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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

The purpose of this document is to guide the licensed
design professional (LDP) in determining the information
a reinforcing steel detailer requires to properly prepare rein-
forcing steel fabrication details and placing drawings. Guid-
ance to the LDP is provided on how to present that informa-
tion on their structural drawings so that the design intent is
effectively and accurately conveyed.

The intent of this guide is to encourage clarity and consis-
tency in reinforcing steel design details to help improve
the quality and uniformity of steel reinforcement detailing,
fabrication, and installation. It is intended to facilitate clear
communication between LDPs, reinforcing steel detailers,
fabricators, and placers by encouraging clear presentation
of design details and information. Information presented is
consistent with the requirements and recommendations of
several ACI documents, including ACI 318, ACI 301, ACI
117, ACI 131.1R, and ACI 132R.

1.2—Scope

This guide provides general and specific information, as
well as illustrative design details that are required for steel-
reinforced concrete members such as slabs, beams, and
columns. The importance of this information is emphasized
to ensure that the reinforcing steel detailer effectively and
accurately captures the intent of the LDP, and presents it in a
manner that is clear and unambiguous to the reinforcing steel
fabricator and placer. Recommendations are also provided
concerning the review of placing drawings by the LDP.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

A, = gross area of concrete section, in.> (mm?) where for
a hollow section, A4, is the area of the concrete only
and does not include the area of the void(s)

d.ee = mnominal maximum size of coarse aggregate, in. (mm)

d, = nominal diameter of bar or wire, in. (mm)

f.! = specified compressive strength of concrete, psi
(MPa)

fy = specified yield strength for nonprestressed rein-

forcement, psi (MPa)

h = overall thickness, height, or depth of member, in.
(mm)
{; = development length in tension of deformed bar,

deformed wire, or plain and deformed welded wire
reinforcement, in. (mm)

{y; = development length in tension of deformed bar or
deformed wire with a standard hook, measured
from outside end of hook, point of tangency, toward
critical section, in. (mm)

l.w = straight extension at the end of a standard hook, in.
(mm)
V, = factored shear force

2.2—Definitions

ACI provides a comprehensive list of definitions through
an online resource, ACI Concrete Terminology. The defini-
tions provided herein complement that resource.

design details—drawings or other information presented
by the licensed design professional (LDP) defining steel
reinforcement sizes, locations, clearances, splices, geom-
etry, points of termination, relationships, and tolerances.

detailer—person, firm, or corporation producing the rein-
forcing steel fabrication details and placing drawings based
on the design drawings and design details for the structure.

detailing—the process of determining fabrication details
based on design details.

fabrication details—dimensions and geometry of steel
reinforcement determined for fabrication.

fabricator—person, firm, or corporation producing the
reinforcing steel cut and bent to needed dimensions and
geometry.

federated model—a building information model (BIM)
that electronically links, but does not merge, single-disci-
pline models together for analysis or presentation; the model
databases remain distinct and are not combined into a single
database.

placing drawings—detailed drawings that give the quan-
tity, size, dimensions, spacing, locations, and other informa-
tion required for reinforcement fabrication and installation.

CHAPTER 3—GENERAL CONSIDERATIONS

3.1—Building information modeling (BIM)

3.1.1 Introduction to BIM—Building information
modeling is a three-dimensional process used to generate
and manage digital models of buildings and other structures.

A, = total area of nonprestressed longitudinal reinforce- This process is used by those who plan, design, and build
ment, including bars or steel shapes and excluding structures, as well as those who manage these facilities. The
prestressing reinforcement, in.> (mm?) process involves creating and maintaining intelligent models

b = width of member, in. (mm) with attributes that represent characteristics of a facility and

d = distance from extreme compression fiber to centroid contain parametric data about the elements wﬂﬂﬁeuments

of tension reinforcement, in. (mm) Many software packages exist thit 11l ithiﬁ 612t‘ijﬂqgﬂitti§ﬂaring Hub
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of BIM; each of these have distinct advantages to varying
elements of the life cycle of a facility, from its design to
construction through operation.

Although the focus of most BIM discussions center on the
three-dimensional virtual model, the parametric data is of
equal importance. The following is from the National BIM
Standard-United States™ (NBIMS-US™ 2015):

Building Information Model: Is the DIGITAL
REPRESENTATION of physical and functional
characteristics of a facility. As such it serves as a
shared knowledge resource for information about
a facility, forming a reliable basis for decisions
during its life cycle from inception onwards.

In general, what makes BIM different than simple three-
dimensional modeling is more information; not only is it a
virtual mockup of a structure, but also a relational database
of information.

A building information model is applied to the details of
concrete reinforcement in the design and construction phases
of a structure. In the design phase, BIM is often used by
the design team to define the physical characteristics of the
concrete to be reinforced by defining concrete edges in phys-
ical space, and reinforcement information using either data
within the concrete elements or physical representations of
the reinforcement. During the construction phase, concrete
geometry is often further developed to the level required for
construction, and reinforcement is defined to a level from
which it can be fabricated and installed. The definition of the
level of modeling, which is known as the Level of Develop-
ment (LOD), is a key concept described as follows.

3.1.2 Level of Development—The content and reliability of
a BIM is defined by an industry standard referred to as the
Level of Development (LOD). The American Institute of
Architects (AIA) and BIMForum have developed an LOD
specification (2016) to standardize these definitions. The
specification enables BIM stakeholders to specify and discuss
with precision the content and reliability of models at different
stages of the design and construction process. The LOD speci-
fication incorporates the AIA definition from the AIA G202"™'-
2013 form and is organized in The Construction Specifica-
tions Institute (CSI) UniFormat™ (2010), which defines the
important properties of model elements at various levels of
development. This establishes a framework that allows model
creators and users to establish reliable uses for the model. The
intent of the specification is strictly to facilitate communi-
cation; it does not establish or prescribe what LOD is to be
attained at any specific point in the project.

For example, in the construction phase, the concrete geom-
etry is defined to a construction level of at least LOD 300 or
350, and the reinforcement is defined to LOD 350 to 400 to
assure proper fabrication and placement (CSI UniFormat™
2010). Many structural design models produced are not able
to provide this level of detail for reinforcing steel.

3.1.3 Benefits and challenges of BIM—The technology of
building construction and the preparation of documents for
construction is rapidly evolving. All stakeholders should be

American Concrete Institute — Copyrighted © Material — www.concrete.org
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aware of the potential benefits and wary of potential chal-
lenges in using new or evolving technology.

Licensed design professionals who are using BIM will,
in most cases, be focused on developing models for the
primary purpose of design rather than construction. Conse-
quently, downstream users of design models should be wary
that the information found in them might not be developed
to the level required for their purposes.

The benefits of BIM accrue at all stages of a project to all
stakeholders, including the owner, owner’s representative,
construction manager, contractors, subcontractors, material
and equipment suppliers, and designers. The manner of BIM
implementation can be tailored to the nature of the project,
nature of the owner, delivery method, and delivery time
available. Potential benefits include:

3.1.3.1 Design and detailing—

a) Better visualization, especially when dealing with
complex structures

b) Improved coordination between trades through infor-
mation sharing, which is one goal of a BIM process

¢) Ability to rapidly compare alternatives

d) Improved communications and efficiency and reduced
errors through:

1) Detecting and addressing issues earlier in the design
process, thereby reducing the number of requests for infor-
mation (RFIs) and issues in the field

2) Clearer communication of structural geometry and
design intent from the LDP to the reinforcement detailer
than what would be possible using traditional two-dimen-
sional documents

3) Reinforcing details presented in three dimensions at a
construction LOD

4) Better communication of reinforcement fabrication and
placement information with downstream entities

3.1.3.2 Construction—Enhanced project visualization
made possible by having full building models and related
information readily available

a) More accurate material takeoffs, leading to less waste
and reduced overall project costs

b) Improved project coordination, clash detection, and
resolution achieved by combining three-dimensional models
from various subcontractors into a single federated model

¢) Validate the work sequence or progress with four-
dimensional models created by the intelligent linking of
individual three-dimensional components or assemblies
with time- or schedule-related information

d) Increased change management so stakeholders better
understand the impacts associated with them

3.1.3.3 Operation

a) Better ‘as-built’ documentation than conventional two-
dimensional drawings, leading to easier remodels, rebuilds,
and additions

b) Improved management of a building’s life cycle
achieved by using the three-dimensional model as a central
database of all the building’s systems and components

¢) Enhanced tracking of building performance and main-

tenance needs DOC um ents
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3.1.4 IFC files and BIM file transfers—Numerous BIM
software packages exist that can define concrete geometry
and data, detailing reinforcement, or both. Most BIM soft-
ware is compatible with an open file format specification
known as the Industry Foundation Classes (IFC) data models
(ISO 16739:2013). This is an object-based file format that
allows ease of interoperability between software platforms.
Industry Foundation Classes files can be exported from,
and imported into, most BIM software platforms, allowing
model content and data created in different software to be
viewed and used in other software.

In addition to IFC data file transfers, which can be brought
directly into a building information model, there are many
other electronic deliverable formats available for conveying
model content to other stakeholders. Many programs
share information-rich models securely, accurately, and in
a relevant context that can be viewed on a variety of plat-
forms—from desktop computers to hand-held tablets and
smartphones. There are also various types of two- and three-
dimensional PDF documents that can be used.

3.1.5 State of the technology—Building information
modeling began in the late 1990s. One characteristic that
makes BIM superior to past technologies is the ability to
change and evolve with newly developing technologies that
are providing an ever-increasing level of detail and volume of
information. Building information modeling use varies with
companies, industry segments, and regions, and is continu-
ally expanding. The introduction and development of tech-
nology for mobile access to data and the documentation of
field conditions is shaping the development of BIM methods
and capabilities for the future. A major focus for the evolution
of BIM is improving the ability of different users applying
different tools to readily use the database information.
Although most BIM software packages are compatible with
opening IFC format databases, each interprets the data differ-
ently, which leads to differences and errors when applying this
method. The goal of improved access is not only intended for
designer-to-designer transfer; there has also been much effort
in developing processes for transferring data for downstream
fabrication uses. Structural steel, pipe and duct, and rein-
forcing steel fabricators benefit from the ability to seamlessly
use information from the building information model directly
on the fabrication line of these elements.

Reinforcement placement in the field is being enhanced
through technology in similar ways to others in the reinforcing
market. Using devices such as tablets and smartphones makes
access to BIM, fabrication information, placing drawings,
three-dimensional PDFs, and a host of other electronic data
available on the job site at the point of reinforcement place-
ment. This easy access to information, which in many cases
is bidirectional, is providing a real-time exchange of infor-
mation that ensures the most up-to-date details are installed
correctly, a better visual understanding, and more efficient
tracking of work. From hand-held scanners to smart devices,
field placement crews can also record important information
in real-time by scanning a variety of data from fabrication tags
and other identification markers to track receipt, installation,
location, heat and mill cert information and production rates,

(acis
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Face
cover —‘ e

. End cover

Fig. 3.2.2—Face cover and end cover for reinforcement.

as well as actual installation as-built conditions that can then
be used for documentation, change management, coordina-
tion, and constructability reviews.

3.2—Tolerance considerations

3.2.1 Introduction and ACI 117—ACI 301 requires that
construction tolerances comply with ACI 117. ACI 117
provides tolerances for concrete construction, including
tolerances for concrete forming, reinforcing bar fabrication,
and placement. These tolerances, which can have an effect
on cover, strength, constructability, and serviceability, are
required to make concrete construction physically possible
and economically practical. If more restrictive tolerances are
required than those shown in ACI 117, they should be clearly
indicated in the construction documents.

Note that while welded wire reinforcement (WWR) is
not explicitly referenced in ACI 117, the fabrication toler-
ance information therein is normally applicable to WWR
produced for concrete construction, and is enforced at the
plant level accordingly. Fabrication of WWR styles is carried
out in accordance with ASTM A1064/A1064M with due
consideration for tolerances set forth in ACI 117. Refer to
the Wire Reinforcement Institute manuals WWR-500-R-16
and WWR-600 for additional specifics.

In areas of potential reinforcement congestion, the LDP
should consider combinations of tolerances— namely, rein-
forcing bar fabrication; reinforcing bar placement; clear-
ance and congestion resulting from items such as couplers,
headed bars, and other reinforcing bar accessories; and
formwork. Combinations of tolerances can result in place-
ment conflicts that are not readily resolved in the field. As
an example, bars fabricated to the maximum positive (+)
tolerance could create a conflict with required cover in some
circumstances, or with an embedded element. The design/
construction team should be aware of tolerances and work to
identify and remove conflicts prior to construction.

3.2.2 Concrete cover for reinforcement—ACI 301 and
ACI 318 define concrete cover requirements for reinforce-
ment. Concrete cover as protection of reinforcement against
weather and other effects is measured from the concrete
surface to the outermost surface of the steel to which the
cover requirement applies. ACI 117 defines tolerances for
concrete cover (measured perpendicular to the concrete
surface). There are two measurements for concrete cover, as
shown in Fig. 3.2.2:

(1) Face cover — measured from. the faceD@ﬁm ents

bar to the concrete surface
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(2) End cover — measured from the end of a bar (straight
or hooked) to the concrete surface

Cover values defined by ACI 301 and ACI 318 vary based
on exposure conditions and the concrete element containing
the reinforcement.

Where concrete cover is prescribed for a class of structural
members, it is measured to the:

a) Outer edge of stirrups, ties, or spirals if transverse rein-
forcement encloses main reinforcement

b) Outermost layer of reinforcement if more than one
layer is used without stirrups or ties

¢) Metal end fitting or duct on post-tensioned prestressing
steel

d) Outer edge of mechanical splices

¢) Outermost part of the head on headed bars

The condition, “concrete surfaces exposed to earth or
weather,” in addition to temperature changes, refers to direct
exposure to moisture changes. Slab or thin shell soffits are
not usually considered directly exposed unless subject to
alternate wetting and drying, including that due to condensa-
tion conditions or direct leakage from exposed top surface,
run off, or similar effects.

3.2.3 Spacing of reinforcement—The spacing of rein-
forcement should comply with project drawings with some
exceptions including one or more of the following:

(a) Field conditions

(b) Accumulating tolerances

(¢) Coordination of concrete reinforcement

(d) Other embedded items

ACI 117 definestolerances for the spacing of reinforcement.

The reinforcement spacing tolerance consists of an enve-
lope with an absolute limitation on one side of the enve-
lope determined by the limit on the reduction in distance
between reinforcement. In addition, the allowable tolerance
on spacing should not cause a reduction in the specified area
of reinforcement used.

Designers are cautioned that selecting member sizes that
exactly meet their design requirements might not allow for
reinforcement placement tolerance. This can occur when
laps or intersecting reinforcement elements take up extra
space and, therefore, cannot accommodate the placement
tolerance. Where reinforcement quantities and available
space conflict with spacing requirements, the contractor and
designer might consider bundling a portion of the reinforce-
ment. Bundling of bars requires approval of the designer.

In the case of WWR, where reinforcement styles are
prefabricated with electrical resistance welding, wire
spacing and style squareness are also subject to tolerances
prescribed in ASTM A1064/A1064M.

3.2.4 Reinforcement placement

3.2.4.1 General information—1Just as there are tolerances
in the fabrication of a bar or WWR style, there are also
tolerances in the placement of reinforcement in a concrete
member, creating potential placement tolerance clouds.
Because LDPs and reinforcement detailers could overlook
the impact of placement tolerances on constructability, a few
examples are given herein.

American Concrete Institute — Copyrighted © Material — www.concrete.org
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No. 4 (No. 13) No. 8 (No. 25)
(typ.) (typ.)

14 in.

J 1.5 in. (typ.)

14 in.

Fig. 3.2.4.2a—Column the designer defined. (Note: 1 in. =
25.4 mm.)

14 in.

1.0in.
min. _} , . :
I 1.0 in. min.

14 in.

Fig. 3.2.4.2b—Column that could be placed within the spec-
ified tolerances. (Note: 1 in. = 25.4 mm.)

3.2.4.2 Tolerance cloud—The tolerances for reinforce-
ment location are found in ACI 117. Cover tolerances vary
from 1/4 in. (6 mm) for member sizes of 4 in. (100 mm) or
less to 1 in. (25 mm) when member size is over 2 ft (0.6 m).
The maximum reduction in cover is limited to one-third of
the specified cover. In slabs and walls, the spacing tolerance
is 3 in. (76 mm) for reinforcement other than stirrups and
ties. For example, consider the simple 14 x 14 in. (355 x 355
mm) concrete column shown in Fig. 3.2.4.2a.

The column is reinforced with four No. 8 (No. 25) bars
enclosed within No. 4 (No. 13) ties. Normally, concrete
cover to the ties of this column would be 1-1/2 in. (38 mm).
The cover tolerance is £1/2 in. (13 mm). If the reinforcement
was placed to the minimum tolerance in two directions, the
column could appear as in Fig. 3.2.4.2b.

However, the reinforcement could be placed to minimum
tolerance in any of the four directions. Thus, the placement
tolerance clouds would appear as in Fig. 3.2.4.2c. This could

be a significantly different image thgﬁwmelﬁts

envisioned at the outset.
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Fig. 3.2.4.2c—Column with placement tolerance clouds (1
in. = 25.4 mm).
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Fig. 3.2.4.2d—Wall the designer defined. (Note: 1 in. =
25.4 mm).

For a second example, consider the case of a simple 14 in.
(355 mm)-thick wall reinforced with No. 8 (No. 25) vertical
bars at 12 in. (300 mm) on center each face, and No. 4 (No.
13) horizontal bars at 12 in. (300 mm) on center each face
(Fig. 3.2.4.24).

The outside face cover is 1-1/2 in. (38 mm) and inside face
cover is 3/4 in. (19 mm). The cover tolerance for the bars
on the outside face is 1/2 in. (13 mm). For the inside face
cover, the maximum cover reduction is limited to one-third
of the specified cover, resulting in a cover tolerance of +1/2
or —1/4 in. (+13 or — 6.5 mm). Thus, the outside face cover
could be as little as 1 in. (25 mm) and the inside face cover
as little as 1/2 in. (13 mm) (Fig. 3.2.4.2¢).

Consider that any one of the vertical and horizontal bars
can be located as far as 3 in. (76 mm) either way from its
designated location; the tolerance cloud would appear as in
Fig 3.2.4.2f.

3.2.4.3 Design considerations—Like the fabrication toler-
ance cloud of a single bar, the placement cloud of a group
of placed bars presents a different image than the one prob-
ably envisioned by the designer or reinforcement detailer.
If placement tolerances are factored into the design, they
would realize the available space expected, which is to pass
beam bars through a column or to place a vertical embed in a
wall, might not be what is actually available, especially if the
beam reinforcement and embed considered also have fabri-

(acis
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Inside face

Fig. 3.2.4.2e—Wall that could be placed within the specified
tolerances. (Note: 1 in. = 25.4 mm.)

Outside face

1.0in.
min. l -
B A : . 4 4 : &
fLe ® ®

14

7.75in.
min. clear

Y

T

0.5in. = e
min. _}__.I 2 |
|

8.0in.

<= |14in.

min. clear

Fig. 3.2.4.2—Wall with placement tolerance clouds. (Note:
1lin. =254 mm.)

Inside face

cation and placement tolerances of their own. Awareness of
placement tolerance clouds can lead to design options that
avoid tolerance issues.

3.2.5 Reinforcing bar fabrication

3.2.5.1 General information—The Concrete Reinforcing
Steel Institute (CRSI) Manual of Standard Practice (2017)
list properties of reinforcing bars. Practical limitations of
equipment and production efficiency have led to the estab-
lishment of certain fabrication tolerances that can be met
with standard shop equipment. These standard tolerances
are shown in ACI 117 and the CRSI Manual of Standard
Practice (2017) for both straight and bent bars. Where more
restrictive tolerances are required than those shown in the
referenced figures, they should be clearly indicated in the
contract documents.

3.2.5.2 Restrictive tolerances—Tolerances more restric-
tive than those in ACI 117 should be used sparingly. If more
restrictive tolerances are required, this is generally charac-
terized as special bending by the reinforcing bar fabricator
and requires special arrangements in the production shops.
These special arrangements include, but are not limited to:
additional equipment, modifications to existing equipment,
additional staff, and inspection devices. Special bending is
generally more time-consuming than normal bending, can
be subject to additional costs, and could Cﬁate delaﬁ'lin
material deliveries to the job site. ocu
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@ (a)

() (b)
G G 1 in.

1in.

Fig. 3.2.5.3a: Standard (theoretical) hooked bar with Sides A, B,

Fig. 3.2.5. 3d Hooked bar with +1 :n tolerance envelope on Sides A
and G: (a) plan view, and (b) isometric view

and G, £2.5 deg in-plane e envelope at
Side A and +1in. tolerance envelope on Side B

(a) (@

(b) (b)

25

Fig. 3.2.5.3b: Hooked bar with £1 in. tolerance envelope on Sides A Egﬂaaz";éean!:lo::;d bar wltl'::;;ralnleoleran.ce ?nveloptt:e:f;des
and G .

lope at Sides A and G

(a) (a)

(b)
(b) 150n.,7
3.5in.
Fig. 3.2.5.3f: Hooked bar with #1in. tolerance envzlope on Sides
A, B, and G; +2.5 degrees in-plane angular t welope at
Fig. 3.2. 5d3c Hooked bar with £1 in. mterance envelope on SidesA  Sides A and G; and +2.5 degrees out-of-plane angu!artolerance
and Gand +2.5d in-plane peat envelope at Side G

Side A

Fig. 3.2.5.3—Hooked reinforcing bar tolerances (Birley 2005). (Note: 1 in. = 25.4 mm.)

3.2.5.3 Fabrication tolerance clouds—Licensed design
professionals should be aware of the tolerance cloud that
exists for fabricated reinforcing bar. As a simple example,
consider the fabrication tolerances for a simple reinforcing
bar with 90-degree bends at each end as given by Birley
(2005) (Fig. 3.2.5.3(a)). For the purposes of this example,
assume the bar is a No. 8 (No. 25) and Side A is anchored
in the (idealized) plane ABG. For this bar size, the standard
hook is 16 in. (400 mm) long, and the linear and angular toler-
ances are =1 in. (25 mm) and £2.5 degrees, respectively.

Next, examine the potential effects of these tolerances
(Fig. 3.2.5.3). First, note that Sides A and G can be as short
as 15 in. (380 mm) (red to black zone interface), or as long
as 17 in. (430 mm) (end of blue zone), and still be within
allowable tolerances (Fig. 3.2.5.3(b)).

Because it is assumed Side A is anchored in ABG, there
is no need to consider out-of-plane angular deviation for
Side A. However, in-plane angular deviation will need to be
considered. When this angular deviation of £2.5 degrees is
added to Side A, the tolerance envelope (cloud) will appear
as shown in Fig. 3.2.5.3(¢c). Note that to simplify the illustra-
tions, the effects of angular tolerances are shown as one-bar-
diameter deviations in the position of the ends of the 16 in.
(400 mm) hooks. Actual deviations will be about 70 percent
of a bar diameter.

Next, add the dimensional tolerance of £1 in. (+25 mm) for
Side B as given in (Fig. 3.2.5.3(d)) and the in-plane angular
deviation of +2.5 degrees to Side G in (Fig. 3.2.5.3(e)).
Finally, add the out-of-plane angular deviation of +2.5

degrees to Side G. The resulting tolera%bﬂfnselnvts

in Fig. 3.2.5.3(f).
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Fig. 3.2.5.4a—Reducing tolerance problems by replacing single bar with two lapped bars.
Note that the lap splice shown offset is for clarity only.

3.2.5.4 Design considerations—The fabricated bar
arriving at the construction site can be different from the bar
the LDP or reinforcing bar detailer expected. Keeping this
in mind during design could significantly reduce construc-
tability problems. For instance, if our example bar was
replaced with two hooked bars lapped in the middle (Fig.
3.2.5.4a), the only tolerance that might introduce problems
would be in-plane angular deviation.

Because both hooks could be rotated, there would be
no out-of-plane deviations. Further, because the lap length
could be adjusted slightly in the field, there would be little
chance of problems with the length of Side B.

Consideration of tolerances becomes even more of an
issue when two or more bars are being assembled together
in a structure. In this case, work with the accumulation of
tolerances.

ACI 318-14 Section 25.3 restricts the minimum inside
bend diameter of standard hook geometry for deformed
bars in tension and the minimum inside bend diameters and
standard hook geometry of stirrups, ties, and hoops. Primary
factors affecting the minimum bend diameter are feasibility
of bending without breakage and avoidance of crushing
the concrete inside the bend. ACI 117 tolerance on these
minimum inside bend diameters is —0 in. (-0 mm). Thus,
bars cannot be requested, or expected, to be bent to a tighter
diameter to solve a fit-up or congestion problem. Further-
more, there is not a + tolerance for minimum bend diam-
eter, and the bend diameter can be larger than the minimum
due spring-back and other factors. Design drawings some-
times illustrate hooks wrapping tightly around another bar
with assumed bar positions based on the sum of the required
cover, diameter of one bar, and half diameter of the other bar.
A comparison of that incorrect assumption to the reality with
a 6d, minimum bend diameter is shown in Fig. 3.2.5.4b, and
for larger bars, the minimum bend diameter could be 84, or
10d,.

3.2.6 Forming tolerances

3.2.6.1 General information—The last two sections
discussed tolerance clouds associated with fabrication and
placement of reinforcing bars. While every builder strives
to cast concrete to the precise dimensions indicated by the
designer, reasonable constraints of time, technology, and

(acis
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]

Correct 6d, bend diameter
when placed

Incorrect 1dj, bend diameter
illustrated in drawing

Fig. 3.2.5.4b—Comparison of minimum bend diameter
position effect for a No. 7 (No. 22) bar.

economy make this impractical. Therefore, it is important
for designers to understand the forming tolerances associ-
ated with concrete construction.

3.2.6.2 Forming tolerance clouds—Tolerances for
forming concrete are found in ACI 117. The tolerances for
cross-sectional dimensions of cast-in-place members vary
with the overall dimension. Using the example from Section
3.2.420fal4x 14 in. (355 x 355 mm) column, the tolerance
is +1/2 in. or =3/8 in. (+13 mm or —10 mm). Ignoring vertical
alignment, this produces the forming tolerance cloud shown
in Fig. 3.2.6.2a, with a column having acceptable dimen-
sions as large as 14-1/2 x 14-1/2 in. (368 x 368 mm) or as
small as 13-5/8 x 13-5/8 in. (346 x 346 mm).

While it is highly unlikely that these small variations
would create any constructability or design concerns with
everything else being perfect, a different scenario arises
when they are considered in conjunction with other possible
tolerances.

With 1-1/2 in. (38 mm) cover, the design width for the
column ties is 11 in. (280 mm), and the tolerance is +1/2 in.
(19 mm). Combining the maximum acceptable tie dimen-
sions with the minimum acceptable column dimensions
produces the configuration shown in Fig. 3.2.6.2b. With
the reinforcing cage centered, the cover is reduced from the
design value of 1-1/2 in. to 1-1/16 in. (38 mm to 27 mm) on
all four sides. Recalling that the placement tolerances allow
the cover to decrease to 1 in. (25 mm) minimum, the cage
should be placed within £1/16 in. (1.6 mm) of the center
of the column in both directions if it is to meet tolerance

requirements. Considering the straightness ) iycbgiyiénts

forms, this could be difficult for the =cniractor.
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= . .
b Y
4
sein | o [14in
1/4 in. '
e [
A
<
13 5/8 in. (min.)
14 in. (Design)

14 1/2 in. (max.)

Fig. 3.2.6.2a—Forming tolerance cloud for the column.
(Note: 1 in. = 25.4 mm.)

No. 4 (No. 13) No. 8 (No. 25)
(typ.) (typ.)
13 5/8 in.
(min.)

11/16in.—$

T 11 1/2 in. (max.)
11/16 in.

f—

13 5/8 in. (min.)

Fig. 3.2.6.2b—Combining the maximum acceptable tie
dimensions with the minimum acceptable column dimen-
sions effectively limits placing tolerances to £1/16 in. (£2
mm). (Note: 1 in. = 25.4 mm.)

For the example of a 14 in. (355 mm)-thick wall that was
discussed in previous sections, the situation is somewhat
different because there are no tie tolerances to contend with.
However, as seen in the following example, other issues
arise that should be dealt with. The forming tolerance for
the wall thickness allows the wall to be between 14-1/2 and
13-5/8 in. (368 and 346 mm) thick, as shown in Fig. 3.2.6.2c.

Reinforcement placement tolerances allow the 1-1/2 in.
(38 mm) design cover on the outside face to be between 1
and 2 in. (25 and 50 mm) and the 3/4 in. (19 mm) design
cover on the inside face to be between 1/2 and 1-1/4 in. (13
and 32 mm). The minimum wall thickness combined with
the maximum cover on the outside face reinforcing is shown
in Fig. 3.2.6.2d.

In this case, the original effective depth of 12 in. (250 mm)
for the vertical No. 8 (No. 25) bars on the outside face has
decreased to only 11-1/8 in. (282 mm). Assuming 4000
psi (25.6 MPa) concrete and Grade 60 reinforcement, this
reduction in effective depth would result in a decrease in
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Outside face
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Fig. 3.2.6.2c—Forming tolerance cloud for the wall. (Note:
lin. =254 mm.)

Outside face
2in No. 4 (No. 13) No. 8 (No. 25)
(ma;(.) (typ.) (typ.)
P N
! T4 ' * | g E
<> : ’ = ; < Q| £
: - =
; : - ©
1140 LT : : . Ly
(max.) _' ‘ ‘
- ) ; % <
T Inside face

Fig. 3.2.6.2d—Minimum acceptable wall thickness and
maximum acceptable cover combine to produce an effective
depth for outside face vertical bars violating ACI 318 toler-
ances (1 in. = 25.4 mm).

nominal moment capacity from the original 45.1 kip-ft/ft
(200 kNm/m) to 41.6 kip-ft/ft (185 kNm/m)—a 7.7 percent
reduction due to forming and placement tolerances alone.
The effect on moment strength would be even more drastic
for thinner walls. To guard against this, Section 26.6.2.1(a)
of ACI 318-14 places a tolerance on effective depth d of +3/8
in. (10 mm) for d < 8 in. (200 mm) and £1/2 in. (13 mm)
for d > 8 in. (200 mm). These tolerances would produce a
4.4 percent reduction in nominal moment strength for the
example wall considered herein; however, designers should
realize that effective depth is not checked in the field. Rein-
forcement is placed and tolerances checked relative to the
formwork surfaces.

3.2.7 Confined reinforcing bars—Confined reinforcing
bars add one more level of complexity to the tolerance issues
described in previous sections. In the context of detailing
and placing reinforcing steel, a confined bar is one that is
restricted by face cover requirements at both ends. The best
example of a confined reinforcing bar is a bar with hooks at
each end, as would be seen in an elevated beam as shown in
Fig. 3.2.7a.

On the surface, this does not seem to be significant, other
than the tolerance issues previously discussed. However,
when considering that in most cases there is adjacent rein-
forcement for a beam, column, or wall, and that this double-
hooked bar needs to fit within, the sityation becomes much
more complicated as shown in Fig. 3. cuments
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Fig. 3.2.7a—Single bar with hook at both ends.

Cover

Cover
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5 Sl

Note: Other reinforcement not shown for clarity

Fig. 3.2.7b—Single bar with hook at both ends and intersecting reinforcement.
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Note: Other reinforcement not shown for clarity

Fig. 3.2.7c—Substitution of two hooked bars with lap splice (lap splice shown offset for

clarity only).
Cover Cover
_—1 r__

— !._ r Slab

N

LT

a

a

Note: Other reinforcement not shown for clarity

Fig. 3.2.7d—Single bar with hook at both ends placed within beam cages.

The designer needs to consider that a bar with hooks
at each end creates a situation where the bar is extremely
restricted and should be exactly right; otherwise, the bar

placer may not be able to place it. The reality is worse if

the reinforcing bar detailer details the double hooked bars
as shown in the design drawings with the correct concrete
cover; it will almost never fit during field installation.

Because there is no flexibility with this bar, if it does not
fit, it will most likely need to be replaced, causing delays on
the job site. There are two options for addressing this situa-
tion. The first and most preferred is to allow the use of a lap
splice, as shown in Fig. 3.2.7c. This gives the bar placer the
flexibility to place the bars within the beam while avoiding
conflicts with the adjacent steel.

If a lap splice is not permissible, a second option is for
the designer to increase the end covers of the bar and place
the hooks within the adjacent steel similar to Fig. 3.2.7c, as
shown in Fig. 3.2.7d.

(aci?
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This situation needs to be addressed by the reinforcing bar
detailer and shown in one of these two ways on the placing
drawings. Notating this practice on the design drawings will
provide clear direction to the detailer and bar placer, and
avoid confusion during the detailing process and installation
in the field.

These scenarios are commonly seen as shown in the
following examples. In Fig. 3.2.7e, the left illustration
shows the end of a confined bar where no adjacent steel is
present; the right illustration shows the end of a confined
bar with adjacent steel that should be accounted for in the
design, detailing, and installation processes.

Figure 3.2.7f shows situations where the end position
of a confined bar (in the last lift of a column or wall) with
adjacent slab steel should be accounted for in the design,
detailing, and installation processes.

3.2.8 Accumulated (combined) toleranc d&e ﬁit
of tolerances on cover, strengtll, ;mstﬁ !si, énts
serviceability of the structure ‘shoula be [®onsidesd Byaring Hub
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r— — L — r(separated for clarity)

Fig. 3.2.7f—Confined hooked bars in columns and walls.

the LDP. Casting of concrete always involves the fabrica-
tion, placement, and formation of tolerance clouds. While
these instances are not encountered every day, they occur
frequently enough to create constructability problems. Any
combination of tolerances as discussed in this section that
are working against each other has the potential to create a
constructability concern that often is difficult to reconcile,
especially if it involves two different trades, each within
their own acceptable tolerances. The designer should always
assess the risk of this kind of problem arising in critical areas
of the structure and consider options that mitigate or elimi-
nate the possible constructability problem.

3.3—General cautions

3.3.1 Revisions of drawings—All revisions to drawings
should be clouded. Be as specific as possible when putting
a cloud on a drawing. Place a cloud around each revision,
rather than a large cloud around several revisions. Remove
all previous clouds from a drawing before initiating a new
revision. Clearly annotate the revision on the revision list at
the side of the drawing. It is good practice to identify revi-
sions on pre-IFC drawings with letters, for example “Rev A,
B, C,” and on post-IFC drawings with numbers, for example,
“Rev 1,2,3.”

3.3.2 Dimensioning—Dimensioning of splice lengths
should be clear and unambiguous so that the detailer and
reviewer arrive at the same interpretation of the intent.
Showing the anchorage and splice lengths on the drawing
and sketches is the most certain way to convey intent.
However, a well-prepared table of anchorage and splice
lengths can work well. The table should include only the
strengths of concrete and grades of reinforcement being used
on the project and show development and splice lengths for
bars in compression and bars in tension. For bars in tension,
it should show development and splice lengths for top bars
and other bars. The tables should be complete enough that
the detailer and reviewer do not have to make calculations

Mat foundation

#11 (No. 36) bars

@ 12in. (300 mm) o.c.
top and bottom

both directions

3 ft-0 in.
(900 mm)

TOIRII IR IN >

1/2 spacing max. to first bar

i

Fig. 3.3.2—Effect of hooked bar confinement on first and
last bars.

to arrive at the proper dimension. A brief sentence defining
what constitutes a top bar is also good additional information.

Normally, the location of first and last reinforcing
elements follows the general convention of one-half space
from the face of a support for slab reinforcement or beam
ties and one-half space from the top of a footing or slab for
column ties or wall horizontals. Dimensioning the location
of first and last reinforcing elements is not necessary in these
situations unless there is a special situation that requires a
nonconventional location. In such cases, dimensioning of
the location should be clearly indicated.

First and last bars confined by transverse reinforcing
elements with hooks at each end present a unique situation—
for example, hooked top bars in a spread footing (Fig. 3.3.2).
To maintain proper vertical elevation U‘?'{mm
in the upper layer of the ma' thouid start at the beginning o
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the radius of the bend, not at the specified clearance from the
concrete face. In such a case, one could question if the LDP
intends that spacing be from the center lines of the first and last
bars or from clearance-to-clearance. In this situation, it would
be better for the LDP to give a quantity of reinforcing elements
or area of steel required rather than spacing of the bars.

3.3.3 Field cutting of bars—Methods for field cutting any
reinforcing steel, other than saw cutting, should be approved
by the LDP. If the location is confined, the only practical
alternative is to flame-cut the reinforcement. Bar placers are
trained in the use of a cutting torch and can make the cut
without any deleterious effect on the steel material. ACI 301
prohibits flame cutting of epoxy-coated bars. If the LDP has
some compelling reason against flame-cutting uncoated rein-
forcement, this should be stated clearly in the general notes. In
the absence of such an instruction, the bar placer will assume
that flame-cutting uncoated reinforcement is permitted.

3.3.4 Field bending of bars—Field bending of embedded
reinforcement may occasionally be required due to incor-
rect fabrication or placing, or due to a design change that
requires the reinforcement to be reconfigured. ACI 301
specifies requirements for field bending. Small bars can
usually be bent cold, especially if it is their first bend; that is,
a straight wall vertical bar being bent into a slab. Large bars
require preheating. Straightening and rebending of previ-
ously bent reinforcement should be approached cautiously.
With caution, and if the bend radius is sufficiently large, the
bars should not be affected. Other more extreme situations
may require that the LDP set parameters for the process and
ensure that the operation is supervised and executed by qual-
ified personnel, subject to on-site inspector review.

3.3.5 Mechanical connectors—Mechanical connectors
require similar considerations to those for splices. The LDP
should indicate on the drawing where they are to be used.
Specific limitations should be listed such as spacing, stagger,
and clearance. The type of connector should be listed along
with the manufacturer if this is critical.

3.3.6 Mixing grades of steel on a project—Frequently a
project will require more than one grade of steel or more than
one kind of coating. The LDP should be specific about where
the various grades or coatings are to be used. This informa-
tion can be given in the general notes and on the drawings
to avoid any ambiguity about intent. Mixing grades or coat-
ings in a single member should be avoided if possible. For
example, do not call for coated top reinforcement in a beam
while the remainder of the reinforcement is uncoated bar.

3.4—Drawing types and purposes

Design drawings for concrete structures are developed
by LDPs. Those documents render the design and establish
the design predicates for the construction. They include, at a
minimum, building code required information for review by
the pertinent code authority.

Design drawings are also contract documents. These form
the contractual basis between the general contractor and
owner. They should graphically show the scope, extent, and

Placing drawings for reinforcement (and shop drawings
for other trades) include graphics and schedules, and are
specifically prepared by the contractor to illustrate specific
portions of the construction work. These drawings, whether
approved or not, do not become contact documents or
design plans.

The normal process is for the designer to render the design
and for the contractor (and subcontractors) to prepare trade-
specific drawings extracted from the design plans that define
the particular work. Usually the trade-specific drawings are
submitted to the designer of record for review to confirm
that contractor’s interpretation of the design intent is correct.

Field construction is then conducted from the approved
trade-specific drawings in conformance with the contract
documents.

CHAPTER 4—STRUCTURAL DRAWINGS

4.1—Scope

This chapter describes information typically necessary to
the structural design drawings, so the scope of the construc-
tion based on the design plans can be established. Normally,
engineering offices develop an office standard suitable to
their practice area for the presentation of design informa-
tion. This guide, as an example, presents the project sheet
order found in the United States National CAD Standard®
(NCS-V6), as outlined in 4.3.

4.2—General

Structural drawings are prepared by a licensed design
professional (LDP). The drawings, along with the project
specifications, form the bulk of the contract documents.
Structural drawings should contain an adequate set of notes,
instructions, and information necessary to permit the rein-
forcing steel detailer to produce reinforcing steel placing
drawings. Each sheet should have a title block, production
data, and a drawing area as shown in Fig. 4.2.

The drawing area, which is the largest portion of the sheet,
is where technical information is presented. Examples of
technical information are the overall framing plan, sections,
and details needed to illustrate information at specific areas,
and additional notes as required.

The production data area is located in the left margin of
the sheet and includes information such as the computer-
aided design (CAD) filename and path to the file, default
settings, printer/plotter commands, date and time of plot,
overlay drafting control data, and reference files.

The title block area, which is located to the right side of
the sheet, usually includes the designer’s name, address, and
logo; basic information about the project, including location
of the work site, owner, and project name; an information
block regarding issue type of this sheet, such as addendum,
design development, bidding, and bulletin; a sheet respon-
sibility block that indicates the project manager, engineer,
draftsman, and reviewer of the information on the drawing;
a sheet title block; and a sheet numbering block. The title

block also contains space for a disclaimer, iaecments
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Fig. 4.2—United States National CAD Standard® (NCS-V6) overall sheet layout.

nary set of drawings, or a PE seal for the construction or
permit set.

4.3—Order of sheets

The order of drawings shown in the United States National
CAD Standard® (NCS-V6) is as listed in Table 4.3.

If more than one sheet is required within the listed order,
then decimal sheet numbers are used, such as 5.0, 5.1, 5.2,
5.3. Often, the structural drawing order will be coordinated
with the sheet order used by the other technical disciplines.

4.4—General notes sheets

A general notes sheet presents project design loads, the
codes and standards that are the basis of design, material and
product requirements, and construction directions. General
notes can be the entire project structural specifications, act
as an extension of the project structural specifications, or
simply duplicate important aspects of the project structural
specifications.

4.4.1 Codes and standards—The general building code,
referenced standards, and authority having jurisdiction, or
all these, require specific information be included on the
construction documents and that the general notes sheet(s)
present this information. ACI 318-14 also requires that all
applicable information from Chapter 26 related to construc-
tion be provided in the construction documents. This includes
design criteria, member information, concrete materials and
mixture requirements, concrete production and construction,
anchoring to concrete, embedments, precast and prestressed
concrete requirements, formwork, concrete evaluation and
acceptance, and inspection.

4.4.2 Design loads—Section 1603.1 of the International
Building Code (IBC) (2015) requires the following design
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Table 4.3—NCS-V6 drawing sheet numbering

Sheet number Sheet title Information included
0 General notes Symbols legend, general notes
1 Plans Horizontal views of the project
2 Elevations Vertical views
3 Sections Sectional views, wall sections
. Plans, elevations, stair sections,
4 Large-scale views . .
or sections that are not details
5 Details
6 Schedules and
diagrams
For types that do not fall in other
7 User defined categories, including typical
detail sheets
F h fall in oth
P User defined or types that do nf)t all in other
categories
9 Three-dimensional Isometrics, perspectives,
representations photographs

loads and other information pertinent to structural design be
indicated on the construction documents.

(a) Floor live load

(b) Roof live load

(c) Roof snow load data

(d) Wind design data

(e) Earthquake design data

(f) Geotechnical information

(g) Flood design data

(h) Special loads

(i) Systems and components requiriewu mﬁ)ts

for seismic resistance
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Design loads are presented on the general notes sheet.
Floor live loads, roof live loads, snow loads, and other
simple gravity loads are commonly shown in a table. Basic
wind load criteria assumptions and, when necessary, wind-
loading diagrams are included. Earthquake design data are
usually presented as a list of the different criteria used to
develop the design earthquake loads. It is preferred to indi-
cate if and where live load reductions were applied.

Geotechnical design information shown is usually supplied
to the structural designer in a geotechnical report. This can
be presented as a note when the soil and water table on-site
is relatively consistent, or in a table format when there is
significant soil or water table variability.

Flood design data and criteria used to determine the flood
design loads are typically shown using notes.

Special loads not included in the code-required live loads
are also noted in the table that includes live loads. Examples
of such loads are architectural features, partition live loads,
ceiling and hanging loads, and superimposed dead loads. A
diagram might be needed for heavy pieces of equipment, such
as forklifts, with their assumed wheel spacing and axle loads.

Showing the self-weight of the structure is not a require-
ment of the code. However, an indication of where light-
weight, normalweight, and heavyweight concrete is used
should be provided on the drawings so that the self-weight
of the structure can be reasonably determined by the form-
work engineer.

4.4.3 Specifications—The first concrete general note is
commonly a reference to require construction be in accor-
dance with ACI 301. The LDP ensures that the construc-
tion documents meet code provisions; therefore, requiring
the contractor to conform to ACI 318 is not appropriate,
as it provides code requirements to the LDP and not the
contractor or materials supplier. By incorporating ACI 301
by reference into the construction documents and using the
ACI 301 mandatory and optional checklists, the concrete
materials and construction requirements will satisfy ACI
318. In addition, ACI 301 also specifies that fabrication and
construction tolerances should comply with ACI 117.

ACI 301 contains the following three checklists: manda-
tory requirements, optional requirements, and submittals.
The LDP is often also the specifier on a project and should
go through these checklists and make necessary exceptions
to ACI 301 in the construction documents. The general notes
sheet is a convenient way to communicate any necessary
exceptions to ACI 301.

4.4.4 Concrete notes—The Mandatory Requirements
Checklist items in ACI 301 that are related to concrete can
be specified in the general concrete notes and indicate that
the construction documents include:

(a) Exposure class and specified compressive strength, f.',
for different concrete elements

(b) Handling, placing, and constructing requirements

(c) Designations and requirements for architectural
concrete, lightweight concrete, mass concrete, post-tensioned
concrete, shrinkage-compensating concrete, industrial floor

Concrete general notes can show this information in a
table with each structural element type, along with its corre-
sponding exposure class, specified compressive strength,
and other requirements.

Construction documents should also indicate any excep-
tions to the default requirements of ACI 301. ACI 301 lists
possible exceptions in the Optional Requirements Checklist.
Concrete general notes often contain the following optional
requirements checklist exceptions to ACI 301 default
requirements:

(a) Air entrainment in percentage (%), along with the
respective tolerance

(b) Slump in inches (in.), along with the respective
tolerance

(c) When high-range water-reducing admixtures are
allowed or required

(d) Additional testing and inspection services

4.4.5 Reinforcement notes—ACI 301 Mandatory Require-
ments Checklist items related to reinforcing steel can be
specified in the general reinforcement notes and indicate that
the construction documents include:

(a) Type and grade of reinforcing steel

(b) Bar development and splice lengths and locations

(c) Types of reinforcement supports and locations used
within the structure

(d) Cover for headed shear stud reinforcement and headed
reinforcing bars

Construction documents should indicate any exceptions to
the default requirements of ACI 301. ACI 301 lists possible
exceptions to the default requirements in the Optional
Requirements Checklist. Some exceptions to ACI 301
default requirements can include the following:

(a) Weldability of bars

(b) Concrete cover to reinforcement

(c) Specialty item type and grade

(d) Coatings such as epoxy or zinc where applicable

(e) Permitting field cutting of reinforcement and cutting
methods

Reinforcement requires concrete cover to protect the steel
from corrosion. ACI 301 Table 3.3.2.3 shows concrete cover
requirements for specific members. The concrete cover
requirements for a project are typically shown in a table or
list showing the type of member, concrete exposure, type
of reinforcement, and concrete cover requirements for each.
If there are questionable locations on a specific project, the
contract documents should indicate the specific concrete
cover requirement controls at each location; an example is
fire-rated elements.

When proprietary reinforcement products are required on
a project, they can be specified in the general notes.

4.4.5.1 ACI 318 reinforcement requirements—Reinforcing
bars, spirals, wires, and welded wire styles in conformance
with ASTM International specifications are accepted for
construction in the United States and are required by ACI
318. Type and grade of reinforcement are typically shown in
a note. When there is more than one type, grade, or both of

reinforcement used on a project, it is rPcomlﬂﬁﬁu ments
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this information in a table indicating the type and grade used
in specific parts of the structure (Fig. 4.4.5.1).

4.4.5.2 Development and splices—ACI 318 requires
that the development length/embedment of reinforcement,
length of lap splices, and where critical to design, location
of lap splices, be shown on the construction documents. Bar
development and lap splice lengths and locations can be
shown using tables, but the preferred method for showing
development and lap splice length and location is graphi-
cally in plan, elevation, section, or detail with dimensions
provided. This allows the fabrication detailer to more accu-
rately read this information from the drawings. Where lap
splice location and length have structural safety implica-
tions, the lap splice lengths should be shown graphically.

Reinforcing steel shall be domestic deformed billet steel
conforming to the following types, grades, size and locations.

Type of steel and 3 >
ASTM specification Grade | Bar size Location
40 #3-#4 Paving and sidewalks
Piers, grade beams, slabs on
AblS 60 R3S grade, elevated floors and all ties
75 #8—#11 Column verticals
A706 60 #3-#11 Embedded plates

Fig. 4.4.5. 1—FExample table of reinforcing bar locations and
grades.

EMBEDMENT OF DOWELS

When engineering judgment indicates that embedment and
lap splice locations and length are less critical, a table can
be used (Fig. 4.4.5.2a and 4.4.5.2b). Calculations should
not be required of the fabrication detailer to determine the
lap splice length or development lengths. Lap and develop-
ment lengths calculated by the LDP should be shown on the
design drawings. The LDP should verify that all possible
bar development and lap splice length arrangements that are
required on the project can be found on the drawings

If mechanical splices are permitted or required on a project,
make a note of it on the general notes sheet or project specifi-
cations to permit them as well as the required type of splice.
The LDP should also include a typical detail or specific details
on where mechanical splices are required or permitted.

If headed bars are permitted or required on a project, make
a note of it on the general notes sheet or project specifica-
tions to permit them. Make a note of the required bearing
area, cover, and embedment lengths as well. The LDP should
also include typical or specific details on where headed bars
are required or permitted.

4.4.5.3 Supports for reinforcing steel—Before and during
concrete placement, reinforcing steel should be supported
and held firmly in place at the proper distance from the
forms. The LDP specifies acceptable materials and corrosion
protection for reinforcement supports, side form spacers,
and supports or spacers for other embedded structural items
or specific areas. ACI 301 specifies bar supports meeting

WHERE EMBEDMENT IS DIMENSIONED ON THE DRAWINGS, SUCH DIMENSION SHALL APPLY

WHERE THE DRAWINGS INDICATE COMPRESSION EMBEDMENT OR WHERE NO EMBEDMENT
TYPE IS CALLED FOR, IT SHALL BE NOTED BELOW FOR COMPRESSION EMBEDMENT

WHERE THE DRAWINGS INDICATE TENSION EMBEDMENT, IT SHALL BE NOTED BELOW FOR

TENSION EMBEDMENT

LENGTH: INCHES

#5 | 40000 | 14" 12 b1y 18" 117
#6 | 40000| 17" 15" 14" 22" 20"
#7 140000 | 19" 17" 15" 29" 27"
#8 | 40000| 21" 19" 1y 36" 33"
#9 | 40000| 25" 22" 21" 42" 39"

COMPRESSION REGULAR TENSION EMBEDMENT (SEE
EMBEDMENT NOTE)
CONCRETE STRENGTH CONCRETE STRENGTH
3000
DESIG- | REINF. PSI 2500
NATIO | GRADE| 2000 | 2500 | AND |PSIOR| 3000 | 3500 | 4000 | 4500 | 5000 | 5500 | 6000 | 6500
N (PSI) PSI PSI | OVER | LESS PSI PSI PSI PSI PSI PSI PSI PSI
#3 |40000| 8" 7 6" 127 12" 12" 12" 12" 12" 12" 12" 12"
#4 | 40000| 10" 9" 8" 13" 12" 12" 12" 12" 12" 12" 12" 12"

15" 14" 14" 137 12" 12" 12"
19" b 16" 16" 5% 14" 14"
25" 23" 22" 21" 20" 19" 18"
30" 28" 27" 25" 24" 23" 22"
36" 34" 32" 30" 29" 27" 26"

#10 | 40000 28" | 25" | 23' | 48" | 43" | a1 | 27 | 35" | 33" [ 32" | 30" | 20"
#11 |40000| 30" | 27 | 25" | s1* | 46" | 43" | 40" | 38" | 36" [ 34" | 33" | 31"
#14 |a0000| 36" | 33" | 31" | sa" | 49" | 46" | 43" | 41" | 39" [ 37" | 36" | 34"
#18 | 40000| 44" | 41" | 39" | e6" | 61" | s8" | 55" | 53" | 51" | 49" | 48" | 46"
FOR HORIZONTAL SPLICES AND EMBEDDED BARS SO PLACED THAT MORE THAN 12" OF
CONCRETE IS CAST IN THE MEMBER BELOW THE REINFORCEMENT, INCREASE THE SPLICE
AND EMBEDMENT LENGTHS LISTED ABOVE BY A FACTOR OF 1.3. FOR EPOXY COATED
BARS INCREASE THE EMBEDMENT LENGTHS LISTED ABOVE BY A FACTOR OF 1.2 Docu ments
Fig. 4.4.5.2a—Example reinforcement embedment schedule for a specific piajcit Document Sharing Hub
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