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February 21, 2013

Wayne Thorne CBO

Building Official

Town of Longboat Key

501 Bay Isles Road

Longboat Key, FL 34228-3196

RE; Code Review / Foundation Nomenclature Determination
KEG File # 10RS-0362

Dear Mr. Thorne:

Further to our discussion on February 20, 2013, I have reviewed the 2010 Florida Building Code (FBC), 2007
FBC, 1971 Standard Building Code (SBC) and several other resources to identify further guidance in the
characterization of certain structural components. Of critical importance is 2010 FBC Section 3109 Structures
Seaward of a Coastal Construction Control Line and specifically 3901.1.1 Scope. Exception: which reads, “7he
standards for buildings seaward of a CCCL area do not apply to any modification, maintenance or repair of any
existing structure within the limits of the existing foundation which does not require, involve, or include any
additions to, or repair or modification of, the existing foundation of that structure.”

As we discussed, the villa structures at the project in question are comprised of spread footing foundations,
piers/columns, steel beams, conventional lumber joist floors, conventionally framed wood walls, and
conventionally framed/trussed roofs. The purpose of this correspondence is to identify whether or not the
piers/columns between the spread footings and steel beams are part of “foundations™ under the code and
therefore repairing them would trigger 2010 FBC 3109. Unfortunately, 2010 FBC does not specifically define
or address the configuration at the project in question, so we must consider other relevant resources in
determining the intent of the code. As documented below, a reasonable consideration of 2010 FBC, 2007 FBC,
1971 SBC, standard definitions of construction terminology and along with numerous published engineering
resources as further referenced below, the piers/columns in this specific case need not be considered foundations
and labeling them “piers” does not render them foundation elements. Consequently, the vertical structural
elements may be repaired under the 2010 FBC, Existing Buildings without triggering 2010 FBC 3109.

Standard Definitions (Layman’s Terminology)

The word “pier” is defined as an intermediate support of two bridge spans, a structure extending into navigable
water as a mooring place or promenade, or a vertical support, usually square and often masonry that resists
vertical loads, in some references, the vertical support definition also includes that part of walls between
window openings and auxiliary masonry used to stiffen walls. These definitions are taken from Mirriam-
Webster, Oxford, Random House Webster’ College, Princeton’s WorldNet, Kernerman English Learner’s and
Webster Dictionaries. None of the layman’s terminology definitions includes or mentions “foundation”.
Conversely, most of the standard definitions refer to wall, window or roof support.

Standard Engineering/Foundation Engineering Texts

In standard engineering terminology, foundations are identified as deep or shallow, but in all cases are structural
elements that bear on the earth. “Piers” are deep foundation elements similar to piles or caissons that bear
directly on competent rock or soil strata beneath the surface. These types of piers are distinguished from

Florida Certificate of Authorization Number 8371

St. Petersburg Sarasota Ft. Lauderdale Naples / Ft. Myers



February 21, 2013
Foundation Nomenclature Determination
Page 2 of 5

footings in that their depth is large compared to their width (4 times greater or more). Under the standard
engineering/foundation engineering terminology, the foundations at the project in question are spread footings
and do not satisfy the definition of piers. Further, the vertical elements whether they are labeled columns or
piers in the layman’s (non-engineering) terminology are supported by the footings and therefore are not the
foundations.

Cheng Liu and Jack Evett, Soils and Foundations, Prentice Hall 1992, an engineering textbook, contains
relevant excerpts including the definition of the word “foundation” in engineering terms. It is generically
simply that which supports something. In buildings, foundations may be either deep foundations or shallow
foundations. Shallow foundations are further defined as either a footing, which may be an enlargement of the
base of the column or wall which is supported [and is considered separately], or a mat or raft foundation in
which a number of columns are supported by a single slab. Figures 9-1 and 9-2 clearly indicate the footing and
the column as described separately and configured comparably to the project in question. Deep foundations are
defined as pier, caisson or groups of piles.

Edwin H. Gaylord, Jr., and Charles Gaylord, Structural Engineering Handbook, McGraw Hill, 1990, a standard
engineering reference text, contains relevant excerpts including descriptions of “footing foundations”™ distinct
from “piers”. Footing foundations are shallow, located at the highest level where adequate supporting soils are
present but below frost. Individual (isolated) footings support a single column. Figure 39 indicates the footing
as distinct from the column it supports. Pier footings are principally different from footings in that the piers must
have considerable depth to reach suitable bearing stratum, generally greater than four times the width of the pier.

Robert W. Day, Foundation Engineering Handbook, McGraw Hill/ASCE Press, 2005, a standard engineering
reference text, contains relevant excerpts including definitions of common types of foundations, including
spread footings identified as shallow foundations, and piers identified as deep foundations. 5.4.2 defines piers
as deep foundations similar to auger-cast-in-place piles and includes illustrations of pier construction.

2010 Florida Building Code

The 2010 FBC does not define piers as necessarily foundations. The 2010 does not refer to pier foundations
according to standard engineering terminology. The 2010 FBC refers to piers as foundations only in the context
of the layman’s (non-engineering) terminology, and further only related to masonry construction. The Piers are
foundations when they are bearing directly on the soil.

1802.1 defines foundations. The section explicitly defines the foundation as footing, mat, slab-on-grade or
similar foundation element.

2121.2.6.1 refers to piers in the context of the layman’s (non-engineering) terminology as the vertical elements
between windows on enclosed sections, requiring that the piers be more than 16 inches if masonry, and steel or
reinforced concrete if less than 16 inches.

2121.2.6.2 refers to piers in the context of the layman’s (non-engineering) terminology as the vertical masonry
elements supporting the roof beam, requiring that they be not taller than 10 times least horizontal dimension and
with continuous reinforcing from the beam to the foundation below the pier.

1808.9 makes it clear that the FBC considers piers as vertical masonry structural members, and not necessarily
foundations. It is a section that is written to provide direction on the design of foundation elements that don’t
meet the definition of “foundation pier” to be designed as piers, walls or columns as applicable and in
accordance with ACI 530/ASCE 5/TMS 402. The definition of “foundation pier” in FBC Section 2102 matches
that in ACI 530/ASCE 5/TMS 402. In other words, if the masonry foundation element which is in contact with
the soil doesn’t meet the dimensional requirements of a foundation pier (which has empirical design parameters)
it must be designed the same way as a masonry non-foundation vertical member (which has analytical design
requirements) in accordance with the referenced standard.

[z



February 21, 2013
Foundation Nomenclature Determination
Page 3 of 5

1809.9 as with 1808.9, this section refers to a pier, like a column or wall, as a vertical element supported by a
footing, in this case a footing constructed of masonry units.

ACI 530/ASCE 5/TMS 402 — Masonry Design Code

This code referenced by the 2010 FBC governs the design of masonry. It includes definitions of columns, piers,
and foundation piers. Under the masonry code, piers match the layman’s definition. The difference between
columns and piers is strictly dimensional. The differences between piers and foundation piers are that
foundation piers are foundation elements, piers are more rectangular, and that foundation pier height is limited
more than pier height. As “foundations™ are elements that bear on the soil, it is reasonable to interpret this
difference as indicating “foundation piers” bear on soil rather than footings. It is noteworthy that this code
concerns masonry and not reinforced concrete. The following excerpts are directly quoted:

1.6 Definitions:

Column — An isolated vertical member whose horizontal dimension measured at right angles to its thickness
does not exceed 3 times its thickness and whose height is greater than 4 times its thickness.

Pier — An isolated vertical member whose horizontal dimension measured at right angles to its thickness is not
less than 3 times its thickness nor greater than 6 times its thickness and whose height is less than 5 times its
length.

Foundation pier — An isolated vertical foundation member whose horizontal dimension measured at right
angles to its thickness does not exceed 3 times its thickness and whose height is equal to or less than 4 times its
thickness.

ACI 318 Concrete Design Code and Commentary

The vertical structural elements at the project in question are columns and are not piers or footings under ACI
318. The 2008 edition of the reinforced concrete design code referenced by 2010 FBC includes reference to
“piers” as deep foundations as in the standard engineering terminology established above. The term “pier” used
in ACI 318 does not apply to the vertical structural clements at the project in question. The 2011 edition (not
yet adopted) adds “wall piers”, which matches the layman’s terminology. This term also does not apply to the
vertical structural elements at the project in question.

1.1.6 indicates that piers are governed by ACI 318 only in seismic regions. The commentary also identifies
foundation piers as 2-1/2 feet in diameter or larger made by excavating a hole in the soil and then filling it with
concrete.

2.2 — Definitions (2008 Edition) defines a column. The vertical structural elements at the project in question fit
the definition precisely.

2.2 — Definitions (2011 Edition) defines “wall piers” and is the only other pier referenced in ACI 318 that is
not a deep foundation.

Chapter 15 governs the design of footings. It does not reference piers. The chapter applies to the design of the
footing only, and not the supported vertical elements. The footings excluding the vertical structural elements at
the project in question fit the chapter precisely. The vertical structural elements are not governed by the chapter
at all, but in fact are governed by Chapter 10 which concerns columns and beams.
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2007 Florida Building Code

Though no longer in effect, the 2007 FBC included a definition of “pier foundations” and dimensional
constraints that exclude the vertical structural elements at the project in question, which are 10” x 10” square
columns,

1808.1 defines “pier foundations™ as foundation elements that extend into bearing strata and derive their
capacity from end bearing on the strata and/or skin friction against the strata.

1812.2 says that piers that are used as foundations shall have a minimum dimension of at least 2 feet.

1971 Standard Building Code

Additional guidance can be derived from the 1971 SBC, which was in effect when the building was designed.
The provisions cited herein are also unchanged in the 1973 SBC. The SBC identifies the foundation as being
the footing that is not less than 12” below grade. The SBC uses “pier” in both the layman’s (non-engineering)
terminology and in the standard engineering terminology. It identifies “pier” in the layman’s (non-engineering)
terminology as masonry vertical elements that are not foundations. It describes piers as foundations in the
standard engineering definition terminology as deep foundations under the Caisson section with our without a
bell at the base.

1302 says that buildings shall be supported by footings or foundations not less than 12” below grade.

1304 identifies the requirements of pier foundation (in standard engineering terminology) construction as deep
caissons, not shallow footings.

1402 Table 3 identifies “Footings” under the heading of “Foundations” and “Piers” under the heading of
“Masonry Other Than Foundation Masonry”

1405.6 identifies lateral support requirements for masonry piers to be spaced such that the unsupported height is
not less than 10 times the least dimension, so for a 16” pier, the unsupported height could be 13°-4” as in a wall
between windows.

1701.3 states that “spot piers” can be used as foundations for wood construction. “Spot piers” is not defined but
presumably refers to foundation piers in the modern sense, that is, piers that don’t have footings and therefore
act as the foundations bearing on the soil.

Conclusion

As identified in the references cited herein, the villa structures at the project in question include footings as their
shallow foundations, which support separately constructed vertical members that are columns under ACI 318.
These elements may be labeled columns or mis-labeled piers, but in either case are not required to be considered
“part of the foundation”. The columns are not “foundation piers™ as they are not masonry and they do not bear
on the soil, either vertically or horizontally, and do not meet the dimensional constraints of foundation piers. In
any case, the foundation is the footing that supports the vertical members.

There are three types of “piers” defined in the technical and non-technical documents: 1) vertical load carrying
elements that are not foundations and are only partially distinguished from “columns” by material, dimensional
proportionality and colloquialism, 2) deep foundations distinguished from auger-cast piles and caissons by
dimensional proportionality, inspect-ability, and colloquialism, 3) dimensionally specific masonry “foundation
piers” that do not have footings and therefore are foundations. Foundation piers are successful as foundations
because their relatively stout dimensions and restricted loading results in soil bearing and skin friction pressures
lower than the capacities of the soil.
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At the project in question, the vertical elements between the foundations and beams do not conform precisely to
any of the defined pier types. They are closest to type 1) but do not fit its definitions. Because these vertical
structural elements do not fit the definitions of “foundation piers, or “piers”, but do precisely fit the definition of
“columns”, they should correctly be considered columns.

Based on reasonable consideration of, 2010 FBC, 2007 FBC, 1971 SBC, standard definitions of construction
terminology and numerous published engineering resources, the piers/columns in this specific case need not be
considered foundations. Labeling them “piers” does not render them foundation elements. Because the footings
are undeniably foundations, and the piers/columns may be reasonably excluded from the foundations, and the
footings are undamaged with no repair contemplated, the piers/columns may reasonably be repaired under the
2010 FBC, Existing Buildings without triggering 2010 FBC 3109, provided the repair is in accordance with
2010 FBC, Existing Buildings.

Thank you for your ongoing support and assistance with this complex project. We continue to appreciate both
your commitment to the public safety and welfare, and your sensitivity to the unit owners. We trust this
information is helpful, should questions arise, please do not hesitate to call.
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beer bier blear cere cheer clear dear deer Deere drear
ear fear fere fleer gear hear here jeer leer mere mir
near pe
[+]more

pier

In building construction, a vertical load-bearing member such
as an intermediate support for adjacent ends of two BAYS or
spans. Bulkier than a column but smaller than a wall, a pier
can support an arch ar beam. The lower portion of a pier may
be widened to better distribute the downward pressure of a
massive overlying structure. In Romanesque and Gothic
architecture, a feature of the NAVE arcade is the compound
pier, which is cross-shaped in cross section, with shafts placed
in the recesses.

Thesaurus: All synonyms and antonyms for "pier”
. Spanish-English Dictionary: Translation of "pier”
Britannica.com: Encyclopedia article about "pier"

< Next Word in the Dictionary: pierage
“ Previous Word in the Dictionary: pieprint
- All Words Near; pier

What made you want to look up pier? Please tell us where you
read or heard it (including the quote, if possible).

Commaent using...

Also trying to discover the difference between a pler and a wharf -
and a quay -- and a dock.

and natural deed water ports, I've heard the tarm "plered” used
many times-eg."They sailed in to anchor at a plered docking area
Instead of anchoring offshore.” So 1 tried to play the word in ™Words
With Friends", a game much like "Scrabble”, and was very surprised
to find it's not In the dictionary!

1
i I Living In Washington, a state having one of the longest shordlines

Want to find cut the difference between pier and wharf.

View Seen & Heard highlights from around the site »

Merriam-Webster on Facebook 122k

http://www.merriam-webster.com/dictionary/pier 2/20/2013
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Random House Webster's College Dictionary

pier piar

1.
a structure built on posts extending from land out over water, used as a
landing place for ships, an entertainment area, etc.
Category: Civil Englneering

2
(in a bridge or the like) a support for the ends of adjacent spans.
Category: Civil Engineering

3
a square pillar.
Category: Building Trades

4.
a portion of wall between doors, windows, etc.
Category: Building Trades, Architecture

5.
a pillar or post on which a gate or door is hung.
Category: Building Trades

6.
a support of masenry, steel, or the like for sustaining vertical pressure.
Catepory: Civil Engineering, Building Trades, Architecture

Origin of pier:

bef. 1150; ME pere < AL pera, para pler of a bridge, of obscure orig.

Princeton's WordNet

pier, wharf, wharfage, dock moun

a platform built out from the shore into the water and supported by piles;
provides access to ships and boats

pier moun)

(architecture) a vertical supporting structure (as a portion of wall between
two doors or windows)

pier (oun)
a support for two adjacent bridge spans

Kernerman English Learner’s Dictionary

pier (nouny 190
a long structure built out from the shore into water

people fishing on the city pier

http://www.definitions.net/definition/pier 2/20/2013
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Webster Dictionary

Pier moun)

any detached mass of masonry, whether insulated or supporting one side
of an arch or lintel, as of a bridge; the piece of wall between two openings

Pier (roun;

any additional or auxiliary mass of masonry used to stiffen a wall. See
Buttrass

Pler @moun)
a projecting wharf or landing place

http://www.definitions.net/definition/pier 2/20/2013
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Shallow Foundations

INTRODUCTION

The word foundation might be defined in general as “that which supports
something ” Many universities, for example, have an “athletic foundation,”
which supports in part the school’s sports program. In the context of this
book, foundation normally refers to something that supports a structure,
such as a column or wall, along with the loads carried by the structure.

Foundations may be characterized as shallow or deep. Shallow founda-
tions are located just below the lowest part of the superstructures they sup-
port; deep foundations extend considerably down into the earth. In the case of
shallow foundations, the means of support is usually either a footing, which is
often simply an enlargement of the base of the column or wall it supports, or a
mat or raft foundation, in which a number of columns are supported by a sin-
gle slab. This chapter deals with shallow foundations—-primarily footings.
For deep foundations, the means of support is usually either a pier, caisson, or
group of piles. These will be covered in Chaps. 10 and 11.

An individual footing is shown in Fig. 9-1a. For purposes of analysis, a
footing such as this may be thought of as a simple flat plate or slab, usually
square in plan, acted on by a concentrated load (the column) and a distributed
load (soil pressure) (see Fig. 9-1b.). The enlarged size of footing {(compared to
the column it supports) gives an increased contact area between footing and
soil; the increased area serves to reduce pressure on the soil to an allowable
amount, thereby preventing excessive settlement or bearing failure of the
foundation.

[



Concentrated Load

{Plan) l

S S S

Distributed Load

{Elevation) tb)

{a)
FIGURE 9-1 Individual footing.

Footings may be classified in several ways. For example, the footing de-
picted in Fig. 9-1a is an individual footing. Sometimes one large footing may
support two or more columns, as shown in Fig. 9-2a. This is known as a com-
bined footing. A footing extended in one direction to support a long structure
such as a wall is called a continuous footing, or wall footing (Fig. 9-2b). Two or
more footings joined by a beam (called a strap} are called a strap footing (Fig.
9-2c¢). A large slab supporting a number of columns not all of which are in a
straight line is called a mat or raft foundation (Fig. 9-2d).

Foundations must be designed to satisfy three general criteria:

1. They must be located properly (both vertical and horizontal orien-
tation) so as not to be adversely affected by outside influences.

They must be safe from bearing capacity failure (collapse).

,; 3. They must be safe from excessive settlement.

l Specific procedures for designing footings are given in the remainder of
! this chapter. For initial orientation and future quick reference, the following
steps are offered at this point:

Calculate loads acting on the footing—Sec. 9-2.

2. Obtain soil profiles along with pertinent field and laboratory meas-
urements and testing results—Chap. 3.

Determine depth and location of the footing—Sec. 9-3.
Evaluate bearing capacity of the supporting soil—Sec. 9-4.

Determine the size of footing—Sec. 9-5.

Sec. 9-1 Introduction 235
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CHAPTER ONE

TABLE 1.1 Comimon Types of Foundations

Conventional slab-on-grade

Posttensioned slab-on-grade

Raised wood floor

Mat foundation

Category Common types Comments
Shallow foundations Spread footings Spread footings (aiso called pad footings) are often square in
plan view, are of uniform reinforced concrete thickness, and
are used to support a single column load located directly in the
center of the footing. '

Strip footings Strip footings (also called wall footings) are often used for
load-bearing walls. They are usually long reinforced concrete
members of uniform width and shallow depth.

Combined footings Reinforced-concrete combined footings are often rectangular or

trapezoidal in plan view, and carry more than one colunin load.

A continuous reinforced-concrete foundation consisting of
bearing wall footings and a slab-on-grade. Concrete
reinforcement often consists of steel rebar in the footings
and wire mesh in the concrete slab.

A continuous postiensioned concrete foundation. The postten-
sioning effect is created by tensioning steel tendons or cables
embedded within the concrete. Common posttensioned
foundations are the ribbed foundation, California slab,
and PTI foundation.

Perimeter footings that support wood beams and a floor system.
Interior support is provided by pad or strip footings. There is a
crawl space below the wood floor. .

A large and thick reinforced-concrete foundation, often of
uniform thickness, that is continuous and supports the entire
structire. A mat foundation is considered to be a shallow
foundation if it is constructed at or near ground surface.

Deep foundations

Driven piles

Other types of piles

Piers

Caissons

Mat or raft foundation

Floating foundation

Basement-type foundation

Driven piles are slender members, made of wood, steel, or
precast concrete, that are driven into place by pile-driving
equipment. -

There are many other types of piles, such as bored piles,
cast-in-place piles, and composite piles.

Similar to cast-in-place piles, piers are often of lurge diameter
and contain reinforced concrete. Pier and grade beam support
are often used for foundution support on expansive soil.

Large piers are sometitnes referred to as caissons. A caisson can
also be a watertight underground structore within which
construction work is carried on.

If a mat or raft foundation is constructed below ground surface
or if the mat or raft foundation is supported by piles or piers,
then it should be considered to be a deep foundation system.

A special foundation type where the weight of the structure is
balanced by the removal of s0il and construction of an
underground basement.

A common foundation for houses and other buildings in
frost-prone areas. The foundation consists of perimeter footings
and basement walls that support a wood floor system. The
basement floor is usually a concrete slab.

Note: ‘The terms shallow and deep foundations in this table refer to the depth of the soi) or rock support of the foundation.



5.714 FOUNDATION DESIGN

a structural floor slab that can transfer loads to the piles is an important design feature for sites hy,
ing settling compressible soil, such as the peat layer shown in Fig. 5.6. i

5.4.2 Pier Foundations

A pier is defined as a deep foundation systemn, similar to a cast-in-place pile that consists of g columy,
like reinforced concrete member. Piers are often of large enough diameter to enable down. he
inspection. Piers are also commonly referred to as drilled shafis, bered piles, or drilled cajg

9 . . X . . S0ng
Figure 5.7 shows the typical steps in the construction of a drilled pier.

(b}

FIGURE 5.7 Typical steps in the construction of a drilted pier. (@) Dry augering through
seli-supporting cohesive soil; (¥} augering through water-bearing cohesionless soil with aid
of slurry; (¢) setting the casing; () dry augering into cohesive soil after sealing; (¢) forming
abell. (After O'Neill and Reese 1970; reproduced from FPeck, Hanson, and Thornburn 1974.)
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Grading contractor A contractor licensed and regulated who specializes in grading work or is oth-
erwise licensed to do grading work.

Grading permit An official document or certificate issued by the building official antherizing grad-
ing activity as specified by approved plans and specifications,

Grouting The process of injecting grout into s0il or rock formations to change their physical char-
acteristics. Common examples include grouting to decrease the permeability of a soil or rock strata,
or compaction grouting to densify loose soil or fill.

Hillside slte A site that entails cut and/or fill grading of a slope which may be adversely affected
by drainage and/or stability conditions within or outside the site, or which may cause an adverse
affect on adjacent property.

Hydraullc till A fill placed by transporting soils through a pipe using large quantities of water. These
fills are generally loose because they have little or no mechanical compaction during construction,

Inspectlon  Sec Special inspection.

Jotting The use of a water jet to facilitate the installation of a pile. It can also refer to the fluid
placement of soil, such as jetting in the soil for a utility trench.

Key A designed compacted fill placed in a trench excavated in earth material beneath the toe of a
proposed fill slope.

Keyway An excavated trench into competent earth material beneath the toe of a proposed fill slope.

Lift During compaction operations, a lift is a layer of soil that is dumped by the construction equip-
ment and then subsequently compacted as structural fill.

Mixed-in-place plle A soil-cement pile that is created by forcing grout through a hollow shaft in
the ground. As the grout is forced into the soil, an auger-like head (that is attached to the hollow
shaft) mixes the soil to create the soil cement.

Necking A reduction in cross-sectional area of a drilled shaft as a result of the inward movement
of the adjacent soils.

Open cut  An excavation in rock or soil that is made through a hill or other topographic feature in
order to construct a highway, railroad, or waterway. The open cut can consist of a single cut slope,
multiple cut slopes, and/or benches.

Owner Any person, agency, firm, or corporation having a legal or equitable interest in a given real
property.

Permanent erosion control devices Improvements that remain throughout the life of the devel-

opment. They include terrace drains, down-drains, slope landscaping, channels, storm drains, and
the like,

Permit An official document or certificate issued by the building official authorizing performance
of a specified activity.

Pier A deep foundation system. similar to a cast-in-place pile, that consists of column-like rein-
torced concrete members. Piers are often of large enough diameter to enable down-hole inspection.
Piets are also commonly referred to as drilled shafts, bored piles, or drilled caissons.

Pile A deep foundation system, consisting of relatively long, slender, column-like members that are
often driven into the ground.

Batter pile A pile driven in at an angle inclined to the vertical to provide higher resistance to
lateral loads.

Combination end-bearing and friction plle A pile that derives its capacity from combined end-
bearing resistance developed at the pile tip and frictional and/or adhesion resistance on the pile
perimeter.
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and municipal government disaster operations and communication centers deemed to be vital ip

- emergencies. According to the Standard Specifications for Highway Bridges (AASHTO, 1996)

I other facilitics that could be classified as essential are military bases, supply depots, and Nationai
"'*"-":-l Guard installations; facilities such as schools and arenas which could provide shelter or be converted
to aid stations; major airports; defense industries and those that could easily or logically be converteq
FJ.I to such; refineries, fuel storage, and distribution centers; major railroad terminals, railheads, docks,
=N and truck terminals; major power plants including nuclear power facilities and hydroelectric centers

- al major dams, and other facilities that the state considers important from a national defense view-
L point or during emergencies resulting from natural disasters or other unforeseen circumstanceg,
Essential bridges are defined as those that must continue to function after an earthquake. Transportation
routes to eritical facilities such as hespitals, police, fire stations, and communication centers must

..1;.. 1 continue to function and bridges required for this purpose should be classified as essential, In addi-
e tion, a bridge that has the potential to impede traffic if it collapses onto an essential route should also
ll' | be classified as essential,

l- Excavation The mechanical removal of earth material, also referred to as cut material.

Fill A deposit of earth material placed by artificial means. An engineered (or structural) fill refers
to a fill in which the geotechnical engineer has, during grading, made sufficient tests to enable the
conclusion that the fill has been placed in substantial compliance with the recommendations of the
geotechnical engineer and the governing agency requirements.

I8 Footing A structural member typically installed at a shallow depth that is used to transmit struc-
g tural loads to the soil or rock strata. Comunon types of foolings include combined footings, spread
] (or pad) footings, and strip (or wall) luoiings.

Forms The purpose of a form is to confine and support the fluid concrete until it hardens. For exca-
vated footings in soil or rock material, the sides and bottom of the excavation serves as the form, pro-
vided the scil can remain stable during construction. In other cases, forms are usually constructed
out of wood.

Foundation That purt of the structure that supports the weight of the structure and transmits the
load to underlying soil or rock,

Deep foundation A foundation that derives its support by transferring loads to soil or rock at
some depth below the structure,

Shallow foundation A foundation that derives its support by transferring load directly to soil or
rock at a shallow depth.

e Freeze Aiso known as setup, an increase in the load capacity of a pile after it has been driven.
Freeze is caused primarily by the dissipation of excess pore water pressures.

Geosynthetic A planar product manufactured from polymeric material and typically placed in soil
J to form an integral part of a drainage, reinforcement, or stabilization system. Types include geotex-
tiles, geogrids, geonets, and geomembranes.

t " Geotextlle A permeable geosynthetic composed solely of textiles.
E Grade The vertical location of the ground surface.
Existing grade The ground surface prior to grading.
Finlshed grade The final grade of the site, which conforms to the approved plan.

- Lowsst adjacent grade The lowest point in elevation of the finished surface of the ground,
- paving, or sidewalk that is adjacent to the structure.

i Natural grade The ground surface unaltered by artificial means.

Rough grade The stage at which the grade approximately conforms to the approved plan.

Grading Any operation consisting of excavation, filling, or a combination thereof.
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SECTION 1802 DEFINITIONS
*4..1802.1 Definitions,
The following words and terms shall, for the purposes of this chapter, have the meanings shown herein.
DEEP ;__<__5§§'?:é“. A deep ‘== foundation 331 js 3 ;=< foundation 3! clement that does not satisfy the definition of u shallow << foundation 55

DRILLED SHAFT. A drilled shaft is a cast-in-place deep ;
and filling it with fluid concrete.

element constructed by drilling a hole (with or without permanent casing) into soil or rock

Socketed drilled shaft. A socketed drilled shaft is a drifled shaft with a permanent pipe or tube casing that extends down to bedrock and an uncased socket drilled into the
bedrock.

HELICAL PILE. Manufactured steel deep <<i foundation 1 clement consisting of a central shaft and one or more helical bearing plates. A helical pile is installed by
rotating it into the ground. Each helical bearing plate is formed into a screw thread with a uniform defined pitch.

MICROPILE. A micropile is a bored, grouted-in-place deep :<<} foundation >} element that develops its foad-carrying capacity by means of a bond zone in soil, bedrock
or a combination of soil and hedrock.

15 &n individual or strip footing, a mat << foundation > a slab-on-grade '<<! foundation 5=} or a

SHALLOW << FOUNDATION 5}, A shallow <<} foundation

http://ecodes.cyberregs.com/cgi-exe/cpage.dll?pg=x&rp=/indx/ST/f1/st/b200v10/st_fl st b... 2/20/2013
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%, 2121.2.6 << [Biers >,
1. 2121,2.6.1
In any section of a masonry wall of an enclosed structure where openings are arranged to leave sections of walls less than 16 inches (406 mmj}, such Sections
shail be steel or reinforced concrete.

1. 2121,2.6.2

Isolated masonry i=-ipiers >> of unenclosed structures shall be so constructed that the height of such << piers 5> shall not exceed 10 times the least
dimension, that the cells are filled with cement grout and reinforced with not less than two #5 bars anchoring the beam to the foundation.

http://ecodes.cyberregs.com/cgi-exe/cpage.dll?pg=x&rp=/pseudo.htmé&sid=201302201450... 2/20/2013



E-Codes Page 1 of 1

1808.9 Vertical masonry foundation elements,

Vertigal masonry foundation elements that are not foundation ._ff_">>_§ as defined in Sectic: 1 2102, shall be designed as ‘<< piers =| walls or columns, as applicable,
in accordance with TMS 402/, C 53MARCE 3,

http://ecodes.cyberregs.com/cgi-exe/cpage.dll?pg=x&rp=/indx/ST/fl/st/b200v10/st_fl st b... 2/20/2013
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PALI%

FOUNDATION <<‘-> - An isolated vertical foundation member whose horizontal dimension measured at right angles to its thickness does not exceed three times its
thickness and whose height is equal to or less than four times its thickness.

http://ecodes.cyberregs.com/cgi-exe/cpage.dll?pg=x&rp=/pseudo.htm&sid=201302201450... 2/20/2013
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1809.9 Masonry-unit footings.
The design, materials and construction of masonry-unit footings shall comply with Sections 1809.9.1 and 1809.9.2, and the provisions of Chejder 21,

Exception: Where a specific design is not provided, masonty-unit footings supporting walls of light-frame construction shall be permitted to be designed in accordance with
Table 1809.7.

1 1809.9.1 Dimensions.

Masonry-unit footings shall be [aid in Type M or 8 mortar complying with 5. =tica 21G2.8 and the depth shall not be less thun twice the projection beyond the wall,
<<>> or column. The width shall not be less than 8 inches (203 mm) wider than the wall supported thereon.

%1 1809.9.2 Offsets.

The maximum offset of each course in brick foundation walls stepped up from the footings shall be 1 ]/2 inches (38 mm}) where laid in single courses, and 3 inches (76

mm}) where faid in double courses.

http://ecodes.cyberregs.com/cgi-exe/cpage.dll ?pg=x&rp=/indx/ST/fl/st/b200v10/st_fl st b... 2/20/2013
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section modulus of the net cross-sectional
area of a member, in.? (mm®)
spacing of reinforcement, in. (mm)
s =  total linear drying shrinkage of concrete
masonry units determined in accordance with
ASTM C 426
T forces and moments caused by restraint of
temperature, shrinkage, and creep strains or
differential movements
nominal thickness of member, in. {mm)
shear stress, psi (MPa)
= shear force, Ib (N)
shear strength provided by AAC masonry, Ib (N}
shear strength provided by masonry, Ib {(N)
nominal shear strength, Ib (N)
shear  strength  provided
reinforcement, b (N)
factored shear force, 1b (N)
wind load or related internal moments and
forces
Wt horizontal projection of the width of the
diagonal strut, in. (mm)
w, =  out-of-plane factored uniformly distributed
load, Ib/in. (N/mm)
0.25 for fully grouted masonry or 0.15 for
other than fully grouted masonry
Ba ratio of area of reinforcement cut off to total
area of tension reinforcement at a section

SRR

by  shear

S

¥ reinforcement size factor

A calculated story drift, in. (mm)

A, allowable story drift, in. (mm)

e displacements computed using code-
prescribed seismic forces and assuming
elastic behavior, in. (mm)

& horizontal deflection at midheight under
service loads, in, {mm)

& deflection due to factored loads, in. (mm)

&y drying shrinkage of AAC, defined as the
difference in the relative change in length
between the moisture contents of 30% and 6%

Enn maximum usable compressive strain of
masonry

Haac coefficient of friction of AAC

¢ —  strength-reduction factor

P reinforcement ratio

1.6 — Definitions

Anchor — Metal rod, wire, or sirap that sccures
masonry to its structural support.

AAC masonry — Masonry made of autoclaved aerated
concrete (AAC) units, manufactured without internal
reinforcement, and bonded together using thin- or thick-
bed mortar.

Anchor pullout — Anchor failure defined by the
anchor sliding out of the material in which it is

ACI 530-05/ASCE 5-05/TMS 402-05

embedded without breaking out a substantial portion of
the surrounding material.

Architect/Engineer — The architect, engineer,
architectural firm, engineering firm, or architectural and
engineering firm issuing drawings and specifications, or
administering the work under contract specifications and
praject drawings, or both.

Area, gross cross-sectional — The area delineated by
the out-to-out dimensions of masonry in the plane under
consideration.

Area, net cross-sectional — The area of masonry units,
grout, and mortar crossed by the plane under
consideration based on out-to-out dimensions.

Autoclaved aerated concrete —  Low-density
cementitious product of calcium silicate hydrates, whose
material specifications are defined in ASTM C 1386.

Backing — The wall or surface to which the veneer is
secured.

Bed joint — The horizontal layer of mortar on which a
masonry unit is laid.

Bonded prestressing tendon — Prestressing tendon that
is encapsulated by prestressing grout in a corrugated duct
that is bonded to the surrounding masonry through
grouting.

Building official — The officer or other designated
authority charged with the administration and
enforcement of this Code, or the building official's duly
authorized representative.

Camber — A deflection that is intentionally built into a
structural element to improve appearance or to nullify
the deflection of the element under the effects of loads,
shrinkage, and creep.

Cavity wall — A multiwythe noncomposite masonry
wall with a continuous air space within the wall {with or
without insulation), which is tied together with metal
ties.

Collar joint — Vertical longitudinal space between
wythes of masonry or between masonry wythe and back-
up construction, which is permitted to be filled with
mortar or grout.

Column — An isolated wvertical member whose
horizontal dimension measured at right angles to its
thickness does not exceed 3 times its thickness and
whose height is greater than 4 times its thickness.

Composite action — Transfer of stress between
compenents of a2 member designed so that in resisting
loads, the combined components act together as a single
member.

Composite masonry — Multicomponent masonry
members acting with composite action,
Compressive sirength of masonry — Maximum

compressive force resisted per unit of net cross-sectional
arca of masonry, determined by testing masonry prisms
or a function of individual masonry units, mortar, and
grout, in accordance with the provisions of ACI
530.1/ASCE 6/TMS 602,
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Connector — A mechanical device for securing two or
more picces, parts, or members together, including
anchors, wall ties, and fasteners.

Contract documents — Documents establishing the
required work, and including in particular, the project
drawings and project specifications.

Corbel — A projection of successive courses from the
face of masonry.

Depth — The dimension of a member measured in the
plane of a cross section perpendicular to the neutral axis.

Design story drifi — The difference of deflections at
the top and bottom of the story under consideration,
calculated by muliiplying the deflections determined
from an elastic analysis by the appropriate deflection
amplification factor, C,, from ASCE 7-02.

Design strength — The nominal strength of an element
multiplied by the appropriate strength-reduction factor.

Diaphragm — A roof or floor system designed to
transmit lateral forces to shear walls or other lateral load
resisting elements.

Dimension, nominal — The specified dimension plus
an allowance for the joints with which the units are to be
laid. Nominal dimensions are usually stated in whole
numbers. Thickness is given first, followed by height
and then length.

Dimensions, specified — Dimensions specified for the
manufacture or construction of a unit, joint, or element.

Effective height — Clear height of a braced member
between lateral supports and used for calculating the
slenderness ratio of a member. Effective height for
unbraced members shall be calculated.

Effective presiress — Siress remaining in prestressing
tendons after all losses have occurred.

Foundation pier — An isolated vertical foundation
member whose horizontal dimension measured at right
angles to its thickness does not exceed 3 times its
thickness and whose height is equal to or less than 4
times its thickness.

Glass unit masonry — Masonry composed of glass
units bonded by mortar.

Head joint — Vertical mortar joint placed between
masonry units within the wythe at the time the masonry
units are laid.

Header (bonder} — A masonry unit that connects two
or more adjacent wythes of masonry.

Laterally restrained presiressing tendon — Prestressing
tendon that is not free to move laterally within the cross
section of the member.

Laterally unrestrained prestressing tendon —
Prestressing tendon that is free to move laterally within
the cross section of the member.

Load, dead — Dead weight supported by a member, as
defined by the legally adopted building code.

Load, Iive — Live load specified by the legally adopted
building code.

Load, service — Load specified by the legally adopted
building code.

Longitudinal reinforcement — Reinforcement placed
parallel to the axis of the member.

Masonry breakowt — Anchor failure defined by the
separation of a volume of masonry, approximately
conical in shape, from the member.

Modulus of elasticity — Ratio of normal stress to
corresponding strain for tensile or compressive stresses
below proportional limit of material.

Modulus of rigidity — Ratio of unit shear stress to unit
shear strain for unit shear stress below the proportional
limit of the material.

Nominal strength — The strength of an element or
cross section calculated in accordance with the
requirements and assumptions of the strength design
methods of these provisions before application of
strength-reduction factors.

Pier — An isolated vertical member whose horizontal
dimension measured at right angles to its thickness is not
less than 3 times its thickness nor greater than 6 times its
thickness and whose height is less than 5 times its length.

Post-tensioning — Method of prestressing in which a
prestressing tendon is tensioned after the masonry has
been placed.

Prestressed masonry — Masonry in which internal
stresses have been introduced to counferact stresses
resulting from applied loads,

Pretensioning — Method of prestressing in which a
presiressing tendon is tensioned before the transfer of
stress into the masenry.

Prestressing grout — A cementitious mixture used io
encapsulate bonded prestressing tendons.

Prestressing tendon — Steel elements such as wire, bar,
or strand, used to impart prestress to masonry.

Project drawings — The drawings that, along with the
project specifications, complete the descriptive
information for constructing the work required by the
contract documents.

Project specifications — The written documents that
specify requirements for a project in accordance with the
service parameters and other specific criteria established
by the owner or the owner’s agent.

Quality assurance — The administrative and
procedural requirements established by the contract
documents to assure that constructed masonry is in
compliance with the contract documents.

Reinforcement — Nonprestressed steel reinforcement.

Running bond — The placement of masonry units such
that head joints in successive courses are horizontally
offset at least one-quarter the unit length.

Reguired strength — The strength needed to resist
factored loads.

Shear wall — A wall, bearing or nonbearing, designed
to resist lateral forces acting in the plane of the wall
{sometimes referred to as a vertical diaphragm).
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1.1.5 -— This code does not govern design and instal-
lation of portions of concrete plles, drilled piers, and cais-
sons embedded in ground except for structures in
regions of high seismic risk or assigned to high seis-
mi¢ performance or design categories, See ' 1.7 .
for requirements for concrete piles, drilled piers, and
caissons in structures in regions of high seismic risk
or assigned to high seismic performance or design
categories.

1.1.& — This code does not govern design and con-
struction of soil-supported giabs, unless the slab trans-
mits vertical loads or lateral forces from other portions
of the structure to the soil.

AC1 318 Building Code and Commentary

COMMENTARY

“*Code for Concrete Reactor Vessels and Containments™
reported by ACI-ASME  Commitee 359, {Provides
requirements for the dusign, construction, and use of con-
crete reactor vessely and concrate containment stsucteres for
nuclear power plants.)

R1.1.5 — The design and nstliation of piling fully embed-
ded in the ground s regulated by the generad building code,
For portions of piling in air or water, or in soil not capable
of providing adequate Jateral restraint throughout the piling
length 1o prevent buckling, the design provisions of this
code govern where applicable.

Recommendations for conereie piles are given in detil in
“Recommendaticns for Degign, Manafacture, and Instal-
lation of Conerete PHes” weoorted by ACE Commitice
343, {Provides recommendations for the design and use of
miost types of convrete piles for many hinds of construction.)

Recommendations for drilled piers are given i detait in
“Design and Construction of Drifled Piers™ reported by
ACI Committee 336, ~ (Provides recoramendations for
design and construction of foundation piers 2-1/2 {1 in diam-
cter of larger made by excavating a hole in the xoil and then
filling 1t with concrete.)

Detailed recommendations for procast prestressed conerete piles
are givent in *Recemmended Practice for Design, Mannfac-
ture, and Instatlation of Prestressed Concrete Piling™ pre-
pared by the PCI Commnittce on Prestressed Conerete Piling.

R1.1.6 —— Detailed recommuendations for design and con-
struction of soil-supported slabs and foors that do not trans-
it vortical oads or lateral foroes trom other portions of the
structure to the soil, and residential post-tensioned slabs-on-
ground, are given in the followmg publications:

“Design of Slabs on Grade™ reported by ACIE Committee
300, - (Presents information on the design of slabs on
grade, primarily indostriat floors and the slabs adjacent 10
them. The repurt addvesses the planning, design, and
detatling of the slabs. Background information on the
design theories is followed by discusaion of the soil support
system, loadings, and types of slibs, Design methods are
given for plain concrete. reinforced conerete, shrindage-
compensating concrete, and post-tensioned conerete slabs.}

“Dusign of Post-Tensioned Slabs-on-Ground,” PTT - “ (Pro-
vides recomnwndations for post-tensioned slab-on-ground
foundations. Presents guidelines {or soil investigation, and
design and constraction of post-tensioned residential and
light commercial slabs on expansive or compressible soils.}

2 0%



CHAPTER 2 29

CODE

Basic multistrand anchorage device — Anchorage
device used with multiple strands, bars, or wires, or with
single bars larger than 5/8 in. diameter, that satisfies
18.21.1 and the bearing stress and minimum plate
stiffness requirements of AASHTO Bridge Specifica-
tions, Division |, Articles 9.21.7.2.2 through 9.21.7.2.4.

Bonded tendon — Tendon in which prestressing steel
is bonded to concrete either directly or through
grouting.

Boundary element — Portion aiong structural wall
and structural diaphragm edge strengthened by longi-
tudinal and transverse reinforcement. Boundary
elements do not necessarily require an increase in the
thickness of the wall or diaphragm. Edges of openings
within walls and diaphragms shall be provided with
boundary elements as required by 21.9.6 or 21.11.7.5.
See Chapter 21.

Building official — The officer or other designated
authority charged with the administration and enforce-
ment of this Code, or a duly authorized representative.

Cementitious materials — Materials as specified in
Chapter 3, which have cementing value when used in
concrete either by themselves, such as portland
cement, blended hydraulic cements, and expansive
cement, or such materials in combination with fly ash,
other raw or calcined natural pozzolans, silica fume,
and/or ground granulated blast-furnace slag.

Collector element — Element that acts in axial
tension or compression to transmit earthquake-
induced forces between a structural diaphragm and a
vertical element of the seismic-force-resisting system.
See Chapter 21,

Column — Member with a ratio of height-to-least
lateral dimension exceeding 3 used primarily to
support axial compressive load. For a tapered
member, the least lateral dimension is the average of
the top and bottorm dimensions of the smalier side.

ACI 318 Building Code and Commentary

COMMENTARY

Building official — The term used by many general
building codes to identify the person charged with adminis-
tration and enforcement of provisions of the building code.
Such terms as building commissioner or building inspector
are variations of the title and the term “building official” as
used in this Code, is intended to include those variations, as
well as others that are used in the same sense.

Column — The term “compression member” is used in the
Code to define any member in which the primary stress is
longitudinal compression. Such a member need not be
vertical but may have any orientation in space. Bearing walls,
columns, and pedestals qualify as compression members
under this definition.

The differentiation between columns and walls in the
Code is based on the principal use rather than on arbitrary
relationships of height and cross-sectional dimensions. The
Code, however, permits walls to be designed using the
principles stated for column design (see 14.4), as well as by
the empirical method (see 14.5).

7,009
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Special structural wall — A cast-in-place or Special precast structural wall — The provisions of
precast wall complying with the requirements of 21.10 are intended to result in a special precast structural
21.1.3 through 21.1.7, 21.9, and 21.10, as applicable, wall having minimum strength and toughness equivalent
in acdition to the requirements for erdinary reinforced to that for a special reinforced concrete structural wall of
concrete structural walls. cast-in-place concrete.

Tendon — In pretensioned applications, the tendon is
the prestressing stesl. In post-tensioned applications,
the tendon is a complete assembly consisting of
anchorages, prestressing steel, and sheathing with
coating for unbonded applications or ducts with grout
for bonded applications.

Tension-conirolled section — A cross section in
which the net tensile strain in the extreme tension steel
at nominal strength is greater than or equal to 0.005.

Tie — Loop of reinforcing bar or wire enclosing longi-
tudinal reinforcement. A continuously wound bar or
wire in the form of a circle, rectangle, or other polygon
shape without re-entrant corners is acceptable. See
also Stirrup.

Transfer — Act of transferring stress in prestressing
steel from jacks or pretensioning bed to concrete
member.

Transfer length — Length of embedded pretensioned
strand required to transfer the effective prestress to
the concrete.

Unbonded tendon — Tendon in which the
prestressing steel is prevented from bonding to the
concrete and is free to move relative to the concrete.
The prestressing force is permanently transferred to the
concrete at the tendon ends by the anchorages only.

Vertical wall segment — A segment of a structural
wall, bounded horizontally by two openings or by an
opening and an edge. Wall piers are vertical wall

segments.

Wall — Member, usually vertical, used to enclose or Wall — Openings in walls create vertical and horizontal wl
separate spaces. segments. A horizontal wall segment is shown in Fig. R21.945
Wall pier — A vertical wall segment within a structural Wall pier — Wall piers are vertical wall segments with dimeflswns
wall, bounded horizontally by two openings or by an and reinforcement intended to result in shear demand being Lot
opening and an edge, with ratio of horizontal length to by flexural yielding of the vertical reinforcement in the pier.

wall thickness (¢,,/b,) less than or equal to 6.0, and
ratio of clear height to horizontai length (h,, /2,) greater
than or equal t0 2.0.

2011
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CHAPTER 15 — FOOTINGS

CODE
18.1 — Scope

15.1.1 — Provigions of Chapter 15 shall apply for
design of isolated footings and, where appiicable, o
combined footings and mats.

15.1,.2 — Additional reguirements for design of com-
bined footings and mats are givenin = . |

18,7 - Londs and reaclicons

15.2.1 — Footings shall be proportioned to resist the
factored loads and induced reactions, in accordance
with the appropriate design requirements of this code
and as provided in Chapter 15.

15.2.2 — Base area of fooling or number and arrange-
ment of piles shall be determined from unfactored
forces and moments fransmitted by footing to soil or
piles and permissible soil pressure or permissible pite
capacity determined through principles of soil
meachanics.

15.2.3 - For footings on piles, computations for
moments and shears shall be permitied to be based
on the assumption that the reaction from any pile is
concentrated at pile cenier.

ACI 318 Building Code and Commentary

COMMENTARY
R15.1 — Scope

While the provisions of Chapier 15 apply to isolated (oot-
ings supporting 4 single column or watl, most of the provi-
sions are generally applicable to combined footings and
miats suppotting several columns or walls or a combination
thereof. -

R15.2 w Loads and reactions

Footings are required to be proportioned fo sustain the
applied factored loads and nduced reactions which include
axial loads, moments, and shears that have 1o be resisted at
the base of the Touting or pile cap.

After the permissible soil pressure or the permissible pile
capacity has been determined by principles of soil mechan-
ics and in accord with the general building code, the size of
the base ares of a footing on soil or the number and arronge-
ment of the piles should be established on the basis of
unfactored (service) loads such as D, L., W, and E in what-
ever combination that governs the design.

Onty the computed end moments that exist at the base of a
column (¢ pedestaly necd 1o be transterred to the footing;
the minimum moment reguirerncnt for slenderness consid-
erations givends 7. 7L need not be considered for rang-
fer of forces and moments to footings.

In cases in which eceentrie loads or moments are to be con-
sidered, the extreme soi) pressure or pile reaction obtained
from this loading should be within the permissible values.
Similarly, the resultant reactions dug to service loads com-
bined with moments, shears. or both, caused by wind or
earthquake loads should not exceed the increased values
that may be permitted by the general building code.

To proportion # fosting or pile cap for strength, the eontact
soil pressure or pile resction dee to the applied factored
loading (see . .1} should be detcrmined. For a single con-
centrically toaded spread footing, the soil reaction g, due to
the factored loading is ¢, = U/, where U is the factored
concentric Joad to be resisted by the footing, and A is the
base area of the footing as detcrmined by the principles
stated in - .. using the unfactored loads and the permissi-
ble soil pressure.

g, 15 a calculated reaction to the factored loading used to
produce the same required strength conditions regarding
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CHAPTER 10 — FLEXURE AND AXIAL LOADS

CODE
10.1 — Scope

Provigions of Chapter 10 shall apply for design of
membars subject to flexure or axial loads or to com-
bined flexure and axial loads.

2.1 — Strength design of members for flexure and

axial loads shail be based on assumptiong given in
through . , and on satisfaction of applicable

conditions of equitibrium and compatibilify of sirains.

10.2.2 — Strain in reinforcement and eoncrele shall be
assumed directly proportional to the distance from the
neutral axis, #xcept that, for deep beams as defined in

., an analysis that considers a nonlinear distribu-
tion of strain shall be used. Alternatively, it shali he
permitted to use a strut-and-tie model. See .7, 7
and Appardiv A,

10.2.3 — Maxirum usable shrain at extreme concrete
compression fiber shall be assumed equal to 0.003.

10.2.1 — Btress in reinforcement below £, shall be
taken as £, times steel strain. For strains greater than
that corresponding to £, siress in reinforcement shall
be considered independent of strain and equal 1o £,,.

ACI 318 Building Code and Commentary

COMMENTARY

R19.2 — Design assumptions

R10.2.1 — The strength of a member computed by the
strength design method of the code requires that two basic
conditions be satisfied: (1) siatic equilibrium, and (2) com-
putibility of strains. Equilibrium between the compressive
and tensife forces acting on the cross section at nominal
streagth should be satisfied. Compatibilily between the
stress and strain for the concrele and the reinforcement at
nominal strength comditions should also be established
within the design assumptions allowed by 7.7,

R10.2.2—Many 1ests have confirmed that the distribution of
strain is essentially Hinear across a reinforced concrele cross
section, even near vitimate strength.

The strain in both reinforvement and in conerete is assumed
to be directly proportional to the distance from the neutral
axisz This assumption is of primary importance in design [or
determining the sirain and corresponding stress in the ein-
forcement,

R10.2.3 —- The maximum concrete comprossive strain at
crushing of the concrete has been observed in tests of vari-
ous kinds 1o vary from 0.003 to higher than 0.008 under spe-
cial conditions. However, the strain at which ultimate
moments are developed is usually about 0.003 to 0.0 for
members of normal proportions and materials.

R10.2.4 — For deformed reinforcement, 3t s reasonably
aveurate to assumie that the stress in einforcement is pro-
portional o strain below the specified yield strength £, The
increase in strength due to the effect of sirain hardening of
the reinforcement 1s neglecied for strengih computations. In
strength computations, the force developed in tensile or
compressive reinforcement is computed as,

when £ < & (yield straim)

Afi=AE &
when £ 2 &
Agf =Asf:v
,ee8



E-Codes Zw7 FBc Page 1 of 1

SECTION 1808 PTER AND PILE FOUNDATIONS

%..1808.1 Definitions, The following words and terms shall, for the purposes of this section, have the meanings shown herein.

FLEXURAL LENGTH. Flexural length is the length of the pile from the first point of zero lateral deflection to the underside of the pile cap or grade beam,
MICROPILES. Micropiles are 12-inch-diameter (305 mm) or less bored, grouted-in-place piles incorporating steel pipe (casing) and/or steel reinforcement.
PIER FOUNDATIONS. Pier foundations consist of isolated masonty or cast-in-place concrete structural elements extending into firm matcrials. Piers are relatively short

in comparison to their width, with lengths tess than or equal to 12 times the least horizontal dimension of the picr. Piers derive their load-cartying capacity through skin
friction, through end bearing, or a combination of both.

RBelled piers. Belled piers are cast-in-place concrete piers constructed with a base that is larger than the diameter of the remainder of the pier. The belled base is
designed to increase the load-bearing area of the pier in end bearing,

http://ecodes.cyberregs.com/cgi-exe/cpage.dll?pg=x&rp=/indx/ST/fl/st/b200v07/st {1 st b... 2/21/2013
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SECTION 1812 PIER FOUNDATIONS

%1, 1812.1 General. Isolated and multiple piers used as foundations shall conform to the requirements of Sections 1812.2 through 1812.10, as well as the applicable
provisions of Section 1863.2.

‘7 1812.2 Lateral dimensions and height. The minitmum dimension of iselated piers used as foundations shall be 2 feet (610 mm), and the height shall not exceed 12
times the least horizontal dimension.

http://ecodes.cyberregs.com/cgi-exe/cpage.dll?pg=x&rp=/indx/ST/{1/st/b200v07/st_fl st b... 2/21/2013



tection, for which purpose he shall be afforded the necassary license
to enter the premises where sueh exeavation is to he made,

(d) If there is no astablished curbh grade, the depth of excavation
shall be referred to the level of the ground at the point under con-
sideration. If an existing building or structure, the footings or found-
ations of which are required to he underpinmed or protected, is so
located that the curb grade or level to which it is properly referved
is 8t a higher level than the level to which the excavation is properly
referred, thei such part of the required underpinning or protection
that s necessary due to the difference i these levels shall be made
and maintained at the joint expense of the owner of the bmilding ov
structure and the person causing the excavation to be made. For the
purpose of determining such part of the underpinning, or protection
that is necessary due to such difference in levels, the level to which a
building more than five feet back of the street line is properly
referred shall be considered to be the level of the natural ground
surface adjoining the building or strueture,

(e) A paity wall which is in good condition and otherwise suitable
for continued uge, shall be underpinned or protected as required at
the expense of the person causing the excavation to be made.

(f) Where the necegsary Heense has heen given to the person
making an excavation to enter any adjoining structure for the pur-
pose of underpinning or protecting it, the person receiving such
licgnse shall provide for such adjoining structure adequate protection
against’ injury due to the elements resulting from such entry.

{g) Only approved granular materials shall be used for backfill.
It shall be properly compacted in order to prevent lateral displace-
ments of the soil of the adjoining propeity after the removal of the
shores or braces.

. SECTION 1302 — FOOTINGS AND FOUNDATIONS

1302.1 — GENERAL

Except in the ease of temporary structures or secondary buildings
not over 1 story in height and not exceeding 400 square feet in area,
footings and foundations, unless specifically provided, shall be con-
structed of grillages of sieel, of masonry or of reinforced conerete
(one and two family dwellings may not be required to have reinforced
concrete footings or grillage of steel) in no case less than 12 inches
below grade. Masonry units used in foundation walls and footings
shall be laid up in Type M, 8, ox N mortar, The base arezs of all
Meosu_ﬁ and foundations shall be proportioned as specified in See-
ion 1302.3,

1302.2 — BEARING CAPACITY OF SOIL

(a} Footings shall be so designed that the allowable beaving
capacity of the seil in pounds per square foot as given below shall
not be exceeded unless the particular $6il on which the building is to

13-2
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be placed shows a greater bearing capacity than that specified in this
Soection, under Llests ax provided herein.
BEARING CAPACITIES OF VARIOUS SOQILS

Foundation-bed Pounds per sq. ft.

Soft Clay e ) . 2,000
Firm Clay : 3,000
Wet Sand o 4,000
Sand and elay, mixed or in layers .. e 4,000
Fine and dry sand 4,000
Coarse Sand 4,000

(b} Where the bearing capacity of the soil is not definitely known
or is in question, the Building Official may require load tests or other
adequate proof as to the permissibie safe bearing capacity at that
particular location. To determine the safe bearing capacily of soil,
it shall be tested at such locations and leveles as conditions warrant,
by loading an area not less than 4 square feet to not less than twice
the maximum bearing eapacity desired for use. Such double load
shall be sustained by the seil for a period of not less than 48 hours
with no additional settlement taking place, in order that such desired
bearing capacity may be used. Examination of sub-soil conditions

shall be madeé at the expense of the owner, when deemed necessary

by the Building Official.

(e} Foundations shall be built upon natural solid ground. Where
solid natural ground does not occur at the foundation depth, such
foundations shall be extended down to matural solid ground or piles
shall be uséd. Foundations may be built upon mechanically compacted
earth or fill material subject to approval by the Building Official
upon submittal of evidence that proposed load wili be adequataly
supported.

{d) Where footings are supported by seils of widely different
bearing capacity, the allowable bearing values of the more yielding
soil shall be rednced or special provisions shall be made in the design
to prevent serious differential settlements.

(e) When it is definitely lnown the top or sub-soils are of a
shifting or moving character, all footings shall be carried to a suf-
ficiemt depth to insure stability. The excavation around piers shall be
back filled with soils or materfals which are not subject to such ex-
pansion or contraction.

1802.3 — FOOTING DESIGN

(a) The base area of ths footings of all huildings shall be de-
signed in the following manner; The area of the footing which has the
largest percentage of live load to total load shall be determined by
dividing the total load by the allowable soil load. From the area thus
obtained the dead load soil pressure of such footing is determined and
the areas of all other footings of the building shall be determined
on the basis of their respective dead loads only and such dead load

18-3



sized shaft. The dismeter of tapered or step-taperved piles cast-in-
place shall be not Tess than 8” at the point and shall have an average
dinmoler of nol less than L1 Tho dinmeter of piles enil-in=plica
without permanent steel shells shall be not less than 14”.

(d) No precast concrete pile shall be driven before the concrete
has atfained a compressive strength at least 8,000 Ibs. per sq. inm., but
in all cases concrete shall be sufficiently cured to attain the ultimate
strength upon which its use is based, before piles are driven. Such
piles shall be reinforced to withstand conditions of handling, driving,
and loading, and shall be so handled and driven as not to cause
injury or overstressing which will affect their durability or strength.
Precast concrete piles shall have a diameter of not lesg than 10
inches.

(e) Pile reinforcement when required shall have & prolective
covering of not less than 1%" of concrete except that where a pile
has & metal casing, reinforcement shall be kept not less then 1 inch
clear of such exterior casing. Reinforcing for cast-in-place concrete
piles shall be considered necessary only when uplift, unbalanced
lateral forces, or unsupported lengths (see Sec. 1303.1 (b) are to be
eonsiderad. .

1303.4 — WOOD PILES

(a) Wood piles used to support permanent stiuetures shali be
pressure impregnated with coal tar creosote to a minimum final
retention of 12 lbs. per cu. It in accordance with Appendix “C",
unless it is established that the cut-off on untreated wood piles will
be below lowest ground-water Ievel assumed to exist daring the life
of the structure. The treated pile cut-off shall have at least two
(2) successive coats of hot creosote liberally applied and 1) be en-
cased in masonry footings so that no part of the pile will be exposed
to the air or 2) the cut-off shall be exposed and accessible for in-
spection. The cut-off on all wood piles shall be along a horizontal
plane.

(b} The minimum acceptable standards for wood piles in Class
B, “Specification for Round Timber Piles, ASTM D25-58.” The mini-
mun size of all wood piles shall be at least equal to Clags B pile
with the following exceptions: 1) Piles having a length of twenty (20)
feet or less may have a minimum diameter of ten (10) inches located
three (3) feet from butt. 2) Piles used to support five (5) tons or
less shall measure at least eight (8) inches in smallest diameter at
cut-off and six (6) inches in smallest diameter at the tip.

(¢} The maximum allowable load on a timber pile shall meet
the requirements of Section 1308.1(b) provided that the design load
dees not cause a stress in the timber beyond the following limits:
1200 lbs, per sq. in. on piles of Southern pine, Douglas Fir, Cypress,
Qak, or any wood of comparable strength; 850 1bs. per sq. in. on
piles of Cedar, Morway Pine, Spruce or any wood of comparable
strength. Wood piles designed to suppert a load in excess of forty
{40) tons shall be tested in accordance with Section 1303.6.
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13035 — SPECIAL TYPES OF PILES

The use af types of piles not speeifically mentioned herein, and
Lhe use of piles under conditiony ngl speeifiently covered herein, may
be permitied, subjeet to the approval of the Building Official, npen
the submission of acceptable test data, ealculations and other infor-
mation relating to the structural properties and/or load-carrying
capacity of such piles. Prior to giving such approval, the Building
Officiel may roquire any informsation or demonstrations which he
deems necessary for the determination of the adeguacy of the design
or of the suitability of the method of installation. In no case, how-
ever, shall the allowable load exceed the limitations specified in the
various subsections of Section 1303.

1303.6 — TEST OF PILES

{a) When greater Joads per pile than permitted by Section 1303.1
{b} are desired, or when the design load for any pile foundation is
in doubt, control-test piles shall be tested in each area by maintain-
ing constant load under increasing settlements. The vesulting allow-
able load shall be not more than one-half of that test load which
wDroduces a permanent net settlement per ton of fest load of not more
sthan 0.01”, but in no c¢ase more than one-half inech. In subsequent
driving of the balance of foundation piles, all piles shall be deemed
to have a supporting capacity equal to the control-pile, when the
rate of penetration of such piles is equal to or less than that of the
control pile through a comparable driving distanece. At least one test
pile shall be driven and test loaded in each area of uniform founda-
tion materials and additional piles shall be driven and test loaded
if deemed necessary to establish safe pile loading. .

. (b) When any doubt exists ag to the safe load-carrying capacity
of any pile the Building Official may order a loading test to be made
on the pile. Subject to the limitations prescribed in the various
sub-seetions of Section 1308, the allowable pile load shall be deter-
mined asg prescribed in the foregoing paragraph.

SECTION 1304 — CAISSONS

The footings of any structuwre may be carried down to a firm
foundation by isolated piers of reinforced conerete or by open or
pneumatic caissons either with or without enlarged base or bhell at
the bottom. The safe carrying capacity of such shafts or caissons
shall not exceed the allowable unit bearing capacity of the soil mul-
tiplied by the area of the base or bell at bottom, provided such bell
sha]l have at least 12 inch thickness of concrete 2t its edge and the
sides ghall slope at an angle of not less than 60 deprees with the
horizontal unless of approved design properly reinforced. In mo case
ghall such piers ba of less than 2 feet minimum hovizontal dimension.
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TABLE 2 — MORTAR PROPORTIONS BY VOLUME*

" i Measured §
Mertar oS o R A Dt Bt I
i Cu. Ft, Lo, FL. Cu- Ft, fu. Ft.
1 None h
M 1 1 None
i None O.c.mu.«w#
5 ta Not less than 234 and
Y 1 None not more than & times
1 None Over % the sum of the volumes
N to 1 of cement and lime
. None 1 None used.
1 None Over 1
o tc 2

* For the purpose of these specifications, the weight of one cubic
foot of the respective materials used shall be considered to be as
follows:

Portland Cement : 34 pounds
Masonry Cement ....cocoeccsccrannnnWeight printed on bag
Hydrated Lime ...... 40 pounds
Lime Putiy (Quicklime) : 80 pounds
Sand, damp and loose .. . 80 pounds of dry sand

TABLE § — TYPES OF MORTAR REQUIRED
Type of Masonry Types of Mortar

) Permitted
Foundations: (below grade masonry)

Footings or 8

Walls of Solid Units ;Sor N

Walls of Hellow Units or 8

Hollow Walls or 8

Masonry Other Than Foundation Masomry
Piers of Solid Masonry
Piers of Hollow Units
Walls of Solid Masenry
Walls of Hollow Masonry
Hollow Walls and Cavity Walls
(2) Design Wind Pressure Excesds

2z

RRER EERE
Q

wng w
RzUR
[=]

zg

. . 20 psf, Mor 3
(b) Design Wind Dressure 20
psf .or less. M,Sor N

Glass Block Masonry M, SorN
Non-Bearing Partition and Fireproofing M, S, N, O or Gypsum

Gypsum Partition Tile or Block Gypsum o

Pire Brick Refractory Air Setting
Mortar

Masonyy Other Than Above M,Sor N
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1402,13 ~~ CERAMIC TILE

(#) Ceramic tile units shatl be ns defined in “Definitivn of Terms
Relating to Ceramic - Whitewares and TRolated Products, ASTM
0242-60,” and shall be of a quality at least equal to that vequired by
“Federal Specification SS-T-308h,” and shall be graded and marler
in conformance with “United States Department of Commerce Sim-
plified Practice Recommendation R61-61.”

(b) Ceramic Tile set in cement mortay shall be installed in
accordance with “Glazed Ceramic Wall Tile Ingtalled in Portland
Cement Mortar, USASY A108.1-196'"; “Ceramic Mosaic Tile Installed
in Portland Cement Mortar, USAST A108.2-1967"; “Quarry and Pavers
Tile Installed in Portland Cement Mortar, USASI A108.3-1967"

With mortar mixes ay specified therein for particular uses.

{¢) Organie adhesives to be used in installing ceramie tile shall
conform to requirements of “Water Resistant Organic Adhesives for
Installation of Clay Tile, U, 8. Department of Commerce, Commetreinl
Standard 181-52.” :

{d) Ceramic file set in dry-set mortar shall be installed in ac-
cordance with “Ceramic Tile Installed in Dry-Set Portland Cement
Mortar, USASI A108,5-1967,” and the dry-set mortar shall conform
Mﬁw 38%333% of “Dry-Sei Portland Cement Mortar, USASI

.1-1967."

SECTION 1403 — WORKING STRESSES

1403.1 — GENERAL REQUIREMENTS

(a) In determining the stresses in masonry, the effects of all
loads and conditions of loading and the influence of all forces affect-
ing the design and strength of the several parts shall be taken into
account.,

(b) The thickness of masonry walls shall be sufficient ot al]
points fo withstand all vertical and horizontal loads as specified in
Chapter XII, Minimum Design Loads.

(c) Stresses shall be calculated on actual vather than nominal
dimensions,

{d) The maximum allowable stresses in masonty-shall not exceed
those set out in this chapter, unless it ean he determined by accepted
engineering analysis that the design meets all safety requirements;
see Sections 1403.3, 1403.7 and 1411.1

1403.2 - WORKING STRESSES IN UNREINFORCED MASONRY

. Except as permitted in other sections of this Code, the compres-
sive stresses in unreinforeed masonry shall not exceed the wvalues
given in Table 4.
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fire-resistance requirements of Chapter X and are 5o anchored to the
structural frame as to insure adequate lateral support and rosistance
to wind or other lateral forces (See Section (08.3).

1404.4 — FOUNDATION WALLS
See Section 1302.5.

SECTION 1405 — LATERAL SUPPORT

1405.1 — EXTERIOR WALLS

= Exterior masonry walls, whather they be bearing or non-bearing
shall be supported either horizomtally or vertiesily {whichever dis-
tance is‘the lesser) at zight angles to the face of the wall at in-
tervals not exceeding those shown in Table 5 except that an additional
6 feet will be permitted for gables in vesidential struetures and
private gavages that do not exceed one story in height. (See See-
tion 1408.7.)

TABLE § — LATERAL SUPPORT-EXTERIOR WALLS

Maximum Ratic of Unsupported

Type of Masonry Height or Length to Thickness
Mortar Type M ] N 4]
Grouted Brick Masonry ... 22 22 22 —_

Plain Seolid Masonry .. e rereeeerere 20 20 20 18

Hollow Unit Masonxy . wsasrimecaree 18 18 18 iz
Masonry Bonded Hollow Walls........ 18 18 13 _—
Cavity -Walls¥* 18 18 18 o

*In computing the ratio for eavity .de.:m the value for thickness
shall be the sum of the nominal thickness of the inner and oufer

wythes.
1405.2 — BEARING PARTITIONS

Masonry hearing partitions shali he supported either vertically
or horizontally (whichever distance is the lesser) at right angles to
the face of the wall at intervals not exceeding 24 times the Wwall
thickness for solid masonry umits, and 20 times the wall thickness
for hollow masonry units when laid in Type M, 8 or N mrortar. Gyp-
sum partition tile or block shall not be used in bearing walla. (See
Seetion 1403.7.) -

1405.3 — NON-BEARING PARTITIONS

{a) Non-bhearing partitiens shall be supported- either vertically ox
herizentally (whichever distance is the lesser) at right angles to the
face of the wall at intervals not exceeding 45 times the nominal wall
thickness exclusive of plaster. (See Section 1408.7.)
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(k) Gypsum partition tile shall not be used for partitions to re-
coive portland cement plaster, eeramie tile, marble or structural glass,
unless self-furring metal lath is placed over the gypsum tile. Gypsum
partition tile or block shall not be used where they will be subjected
to continuous dampness.

(c) Only gypsum cement mortar shall be used in the erection of
gypsum partition iile or block.

1405.4 — METHOD OF SUPPORT

(a) Lateral support shall be provided by intersecting walls,
pilagters, columng, or other vertical members of sufficient strength
to provide the required support when the distance is measured hori-
zontally; or by fleors, roofs, or other horizontal structural elements
which are of sufficient strength to provide the required support when
the distance is measured vertically.

(b) Sufficient bonding or anchorage shall be provided between
the walls and its supports to resist the assumed wind or other hori-
zontal forces acting either inward or outward. All structural elements

« relied upon for lateral support shall have sufficient strength and
t  stability to transfer the horizontal foree acting in either direction to

adjacent structural members or to the ground. When ficors ov.yoofs
are depended upon for receiving hoxizontal forces, provisions shall be
made in the buildings to transfer the lateral forces to the ground.

. {¢) When horizontal structural elements of & building (such as
floors, roof, spandrel beams) are depended upon for lateral support,
vertical bracing of bearing or non-bearing walls shall also he pro-
vided at intervals of not more than 75 times the wall thickness. Such
vertical bracing:may be provided by cross-walls, pilasters, buttresses
or other equivalent structural members. ‘

14055 — PILASTERS

" When relied upon to provide the required lateral support, the
width of pilasters shall be not less than one-tenth (1/10) the spaces
between such pilasters. All pilasters shall be not less than four (4)
inches thicker than the wall supported. In no case shall the distance
between such pilasters exceed the lateral support provisions of Table
b.

1405 .6 — PIERS

The unsupported height of masonry pilers shall not exceed 10
times tHeir, least dimension. When structural clay tile or hollow
concrete masonry units are used for isolated piers to support beams
and, girders, the cellular spaces shall be filled solidly with concrete
or Type M or S mortar, except that unfilled hollow piers may be
used if their unsupported height ig not more than 4 times their least
dimension. When hollow masenry units are solidly filled with con-
crete or Type M, S or N mortar, the allowable compressive stress
~may be increased as provided for in Table p.ﬁ
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" (b} Al stumps and roots shall be vemoved from the soil to a
depth of at least twelve (12) inches. '

1701.2 —REMOYAL OF DEBRIS

After all work is completed, loose wood and débris shall be com-
pletely removed from all spaces under the building. All weod forms
and supports shall be completay removed, Loose or easual wood shall
not be stored in contact with the ground under any building.

1701.3 — FOUNDATIONS

Foundations shall be designed and constructed In accordance with
the provisions of Section 1302, Where spot plers are used, unless
properly designed, spacing of such piers shall not exceed eight (8)
feet center to center.

1701.4 — MUD SILLS

A one-story building, except a dwelling, which does not exceed
800 square feet in arez mey be construeted without masonry or re-
inforced concrete foundatiom, provided such building is placed on a
sill of approved wood of natural decay resistance or pressure treated
wood. No mud sills shall be less than nominal two by six inches (2x6)
ox three by four inches (3x4) in eross-section, -

- SECTION 1702 — PROTECTION AGAINST Umm>< AND TERMITES

1702.1 — WOOD SUPPORTS EMBEDDED IN GROUND

‘Where wood is embedded in the gxound for support of permanent
structures, it shall have an approved pressurs preservative freatment,
except where continuously below the ground-water line or eontinuously
submerged in fresh water.

1702.2 — UNEXCAVATED SPACES

When wood joists or the bottom of wood structural floors with-
out joists are closer than 18 inches, or wood girders are closer than
12 ineches to exposed ground located within the periphery of the
building over crawl space or unexcavated areas, they shall be ap-
proved wood of natural decay resistance, or pressure treated wood.

17023 — SILLS ON EXTERIOR WALLS

All sills which rest on concrete or masonry exterior walls and
are less than 8 inches from exposed earth shall be of approved wood
of natural decay resistance or pressure treated wood, :

1702.4 — SLEEPERS AND SILLS ON CONCRETE SLAB

Sleepers and sills on concrete or masonry slabs which are in
direct contact with the earth shall be of approved wood of natural
decay resistance or pressure treated wood,
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1702.5 — BASEMENT POSTS

Wood posts or columns in basements shall be supported by piers
projecting at least two inches above the finish floor nnd separated
therefrom by an approved impervious barrier except when approved
wood of natural decay resistance or pressure treated wood is used.
Posts or columns used in damp loeations below grade shall ba of
approved wood of natural decay resistance or pressure treated wood.

1702.6 — GIRDERS ENTERING MASONRY WALLS

Ends of wood girders entering masonry or conerete walls shall
be provided with a Z%-inch air space on tops, sides and ends unless
approved wood of natural decay resistance or pressure treated wood
is used. 0

1702.7 — CLEARANCE BETWEEN SIDING AND EARTH

Clearance between wood siding and earth on the exterior of a
building shall be not less than six (6) inches. :

1702.8 — CRAWL SPACE VENTILATION
Crawl spaces under buildings without basements shall be ven-

;tilated in accordance with Seetion 1802.5(d). - :

1702.9 — APPROVED WOOD OF NATURAL RESISTANCE

() ‘Approved wood for natural resistance to decay shell be all
heartwood of bald ecypress, black locust, black walnut, catalpa, and
cedars, chestnut, osage orange, red mulberry, redwood and white oak.

(b) Approved wood for natural resistance to termites shall be all
heartwood of bald cypress, redwood or Bastern red cedar.

1702,10 — APPROVED PRESSURE PRESERVATIVE

TREATMENT

The Standards of mro American Wood wnommﬁawm ,Pmmo&nﬂol and
w&o American Wood Preservers Institute shall be deemed as approved
in respeet to Pressure treated lumber, ’

1702.11 — APPROVED PRE-CONSTRUCTION SOIL TREATMENT

The Standards of the National Pest Control Association shall be
deemed as approved in respect o pre-construetion soil treatment
for protection against termites.

170212 — SPECIAL TERMITE PROTECTION

In territories where hazard of termite damage is known to be
very heavy the building official may require floor framing of ter-
mite resistant wood, pressure treated wood, soil treatment or other
approved methods of termite protection.
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