet (1.8 m) on center and not more than 12 inches (305 mm) from joints

in the sill plate.

A maximum anchor bolt spacing of 4 feet (1.2 m} on center shall be required when the 3-second
gust design wind speed is 110 mph (177 km/hr) or greater. Anchor bolts shall extend a minimum of
7 inches (178 mm) into the concrete and a minimum of 2 inches beyond horizontal reinforcement in
the top of the wall. Also, additional anchorage mechanisms shall be installed connecting each joist to
the sill plate. Light-frame construction shall be in accordance with the applicable building code.

In Seismic Design Category C, wood sill plates attached to ICF walls shall be anchored with Grade A
307, 3/8-inch (9.5 mun)} diameter anchor bolts embedded a minimum of 7 inches (178 mm) and placed
at a maximum spacing of 36 inches (914 mm) on center. In Seismic Design Category D1, wood sill
plates attached to ICF walls shall be anchored with Grade A 307, 3/8-inch (9.5 mm) diameter anchor
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Prescriptive Method 6.0 ICF Connection Requirements

bolts embedded a minimum of 7 inches (178 mm) and placed at a maximum spacing of 24 inches
(610 mm) on center. In Seismic Design Category D2, wood sill plates attached to ICF walls shall be
chored with Grade A 307, 3/8-inch (9.5 mm) diameter anchor bolts embedded a minimum of
inches (178 mm) and placed at a maximum spacing of 16 inches (406 mm) on center. The minimum
edge distance from the edge of concrete to edge of anchor bolt shall be 2.5 inches (63.5 mm).

For townhouses in Seismic Design Category C, each floor joist perpendicular to an ICF wall shall be
attached to the sill plate with an 18-gauge angle bracket using 3 — 8d common nails per leg in accor-
dance with Figure 6.3. For all buildings in Seismic Design Category D1, each floor joist perpendicular
to an ICF wall shall be attached to the sill plate with an 18-gauge angle bracket using 4 — 8d comumon
nails per leg in accordance with Figure 6.3. For all buildings in Seismic Design Category D2, each floor
joist perpendicular to an 1CF wall shall be attached to the sill plate with an 18-gauge angle bracket
using 6 ~ 8d common nails per leg in accordance with Figure 6.3.

For ICF walls parallel to floor framing in townhouses in Seismic Design Category C, full depth block-
ing shall be placed at 24 inches (610 mm) on center and shall be attached to the sill plate with an
18-gauge angle bracket using 5 — 8d common nails per leg. For ICF walls parallel to floor framing for
all buildings in Seismic Design Category D1, full depth blocking shall be placed at 24 inches (610 mm)
on center and shall be attached to the sill plate with an 18-gauge angle bracket using 6 - 8d common
nails per leg. For ICF walls parallel to floor framing for all buildings in Seismic Design Category D2,
full depth blocking shall be placed at 24 inches (610 mun) on center and shall be attached to the sill
plate with an 18-gauge angle bracket using 9 - 8d common nails per leg.

6.2.2 Floor Ledger-ICF Wall Connection (Side-Bearing Connection)

.Vood ledger boards shall be anchored to flat ICF walls having a minimum thickness of 5.5 inches (140
mm) thickness and to waffle-gridor screen-grid ICF walls having a minimum nominal thickness of 6
inches (152 mm) in accordance with Figure 6.4 or 6.5 and Table 6.1. Wood ledger boards shall be
anchored to flat ICF walls having a minimum thickness of 3.5 inches (89 mm) in accordance with
Figure 6.6 or 6.7 and Table 6.1. Minimum wall thickness shall be 5.5 inches (140 mm) in Seismic Design

Category C, D1, and D2.

Additional anchorage mechanisms shall be installed at a maximum spacing of 6 feet (1.8 m) on
center for Seismic Design Category C and 4 feet (1.2 m) on center for Seismic Design Categories Dland
D2. The additional anchorage mechanisms shall be attached to the ICF wall reinforcement and joist,
rafters, or blocking in accordance with Figures 6.4 through 6.9. The blocking shall be attached to floor
or roof sheathing in accordance with sheathing panel edge fastener spacing. Such additional anchor-
age shall not be accomplished by the use of toe nails or nails subject to withdrawal nor shall such
anchorage mechanisms induce tension stresses perpendicular to grain in ledgers or nailers. The capac-
ity of such anchors shall result in connections capable of resisting the design values
listed in Table 6.2. The additional anchorage shall be installed through an oversized hole in the ledger
board that is 1/2 in (12.7 mm) larger than the anchorage mechanism diameter to prevent combined
tension and shear in the mechanism.The diaphragm sheathing fasteners applied directly to a ledger
shall not be considered effective in providing the additional anchorage required by this section.

Where the additional anchorage mechanisms consist of threaded rods with hex nuts or headed bolts
complying with ASTM A307, Grade A or ASTM F1554, Grade 36, the design tensile strengths shown
in Table 6.4 shall be equal to or greater than the product of the design values listed in Table 6.2 and
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the spacing of the bolts in feet. Anchor bolts shall be embedded as indicated in Table 6.4. Bolts with
hooks shall not be used. .

6.2.3 Floor and Roof diaphragm Construction in Seismic Design Categories Dland D2.

Edge spacing of fasteners in floor and roof sheathing shall be 4 inches (102 mm) on center for Seismic
Design Category D1 and 3 inches (76 mm) on center for Seismic Design Category D1. In Seismic
Design Categories D1 and D2, all sheathing edges shall be attached to framing or blocking. Minimum
sheathing fastener size shall be 0.113 inch (2.8 mm) diameter with a minimum penetration of 1-3/8
inches (35 mm) into framing members supporting the sheathing. Minimum wood structural panel
thickness shall be 7/16 inch (11 mm) for roof sheathing and 23/32 inch (18 mm) for floor sheathing.
Vertical offsets in floor framing shall not be permitted.

6.3 ICF Wall-to-Roof Connection

Wood sill plates attaching roof framing to ICF walls shall be anchored to the ICF wall in accordance
with Table 6.4 and Figure 6.8. Anchor bolts shall be located in the middle one-third of the flat ICF wall
thickness or the middle one-third of the vertical core thickness of the waffle-grid and screen-grid ICF
wall system and shall have a minimum embedment of 7 inches (178 mm). Roof framing attachment
to wood sill plates shall be in accordance with the applicable building code.

In conditions where the 3-second gust design wind speed is 110 mph (177 km/hr) or greater, an
approved uplift connector (i.e., strap or bracket) shall be used to attach roof assemblies to wood sill
plates in accordance with the applicable building code. Embedment of strap connectors shall be in
accordance with the strap connector manufacturer’s approved recommendations.

In Seismic Design Category C, wood sill plates attaching roof framing to ICF walls shall be anchored
with a Grade A 307, 3/8 inch (9.5 mm) diameter anchor bolt embedded a minimum of
7 inches (178 mm) and placed at a maximum spacing of 36 inches (914 mm) on center. Wood sill plates
attaching roof framing to ICF walls shall be anchored with a minimum Grade A 307, 3/8 inch (9.5 mm)
diameter anchor bolt embedded a minimum of 7 inches (178 mm) and placed at maximum spacing of
24 inches (609 mm) on center for Seismic Design Category D1 and a maximum spacing of 16 inches
(406 mm) on center for Seismic Design Category D2. The minimum edge distance from the edge of
concrete to edge of anchor bolt shall be 2.5 inches (63.5 mm).

In Seismic Design Category C, each rafter or truss shall be attached to the sill plate with an 18-gauge
angle bracket using three 8d common nails per leg. For all buildings in Seismic Design Category D1,
each rafter or truss shall be attached to the sill plate with an 18-gauge angle bracket using four 8d
common nails per leg. For all buildings in Seismic Design Category D1, each rafter or truss shall be
attached to the sill plate with an 18-gauge angle bracket using six 8d common nails per leg.

Where hipped roof construction is used without an attic floor, the following shall apply. For town-
houses in Seismic Design Category C, each rafter shall be attached to the sill plate with an 18-gauge
angle bracket using 3 — 8d common nails per leg in accordance with Figure 6.10. For all buildings in
Seismic Design Category D1, each rafter shall be attached to the sill plate with an 18-gauge angle
bracket using 4 — 8d common nails per leg in accordance with Figure 6.10. For all buildings in Seismic
Design Category D2, each rafter shall be attached to the sill plate with an 18-gauge angle bracket using
6- 8d common nails per leg in accordance with Figure 6.10.
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TABLE 6.1
FLOOR LEDGER-ICF WALL CONNECTION (SIDE-BEARING CONNECTION)
REQUIREMENTS™®

MAXIMUM FLOOR MAXIMUM ANCHOR BOLT SPACING? (inches)
CLEAR SPAN? STAGGERED | STAGGERED TWO TWO
(feet) 1/2-INCH- 5/8-INCH- 1/2-INCH- 5/8-INCH-
DIAMETER DIAMETER DIAMETER DIAMETER
ANCHOR ANCHOR ANCHOR ANCHOR
BOLTS BOLTS BOLTS® BOLTS®
8 18 20 36 40
10 16 18 32 36
12 14 18 28 36
14 12 16 24 32
16 10 14 20 28
18 9 13 18 26
20 8 i1 16 7]
22 7 10 14 20
24 7 9 14 18
26 6 9 12 18
28 6 8 12 16
30 5 8 10 16
32 5 7 10 14
For SI: 1 foot = 0.3048 m; 1 inch = 25.4 mm

1

Minimum ledger board nominal depth shall be 8 inches (203 mm). The actual thickness of the ledger board shall
be a minimum of 1.5 inches (38 mm). Ledger board shall be minimumn No. 2 Grade.

Minimum edge distance shall be 2 inches (51 mm) for 1/2-inch- (13-mm-) diameter anchor bolts and 2.5 inches
{64 mm) for 5/8-inch- {16-mm-) diameter anchor bolts.

Interpolation is permitted between floor spans.

Floor span corresponds to the clear span of the floor structure (i.e., joists or trusses) spanning between load-

bearing walls or beams.
Anchor bolts shall extend through the ledger to the center of the flat ICF wall thickness or the center of the hor-

izontal or vertical core thickness of the waffle-grid or screen-grid 1CF wall system.
Minimum vertical clear distance between bolts shall be 1.5 inches (38 mm) for 1/2-inch- (13-mm-) diameter
anchor bolts and 2 inches {51 mm) for 5/8-inch- (16-mm-)} diameter anchor bolts.

TABLE 6.2
DESIGN TENSILE STRENGTH OF HEADED BOLTS CAST IN CONCRETE,

Diameter of Bolt - inches Minimum Embedment Depth Design Tensile Strength,
(inches) (pounds)
1/4 2 1040
3/8 with washer3 2-3/44 2540
1/2 with washer 4 4630

Applicable to concrete of all strengths. See Notes (3) and (4)

Values are based on ASTM F1554, Grade 36 bolts. Where ASTM A307, Grade A headed bolts are used, the
strength shall be increased by 1.034.

A hardened washer shall be installed at the nut embedded in the concrete or head of the bolt to increase
the bearing area. The washer is not required where the concrete strength is 4000 psi or greater.
Embedment depth shall be permitted to be reduced 1/4-inch where 4000 psi concrete is used.
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TABLE 6.3
MINIMUM DESIGN VALUES (plf) FOR FLOOR JOIST-TO-WALL ANCHORS REQUIRED IN
SEISMIC DESIGN CATEGORIES C, D1, AND D2

WALL SEISMIC DESIGN CATEGORY
TYPE
C D1 D2
Flat 3.5 193 320 450
Flat 5.5 303 502 708
Flat 7.5 413 685 965
Flat 9.5 523 867 1,223
Waffle 6 246 409 577
Waffle 8 334 555 782
Screen 6 233 387 546

For Sl: 1plf = 1459 N/m

1. Table values are based on IBC Equation 16-63 using a tributary wall height of 11 feet
(3353 mm). Table values may be reduced for tributary wall heights less than 11 feet (3.3 m)
by multiplying the table values by X/11, where X is the tributary wall height.

2. Table values may be reduced by 30 percent to determine minimum allowable stress design

values for anchors.

TABLE 6.4
TOP SILL PLATE-ICF WALL CONNECTION REQUIREMENTS .

MAXIMUM WIND [ MAXIMUM ANCHOR BOLT SPACING
SPEED (mph) 1/2-INCH-DIAMETER ANCHOR BOLT

90 6"-0"

100 6"-0"

110 6'-0"

120 4'-0"

130 4'-0"

140 2’0"

150 20"

For SI: 1 foot = 0.3048 m; 1inch = 25.4 mm; 1 mph = 1.609344 km/hr
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Minimum No.5 Bar

at 4 Feet (1.2 m) NI
On Center, If Required

8" (203 mm)
Minimum

-

8" (203 mm)

H ——— Vertical Wall Reinforcement

] /— Footing

ICF Wall System

as Required

Minimum
3" (76 mm)
Minimum
* Section Cut through Flat
Wall or Vertical Core of a
Waffle— or Screen—Grid Wall
Figure 6.1 ICF Foundation Wall-to-Footing Connection
Minimum )
3.5 (89 mm /—— ICF Wail
u /— Insulating Form
Vertical Wall M »~— Band Joist or Blocking
Reinforcement as
Required
Lap Splice .
as Required ~ Joist ~
Minimum No.4 Bar = Anchor Bolt

(Continuous)

Sill Plote

Minimum
7!'

178 mm

Minimum 3.5 Inches (B9 mm)

ICF Wall

| I S | b 1

Figure 6.2 Floor on ICF Wall Connection (Top-Bearing Connection)
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{4

Light—Frome Construction

Above

Clip Angle at Each Joist in
Seismic Design Categories C, Dy, and D,

o+
0[]
+

— Joist —

Sill Plate

Minimum
7-
(178 mm’j

- Anchor Bolt as Required

L— ICF Wall

Vertical Wall Reinforcement as Required

Minimum No.4 Bor (Continuous)

* Section Cut through Flat
Wall or Vertical Core of a
Waffle— or Screen—Grid Wall

Figure 6.3 Floor on ICF Wall Connection (Top-Bearing Connection)

{Not Permitted is Seismic Design Categories C, D1, or D2 Without Use of Out-of-Plane Wall Anchor in

Accordance with Figure 6.5)

Double (shown)

Bolt as Required

Minlmum No.4 Bar
(Cantinuous)

or Staggerad Anchor__|

Lap Splice
o8 Required \

5.5° (140 mm)

Minimum

" (102 mm

Insulating Form
//_— Ledger Beard

= Wall Out—of-Plane Anchor
N\ ~ Jolgt ~ in Seismic Design Categories
- C, Dy, and Dy per Table 6.2
\Wi — T
I +++
T v +++
3 17 % e
Jolst Honger

""" Vertical Wall Reinforcement
as Required

* Section Cut through Flat
Wall or Vertical Care of a
Waffle— or Screen—Grid Wall

Figure 6.4 Floor Ledger-ICF Wall Connection (Side-Bearing Connection)
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Minimum

.

Double (shown)

Insulating Ferm

Ledger Board
Wall Out—of—Plane Anchor

or Staggerad Anchor

In Seismic Design Cotegories

{Continuous)

i ~ Joigt ~
Boft a8 Requirsd 7 : . C, Dy, ond Dy per Table 8.2
Lap Splice Y—4- j!l +++
as Requirad\ l“\ | + + +
Minimum No.4 Bar Joist Hanger

ICF Wall

Yertical Wall Reinforcement
as Required

* Section Cut through Flat
Wall or Vertical Core of o
Woffle— or Screen—Grid Wall

Figure 6.5 Floor Ledger-ICF Wall Connection (Side-Bearing Connection)

Minimum

Minimum No.4 Bar
{Contlnuous)

s Yertical Wal! Reinforcement
', 3.5 (B9 mm) | a» Requirsd
Yot s TG
Doubla (’h""?" “_1@‘“ .:f‘... , Insulating Form
or Staggered Anchor RN I Lokt /—I.ndgar Board
Bolt a8 Required \“;.j'f 3 .?fz'i = Wall Out—of—Plane Anchor
Minimum Ry AL ot r Jolat ~ In Selsmic Design Calegoriea
4-n! li. x 1/4" e 4 prors 7 /_c' D1' and D2 per Taoble B2
(102mm x 102mm x &mm) g £ I 3 B AT IR +++
Stesl Pigte for each Bolt ﬂ A= 4+
—

Joist Honger
Lap Splica
as' Required < 35° (42 mm)

ICF Wall

* Saction Cut through Flat Wall

Figure 6.6 Floor Ledger-ICF Wall Connection (Through-Bolt Connection)
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Lap Splice
as Required

Double (shown) Insuleting Form

or Staggered Anchar
Bolt o:?g;oqulrnd Ledger Board
Wall Out—af—Plane Anchor
Minimurn ~ Jolgt ~ in Selsmic Design Categaries
4" x 4" x 1/4" C. Iy, and Dy per Table 6.2
{102mm x 102mm x Smm) E +++
Stesl Plate for Eoch Bolt A +++
—
¢ Joist Honger

Minimum No.4 Bar o condl
(Continuous) wul B9 Pl ICF Wail

o T ~Feset— Vortical Wall Reinfarcement

o3 Required

* Sectlon Cut through Flat Wall

Figure 6.7 Floor Ledger-ICF Wall Connection (Through-Bolt Connection)

Light—Frame Above

Clip Angle ot Each Full Depth Blocking
/ Seismic Design Cotegories C, Dy, ond Dp

Blocking sholl receive
sheathing edge nailing
-l": ~ Blocking ~ ~ Blocking ~
Sill Plate . Strap ocross width
£ Floor Joist of building with (4)—Bd
E Anchor Bolt as Required nafls per joist spacing
5 —— ICF Wall
Vertical Wall Reinforcement os Required

— Minimum No.4 Bor {Continuous)

Figure 6.8 Anchorage Requirements for Townhouses in Seismic Design
Category C and All Buildings in Seismic Design Category D for Floor Framing Parallel to Wall
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. Minirmum
»

4 4
(12 mm)

TP _.-‘;l';-1 A Insulating Form

n3 o Yo =T /_ Floor Blocking shall extend the width of the buliding
::u;::q g::::nznchar [T ] 4 .,s,p.: . / voist N\ _ ond shall receive lhoatljlng fip ncliing
Bolt ca Required it %M;" ~Blocdng~ ~Blocking~

I 5oL P+ ++
Lop Splke TF = - X
o8 Required \_. - 7Y F_t++
Minimum No.4 Bar 2 TR
Continuous, ocking In Lna
( \ Iol)l ICF woll Woll Out—ef—Flene Anchor
Vartcol Strop ocrosa the width of In Selzmic Design Cotegories
Reinforcermant bullding with (5)—16d najle C, Dy, ond Dy per R811.9(2)
or Requ per floor jolt spocing

Figure 6.9 Anchorage Requirements for Townhouses in Seismic Design
Category C and All Buildings in Seismic Design Category D for Floor Framing Parallel to Wall

Clip Angls ot Each Roof
Truss in Seismic Design

Cotegoriea C, Dy, and D,

Light—Frame Roof

\

Sill Plote
Anchor Bolt

ICF Wall

Minimum No.4 Bar
(Continuous)

Vertical Wall Reinforcement
os Required

* Section Cut through Flot
Wall or Vertical Core of a
Waffle— ar Screen—Grid Wall

Figure 6.10 Top Wood Sill Plate-ICF Wall System Connection
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7.0  UTILITIES

7.1  Plumbing Systems .
Plumbing system installation shall comply with the applicable plumbing code.

7.2 HVAC Systems

HVAC system installation shall comply with the applicable mechanical code.

7.3 Electrical Systems

Electrical system installation shall comply with the National Electric Code.
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8.0 CONSTRUCTION AND THERMAL GUIDELINES

..1 Construction Guidelines

Before placing concrete, formwork shall be cleaned of debris and shall be free from frost. Concrete
shall not be deposited into formwork containing snow, mud, or standing water or on or against any
frozen material.

Before placing concrete, vertical and horizontal reinforcement shall be secured in place within the
insulating concrete form as required in Section 2.0. Concrete placing methods and equipment shall be
such that the concrete is conveyed and deposited at the specified slump, without segregation and
without significantly changing any of the other specified qualities of the concrete.

An adequate method shall be followed to prevent freezing of concrete in cold weather during the
placement and curing process. The insulating form shall be considered adequate protection against

freezing when approved.
8.2 Thermal Guidelines

8.2.1 Energy Code Compliance

The insulation value (R-value) of all ICF wall systems shall meet or exceed the applicable provisions
of the local energy code or the Model Energy Code [20].

B.2.2 Moisture

orm materials shall be protected against moisture intrusion through the use of approved exterior
wall finishes in accordance with Sections 3.0 and 4.0.

8.2.3 Ventilation

The natural ventilation rate of ICF buildings shall not be less than that required by the local code or
0.35 ACH. When required, mechanical ventilation shall be provided to meet the minimum air
exchange rate of 0.35 ACH in accordance with the Model Energy Code [20] or ASHRAE 62 [21].

q{ESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition 1-75



9.0 References

Prescriptive Method

9.0

[1]

[2]

(3]

[4]

(5}
[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

(14]

[15]

REFERENCES

ASTM E 380 Standard Practice for Use of the International System of Units (SI) (the Moa’emiz‘
Metric System). American Society for Testing and Materials (ASTM), West Conshohocken,

Pennsylvania. 1992.

Building Code Requirements for Structural Concrete (ACI 318-99). American Concrete Institute,
Detroit, Michigan. 1999.

Structural Design of Insulating Concrete Form Walls in Residential Construction. Portland Cement
Association, Skokie, Illinois. 1998.

Minimum Design Loads for Buildings and Other Structures (ASCE 7-98). American Society of Civil
Engineers, New York, New York. 1998.

International Building Code. International Code Council (ICC). Falls Church, Virginia. 2000.
International Residential Code. International Code Council (ICC). Falls Church, Virginia. 2000.

Guide to Restdential Cast-in-Place Concrete Construction (ACI 332R-84). American Concrete
Institute, Detroit, Michigan. 1984.

ASTM C 31/C 31M-96 Standard Practice for Making and Curing Concrete Test Specimens in the Field.
American Society for Testing and Materials (ASTM), West Conshohocken, Pennsylvania. 1997.

ASTM C 39-96 Standard Test Method for Compressive Strength of Cylindrical Concrete Specimerz‘
American Society for Testing and Materials (ASTM), West Conshohocken, Pennsylvania. 1996.

ASTM E 84-96a Standard Test Method for Surface Burning Characteristics of Building Materials.
American Society for Testing and Materials (ASTM), West Conshohocken, Pennsylvania. 1996.

ASTM C 143-90a Standard Test Method for Slump of Hydraulic Cement. American Society for Testing
and Materials (ASTM), West Conshohocken, Pennsylvania. 1978.

ASTM A 370-96 Standard Test Methods and Definitions for Mechanical Testing of Steel Products.
American Society for Testing and Materials (ASTM), West Conshohocken, Pennsylvania. 1996.

ASTM C 94-96e1 Standard Specification for Ready-Mixed Concrete. American Society for Testing and
Materials (ASTM), West Conshohocken, Pennsylvania. 1996.

ASTM A615/A615 M-96a Standard Specification for Deformed and Plain Billet-Steel Bars for
Concrete Reinforcement. American Society for Testing and Materials (ASTM), West

Conshohocken, Pennsylvania. 1996.

ASTM A996/A996 M-01 Standard Specification for Rail-Steel and Axle-Steel Deformed Bars for
Concrete Reinforcement. American Society for Testing and Materials (ASTM), West

Conshohocken, Pennsylvania. 2001.

1-76

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORM!
IN RESIDENTIAL CONSTRUCTION, Second Edition



Prescriptive Method 9.0 References

[16]

[17]

(18]

[19]

[20]

[21]

ASTM A706/A706 M-96b Standard Specification for Low-Alloy Steel Deformed and Plain Bars for
Concrete Reinforcement. American Society for Testing and Materials (ASTM), West
Conshohocken, Pennsylvania. 1996.

ASTM C 578-95 Standard Specification for Rigid, Cellular Polystyrene Thermal Insulation.
American Society for Testing and Materials (ASTM). West Conshohocken, Pennsylvania.

1995.

Design and Construction of Frost-Protected Shallow Foundations. ASCE Standard 32-01, American
Society of Civil Engineers, Reston, Virginia. 2001.

ASTM E 119-95a Standard Test Methods for Fire Tests of Building Construction and Materials.
American Society for Testing and Materials (ASTM), West Conshohocken, Pennsylvania.

1995.

Model Energy Code. The Council of American Building Officials (CABO). Falls Church, Virginia.
1995.

ASHRAE 62-1999 Ventilation for Acceptable Indoor Air Quality. American Society of Heating,
Refrigerating, and Air-Conditioning Engineering, Inc., Atlanta, Georgia. 1999.

QESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition 1-77






Prescriptive Method

PART II

COMMENTARY

QRESCRIPT IVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition






Prescriptive Method Introduction

INTRODUCTION

"he Commentary is provided to facilitate the use of, and prov1de background information for, the
Prescriptive Method. It also includes supplemental information and engineering data supporting the
- development of the Prescriptlve Method. Individual sections, figures, and tables are presented in the
same sequence found in the Prescriptive Method. For detailed engmeermg calculations, refer to
Appendix B, Engineering Technical Substantiation. :

Information is presented in both U.S. customary units and International System (SI). Reinforcement
bar sizes are presented in U.S. customary units; refer to Appendix C for the correspondmg reinforce-
ment bar size in SI units.
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C1.0 General Prescriptive Method

C1.0 GENERAL
Cl1 Purpose L S .

The goal of the Prescriptive Method is to present prescriptive criteria (i.e., tables, figures, guidelines) for

the construction of one- and two-story dwellings with insulating concrete forms. Before development

of the First Edition of this document, no “generic” prescriptive standards were available to builders . -
and code officials for the purpose of constructing concrete homes with insulating concrete forms with-

out the added expense of a design professional and the other costs associated with using a “nonstan-
dard” material for residential construction.

The Prescripfive Method presents minimum requirements for basic residential construction using insu-
lating concrete forms. The requirements are consistent with the safety levels contained in the current
U.S. building codes governing residential construction. : '

The Prescriptive Method is not applicable to all possible conditions of use and is subject to the applica-
‘bility limits set forth in Table 1.1 of the Prescriptive Method. The applicability limits should be careful-
ly understood as they define important constraints on the use of the Prescriptive Method. This docu-
ment is not intended to restrict the use of either sound judgment or exact engineering analysis of spe-
cific applications that may result in improved designs and economy. _ :

C12 Approach |

The requirements, figures, and tables provided in the Prescriptive Method are based primarily on the

. Building Code Requirements for Structural Concrete [C1] and the Structural Design of Insulating Concrete
Form Walls in Residential Construction [C2], and the pertinent requirements of the Minimum Desig
Loads for Buildings and Other Structures [C3), the International Residential Code [C4], and the Intemationa'
Building Code [C5]. Construction practices from the Guide to Residential Cast-in-Place Concrete
Construction [C6] have also been used. Engineering decisions requiring interpretations or judgments
in applying the above references are documented in this Commentary and in Appendix B.

CL3 Scope

It is unrealistic to develop an easy-to-use document that provides prescriptive requirements for all
types and styles of ICF construction. Therefore, the Prescriptive Method is limited in its applicability to
typical one- and two-family dwellings. The requirements set forth in the Prescriptive Method apply
only to the construction of ICF houses that meet the limits set forth in Table 1.1 of the Prescriptive
Method. The applicability limits are necessary for defining reasonable boundaries to the conditions
that must be considered in developing prescriptive construction requirements. The Prescriptive
Method, however, does not limit the application of alternative methods or materials through engi-

neering design by a design professional.

The basic applicability limits are based on industry convention and experience. Detailed applicabili-
ty limits were documented in the process of developing prescriptive design requirements for various
elements of the structure. In some cases, engineering sensitivity analyses were performed to help

define appropriate limits.

The applicability limits strike a reasonable balance among engineering theory, available test data, and
proven field practices for typical residential construction applications. They are intended to :prever_
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- Prescriptive Method C1L0 General

nusapphcauon while addressing a reasonably large percentage of new housing conditions. Special
consideration is directed toward the following items related to the applicability limits. -

Butldmg Geometry

The provisions in the Prescriptive Method apply to detached one- or two-famﬂy dwellings, townhous-
es, and other attached single-family dwellings not more than two stories in height above grade.

- Application to homes with complex architectural configurations is subject to careful mterpretatlon
and sound judgment by the user and design support may be required. .

Site Conditions

Snow loads are typically given in a ground snow load map such as that provided in ASCE 7 [C3] or
by local practice. The 0 to 70 psf (0 to 3.4 kPa) ground snow load used in the Prescriptive Method cov-
ers approximately 90 % of the United States, which includes’ the majority of the houses that are expect-
ed to use this document. In areas with higher ground snow loads, thlS document cannot be used and

a design professmnal should be consulted

—

All areas of the United States fall within the 85 to 150 rnph (137 to 241 km/ hr) range of 3-second gust -
design wind speeds [C3][C4][C5]. Houses built along the immediate, hurricane-prone coastline sub-
jected to storm surge (i.e., beach-front property) cannot be designed with this document and a design
professional should be consulted. The National Flood Insurance Program. (NFIP) requirements,
administered by the Federal Emergency Management Agency (FEMA), should also be employed for
structures located in coastal high-hazard zones as locally applicable.

uildings constructed in accordance with the Prescriptive Method are lumted to sites de31gnated as
Seismic Design Categories A, B, C, D1, and D2 [C4][C5].

Soil borings are rarely required for residential construction except where there are known risks or a
history of problems (i.e., organic deposits, landfills, expansive soils) associated with building in cer-
tain areas. The presumptive soil-bearing value of 2,000 psf (96 kPa) is based on typical soil conditions
in the United States except in areas of high risk or where local experlence or geotechnical investiga-

tion proves. otherwise.

Loads

Loads and load combinations requiring calculations to analyze the structural components and assem-
blies of a home are presented in Appendix B, Engineering Techmcal Substantiation.

If relying on either older fastest—rmle wind speed maps or older design provisions based on fastest- -
mile wind speeds, the designer should convert the wind speeds in accordance with Table C1.1 for use

with the tables in the Prescriptive Method.

QRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS : _
IN RESIDENTIAL CONSTRUCTION, Second Edition ' 1I-3



Prescriptive Method

C1.0 General
TABLE C1.1
WIND SPEED CONVERSIONS
Fastest Mile (mph) ' 70 75 80 90 100 110 120 130 .
3-second Gust (mph) 85 a0 100 110 120 130 140 150

Cl4 ICF System Limitations

All ICF systems are typically categorized with respect to the form itself and the resulting shape of the
formed concrete wall. There are three types of ICF forms: panel, plank, and block. The differences
among the ICF form types are their size and attachment requirements. '

_ There are also. three categories of ICF systems based on the resulting shape of the formed concrete
wall. From a structural design standpoint, it is only the shape of the concrete inside the form, not the
type of ICF form, that is of importance. The shape of the concrete wall may be better understood by
visualizing the form stripped away from the concrete, thereby exposing it to view. The three cate-
gories of ICF wall forms are flat, grid, and post-and-beam. The grid wall type is further categorized
into wafflé-grid and screen-grid wall systems. These classifications are provided solely to ensure that
the design tables in this document are applied to the ICF wall systems as the authors intended.

The post-and-beam ICF wall system is not included in this document because it requires a different
engineering analysis. It is analyzed as a concrete frame rather than as a monolithic concrete (i.e., flat,
waffle-grid, or screen-grid) wall construction in accordance with ACI 318 [C1]. Post-and-beam sys-
tems may be analyzed in the future to provide a prescriptive method to facilitate their use.

CL5  Definitions ' S q

The definitions in the Prescriptive Method are provided because certain terms are likely to be unfamil-
iar to the home building trade. Additional definitions that warrant technical explanation are defined

below.

Permeance: The permeabilify of a porous material; a measure of the ability of moisture to migrate
through a material. : :

Superplasticizer: A substance added to concrete mix that improves workability at very low water-
cement ratios to produce high, early-strength concrete. Also referred to as high-range, water-reducing

admixtures.
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C2.0 MATERIALS, SHAPES, AND STANDARD SIZES

"2.1 Physical Dimensions

Due to industry variations related to the dimensions of ICFs, dimensions were standardized (i.e.,
thickness, width, spacing) to allow for the development of the Prescriptive Method. This prescriptive
approach may result in a conservative design for ICFs where thickness and width are greater than the
minimum allowable or the spacing of vertical cores is less than the maximum allowable. Consult a
design professional if a more economical design is desired.

C21.1  Flat ICF Wall Systems

Wall Thickness: The actual wall thickness of flat ICF wall systems is limited to 3.5 inches (89 mm),
5.5 inches (140 mm), 7.5 inches (191 mm), or 9.5 inches (241 mm) in order to accommodate systems
currently available. ICF flat wall manufacturers whose products have a wall thickness different than
those listed above shail use the tables in the Prescriptive Method for the nearest available wall thick-
ness that does not exceed the actual wall thickness. -

C21.2 Wafﬂe-Grld ICF Wall Systems

Core T?uckness and Width: The vertical and horizontal core thickness and width are limited per Table
2.1 in the Prescriptive Method in order to accommodate ICF waffle-grid wall systems currently avail-
able. Variation among the ICF waffle-grid manufacturers is minimal; therefore, the tables in the
Prescriptive Method should produce economical designs for buildings meeting the applicability limits
of Table 1.1 in the Prescriptive Method. ICF waffle-grid manufacturers that offer concrete cross sections
Jarger than those required in Table 2.1 of the Prescriptive Method shall use the tables for the nominal
e that has the nearest available core thickness not exceeding the actual wall thickness. Although
Figure 2.2 in the Prescriptive Method shows the ICF waffle-grid vertical core shape as elliptical, the
fshape of the vertical core may be round, square, or rectangular provided that the minimum dimen-

sions in Table 2.1 are met.

Core Spacmg The vertical and horizontal core spacing is limited per Table 2.1 of the Prescrzptwe '
Method in order to accommodate the ICF waffle-grid wall systems currently available. Variation in the
products offered by the ICF waffle-grid manufacturers is minimal; therefore, the tables in the
Prescriptive Method should produce economical designs for buildings meeting the apphcabﬂlty lim-

its of Table 1.1 in the Prescriptive Method.

Web Thickness: The minimum web thickness of 2 inches (51 mm) is based on ICF waffle-grid systems
currently available. Variation in the products offered by the ICF waffle-grid manufacturers is minimal;
therefore, the tables in the Prescriptive Method should produce economical designs for buildings meet-
ing the applicability limits of Table 1.1 in the Prescriptive Method.

C2.1.3 Screen-Gnd ICF Wall System

Core Thickness and Width: The vertical and horizontal core tlmckness and width are limited per Table
~ 2.1in the Prescriptive Method in order to accommodate ICF screen-grid wall systems currently avail-
able. ICF screen-grid manufacturers that offer concrete cross sections larger than those required in
Table 2.1 shall use the tables for the nominal size that has the nearest.available core thickness not
exceeding the actual wall thickness. Although Figure 2.3 of the Prescrzptwe Method shows the ICF
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Prescriptive Method

screen-grid vertical core shape as round, the shape of the vertical core may be square, recténgular,
elliptical, or other shape provided that the minimum dimensions in Table 2.1 are met.

Core Spacing: The vertical and horizontal core spacing is limited per Table 2.1 of the Prescriptive
Method in order to accommodate the large number of ICF screen-grid wall systems currently available.
Due to a lack of test data to suggest otherwise, the maximum allowable horizontal and vertical core
spacing is a value agreed on by the steering committee members. The core spacing is the main requrre-
ment differentiating an ICF screen-grid system from an ICF post-and-beam system. Future testing is
required to determine the maximum allowable core spacing without adversely affecting the wall sys-
tem’s ability to act as a wall rather than as a frame.

C2.2 Concrete Materials

Cc2.2.1 Concrete Mix

The maximum slump and aggregate size requirements are based on current ICF practice.
Considerations included in the prescribed maximums are ease of placement, ability to fill cavities
thoroughly, and hmmng the pressures exerted on the form by wet concrete.

Concrete for walls less than 8 inches (203 mm) thick is typically placed in the forms by using a 2-inch~ -
(51-mm-} to 4-inch- (102-mm-) diameter boom or line pump; aggregates larger than the maximums
prescribed may clog the line. To determine the most effective mix, the industry is planning to conduct
experiments that vary slump and aggregate size, and use admixtures (i.e., superplasticizers). The
research may not produce an industry wide standard due to the variety of available form material
densities and ICF types; therefore, an exception for higher allowable slumps is provided in the

_ Prescrlptwe Method. : _ ‘ .
C2.2.2 Compresswe Strength |

The minimum concrete compressive strength of 2,500 psi is based on the minimum current ICF prac-
tice, which corresponds to minimum compressive strength permitted by building codes. This edition
of the Prescriptive Method provides adjustment factors in the footnotes of tables that recognize the ben-
efits of using higher strength concrete. For Seismic Design Categories D1 and D2, a minimum concrete

compresswe strength of 3, 000 psi is required [Cl][CS]

It is believed that concrete cured in ICFs produce higher strengths than conventional conc:rete con-
struction because the formwork creates a “moist cure” environment for the concrete; however, the
concrete compressive strength specified herein is based on cylinder tests cured outside the ICF in
accordance with ASTM 31 [C7] and ASTM C 39 [CS]

C2.2.3  Reinforcing Steel

Materials: The Prescriptive Method applies to reinforcing steel with a minimum yield strength of 40
ksi (300 MPa). In certain instances, this prescriptive approach results in a conservative design for ICFs
where reinforcement with a greater yield strength is used. This edition of the Prescnptwe Method pro-
vides adjustment factors in the footnotes of tables that recognize the benefits of using Grade 60 (420 -
MPa) reinforcing steel. Low-alloy remforcmg steel is required in Se1smlc Design Categories D1 and D2

for improved ductility [C1][C5].
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Placement: The Prescriptive Method requires vertical and horizontal wall reinforcement to be placed
in the middle third of the wall thickness. The requirements for vertical and horizontal wall reinforce-
ent placement are based on current construction practice for a large number of ICF manufacturers.
ey provide deviations from the center of the wall on whic¢h the calculations are based for rein-
forcement lap splices and intersections of horizontal and vertical wall reinforcement.

A few ICF manufacturers produce a groov_e or loop in the form tie allowing for easier reinforcement
placement. These manufacturers may locate the groove or loop closer to the interior or exterior face
- of the wall to reap the maximum benefit from the steel reinforcement; the location depends on the
wall’s loading conditions and is reflected in the exception for basement walls as well as in the mid-
dle-third requirement for above-grade walls.
Lap splices are provided to transfer forces from one bar to another where continuous reinforcement
is not practical. Lap splices are typically necessary at the top of basement and first story walls,
between wall stories, at building corners, and for continuous horizontal wall reinforcement. The lap
splice requirements are based on ACI 318 [C1].

'lC2.3 . Form Materlals

The materials listed in the Prescriptive Method are based on currently available ICFs. From a structur-
al standpoint, the material can be anything that has sufficient strength to contain the concrete during
pouring and curing. From a thermal standpoint, the form material should provide the R-value
required by the local building code; however, the required R-value could be met by installing addi-
tional insulation to the exterior of the form, provided that it does not reduce the minimum concrete
dimensions as specified in Section 2.0, From a life-safety standpoint, the form material can be any-
thing that meets the criteria for flame-spread and smoke development. The Prescriptive Method
ddresses other concerns (i.e., water vapor transmission, termite resistance) that must be considered
‘hen using materials other than those specifically listed here. This section is not intended to exclude
the use of either a current or future material provided that the requlrements of this document are met.
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C3.0 FOUNDATIONS
C3.1 Footings : e ‘ | ' | .

The loads imposed on the footings do not vary from those of conventional concrete construction; how-
ever, the Prescriptive Method provides a table for minimum footing widths with ICF construction. ICF
footing forms are currently available and may be used if they meet the minimum footing dimensions
required in Table 3.1 in the Prescriptive Method. Table 3.1 is similar to the requirements in the IRC [C4]
~ for 8-inch- (203-mm-) solid or fully grouted masonry. The minimum footing width values are based

on a 28-foot- (8.5-m-) wide building. .

Minimum footing widths are based on the maximum loading conditions found in Table 1.1 of the
Prescriptive Method, a minimum footing depth of 12 inches (305 mm) below grade, unsupported wall
story heights up to 10 feet (3 m), and the assumption that all stories are the same thickness and are
constructed of ICFs unless otherwise noted. '

The values in Table 3.1 of the Prescriptive Method for a one-story ICF structure account for one ICF
story above-grade. The values in Table 3.1 for a two-story ICF structure account for two ICF stories
above-grade. The values in the table account for an ICF basement wall in all cases.

Footnote 1 to Table 3.1 in the Prescriptive Method provides guidance for sizing an unreinforced footing
based on rule of thumb, This requirement may be relaxed when a professional designs the footing.
- Soil borings are rarely required for residential construction except where there are known risks or a.
history of problems (i.e., organic deposits, landfills, expansive soils) associated with building in cer-
tain areas. For an approximate relationship between soil type and load-bearing value, refer to Table

c3.l. o | e

32 ICF Foundation Wall Requirements

The Prescriptive Method provides reinforcement tables for foundation walls constructed within the
applicability limits of Table 1.1 in the Prescriptive Method, The maximum design conditions are Seismic
Design Category D2, ground snow load of 70 psf (3.4 kPa), and equivalent fluid density of 60 pcf (960
kg/m?®). The Prescriptive Method provides the minimum required vertical and horizontal wall rein-
forcement for various equivalent fluid densities, wall heights, and unbalanced backfill heights.
Vertical wall reinforcement tables are limited to foundation walls (non-load-bearing) with unsupported

wall heights up to 10 feet (3 m).

Residential construction makes widespread use of 8-foot (2.4-m) walls; however, ICF homes afe often
constructed with higher ceilings. Walls are grouped into three categories as follows:

¢ walls with soil backfill having a maximum 30 péf (481 kg/ m3) equivalent fluid density;.
o walls with soil backfill having a maximum 45 pcf (721 kg/m°) equivalent fluid density;
« walls with soil backfill having a maximum 60 pcf (960 kg/m®) equivalent fluid density.

The following design assumptions were used to analyze the walls:

¢ Walls support either one or two stories above. The load case considered in the development of the
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second edition of the Prescriptive Method is conservative in that no dead, live, or other gravity loads
are considered which would increase the moment capacity, even with considerable eccentricity of
. axial load toward the outside face of the foundation wall: This method is consistent with the devel-
opment of the plain concrete and reinforced concrete ICF foundation wall provisions in the

Internatzonal Residential Code [C4].

Walls are simply supported at the top and bottom of each story

Walls contain no openings.
‘Bracing is provided for the wall by the floors above and ﬂoor slabs below.

Roof slopes range from 0:12 to 12:12.
Deflection criterion is the height of the wall, in inches, divided by 240.

Deflection limits are primarily established with regard to serviceability concerns. The intent is to pre-
vent excessive deflection, which may result in cracking of finishes. For walls, most codes generally
agree that L/240 represents an acceptable serviceability limit for deflection. For walls with flexible fin-
ishes, less stringent deflection limits may be used. The reader is referred to Appendix B, Engineering
Technical Substantiaton, for an example calculation for a foundation wall. In cases where the calcula-
tions required no vertical wall reinforcement, a minimum wall reinforcement of one vertical No. 4 bar
at 48 inches (1.2 m) on center is a recommended practice to account for temperature, shrinkage, poten-
tial honeycombing, voids, or construction errors.

Minimum horizontal wall reinforcement is based on recommendations in Design Criteria for Insulating
Concrete Form Wall Systems [C10]. The minimum allows for temperature, shrinkage, potenhal honey-

combing, voids, or construction errors.

(32,1
@

ICF stem wall thickness and height are deterrnmed as those Wthh can distribute the bmldmg loads
safely to the earth. The stem wall thickness should be greater than or equal to the thickness of the
above-grade wall it supports. Given that stem walls are relatively short and are backfilled on both
sides, lateral earth loads induce a small bending moment in the walls; accordmgly, lateral bracmg‘

should not be required before backfilling.

ICF Walls with Slab-on-Grade

C3.22 ICF Crawlspace Walls - -

Table 3.2 in the Prescriptive Method applies to crawlspace walls 5 feet (1.5 m) or less in height with a
maximum unbalanced backfill height of 4 feet (1.2 m). These values were derived from the Structural
Design of Insulating Concrete Form Walls in Residential Construction [C2]. Loading conditions were based
on a maximum 32-foot- (9.8-m-) wide building with the lightest practical gravity loads experienced in
residential construction (i.e., a zero dead load as described previously). The values for minimum ver-
tical wall reinforcement aré based on the controlling loading condition. For detailed engineering cal-
culations, refer to Appendix B, Engmeermg Technical Substantiation.

Soil borings are rarely required for residential construction except where there are known risks or a
history of problems (i.e., organic deposits, landfills, expansive soils} associated with building in cer-
tain areas. Refer to Table C3.2 for an approximate relationship between soil classifications and equiv-

“alent fluid density [C3]. :
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" Backfilling should not occur without lateral support at the top of the wall from either the first floor
structure or temporary bracing unless the backfill height is less than one-half the crawlspace wall
height. This requirement ensures that the backfill does not cause the wall to overturn. Concrete walls‘
can withstand the higher lateral load created from the backfill when the top of the wall is braced and
axial loads are present on the wall. Typically, providing lateral bracing at the top of the wall until the
structure above is in place is sufficient. Moreover, backfilling should not occur before seven days after
the concrete pour; waiting seven days typically allows the concrete to reach sufficient strength.

C3.23 ICF Baseme_nt Walls

Tables 3.3 through 3.9 in the Prescriptive Method pertain to basement walls. The values were derived
from the Structural Design of Insulating Concrete Form Walls in Residential Construction [C2]. Loading
“conditions were based on lightest possible gravity loads experienced in residential construction (i.e.,
~ a zero dead load as described previously). The values for minimum vertical wall reinforcement are

based on the controlling loading condition. For detailed engineering calculations, refer to the
Appendix B, Engineering Technical Substantiation. _ . :

Soil borings are rarely required for residential construction except where there are known risks or a
history of ﬁfoblems (i.e., organic deposits, landfills, expansive soils) associated with building in cer-
tain areas. Refer to Table C3.2 for an approximate relationship between soil classifications and equiv-
alent fluid density. '

Backfilling should not occur without lateral support at the top of the wall from either the first floor
structure or temporary bracing unless the unbalanced backfill height is less than one-half the base-
‘ment wall height. This requirement ensures that the backfill does not cause the wall to overturn.
Concrete walls can withstand the higher lateral loads created from the backfill when the top of the
wall is braced and axial loads are present on the wall. Typically, providing lateral bracing at the top‘
of the wall until the structure above is in place is sufficient. Moreover, backfilling should not occur
before seven days after the concrete pour; waiting seven days typically allows the concrete to reach

sufficient strength.
C3.3 ICF Foundation Wall Coverings

The requifements for intérior covering of habitable spaces are based on current building codes and are
self-explanatory. ‘ .

It is generally accepted that a monolithic concrete wall is a solid wall through which water and air can-
not readily flow; however, there is a possibility that the concrete wall may have honeycombs, voids,
or hairline cracks through which water may enter. Voids between ICF blocks are inherent in current

* screen-grid ICF walls and will allow ground water to enter the structure. As a result, a moisture bar-
rier on the exterior face of all ICF below-grade walls is generally required and should be considered
good practice. Due to the variety of materials on the market, waterproofing and dampproofing mate- -
rials are typically specified by the ICF manufacturer. The limitation in the Prescriptive Method regard-
ing non-petroleum-based materials reflects the concern that many ICFs are usually manufactured of
rigid foam plastic, which is generally incompatible with petroleum-based materials.

A vapor retarder may be required on the interior face of the ICF wall in some cases. Test results have
shown a potential exists for condensation occurring on the interior face of above-grade ICFs with a
permeance as little as 0.5 perms in colder climates. Few problems have been reported when the exte-
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rior wall finishes are properly desngned and constructed to prevent water intrusion. The reader is

referred to Mitigation of Moisture in Insulating Concrete Form Wall Systems [C11] for more information
.on the testing and suggested construction recommendations. :

C3.4.  Termite Protection Requirements
Termites need wood (cellulose) and moisture to survive. Rigid foam plastic provides termites with no
nutrition but can provide access to the wood structural elements. Recently, some building codes have -
prohibited rigid foam plastics for neat- or below-grade use in heavy termite infestation areas. Code
officials and termite treaters fear that foam insulation provides a “hidden pathway.” Local building
code requirements, a local pest control company, and the ICF manufacturer should be consulted
regarding this concern to determine if additional protection is necessary. A br1ef list of some p0531b1e
termite control measures follow. : .

* Rely on soil treatment as a primary defense against termites. Periodic retreatment and inspection
should be carried forth by the homeowner or termite treatment company.
* Install termite shields.
‘e Provide a 6-inch- (152-mm-) high clearance above finish grade around the perimeter of the struc-
ture where the foam has been removed to allow visual detection of termites.
* The use of borate-treated ICF forms will kill insects that ingest them, and testing of borate-treated
EPS foam shows that it reduces tunneling compared to untreated EPS. '

TABLE C3.1

LOAD-BEARING SOIL CLASSIFICATION
MINIMUM LOAD-BEARING SOIL DESCRIPTION
VALUE psf (kPa) : N
2,000 (96) Clay, sandy clay, silty clay, and clayey silt
3,000 (144) Sand, silty sand, clayey sand, silty gravel, and clayey gravel
4,000 (192) Sandy gravel and medium-stiff clay
> 4,000 (192) Stiff clay, gravel, sand, sedimentary rock, and crystalline bed:o(_:k

TABLE C3.2
EQUIVALENT FLUID DENSITY SOIL CLASSIFICATION
MAXIMUM EQUIVALENT UcCs: ~ SOIL
FLUID DENSITY pcf (kg/m? CLASSIFICATION DESCRIPTION
30 (481) GW, GP, 5W, SP, GM. Well-drained, cohesionless soils such as clean (few or
' no fines) sand and gravels

45 (721) GC, SM Well-drained, cohesionless soils such as sand and

: gravels containing silt or clay ,

60 (961) 5C, MH, CL, CH, ML-CL Well-drained, inorganic silts and clays that are broken

up into small pie'cés .

1 UCS - Uniform Scil Classification system
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C4.0 - ICF ABOVE-GRADE WALLS
Ca.1 ICF Above-Grade Wall Requirements ' - N , .

The Prescriptive Method provides reinforcement tables for walls constructed above-grade within the
applicability limits of Table 1.1 in the Prescriptive Method. The maximum design conditions are Seismic
Design Category D2, ground snow load of 70 psf (3.4 kPa), and a design wind pressure of 80 psf (3.8
kPa). The Prescriptive Method provides the minimum required vertical and horizontal wall rein-
forcement for different design wind pressures and wall heights. Vertical wall reinforcement tables are
limited to one- and two-story buildings for non-load-bearing and load-bearing walls laterally unsup-

ported up to 10 feet (3 m).

Residential construction makes W1despread use of 8-foot (2. 4-m) walls; however, ICF homes are often
~ constructed with higher ceilings. Walls are grouped into three categories as follows:

s walls for one-story or the second floor of a two-story building (supporting a roof only);
« walls for the first story of a two-story building where the second story is light-frame construction

(supporting light-frame second story and roof); and
o walls for the first story of a two-story building where the second story is ICF construction (sup-

porting ICF second story and roof).
The following design assumptions were made in analyzing the walls:

Walls are simply supported at each floor and roof providing lateral support.

Walls contain no openings. :
Lateral support is provided for the wall by the floors, slab- -on-grade, and roof. = - .

Roof slopes range from 0:12 to 12:12.
Deflection criterion is the laterally unsupported he1ght of the wall, in mches divided by 240.

The minimum possible axial load is considered for each case.
Wind loads were calculated in accordance with ASCE 7 [C3] using components and cladding coef-
ficients, interior zone, and mean roof height of 35 feet (11 m).

Deﬂection limits are prunarﬂy established with regard to serv1ceability concerns. The infent is to pre-
- vent excessive deflection, which may result in cracking of finishes. For walls, most codes generally
agree that 1./240 represents an acceptable serviceability limit for deflection. For walls with flexible fin-
ishes, less stringent deflection limits may be used. The reader is referred to Appendix B, Engineering
Technical Substantiaton, for an example calculation for an above- grade wall. In cases where the calcu-
lations required no vertical wall reinforcement, the followmg minimum wall reinforcement is

required.

A minimum of one vertical No. 4 bar at 48 inches (1.2 m) on center is required for all above-grade wall
applications. This requirement establishes a minimum “good practice” in ICF construction and pro- -
vides for crack control, continuity, and a “safety factor” for conditions where concrete consolidation
cannot be verified due to the stay-in-place formwork. In addition, structural testing was conducted at
the NAHB Research Center, Inc. to determine the in-plane shear resistance of concrete walls cast with
~ ICFs [C9]. All test specimens had one No. 4 vertical bar at 48 inches on center. Upon review of the
data, this requirement . allows the in-plane shear analysis to be calculated as reinforced concrete
instead of plain structural concrete. This allows for lower minimum solid wall lengths for wind and
seismic design. This minimum reinforcement allows all shear walls to be analyzed identically and
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provides cohsistency in all table values. Details on the analysis approach are found in Appendix B.

.Mnumum horizontal walil reinforcement is based on recommendations in Design Criteria for Insulating
Concrete Form Wall Systems [C10]. The minimum allows for temperature, shrinkage, or potential con-

struction errors.

The more stringent requirement that vertical wall reinforcement be terminated with a bend or hook
in high wind areas is based on current standards for conventional masonry construction. The require-
ment has proven very effective in masonry construction in conditions with wind speeds 110 mph (177
km/hr) or greater. The bend or hook provides additional tensile strength in the concrete wall to resist
the large roof uplift loads in high wind areas. A similar detailing requirement is used in high seismic
conditions as required in ACI 318 [C1]. .

C4.2 ICF Above-Grade Wall Coverings

* The requirements for interior covermg of habitable spaces are based on current building codes and are
self-explanatory. . .

It is generally accepted that a monolithic concrete wall is a solid wall through which water and air
cannot readily flow; however, there is a possibility that the concrete wall may have honeycombs
voids, or hairline cracks through which water may enter. Voids between ICF blocks are inherent in
current screen-grid ICF walls and may allow water to enter the structure. As a result, a moisture bar-
rier on the exterior face of the ICF wall is generally required and should be cons:dered good practice.

A vapor retarder may also be requrred on the interior face of the ICF wall in some cases. Test results
have shown a potential exists for condensation occurring on the interior face of above-grade ICFs with
.a permeance as little as (.5 perms in colder climates. Few problems have been reported when the exte-
rior wall finishes are properly de31gned and constructed to prevent water intrusion. The reader is
referred to Mitigation of Moisture in Insulating Concrete Form Wall Systems [C11] for more informiatien -
on the testing and suggested construction recommendations.
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C5.0  ICF WALL OPENING REQUIREMENTS
C5.1 Minimum Length of ICF Wall without Openings o ‘ .

The tables in Sections 3.0 and 4.0 are based on ICF walls without door or window openings. This sim-
plified approach rarely arises in residential construction since walls generally contain windows and
doors to meet functional needs. The amount of openings affects the lateral (racking) strength of the
building parallel to the wall, particularly for wind and seismic loading conditions. The Prescriptive
Method provides recommendations for the amount and placement location of additional reinforce-
ment required around openings. It also addresses the minimum amount of solid wall requlred to
resist in-plane shear Ioads from wind and seismic forces.

“The vahues for the minimum solid wall length along exterior wall lines listed in Tables 5.2 to 5.5 of the
Prescr:ptwe Method were calculated using the main wind force resisting wind loads and seismic loads
in accordance with ASCE 7 [C3] and the IBC [C5]. The ICF solid wall amounts were checked using
re51stance models for buildings with differing dlmensmns ‘

A shear model following the methods outlined in UBC Chapter 21 regardmg shear walls was used
[C12]. This'method linearly varies the resistance of a wall segment from a cantilevered beam model
at an aspect ratio (height-to- w1dth) greater than 4.0 to-a solid shear wall for all segments less than 2.0.
The Prescriptive Method requires all walls to have a minimum 2 foot (0.6 m) solid wall segment adja-
cent to all corners, Therefore, the flexural capacity of the 2 foot (0.6 m) elements at the corners of the
walls was first determined, This value was then subtracted from the required design load for the wall
" line, resulting in the design load required by the remainder of the wall. The amount of solid wall
required to resist the remaining load was determined using shear elements. Refer to Appendix B for

detailed calculations.

- For Seismic Design Categories D1 and D2, all walls are required to have a minimum 4 foot (1.2 m)

solid wall segment adjacent to all corners. In addition, all wall segments in the wall line are required
to have minimum 4 foot (1.2 m) solid wall segments in order to be included in the total wall length.
This requirement is based on tested performance [C9].

C5.2 Reinforcement. around Openings

The requl_rements for number and placement of reinforcement around openings in the Prescrlpt:tve
~ Method are based on ACI [C1] and IBC [C5]. Per ACI [C1], the designer is required to provide two
No. 5 bars on each side of all window and door openings; this is considered impractical for residen-
tial ICF construction. The IBC [C5] has clauses modifying this requirement to one No. 4 bar, provid-
ed that the vertical bars span continuously from support to support and that horizontal bars extend a
- minimum of 24 inches (610 mm) beyond the opening. The requirement for two No. 4 bars or one No.
5 bar in locations with 3-second gust design wmd speeds greater than 110 mph (177 km /hr) is pro-
vided to resist uplift loads. _ _

C5.3 Lintels
C5.3.1 Load-Bearing ICF Wall Lintels

Lintels are horizontal members used to transfer wall, floor, roof, and attic dead and live loads around
openings in walls. Lintels are divided into three categories as follows:
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¢ lintels in a one-story building or in the second story of a two—story bu1ldmg (supportmg a roof
only);
. lintels in the first story of a two-story building where the second story is light-frame construction
(supporting light-frame second story and roof); and
. * lintels in the first story of a two-story building where the second story is ICF construction (sup-

porting ICF second story and roof).
The folIowmg design assumptions were made in analyzing the lintels:

Lintels have fixed end restraints since the walls and lintels are cast monolithically.
A vertical core occurs at each end of the lintel for proper bearing.

Lateral resistance is provided for the lintel by the floor or roof system above,

Roof slopes range from 0:12 to 12:12.

Deflection criterion is the clear span of the lintel, in inches, divided by 240
Ceilings, roofs, attics, and floors span the full Wldth of the house (assume no interior load-bearing

walls or beams}.

Floor and roof clear span is maximum 32 feet (9. 8 m).

* Roof snow loads were calculated by mulhplymg the ground snow load by 0.7. Therefore, the roof
snow load was taken as P = 0.7Pg, where Pg is the ground snow load in pounds per square foot.

* Loads experienced by the lintel are uniform loads and do not take into account any arching action
that might occur because opening locations above the lintel cannot be determined for all cases.

¢ Shear reinforcement in the form of No. 3 stirrups are prov1ded based on ACI [C1] and lintel test
‘results; refer to Lintel Testing for Reduced Shear Reinforcement in Insulating Concrete Form Systems
[C13] and Testing and Design of Lintels LIsmg Insulating Concrete Forms [C14].

live and dead loads from the roof, attic, floor, wall above, and lintel itself were taken into account

the calculations using the ACI 318 [C1] load combination, U = 1.4D + 1.7L. Adjustment factors are
provided for clear spans of 28 feet (8.5 m) and 24 feet (7.3 m). Typically, the full dead load and a per-
centage of the live load are considered in lintel analysis where information regarding opening place-
ment in the story is known. The area of load combinations or lintels, particularly when multiple tran-
sient live loads from various areas of the building are con51dered must be refined to produce more

economical and rational designs.

The calculations are based on the lintel occurring in an above-grade wall w1th a floor live load of 30
psf (1.4 kPa). Due to the conservative nature of the lintel load analysis, the tables may be used for lin-
tels located in foundation walls where the maximum floor live load is 40 psf (1.9 kPa) and additional

wall dead loads from the story above are present

Deflection limits are estabhshed primarily with regard to serviceability concerns. The intent is to pre-
vent excessive deflection that may result in cracking of finishes. Windows and doors are also sensi-
tive to damage caused by excessive lintel deflection; therefore, a conservative deflection limit of L/480
for service dead loads and sustained live loads is often suggested. This limit is very conservative
when the installation of the window and door components is pr0per1y detailed. Accounting for the
conservative lintel load analysis discussed above, L/240 for full service dead and live loads was used.
The lintel section is assumed cracked and a stiffness factor of 0.1Eclg is used in accordance with test
results and recommendations made in Design Criteria for Insulating Concrete Form Wall Systems {C10].
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Additional tables are provided in the second edition of the Prescriptive Method to provide additional

options for lintels. Many of the new tables are based on the design methodologies outlined in the

- research report entitled Testing and Design of Lintels Using Insulating Concrete Forms [C14]. The reade.
- is referred to Appendix B, Engineering Technical Substantiaton, for example calculations of lintels in

bearing walls.

Because the maximum allowable lintel spans seldom account for garage door openings in homés with
a story above using a smgle No. 4 or No. 5 bottom bar for lintel reinforcement, requirements are pro-
' vided for larger wall opemngs such as those commonly used for one- and two-car garage doors

C5 32 ICF Non Load-Beanng Wall Lintels

Lmtels are horizontal members used to transfer wall dead loads around openings in non Ioad-bear-
~ ing walls. Lintels are divided into two categories as follows: :

« lintels in a one-story building or the second story of a two-story building and where the gable end
wall is light-frame construction (supporting light-frame gable end wall}; and
* lintels in the first story of a two-story building where the second story is ICF construction (sup-

porting ICF second-story gable end wall).-
The following design assumptions were made in analyzing the lintels:

* Lintels have fixed end restraints since the walls and lintels are cast monolithjcally.
» A vertical core occurs at each end of the lintel for proper bearing.

s Lateral resistance is prov1ded for the lintel by the floor or roof system above. _
* Deflection criterion is the clear span of the lintel, in inches, divided by 240, _ '

* Lintels support only dead loads from the wall above. : . _

Loads experienced by the lintel are umform loads and do not take into account any archmg action that
might occur above the lintel within a height equal to the lintel clear span because opening locations
above the lintel cannot be determined for all cases. Lintel dead weight and the dead load of the wall
above were taken into account in the calculations using ACI 318 [C1] load combination, U = 1.4D +
1.7L. This analysis is conservative because archmg action is not accounted for above the lintel within
a height equal to the lintel clear span since wall opening locations above the lintel cannot be deter-
mined for all cases. The calculations are based on the lintel occurring in an above-grade wall. Due to
the conservative nature of the lintel load analysis, the tables may be used for foundation walls where
additional wall dead loads from the story above may be present.

~ Deflection limits are established primarily with regard to serviceability concerns. The intent is to pre-
vent excessive deflection that may result in cracking of finishes, Windows and doors are also sensi-
tive to damage caused by lintel deflection; therefore, a conservative deflection limit of L./480 for serv-
ice dead loads and sustaihed live loads is often suggested. This limit is very conservative when the .
installation of window and door components is properly detailed. Accountmg for the conservative
lintel load analysis discussed above, L/240 for full service dead and full service live loads was used.

| The lintel section i‘s'ass_umed cracked and a stiffness factor of 0.1Eclg is used in accordance with test
results and recommendations made in Design Criteria for ICF Wall Systems [C10]. The reader is referred
to Appendix B, Engineering Technical Substantiaton, for an example calculatlon of a non-load-bear-

mg lintel.
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C6.0 ICF CONNECTION REQUIREMENTS
‘6.1 ICF Foundation Wall-to-Footing Connection

. The requirements of the Prescriptive Method are based on typical residential construction practice for
light-frame construction. Due to the heavier axial loads of ICF construction, frictional resistance at the
footing-ICF wall interface is higher and provides a greater factor of safety than in light-frame resi-
dential construction except for Seismic Design Categories D1 and D2 where dowels are required.

Cé6.2 ICF Wall-to-Floor Connection
C6.21  Floor on ICF Wall Connection (Top-Bearing Connection)

The requiréinents of the Prescriptive Method are based on typical residential construction and the IRC
[C4] for foundations constructed of concrete or masonry units. In high wind and high seismic condi-
tions, connections are analyzed and detailed in accordance with ACT[C1] and the IBC [C5]

C6.2.2 Floor Ledger-ICF Wall Connectlon (Slde-Bearmg Connection)

The reqmrements of the Prescr:ptwe Method are based on the Structural Design of Insulating Concrete

* Form Walls in Residential Construction [C2]. Although other materials, such as cold-formed metal fram-

ing and concrete plank systems, may be used for the construction of floors in ICF construction, the

- majority of current ICF residential construction uses wood floor framing. Consult the manufacturer

for proper connection details when using floor systems constructed of other materials. Consult a

des1gn professional when constructing buildings with floor systems which exceed the limits set forth

Table 1.1 of the Prescriptive Method. In high wind and high seismic conditions, connections are ana-
d;zed and detailed in accordance with ACI [C1] and the IBC [C5]. :

6.3 ICF Wall-to-Roof Connection

The requirements of the Presc_riptive Method are based on typical residential construction and the IRC
[C4] for walls constructed of concrete or masonry units. In high wind and high seismic conditions,
connections are analyzed and detailed in accordance with ACI [C1] and the IBC [C5].
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C7.0  UTILITIES

C7.1 Plumbing Systems : - ' .

Due to the different ICF materials available, the reader is advised to refer to the local building code
for guidance.

Typical construction practice with ICFs made of rigid plastic foam calls for cutting a chase into the
foam for small pipes Almost all ICFs made of rigid plastic foam will accommodate up to a 1-inch- (25-

mm-) diameter pipe and some may accommodate up to a 2-inch- {51-mm-) diameter pipe. The pipes
are typically fastened to the concrete with plastic or metal ties or concrete nails. The foam is then
replaced with adhesive foam installed over the pipe. Larger pipes are typically installed on the inside
face of the wall with a chase constructed around the pipe to conceal it; alternatively, pipes are routed

through interior light-frame walls.

C72  HVAC Systems

Due to the different ICF materials avallable, the reader is advxsed to refer to the local building code
for guidance. _

ICF walls are considered to have high R-values and low air infiltration rates; therefore HVAC eqﬁip-
ment may be sized smaller than in typical light-frame construction. Refer to Sizing Air-Conditioning
and Heating Equipment for Residential Buildings with ICF Walls [C15]. ‘

C7.3 Electrical Systems

Due to the different ICF materials available, the reader is advised to refer to the Jocal building cod‘
and the ICF manufacturer for guidance.
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C80 CONSTRUCTION AND THERMAL GUIDELINES

Qhe construction and thermal guidelines are provided to supplement the requirements of the
rescriptive Method and are considered good construction practices. These guidelines should not be
- considered comprehensive. Manufacturer’s catalogs, recomumendations, and other technical literature
should also be consulted. Refer to Guzdelmes for Using the CABO Model Energy Code with Insulating

Concrete Forms [C16].

Proper fasteners and tools are essential to any trade. Tables C8.1 and C8.2 provide a list of fasteners
and tools that are commonly used in residential ICF construchon Adhesives used on foam forms shall

be compatible with the form material. -

: TABLE C8.1
TYPICAL FASTENERS FOR USE WITH ICFs
FASTENER TYPE o USEIAPPLICATION
Galvanized nails, ringed nails,: Attaching items to furrmg strips or form fastening su.rfaces
' and drywall screws
Adhesives Attaching items to form for light- and medium-duty connectlons suc:h as gypsum
. wallboard and base trim
Anchor bolts or steel straps Attaching structural items to concrete core for medium- and heavy-duty |

connections such as floor ledger board and siil plate

Duplex nails Attaching items to concrete core for medium-duty connections

Concrete nails or screw anchors Attaching items to concrete core for medium-duty connections such as interior
light-frame partitions to exterior ICF walls
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. TABLE (8.2

RECOMMENDED TOOLS FOR ICF CONSTRUCTION
TOOL 3  USE , APPLICABLE
APPLICATION FORM
MATERIAL
CUTTING
Drywall saw Small, straight, or curved cuts and holes Foam
Keyhole saw Precise holes for utility penetrations - All
PVC or miter saw Small, straight cuts and for shaving edges of forms Foam
Rasp or coarse sandpaper | Shaving edges of forms; removing small high spots after concrete pour| Foam
Hand saw Fast, straight cuts - All
Circular saw ' Fast, precise cuts; ensure proper blade is used Al
‘Reciprocating saw | Fast cuts, good for utility cuts, ensure proper blade is used All
Thermal cutter - Fast, very precise cuts; removing large bulges in wall after concrete Foam
pour ' .
Utility knife _ | Small, straight, or curved cuts and holes Foam
Router Fast, precise utility cuts; use with 1/2-inch drive for deep cutting Foam
Hot knife ' Fast, very precise utility cuts. | Foam
MISCELLANEQUS '
Mason's trowel’ Leveling concrete after pour; striking excess concrete from form All
after pour 7 -
_ Applying thin mortar bed to forms - | Composite
Wood glue, construction Gluing forms together at joints ‘ Foam
adhesive, or adhesive foam : . ' :
Cutter-bender Cutting and bending steel reinforcement to required Jengths and All
shapes
Small-gauge wire or Tying horizontal and vertical reinforcement together All
precut tie wire or wire '
spool '
Nylon tape Reinforcing seams before concrete is poured Foam
Nylon twine , Tying horizontal and vertical reinforcement together All
Chalk line Plumbing walls and foundation _ ' All
Tin snips _ Cutting metal form ties Foam
MOVING/PLACING - . : :
Forklift, manual lift, or Carrying large units or crates of units and setting them in place All
boom or crane truck ' . '
Chute Placing concrete in forms for below-grade pours - : All
Line pump Placing concrete in forms; use with a 2-inch hose All
Boom pump : - Placing conerete in forms; use with two “8” couplings and reduce All
the hose to a 2-inch diameter '

\ PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORM’
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 Prescriptive Method : Appendix A: INustrative Example

Purpose

Appendix A contains a design example illustrating the pfoper application of the different standards_ '

and specifications in the Prescriptive Method. It provides a step-by-step procedure on how to
apply the requirements of the Prescriptive Method when designing a home. A typical residential
building is used to demonstrate the application of insulating concrete form construction

requirements.

Information is presented in both U.S. customary units and International System (SI) units.
Reinforcement bar sizes are presented in U.S. customary units; refer to Appendix C for the
corresponding reinforcement bar size in SI units. ' :

* Building Design_ Criteria

The example building has the following characteristics: -

Building type: Two-story house {(above an unfinished basement) with a
center load-bearing beam supporting the first floor and
a center load-bearing wall supporting the second floor.
Roof trusses bear on exterior walls only.

Building site: _ Enclosed building sited in Exposure B

Building width: 30 feet (9.1 m) perpendicular to ridge

Building length: 60 feet (18.3 m) parallel to ridge '

Maximum unbalanced backfill height: 6 feet (1.8 m) :

Soil-bearing capacity: C 2,500 psf (120 kPa)

Basement wall height: 8 feet 24 m)

First story wall height: ~ 9feet(27m)

Second story wall height: 8 feet (2.4 m)

Baserent wall ICF type: - - 6-inch- (152-mm-) thick flat ICF concrete wall
First-story wall ICF type: 4.5-inch- (114-mm-) thick flat ICF concrete wall
Second-story wall ICF type: ~ 4.5-inch- (114-mm-) thick flat ICF concrete wall
Floor joists: Wood joists spaced at 24 inches (610 mm) on center.
Roof framing: - Wood trusses spaced at 24 inches (610 mm) on center
Roof slope: 812 _

- The following design.criteria are appliéabl_e to the example home:

IN RESIDENTIAL CONSTRUCTION, Second Edition

3-Second Seismic . Second- Equivalent Seil-
Slﬁ’;f'f:; 4| GustWind | Design F]:‘lr‘f:f:)‘::; Floor Live Fl“ﬁ‘;::l”d "Fluid | Bearing
Speed (mph) | Category Load Density Capacity
psf (kPa) | mph (km/hr) | psf(kPa) | psf(kPa) | psf(kPa) pef (kg/m’) | psf (kPa)
50 (2.4) 110 (177) ‘B | 4009) | 3004 | 1005 | 30(481) |2,500(120)
Building clevations are shown in Figure Al.1 on the next page.
PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Prescriptive Method Appen‘dik A: Hlustrative Example

Building Design Reql_liremc_ants_Summary

. The list below summarizes the requirements that result from applying the Prescriptive Method to
the given building. A detailed description of the process is given in the following sections.
Connection requirements are not highlighted in this Appendix since adequate details and tables

 are provided in the Prescriptive Method. The omission of detailed connection requirements from
this Appendix is not, however, intended to diminish the importance of proper anchoring. The
user should devote substantial efforts to connection requirements, which cannot be adequately

conveyed in one building example.

_ TABLE Al1
SUMMARY OF ILLUSTRATIVE EXAMPLE CALCULATIONS
‘ FOR EXTERIOR WALLS
. . Vertical Horizontal
T . - " !
Df::;l;t];fn Type h];::;essj Reinforcement - Reinforcement Reference
_ Requirement - Requirement’
1 . . G[‘ade 40 ‘ N/A Section 2.0
. .| 16 inches by .
Footings . 4 Concrete 6 inches - N/A Section 3.0
' Grade 60 - N/A o Table 3.1
; . ' #3@12”, #4@22”, | One No. 4 bar within 12| geny
; d * . ection 2.0
Basement 6 m.c bes o 6'40 #5@30”, or #6@40” inches of the top of the Section 3.0
Walls " Flat ICF thick ~ - wall story and one No. 4 Table 3 3
: Grade 60 #3@18”, #4@33", jbar near mid-height of able 3.5 .
. : #5@A5”, or #6@60™ | the wall story Table 3.4
, N ) #A@34” or - One No. 4 bar within 12 .
Grade 40 : Section 2.0
- _ 5 C #s@4R” inches of the top of the "
giil;lsﬁssmry Flat ICF 4.5 ﬂi]:l(;lle.s_ ' @ . wall story and one No. 4 Section 4.0
A e Grade 60 #4@48” bar near third points of Table 4.1
: ' the wall story - Table 4.2
| Grade 40 sa@4z” inel No.f4 bar within 12| gection 2.0
Second-Story - | 4.5 inches inches of the top of the} o .44
Walls Flat ICF thick - wall story and one No. 4 Table 4 1
1€ . Grade 60 #4@48” bar near third pOmtS of able 4.
‘ ' . the wall story Table 4.2
First-Story 45 inches |39 End Wall requires 8.7 feet of solid wall length Section 5.0
Solid Wall Flat ICF ' thick : . Table 5.2B
Length - ek 1 60° Side Wall requires 5.6 feet of solid wall length Table 5.2C
Second-Story 4.5 inches | 30" End Wall requires 6.2 feet of solid wall length Section 5.0
Solid Wall Flat ICF ' thick : | Tables.2B
Length , 1681 60’ Side Wall requires 4.8 feet of solid wall length - | Tables.2C

TOR SI: 1 foot=0.3048m; 1inch =254 mm

"The minimum horizontal reinforcement requirements are for both Grade 40 and Grade 60 reinforcement.
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Appendix A: Nlustrative Example

Prescriptive Method

TABLE Al.2 .
SU]\/IMARY OF ILLUSTRATIVE EXAMPLE CALCULATIONS
FOR LINTELS
Framing Thickness/ SnrruplSheal: Reinforcement I-.Iorizontal 7
. i Type . Requirement Reinforcement '
Description Size - . Reference
Concrete Requirements Requirement
_ 2,500 osi No. 3 Stirrups @ 11” except for
24 inches | PS! | middle 1° —8” of span - - | Minimum Section 5.3
First-Story Flat | oo by 4.5 | 3.000 psi No. 3 Stirrups @ 11” except for | Grade 40 - No. | Tables 5.6,
6-foot Lintel' | ICF indfe . {hi&k AUUPSE | middie 17 — 97 of span 4 Reinforcing | 5.7, 5.8A
4.000 psi | NO: 3 Stirrups @ 117 except for bar & 5.12
PV PS! | middle 2° — 17 of span
First-Story Flat 24 inches | 2300p! ' ' Grﬁﬂ%ﬁo g:ﬁiznss 2
3oot Lintel | ICF | ccPby 4> | 3,000psi | - Stimupsarenotrequired | 4 einforcing | 5.7, 5.8A
4,000 psi bar &5.12
Second-Story | Flat | 12inches | 2500psl Qs G.rgﬁ?%lﬁ:lo ?:;Eec;nss 2
3-foot Lintel | ICF &Zﬁ:ﬁi 3,000psi | Stirrups are not required 4 Reinforcing | 5.7, 5.8A
4,000 psi bar & 5.12
FOR SI: 1 foot=0.3048m; | inch=25.4 mm i
Footmgs

The demgn house is 30 feet (9.1 m) wide, the soil-bearing capacity is 2 500 psf (120 kPa), and
the thickness of the basement wall is 6 inches (152 mm). The basement is supporting two ICF
stories above. The minimum footing size for these conditions is established from Table 3.1 of the
Prescriptive Method as 16 inches (406 mm) wide by 6 inches (152 mm) thick. The footings
require a minimum concrete compressive strength of 2,500 psi (17 MPa).

MINIMUM WIDTH OF ICF AND CONCRETE

TABLE 3.1

FOOTINGS FOR ICF WALLS™
(excerpt from the Prescriptive Method)

NUMBER OF
STORIES*

2,000

BEARING VALUE OF SOIL (psf)

5,5-Inch Flat, 6-Inch Waffle-Grid, or 6-Inch Sc

3,000 | 3500 4,000
ICF Wall Thickness®
10 9 8
13 12 10

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Prescriptive Method Appendik A: IMustrative Example

ICF Basement Walls

. The building is 30 feet (9.1 m) wide and is subject to lateral soil pressure with an equivalent
" fluid density of 30 pcf (481 kg/m’). It has a maximum unbalanced backfill height of 6 feet (1.8
m), and its basement wall is 8 feet (2.4 m) in height. The minimum horizontal wall reinforcement
in accordance with Table 3.3 of the Prescriptive Method is one No. 4 bar within 12 inches (305
- mm) of the top of the wall story and one No. 4 bar near mid-height of the wall story. The ICF.
basement walls are assumed to be laterally supported at the top of the wall by the floor joists as
required in Section 3.0 of the Prescrzptzve Method. In addition, using Table 3.4 of the Prescriptive
Method, the basement walls require minimum vertical wall reinforcement of one No. 3 bar, one
No. 4 bar, one No. 5 bar, or one No. 6 bar spaced at 12 inches (305 mm), 22 inches (559 mm), 30
inches (762 mm), and 40 inches (1.0 m) on center, respectively, for Grade 40 reinforcement.
' However, if Grade 60 reinforcement is used, basement walls require a minimum vertical
reinforcement of one No. 3 bar, one No. 4 bar, one No. 5 bar, or one No. 6 bar spaced at 18
inches (457 mm), 33 inches (838 mm), 45 inches (1 1 m) or 60 inches (1.5 m) on center,

respectlvely

—

Basement walls require a minimum compressive strength of concrete of 2,500 psi (17.2 MPa).
An increased minimum concrete compressive strength of 3,000 psi (20.6 MPa) or 4,000 psi (27.6
MPa) does not affect the reinforcement require_:ments for ICF basement walls.

TABLE 3.3
MINIMUM HORIZONTAL WALL REINFORCEMENT FOR
ICF BASEMENT WALLS
{excerpt from the Prescriptive Method)

. Maximum Height of
Basement Wall . Location of Horizontal Reinforcement
feet (meters) :
8(2.4)
9(2.7) One No. 4 bar within 12 1nches (305 mm) of the top of the wall story and one
3 Nao. 4 bar near third points in the wall story

TABLE 3.4
MINIMUM VERTICAL WALL REINFORCEMENT FOR
5.5-INCH- (140-MM-)THICK FLAT ICF BASEMENT WALLS **
(excerpt from the Prescriptive Method)

#5(@20™; #6@24”

_ NIMUM VERTICAL REINFORCEMENT
MAX. WALL | MAXIMUM MAXIMUM MAXIMUM
HEIGHT | UNBALANCED EQUIVALENT FLUID | EQUIVALENT FLUID
(feet) BACKFILL '~ DENSITY DENSITY
HEIGHT*
(feet) 45 pef 60 pef
4 #4@48” #4@48”
s - #3@127; #4@227; @8, #M4@147;
#5@32”; #6@40” #5@)207; #6@26”
#3@8”; #HA@147; #3@6”; #4@107;
#3@147; #6@20"

PR
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Appendix A: Illustrative Example ' : ' Prescriptive Method

ICF First-Story Walls

The building is 30 feet (9.1 m) wide and is subject to a 3-second gust 'wind‘-spced of 110 mph

(177 km/hr) and a ground snow load of 50 psf (2.4 kPa). The building is enclosed and sited in
Exposure Category B. The first-story walls are 9 feet (2.7 m) in height. In accordance with Table
4.1 of the Prescriptive Method, the wind pressure used to design the minimum vertical
reinforcement requirements for the above grade walls is 29 psf (1.4 kN/m® ). Since interpolation
- is not permitted in Table 4.2 a wind pressure of 30 psf (1.5 KN/m?) must be used. Using Table
4.2 of the Prescriptive Method, we find that 4.5-inch- (114-mm-) thick first-story flat ICF walls
“supporting an ICF second story and light-frame roof requires a minimum of one vertical No. 4 or
one No. 5 bar spaced at 34 inches (863 mm) and 48 inches (1.2 m) respectively on center for
Grade 40 reinforcement or one vertical No. 4 bar spaced 48 inches (1.2 m) on center for Grade
60 reinforcement. Section 4.1 requires horizontal wall reinforcement in the form of one No. 4 rebar
within 12 inches (305 mm) from the top of the wall, one No. 4 rebar. within 12 inches (305 mm)
from the finish floor, and one No. 4 rebar near 0ne-third points throughout the remainder-of the wall.

The first-story walls also require a minimum compresswe strength of concrete of 2, 500 psi(17.2
MPa). An increased minimum concrete compressive strength of 3,000 psi (20.6 MPa) or 4,000
psi (27.6 MPa) does not affect the reinforcement requirements for ICF first-story walls.

' TABLE 4.1
DESIGN WIND PRESSURE FOR USE WITH MINIMUM VERTICAL WALL REINFORCEMENT
TABLES FOR ABOVE GRADE WALLS' :
(excerpt from the Prescriptive Method)

WIND DESIGN WIND PRESSURE (PSF)
Speed Enclosedz PARTIALLY ENCLOSED?
(mph) Expusure _ . Expusure
C D B C D
24 .29 23 31 37
27 32 25 35 41
34 39 31 43 51
41 © 48 38 52 61
TABLE 4.2

MINIMUM VERTICAL WALL REINFORCEMENT
FOR FLAT ICF ABOVE-GRADE WALLS "
(excerpt from the Prescriptive Method)

Minimum Vertical Reinforcement™®
Design Wind VI:I ?lx ;;nur;: t _ . . .
Pressure all Deig .~ Supporting Roof or Supperting Light-Frame | Supporting ICF Second
(Table 4.1) per Story Non-Load Bearing Wall | Second Story and Roof | Story and Light-Frame
a : : . Roof
Minimum Wall Thickness (inches)
{psf) (feet) 3.5 5.5 35 5.5
8 H4@48 HA@AB #4@A8 #4@48
20 9 #4@48 #@48 |  #4@48 #4@48
10 #4@38 #4@48 #4(@40
8
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ICF Second-Story Walls

Applying the same design wind pressure to the second-story walls as for the first-story walls,
second-story walls require a minimurm vertical wall reinforcement of one No. 4 bar spaced at 42
inches (1.0 m) on center for Grade 40 reinforcement or one No.4 bar spaced 48 inches (1.2 m) on
center for Grade 60 reinforcement for flat walls with a thickness of 4.5 inches (114 mm)
supporting a light-frame roof in accordance with Table 4.2, Section 4.1 requires horizontal wall
reinforcement in the form of one No. 4 rebar within 12 inches (305 mm) from the top of the wall,
one No. 4 rebar within 12 inches (305 mm) from the finish floor, and one No. 4 rebar near one-third
points throughout the remainder of the wall. : '

The second-story walls also require a minimum compressive strength of concrete of 2,500 psi
(17.2 MPa). An increased minimum concrete compressive strength of 3,000 psi (20.6 MPa) or
4,000 psi (27.6 MPa) does not affect the reinforcement requirements for ICF walls.

- TABLE 4.2
MINIMUM VERTICAL WALL REINFORCEMENT
*" FOR FLAT ICF ABOVE-GRADE WALLS 34
{excerpt from the Prescriptive Method)

Minimum Vertical Reinforcement™*.

Design Maximuom

Wind Wall 'Supporting Roof or Supporting Light-Frame | Supporting ICF Second
Pressure - | Height per Non-Load Bearing Wall Second Story and Roof | Story and Light-Frame
: : - Roof

(Table 4.1) Story

Minimum Wall Thickness (inches)

(psh (feet) 5.5 3.5 55 3.5 5.5
8 #4@48 #4@A48 #4@48 #4@48 #4@48
20 . HA@4R #4@48 #4@48 H4@48 HA@A4S
#4@48 #4@40 #4@4A8 #4@42 #4@48
- $4@48 HA@AG #4@48 #4@48 #4@48
H4@AS ﬁ%ﬁ #4@48 i‘;%i‘;; #4@48

Minimum Length of ICF Wall without Openings

To determine the minimum percentage of solid wall -length required for the example house, -
Section 5.0, Table 5.1, Table 5.2A, Table 5.2B, and Table 5.2C of the Prescriptive Method are
used. The design house is a two-story home, 30 feet (9.1 m) wide by 60 feet (18.3 m) long. It has
a roof slope of 8:12 and is located in an Exposure B 110 mph (177 km/hr) wind area and Seismic
Design Category B. Each above-grade wall story is 4.5 inches (114 mm) thick.

In accordance with Table 5.1 of the Prescriptive Method, the velocity pressure used to design the
minimum length of ICF without openings for the above grade walls is 23 psf (1.1 kN/_mz).

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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TABLE 5.1
VELOCITY PRESSURE FOR DETERMINATION OF MINIMUM
SOLID WALL LENGTH'

(excerpt from the Prescriptive Method)
Wind " VELOCITY PRESSURE (PSF)
Speed Exposure’

(mph) C - D
1% 23
21 , 25
26 : 31
32 37

FIRST-STORY WALLS

End Wall Design

Wind 7
The minimum length of solid end wall is based on the wind velocity pressure from Table 5. 1,

the building side wall length, and the roof slope. Interpolation is required to obtam the
accurate amount of solid end wall length required from Table 5.2B.

For the 7:12 roof pitch and 23 psf (1.1 kN/m? ), interpolating between 9.0 feet (25 psf)
and 7.75 feet (20 psf) results in 5 equal increments of 0.25 feet; (9.0 ft — 7.75 ft)/5 = 0.25
ft. Thus, 9.0 feet (25 psf) minus 2 x 0 25 ft (2 psf) results in 8.5 feet for 23 psf (1.1

kN/m )
For the 12:12 roof pitch and' 23 psf (1.1 kN/m? ), int'erpolating between 10.0 feet (25 psf)

and 8.75 feet (20 psf) results in 5 equal increments of 0.25 feet; (10.0 ft — 8.75 ft)/5 =
0.25 ﬂ: Thus, 10.0 feet (25 psf) minus 2 x 0. 25 ft (2 psf) results in 9.5 feet for 23 psf (1.1

KN/m?).

For 8:12 roof pitch, interpolating between 8.5 ft (7:12) and 9.5 ft (12: 12) results in 5
equal increments of 0.2 feet; (9.5 ft - 8.5 ft)/5 = 0.2 ft. Thus, 8.5 feet (7:12) plus 0.2 feet

indicates that the minimum solid wall length required is 8.7 feet for the 8:12 roof pitch,

However, a conservative value from the 12:12 roof pitch and 25 psf velocity pressure
resulting in a minimum sohd wall length of 10 feet (3.0 m) may be used without

mterpolatmg

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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TABLE 5.2B

MINIMUM SOLID END WALL LENGTH

. REQUIREMENTS FOR FLAT ICF WALLS
(WIND PERPENDICULAR TO RIDGE)"**4

(excerpt from the Prescriptive Method)

Design Velocity Pressure (psf) 30 35 | 40 45 50 60
Building Side
Wall Category ‘Wall Length, L Minimum Solid Wall Length on Building End Wall, W (feet)
(feet)
- 450 | 475 | 500 | 525 | 525 | 575
16 500 | 525 | 550 | 575 | 600 | 675
525 | 575 | 600 | 625 | 675 | 725
575 | 625 | 650 | 7.00 | 725 | 8.25
500 | 525 | 550 | 575 | 600 | 675
24 550 | 600 | 625 | 675 | 7.00 | 7.5
625 | 675 | 700 | 750 | 800 | 9.00
675 { 7.25 1 800 | 850 | 9.00 | 1025
550 { 575 | 625 | 650 | 675 | 7.50
32 625 | 675 | 725 | 750 | 800 | 9.00
- 700 | 775 | 825 | 9.00 | 950 | 10.75
First Story of 775 | 850 | 925 [ 10.00 | 10.75 | 12.25
Two-Story 575 | 625 | 675 | 725 | 750 | 830
0 675 | 725 | 800 | 850 | 900 | 1025
i 775 | 875 | 950 | 1025 { 11.00 | 12.50
- 875 | 975 | 1075 | 11.50 | 12.50 | 14.25
650 | 7.00 | 750 | 800 | 850 | 9.50
50 | 750 .| 825 | 9.00 | 975 | 10.50 | 11.75
900 | 1000 | 10.75 |} 1175 | 12.75 | 14.50
1000 | 1125 | 1225 | 13.50 | 14.75 | 17.00
700 | 750 | 825 | 875 [ 950 | 1075
60 825 | 925 | 1000 [ 1075 | 11.75 | 1325
10.00 | 11.00 | 12.25 | 13.25 | 14.50 | 16.75
11.50 | 12.75 | 14.00 | 1550 | 1675 | 19.50
- Side Wall Design
Wind

The minimum length of solid side wall length is based on the wind velocity pressure
from Table 5.1 and the building end wall length. Interpolation between the velocity

‘pressure and building end wall length is required to obtain the accurate amount of _

solid end wall length required from Table 5.2C.

For the 24 ft building end wall length and 23 psf (1.1 kN/m®), interpolating
between 5.25 feet (25 psf) and 4.75 feet (20 psf) results in 5 equal increments of
0.1 feet; (5.25 ft — 4.75 ft)/5 = 0.1 ft. Thus, 5.25 feet (25 psf) minus 2 x 0.1 ft (2
psf) results in 5 05 feet.

For the 32 ft building end wall length and 23 psf (1.1 ¥N/m?), 1nterp01at1ng
between 6.0 feet (25 psf) and 5.5 feet (20 psi) results in 5 equal increments of 0.1
feet; (6 ft — 5.5 ft)/S = 0.1 ft Thus, 6.0 feet (25 psf) minus 2 x 0.1 ft (2 psf)
results in 5.8 feet.

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Prescriptive Method

For 30 ft building end wall width, interpolating between.5.05 ft (24 ft end wall)
and 5.8 ft (32 ft end wall) results in 4 approximate increments of 0.188 feet; (5.8
ft — 5.05 ft)/4 = 0.188 ft. Thus, 5.05 feet (30 ft end wall) plus 3 x 0.188 ft (6 ft

end wall length) indicates that the minimum solid wall length required is 5.6 feet.

However, a conservative value from the 32ft end wall length and 25 psf velocity
pressure resulting in a mintmum solid wall length of 6.0 feet (1.8 m) may be used

“ without interpolating,

TABLE 5.2C

MINIMUM SOLID SIDE WALL LENGTH
REQUIREMENTS FOR FLAT ICF WALLS
(WIND PARALLEL TO RIDGE)I’” 45

fve Method)

Design Veloclty Pressure (psf)

30

|

35

40

45

50

l

60

Building End Wall Width,

‘Wall Category W (feet) - Minimum Solid Wall Length on Building Side Wall, L (feet)
' 16 400 | 400 | 425 | 425 | 450 | 4.75
24 450 | 475 | 475 | 500 | 525 | 5.50
Onme-Story or 32 500 | 525 | 550 | 600 | 625 | 675
Top Story of
40 575 | 625 | 675 | 700 | 750 | 825
Two-Story :
50 700 | 750 | 825 | 875 | 950 | 1075
825 | 925 | 1000 | 1075 | 11.75 | 13.25
475 | 500 | 525 | 550 | 575 | 6.50
550 | 600 | 625 | 675 | 7.00 | 8.00
First Story of 650 | 7.00 | 750 | 800 | 875 | 975
Two-Story _ 750 | 825 | 9.00 | 975 | 1050 | 12.00
: 50 725 | 825 | 925 | 1025 | 11.25 | 1225 | 1325 | 15.25
60 850 | 975 | 11.00 | 1225 | 13.50 | 15.00 | 1625 | 18.75

The above values are based on concrete with a minimum compressive strength of 2,500 psi (17.2
MPa). Due to the combination of shear and flexural elements in the design of the minimum solid -
wall length no adjustment factors are available if concrete with a minimum compressive strength

of 3,000 psi (20.6 MPa) or 4,000 psi (27.6 MPa) is used. ' :

Remember that Section 5.0 requires a minimum length of 24 inches (610 mm) of solid wall
. segment, extending the full height of each wall story, at all corners of exterior walls and that 2-foot
(610-mm) wall segments shall not exceed the maximum allowable spacing of 18 feet (5.5 m) on

center,
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Appendix A: Illustrative Example

SECONb-STORY WALLS
@  Eud Wall Design
The minimum length of solid end wall ié based on the wind velocity préssure from Table 5.1,

 the building side wall length, and the roof slope.

~ Interpolation is required to obtain the accurate amount of solid end wall length required from
Table 5.2A. . _ _

For the 7:12 roof pitch and 23 psf (1. 1 kN/m ), 1nterpolat1ng between 6.25 feet (25 psf)
and 5.5 feet (20 psf) results in 5 equal increments of 0.15 feet; (6.25 ft — 5.5 f)/5 = 0.15
ft. Thus, 6.25 feet (25 psf) minus 2 x 0.15 ft (2 psf) results in 5.95 feet. '

For the 12:12 roof pitch and 23 psf (1.1 kN/m?), interpolating between 7.25 feet (25 psf)
and 6.5 feet (20 psf) results in 5 equal increments of 6.5 feet; (7.25 ft — 6.5 ft)/5 = 0.15 ft.
Thus, 7.25 feet (25 psf) minus 2 x 0.15 ft (2 psf) results in 6.95 feet. S

For 8:12 roof pitch, interpolating between 5.95 ft (7:12) and 6.95 ft (12:12) results in 5
equal increments of 0.2 feet; (6.95 ft — 5.95 ft)/5 = 0.2 fi. Thus, 5.95 feet (7:12) plus 0.2
feet indicates that the minimum solid wall length required is 6.75 feet.

.‘ | However, a conservative value from the 12:12 roof pitch and 25 psf veiocity pressure
resulting in a minimum sol1d wall length of 7.25 feet (2.2 m) may be used without

interpolating.
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TABLE 5.2A

MINIMUM SOLID END WALL LENGTH

REQUIREMENTS FOR FLAT ICF WALLS
~ (WIND PERPENDICULAR TO RIDGE)***4*

(excerpt fro the Pre:

[ 60

Design Velocity Pressure (psf) 30 35 | 40 | 45 | 50
Wall Building Side '
Wall Length, L Minimum Solid Wall Length on Building End Wall, W (feet)
Category :
(feet) S .
400 | 400 | 400 | 400 | 400 | 4.00
16 400 | 400 | 400 | 400 | 425 | 450
o 425 | 450 | 475 | 475 500 | 5.50
475 | 5.00 5.25 550 | 5.75 6.25
400 | 400 | 400 | 400 | 425 | 450
24 4.00 | 425 4.25 450 | 450 | 475
' 475 | 500 | 525 550 | 575 | 625
525 575 | 6.00 650 | 675 | 7.50
400 | 400 | 425 425 | 450 | 475
- 32 425 | 450 | 450 | 475 500 | 525
: : 525 550 | 600 | 625 650 | 7.25
One-Story or 600 | 650 | 700 | 725 | 7795 | 875
Top Sts"t"y of 425 | 425 | 450 | 450 | 475 | 5.00
Two-Story " 450 | 475 | 475 | 500 | 525 | 5.0
5.75 6.00 650 | 7.00 | 725 8.00
6.50 7.25 7.75 8.25 8.75 | 10.00 _
425 | 450 | 475 1 475 | 500 | 550 ;
50 4.75 5.00 5.25 5.50 575 | 6.00 .
625 | 6.75 7.25 7.15 825 | 925
7.50 8.00 8.75 950 | 1025 | 11.50
450 | 4.75 5.00 525 | 525 575
5.00 525 5.50 5.75 6.00 | 675
6 6.75 7.50 800 | 850 | 925 | 1025
8.25 9.00 975 | 1050 | 11.50 | 13.00
Side Wall Design
Wind

The minimum length of solid side wall length is based on the wind velocity pressure from
Table 5.1 and the building end wall length. :

Imerpolaﬁon is required to obtain the accurate amount of solid wall length required from
Table 5.2C. However, since the values used to interpolate for the required minimum length
of solid wall are almost equal, the conservative value from the 32 ft end wall length and 25
psf velocity pressure is used resulting in a minimum solid wall length of 4.75 feet (1.4 m)
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TABLE 5.2C

- MINIMUM SOLID SIDE WALL LENGTH
REQUIREMENTS FOR FLAT ICF WALLS
(WIND PARALLEL TO RIDGE)****

(excerpt from the Prescrij

ptive Method)

Design Velocity Pressure (psf)

30 | 35 | 40 | 45 | 50 | 60

Wall Category | DUiding Ef&e‘:;‘;“ Width, | \finimum Solid Wall Length on Building Side Wall, L (fee)
16 SA0GEnad i 400 | 400 | 425 | 425 | 450 | 475
450 | 475 | 475 | 500 | 525 | s.50
One-Story or 500 | 525 | 550 | 600 | 625 | 6.75

Top Story of = - o

Two-Story 40 500 | 550 | 575 | 625 | 675 | 7.00 | 750 | s8.25
50 575 | 625 { 7.00 | 750 | 825 | 875 | 9.50 | 10.75
60 650 | 750 | 825 | 925 | 1000 | 1075 | 1175 | 1325
16 425 | 450 | 475 | 500 | 525 | 550 | 575 | 6.50
S 24 475 | 525 550 | 600 | 625 | 675 7.00 2.00
First Story of 32 550 | 600 | 650 | 7.00 | 750 | 800 .| 875 | 975
Two-Story 40 625 | 700 | 750 | 825 | 900 | 975 | 10.50 | 12.00
S 50 725 | 825 | 925 | 1025 | 11.25 | 1225 | 1325 | 1525
60 850 | 975 | 11.00 | 1225 | 1350 | 1500 | 1625 | 1875

The above values are based on concrete with a minimum compressive strength of 2,500 psi (17.2
MPa). Due to the combination of shear and flexural elements in the design of the minimum solid

. - wall length no adjustment factors are available if concrete with a minimum compressive strength
of 3,000 psi (20.6 MPa) or 4,000 psi (27.6 MPa) is used.

Remember that Section 5.0 requires a minimum length of 24 inches (610 mm) of solid wall
segment, extending the full height of each wall story, at all corners of exterior walls and that 2-foot
(610-mm) minimum wall segments shall not exceed the maximum allowable spacing of 18 feet

(5.5 m) on center.

.PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Wall Openings and Lintels -

In this example, there are two opening sizes: 6-foot- (1.8-m-) wide openings for the entrance
doorway, sliding door, and double windows in the first story and 3-foot- (0.9-m-) wide openings
throughout the remainder of the building. Tables 5.6, 5.7, 5.8A, and 5.12 of the Prescriptive
Method are used in this exercise to determine the lintel type and reinforcement requirements. For
the 6-foot- (1.8-m-) and 3-foot- (0.9-m-) wide openings, Table 5.12 of the Prescrzptzve Method
requires a lintel over the openmg in accordance with Section 5.0. :

- The 6-foot (1.8 m) wide openings are located in the first-story: load-bearmg walls of the building.
First-story walls were previously stated as 4.5 inch (114 mm) thick flat ICF walls. The building
is 30 feet (9.1 m) wide and subject to a ground snow load of 50 psf (2.4 kPa). Since the lintels
are located in the first-story wall, they support one ICF story and a roof and ceiling.

Table 5.7 of the Prescriptive Method should be consulted first to determine if lintels without
' stirrups/shear reinforcement are permitted. Table 5.7 illustrates that a 3.5 inch (88.9 mm) lintel

thickness -and 24 inch (610 mm) lintel depth supporting an ICF story above without stirrups

allows for:

30 psf (1.5 kPa) = lintel span = 5" - 6" (1.7m)
70 psf (3.4 kPa) = lmtel span=5"=-2" (1.6 m)

By mterpolatlon, for the design snow load of 50 psf (2.4 kPa) the allowable lintel span without
stirrups is 5° — 4”7 (1.6 m). This span may be increased by mu1t1p1y1ng by the followmg
adjustment factors in the footnote of Table 5.7: ‘

2,500 psi (17.2 MPa) Compressive Strength Concrete = No Adjustment Factor
3,000 psi (20.7 MPa) Compressive Strength Concrete = Adjustment Factor = 1.05
4,000 psi (27.6 MPa) Compresswe Strength Concrete = Adjustment Factor = 1. 10

The allowable span for the specified lintel without stlrrups are as follows:

2,500 psi (17.2 MPa) Compressive Strength Concrete = 5’ — 4”(1.00) =5 -4"(1.6m) .
3,000 psi (20.7 MPa) Compressive Strength Concrete => 5° —47(1.05) = 5* = 7" (1.7m)
- 4,000 psi (27.6 MPa) Compressive Strength Concrete = 5° — 4”(1 10)=5"-10” (1.8 m)

~ Therefore, lintels with st1rmps are requ1red for the 6-foot (1 8 m) openmgs regardless of concrete
compressive strength used. - _

Consult Table 5.8A of the Prescrzptive Method to determine the allowabie span for the specified
lintel. Table 5.8A of the Prescriptive Method illustrates that a 4.5-inch (114-mm) lintel thickness
and 24-inch (610-mm) lintel depth will suffice since the lintel’s maximum allowed span is 6°-17
(1.9 m) for a design snow load of 70 psf (3.4 kPa)

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Determine the center portion of the span, A, where stirrups are not required by using Table 5.12
. of the Prescriptive Method. Using interpolation, Table 5.12 of the Prescriptive Method illustrates
that a 4.5-inch (114-mm) lintel thickness and 24-inch (610-mm) lintel depth subjected to a 50 psf
(2:4 kPa) snow load is required to have stirrups for all but the center 1°-8” (0.5 m) of the span.
The footnotes of Table 5.12 of the Prescriptive Method allows the center portion of the span (A)
where stirrups are not required to be multiplied by 1.09 for 3,000 psi (20.7 MPa) and 1.26 for
4,000 psi (27.6 MPa) compressive strength concrete. The adjustment factors produce the -
following center portion of the span where stirrups are not required: ' '

2,500 psi (17.2 MPa) Compressive Strength Concrete => 1” - 87(1.00) = 1" - 87 (0.5 m)
3,000 psi (20.7 MPa) Compressive Strength Concrete = 1’ ~ 87(1.09)=1" - 9" (0.5 m)
4,000 psi (27.6 MPa) Compressive Strength Concrete = 1’ ~87(1.26) =2’ — 17 (0.6 m)

When required, No. 3 stirrups shall be spaced no more than 11 inches (279 mm). In addition,
Table 5.6 of the Prescriptive Method requirés a minimum vertical reinforcement of onie No. 4 bar
within 12 inches (305 mm) of each side of the 6-foot- (1.8-m-) wide opening for the full height of

the wall in-conditions where wind speeds are 110 mph (177 km/hr) or less. :

The 3-foot (0.9 m) wide openings are located throughout the remainder of the building, First-
story and second-story walls were previously stated as 3.5 inch (88.9 mm) thick flat ICF walls.
The building is 28 feet (8.5 m) wide and subject to a ground snow load of 50 psf (2.4 kPa).

Table 5.7 of the Prescriptive Method should be consulted first to determine if lintels without

stirrups are permitted for the 3-foot (0.9 m) first-story lintels. Table 5.7 illustrates that a 4.5 inch

(114 mm) lintel thickness and 24 inch (610 mm) lintel depth supporting one ICF story and a roof
. " and ceiling without stirrups allows. for: . _

30 psf (1.5 kPa) = lintel span =5’ — 6”.(1.7 m) '
70 psf (3.4 kPa) = lintel span = 5° — 27 (1.6 m)

By interpolation, for the‘ design snow load of 50 psf (2.4 kPa) the allowable lintel span without
stirrups is 5’ — 4” (1.6 m). Since the allowable span is greater than the required 3-foot (0.9 m)
span length, the applicable building width and concrete compressive strength adjustments need

not be applied.

Table 5.7 of the Prescriptive Method should be consulted first to determine if lintels without
stirmips/shear reinforcement are permitted for the 3-foot (0.9 m) second-story lintels. Table 5.7
illustrates that a 4.5 inch (114 mm) lintel thickness and 12 inch (305 mm) lintel depth supporting -
a light-frame roof and ceiling without stirrups allows for: ' ' '

30 psf (1.5 kPa) = lintel span =4’ —2” (1.3 m)
70 psf (3.4 kPa) = lintel span = 4’ —2” (1.3 m)

Since the listed span is greater than the required 3-foot (0.9 m) span length, the applicable
building width and concrete compressive strength adjustments-need not be applied. Since the
opening width is only 3 feet (0.9 m), vertical reinforcement on each side of the opening is not

required by Table 5.6.
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TABLE 5.6 .
MINIMUM WALL OPENING REINFORCEMENT . _
REQUIREMENTS IN ICF WALLS ' .
(excerpt from the Prescriptive Method) ‘ :
WALL TYPE AND MINIMUM _ MiNiMUM
OPENING WIDTH, L HORIZONTAL OPENING VERTICAL OPENING
feet (m) , REINFORCEMENT ' REINFORCEMENT
Flat, Waffle-, and None Required None Required
Screen-Grid:
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TABLE

5.7

MAXIMUM ALLOWABLE CLEAR SPANS FOR

NO.4 OR NO. 5 BOTTOM BAR SIZE

(excerpt from the Prescriptive Method)

ICF LINTELS WITHOUT STIRRUPS IN LOAD-BEARING WALLSZ 4567

. . Maximum Clear Span (feet — inches)
Minimum Minimum ‘
Lintel Lintel Supporting - Supporting ‘Supporting ICF
Thickness, Depth, Light-Frame Roof Light-Frame Second Second Story and
T D ~ Only Story and Roof Light-Frame Roof ®
(inches) (inches) : Maximum Ground Snow Load (psf) '
30 | 70 | 30 70 30 70
Flat ICF Lintel _ :
-8 2-6 2-6 2-6 2-4 2-5 2-2
. 12 4-2 4-1 3-10 3-10 3.7
3.5 4-6 4:2 42 3-10
4-11 4-6 4-6 4-3
6-0 5-6 5-6 5-2
' 2-6 2-6 2-6
3-0 3-0 2-9
5.5 4-2 - 4-3 3-10
TABLE 5.8A
MAXIMUM ALLOWABLE CLEAR SPANS FOR
_ FLAT ICF LINTELS WITH STIRRUPS IN LOAD-BEARING WALLS"”""S’“""
. (NO. 4 BOTTOM BAR SIZE)
{excer _pt from the Prescriptive Method)
Minimum Minimum Maximum Clear Span (feet — inches) |
Lintel Lintel Supporting Supporting Supporting ICF
Thickness, Depth, * Light-Frame Roof Light-Frame Second Second Story and
. T . D Only Story and Roof Light-Frame Roof ®
(inches) - (inches) Maximum Ground Snow Load (psf)-
30 70 30 - 70 30 70 .
3 4-9 4-2 3-10 34 3-5 3-1
12 6-8 5-5 5-0 e
35 16 7-11 Gaianl o
20 81 4
24 Dl el S el T 7 :
8 5-2 4-2 3-10 3-5 3-5
12 bR e ] |
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TABLE 5.12 o '
MIDDLE PORTION OF SPAN, 4, WHERE STIRRUPS ARE NOT REQU]RED FOR .
FLAT ICF LINTELS?34367
NO. 4 or NO. 5 BOTTOM BAR SIZE
(excerpt from the Prescriptive Method)

. _ Maximum Center Distance, A (feet — inches)
Minimum Minimum - - - -
. s Supporting Supporting Supporting ICF
Lintel Lintel . .
Thickness Depth Light-Frame Roof Light-Frame Second Second Story and
T D Only Story and Roof Light-Frame Roof ’
(inches) - (inches) Maximum Grou‘nd_Snow Load (psf) :
30 70 30 70 30 70
g8 1-2 0-9 0-8 0-6 0-6 0-5
12 1-11 1-3 - 1-1 0-10 0-10. 0-8
s 16 2-7 1-9 1-6 1-2 1-2 1-0
20 3-3 2-3 - 1-11 16 . 1-6 1-3
_ 24 3-11 2-8 - 2-4 1-10 1-10 . 1-6
- 8 1-10 - | 12 1-0 09 0-10 0-8
12 30 20 ] 18 1-4 14 1-1
5.5 16 4-1 2-9 2-4 1-10 1-11 I-6

ICF Foundatlon Wall—to-Footmg Connectlon

Section 6.0 of the Prescrzpz‘we Method does not require dowels to be installed across the ICF wall-
~ footing interface because the interior floor slab will be poured before backfilling and installed in .
- accordance with Figure 3.3 of the Prescriptive Method.

ICF Basement Wall-to-Floor Connection

The design house is 28 feet (8.5 m) wide and has wood floor joists spaced at 24 inches (610 mm)
on center. A wood ledger is used to support the floor joists; refer to Section 6.0. A 2-inch (51-
mm) nominal wood ledger and 1/2-inch (13-mm) anchor bolts will be used. Assuming that a
" Joad-bearing beam is placed beneath the floor at mid-span, the resultmg floor clear span is
approximately 14 feet (4.3 m). Table 6.1 of the Prescriptive Method requires a minimum
staggered 1/2-inch- (13-mm-) diameter anchor bolt spaced at 12 inches (305 mm) on center.
Alternatively, two 1/2-inch- (13-mm-) diameter anchor bolts spaced at 24 inches (610 mm) on
center, staggered 5/8-inch- (15.8-mm-) diameter anchor bolt spaced at 16 inches (406 mm) on
center, or two 5/8-inch- (15.8-mm-) d:ameter anchor bolts spaced at 32 inches (813 mm) on

center may also be used.
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PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS

| : TABLE 6.1 .
FLOOR LEDGER-ICF WALL CONNECTION (SIDE-BEARING CONNECTION) REQUIREMENTS'

(excerpt from the Prescriptive Method)

Maximum Anchor Bolt Spacing’ (inches)
Maximum Floor Staggered Staggered Two
Clear Span* 1/2-Inch- .5/8-Inch- 1/2-Inch-
' Diameter Diameter Diameter
(feet) Anchor Bolts Anchor Bolts | Anchor Bolts®

8 18 20 36

10 16 18 32

12 14 18 - 28

ICF Wall-To-Roof Connection

Section 6.0, Table 6.3, and Figure 6.8 of the Prescrzptzve Method are used to determine the top
of the ICF wall-to-roof connection requirements. It is assumed that the design house has wood
trusses in lieu of wood rafters and is located in a 110 mph (177 km/hr) wind area. Table 6.3 of
the Prescriptive Method requires a minimum of a 1/2-inch (13-mm) anchor bolt spaced at 6 feet
(1.8 m) on center. Section 6.3 requires an approved uplift strap to attach the roof to the wood sill

plates in accordance with the applicable building code.

TABLE 6.4

. TOP SILL PLATE-ICF WALL CONNECTION REQUIREMENTS

(excerpt from the Prescriptive Method) .

110

mmw WIND MAXIMUM ANCHOR BOLT SPACING
SPEED {mph) 1/2-INCH-DIAMETER ANCHOR BOLT
90 6°-0"
100 .

IN RESIDENTIAL CONSTRUCTION, Second Edition

A-19



Appendix A: Illustrative Example Prescriptive Method

‘ : _ PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
A-20 _ IN RESIDENTIAL CONSTRUCTION, Second Edition



APPENDIX B.

. ENGINEERING TECHNICAL SUBSTANTIATiON

" PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition






Prescriptive Method ' . Appendix B: Engineering Technical Substantiation

INTRODUCTION

. The Engineering Technical Substantiation is provided as a supplemental information package to
document the basis for the development of the Prescriptive Method. Structural calculations
illustrate the method for determining the reinforcement requirements for the walls and lintels;
supplemental equations and reference standards substantiate the examples. The -example
calculations are not intended to be inclusive of all design considerations for a given application but
rather are intended to illustrate the derivation of the requirements in the Prescriptive Method.

Ihformation is presented in both U.S. customary units and International System (SI) units except
for reinforcement bar sizes which are only presented in U.S. customary units. Refer to- Appendix
C for the corresponding reinforcement bar size in SI units. '

B1.0 GENERAL
Bl.l Load Calculations
Roof Loads

Roof snow loads were calculated using ASCE 7 [B1], multiplying the ground snow load by 0.7.

Therefore, the roof snow load was taken as P = (.7P,, where P, is the ground snow load in

pounds per square foot. Off-balance snow loads were not considered since heavier gravity loads

- improve the performance of concrete walls used in residential construction. Also, this approach

. has proven successful based on past performance and experience in residential construction
. when building and roof spans are relatively small. - '

Wind Loads

Wind loads were based on 3-second gust wind speeds ranging from 90 to 150 mph (145 to 241
km/hr). Wind pressures were calculated in accordance with ASCE 7 [B1] by using components
and cladding coefficients for partially-enclosed and enclosed buildings, interior zone, and a mean
roof height of 35 feet (10.7 m). Component and cladding wind loads are used to determine out-
of-plane bending and out-of-plane shear in the walis. Main wind force resisting system
(MWFRS) loads were also determined in accordance with ASCE 7 [B1]. The distribution of
lateral wind loads to components or assemblies comprising the MWFRS was achieved by a
standard tributary area method. Wind forces on all windward and leeward surfaces were
considered when determining' MWFRS loads. Example wind calculations are presented in
Section 4 and 5 of the Technical Substantiation. : '

Seismic Loads

Seismié loads were determined in accordance with the International Building Code [B7].
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B1.2 ICF Foundation Wall Design Approach

Four different construction cases were investigated to cover a range of residential construction .
possibilities for the development of the first edition of the Prescriptive Method. As expected, the
controlling load case was that which induced the lowest practical axial load on the foundation

wall in combination with maximum design bending or lateral load. Therefore, a single
construction case was investigated in the development of the second edition,

The load case considered in the deve_lopment of the second edition of the Prescriptive Method is
conservative in that the no dead, live or gravity loads are considered which would increase the
moment capacity, even with considerable eccentricity of axial load toward the outside face of the
foundation wall. This method is consistent with the development of the plain concrete and
reinforced concrete foundation wall provisions in the International Residential Code [B2).

The foundation wall height, unbalanced backfill height, and earth load vary. The vertical wall -
reinforcements listed in the minimum vertical wall reinforcement tables for basement walls of
the Prescriptive Method are the results from calculations based on the above construction case
and ACI [B3] Load Combinations.

B1.3 ICF Above-Grade Wall Design Approach

For above-grade wall construction, three different construction cases were investigated to cover -
_ the range of construction possibilities. The three construction cases are described below.

Supporting Light-Frame Roof ‘ :
Only . '
e Smallest axial design load

/ Light—Frame Roof with light-frame construction
/7 \M=0 due to dead loads

'_ ! "'P e Assume gable end wall
: min ' ' e Wind loads vary from 20 psf
' to 80 psf (0.96 kPa to 3.83
kPa)
\ » No eccentricity, assume roof
Wind “-iCF Wall _ trusses bearing directly on
Load a the wall.

Light—Frame Fioor

: PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Prescriptive Method
_ Supporting One-Story Light-
. ' | * Frame Construction and Roof
. e e o Smallest axial design load with
Wall light-frame construction due to
M=C B e - dead loads ' _
:‘P n Hght=Frome Floor ¢ ' No eccentricity; assume direct
— floor bearing' on first-story
— wall _
. —! Y or wal . Wind loads vary from 20 psfto
e _ _ 80 psf (0.96 kPa to 3.83 kPa)
E = )\ vioht—Frame Fioor
|
. i L - Supporting One-Story ICF
' ' Construction and Light-Frame
" Roof '
.One-Story o '
(\r'CFW‘?" | ' | e Smallest axial design load with
M= W g Haht=Frame Floor ICF construction due to dead
" =0 loads. ‘
— - e No wall eccentricity; assume
- ICF wall thickness for second-
— story wall is equal to ICF wall
. | thickness for first-story wall
‘ﬁ’é’é‘é R \-|'cr Wall j e Wind loads vary from 20 psf to
— . 80 psf (0.96 kPa to 3.83 kPa)
' — -» ~ No floor eccentricity
% _Light—Frame Floor
: I
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The following values were used to design the above-grade walls; refer to Figure B1.1. The story

wall beight and wind load vary. The vertical wall reinforcements listed in the minimum vertical

wall reinforcement tables in the Prescriptive Method are the results of calculations based on the .
applicable construction case (B1 through B3) and ACI [B3] Load Combinations. :

BUILDING ABOVE-GRADE CONSTRUCTION CASE

GEOMETRY Units Bl B2 B3
Maximum Building Plan Dimension | feet (m) 60 (18) 60 (18) 60(18)
Roof Slope —— 0:12 12:12 _12:12
Roof Tributary Area feet (m) Gable End 2 (0.6) 2 (0.6)
First-Floor Tributary Area feet (m) - NA | N/A N/A
Second-Floor Tributary Area feet(m) || N/A 2 (0.6) 2 (0.6)
First-Story Wall Height feet (m) Vary Vary Vary
Second-Story Wall Height feet (m) N/A 824 (2.4
First-Story Wall Thickness - | inches -Vary - Vary Vary

s _ (mm)
Second-Story Wall Thickness inches N/A 3.5(88.9) 3.5 (88.9)
L {mm) , light-frame - ICF
Foundation Wall Thickness psf | N/A - N/A _ N/A
: (kPa) |
DEAD LOADS '
First Floor psf N/A N/A - N/A
" Second Floor psf N/A 10 (0.48) 10 (0.48)
e el [ e
Roof and Ceiling ' " psf 0 10 (0.48) 10 (0.48)
(kPa) '
First-Story Wall psf Vary - Vary Vary
(kPa) :
Sécond-Story Wall o psf N/A 8(0.39) . | 421D
. (kPa) : . :
- Foundation Wall psf N/A N/A N/A
(kPa) ' ' -
LIVE LOADS . gy
First Floor psf || NA N/A N/A
(kPa)
Second Floor psf N/A - 0 0
S (kPa)
Roof (ground snow) ' psf 0 0 0
{kPa)
Attic _ ' psf o 0 0
SEISMIC DESIGN CATEGORY — A-D, A-D, A-D,

Figure B1.1 Above-Grade Wall Loading Cenditions and Building Geometry

B PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORM" |
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Bl4 ICF Lintel Design Criteria

. The moment and shear capacities were determined in accordance with ACI [B3]. The followmg
design assumptions were used:

Second-Floor Live Load .= 30 psf '[1.4 kPa]
Attic Live Load = 20 psf ' ' * [0.96 kPa]
Roof Dead Load . = 15 psf - [0.72 kPa)
Roof and Floor Clear Span = 321t C [9.8 m]
ICF Wall Dead Load

69 psf [3.3 kPa]
L/240 ' _

Deflection Criterion

" No. 4 and No..5 bars are used for tensile reinforcement. Al steel has a mininum tensile Strengfh of 40,000
psi (300 MPa). All concrete has a minimum compressive strength, f'., of 2,500 psi (17.2 MPa).

B1.5 Ledger Board Connection Design Criteria

The following design assumptions were used:

40 psf : | [1.9 kPa]

Floor Live Load =

Floor Dead Load = 15 psf [0.72 kPa]
Wind Load = 80 psff ' _ (3.8 kPa]
Wall Height above and . - :
below Connection = 10 feet : [3 m]
Floor Joist Spacing = 2 feet [0.61 m]

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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" Appendix B: Engineering Technical Substantiation : 5 Prescriptive Method

B2.0 PROPERTIES
B2.1 Material Properties
B2.1.1 Steel Reinforcement and Concrete

Assume the following minimums.

F, = 40,000 psi for steel reinforcement ' ' | [300 MPa]

S’ =2,500 psi for concrete _ _ {17 MPa]
Assume the following maximums.

F, = 60,000 psi for steel reinforcement [414 MPa)
£ = 4,000 psi for concrete - _ [28 MPal
B2.1.2 Ledger Board

Assume a 1.5-inch x 7.25-inch (38- mm x 184-mm), No. 2 Grade Hem-Fir with the following
allowable design properties determined in accordance with the National Design Spec:f cation for
Wood Construction (NDS) [B4]. .

Fy =850 psi : ' : ' [5.9 MPa]
. Fy =850 psi (1.15) (1.6) (1.0) _ ‘

= 1,564 psi modified for flat use, wind Ioad duratzon, and size ‘ [10.8 MPa]
F;, = 850 psi (1.0)(1.0) ' '

= 850 psi modified for live load duration and size [5.9 MPa)
F.1 =405 psi [2.8 MPa)
F,1 =405 psi (1.25) = 506 psi mod ifi ed’ ' for small bearmg area . [3:5 MPd]
F 75 psi _ [0.52 MPa]

= (75 psi) (2) = 150 psi modi f Ged for no splits . _ [1.03 MPa)
S =13.14 m : [215 dm’]
8,=2.72ir’ S _ - [44.6 dm’]
h = 7.25 inch o [184 mm)]
b=15inch : [38 mm]

B2.1.3 Ledger Board Bolts

Assume A36 steel with the following design properties determined in accordance with the
- Manual of Steel Construction Allowable Stress Design [B3].

= 19,100 psi - _ [132 MPa]

F 36,000 psi _ _ [248 MPa]
F 9,860 psi threads included in shear plane _ ' [68 MPa]

B2.2 Section Properties of Concrete

Due to the variety of available dimensions, a mininmum equivalent rectangular section with the

dimensions listed in Figure B2.1 is used to gencrate minimum reinforcement tables in the
Prescriptive Method for use with as many ICF products as reasonably possible without adversely

impacting design economy or practicality.

PRESCRIPT IVE METHOD FOR INSULATING CONCRETE FORM
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IN RESIDENTIAL CONSTRUCTION, Second Edition

ICF Nominal P, Minimum Vertical Core
Wall Thickness a4 Equivalent Width Spacing
Type inches (mm) Thickness inches (mm} inches (mm)
inches (mm)
3.5(89) 3.5 (89) 12 (305) N/A
Flat 5.5 (140) 5.5 (140) 12 (305) N/A -
7.5(191) - 7.5(191) 12 (305) N/A
9.5 (241) 9.5 (241) 12 (305) N/A
. . 6{152) 5.0(127) 6.25 (159) 12 (305)
-Grid :
Waifle-Gri 8 (203) 7.0 (178) 7.0 (178) 712 (303)
~Screen-Grid 6 (152) 5.5 (140) 5.5 (140) 12 (305)
Figure B2.1 Equivalent Reétanguiar Section Dimensions
PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
' B-7
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B3.0 ICF FOUNDATION WALL DESIGN EXAMPLES AND ENGINEERING
CALCULATIONS .

The following engineering calculations are provided as supplemental information to illustrate the
means and methods of analysis followed in developing the requirements included in the Prescriptive
Method. Structural calculations specifically illustrate the method for calculating the reinforcement
requirements and adjustment factors used within the tables. The example calculations are not
intended to be inclusive of all design considerations for a given application, but rather are intended
to illustrate the derivation of the tables in the Prescriptive Method.

" B3.1  5.5-Inch- (140-mm-) Thick Flat ICF Basement Wall -

For the purposes of illustration, a flat ICF foundation wall is selected from Table 3.4 of the
Prescriptive Method for foundation walls constructed in soil with an equivalent fluid density of 30
pef (481 kg/m®). The foundation wall is 9 feet (2.7 m) high and has 5 feet (1.5 m) of unbalanced
backfill. Table 3.4 shows that the foundation wall is required to have a minimum of one No. 4 bar at
48 inches (1.2 m) on center for vertical wall reinforcement. Calculate the capacity and check the
adequacy of the 5.5-inch- (140-mm-) thlck flat ICF foundation wall.

Using the material properties in Section 2.0 compute the amount of vertical wall reinforcement
required. The load case considered is conservative in that no dead, live or gravity loads are
considered which would increase the capacity. The controlling condition is when the axial load
is minimized and the moment is maximized, therefore, only the dead load for the foundation wall
itself is considered. The following example summarizes the nominal and factored loads

calculated.

Dead Loads on Foundation Wall :
First Floor 0 plf [0 N/m]

Roof and Ceiling 0 pif ' [0 N/m]
. First-Story Wood Wall 0plf S [0 N/m]

- Foundation ICF Wall 0.5(9.0 2 X5.5in/12in/ ft)(150 pef )=309plf @ mid-height  [4.5 N/m)

Live Loads on Foundation Wall

First Floor 0 plf L _ : [0 N/m]
Roaf and Ceiling 0pif _ [0 N/m])

First-Story Wood Wall 0 pif , . © [0 N/mj

Foundation Wall Moments : L _
Dead Loadg,, 0 in-Ib/if ' o [0 N-m/m]

Live Loadgu 0 in-Ib/if . _ [0 N-m/m]

' PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Prescriptive Method
" Moment guign  — (3010.61‘)(5;‘:‘)(4.51?)2 . (30p0f:3(4.5 Ay
+306plf (4.5 f)=312t = b/ if L _ [1.39 kNomf]
Moment gy (3 Opef )(51")(2 851?)2 (30szf XZ 85 ﬁ)3 o

+ 306plf(2 SS_ﬂ) 377 £t — lb/lf N . _ [1.68 kN-m/m]
- x =285 feet (0.87 m) location of the maximum moment; simply supported beam model is used.

Parallel Shear
The unbalanced backfill height is greater than 4 feet (I 2.m). Assume all basement walls in the

“building have 5 feet (1.5 m) of unbalanced backfill height. Parallel shear is neglected as common
practice since the foundation walls are generally restrained by the soil lateral pressure on all sides

and opening areas in foundation walls are generally low

Perpendicular Shear
Refer to Section 7.0 for variable definitions.

—

g® _(30pef)5h) _ B ' o
Vip =2 = 6(9ft) = 69pif , R [1.0 @N/;n]
at _ @M 697l =306plf 42 k]

Vbo!!am = _2— V;‘ap

Vi qlx——qf——rfa@f e~ bupoliat] 30@17—6@9# (0.6 0m]

Load Combmatlons

The following load combmatlons are from ACI 318 Chapter 9 [B3]:
(1) U=14D+1.7L |

() U=14D+17L+17H
3) U=09D+13W

@) U=09D+17H
All foundation design cases are controlled by load combination nunibér (4) since it produces the

smallest possible axial load and maximum bending load. -

Check Perpendicular Shear

The critical factored perpendicuiar shear load, V,,',-eXperienced by the foundation wall occurs at
the bottom of the wall story due to ACT 318 Load Combination (4). '

[7.1 KN/

V. =1.7(306 pif) = 520plf - o
oV, =0. 65( ),/ bk =0 65( J,/z,soo psi(12in)(55in) = 2,860 plf -  [41.7 kN/m]
<oV, OK ' | : :
PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS .
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Prescriptive Method

Check Compression and Tension
M, = L7377 fi-Ib/IN(12 inff) = 7,690 in-Ib/ft

P, =0.9(423 pif) = 381plf

Determine Points for the Interaction Diagrams |

Interaction Diagram for Plain Structural Concrete |

Point 1 — Pure Compression

P % 9A2in/ Y |c o oy
g_o.sofc[l [32 ] }Ac 0.6(2,500ps? ){ (‘?(5"5_) (s.sfn)(12m)—61,7221bf

¢ B, = 0.65(61,722) = 40,1 19Ibf
§M,=0

Point 2 — Pure Bending _
. N2
b M, =4 5728 =0.65(5)y2,500psi (.___—(1 2’")(65'5‘”) J _0831b—in

¢B, =0

Point 3 — Balanced Condition

i [2.9 kN-m/m] .

[5.3 kN/m)

[275 kN]

[178 kN

{1.1 KN-m] -

The balanced condition represent's'the' dividing point between compression controls and tension
controls regions of the strength interaction diagram. According to ACI 22.5.3 [B3] plain
structural concrete members subject to combined ax1a1 load and bending shall be propomoned

such that on the compression face:
B.fb By + Mu/¢ (0.85)(fc)S<1

- and on the tension face:

M,,/S—P,,/Ags_sqa\/ﬁ

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Prescriptive Method
Hence,'
. oy = OB, +50 4/ fo 4c
Termbizn
S $(0.85)(f:)(S)
_ 40,1191b +5(0.65)4/2,500 psi (5.5im)(1 2in) 32364 | [364KN-m]

(5.5in)(12in) . 40,1191b
: 32 . N2

(12in)(5.5in)" /6 (0.65)(0.85)(2,500psi) (12m)(2.5m)

P, = My 4 _sp Jfide = 32’364‘?’ "’"(5_ '5’2”)(12’”) — 5(0.65)4/2,500 psi (5.5in)(12in) = 24,58116f [109 &N]
S (12in)}(5.5in)“ / 6 : _ . '

The hand calculations above were consolidated into spreadsheet form and factored according to
ACI 318 [B3]. The factored moments were also magnified according to ACI 318 Section 10.12
[B3] for structurally reinforced concrete walls (see Section B4 of the Technical Substantiation
for an example of magnified moments). With the factored axial loads and maximum factored
moments, multiple reinforcement schedules were plotted on a factored P,-M, interaction

diagram.

. ~ Figure B3.1 shows the factored loads for the 5.5-inch (140 mm) thick plain ICF wall in this

~ example (see plotted point for “30 pcf”). It also contains the plain structural concrete curve. The
requirements of the foundation wall system are moment controlled and thereby lie on the lowest
portion of the curve. For determining the requirements, a “zoom-in” on the moment controlled
region of the diagram is shown in Figure B3.2. ‘

Figure B3.2 indicates that the required strength for the 5.5-inch- (140-mm-) thick flat basement
wall that is 9 feet (2.7 m) high and has 5 feet (1.5 m) of unbalanced backfill in soil with an
equivalent fluid density of 30 pcf (481 kg/m’) is satisfied by specifying the wall to meet plain
structural concrete requirements. - : - - .

-. PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Prescriptive Method

45,000

40,000 .
35,000 \‘\
30,000 ~ _
= Plain Structural Concrete T~ ‘
= 25,000 TR R >
= W -30pef - 0 e
& 20,000 //
15,000 //
10,000 //
5,000 o
04— n
- 0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
' Mu (Ib-in)
Figure B3.1 P,-M, Diagram for the 5.5 in Basement Wall
1,000 |
900
800
700
- %0 Structural Concrete
S 500 i
= i
n_‘ I
400 !
300 - ?
200 :
100
0 — » .
0 2,500 5000 7,500 10,000 12,500 15,000

Mu (Ib-in)

Figure B3.2 Zoom of P,-M, Diagram for the 5.5 i_n Basement Walls
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Check Deflection

. - For below-grade walls, a deflection limit of L/240 for service live loads is used. To calculate wall
deflection, effective section properties, E.l,, of the uncracked concrete section are used. For
simplicity, when calculating the maximum deflection, assume the earth load acts on the entire

wall height.
A = 0.013;450.5)ql ) 0.01304(0.5)(_3053)(11?1(?1;:3)5 { 1,7}2;;;1 ]= 0.042in (107 mm]
cE (2,850,000 psi{——”%ﬂ—}
12
g O [%) |
- A gltowable = a‘a = T =045in . . {11 mm]

A perual < Aatiowable OK

Determine Reinforcement

Although the wall is acceptable as a structural plain concrete wall in this case, a nominal amount of
reinforcement is specified for the 5.5 inch (140 mm) thick below grade walls. Tests [B6] have shown
that horizontal and vertical wall reinforcement spacing limited.to 48 inches (1.2 m) on center results’
_ in reliable performance for ICFs; therefore, one Grade 40 (276 MPa) or Grade 60 (414 MPa), No.
. 4 bar at 48 inches (1.2 m) on center is specified for minimum vertical wall reinforcement. One
No. 4 bar at 48 inches (1.2 m) on center is similarly specified as a minimum horizontal wall
reinforcement. At least one continuous horizontal reinforcing bar should be placed within the top

12 inches (305 mm) of the wall'stqry.

This procedure was repeated based on all possible construction permutations included in Chapter
3 of the Prescriptive Method including 60 ksi (414 MPa) reinforcing steel, 3,000 psi (20.7 MPa)
concrete, and 4,000 psi (27.6 MPa) concrete. However, when reinforced concrete was required
by first analyzing plain concrete P,—M, curves, a similar set of P,-M, curves was created to
determine minimum amounts of reinforcement required. These analyses yielded the allowable
50-percent spacing increase when 60 ksi (414 MPa) reinforcing steel is used. However, there
was no appreciable benefit in using higher strength concrete for this application.

. PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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Prescriptive Method

, TABLE 3.4
- MINIMUM VERTICAL WALL REINFORCEMENT FOR

- 5.5-INCH- (140-MM-) THICK FLAT ICF BASEMENT WALLS %5
(excerpt from the Prescriptive Method)

Mazx. Maximum Minimum Vertical Reinforcement =

Height of | Unbalanced —

Basement | Back{ill Maximum Maximum :
Wall Height® Equivalent Fluid Density Equivalent Fluid Density
(feet) (feet) 45 pef 60 pef

@4 #4@48”
#3@12"; #4@22"; #I@8”; #4@147;
g #5(@32": #6(@40” #5(@20: #6(@26”
#3@8”; #4@14”; #3@6”; #4@10™;
#5@20": #6(@24” #5(@147: #6@207
#3@5"; #@107; #3@4”; #4@0",
#5(@14”: #6(@18™ #5@107: #6@14”
#3@327; #4@A48” #4@48"
#3@127; #4@207; #3@8", @14
HEMIR AR #2202 BE@IT?
9 6 #3@10™; #4@207; #3@6”; #4@127; - #H@8”,
HS@IRT HEMIAT #SAM IR RA@20™ ﬁ’ir’fﬂ]d”- #AM16”
b #3@B”; #4@14™; #4@8"; - #4@6™;
#5(@20": #6(@22” #5(@127: #6@16” #5@10”: #6@ 12"
g #3@6™; #4@107; . #@6™, #4@47;
#5(@14”: #6@16™ #5(@10”: #6@12” #5(@6”": #6(@8”
PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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. B4.0 ICF ABOVE-GRADE WALL DESIGN EXAMPLES AND ENGINEERING
. ' CALCULATIONS

The following engineering calculations are provided as supplemental mformauon to illustrate the
means and methods used in the development of the requirements included in the Prescriptive
Method., Example calculations are used to illustrate the method of determining reinforcement
requirements and adjustment factors used within the tables. The example calculations are not
intended to be inclusive of all design considerations, ‘but rather are intended to clearly illustrate the
derivation of values in the Prescriptive Method. :

B4 1 Calculating Wind Pressures

. An enclosed bmldmg sited where wind speeds are 100 mph (161 knv/hr) in Exposure Category Bis
considered. Table 4.1 shows that the above-grade wall design wind pressure is 24 psf (1.15 kPa).
This wind pressure is used to select the appropriate vertical reinforcement requirements for out-
of-plane bending for the various ICF systems at the stated .conditions for this example. The

following calculations show how the design wind pressures in Table 4.1 are calculated for the
example building conditions using ASCE 7 [B1]. A mean roof height of 35 ft (10.7 m) was used
for all table values. , '

B4.1.1 Determine the Velocity Pressure
an %0.00256K,K2,KdV21 = (0.00256)(0.73)(1.0)(1.0)100mph)*(1.00) = 18.69 psf

. Note: A Kgq factor of 1.0 is used for concrete design in accdrdance with the International
Building Code, Section 1605.2.1 [7]. - :

B4.1.2 Determine the Net External and Internal Pressure Coefficient
Y (6C, -GCpi)=(-1.1-0.18) = -1.28

Note: GC, is based on Zone 4 values. Negative pressure creates the worst-case 1oad
magnitude. A GC,; value of —0.55 is used to determine pressures for partlally enclosed

_ buildings in lieu of -0.18 above
B4.1.3 Determine the Desngn Wind Pressure

p=g Z(ch - Gclpi) =(18.69 psf)(~1.28) = —23.9 psf

B4.2 Out-of—P!ane Seismic Loads

According to the Internatzonal Building Code [B7], bearing walls and shear walls shall be
designed for an out-of-plane force that is the greater of 10 percent of the wall welght or the

quantlty glven by

F, =0.40158psH,,

. PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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where:

Iy = bcc’ﬁpancy importance factor (1.00 for residential construdtion) | ‘
Sps = The short period site design spectral response acceleration coefficient
W, = The weight of the wall

Figure B4.1 summarizes the out-of-plane seismic loads for Seismic Design Categories C, Dy, and
D,. Since the out-of-plane seismic loads for Seismic Design Category C are less than the lowest
design wind pressure (20 psf) in Tables 4.2 through Table 4.4 of the Prescriptive Method, wind
- governs the design in all cases. By inspecting Tables 4.2 to 4.5 of the Prescriptive Method at the
out-of-plane seismic load for Seismic Design Categories Dy and D, it is clear that the minimum
vertical reinforcement requirement of one No. 5 bar at 18 inches (457 mm) on center provides
more than adequate out of plane bending resistance for Seismic Design Categories D; and D;.

Seismic Design Seismic Design Seismic Design

Wall - | Weight Category C Category D, Category D,
Type (psh) Sbs - F - Sps F, Sps F,
(psh (psf) (psf)
3.5-in Flat 43.75 0.5g 8.8 0.83g . 14.5 1.17g 20.5
5.5-in Flat 68.75 0.5g 13.8 0.83g 22.8 1.17g 32.2
| 6-in Waffle 56.00 0.5g 11.2 - 0.83g 18.6 1.17g 26.2
8-in Waffle 76.00 0.5g 15.2 0.83g 252 1.17g. 35.6
6-in Screen 53.00 0.5g 10.6 0.83g 17.6 L17g 248
- ' Figure B4.( ' o |

Out-of-Plane Seismic Loads for Seismic Des:gn Category C,Dy, and D,

B4.3 6-Inch- (152-mm-) Thick Waffle-Grid ICF Above-_Gréde Wall

A waffle-grid ICF above-grade wall is selected from Table 4.3 of the Prescriptive Method for above-
grade walls constructed in an area where the design wind pressure is 30 psf (1.44 kPa). The above-
grade wall is’ 9 feet (2 7 m) high and supports a light-frame roof only. Table 4.3 shows that the
above-grade wall requires one #4 bar at 48 in (1.2 m) on center. Table 4.5 shows that the above-
grade wall requires horizontal reinforcement in the form of one No. 4 bar at third points in the wall
story and on¢ No. 4 bar within 12 inches (305 mm) of the top of the wall story. Calculate the
capacity and check the adequacy of the 6-inch- (152-mm-) thick waffle-grid ICF above-grade wall.

Using the values in Figure B1.1 and the material properties_.in Section 2.0, the amount of vertical
wall reinforcement required was determined as follows. - '

The wall moments are calculated by multiplying the axial load by the assumed eccentricities of
the roof, wall above, and floor as applicable. The controlhng condition is when the grav1ty load
is minimized and the moment is maximized. _

: PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS‘
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Prescriptive Method
_ Dead Loads - : _ ‘ ‘
, Roof and Ceiling oplif 10 kN/m]
. First-Story ICF Wall 0.5(9.0 f)(S5 psf) = 248 plf @ mid-height  B6kVm]
Live Loads | o
Roof and Céiling O plf ' 7 [0 kN/m]
Attic Oplf [0 &N/m]
First-Story Wall Moments . . '
Dead Load gy - Oin-lbilf ' ' [0 N-m/m)
Live Load gup 0 in-Ibf : - [0 N-m/m]
Wind Load gmis ELPSflgsﬁ(ifﬂ =303.8fi—Ib/If =3,645in—Ib/If  [1.3 kN-m/m]
Parallel Shear

Refer to Section 5.0 for parallel shear c;ilculatz‘ons.

Perpendicular Shear
_Refer to Section 7.0 for variable definitions.

| 0
v, =2 (Z*_ngl?j) =135 g[_L_) =1351b/ post {433 kN/post]

lverticalcore

Load- Combmatlons

The following ACI 318 and IBC Load Combma‘uons were used for de51g11 purposes [B3] [B7]:

. (1) U=14D+1.7L
(2) U=0.75(14D+17L+1.7TW)
(3) U=1.05D+1.28L+1.0E
(4) U=09D+1.3W
(5)  U=09D+ 1.0E

All out-of-plane bendlng design cases were controlled by load combination (4) for wind loads
- and load combination (5) for earthquake loads.

The hand calculations above were consolidated into spreadsheet form and factored following
ACI 318 [B3] and IBC [B7] guidelines. The factored moments were also magniﬁed following
the requirements found in ACI 318 section 10.12 [B3]. The maximum moment in the wall was
determined at the mid-point of the wall. With the maximum factored axial loads and maximum
factored moments the construction cases were plotted on a factored Py-M, curve constructed
following conventional reinforced concrete practices and ACI recommended resistance factors.
The following sections provide example calculations and an example Py-M, curve.

Check Perpendicular Shear

The critical factored perpendiéular shear load, V;, experienced by the first-story wall occurs at
the bottom of the wall story due to ACI [B3] Load Combination (4). Consider a reinforced

section.
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¥, =(1.3)(135b/ post) =1761b/ post .  [0.78 kNjpost]
BV, = 0.85(2)/ ' bh=0.85(22,500psi (6.25in)5in)= 2,636/ post . [11.8 kNpposi]
<4V, OK

Check Compression and Tension

The critical maximum moment, M,; experienced by the first-story wall occurs at mid-height due
to ACI [B3] Load Combination (4). The corresponding total factored axial load, P, is also taken
"at mid height of the first story-wall based on ACI [B3] Load Combination (4).

=(1.3)(3,645in—Ib/ )t/ post)=4,73%in-1b/ pos! ’ _ : .[0.54 kN-m/post]
-(0 9)(248 plf) = 223p1f 2231b/ post - ' [1.0 kN/pos]

Determine Magnified Moment

With one exception, the equations below are taken from ACI 10.12 [B3]. The equation for EJ, as
listed in ACI 10.12.3 [B3], is applicable to wall sections that contain a double layer of
reinforcement. Given that ICFs contain only one layer of reinforcement, the equation for Ef noted
below is used mstead [BS].

M, =(1.3)(3,645in—Ib/if)=4,739in — Ib/ post . [0.54 kN-m/post]
B, =(0.9)(248 plf ) = 223 plf =2231b/ post o [1.0 kN/post]
E, = 57,0007 = 57,000,/2,500 psi = 2,850,000 psi ' : [19.7 GPa]

From ACI Section 10.12.3 [B3], assume f4= 0.6, therefore;

EI' =0.25E,I, =0.25(2,850,000 psf)(ﬁ'zs’;'-—-;@l)—} =46,386,718psi (320 GPa] .
M min = B, (0.6 +0.034) = 22315(0.6 + 0.03(5in)) = 167.3in — I - [18.9 Nem)
C,, =10 for members with transverse loads between supports '
2 2
P El (46326 718psz)2 3921106 : [174 kN]
(11, ﬁ (1.0)9 )% [12in/ 2 }
10 L
e G _5q0= —— =1.008
O (B L2230
0.75P, - /0.75(39,211i5)
s =8 s M, =1.008(4,739in — 10)=4,777in— 1 [0.53 kN-m]

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition

B-18 -



Prescriptive Method ‘ . Appendix B: Engineering Technical Substantiation

Determine Points for the Interaction Diagrams

. Interaction Diagram for one No. 4 bar spaced 48 in'(1.2'm) on center
Point 1 — Pure Compression

F= =0. 85f:: (Aconcrere — 4 )+ fy ‘
=0. 85(2 500 psi)(6.25in(5in) - 0. 2in? (12in/ 48in)) + 40,000 psi(0.2in )(12m/ 48in) = 68,300/bf [967 kN/m]

Bmax = 0 8F, =0. 8(68 3OOIbf) 54,6401bf ' t774 kN/m)
B, =¢ Pmnax =0.7(54,640i5) = 38,2481bf [542 kN/m]
d) M,= 0

Point 2 — Balanced Condition

The balanced condition represents the dividing point between compression controls and tension
controls regions of the strength interaction diagram. It is defined by the simultaneous occurrence
of a strain of 0.003 in the extreme fiber of the concrete and the strain &, =f,/E; on the tension

steel.
. ' Distance to the neutral axis:

. __87.000d _ 87,000(5in/2)
57 f, +87,000  40,000psi +87,000

=1.71in _ (43.4 mm]

Compression force: '
C, = 0.851"B xyb = 0,85(2,500psi)(0.85) (1 1in)(6.25in) =19,3041b [85.9 kN]

Tension force: .
T = 4, f, = (02in*)(12in/ 48in)(40,000psi) = 2,000/b [8.9 kN]

Factored Balanced Axial Load: _ _
¢ B, =9(C, —T)=0.7(19,304/b - 2,000ib) = 12,1 13/b _ [53.9 kN]

Factored Balanced Moment:

oM, =¢C{d—:%} 0.7015, 3041b)[5‘” __35(1-7“”))

=23,9621b - in [2.7 kN-m]

.PRESCRIP-TIVE METHOD FOR INSULATING CONCRETE FORMS
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Point 3 — Pure Bending

_ A4S =(0.2in2)(12in/48in)(40,000psi)__ 0.15in ' — ‘
085/ - 0.85(2,500psi)(6.25in) T - T

o M, = 4, fy[d "EJ 0.9(0.2in2)(12in/ 48in)(40,000 psi ")(ﬂ _o 125"’

¢ 5, =0

j 4,3651b—in (482 N-m]

Additional points were determined in the compression controls region (between Point 1 and
Point 2) and the tension controls region (between Point 2 and Point 3) to populate the interaction
diagrams. This procedure was duplicated for numerous reinforcement schedules to obtain the
most efficient design possible.

Determine Reinforce'rnent

Plot the magnified moment and the corresponding total factored axial load on the interaction
diagram for a 6-inch (152-mm) thick waffle-grid wall. This diagram was constructed for each
possible configuration using a range of reinforcement ratios that extend below the ACI
minimum. Figure B4.2 is a close up of the lowest portion of the curve since the requirements of

the wall system for out-of-plane bending are in the tension controlled region. It should be noted -

that increasing the gravity load in this region of the P,-M, will increase the wall strength against
transverse loads. ‘

The interaction diagrams shown are based on 2, 500 psi (17.2 MPa) concrete, 40,000 p51 (276
MPa) reinforcing steel, and the reinforcing steel being centered in the wall cross section. This
procedure was repeated for all possible permutations mcluding 3,000 psi (20.6 MPa) concrete,
4,000 psi (27.6 MPa) concrete, and 60,000 psi (414 MPa) relnforcmg steel to determine the
relationship between the differing material properties.

s , PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS.
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_ "Check Deflection

Figure B4.2 Factored Loads on the P,~ M, Diagram for Construction Case B1 -

For above-grade walls, a deflection limit of L/240 for total service loads is used. To calculate wall
deflection at service load levels, effective section propertles of the assumed cracked concrete section

are based on 0.1E./,.

Assume a gypsum board interior finish exposed to view. The deflection calculations below are
* based on wind loads. Refer to Section 7.0 for the maximum deflection equation.

(30psf)(lﬁ)(9ﬁ)4(g§81}
t

Agetual = < = 024in ' [6.1 mm]
(0.1)(384)(2,850,000 psi{@:}sL)J
12in
or( %) |
Aaﬂowable. =0 = 0.45in | [11.4 mm]
Buetual < Battowable 7 oK
PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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'4.3.1 Construction Case Summary

From Table 4.3 of the Prescriptive Method, we obtain one vertical Grade 40 (300 MPa), No. 4

Prescriptive Method

bar at 48 inches (1.2 m) on center, and from Section 4.5 one horizontal No. 4 bar near third
points in the wall story. Note that in Seismic Design Categories D; and D, the minimum vertical
and horizontal reinforcement shall be one No. 5 rebar at a maximum spacing of 18 inches (457 mm)
on center and the minimum concrete compressive strength shall be 3,000 psi (20.5 MPa) {B3] [B7].

MINIMUM VERTICAL WALL REINFORCEMENT

TABLE 4.3

FOR WAFFLE-GRID ICF ABOVE-GRADE WALLS 2

- (excerpt from the Prescriptive Method)

Minimum Vertical Reinfort:e_nuaut5

Design Maximum | o _
Wind Wall Supporting Light- - Supporting Light- Supporting ICF
Pressure | Height per Frame Roof Only Frame Second Story Second Story and
(Table4.1) Story ' S and Roof Light-Frame Roof
: Minimum Wall Thickness (inches)
{psf) (feet) 8 -6 8 6 8
#4{@48 #4@48 | #4@48 #4@48 #4@A48
#4(@48 #4@48 #4@A48 #4@48 #4@48
#4@48 #4@48 #4@48 | #4@48 - | #4@48
#4@48 #4@48 #4@48 #4@48 #4@A8
#4(@48 #4@48 H4@48 #4@48 #4(@48
, #A@36; #@36;
#@A8 | ys@ag | @B | uigug | @B

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS -

IN RESIDENTIAL CONSTRUCTION, Second Edition



Prescriptive Method

'Appendix B: Engineering 'Te'c_hnical Substantiation

B5.0 ICF WALL OPENING DESIGN EXAMPLES AND ENGINEERING
CALCULATIONS

B5.1 Calculating In-Plane Shear Due to Wind

For illustration of the design methods used, a building sited in Exposure C where wind speeds are 90
mph (145 km/hr) is selected from Table 5.1 of the Prescriptive Méthod for above-grade walls. Table
5.1 shows that the design velocity pressure is 21 psf (1.0 kPa). This velocity pressure is used to
select the minimum solid wall length requirements for in-plane shear for the various ICF
systems. The following calculations determine the velocity pressure using the main wind force
resisting systems for a building sited in Exposure C where the wind speeds are 90-mph (145
km/hr).' A mean roof height of 35 ft (10.7 m) was used for all cases.

For the purpose of illustrating the determination of building lateral loads or in-plane shear wall
loads due to winds, consider a one-story house with a 6:12 roof pitch for determining the shear
loads on the building. Consider a building plan of 40ft (12.2 m) — perpendicular to ridge (end
wall length) — by 60ft (18.3 m) — parallel to ridge (side wall length). Lateral wind loads are
assigned to the exterior wall lines by the tributary area method. Torsion is not considered since
the horizontal diaphragm is considered flexible in comparison with the concrete shear walls in

| using the more conservative tributary area load distribution method. Therefore, only Case A is

cons:dered in Figure 6-4 of ASCE 7-98 [Bl] as is typical for residential design practice.

- B5.1.1 Determine the Velocity Pressure

gy = 0.00256K KZ,K,,VZI = (0—00256)(1 01)(1.0)( .0)(90}nph)2(1.00) =20.94 psf [998.8.Pa]

The value above corresponds to the value of 21 psf (1.0 kN/m) in the Prescrzptzve_
Method (Table 5.1).

Note: A Kq4 factor of 1.0 is used for concrete demgn in accordance with the International
Building Code, Section 1605.2.1 [B7].

B5.1.2 Determine the In-Plane Shear Load

Using Flgure 6-4 from ASCE 7-98 [Bl]

a; Smaller of 10 percent of least bulldmg plan dimension (0.1*40ft =4ft) or
0.4*height of the building (0.4*35ft=14ft), but not less than 4% of least horizontal

dimension (0.04(40ft) = 1.6 ft) or 3ft (0.9m).
‘Therefore a=4ft - : : ' [1.2m]

For 6:12 roof pitch, the roof angle = tan™'(6/12) = 26.6 degrees. Determine the external pressure -
coefficient through 1nterpolat10n of Table 6-4 of ASCE 7- 98 [Bl] The results of interpolation

are shown below.

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition

B-23



Appendix B: Engineering Technical Substantiation Prescriptive Method

. . Zones

Fiteh | ¢ 1 2 3 4 1IE | 2E | 3E | 4E (|
6:12 | 266 | 0.550 | -0.099 | -0.447 | -0.391 | 0.728 | -0.190 | -0.585 | -0.535 |

0:12 | 00 | 0400 | X X |-0290]| 0610 X | X |-0430

Source: ASCE 7-98 Table 6-4 [B1]

B5.1.2.1 Wind Perpendicular to Ridge (building orientation of 0 degrees)

' Determine Net External Pressure Coefficients * Surface Area

Walls
: Z (GC of ) *Surfuce Area
=0.5[10,/0.550 (22 /1) + 0. 728(8 ﬁ)] 10 i 0.391(22 /) - 0.535(8 )|
, =154.03 2%
Roof ‘

Z (E?C of ) * Surface Area. _
- [ 20/ J( 0.099(22 /1) — 0.190(8 f2) + 0.447(22 /) + 0.585(8 f0)sin 26.6

cos 26.

= 10832/
Since the contribution from the roof is positive, it is included. ThlS is true for all roof
slopes greater than appr0x1mately 5:12 in accordance with Fi 1gure 6-4 of ASCE 7-98

[B1]. | ' |

Determine Wind Load (40 ft End Wall)

Voparatiel = Gn 2(GCpy ) Surface Area = (20.94 psf 154,03 % +108.32 %) =5,4941b [24.4KN]
v, =1.3(5,494lb) = 7,1421b [31.7 KN]

B5.1.2.2 Wind Parallel to Ridge (building orientation rotated 90 degrees)

Determine Net External Pressure Coefficients x Surface Area

Walls _
Z (GC of J * Surface Area

= 0.5[102[0.400 (12 /) + 0.610(8 1)}~ 10 ﬁ[—-O 290(12,/)-0.4308 /)] : [7.7 m¥]
=83.0/2

Gable end portion of wall. Use roof slope equal to zero to determine coefficients.

' PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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' Z (GC of ) * Surface Area '

' . ' - %(%J(s )8 /1)(0.610+0.430) +(%J(8 A)(12£)(0.400+0.290)

+ % [%)(12 A)12,/1)0.400+0.290)

=74.6 fi
Total external pressure coefficients weighted by tributary surface area:
=83.07 +74.6/" = 157.6/F 2 O [146m7

Determine Wind Load (60 ft Side Wall)

v,

paraiel = 91 2 (OCyy )= (20.94ps/IST6 A7) 33000 47K

Vo= 1.3(3,3000) = 4,2001b - 91K

- B5.2 Minimum Length of Solid Wall Along Exterlor 6-Inch- (152-mm-) Thick Waffle-
Grid ICF Above-Grade Wall

A waffle-grid ICF above—grade wall is selected from Table 5.3A of the Prescrz}pz‘ive Method for
above-grade walls. The building is constructed in an area where the wind speeds equate to a velocity
pressure of 21 psf (1.0 kPa) in Table 5.1 and is located in Seismic Design Category B. The above-
. - grade wall is 9 feet (2.7 m) high and supports a light-frame roof only. Consider a building where the
side wall length (parallel to ridge) is 60 ft (18.3 m) and the building end wall length (perpendicular
to ridge) is 40 ft (9.1 m). Assume the building has a 6:12 roof slope. Through interpolation, Table
5.3A of the Prescriptive Method shows that a minimum length of solid wall of 5.7 ft (1.7 m) is
required. Calculate the capacity and check the adequacy of the 6-inch- (152- mm-) thick waffle-grid -

ICF Ioad—beanng above—grade wall for parallel shear.

_ 'The tables in Sectlons 3.0 and 4.0 are based on ICF walls without door or window openings. This
simplified approach rarely arises in residential construction since walls generally contain windows
and doors. The amount of openings affects the lateral (racking) strength of the building, particularly
for wind and seismic loading conditions. The Prescriptive Method provides recommendations for
the amount and placement location of additional reinforcement required around openings. It also
addresses the minimum amount of solid wall required to resist rackmg loads from wind and

moderate seismic forces.

The values for the minimum required length of solid wall along exterior wall lines listed in Table 5.2
through Table 5.4 of the Prescriptive Method were calculated using the main wind force resisting
wind loads in accordance with ASCE 7 [B1]. The ICF walls were checked using resistance models

for multiple building dimensions.

A shear model following the methods outlined in the Uniform Building Code (UBC) fegarding shear
wall design was used. This method linearly varies the resistance of a wall from a cantilevered beam
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model at an aspect ratio (height over width) of 4 to a solid shear wall for all segments greater than 2.
All walls are required to have a minimum 2 ft solid wall adjacent to all corners. This methodology
was also confirmed in the research conducted at the NAHB Research Center Inc. entitled In-Plane
Shear Resistance of Insulating Concrete Form Walls [B9]

Therefore, for conservative analysis purposes, the two foot corner elements were considered flexural
elements and included their resistance in determining the shear wall capacity. The amount of solid
wall required includes the contribution of minimum 2ft (0.6 m). corners plus additional length of
solid wall to meet the design wind or seismic load.

B5.2.1 ASCE 7 Wind Loads

The in-plane shear loads were determined prev1ously in Section 51 of the Technical
Substantiation. _

¥, =1.3(5,4941b) = 7,1421b ' S ' [31.8 kN)

B5.2.2 Concrete Resistance

Shear Elements

O, =02y/f" hbx = 0.85(2),/2,500 psi (Sin6.25in/ fi)x = (2,6561b/ fyx  [1.9 kKN/m]x

Flexurel Elements (Corners)

Calculate the depth of the compressive stress block.

_ Afy (020 )(40ks)
T 085fh (0.85)(2.5ksi)(6.25in) I

Calculate the nominal moment strength.

M, =4 fy[d--] (0.20in )(40@)(24:;1 4zn;06’"

J(lOOOlb/kIp) 157,600in—1b  [17.7 MN-m]

Calculate the factored shear force from the bending moment:

&V =¢ M,/ h= (0.9)157,600in - 16) KO f)(12in | 1) = 1,3130b I [5.8 kN]

0.60in | | - [19.1 mm]
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Deterrriine Required Wall Length

- The total shear in the wall line is resisted by the 2 corners and “x” length of shear panels.

Vy <200V, ) +x(V,)

Y, =20V,) _TJ42b/ fi—2(13130b)

oV,

2,656Ib1 ft

=17ft

[0.5m] .

Total wall length = 2 ft corner + 2 ft corner + 1.7 ft = 5.7 ft as shown in Table 5.3A through
interpolation of the highlighted values.

- The requlred minimum solid wall lengths were determmed in thls manner and are listed in Table

5.2 through 5.4.

TABLE 5. 3A

MINIMUM SOLID END WALL LENGTH

REQUIREMENTS FOR WAFFLE-GRID ICF WALLS
FOR WIND PERPENDICULAR TO RIDGE 4
(excerpt from the Prescriptive Method) ‘

Deéign Velocity Pressure (psf)

Building Side
Wall Category Wall Length, L.
{feet)
® y
24
32
One Story/
Top Story of
Two Story
40
50

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition

30 35 49 45 50 60
Minimum Solid Wall Length on Building End Wall
4.00 | 400 | 400 | 400 | 4.00 | 425
400 | 400 | 425 | 425 | 450 | 475
450 | 475 | 500 | 525 | 550 | 6.00
500 | 5.50 | 575 | 6.00 | 6.50 | 7.00
400 -1 400 | 425 | 425 | 450 | 475
425 | 425 1 450 | 475 | 475 | 525
525 | 550 | 575 | 625 | 650 | 7.25
600 | 650 | 7.00 { 750 | 7.75 | 8.75
4.00 | 425 | 450 | 450 | 475 | 5.00
450 | 475 | 475 | 500 | 525 | 575
575 | 625 | 6.75 | 7.00 | 7.50 | 8.50
675 | 7.50 | 8.00 | 875 | 9.25 | 10.50
425 | 450 | 475 | 5.00 | 5.00 | 550
4.75 | 5.00 | 525 550 | 575 | 6.25
625 | 700 750 | 8.00 | 850 | 9.50
7.75 | 850 | 925 | 10.00 | 10.75 | 12.25
450 | 475 | 500 | 525 | 550 | 6.00
500 | 525 | 575 | 6.00 | 625 | 7.00
725 | 775 | 850 | 925 | 975 | 11.00
875 | 9.50 [ 10.50 | 11.50 | 12.50 { 14.25
475 | 500 | 525 | 575 | 6.00 | 6.50
550 | 575 | 6.25 | 650 | 7.00 | 775
800 | 875 | 950 | 1025 | 11.00 | 12.75
B-27
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B5.3 Minimum Percentage of Solid Wall Length Along Exterlor Above-Grade Walls for
Selsmlc Design Categorles C,Dy,and D, L , ‘

The amount of openings in a wall affects the lateral or in-plane shear (racking) strength of the -
building, particularly for wind and seismic loading conditions, The Prescriptive Method provides
recommendations for the amount and placement location of additional reinforcement required
around openings. It also addresses the minimum amount of solid wall required to safely resist
racking loads from wind and seismic forces. In addition, minimum amounts of solid wall as a
percentage of wall length were increased above calculated amounts to ensure that walls behaved as
cantilevered structural concrete walls rather than a moment frame. This conservative adjustment, in
part, is a result of in-plane shear tests of ICF walls with varying opening amounts [B9].

The values for the base percentage of solid wall length along exterior wall lines listed in Table 5.5 of
the Prescriptive Method were calculated using seismic load provisions in accordance with the IBC
[B7]. The ICF walls were checked using three resistance models for a 2:1 length-to-width building -
" aspect ratio (the higher load for endwalls was used as the basis of loading for all walls). Each model
considered a 15 psf (0.7 kPa) roof dead load, 10 psf (0.5 kPa) floor dead load, 10 psf (0.5 kPa)
interior wall dead load, a 70 psf (3.3 kPa) ground snow load, and the weight of the ICF walls.
Multiple models were used to bound the range of plaus1ble designs due to the uncertainty of the
performance of building under high seismic loads. The minimum reinforcement requirement for
Seismic Design Categories C, Dy, and D, were: -used as required in ACI 318 Chapter 21 [B3] and the
IBC [B7] for ordinary reinforced concrete shear walls (Seismic Design Category C) and sPecxal
reinforced concrete shear walls (Seismic Design Categones Dy and Dy).

Modell . - - : o ‘

Model 1 considered the walls in Seismic Design Category C as ordinary reinforced concrete
with a Response Modification Coefficient (R) of 4.5 and the walls in Seismic Design
Category D; and D;, as special reinforced concrete with a Response Modification Coefficient
(R) of 5.5. The resistance of the walls were considered to have two-2 ft (0.6 m) wide flexural
“controlled elements at the corners of the building and a shear controlled element (minimum 4
ft length) somewhere along the wall line of interest. ' '

Model 2

Model 2 considered the walls in Seismic Design Category C as ordinary reinforced concrete
with a Response Modification Coefficient (R) of 4.5 and the walls in Seismic Design
Category D; and D; as special reinforced concrete with a Response Modification Coefficient
(R) of 5.5. The resistance of the walls were considered to be provided only by 2 ft (0.6 m)
wide by 8 ft (2.4 m) tall flexural controlled elements (cantilevers) along the wall line.

Model 3

" Model 3 considered a near elastic design usmg a Response Modification Coefficient (R) of
2.5 Seismic Design Categories C, D;, and D; (even though the walls are reinforced as
required for ordinary or special reinforced concrete walls). The resistance of the walls were
considered to have shear controlled elements along the wall line.

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
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All models considered a minimum concrete compressive strength of 2,500 psi (17.3 MPa) for
' Seismic Design Category C and 3,000 psi (20.7 MPa) for Seismic Design Category Dy and D,. A
. - strength reduction factor for shear of 0.60 was used for Seismic Design Categories Dy and D5 in
accordance with ACI 318 Section 9.3.4 [B3]. Figure B5.3.1 summarizes the loads on the building
and Figure B5.3.2 summarizes the required percentages from each model. The models were used to
bound the design of percent solid wall length for different levels of conservatism. The amount of
reinforcement remains the same for each model and is in compliance with the provisions of
318 — Chapter 21 for Special Reinforced Concrete Walls [B3]. The same resistance calculations
were used to determine the required resistance of the wall line as those described in Section B5.2.2.

ACI

‘Wall Supporting Light Frame

Wall Supporting ICF Second

_ Wall Supporting Light Frame Roof
Wall Only Second Story and Light Frame Roof| _Story and Light Frame Roof
Type | Modell | Model2 | Model3 | Model1 | Model2 | Model3 | Modell | Model2 | Model 3
' : : Seismic Design Category C .
Flat, 3.5 4,439 4439 7,990 7,302 7,302 13,144 10,250 10,250 18,450
Flat, 5.5 5,485 5,485 . 9,873 8,294 8,294 14,929 13,400 13,400 24,120
Flat, 7.5 6,575 6,575 11,835 9,225 9,225 16,605 16,660 16,660 29,988
Waffle, 6 4,952 4,952 8,914 7,687 7,687 13,837 11,788 11,788 21,218
Waffle, 8 5,806 5,806 10,451 8,584 8,584 15,451 14,352 14,352 | 25,834
Screen, 6 4,824 4,824 8,683 7,558 7,558 13,604 11,405 11,405 20,529
: Seismic Design Category D, )
Flat, 3.5 | 6,102 6,102 13,424 10,037 10,037 22,081 14,090 14,090 30,998
Flat, 5.5 7,570 7,570 16,654 11,447 11,447 25,183 18,495 18,495 40,689
Flat, 7.5 0,039 9,039 19,886 12,680 12,680 27,896 22,900 22,900 50,380
Walffle, 6 6,807 - 6,807 14,975 10,565 10,565 23,243 16,204 16,204 35,649
Waffle, 8 7,981 7,981 17,558 11,799 11,799 25,958 19,729 19,729 43,404
Screen, 6 | 6,631 6,631 14,588 10,389 10,389 22,856 15,676 15,676 34,487
' Seismic Design Category D, ,
Flat, 3.5 8,543 8,543 18,795 14,052 14,052 30,914 19,726 19,726 43,397
Flat, 5.5 10,599 10,599 23,318 16,026 16,026 35,257 25,893 . 25,893 56,965
Flat, 7.5 12,654 12,654 27,839 17,752 17,752 39,054 32,060 32,060 70,532
Waffle, 6 9,530 9,530 20,966 . 14,792 14,792 32,542 22,686 22,686 49,909
Waffle, 81 11,174 11,174 24,583 16,519 16,519 36,342 27,620 27,620 60,764
Screen, 6 9,283 . 9,283 20,423 14,545 14,545 31,999 21,946 . 21,946 48,281

Figure B5.3.1 In-Plane Seismic Loads for Seismic Design Categories C, Dy, and D, for the Models Investigated
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- | Wall Supporting Light Frame Roof|  Wall Supporting Light Frame Wall Supporting ICF Second Story,
Wall Only _ Second Story and Light Frame Roof| and Light Frame Roof
Type | Model1 | Model2 | Model3 | Modell | Model2 | Model3 | Modell | Model2 | Model 3
Seismic Design Category C-
Flat, 3.5 1.3% - 9.6% 7% 4.0% 15.9% 12% 6.7% 22.3% 17%
_Flat, 5.5 1.4% 11.8% 6% 3.1% 17.8%. %% 6.1% 28.8% "~ 14%
Fiat, 7.5 1.5% 14.1% 5% 2.7% 19.8% 7% 5.9% 35.7% 13%
Waffle, 6 2.9% 12.5% 11% 6.3% 19.4% 17% 11.5% 29.8% 27%
Wafile, 8 2.5% 14.6% 8% 4.7% 21.6% 12% 9.4% 36.1% 21%
Screen, 6 2.4% 11.0% 11% 6.0% 17.2% 18% 11.0% 25.9% 27%
Seismic Design Category D; _
Flat, 3.5 3.7% 13.3% 16% 8.4% 21.8% 27% 13.3% 30.6% 37%
Flat, 5.5 3.4% - 16.3% 13% 6.4% 24.6% 19% 11.8% 39.8% 31%
Flat, 7.5 3.3% 19.4% 11% 5.4% 27.2% 16% 11.2%. 49.1% 28%
Waffle, 6 6.8% 17.2% 24% 12.9% 26.7% 38% 22.0% 40.9% 58%
Waffle, § 5.5% 20.1% 18% 9.5% 29.7% 27% - 17.7% 49.6% 45%
Screen, 6 6.2% 15.1% 24% 12.5% 23.6% - 38% 21.4% 35.6% 58%
.~ - Seismi¢ Design Category D, '
Flat, 3.5 6.6% 18.6% 23% 13.3% - 30.5% 37% 20.1% 42.8% 52%
Flat, 5.5 5.8% 22.8% 18% 9.9% 34.5% 27% 17.5% . 55.7% 44%
Flat, 7.5 ' 5.4% 27.1% 16% 8.2% 38.0% 22% 16.3% 68.7% 40%
-Waffle, 6 11.2% 24.1% 34% 19.7% 37.3% 53%- 32.5% 57.3% 81%
Waffle,8§ | - 8.8% - 28.1%. 25% 14.4% 41.5% 38% 25.8% 69.4% 63%
Screen, 6 |~ 10.6% 21.1% 34% 19.5% - 33.0% 54% 31.9% 49.8% 81%

Figure B5.3.2 Minimum Required Percentages of Solid Wall Length for Seismic Desngn Categories C, D,, and
D; for the Models Investigated _

The values in Figure BS5. 32 were examined for each wall type, model and Seismic Deéign.

Category. The wall type has little affect on:the percentage of solid wall length required.
Although the resistance increases as the thickness of the walls increase, so does the weight and
therefore seismic load on the wall line. Therefore, a single minimum percentage was chosen for
‘each category regardless of wall type. The percentage solid wall length found in the Prescriptive
Method Table 5.5 also factors in the results of full-scale ICF wall tests with openings [B9]. This
testing indicates unfavorable failure modes related to cracks that inijtiated at corners of openings
for walls with small percentages of solid wall length. Therefore, the simplified values in Table
5.5 were generally chosen to be conservative relative to the testing and analysis to ensure
adequate strength and ductility and to prevent moment frame behavior of walls intended to

behave as cantilevered structural concrete walls. In addition, the added requirement. of a-

minimum shear wall segment length of 4 feet was applied to buildings in Seismic Design
Categories Dy and D».
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B5.4 ICF Lintel Design Exﬁmples ‘and Engineering Calculations

. " The following engineering calculations are provided as supplemental information to illustrate the
means and methods for the development of the tables included in the Prescriptive Method. Structural
calculations illustrate the method for calculating the reinforcement requirements and adjustment
factors used within the tables. The example calculations are not intended to be inclusive of all design
considerations for a given application, but rather are intended to illustrate the derivation of the tables

in the Prescriptive Method.
B54.1 Flat ICF Lintel Design without Stirrups in a Load-Bearing ICF Wall

" A flat ICF lintel is selected from Table 5.7 of the Prescriptive ‘Method for lintels supporting a
light frame second floor and a light-frame roof and subjected to a 30 psf (1.4 kPa) ground snow
load. The lintel’s nominal thickness is 5.5 inches (140 mm), with a depth of 20 inches (508 mm).
A building with a 32 ft (9.8 m) floor and roof clear span is considered. Table 5.7 shows that the
lintel without stirrups and a minimum No. 4 bar has a maximum clear span of 6°-0” (1.8 m).

~ Calculate The capacity and check the adequacy of the 5.5-inch x 20-inch (140-mm x 508-mm)
flat ICF lintel. :

B5.4.1.1 Maximum Allowable Span Due to Bending Moment -

M, =M,
oM, =0 4,5(d-2)
. _ ¢ = 0.9 (strength reduction factor)
Calculate the reinforcement ratio for one No. 4 bottom bar.
.2 , '

0 =141= 0.?0:n __—0.0020

A, (5.5in)18in)

- 085/sB; [ 87,000 | 0852500 psi)(0.85)[ 87,000 ) 00309

P =, 7, +87.000 20000 psi 40,000 psi+87,000)
Py = 0.75py = 0.75(0.0309) = 0.0232 ' '
P = 0.0012

Since P gy 2 Py 2 Pmin OK

Calculate the depth of the compressive stress block.

CASy  (020m)A0ks) B |
4= 08570 (0.85)2.5ksi)(5.5im) o2in [15.7 mm]

Calculate the nominal moment strength.

0.62in

M, =41, (d—-%] =(0.2in2)(40ksi)(1 8in— J=1421'n—k1p [15.9 kN-m/m]
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Calculate the factored bending moment.

M, =6M,, = (0.9Y(142in-kip) /12 =10.7 /1 - kip ' ' - [144 kN-m) ‘

Calculate the_ load on the lintel.

Live Loads - S : _
Snow = (0.7)(30 psf) =21 psf ‘ o - [1.01 kPa)
Floor =30 psf - [1.44 kPa]
Attic. =20psf [0.96 kPa]
Total Live =71 psf o [3.40 kPa]
Dead Loads ~ Roof . =15pyf ' [0.72 kPa]
Floor =10 psf [0.48 kPa])
Total Dead =25 psf R : [1.20 kPa]
- Wall =80pf | [1.16 kPa]

Fagctored Load = ((71 psf)(1.7) + (25 psH(1.4))(32 ﬁ)'/(looo)(z)
+ (80 pIi(1.4)/(1000)+ (5.5 in)(20 in)(0.150 kef)(1.4)/(144in’/f’) =2.76 kif [40.6 kN/m)

Calculate .the allowable span. Since the lintel is monolithic with the wall both ends are
considered fixed. ' :

it oM [02)(10.6 /- kip) o \ . '
M= = —6.78fi=6—9" 2.1m]
1z Vow \/ 2.76Klf % | Gim @

B5.4.1.2 Maximum Allowable Span Due to Shear

Vi =0V,
Vi=Ve+Vs

" ¥, =0 since there are no stirrups present
¢ = 0.85 (strength reduction factor)

Calculate the load on the lintel (see calculations in Section B5.4.1. )

Factored Load =2.76 kif R o [40.6 kN/m)

Determine shear strength of the concrete. The following design recommendations summarized in
the report entitled Testing and Design of Lintels Using Insulating Concrete Forms [B11] were
used in the lintel shear calculations throughout the Prescriptive Method.
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. Flat ICF Lintels

(1) Require a minimum amount of tensile reinforcing steel, Asmin, determined by the
lesser of: | |

o Aymn=02in’ _ . [129.0 mm?)

_3J7ibyd  2008,d

A4 . = ACI Equation 10-3
5, Inin - fy fy .

(2) If the area of tensile reinforcing steel, A;, is greater than the minimum calculated
using ACI 318 Equation 10-3 and the beam has a span-to-depth ratio (/D) of less
than 5, calculate the shear capacity using the deep beam provisions, ACI 318
Equation 11-29. Use ACI Equations 11-3 or 11-5 to determine the shear capacity for
all other scenarios. ' '

(3) Use shear reinforcement (stirrups) as required by 4CI 318-99. The study [B11] was
unable to draw conclusive recommendations regarding any change to limits for shear
reinforcement requirements, particularly when shear reinforcement is necessary in
longer span members. ' - : :

Waffle-Grid ICF Lintels

(1) Require a minimum amount of tensile reinforcing steel, Asmin, determined 'by the
. lesser of: :

¢ Agmin=02in’ : ' ' : [129.0 mm?]

o _febed  2006,d

n = ACI Equation 10-3
- 2

) If the beam has a span-to-depth ratio (/,/D) of less than 5, calculate the shear capabity
using the deep beam provisions, ACI 318 Equation 11-29, with an effective web
thickness of 3.2 in (81.3 mm). '

If the beam has a span-to-depth ratio (I,,/D) of greater than 5, calculate the shear
capacity with an effective web thickness of 2.6 in (66.0 mm) using ACI 318 Equation
11-3 or an effective web thickness of 2.0 in (50.8 mm) in ACI Equation 11-5.

3) Use shear reinforcement (stirrups) as required by 4CI 318-99. The study [B11] was
unable to draw conclusive recommendations regarding any change to limits for shear
reinforcement requirements, particularly when shear reinforcement is necessary in -

longer span members.

Screen-Grid ICF Lintels
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(1) Require a minimum amount of tensﬂe remforcmg steel, As miny_ deterrmned by the

lesser of:
¢ Aimn=02in’ . , , [129.0 mm?] .
3y 'b.d 0b,,d
* Asmn = Jebw Z 2008, ACI Equation 10-3
) ‘fy fy :

(2) If the beam has a span—to-depth ratio (1,/D) of less than 5, calculate the shear capacity
using the deep beam provisions, ACI 318 Equation 11-29, with an effective web
thickness of 2.0 in (81.3 mm) for lintels with depths 24 in (609.6 mm) or greater, and

" an effective web thickness of 0.9 in (22.9 mm) for lintels Wlﬂ'l depths less than 24 in
(609.6 mm) '

If the beam has a span—to-depth ratio (//D) of greater than 5, calculate the shear
capacity with an effective web thlckness of 2.2in (55.8 mm) using ACI 318 Equation
11-3 or ACI Equation 11-5. _

According to the above design methodology two scenarios should be checked:

Scenario 1: The span-to-depth ratio (/,/D) is greater than or equal to 5 (not a deep beam
according to ACI 318) or the amount of tensile reinforcement (Asmis) 1s less than: -

. 3 fb,d | _
As min < MAX| J}c— —, 2006,4 ACI Equation 10-3
' Iy By _

‘Scenario 2: The span-to-depth ratio (/D) is less than 5 (deep beam according to ACT) and
- the amount of tensile reinforcement (A, mm) is greater than or equal to:

3 fob,d .
Jebyd 200b,d ] ACI Equation 10-3

Ay e = MAX ,
s, min [ fy fy

If the area of tensile reinforcing steel, A4, is greater than the minimum calculated using ACI
318 Equation 10-3 and the beam has a span-to-depth ratio (7,/D) of less than 5 (Scenario 2),
calculate the shear capacity using the deep beam provisions, ACI 318 Equation 11-29. Use
ACI Equations 11-3 or 11-5 to determine the shear capacity for all other scenarios [B10].

Check the area of steel.
A, =02in’ _ ‘ ' _' [1.3 cm?]
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. |  3Jfib,d 342,500 psi(5.5in)(18in) r )
= - =0.371in [2.4 cm®)
o S 40,000psi
200b,,d _ 200(5.5im)(1 EIBm) — 0,495 i (3.2 cnr’]
Iy 40,000 psi :
Since Ay mn < 0.495 in’ analyze using Scenario 1.
Use ACI Equation 11-3 to determine shear capacity of the section.
¥, = 2/ fib,d =2,/2,500 psi (5 5in)(18in) = 9.9kips [44.0 kN]
%‘m = (0.85)(9.9kip) / 2 = 4 2kips [18.8 kN]
Determine the maximum shear force.
v, = w_2TOHL_ 1 asury
2 2
Determine the critical shear force.
Critical ¥, =—”'; — wd = (1.38Kf)] — (2.76klf Y(18in) (12in/ 1) = (138KY )] — 4.14k
. Solve for the span.
%q; V., = Critical V,, = 4.2kips = (1.38klf )l — 4.Vkips =1 = 6.01 fi = 600" [1.83m]
B5.4.1.3 Maximum Allowable Span Due to Deflection -
Calculate the load on the lintel.
Live Loads :
Snow = (0.7)(30 psf) =21 psf [1.01 kPa)
Floor =30 psf’ [1.44 kPa]
Attic =20 psf - [0.96 kPa]
Total Live =71 psf [3.40 kPa)
Dead Loads Roof =15 psf [0.72 kPa]
Floor = 10 psf [048 kPa]
Total Dead =25 psf’ [1.20 kPa)
Wall = 80 plf [1.16 kPa)
Unfactored load (used in deflection calculations)
. =(71 psf+ 25 psB2N2) + (5.5 in)(20 in)(150 pe(144in’(fP) = 1,651plf  [24.0 kiN/m]
= PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS 7 _
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Deflection limit of lintel | o - | L ¢
A= Do
Deflection of lintel

wit

Azs—— —
T (0.1)384E1
Calculate moment of inertia, I,

3 . 3 _
g P 55Q0F g cerint . | | [1.52  10° em*]

Calculate the allowable span.
4
Wt [O384ET
240 (0.1)384E! - 240w

_ — |
) iFo.1)(384)(3,122,000,:;;:)(3,(;‘67"; ) 19751 19-5"
(240)(1,651pl)(144in%) |

B5.4.1.4 Governing Design | | | q

A 5.5-inch x 20—inch_(1'40-mm X 508-mm) flat ICF lintel in a load-bearing wall with one No. 4 or
one No. 5 bottom bar may span a maximum of 6°-0” (1.8 m) due to shear limitations with no stirrups
required. From Table 5.7 of the Prescriptive Method we also obtain a maximum clear span of 6’-0"

(1.8 m).
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TABLE 5.7 _ -
MAXIMUM ALLOWABLE CLEAR SPANS FOR '
. . ICF LINTELS WITHOUT STIRRUPS IN LOAD-BEARING WALLS"”’"""
NO. 4 OR NO. 5§ BOTTOM BAR SIZE
(excerpt from the Prescriptive Method)
Maximum Clear Span (feet — inches)
M;:li:lt];m Mg:::le':m Supporting ‘ Supporting Supporting ICF
Thickness Depth ; Light-Frame Roof Light-Frame Second S.econd Story and_’
T ? D ? Only Story and Roof Light-Frame Roof
(inches) (inches) _ Maximum Ground Snow Load (psf) .
: : 30 [ 720 | 30 | 70 | 30 | 70
Fiat ICF Lintel ' ' - '
8 2-6 2-6 2-6 2-4 2-5 2.2
12 4-2 4-2 . 4-1 3-10 3-10 3-7
3.5 16 ; 4-8 4-6 4-2 4-2 3-10
20 5-3 4-11 4-6 4-6 4-3
i 24 : 64 | 60 56 | 56 5-2
8 ' - 2-6 2-6 2-6 2-6 2-6
12 3-0 3-0 2.9
55 16 e _ 4-2 4-3 3-10
20 8-2 6-6 6-0 5-4 .55 - 5-0.
24 -9-8 - 7-11 7-4 - 6-6 67 6-1

' . . - B5.4.2 Waffle-Grid ICF Lintel Design with Stirruips_- in a Load-Bearing ICF Wall

A waffle-grid ICF lintel is selected from existing Table 5.9B of the Prescriptive Method for
lintels supporting light-frame roofs and subjected to a 70 psf (3.3 kPa) ground snow load. The
lintel’s nominal thickness is 6 inches (152.4 mm), with a depth of 20 inches (508 mm). Table
5.9B shows that the lintel has a maximum clear span of 9> — 1” (2.8 m). Calculate the capacity
for the 6-inch x 20-inch (152.4-mm x 508 mm) waffle-grid ICF lintel assuming a 32 ft (9 8 m)

building width.
. B5.4.2.1 Maximum Allowable Span Due to Bending Moment

M, =M,

a
oM, =b Asfy(d—gj
¢ =0.9 (strength reduction factor)
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Calculate the depth of the compressive stress block.

_ Asfy  (031in*)@d0ksi) - |
T Ty A oY v S G : [29.7 mm]

Calculate the nominal moment strength.

' | 117in) | |

M, = Asfy(d—-g—J = (031in)(40 Icsi)(lSz‘n— 17‘"] = 216in-kip [24.4 mm)
Calculate the factored bending moment.

M, =M, = (09)(216in~ kip) /12 =162 fi — kip | | [22 kN-m]

Calculate the load on the lintel.
Livelaads : ‘ .

 Snow=(07)70psf) =49 psf [2.3 kPa]

Attic =20 psf - [0.96 kPa]

Total Live _ - =69 psf [3.4 kPa]

DeadLoads  Roof =15psf [0.72 kPa]

Total Dead =15 psf’ [0.72 kPa]

Factored Load = ((69 psf)(1.7) + (15 psf)(1.4))(32 A)/(1000)(2) '
+(20 in/16 i)(0.500 f2)(0.150 kef)(1.4) =2.34 kif [34 kN/im)

Note: 0.50 sf(0.05 m’) of concrete fills one linear foot of waffle-grid form.

Calculate the allowable span. Since the lintel is monolithic with the wall both ends are
considered fixed. i _

2 ip) '
w12 _ [(12)(16.2 f - kip) ~9.11f =9I

M=
12 Vow {234

B5.4.2.2 Maximum Allowable Span Due to Deflection

Calculate the load on the lintel. _

Live Loads :
Snow = (0.7Y(70 psf) =49 psf [2.3 kPa]
dttie = 20 psf ' [0.96 kPa]

. Toral Live =69 psf [3.4 kPa]
Dead Loads ~ Roof \ =15psf . [0.72 kPa]

Total Dead : =15 psf [0.72 kPa)
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Unfactored load (used in deflection calculations)
. _ =(69 psf+ 15 psf)32_HI(2) + (20 in/16 in)(0.50 s)(150 pcf) = 1,438 pif [20.9 kN/m]

‘Deflection limit of lintel.

A= 40
: Deﬂectibn of lintel

A= _L
(0.1)384E7

" Calculate moment of inertia, /.

—

Calculate y from bottom of lintel

2 Ay _ Bim(4in)(18in) + (2in)(13in)(9.5in) + (5im)(3in)(1.5in)

VIS4 . (Sin)(din)+(2in)(13in) +(Sin)(3in) =1032in
. Calculate .
' (Sinyain)® . \
1 +(5in)(4in)(7.7in)?
3 a3 _ 7
I= E[b'TZ'—+ Adz}-_—. +(‘_2_I—n)§123—ﬂ+(2 in)(13in)(0.82 in)2 =2,768in* [1.15 x 10° cm?]
Y . 3

+ (—5’-”)1(;& +(5in)(3in)(882in)?

Calculate the allowable span.

o wt L JON3B4ET
240 (0.1)384El 540w
. - . 4
_ 4] 0.1)(384)(3122,000 ps:)(2,2681n ) 18.8/1=18-9"
YV (240)0,438plf)(144in%)

Since 18-8"> 91", bending moment governs span.
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B5.4.2.3 Increased Span Length for 60ksi Reinforcing Steel

Mu = (I)Mn . ' | : .
a

oM, =0 A,fy[d"g)

& =09 (strength reduction factor)

Calculate the depth of the compressive stress block.

 Agfy  (03Lin?)(60ksi) . . -
T 085/ b (0.85K2.5ksi)(Sin) 175 | [44.4 mm]

* Calculate the nominal moment strength.

M, =A,f, (d—%) =(0.31in? )(60](51‘)[1 Sin— . '725’"] =318,5in—kip ' [36.0 -]
Calculate the factored bending moment.
M, =M, =(0.9¥318.5in—kip)/12=23.9 ft — kip - . [32.5 kiN-m)

Calculate the load on the lintel.

Live Loads ' : ' ' B .

Snow=(O.7(70psh) =49 psf _ - [2.3 kPa]
Attic - =20ps ' [0.96 kPd]
Total Live =69 psf [3.4 kPa]
DeadLoads ~ Roof =15psf o [0.72 kPa]
Total Dead - =15psf - [0.72 kPa]

Factored Load = ((69 psf)(1. 7) + (15 psf)(L.4))(32 M/(1000)(2)
© 4+ (20 in/16 in)(0.500 ff)(o 150 kef)(1.4) =2.34 kif [34 kN/m]

Note: 0.50 sf(0.05 n) of concrete fills one linear foot of waffle-grid form.

Calculate the allowable span. Since the lintel is monolithic with the wall both ends are
considered fixed. '

leM U39 -KP) 1y 1 p =111
2.34Kif

Since 18-8">11-1", 'bending moment governs span.

Determine percentage increase of 60ksi reinforcing steel vs. 40ksi reinforcing steel. .
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11.08-5.08

. Percentage Increase = (100) = 22.0% > 20% allowed from Table 5.9B of the Prescriptive

Method.

B5.4.2.4 Determine Stirrup Requirements
V=4V,

V=V +V¥;

& = 0.85 (strength reduction factor)

Determine the maximum shear force on the lintel.

' 2.34K1£)(9.08 /1) - :
v, = _V;l - (___f;(_l =106kps _ [47.1 kN]
Critical ¥, =V, —wd =10.6kips —(2:34k | f)(18in) /(12in/ fi)=7.09%ips [31.5 kN

- Determine if lintel meets deep beam requirements.

08)12) | . : .
% = —(2——1):—)-(—) =6.05> 5 therefore, according to the above design recommendations analyze

using ACI Equation 11-3.

. Determine if stirrups are required.' An effective web width of 2.6 inches (66.0 mm) is suggested
according to the above design recommendation for the 6-in waffle-grid [B10].

V, = 2,/f1b,d = 2,/2,500 psi (2.6in)(18in) = 4.68kips ' [20.8 &N}
%m = (0.85)(4.68kip) / 2 = 1.99%ips . : [8.8 &N

Since 7.09 kips > 1.99 kips, stirrups are required.

Check required spacing of No. 3 vertical stirrup (4, = 0.22 in® (142 mm?)).

d Y NP o : ._ ‘
vSyd _(0.22in -)(40k.5'z)(18_m)= 65.7in [1.7m]
V. (7.09%kip —4.68kip) .

u

A4
Required s =

Maximum allowable spacing is —;i = 1—825'1 =9in

Since 9 in < 65.7 in., the maximum allowable spacing governs
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Determine the middle portion of the span, A, where stirrups are not required.

y: | =spah—2

1
Vu "__¢Vc

10.6kips —1.99%kips

=9.08 ﬂ-z(

B5.4.2.5 Governing Design

2.34kip/ fi

]=1.72ﬁ=1ﬁ'—8in

[05m]

A 6-inch x 20-inch (152-mm x 508-mm) waffle-grid ICF lintel in a load-bearing wall with one No.
5 Grade 40 bottom bar may span a maximum of 9°-1” (2.8 m) due to bending limitations. However,
~ if a No. 5 Grade 60 bottom bar is used a maximum span of 1.2(9’-1”) = 10,9 ft = 10°-8” (3.3 m) is
permitted according to the footnote in Table 5.9B of the Prescriptive Method. Stirrups are required
in the lintel except for the middle portion of the span equaling 1’-8” (0.5 m). Table 5.13 of the
Prescriptive Method also requires stirrups except for the middle portion of the span equaling 1°-8”

(0.5m). -
TABLE 5.9B
MAXIMUM ALLOWABLE CLEAR SPANS FOR
WAFFLE-GRID ICF LINTELS IN LOAD-BEARING WALLS!*4567
NO. 5BOTTOM BAR SIZE
{excerpt from the Prescriptive Method)
Maximum Clear Span (feet — inches)
Minimum Minimum , 3 : .
Lintel Lintel Supporting Supporting Sse?:snl: :;rst:l;g Igfd
Thickness, Depth, Light-Frame Roof Light-Frame Second . Y 8
T* D ony Story and Roof | Light-Frame Roof
(I.I-Ehes) (inches) Maximum Ground Snow Lead (psf)
30 70 - 30 70 30 70
8 - 5-4 4-8 4-5 4-1 4-5 3-10
12 8-0 6-9 6-3 5-6 6-3 5-1
6 16 9-9 8-0 7-5 6-6 7-5 6-1
20 11-0 9-1 -
24 12-2 o0
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TABLE 5.13
. MIDDLE PORTION OF SPAN (A) WHERE STIRRUPS ARE NOT REQUIRED FOR
WAFFLE-GRID ICF LINTELS'/##567%
NO. 4 or NO. 5 BOTTOM BAR SIZE
{excerpt from the Prescriptive Method)

Maximum Center Distance, A (feet — inches)

Minimum Minimum ot .
‘Lintel ~ Lintel = Supporting’ Supporting SSuppdorStlng ICF
Thickness, - Depth, Light-Frame Roof Light-Frame Second >econ tory andm
. D Only Story and Roof nght—Frame Roof
(inches) (inches) Maximum Ground Snow Load (psf)
30 70 30 - 70 30 70
8 0-10 0-7 05 0-4 05 - 0-4
12 1-5 0-11 0-9 0-7 . .0-8 0-6
6or8§ 16 i-11 1-4 - 1-1 0-10 | 0-11 09
20 2-6 1-8 1-5 1-1 1-2 . 0-11
24 3-0 2-0 1-9 1-4 1-5 1-2

5.4.3 Screen-Grid ICF Lintel Design in a Load-Bearing ICF Wall

A screen-grid ICF lintel 1s selected from Table 5.10A of the Prescriptive Method for lintels
‘supporting an ICF second story and a light-frame roof and subjected to a 30 psf (1.4 kPa) ground
snow load. The lintel’s nominal thickness is 6 inches (152 mm), with a depth of 24 inches (610

. - mm). Table 5.10A shows that the lintel has a maximum clear span of 6’-11” (2.1 m). Calculate
the bending capacity and deflection limit for the 6-inch x 24-in (152-mm x 610- mm) screen-grid
ICF lintel. Assume a 32 ft (9.8 m) building width.

B5.4.3.1 Maximum Allowable Span Due to Bending Moment
M o=oM, |
oM, =0.4,5,(d-2)
b = 0.9 (strength reduction factor)

Calculate the depth of the compressive stress block.

B 4.f, (020 )(40ks?)
T 085,75 (0.85)(2.5ksi)(5.5in)

=0.68in. o o ' [17.3 mm]

Calculate the nominal moment strength.

0.68in

M, =4,f, (d—%] = (0.201'n2)(40k§f)(22;n - ) =1733in—kip [19.5 kN-m)
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Calculate the factored bending moment.

M, =M, =(09)AT33in—kip)/12=130fi~kip ' C[17.7 kN-mi) .

Calculate the load on the lintel.

Live Loads : _ '

, Snow=(0.30psf) ~ =21psf [1.00 kPa]

Attic =20 psf - [0.96 kPa]

Floor =30 psf [1.44 kPa)

Total Live =71 psf ' [3.41 kPa)

Dead Loads Roof =15 psf [0.72 kPa)
Floor , =10 psf : [0.48 kPa]

Total Dead . =25psf ' [1.20 kPa]

Wall = (53 psf)(8 fy=424 plf _ 6.2 kN/m]

Factored Load = ((71 psfY(1.7) + (25 psj)(1.4))(3.2 (1000}2) + (0.424 KID)(1.4)
+ (24 inf12 in)(0.053 ksf)(1.4) = 3.23 kif [47.0 kN/m]

Note: 0.053 ksf'is the weigkt of the concrete for screen-grid lintels. .~

Calculate the allowable span; assume both ends are fixed.

Wi, [2M_ [0BOAKD) _ oo | | o
M="7=1=y7, Y 32347 =655f=6-1l [2.1m] .

B5.4.3.2 Maximum Allowable Span Due to Deflection

Calculate the load on the lintel.

Live Loads A :

Snow = (0.7)(30 psy) =21 psf [1.00 kPa]
Attie =20 psf [0.96 kPa]
Floor =30psf [1.44 kPa]
Total Live =Tlpsf [3.41 kPa])
Dead Loads Roof =15 psf : [0.72 lcPa]
- Floor : ' =10psf [0.48 kPa]
Total Dead ©=25psf _ [1.20 kPa]
Wall = (53 psf)(8 ) =424 plf ' [6.2 EN/m]

Factored Load = ((71 psf)(1.7) + (25 psf)(1.4))32 f)/(1000)(2) + (0.424 Kk1f)(1.4) |
+ (24 in/12 in)(0.053 ks/)(1.4) =3.23 kif ' [47.0 kN/m]

Unfactored load (used in deflection calculations)

=(71 psf+ 25 psf)(32 fi)(2) + (424 plf) + (24 in/12 in)(53 psf) = 2,066 o [6.9 kN/m] ‘
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_ Deflection limit of lintel.
|
. A= 240

Deﬂection of lintel.

wit

L —
(0.1)384E1

Calculate moment of inertia, 1.

Calculate 5 from bottom of tintel.

_ DA _ (5in)(2.5in)(22.75in)+ (Sin)(Sin)(L2.0in) + (Sim)(2.5in)(1.25in)

7= >4 (Sin}(2.5in) + (Sin)(Sin) + (Sin)(2.5in)

Calculate 7 .

12

| I=Z{b—ig§-+Ad2]= +£5i”)(i)3

12

_ . 223
. ' +(—51'3)—(12—2'§@—_ +(5in)(2.5in)(10.75im)? |

Calculate the allowable span.

[ (5in)(2.5im)>

+(5in)(2.5in)(10.75im) 2

! wit _,_[(01)384E1 _

240 (0.1)384EI | (240w

s (0.1)(384)(3,122,000 ps1){2,954 2in*
| (240)(2,066 pif )(144in?)

) =17.0ft =17-0"

Since 17-0"> 6'-11", bending moment governs span.

Y

B5.4.3.3 Increased Span Length for 60ksi Reinforcing Steel

M, =M,

a
o,=04.1(4-3) :
$ = 0.9 (strength reduction factor)

=12.00in . [305 mm]

|=2,954.2in* [1.23 x 10° mmd]

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCT. TON, Second Edition

B-45



Appendix B: Engineering Technical Substantiation Prescriptive Method

Calculate the depth of the compressive stress block.
4 0in®)(60ksi S
_ ATy (0200 XOOESD 1 o3 | o [26.2 mm] .
0.85/7b  (0.85)2.5ksi)(5.5in) - ,

Calculate the nominal moment strength.

M, =4,f, (d.—-gj = (0.20in? )(60k§i)[22in— 1'03"’) =257.8in~kip [29.1 kiN-mi]
Calculate the factored bending moment.
M, =M, =(0.9)(257.8in—kip)/12=19.3 fi — in | [26.2 kN-m}
Calculate the load on the lintel.
Live Loads . - :
Snow = (0.7)(30 psf) =21 psf - "~ [1.00 kPa]
Attic  =20psf [0.96 kPa]
Floor =30 psf [1.44 kPda]
Total Live =71 psf [3.41 kPa]
DeadLoads  Roof =15 psf | _ [0.72 kPa)
- Floor =10 psf {0.48 kPa]
Total Dead - - =25psf - [1.20 &Pa] .
wall = (53 ps/)(8 fi) = 424 pif [6.2 kN/m]

Factored Load = ((71 psf)(1.7) + (25 psf)(1.4))(32 A/(1000)(2) + (0.424 KIf)(1.4)
+ (24 in/12 in)(0.053 kyf)(1.4) = 3.23 kif [47.0 kN/m]

Calculate the allowable span; assume both ends are fixed.

. 2 ) — - .
[P :>l=‘)12M= ADA93F—kp) g4 g g
12 w 3.234f

Since 17-0"> 8-6", bending moment governs span for 60 ksi steel.

Determine percentage increase of 60 ksi reinforcing steel vs. 40 ksi reinforcing steel.

Percentage Increase= w(l 00} = 22.8% > 20% allowed from Table 5.10A of the

Prescriptive Method.
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544 Flat ICF Lintel Design in a Non Load-Bearing ICF Wall Without Stirrups

A flat ICF lintel in a non load-bearing wall is selected from Table 5.14 of the Prescriptive

Method for lintels supporting an ICF second story. The lintel thickness is 5.5 inches (140 mm),
with a depth of 12 inches (305 mm). Table 5.14 shows the lintel to have a maximum clear span
of 7 feet (2.1 m). Calculate the capacity and check the adequacy of the 5.5-inch x 12-inch (140-
mm x 305-mm) flat concrete lintel in a nonload-bearing ICF wall. :

B5.4.4.1 Maximum Allowable Span Due to Bending Moment

M, =M,
¢ My =t Agfy(d~%)
¢ = 0.9 (strength reduction factor)

Calculate the reinforcement ratio for one No. 4 bar horizontal tensile steel.

—

ot 02,
bd ~ (5.5in)(10in) :
5, = 085 78, 87,000 ] _ o.'85(2,500psi)(0-85)( 87,000 Jzo 0309
P =T T, ven000 40,000 psi 40,000psi +87,000)
 pae = 0.75p, =075(00309) = 00232 |
Prin = 0.0012

Since Pmax Z Ph 2 Pmin OK .
Calculate the depth of the compressive stress block.

Afy (02 )40ksi) | |
= = = 0684in | ‘
DT 08576 (08S)2Sksi)(55in) " [159 mm]

Calculate the nominal moment strength.

] 684in) o
M, = 4,f, [d - 52’-] = (020in%)(40 ks_i)[l(} in=2 ’”J =773in—kip [8.8 kiN-rmi]
Calculate the factored bending moment.
M, =M, =(09)773in—kip)/12 = 58 fi ~ kip | ' 79 kNm]
Calculate the load on the lintel.
DeadLoads  ICF Wall Above =69 psf B - - [33kPd]
Total Dead =69 psf [3.3 kPal

. Factored Load = 1.4((0.69 ksf)(s )+ (5.5 in)(12 in)(0.150 kefi/(144 i) =087 kif  [12.7 kiN/m]

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS
IN RESIDENTIAL CONSTRUCTION, Second Edition |

B-47



Appendix B: Engineering Technical Substantiation

Prescriptive Method

Calculate the allowable span; assume both ends are fixed,

12 087 Kif

W

2 T
M=K:I=J12M=‘F12)(5.8ﬁ kzp)=8_9ﬁ=8,_”,,__

B5.4.4.2 Maximum Allowable Spalli Due to Shear

v, =¥,
Ve =Vc+Vs

. ¥, =0 since there are no stirrups presént
¢ =085 (strength reduction factor)

Calculate the load on the lintel (see calculations in Section 5.4.4. 1y

. Factored Load =10.87 klf
kN/m)

Check the area of steel.

A, =02 in?
3J72b,d _ 3,2,500psi(5.5in)(10in) _ 02062
Sy 40,000 psi '
200b,d _ 200(5.5in)(A0in) _ . 2
7y 40,000 psi

[2.7 m]

[12.7

[1.3 cm?]
[1.3 em?)

[1.8 em?)

Since A iy < 0.495 in® analyze ﬁsing Scenario 1 outlined in Section 5.4.1.2 of the Technical Substantiation.

Use ACI Equation 11-3 to determine shear capacity of the section.

V, = 2/ fob,d = 2,/2,500 psi (5.5in)(10in) = 5.5kips
%4) Ve =(0.85)(5.5kip) / 2 = 2.34kips
Determine the maximum shear force.

v, = %’ = -—(0'872’“7)’ = (0.435Kkif)!

Determine the critical shear force.

Critical ¥, =l;i —wd = (0.435klf )] — (0.87kif )(10in} /(1 2in/ ft) = (0.435Klf)] — 0.725k

[24.5 kN]

[10.2 &N
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Solve for the span.

: | o
SOV, =CriticalV, = 2.34kips = (0.A35Kf ) - 0.725kips =>1=7.04f =700

B5.4.4.3 Maximum Allowable Span Due to Deflection

Calculate the load on the lintel.
Dead Load ICF Wall Above = 69 psf
Total Dead =69 psf

Unfactored Load (used in deflection calculations)

~(69 pSfN8 ) + (5.5 in)(12 in)(150 pef)/144 in’ = 621 pif

Deflection limit of lintel

A=ao”

" Deflection of lintel

Ao W
(0.1)384ET

Calculate th_é allowable span.

I wt __ f0)384Er

240 (01384EI Y (240)w

. 1)(384)(3,122,000§si')[i(s.sfn)(lzsn)3j
R . 2__ =164/ =16—4"
(240)(621 01 )(144in?)

B5.44.4 Governing Design

[2.1 m]

[3.3 kPa]
[3.3 kPa]

[9.1 kN/m]

[5.0m] -

A 5.5-inch x 12-inch (140-mm x 305-mm) flat ICF lintel in a non load-bearing wall supporting an
ICF gable end wall with one No. 4 bar may span a maximum of 7°-0” (2.1 m) due to shear and does
not require stirrups. From Table 5.14 of the Prescriptive Method we obtain a maximum clear span
of 7 feet (2.1 m). The values in Table 5.14 have been adjusted to simplify the table for all ICF wall

types.

P
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TABLE 5.14

MAXIMUM ALLOWABLE CLEAR SPANS FOR

ICF LINTELS IN GABLE END (NON-LOAD-BEARING) WALLS WITI-IOUT STIRRUPSI’Z'3

NO. 4 BOTTOM BAR SIZE .
(excerpt from the Prescriptive Method)

Maximum Clear Span
Minimum |} Minimnm .
Lintel Lintel Supporting Supporting ICF
Thickness, | Depth, Light-Frame Gable End Wall Second Story Gable End Wall*
. T D .
(inches) (inches) (feet) {feet) -
Flat ICF Lintel ‘
8 11-1
‘ 12 15-11 -
3.5 16 16-3
20 16-3
22 16-3
8 16-3
5.5 16 16-3 9-7
20 -16-3 12-0
22 16-3 14-3
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B6.0 LEDGER BOARD CONNECTION DESIGN EXAMPLES AND ENGINEERING
CALCULATIONS

The following engineering calculations are based oﬁ the application of several recognized
engineering standards and specifications. .

B6.1 Ledger Board~Wafﬂe ICF Connection Design

A wood 1.5-inch x 7.25-inch (38-mm x 184-mm) ledger board is attached to a 6-inch (152-mm)
waffle-grid wall. Assume a 4-inch- (102-mm-) diameter hole is cut into the form around each
bolt and that the bolt length extends to the center of the ICF wall thickness. Assume a 5/8-inch
(19-mm) bolt diameter of A36 steel is used with a 1 3/8-inch- (35-mm-) diameter washer. The
floor joists are 2 feet (0.61 m) on center and have a clear span of 22 feet (6.7 m). Wood member
and connection design is in accordance with NDS [B4].

B6.1.1Calculate Loads

Nominal Service Load
V = Dead Load + Live Load

v =(05)(22 1)((40 psf +15 psf }) = 605 pif | " B [8.8 kN/m]
Factored Load
V, = 1.4 Dead Load + 1.7 Live Load ) :
v, =(05)(22 A)14(15 psf ) + L7(40 psf ) =979 plf [14.3 kN/m)

B6.1.2 Determine Maximum Bolt Spacihg Due to Shear-Friction in Concrete

: 1027 Acomerete
V = Ab ; F “ S{ c 4t ooncre,
. " oy SOOAconcre'te

(1375 m)

'ﬂ—

(36,000 ps:)(O 6) =32,0741b | | N {143 kN)

n(4 in)z _ ) :
| —— =0. 2(2 500 psz) y =6,2837b <«—— GOVERNS [28 &NV]

.12
‘ n(4 m) _ :
Vamax = 800{—4—} =10,05316 144.7 kN]
V,<¢V, OK

PV, 0
V!A'

X =

_{08s)s, 28l3lb)(12m/ Ao 6)
- (979 pif) |

= 39 3in ' [998 mm]
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B6.1.3 Determine Maximum Bolt Spacing Due to Tensmn in Concrete (Anchorage

Capacity)
¢’Vc =¢ (4)(Av )\(E
<oV, OK

. oV,
0.75[% + 1_.7(wind load )( wall height]) .

o 4{r(25 in)’ 2300 psi(12inch 1)

0.75( 973 ;’ . 17(40 psf)(10 ﬁ))

=231in | ; o [587 mm]

B6.1.4 Determine Max1mum Bolt Spacing Due to Tension in Bolt Due to Shear-Friction
and Wind Suction Pressure

T= 0.75(:;—2 +1.7(wind load)(wall height)] (bolt&pacz‘ng)

T
I
bolt
ft £ F
Fy 4y (12 inches ! ft)
X =

0.75(% + 1.7('wind zoad)( wall height))
(19,100 psi){0306 in® {12 nches  7)

0.75( 970 c Y +13(40 psr(10 ft))

x= =405 in B ' [1.03 m]

B6.1.5 Determine Maximum Bolt Spacing Due to Bolted Wood Connection to Concrete

Zactual = Zallowable
Z getual = V(bolt Spacing)
Z allowable = 5201b/ bolt
_ (12inches/ ft)(5201b/ bo)

605 pif

=103in S | [262 mm)
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B6.1.6 De‘i:erm_ine Maximum Bolt Spacing Due to Bending About Strong Axis in Ledger

Board

M
f b=

H

PL(bolt spacz’ng)
= 7 .
Ty $F
LA Ss
- vV

4(850 psi)(13141n° J12in/ £)
= 7605 pif (2 fi joist spacing)

=4431in B i o [113m]

B6.1.7 Determine Maximum Bolt Spacing Due to Bendmg About Weak Axis in Ledger
Board Due to Wind Suction Pressure

Jo = M
»
w(boit spacing) 2
fp<F

8F,S )
- (wind loaa')(wall height)

fsuseapsif272im’) - | o
x=(12in/ ft 055 )107) =110.7in . | [2.8 m]

B6.1.8 Determine Maximum Bolt Spacing Due to Allowable Bearing at Washer Due to
Weak Axis Bending . .

T
Awasher

B w(b_olt spacz'ng)2
= .

Jer =

‘ 7 el £ F, el
_ F, cJ.‘(Awa.s‘her)
- (wind load)(wall height)

e 2 N2 '
1375in\* (0625 :
Avpasher =n[ . ’"J —n( > ’"J =118in? o 1761 mm]
(506psz (118m }(12mlft ' ‘ _
=179in ' (455 mm]
(40 psf)(10 £) : : _
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Note: Bolts are required to be staggered or placed in pairs in the top and bottom edges of the ledger to
minimize cross—grain tension forces on the ledger. Therefore, cross—grain tension failure modes are
addressed in this detailing requirement. In high seismic conditions, additional anchorage is also required.

B6.1.9 Minimum Bolt Spacings and Edge Distancé as Defined by NDS§ [B4]..

Minimum bolt spacing
Minimum edge distance
Minimum distance between bolts in a row

Minimum end distance
Minimum distance between rows of bolts

B6.1.10 Governing Design

3(0.625 in) =19 inches [48 mm]

3dy

4dy 4(0.625in) = 2.5 inches [64 mm]

3dy  3(0.625in) = 19 inches [48 mm]
12in [305 mm]
3dy 3(0625in) = 19 inches [48 mm)

‘A wood 1.5-inch x 7.25-inch (38-mm x 183-mm) ledger board attached to a 6-inch (152-mm)
waffle-grid wall with 5/8-inch-(19-mm) diameter bolts and 1 3/8-inch (35-mm) washers for floor
joists that span 22 feet (6.7 m) require a maximum spacing of 10.3 inches (262 mm) on center as
governed by shear in the bolted connection of the wood ledger to concrete. From Table 6.1 of the
Prescriptive Method, we also obtain a maximum bolt spacing of 10 inches (254 mm) on center for a
staggered 5/8-inch-(15.9-mm-) diameter bolted connection or 20 inches (508 mm) on center for a
double-bolted connection. Bolt patterns are very important to good practice with wood construction.

: TABLE 6.1 .
FLOOR LEDGER-ICF WALL CONNECTION (SIDE-BEARING CONNECTION) REQUIREMENTS
(excerpt from the Prescriptive Method) '

Maximum Anchor Bolt SpacggS (inches)
Maximum Floor Clear Staggered Staggered Two Two
Spand (feet) 1/2-Inch- 5/8-Inch- 1/2-Inch- 5/8-Inch-
Diameter Diameter Diameter Diameter
Anchor Bolts | Anchor Bolts | Anchor Bolts® | Anchor Bolts®
8 : 18 36
- 10 16 32
12 14 28
14 12 24
16 10 20
9 18

8

i6

24 7 9 14 18
26 6 9 12 18
- 28 6 8 12 16
30 5 8 10 16
32. 5 7. 10 14

For SI: 1 foot=0.3048m; 1inch=25.4mm

PRESCRIPTIVE METHOD FOR INSULATING CONCRETE FORMS

IN RESIDENTIAL CONSTRUCTION, Second Edition



- Prescriptive Method . | Appendix B: Engineering Technical Substantiation

B6.2 Additional Requirements for Seismic Design Category. C, Dy, and D;.
. B6.2.1 Out-of-Plane Anchorage Requirements for Seismic Design Category C,Dy, and D,

Determine the additional anchorage requirements for connecting the ledgers and joists to a 5.5-in
(140-mm) flat ICF wall in Seismic Design Category D;. Anchorage shall not be accomplished by
the use of toe-nails or nails subject to withdrawal nor shall such anchorage mechanisms induce
tension stresses perpendicular to grain in ledgers or nailers. The required design value of such
anchors are listed in Table 6.2. ‘ S

The out-of-plane seismic load that must be transferred from the wall to floor connection was
determined from International Building Code Section 1620.2.1 Equation 16-64 B7]: '

F,=0801.5,w, where,
F, = the out-of-plane seismic force B ' .
Iy = occupancy importance factor (Table 1604.5 of the IBC) :
Sos = the short period site design spectral response acceleration coefficient (Table 301.2.2.1.1
of the IRC)
W = the weight of the wall

Therefore, the ‘oﬁt-of-plane seismic load induced from the 5.5-in (140-mm).' flat ICF wall in
Seismic Design Category Dy is: : ' o

. F, =0.801pSpsw, = 0.80(1.0)(0.83)(5.5in)(150 pef Y(1 1 ft X1 f2 /12in) = 502 plf ' [734 N/m]
' ' TABLE 6.2
MINIMUM DESIGN VALUES (plf) FOR FLOOR JOIST-TO-WALL ANCHORS REQUIRED IN
SEISMIC DESIGN CATEGORIES C, D;, AND I), '
(excerpt from the Prescriptive Method)
WALL SEISMIC DESIGN CATEGORY

Fat7s 1 413 | 685 | 965
Flat 9.5 523 367 1223
Watlle 6 246 209 | 577

B2.2.2 Top Bearing A,'nchora.'ge Requirements for Seismic Design -Cate?gory C, Dy, and D;

Determine the anchorage requirements for connecting the wood sill plates to a flat ICF wall in
Seismic Design Category D;. According to the IBC, the attachment that the anchor is connecting
to the structure shall be designed such that the attachment will undergo ductile yielding at a load
level corresponding to anchor forces no greater than the design strength of the anchor specified.
In short, this provision prevents concrete breakout as a possible failure mode due to the sudden
nature of this type of failure. The required design value of such anchors are the values listed in

Table 6.2 divided by 2.
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Determine the design shear strength of an A307, 3/8-inch (9.5 mm) diameter anchor bolt
embedded 7 inches (178 mm) in the concrete,

Steel strength of the anchor in shear: 7
0.750¥; = 0.750.0.6(4,, X J:,,) = (0.75)(0.75)(0.6)(0.0781‘&2)(60,000 psi) =1,5801b

Concrete breakout strength of anchor in shear:

0.75V = 0754{—}!6‘1’71{5 where

¥ =1.0

lP'] = 10

T Tin (5.5in L5

v, =7[~—] NE P =7{ : ] J0375in.f3, OOOpSIL —0.375inJ =1,5430b
d, 0.375in 2

0.750¥,5 = (0.75)(0.75)(1.0)(1.0)(1 0)(1,5431b) = 8681

-

Determine the 5-percent offset dowel bearing strength using the general dowel equations for
calculating lateral connection values. Upon investigating the seven failure modes, failure mode
III; (Side Member Bearing and Dowel Yielding in the Main Member) perpendicular-to-grain
governs the general dowel equation yield mode. The following method outlines the yield mode
ITI; calculation using a Specific Gravity of 0.42 and 0. 70 for the wall framing and the concrete,

reSpectlvely

_B+yB?—44C

P= ‘ where,
24

0.5 05 ' . 0.5 . 0.5
- D —_— D — {0.375in) 145 N (0.375in) R 0.000460
4D(6,100GH*  2D(6,100)GL™ 4(0.375in)(6,100)(0.42)°  2(0.375in)(6,100(0.70)"

ok - 15in
2

4(6,100)(Gs)1‘45tD)(ls)2 _(B)D,) (6,100)(0.42)' 43 (0.375in)(1.5ir)? _ (45,000 psi)(0.375in)° _ _'992 ;
4(D)%* 6 40379%° 6 o

= 865/b

b 075+ /0.75% - 4(0.000460)(~992.7)

B ©2(0.75) -
Since 865/b<8681b, yielding of the attachment governs the design per the _requirements in the
IBC. Therefore, the spacing required for the 3/8-inch anchor bolt in Seismic Design Category D, .
is equal 1o (1,22375/ f2)(12in/ f2)/(8651b) = 17in, which is greater than the required 16in spacing.
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B7.0 TYPICAL BEAM LOADiNG CONDITIONS

v L
Q(Plf)7 x> Voo
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L e
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- :t . e g St
- ) : maxd ceer * 384ET
AN Vinax | : _ o
’ . b h 2 z
Load ' Shear Moment F.? AET T/ 2% £4

Figure B7.1 Uniform Load, Simple Span
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Appendix C: ‘Metric Conversion Factors

The following list provides the conversion relationship between U.S. customary units and the
International System (SI} units. A complete gulde to the SI system and 1ts use can be found in

ASTM E 380, Metric Practice.

Length

To convert from to Multiply by

inch (in) meter (m) 2.540 000 E-02

foot (ft) meter (m) 3.048 000 E-0O1

yard (yd) meter (m) 9.144 000 E-01

mile (mi) meter (m) 1.609 344 E+03

‘Area

To convert from to Multiply by

square foot (ft* or sf) - square meter (m%) 9.290 304 E-02

square inch (in® ) square meter m?) 6.451 600 E-04

square yard (yd ) . square meter (mn?) 8361274 E-01

square mile (mi’) square meter (m’) 2.589 988 E+06

Force per Unit Area (stress or pressure)
To convert from to | Multiply by
kip per sq. inch (ksi) " Pascal (Pa) 6.894 757 E+06
pound per sq. foot (psf) Pascal (Pa) 4.788 026 E+01
One Pascal equals 1,000 Newton per square meter,
One kip equals 1,000 pound.
Volume

To convert from to Multiply by

cubic inch (in”)

cubic meter (m ) '

1.638 706 E-03

cubic foot (ft%) cubic meter (m ) -] 2.831 685 E-02
" cubic yard (yd?) cubic meter (m ) 7.645 549 E-01L.
gallon {(gal) Can. liquid cubic meter (m°) 4.546 050 E-03
gallon (gal) U.S. liquid - cubic meter (m3) 3.785412 E-03
fluid ounce (fl. 0z.) U.S, liquid cubic meter (m>) 2.957 353 E-05
One U.S. gallon equals 0.8327 Canadian gallon, -
One liter equals 0.001 cubic meter. _
Force
To convert from - to Multiply by
kip (1,000 Ib) Newton (N) 4.448 222 E+03
pound (1b) Newton (N) 4.448 222 E+00
ton (2,000 Ib) Newton (N) 8.896 444 E+03
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Force per Unit Length
To convert from to g Multiply by
kip per linear foot (plf) Newton per meter (N/m) 1459 390 E-02
pound per linear foot (plf) Newton per meter (N/m) 1.459 390 E+01
Mass
To convert from to Multiply by
pound (Ib), avoirdupois kilogram (kg) 4.535 924 E-01
ton (2,000 1b) kilogram (kg) 9.071 847 E+02
slug kilogram (kg) 1.459 390 E+01
Mass per Unit Length
To convert from " o , Multiply by
kip per linear foot (plf) kilogram per meter 1.488 164 E-03
pound-per linear foot (plf) kilogram per meter 1.488 164 E+00
Moment
To convert from - to Multiply by

foot-pound (ft-1b) .

Newion-meter (N-m)

1.355 818 E+06

Mass per Unit Volume_(Density)

To convert from to : Multiply by
pound per cubic foot (pcf) kilogram per cubic meter (kg/m’) | 1.601 846 E+01
pound per cubic yard (Ib/yd*) kilogram per cubic meter (kg/m’) | 5.932 764 E-01
Velocity
To convert from- . to ‘ Multiply by
miles per hour (mph) kilometer per hour (km/hr’ 1.609 344 E+00
miles per hour (mph) meter per second (1/s) 4.470 400 E-01
Temperature
To convert from to Equation
degrees Fahrenheit (°F) . degrees Celsius (°C) T=(T¢32)/1.8
degrees Fahrenheit (°F) "~ Kelvin (X} Tx=(T+459.67)/1.8
Kelvin (K). - degrees Celsius (°C) T=(Tx-273.15)

The prefixes and symbols below are commonly used to form names and symbol's' of the decimal multiples of the SI units.

Multiplication Factor
1,000,000,000=10°
1,000,000 =10°

1,000=10" -

Prefix Symbol Multiplication Factor Prefix

giga G 0.01=102 - centi

mega - M 0.001=19" * milli

kilo k 0.000001 =10 micro
- 0.000000001 =10 nano

Symbol

2E B o
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' . Réinforcement Bar Data

Inch-Pound ‘ Metric
No. 3 ) : No. 10 -
No. 4 . : No. 13
No. 5 . No. 16
No. 6 : + - No. 19
No.7 ' ‘ No. 22
No. 8 - No.25

_Grade 40 : ‘ Girade 300

Grade 60 Grade 420
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