R ol VT2
=

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 ACl Committes 318

b8 woso
o)’L...: LgJ.’JS& ng\o

g™ Amesican Concrete Institute
1 u CI Aty aohonting

ACI 318-19




2014 & Comd 2019 s 9 g bl O g

ol (S5, b i 380 Wiy
Lacl (5 s S35y

LQJ‘J )O ‘5)‘&5)9)‘.0)]' ’:’

<
@)
>
)
3
3
)
Q.
o
)
S
o
>
®
0Q
3
=
o
O
3

13 50 ol Wlise %

Oy A3 gt Y L]

@ mohammad.banan



2014 & Comd 2019 s 9 g bl O g

sl o3 blgud <

Cuoglio ol cul s %

O 1 by Ayl y i
S8 8 Y5l il

Sboj azsu ) sl Sl wlal o >b %

<
@)
>
)
3
3
)
Q.
o
)
S
o
>
®
0Q
3
=
o
O
3

@ mohammad.banan



ACI 318-19: BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE 5
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CODE COMMENTARY
Collector

In-plane inertial loads

Structural (shear) wall

Structural

(shear) wall wind pressure

or inertial loads

Moment resisting
frame

Inclined column

Basement
wall

Transfer slab/
diaphragm
Distributor
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Table 6.6.3.1.1(a)—Moments of inertia and cross- Table 6.6.3.1.1(a)—Moment of inertia and cross- 3
sectional areas permitted for elastic analysis at sectional area permitted for elastic analysis at 3
factored load level factored load level 2
Cr?ss' 'Cross- Moment of Cross-sectional g

sectional sectional area Member and condition Inertia area =5

Member and Moment of | area for axial for shear Y]
condition inertia deformations | deformations Columns 0.701¢ >
Columns 0.701, Uncracked 0.701 @

Walls o

Uncracked | 0.70Z, Cracked 0.351, 1.04, 3

Walls Q)
Cracked 0.351, 1.04, b,h Beams 0.35I; —_

(@)

Beams 0.357, Flat plates and flat slabs 0.25I; ®)

Flat plates and flat slabs 0.251, =

ACI318-19 ACI318-14
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7.6.1.1 A minimum area of flexural reinforcement, A4 ;.

7.6—Reinforcement limits shall be provided in accordance with Table 7.6.1.1.

7.6.1 Minimum flexural reinforcement in nonprestressed

slabs
Table 7.6.1.1—A; i, for nonprestressed one-way
7.6.1.1 A minimum area of flexural reinforcement, A, . slabs
of “J]{}lsfig shall be pl'{}vi{ied Reinforcement

type fi» MPa Ag in

ACI318'19 Deformed bars < 420 0.00204,
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Deformed bars Great 0.0018x 420 4
or welded wire =420 cater fy £
reinforcement of:

0.00144,

ACI318-14
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Supporting Hanger reinforcement

beam Other transverse
reinforcement not shown

Fig. R9.7.6.2.1—Hanger reinforcement for shear transfer:

<
O
>
Q
=
3
Q
o
o
Q
-
Q
>
®
oQ
3
)
o
@
=

Table 9.7.6.2.2—Maximum spacing of legs of shear . i
: pacing g Table 9.7.6.2.2—Maximum spacing of shear
reinforcement .
: reinforcement
Maximum s, mm
Nonprestressed beam Prestressed beam Maximum s, mm
Nonprestressed Prestressed
Required Along Across Along Across v b beam
v, length width | length | width s cam
dn d 3h/4 302 <033J7h L £ di2 3hi4
03T Lcsse; <0.33,f.b d esser of: 500
~ o0 d/4 38
di4 dn 308 3h/4 > 0331 Lesser of: : :
503 34?;5..‘3 Les:;e; fb.d 300
- 300

ACI318-19 ACI318-14
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Table 15.4.2.3—Nominal joint shear strength V, 8—
Column . _ Confinement by Q
Effective joint area, A Erfective joint transverse beams 3
width = lesser of Beam in according to 3
( b+ h} and Column direction of ¥; 15.2.8 ¥, Nil Q
Reinforcement (b +2x) o
. Confined 2.0h,Jf A .
generating x Continons o Oh774, 0
shear _\ b meets 1527 v %
» E _ Not confined 1-?1\-"_.?‘ A Y
— Y — Va Continuous or S
% 15.2.6
T || o | B
v 0Q
Plan x} = \_ - Notconfined | 13AJ74, 3
Q
h = Joint depth in LT —
plane parallel to Contimons o | CCPHRed NS 2
reinforcement meets 15.2.7 Not confined LT =
generating shear e TN
Other
Note: Effective area of joint for forces in each Confined L3WF4,
direction of framing is to be considered Other
separately. Not confined 1.OAF74;
Fig. R15.4.2—Effective joint area. [ shall be 0.75 for lightweight concrete and 1.0 for normalweight concrete.
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Not greater than the smaller

of ezand 0.75¢4

l.l.

dhpl |
I NN RN . ..
—~ N 6T i10SR

I NIk E NN EENE . .-

_CEREEH ] |

Not greater than the smaller

Transverse reinforcement in column above and

below the joint not shown for clarity

Note:

Section A-A
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Crosstie as defined in 25.3.5

“

Detail A

Maximum spacing
between bars
restrained by legs

6d}, extension B

~6dp= 75 mm
extension

Consecutive crossties
engaging the same
longitudinal bars have
their 90-degree hooks on
opposite sides

of crossties or
hoops = 350 mm —

ACI318-19
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Detail B \]

o )

p 8d,
6dp > 75 mm \]"E,,.i;mim ‘ . ’ h‘ .
Exlension \ °
Detail B ‘- Crosstie as @ ) . 3
defined in 25.3.5
/ f"

Z,

Consecutive
crosslies
engaging the

- same longitudinal -
Detail A bars have their Detail C

90 degree hooks

on opposite sides B

Maximum spacing between
bars restrained by legs of
crossties or hoops = 350 mm

ACI318-14
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Longitudinal bar
./_ at boundary region

Floor slab ~\ ] s‘ a}) h"rz

Z

@)
>

Q

Q

Critical section for A >min.< fsx  § -
flexure and axial loads 6m g o
__ Q

” 8 -

Critical section = /l fpe Q

@ >

g - ®

Z
2 El:f .

Boundary region OBQ

< = Wall intersection L

boundary region O

3

{ Y ’pe X | % |x
Note: For clarity, only part of the required reinforcement is shown.
(a) Elevation (b) Section A-A

Fig. R18.10.2.3—Wall boundary regions within heights where lap splices are not permitted.
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18.10.2.4 Walls or wall piers with h,/f, = 2.0 that are (@) nglmdmal_ reinforcement ratio within 0.15¢, from
} . the end of a vertical wall segment, and over a width equal

effectively continuous from the base of structure to top of . a

11 and desiened to hav inele critical o0 for to the wall thickness, shall be at least I].SJE if,-
wall and are designed to have a single critical section for (b) The longitudinal reinforcement required by 18.10.2.4(a)
flexure and axial loads Si_llall have longitudinal I'f:‘l_l]fDI'CE- shall extend vertically above and below the critical section
ment at the ends of a vertical wall segment that satisfies (a) at least the greater of £, and M, /3.
through (c). (¢) No more than 50 percent of the reinforcement required

by 18.10.2.4(a) shall be terminated at any one 5ecticn.|

| .E“"- 1 i_. fl'lnl" __i
- | I _ —
| ]
l II”"“" 10.15»?,. 'jﬂmw [ I: ] g_mw[r:-
- 0157y A\ 0.15¢, - -! 0.15¢',
0.15¢'y
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o Woe. Mo

Fig. R18.10.2.4—Locations of longitudinal reinforcement required by 18.10.2.4(a) in different configurations of wall sections.
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18.10.3 Design forces @‘ G} J’ bﬁ‘ ,0

18.10.3.1 The design shear force ¥ shall be calculated by: Table 18.10.3.1.2—Overstrength factor Q, at critical

section
V,=Q0,V,<3V, (18.10.3.1) Condition 2
Mpw"llMum
where V,. Q.. and o, are defined in 18.10.3.1.1. 18.10.3.1.2. e/ > 1.5 Greater of s
and 18.10.3.1.3. respectively. b <15 10
18.10.3.1.1 V,, is the shear force obtained from code lateral " For the load combination producing the largest value of O,

. . . . 1 Unless a more detailed analysis demonstrated a smaller value, but not less than 1.0.
load analysis with factored load combinations. ”

18.10.3.1.3 For walls with h,,../f,, < 2.0. m, shall be taken

18.10.3.1.2 €, shall be in accordance with Table as 1.0. Otherwise, o, shall be calculated as:

18.10.3.1.2.
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n.f
n, = number of stories above the critical section ®, =09+ n <6
(18.10.3.1.3)

A
. . .. w =13+—— <18 >6
‘hwm = height of entire structural wall above the critical Y 30 "

section for flexural and axial loads, mm

where n, shall not be taken less than the quantity 0.000284,,,.
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18.10.6 Boundary elements of special structural walls

18.10.6.1 The need for special boundary elements at the
edges of structural walls shall be evaluated in accordance
with 18.10.6.2 or 18.10.6.3. The requirements of 18.10.6.4
and 18.10.6.5 shall also be satisfied.

18.10.6.2 Walls or wall piers with f,,./f,, > 2.0 that are
effectively continuous from the base of structure to top of

wall and are designed to have a single critical section for
flexure and axial loads shall satisfy (a) and (b):

(a) Compression zones shall be reinforced with special
boundary elements where

158 ¢
> v (18.10.6.2a)
h.~ 600c

and ¢ corresponds to the largest neutral axis depth calcu-
lated for the factored axial force and nominal moment
strength consistent with the direction of the design
displacement &,. Ratio 8,/h,,., shall not be taken less than
0.005.

ACI318-19
&) mohammad.banan

18.10.6 Boundary elements of special structural walls

18.10.6.1 The need for special boundary elements at the
edges of structural walls shall be evaluated in accordance
with 18.10.6.2 or 18.10.6.3. The requirements of 18.10.6.4
and 18.10.6.5 shall also be satisfied.

18.10.6.2 Walls or wall piers with &,/f,, = 2.0 that are
effectively continuous from the base of structure to top of
wall and are designed to have a single critical section for
flexure and axial loads shall satisfy (a) and (b) or shall be
designed by 18.10.6.3

(a) Compression zones shall be reinforced with special
boundary elements where

_ &
2 5o (18.10.6.2)

and ¢ corresponds to the largest neutral axis depth calcu-
lated for the factored axial force and nominal moment

strength consistent with the direction of the design
displacement &,. Ratio 8,/M,, shall not be taken less than

. ACI318-14
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(b) If special boundary elements are required by (a), then
(1) and either (i1) or (1i1) shall be satisfied.
(1) Special boundary element transverse reinforcement
shall extend vertically above and below the critical
section a least the greater of £,, and M,/4V,. except as
permitted in 18.10.6.4(1).
(i) b =,/0.025¢¢,
(111) &,/ Ityyes > 1.56,/M,cs. Where:

5, 1 (, 1(&)(¢
hm_ll)l}[4 50( )[] osﬁJ_An] (18:106.20)

The value of 8./h,.s in Eq. (18.10.6.2b) need not be taken
less than 0.015.

ACI318-19
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and e corresponds to the largest neutral axis depth calcu-
lated for the factored axial force and nominal moment
strength consistent with the direction of the design
displacement &,. Ratio &,/h, shall not be taken less than
0.005.

(b) Where special boundary elements are required by (a).
the special boundary element transverse reinforcement
shall extend vertically above and below the critical section

at least the greater of {,, and M,/4V,. except as permitted
in 18.10.6.4(g).

ACI318-14
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Perimeter hmpj Supplemental crossties s Longitudinal web reinforcement

<
@)
-
Q
3
1 =
T / =
_— Through web =
crosstie 8
b bc -~ - )
@
oQ
3
|| S =
'®)
L £1=2b, _|  Horizontal web —/ S
reinforcement, A,
Lpe

(a) Perimeter hoop with supplemental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement
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Hoop Overlap

Supplemental crossties at least min. of

<

@)
150 d2b/3 QDJ-

Hoop #1 ( mm an | ) Hoop #2 //— Longitudinal web reinforcement =

[ | » | 3
b </ o z
Q.

&

b bf.‘ "/_.-"' S
Q

o ®

i . I 5
. {1 <2bg _l Horizontal web—] xThfﬂUQh web 2.

' crosstie ¢
t,<2b, reinforcement, A, 8
- - 3
- ‘be -

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

Fig. R18.10.6.4a—Configurations of boundary fransverse reinforcement and web crossties.
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Horizontal web reinforcement, A, Boundary element Horizontal web
’be reinforcement, Asﬁ—f reinforcement, A.r\
- be; _
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——
b| b e
! | 2 fyofthe horizontal
| 2 igporiy - _ Confined <150 mm—/ web reinforcement
<150 mm _/ as appropriate core (b)
(a) Option with straight developed reinforcement

Option with standard hooks or headed reinforcement

Fig. R18.10.6.4b—Development of wall horizontal rein-
forcement in confined boundary element.
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Table 19.2.4.1(a)—Values of i for lightweight
concrete based on equilibrium density <
e : =
<1600 0.75 (a) Table 19.2.4.2—Modification factor A =
1600 < 1w, < 2160 0.0075w, = 1.0 " ]
TWes e = ® Concrete Composition of aggregates IS g
= = & All-lightweight Fine: ASTM C33004 0.75 o
S Coarse: ASTM C330M ' o
Table 19.2.4.1(b)—Values of 3 for lightweight Lightweight. fine | | o on oSS S
concrete based on composition of aggregates blend c ASTM C330M ' ' g
Oarse.
Concrete Composition of aggregates 'y Fine: ASTM C33M @
All-ightweght Coarse: ASTM C330M 0.75 — 3
- — Sand-Tiehtweicht Fine: ASTM C33M (o))
Lightweight. fine Fine: Combination of ASTM & 8% | Coarse: Combination of ASTM 0.85 to 1% —
Coarse: ASTM C330M an @)
Fine: ASTM C33M N lweicht Fine: ASTM C33M 1 3
Sand-lightweight o T C330M 0.85 ormatvelg Coarse: ASTM C33M
_ _ Fine: ASTM C33M
Sand-lightwesght, Coarse: Combination of ASTM 0.85to 12 AC|3 18— 14

coarse blend

C330M and C33M

ACI318-19
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Table 20.5.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members

Specified
cover,
Concrete exposure Member Reinforcement mm
Cast against and
permanently in All All 75
contact with ground
No. 19 through 50
Exposed to weather No. 57 bars
or 1 contact with All No. 16 bﬂf, WOW 200
ground or MD200 wire,and | 40
smaller
No. 43 and No. 57
40
Slabs, joists. bars
and walls
Mot exposed to No. 36 bar and 20
. smaller
weather or in
contact with ground Beams, Primary
columns, reinforcement, 40
pedestals, and | stirrups, ties, spirals,
tension ties and hoops

ACI318-19
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Table 20.6.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members

Specified
Concrete exposure Member Eeinforcement COVEr, Im
Cast against and
permanently in All All 75
contact with ground
No. 19 through No. 50
Exposed to weather 57 bars
or in contact with Al No. 16 bar, MW200
ground or MD200 wire, and 40
smaller
No. 43 and No. 57 40
Slabs, joists, bars
and walls
Not exposed to No. 36 bar and 20
; smaller
weather or in
contact with ground Beams, Primary reinforce-
columns, ) )
ment, stirmips, ties, 40
pedestals, and spirals, and hoo
tension ties pirass. ps

ACI318-14
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Table 20.2.1.3(c)—Uniform elongation
requirements for ASTM A706 reinforcement

Grade 420 | Grade 550 | Grade 690
Uniform elongation, minimum, percent
Bar designation No.
10, 13, 16, 19, 22, 25, 29, 32 9 7 6
36, 43, 57 6 6 6

ACI318-19
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21.2.2.1 For deformed reinforcement, &, shall be f,/E;.
For Grade 420 deformed reinforcement, it shall be permitted

to take &, equal to 0.002. “w 9% ﬂu “

Table 21.2.2—Strength reduction factor ¢ for moment, axial force, or combined moment and axial force

¢
Type of transverse reinforcement
Net tensile stain &, Classification Spirals conforming to 25.7.3 Other
ACI 3 18_ 1 4 £ =gy Compression-controlled 0.75 (a) 0.65 b)
< &< 0.005 Transition® 075+015— 2 —F0) 0.65+025— 21— C0) d
By =& on T (0005 —¢,) © ' T (0.005-¢,) @
g = 0005 Tension-controlled 090 (e} 0.90 (f)

MFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.

Table 21.2.2—Strength reduction factor ¢ for moment, axial force, or combined moment and axial force

¢
Tvpe of transverse reinforcement
Net tensile stain =, Classification Spirals conforming to 25.7.3 Other
Compression-
- =
ACI318-19 sey ompresso 075 @ 065 ®
£, <€ <&, +0.003 Transition!!] 0.75+0. 15( :— €y) (c) 065+i}25( :— Ey) (d)
v o (0.003) (0.003)

£, 2 g, +0.003 Tension-controlled 0.90 (e) 0.90 (f)

(MFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.

O mohammad.banan
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<
@)
>
E
¢ ¢ =
A A Q
0.90 0.90 o
Spiral g
ira
075 2 mm =" 0.751 =
Other -
0.65 | 0.65 ®
- Tension  compression Tension 0Q
Transition controlled  controlled——___ Transition controlled 3
i i " -l m
Compression + . > F | - =
controlled —~ €t =&y € =&+ 0.003 &= &y & =0.005 Q
ACI318-19 ACI318-14 S
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Q
Table 22.4.2.1—Maximum axial strength Table 22.4.2.1—Maximum axial strength =
Transverse Transverse 3
Member reinforcement Py Member reinforcement | Jp— b
Ties conforming to Ties conforming to 0.80P, | (a) g
0.80P, (a) 22424
22424 Nonprestressed - - Q
Nonprestressed : : Spirals conforming to 0.85P, | (b) -
Spirals conforming to 0.85P, ) 22425 R ) @
22425 : 09
Ties 0.80P, | (c) =
Ties 0.80P, (c) Prestressed
Prestressed : Spirals 0.85P, | (d) Q.
Spirals 0.85P, (d) - o
: : Composite steel and conerete 8
Deep foundation member Ties c‘é“}f“‘;‘;lmg to 0.80P, (e) columns in accordance with | All 0.85P, | (e) 3
: Chapter 10

ACI318-19 ACI318-14
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O (w3 o g Al y s
22.5.5.1 For nonprestressed members, ¥, shall be calcu-

lated in accordance with Table 22.5.5.1 and 22.5.5.1.1
through 22.5.5.1.3.

<

o

>

Q

=

Table 22.5.5.1—V, for nonprestressed members 22.5.5.1.1 V, shall not be taken greater than 0.421\/7; b,d. 8_
Criteria V. o)
22.5.5.1.2 In Table 22.5.5.1, the value of N,/6A, shall not g

{“-”l\/f_: + ;‘7; } bd @ be taken greater than 0.05f,". =

. : ®

Ay 2 Aypmin | Either of. 22.5.5.1.3 The size effect modification factor, A, shall be [
{n. 66M(p. )T + ;:. } b.d ®) determined by g

A, = \/1 0;:)0453 <1 (2255.13) L2

Ay < Ayin {U.ﬁﬁlsl(pw)m\/f+%} bd © t0. =

Notes:
1. Axial load, N,, 1s positive for compression and negative for tension.
2. ¥ shall not be taken less than zero.

@ mohammad.banan



shear reinforcement

Sl (51 9 (o8 (w3 e yb bl y gk

Table 22.6.5.2—v, for two-way members without

Table 22.6.5.2—Calculation of v, for two-way shear

T 0.33%/f (a)
0.330,A 17 (a) :
0.17| 1+ |y £/
Least of (a), (b). and (c): (ﬂ;] fe (b)

0.33
017 +—= A MJ
Least of (a), (b), and (c): [ B } M ®)

o d
b,

G.ﬂSS[E—l—

]wf c)

Note: B 1s the ratio of long side to short side of the column, concentrated load. or reac-

tion area and o 15 grven mn 22 6.5 3.
(1) %, 1s the size effect factor given in 22 3 5.1 3.

(11) P 1s the ratio of long to short sides of the column, concentrated load, or reaction
area. 22.5.5.1.3 The size effect modification factor, A.. shall be

determined by
e
1+0.0044

0.0830.d a
[D.]T +b—]151\/f_ ()

o

Notes:

<
O
>
Q
=
3
Q
o
o
Q
-
Q
>
®
oQ
3
)
o
@
=

(111) o, 1s given m 22 6.5 3.

(22.5.5.1.3)
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Table 22.6.6.1—v,, for two-way members with shear

reinforcement 22.6.6.2 It shall be permitted to take A, as 1.0 if (a) or (b) 8—
- N . m
Type of shear Critical 1s satisfied: 3
reinforcement sections Ve ) _ _ ) _ 3
(a) Stirrups are designed and detailed in accordance with B
Stirrups All 0172 A\[f7 (a) 8.7.6 and A,/s > 0.17 [ £ b, f;s. o
(b) Smooth headed shear stud reinforcement with stud shaft (ws)
0.25A A f! (b) length not exceeding 250 mm is designed and detailed in g
accordance with 8.7.7 and A,/s > 0.17 \/ £ b,/f;. g
. Least of 2
According to 0.17|14+= |A ! .
Headed 22.6.4.% (b)’ (c}, [ B] M (C) b‘—- 0(?
shear stud and (d): m 3
reinforcement o d Q_J
u_u33[2+—£:] AT | () <250 mm (T
Or other
According to A 7 :v;:;dSFE?: ?_T\ CBD
22.6.4.2 017AAy fe © '
Notes: I “
(1) h; 1s the size effect factor given in 22 551 3. < 250 mm
{(11) P 1s the ratio of long to short sides of the column, concentrated load, or reaction
area.
(i) o, is given in 22.6.5.3. |—ll—ﬁ—-
| |
Fig. R22.6.6.2—Stacking (piggyvbacking) of headed shear
l @, mohammad.banan stud remforcoment.




24.2.3.4 Modulus of elasticity, E.. shall be permitted to be
calculated 1in accordance with 19.2.2.

24.2.3.5 For nonprestressed members, unless obtained by a
more comprehensive analysis, effective moment of inertia, I,
shall be calculated in accordance with Table 24.2.3.5 using:

I
M_= Iy (24.2.3.5)

Ty,

Table 24.2.3.5—Effective moment of inertia, I,

Service moment Effective moment of inertia, I, mm*
M, < (2""3)Mcr Ig (a)
Il:!
M, > (2/3)M,, . [ QIHM,, T [1_ I, ] (b)
M, I,

ACI318-19
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24.2.3.4 Modulus of elasticity, E., shall be permitted to be
calculated in accordance with 19.2.2.

24.2.3.5 For nonprestressed members, effective moment
of inertia, I,, shall be calculated by Eq. (24.2.3.5a) unless

obtained by a more comprehensive analysis, but I, shall not
be greater than I,

Mﬂ?’ 3 MLT 3
L=\ 5| Lt 1| 77| |l @42359)

where M, is calculated by

I
M, = AL (24.2.3.5b)
Vi

ACI318-14
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A

V.V, ‘I’S\I’gd

b=

LIS [cb+K ]

d

(25.4.2.4a)

Table 25.4.2.3—Development length for deformed
bars and deformed wires in tension

Spacing and cover

No. 19 and smaller
bars and deformed
wires

No. 22 and
larger bars

Clear spacing of bars or wires
being developed or lap spliced
not less than o, clear cover
at least dp, and stirrups or ties
throughout £, not less than the
Code minimum
or
Clear spacing of bars or wires
being developed or lap spliced
at least 2d; and clear cover at
least d,

()

(e )

oS 4O maiwo O 3o (5 ylgo Job

/; “’"’“" d,  (25.423a)

"_111:/_( . J ’

Table 25.4.2.2—Development length for deformed
bars and deformed wires in tension

No. 19 and
smaller bars and | No. 22 and

Spacing and cover deformed wires | larger bars

Other cases

B

fLvww, 4
LI )

Clear spacing of bars or wires being
developed or lap spliced not less
than d, clear cover at least d,, and

stirrups or ties throughout £, not less f
than the Code minimum Jy SV AL d
2.0 1 .1.71q/f;

or

Clear spacing of bars or wires being
developed or lap spliced at least 2d,
and clear cover at least d

ACI318-19
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Other cases MY d,
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Table 25.4.2.5—Modification factors for
development of deformed bars and deformed
wires in tension

Table 25.4.2.4—NModification factors for development
of deformed bars and deformed wires in tension

Modification Value of
factor Condition factor
Lightweight concrete 0.75
Lightweight Lightweight concrete, where f; is In accordance
A specified with 192 43
MNormalweight concrete 1.0
Epoxy-coated or zinc and epoxy
dual-coated reinforcement with clear 15
cover less than 34, or clear spacing ’
less than Gy
Epoxy! -
Epoxy-coated or zinc and epoxy dual-
Ve coated reinforcement for all other 12
conditions
Uncoated or zinc-coated (galvanized) 10
reinforcement ’
Size No. 22 and larger bars 1.0
No. 19 and smaller bars and deformed
W . 038
wires
_ More than 300 mm of fresh
Casting concrete placed below horizontal 13
position! reinforcement
Vi Other 1.0

Modification Value of
factor Condition factor
Lightweight concrete 0.75
Lightweight A
Normalweight concrete 1.0
Grade 280 or Grade 420 1.0
Reinforcement Grade 550 115
grade v
Grade 690 13
Epoxy-coated or zine and epoxy dual-
coated remnforcement with clear cover 15
less than 3dj or clear spacing less than |
bdy
Epnx}rm W Epoxy-coated or zinc and epoxy
dual-coated reinforcement for all other 12
conditions
Unceoated or zinc-coated (galvanized)
) 1.0
reinforcement
No. 22 and larger bars 1.0
Size y; No. 19 and smaller bars and deformed 08
wires "
) More than 300 mm of fresh concrete 13
Casting placed below horizontal reinforcement I
position!! y,
Other 1.0

[The product wy, need not exceed 1.7.

ACI318-19
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MThe product yy, need not exceed 1.7.
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25.4.3 Development of standard hooks in tension 25.4.3 Development of standard hooks in tension

25.4.3.1 Development length £, for deformed bars in 25.4.3.1 Development length £, for deformed bars in
tension terminating in a standard hook shall be the greater tension terminating in a standard hook shall be the greater
of (a) through (c): of (a) through (c):

@ (ﬁwew,wawc

230!

in 25.4.3.2

] d>? with ., W, W,, W,, and A given () [0-24J§,1Ife‘lfc‘|’r Jd*” with ,, Y., ,, and A given in 25.4.3.2.

W

<
@)
>
)
3
3
)
Q-
o
)
S
o
>
®
0Q
3
=
o
O
3

ACI318-19 ACI318-14
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Table 25.4.3.2—Modification factors for development

ACI318-19
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Table 25.4.3.2—Modification factors for of hooked bars in tension
development of hooked bars in tension
Value
Modification Modification of
factor Condition Value of factor factor Condition factor
Lightweight concrete 0.75 ; ; Lightweight concrete 0.75
Lightweight 1 _ Lightweight £ gh
Normalweight concrete 1.0 A Normalweight concrete 1.0
Epoxy-coated or zinc and epoxy 12 Epoxy-coated or zinc and epoxy dual- 12
dual-coated reimnforcement ) Epoxy coated reinforcement ’
Epoxy ve Uncoated or zinc-coated Wy Uncoated or z_inr—cuated (galvanized) 10
(zalvanized) reinforcement 1.0 reinforcement
] 1l . For No. 36 bar and smaller hooks with side
?Dﬂﬁﬂmg For Nﬂf{fﬁd Sl }t;:j;uﬂl 1.0 cover (normal to plane of hook) = 65 mm 0.7
remforcement Anz04dpors7 2 Cover and for 90-degree hook with cover on bar '
Wr Other 1.6 Ye extension beyond hook = 50 mm
Locationy, | For No. 36 and smaller diameter Other 1.0
hooked bars:
(1) Terminating inside column For 90-degree ho-ok;;i WNo. 36 and smaller
“mh:“ﬂlfﬁiﬂnm 0 10 (1) enclosed along £, within ties of stir-
Ep Wf ﬂf de cou m:;:l,almm rupst!] perpendicular to £z at 5 < 3ds. or
@ lansel fiwir:ﬂﬁd (2) enclosed along the bar extension
prane o7 Rlook = % Confining | beyond hook including the bend withinties | 3
Other 125 reinforcement | or stirrups!! perpendicular to £ at 5 = 3d;
r r w?l]]
Concrete Forf' <42 MPa fN105+06 For 180-degree hooks of No. 36 and
strength For f' > 42 MPa 1.0 smaller bars enclosed along £ within ties
or stirrups!!! perpendicular to £ at 5 = 3d,
05 15 minimum center-to-center spacing of hooked bars.
Bldy is nominal diameter of hooked bar. Other 1.0

ACI318-14
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S8 8 5o (5 5lg0 Jobo

/( <
. dh _ 8—
20750y, ‘ dy g, oY)
|_ — - d 3
i b 3
- o = ., Q
| o
| + o
Q
L 2 >
-
I ®
Ll 1l m
|| 3
—_ Q)
- \__ Ties or stirmups S 2d, <3dp 5
<
b Fig. R25.4.3.2a—Ties or stirrups placed perpendicular to 3

Fig. R25.4.3.3b—Confining reinforcement placed perpen-

the bar being developed, spaced along the development
dicular to the bar being developed, spaced along the devel-

length (g,
opment length Lan, that contributes to anchorage strength of ACI318 14
both 90- and 180-degree hooked bars. -
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25.4.4.2 Development length £, for headed deformed bars
in tension shall be the longest of (a) through (c):

LYW,V
(a)| == . d,” with w,, W, W,, and y,, given in
31,/ fc'
25.4.4.3

l Headed deformed bar
>dA5 f

ACI318-19

1 Note: Other reinforcement
c omitted for clarity.

Fig. R25.4.4.2c—Breakout failure precluded in joint by
keeping anchorage length greater than or equal to d/1.35.

@ mohammad.banan
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25.4.4.2 Development length £, for headed deformed bars
in tension shall be the greatest of (a) through (c):

0.19
(a) [—f’“‘"e

NIA

f. shall not exceed 40 MPa

c

—— |

A\
\\‘/—Sh"lﬂ -.._—"l-d

A"
N\
\{}=c

ﬂ Note: Other reinforcement
¢ omitted for clarity.

A
!

Fig. R25.4.4.2¢—Breakout failure precluded in joint by
keeping anchorage length greater than or equal to d/1.5.

Jdb , with g, given in 25.4.4.3 and value of
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Table 25.4.4.3—Modification factors for
development of headed bars in tension ( . y) ‘5‘ ‘ S ‘S ‘ J !
Modification - ) ) Z
factor Condition Value of factor o
Epoxy-coated or zinc and epoxy 12 03;
dual-coated reinforcement ' 3
Epoxy v, )
Uncoated or zinc-coated 10 3
(galvanized) reinforcement ) !8_
Parallel tie For No. 36 and smaller bars with 4, b
: 1> g, [23] 1.0
reinforcement = 0.34,, or s*" = 6d, Q
>
Ve Other 1.6 Q
>
For headed bars: @
(1) Terminating inside column core 10 oQ
Location v, with side cover to bar > 65 mm; or ’ 3
(2) With side cover to bar = 64 Q)
Other 1.25 8
Concrete Forf < 42 MPa £./105 + 0.6 3
strength y. For f' > 42 MPa 1.0
(s 1s minimum center-to-center spacing of headed bars.
Bld, 1s nominal diameter of headed bar.
ClReferto 25.4.4.5.

ACI318-19
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Fig. R25.4.4.4—Ties or stirrups placed parallel to the

* P
headed beam bars being developed in a beam-column joint ( y ) ” % J *
that contribute to anchorage strength. @ 6‘)‘° ﬁ)

Parallel tie reinforcement within ﬂ @)
, \_\ 8dps of the vertical headed bar 93_,-
Head 8dp»
L at 2~ = S‘ ={——=Direction of strut g
Head 4 D
TN =
% ]
T Q
- > 5
] —> 8d,, dps g
8d,, Developeq == @
1 Developed <> F g;:;rlﬂpresswe oq
1 compressive Direction c S
Di 1 i strut c of strut — Q
irection .—
of strut - O
dp2 CBD
\—Parallel tie \Parallel tie
reinforcement £~ reinforcement
Within Sdb Df A | Wlthlr'l Bdb1 Of
the horizontal T the horizontal
)l, headed bar c headed bar
(@) Horizontal headed bars (b) Vertical and horizontal headed bars

@ mohammad.banan



o) axe )6 Jad pé WUT wlwl 9 21 b
ACI318-19

REFERENCES & APPENDICES 567
APPENDIX A—DESIGN VERIFICATION USING NONLINEAR RESPONSE
HISTORY ANALYSIS

CODE COMMENTARY
A.1—Notation and terminology RA.1—Notation and terminology
A.1.1 Notation
B = bias factor to adjust nominal strength to seismic
target reliabilities
D, = ultimate deformation capacity; the largest deforma-

tion at which the hysteresis model is deemed valid
given available laboratory data or other substanti-

ating evidence
fee’ = expected compressive strength of concrete, MPa
fue = expected tensile strength for nonprestressed rein-

forcement, MPa
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Jfre = expected yield strength for nonprestressed rein-
forcement, MPa

£, = plastic-hinge length for analysis purposes, mm

R,., = expected yield strength

V,e = expected shear strength, N

6, = yield rotation, radians

&, = seismic resistance factor for force-controlled

actions
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Table A.8.4—Effective stiffness values!!

Sy 4

dxn )b s pé WIET ol 9 2 b

Component Axial Flexural Shear
nonprestressed 1.0E A, 03E1; 04E.A,
Beams
prestressed 1.0EA, 1.0E.I, 04E.A,
>0 54, 1.0EA, 0.7E, 0.4E 4,
Columns with compression caused ; o)
by design gravity loads™! =0 147" ith tensi 1.0EcAg (compression 0.3E 04E
<0-14./c" or with tension 1.0E. 4, (tension) SR Ay
in-plan 1.0E 0.35E 02E
S wallsB! m-plane edg elg ede
out-of-plane 1.0E A, 025E1, 04E.A,
nonprestressed 0.25E 4, 025E ], 025E.4,
Diaphragms (in-plane only)!!
prestressed 0.5E:A, 05E]; 04E.A,
0.07 [E" ]E I
. with or without diagonal A 7 [Pty
C b . 1.0E h 04E,
oupling beams reinforcement oA A
<03E],
) in-plane 0.5EA, 05E]; 04E.A,
Mat foundations
out-of-planel”! 05E];
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