An ACI Standard

Building Code Requirements
for Structural Concrete
(ACI 318-19)

Commentary on

Building Code Requirements
for Structural Concrete

(ACI 318R-19)

Reported by AC1 Commites 318

i
£
L

dt 3 b i yglgilacs i gyl g 7 ol

il

\

S

4031 o sleiloidle sl 21 9 T

ray

& &

B NS -

Olois o o Ol yie

1

=
4




&JL}&)B.O gJUa.o

!

()i g pMe)pgo Jad Fdgi 1 gl Coouns

Job dmwlxo 0gxi) 0509 Conn Jad Zud g 1090 Coomnd
(L giw Slul (o’ g (55 le0

(w5 Snso S8 SLS) Js! Juad grasd i Caom



(b g mdle)pgo Juad



R ylai g s 2 p g0 S8

fpans (1-=% ACI-318-19
g oo vy pai Eomn (l p ead ealitul CiloMlasl iy )l g gl @M Juat ! o 2.3—Terminology
adhesive—chemical components formulated from
organic polymers, or a combination of organic polymers and

l.SJl 25 I‘;'b" Y-Y-4 inorganic materials that cure if blended together.

admixture—material other than water, aggregate,
cementitious materials, and fiber reinforcement used as an
aolg Ay i Caodls ingredient, which is added to grout, mortar, or concrete,
either before or during its mixing. to modify the freshly
oo | e aae | Siliog : a mixed., setting, or hardened properties of the mixture.
i J ""m_ Lt { aggregate—granular material, such as sand. gravel,
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b elael s olf 4S5 55,0 B b wslogh L azags sl gates Jnchdm_g crushled hydraulic cement concrete, used
with a cementing medium to form concrete or mortar.
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25.7.4 Hoops 25.7.3 Spirals 25.7.2 Ties 25.7.1 Stirrups
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Table 25.3.2—Minimum inside bend diameters and standard hook geometry for stirrups, ties, and hoops

Type of standard Minimum inside bend Straight extension!!l
hook Bar size diameter, mm £, Mm Type of standard hook
No. 10 through % 90-degree
o 16 4dy Greater of 6d, and 75 mm Eord
90-degree hook
No. 19 through 6d 124
No. 25 ¥ =
No. 10 through
No. 16 4y
135-degree hook Greater of 6, and 75 mm
No. 12 through
No.25 8dy
No. 10 through ;
No. 16 5
180-degree hook Greater of 44, and 65 mm
No. 19 through 6d
No.25 =

(21 dard hook for stirrups. ties, and hoops includes the specific inside bend diameter and straight extension length. 1t shall be permitted to use a longer straight extension at the

end of a hook. A longer extension shall not be ¢

idered to i the anchorage capacity of the hoolk.

]
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(b) Stirrup anchorage requirements for No. 5 and smaller bars as per ACI Sections i
7.1.3 and 12.13.2.1. 135° or 90° hooks are preferred.
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Crosstie as defined in 25.3.5
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(b) Defail at comer
Fig. R25.7.1.6—Spalling of cormers of beams subjected to
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6d,= 75 mm
extension
7

Censecutive crossties
engaging the same

longitudinal bars have
their 90-degree hooks on
opposite sides

Detail A

! !
Maximum spacing |
between bars |
restrained by legs )\}
of crossties or
hoops = 350 mm

Fig. R18.6.4— Examples of overiapping hoops and illustra-
tion of limit on maximum horizental spacing of supported
longitudinal bars.



Stirrup reinforcement

/

0 mm
(typ.)

o /—1 .3«‘.’,;—\

e_ @

Fig. R25.7.1. 7—Closed stirrup configurations.
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135° hooks Confinement 135° hooks

Standard stirrup hook, ACI Section 7.1.3, Must enclose a bar, AC| Section 12.13.2.1

‘ =_J

.

-
.
¥
-
Pp————

| A ———— [ P —— |
Confinement Confinement on No confinement
on one side both sides {isolated beam)

(b) Stirrup anchorage requirements for No. 5 and smaller bars as per ACI Sections
7.1.3 and 12.13.2.1. 135° or 90° haoks are preferred. (a) Recommended.

{ No conﬂnemant\

- - - - —— -
Not less than 1.3¢, f '! r """ — 1 i |
]
| ; : : . :
L] I L] L] ]
L] i 1 L} !
n [} ' ] H
i ] i [ L] H
' t ] = ] i
(c) Stirrup anchorage as (d) Two piece closed stirrup I i : : : I
Fig. 6-30 per ACI Section 12.13.5. —Beams with torsion or compression i ! L 1 ' i
Stirrup detailing requirements. reinforcement. ACI Sections 7.13 and 11.5.4.1 e B T T | L e

Note lack of confinement of anchorages whean
i compared to similar members in (a).

{b) Not permitted.
I
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T TSR ok
| | | 150 mm clear spacing

without support

r—May be greater than
150 mm no intermediate

tie required

Knngle at supports not to exceed 135-degree

Single tie to
- enciose all bars

|~ Bar exceeding
¥ 150 mm clear
spacing supported
by closed tie

Bars not to exceed 150 mm clear

spacing without support E

Single tie to

2 \_ 2 & Ear?mcaed"mg

does all bars 150 mm clear
spacing
Crosstie supported by
° _v crosstie
- L] L] - L]

Set of overlapping closed ties [ ][ |

to enclose all bars

-

.‘ Crnsstis—\

L]
—

Fig. R25.7.2.3a—lllustrations to clarify measurements
between laterally supported column bars and rectilinear tie

ancharage.
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1 12" min.
el

) 4 Bars, & & Bars.

Note: Thes shown dashed in (b}, (c}, and (d)

may be omifted i x < 6 in.
=
)
ic) @ Bars. {a) & Bars
Fbar bundies—may require tie bar
radis that is larger than minkrum o
/“‘“""’ /ﬂnmrﬁmﬂﬂrultumﬁ
(8] 12 Bars. i) 12 Bars i@l 12 Bars
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Staggered
hook
location as
required for
successive
circular ties

Circular tie

: Lap = 150 mm

Fig. R25.7.2.4.1—Circular fie anchorage.

COMMENTARY

Continuously
wound tie

—One extra turn
Fig. R25.7.2.3b—Continneus tie anchorage.
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Fig. 19-18
Hoops and crossties.



Hoop Configuration

Column hoops should be configured with at
least three hoop or crosstie legs restraining
longitudinal bars along each face. Asingle
perimeter hoop without crossties, legally
permitted by ACI 318 for small column cross
sections, is discouraged because confinement
effectiveness is low.

o

Poorly
confined

Improved
confinement

Well
confined

Perimeter hoop — Supplemental crossties 7
/

Longitudinal web reinforcement

o

e ..

r T4

<28,

-

‘pe

—

(a) Peri

Supplemental crossties
Hoop #1—
i

ter hoop with

e

Horizontal web |
reinforcement, A,

tal 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement

Hoop Overlap

at least min. of
?I (150 mm and 2b/3)

"u_ Hoop #2

Longitudinal web reinforcement

Al

|

\

= —

[

fy=2b,

Fa<2b,

‘pe

|
Harizontal web .
reinforcement, A,

Through web
crosstie

(b) Overiapping hoops with supplemental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement

Fig. R18.10.6.4a—Configurations of boundary transverse reinforcement and web crossties.
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(b)
FIG.7.16 Crushed concrete inside of bend radius (a) 90° hook (b) 180° hook
Source: Hamilton 111, et al. 2008

FIG.7.17 Splitting bond failure
Courtesy: Er S.A. Reddi, former de

(a)
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Ay, = total cross-sectional area of ties or stirrups confining 6}' :»4 3 y“b)"" QL“‘“ .R: &’9 - “! M

hooked bars, mm?

COMMENTARY 5 =
™ . fopn yun a1 JodB glas KL oS lacgal> b R b ggame  Agp 1':1
207504, ‘ Tdb diS &t J5aa th
= DB L osad Hlge o Bls (goutiS jgams sladigels ¢ LSS 5 colie Y-Y-Y-Y1-4

3 g0 Joldh ctiles S jouama lgn oluzal j0 1, o3 szl 5 0.751an Jsles Eg,ls Jla> a5 A

el 3

15d,

Lidan Jsbo silgn (gl b K5 g0 Jilaz) NS (oaisS gams (slacigels g LS — il

Ties or stirrups
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to the bar being developed that contributes to anchorage
strength of both 90- and 180-degree hooked bars.
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Fig. R25.4.3.3b—Confining reinforcement placed perpen-
dicular to the bar being developed, spaced along the devel-

opment length Lay, that coniributes to anchorage strength of
both 90- and 180-degree hooked bars.
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25.4.10 Reduction of development length for excess
reinforcement

25.4.10.1 Reduction of development lengths defined in
254.2.1(a). 25.4.6.1(a). 254.7.1(a). and 25.4.9.1(a) shall be
permitted by use of the ratio (4 required)/ (s provided). eXCEPE
where prohibited by 25.4.10.2. The modihed development
lengths shall not be less than the respective mimumums speci-

fied in 25.4.2.1(b), 25.4.6.1(b), 25.4.7.1(b). and 25.4.9.1(b).

(b) At locations where anchorage or development for f 15
required

(c) Where bars are required to be continuous

(d) For hooked. headed. and mechanically anchored
deformed reinforcement

(e) In seismic-force-resisting systems 1n  structures
assigned to Seismic Design Categonies C, D, E. or F

(f) Anchorage of concrete piles and concrete filled pipe
piles to pile caps in structures assigned to Seismic Design

Categories C. D E orF
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| am a little confused about the development
length "Ldh" based on ACI318-19. The code has
two equations in chapter 18 and 25. My
understanding is that the equation of chapter 18
should be more critical than chapter 25. But, the
equation presented in chapter 25 leads mostly
to greater development length. Is it logical? If we
have SDC D through F, which equation should
be used?

Thank you so much
Reza

See More <::3.1
B

Jack Moehle 05/09/2020
To: Reza Soltanabadi »

The chapter 18 equation has differed from the
rest of the code over many code cycles
because of (a) more severe loading but (b)
offset by requirement for more confinement
reinforcement. In the 2019 revision, this
equation was overlooked when last-minute
Mamer 25. Its future is
uncertain.

See More CQ
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Because Chapter 18 stipulates that the hook 15 to be
embedded in confined concrete, the coefficients 0.7 (for
concrete cover) and 0.8 (for ties) have been mncorporated in
the cmm_l]_ The development length
that would be derived directly from 25.4.3 is increased to
reflect the effect of load reversals. Factors such as the actual
stress i the remnforcement being more than the yield strength
and the effective development length not necessarily starting
at the face of the joint were implicitly considered in the
formulation of the expression for basic development length
that has been used as the basis for Eq. (18.8.5.1).
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FIGURE 8.13 Radial component of bond stress and resulting concrete tensile stresses acting perpendicular to the plane of the lap
splice.

FIGURE 8.29 Strut-and-tie model of lap splice.
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FIGURE 8.14 Non-contact lap splice: () crack pattern (after Goto and Otsuka, 1979); () force transfer mechanism.
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R25.51.3 If indrvidual bars in noncontact lap splices
are too widely spaced, an unreinforced section is created.
Forcing a potential crack to follow a zigzag line (5-to-1
slope) 15 considered a minimum precaution. The 150 mm
maximum spacing 1s added because most research available
on the lap splicing of deformed bars was conducted with
remnforcement within this spacing.




Aci318-19

25.5.2.1 Tension lap splice length £, for deformed bars and
deformed wires i tension shall be in accordance with Table
25.5.2.1, where £; shall be in accordance with 25.4.2 1(a).

Table 25.5.2.1—Lap splice lengths of deformed

bars and deformed wires in tension

Maximum

percent of 4,
spliced within

Awmﬁ!@'fil;mfudn] required lap Splice
over length of splice length type £y
50 Class A Greater | 1.0f;and
=20 of: | 300 mm
i ClassB | Greater| 1.3f;and
<20 All cases Class B of | 300 mm

MRatio of area of reinforcement provided to area of reinforeement raquired by analysis

at splice location.

Clear spacing—\ Lapped bar (typ.) =

Y

\

N

£

/-

Clear spacing

Fig. R25.5.2.1—Clear spacing of lap-spliced bars for deter-

mination of Uy for staggered splices.
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R25.6—Bundled reinforcement
R25.6.1 Nonpresiressed reinforcement

R25.6.1.1 The Code phrase “bundled 1n contact fo act as

a ut” 1s mtended to preclude bundling more than two bars
mn the same plane. Typical bundle shapes in cross section are

triangular, L-shaped, or square-shaped pattemns for three- or

four-bar bundles. As a practical caution, bundles more than
one bar deep n the plane of bending should not be hooked or
bent as a unit. Where end hooks are required, 1t 1s preferable
to stagger the individual bar hooks within a bundle.
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R25.6.1.4 Bond research (ACT Committee 408 1966) has R g " . . T .
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qci } American Concrete Institute

Always advancing

The Commentary is intended for the use of individuals
who are competent to evaluate the significance and limi-
tations of its content and recommendations, and who will
accept responsibility for the application of the information
it contains. ACI disclaims anv and all responsibilitv for the
stated principles. The Institute shall not be liable for any loss
or damage arising thereirom. Reference to the Commen-
t—ggshaﬂlnntl::-emmjeinccmstmctiﬂn documents. If items
found in the Commentary are desired by the licensed design
professional to be a part of the contract documents, they
shall be restated in mandatory language for incorporation by
the licensed design professional.
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COMPUTERS & STRUCTURES INC.

Concrete Frame
Design Manual

DISCLAIMER

CONSIDERABLE TIME, EFFORT AND EXPENSE HAVE GONE INTO THE
DEVELOPMENT AND DOCUMENTATION OF THIS SOFTWARE. HOWEVER,
THE USER ACCEPTS AND UNDERSTANDS THAT NO WARRANTY IS
EXPRESSED OR IMPLIED BY THE DEVELOPERS OR THE DISTRIBUTORS ON
THE ACCURACY OR THE RELIABILITY OF THIS PRODUCT.

THIS PRODUCT IS A PRACTICAL AND POWERFUL TOOL FOR STRUCTURAL
DESIGN. HOWEVER. THE USER MUST EXPLICITLY UNDERSTAND THE BASIC
ASSUMPTIONS OF THE SOFTWARE MODELING, ANALYSIS, AND DESIGN
ALGORITHMS AND COMPENSATE FOR THE ASPECTS THAT ARE NOT
ADDRESSED.

THE INFORMATION PRODUCED BY THE SOFTWARE MUST BE CHECKED BY
A QUALIFIED AND EXPERIENCED ENGINEER. THE ENGINEER MUST
INDEPENDENTLY VERIFY THE RESULTS AND TAKE PROFESSIONAL
RESPONSIBILITY FOR THE INFORMATION THAT IS USED.
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APPENDICES & REFERENCES

APPENDIX C—EQUIVALENCE BETWEEN SI-METRIC, MKS-METRIC, AND
U.S. CUSTOMARY UNITS OF NONHOMOGENOUS EQUATIONS IN THE CODE

Provizion U.5 Customary units stress in
number S5I-metrie siress in MPa mbs-metric stress in kgffem® pounds per square inch (psi)

1 MPa 10 kgffem? 145 paa

£'=2] MPa ' =210 kgffom? £ = 3000 psi

£ =2% MPa £ = 280 kgffem’ £ = 4000 psi

' =35 MPa |7 = 350 kgffom’ |f = 5000 psi

£ =40 MPa |7 =420 kgffom? £ = 6000 psi

£, =280 MPa | £, = 2800 kgffem’ £, = 40,000 ps1

=420 MPa £, = 4200 kgffem’ £ = 60,000 ps1

f=350 MPa | £, = 5600 kgffem? £ = 80,000 ps1

=690 MPa £ = 1000 kgffem® = 100,000 psi

fow = 1725 MPa | fow = 17,600 kgflem® | fow = 250,000 ps1

fouw= 1860 MPa L = 19,000 kgflem® fu=270.000 psi

JF inMPa 31847 in kefem? 12.JF mpu

0.313.4F mMPa ‘qr.f_,.' in kgflem?® 177 mps
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