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The values of \J sed to calculate g

exceed 100 psi

Terminology references

+ development length: |
) on

Development length £, for deformed b

tension shall be the ereater of (a) and (4

(a) Length calcutated in accordance wi
applicable modification factors of 254,

(b) 12in

de Requirements for Structural Concrete and Commentary

Chapter: 25 Reinforcement Details Section: 25.4 Development of reinforcement Provision: 25.4.2.1

britle anchorage faifure may occur for bars with inadequate ransverse

reinforcement. In lap splice te:

of No. 8 and No. 11 bars in concrete

with an f,” of approximately 15,000 psi, transverse reinforcement

improved ductile anchorage behavior
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by David Darwin, Jun Zuo, Michael L. Tholen, and Emmanuel K. Idun

The provisions in Chapter 12 of the 1995
Code (ACI 318-95) will make the design process easier and
reflect development and splice strength better than any pr
vious code procedures. The new expressions are based, in

vie properti of clopeds y part, on a statistical anal arried out over 20 years

sign criteria that incorporate a reliability-based s b reduction (Orangun, Jirsa, and Breen 1975) and on recommendations

¢ the caleulation of a h . based on that analysis provided by ACI Committee 408

(1990). As with previous versions of the ACI Code, the
culated development/splice lengths are proportional to the
bar stress (the actual relationship 1s linear but not propor-
tional). and most splice lengths are 30 percent greater than
the corresponding development lengths.

Over the past 20 years. additional data has become avail-
able. and analyses of the expanded database (presented in
this paper) have exposed a number of shortcomings in the
ability of both the code expressions and the original statisti-
cally-based expressions to accurately represent the develop-
ment and splice strength of reinforcing bars. as used in
current practice. Specifically. the analyses demonstrate that
the square root of the concrete compressive strength - does

& D Chapter 18 - Earthquake
3 Chapter 13-
Requirements
% 3 Chapter 20 - Steel Reinforcement Properties,

ACI 318-19: Building Code Requirements for Structural Concrete and Commentary

Chapter: 23 Reinforcement Details Section: 25.4 Development of reinforcement Provision: 25.4.1.4

. - —_e
sufficiently accurate for values of "\/ £, up to 100 psi, and because of

the long- standing use of the \

chosen not to change the exponent applied to the compressive strength
used to calculate development and lap splice lengths, but rather to set

an upper limit of 100 psi on

R25.4.2

Developmen:

R25.4.2.1

This provision gives a two-tier approach for the calculation of tension
development length. The user can cither use the simplficd provisions of
23 or the gencral development lensth equation (Eq. (25.4.2.4a

Although there is no requirement for transverse reinforcement along the
tension development or lap splice length, research (Azizinamini et al

) indicates that in concrete with very high compressive strength,
britle anchorage faifure may occur for bars with inadequate ransverse
reinforcement. In lap splice tests of No. § and No. 11 bars in concrete
with an £, of approximately 15,000 psi, transverse reinforcement

improved ductile anchorage behavior
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Structural beams resist gravity and lateral loads, and any combination thereof, and transfer these loads to girders, columns, or walls. Code Chapter 9 applies
to both nonprestressed and prestressed beams as well as composite beams. Composite beams are composed of elements constructed in separate placements

MANAGE NOTES » that are connected such that they act as a single unit. Special provisions are included in the chapter covering one-way joists (Section 9.8) and deep beams
(Section 9.9). Deep beams are also addressed in Code Chapter 23, Strut-and-Tie Method

SELECT USER NOTES » Beams are designed in accordance with Code Chapter 9 for strength and serviceability. Beams are assumed to be approximately horizontal, with rectangular
or T-shaped (a stem and a flange) cross sections. The flange width of T-shaped beams is geometrically limited by Code Sections 6.3.2 for flexure and 9.2.4.4

for torsion, respectively. The flange is assumed to contribute to the beam’s flexural and torsionsl strength
9 ACH Reinforced Concret D

Frontmatter

Beams, cither nonprestressed or prestressed, that are monolithic with he floor framing, can be considered laterally braced. For beams that are not monolithic
Chapter 1 - INTRODUC with the floor, Code Section 9.2.3.1 provides gridance on the spacing of lateral bracing.

Chapter 2

- TS For cast-in-place construction, connections to other members is covered in Code Chapter 15 and for precast members connections are covered in C
ction 16.2

——— Section 16.2

Chapters _— e

Section 7. ervice lim:

Chapter 6 -

Chapter 8 - 7.2.1 - BEAM DEPTH

Chapter 9 - COLU
D Chapter 10 - STRUCTURAL REINFORCED CO

NALLS

Chapter 11 - FOUNDATIONS

Chapter 12 - RETAINING WALLS

The engincer determines the beam's conerete strength, steel strength, and other material characteristics to achieve the design performance exiteria for strength
and service e

Chapter 13 - SERVICEABILITY After defining the material properties and the beam’s design loads, the engineer chooses the beam’s dimensions. These are either provided by architectaral

P ST D constraiats, attained from <xperience, of reached by assuming a depth and width and then adjusting iteratively uatl the beam design meats the designated
A —— crere constraints. Beam depth is addressed in Code Table 9.3.1.1, which applics & a beam is nonprestressed, not supporting concentrated loads along its span, and
ot not supporting or attached to partitions that may be damaged by deflections.

achmatter

For presiressed beams, the Code does not provide a mininmm span-to-depth ratio, but rather requires that both immediate and time-dependent deflections be
calculated in accordance with Code Section 24.2 and checked against the limits in Code Section 24.2.2. For a superimposed live load in the range of 60 to
80 I, a usual span-to-depth ratio is in the range of 20 to 30. Table 9.3 of The Post-Tensioning Marual (Post-Tensioning Institute [PTI] 2006) lists span-
to-depth ratios for diferent members that have been found from experience to provide satisfactory structural performance.

The slab thickness is considered as part of the overall beam depth if the beam and slab are monolithic or if the slab is composite with the beam in accordance
with Code Chapter 16.
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® O Chapter 3

® D chaptera -

® LD chapter s

D Chapter 6 -
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® D chapter

® D Chapter 10
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® LD chapter 11 -
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© D Chapter
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WCTURAL REINFORCED CONCRETE

FOUNDATI
RETAINING WALL

ANCHORING TO CONCRETE

Because conditions (a), (b). and (c) of Section
9.4.3.2 are satisfied. the design shear force is taken
at critical section at distance d from the face of the
support (Fig. EL6).

2019 Code introduced size effect for shear design
in which the shear strength of an element that does
1ot contain shear reinforcement is not directly
proportional to its depth. This effect is addressed
by incorporating a size effect factor ), into the
concrete contribution equation. If shear reinforce-
ment is not present, then the concrete contribution
to shear strength must be reduced by the size effect
factor. If minimum shear reinforcement is provided,
then Eq. (22.5.5.1a) can be used to calculate ¥,

Minimum shear reinforcement is required where

> onfh,d

For this example, use minimum shear reinforce-
‘ment over entire length of beam. The concrete
contribution to shear strength is then:

Shear strength reduction factor:

Checkif 7.2 7,
Prior to calculating shear reinforcement, check

if the cross-sectional dimensions satisfy Eq.
(225.12):

O, + 87 bd)

=075

Fig. E1.6—Shear at the critical section.

Vo= (72 kip) - (3.7 kip/R)(27.5 in /12) = 63.5 kip

¥, = 24/5000 psi(18 in.)(27.5 in.)/1000 = 70 kip
Gatear = 075

&7, =(0.75)(70 kip) = 52.5 kip

OV, =525kip< g =635kip NG
Therefore, shear reinforcement is required.

¢
Y, < 4| T0kip+
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General

22511
12

Nominal one-way shear strength at a section, ., shall be calculated
by:

V,=V,+V,

Cross-sectional dimensions shall be selected to satisfy Eq. (22.5.1.2).

¥, < 0V, +8fb,d)

(225.12)

Commentary

R22.51

General

R22.51.1

In a member without shear reinforcement, shear is assumed to be
resisted by the concrete. In a member with shear reinforcement, a
portion of the shear strength is assumed to be provided by the concrete
and the remainder by the shear reinforcement.

The one-way shear equations for nonprestressed concrete were
changed in the 2019 Code with the primary objectives of inchiding
effect of member depth, commonly referred to as the “size effect.” and
the effects of the longitudinal reinforcement ratio on shear strength.

The shear strength provided by concrete, F_ is taken as the shear
causing inclined cracking (Joint ACI-ASCE Committee 426 1973;
MacGregor and Hanson 1969; Joint ACI-ASCE Committee 326
1962). After cracking, V, is attributed to aggregate interlock, dowel

action, and the shear transmitted across the concrete compression
zone.

The shear strength is based on an average shear stress over the
effective cross section, b d.

Chapter 23 allows the use of the strut-and-tie method in the shear
design of any structural concrete memiber, or discontinuity region in a
member

R22.5.1.2

The limit on cross-sectional dimensions in 22.5.1.2 is intended to
minimize the likelihood of diagonal compression failure in the concrete
and limit the extent of cracking.



Resources / Links

AS 1318




Videos

B2 American Concrete Institute > e X | [E] American Concrete Institute > e X

T

Cl 31819 =

Changes to the Concrete
Design Standard
1

B
A

Shear Modifications

¥ 00773135




Resources / Links

AS 1318

¥
%

b

/

Detailing
Handbook




MANAGE NOTES »

SELECT USER NOTES »

4 act Detailing Manual MNL-66(:
# O Frontmatter
# 3 Chapter 1- ACI 315
Reinforcing St

@ D Chapter2- DETAILS

9 Chapter 3 - REFERENCES

= 2 @1 - Concrete Intemational arti

Table of Contents

8 Designing to Minimum Concrete Dimensions

shearvalls and Boundary Elements

10 Avoiding the Dead Zone

11 Constraints on Reinforcing Bar Modeing

12 Reinforcement Placing Dravings are not St
Dravings

13 Reinforcing Bars Exceeding Stock Lengths.
14 Sloped Versus Stepped Footings for Walls
15 Grade Beam Depth and Dowel Embedment

18 Detailing Comer R

19 Layering Reinforcing Bars

ACI Detailing Manual

20 - WIDE BEAM STIRRUP CONFIGURATIONS

ACI Detailing Manual MNL-66(20)

& beam-slab floor systems become shallower, wide
reinforced concrete beams are being used to directly
rve as transfer girders in the
¢ beams wider than the column
also a key constructibility concept to avoid
udinal beam comer bars and

ncrete beam has a
depth d.

A wide beam wil likely have a number of longitudinal
tension reinforcing o

TAILING GORNER
Joint ACLCRSI Committee 315-B,
Details of Concrete Reinforcement-
Constructibility, has developed forums.
dealing with constructibility issues for
reinforced conerete. To assist the
Committee with disseminating this o2

information, staff at the Concrete Reinforcing Steel

Wide beams can also have high shear demands, necessitating
the use of stirups to contribute to the shear capacity.
Proper stirrup detailing in these ms

and stlrlups are fully effective and behave cff
ear behavior has beer

].E(I\]Ill dl and Walther;' Anderson and Rami
Lubell, Bentz, and Collins.* These stu
locating the stirrups solely around the perimeter of the beam
core is not efficient in beams und

en viewed as a truss, the intemal diagonal compres:
struts need to be equilibrated at the internal truss joints.
This requires a vertical stirrup | proximity to
an internal longitudinal bar used to resist flexure.

nple design guidelines for
irrup legs in a wide be:
pleg \g 5, should be the
24 (600 mm); but
W The governing s,, should be halved when the nominal

ds r\[fnd Ib
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AC| CODE-318-19: Building Code Requirements for Structural Concrete and Commentary

7.6.5.2 R17.6.5.2
2

Basic single anchor band strengtl, Ny, Basic single anchor bond strength, N, Mike's notes

R17.6.5.2.1

The equation for basic bond strength of adhesive anchors as given in Mike's notes

Eq. (17.6.5.2.1) represents a uniform bond stress model that has been
shown to provide the best prediction of adhesive anchor bond strength
MANAGE NOTES > based on numerical studies and comparisons of different models to an
@ international database of experimental results (Cook et al 1998). The
SELECT USER NOTES » basic bond strength s valid for bond faifures that occur between the
concrete and the adhesive as well as between the anchor and the
Show User Not adesive.
Note sets:{checked=active
Mike's notes
O My Load Test Note Set

ODE-318-19: Building Code Requirements for haracteristic bond stress, t__ shall be taken as the 5 percent fractile haracteristic bond stresses should be based on tests petformed in

ete and Commentary C accordance with Al 4 and should reflect the particular

combination of installation and use conditions anticipated during
Chapter 1 - General construction and during anchor service ife. If product-specific
Chapter 2 - Notaton and Teminclogy information is wnavailable at the time of design, Table 17.6.5.2.5
provides lower-bound defalt values

of results of tests performed and evahated in accordance with
Frontmatter

Chapter 3 - Referenced Standa
Chapter 4 - Structural System Requirer
Chapter 5 - Loads

Chapter 6 - Structural Ar

Chapter 7 - One-Way

Chapter 8 - Tuo-Way

Chapter 3 - Beams

Chapter 10 - Columns

Chapter 11 - W

Chapter 12 - Diaphragms Mike's notes

IF analysis indicates cracking at service load levels, adhesive anchors
Chapter 13 - Foundations shall be qualified for use in cracked concrete in accordance with 2
Chapter 14 - Plain Co

Chapter 15 - Beam-Column and Slab-Column Joints

Chapter 16 - Connections Between Members

Chapter 17 - Anchoring to Con

Chapter 18 - Earthquake-Resistant Structures

() Chapter 19 - Concrete: Design and Durability
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ACI 318 Certification

Introduction

 Countries around the world have adopted ACI
318

* Engineers using ACI 318 w/o qualification

* Engineers educated using specific version



ACI 318 Certification

Engineers in the US keep abreast through

*Seminars




ACI 318 Certification

Certification program

* Assessing engineer’s understanding of basic concrete

fundamentals

* Test individual’s knowledge and appropriate application of Code

provisions in that particular version



ACI 318 Certification

* Engineers certified for the version of ACI 318 on which tested

» Subsequent versions of ACI 318 will require certification
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- Study guides:
*MNL-17 — Reinforced Concrete Design Handbook
* MNL-66 — Detailing Manual

* Concrete Fundamentals
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