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CODE COMMENTARY

R18.2.218.2.2

18.2.2.1

18.2.2.2

18.2.2.3

18.2.3 Anchoring to concrete

18.2.3.1
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-ACI 318

ASTM A706 19

ASTM A706

Ghannoum Sokoli NIST
ASTM A706

ASTM A706
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R18.2.4 Strength reduction factors

R18.2.4.1

R18.2.5
structural walls

R18.2.6
special structural walls

R18.2.6.1

18.2.4 Strength reduction factors

18.2.4.1

18.2.5
structural walls

18.2.5.1

18.2.6
special structural walls

18.2.6.1
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ACI 352R

ASTM A615
fyt

 (Budek et al. 2002; Muguruma and
Watanabe 1990; Sugano et al. 1990)

MPa

 Wallace 1998; Aoyama 2001;
 Budek et al. 2002; Sokoli and Ghan-noum 2016; Cheng et al.
MPa 2016; Huq et al. 2018; Weber-Kamin et al. 2019

fyt

- -
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18.2.7
special structural walls

fyt

fyt

R18.2.7
special structural walls
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fy

̿Vn u 1  - -

- -

AWS D1.4  - - -

 - - -

-

B
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CODE COMMENTARY

18.2.7.1

18.2.7.2

18.2.8
special structural walls

18.2.8.1

18.2.8.2

18.3—Ordinary moment frames
18.3.1 Scope

18.3.1.1

18.3.2

fy

18.3.3 ǎu Ò 5c1
◖Vn

R18.2.8
special structural walls

R18.2.8.1

R18.2.8.2

R18.3—Ordinary moment frames
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-1

E oE
Vu - -

Mn

-
- -

 - - -

- -

 - - -

fy

- - -

̿Vn - - -

2h  - - -

d/4

-

 

- -

̿ = 1.0

[(M  + Mnr n]

ASCE/SEI 7

E ɋoE E

18.3.4
Vu

Mn

18.4—Intermediate moment frames
18.4.1 Scope

18.4.1.1

18.4.2

18.4.2.1

fy

18.4.2.2

18.4.2.3 ◖Vn

E E

18.4.2.4
2h

d/4

R18.4—Intermediate moment frames

R18.4.2

◖ = 1.0

(Mnǎ + Mnr)/ǎn

0.2SDS
Vu
E

 U D E L S

E
L
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E Vu

U = 1.2D + 2.0E + 1.0L + 0.2S

E
L
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E ɋoE E

18.3.4
Vu

Mn

18.4—Intermediate moment frames
18.4.1 Scope

18.4.1.1

18.4.2

18.4.2.1

fy

18.4.2.2

18.4.2.3 ◖Vn

E E

18.4.2.4
2h

d/4

R18.4—Intermediate moment frames

R18.4.2

◖ = 1.0

(Mnǎ + Mnr)/ǎn

0.2SDS
Vu
E

 U D E L S

E
L
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-3

d/2 - - -

 - - -
Ag f

- -

̿Vn - - -

18.4.2.5
d/2

18.4.2.6
Ag fcǋ/10

18.4.3 Columns

18.4.3.1 Vn

�n

�n

�u

�u

Beam

Column

wu = (1.2 + 0.2SDS)D + 1.0L + 0.2S

Pu

Pu

Mnt

Mnb

Vu

Vu

Mnl Mnr

Vul Vur

Beam shear

Column shear

Vu =
Mnl + Mnr

�n
+

wu �n
2

Vu =
Mnt + Mnb

�u
Fig. R18.4.2—Design shears for intermediate moment 
frames.

R18.4.3 Columns
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18.4.2.5
d/2

18.4.2.6
Ag fcǋ/10

18.4.3 Columns

18.4.3.1 Vn

�n

�n

�u

�u

Beam

Column

wu = (1.2 + 0.2SDS)D + 1.0L + 0.2S

Pu

Pu

Mnt

Mnb

Vu

Vu

Mnl Mnr

Vul Vur

Beam shear

Column shear

Vu =
Mnl + Mnr

�n
+

wu �n
2

Vu =
Mnt + Mnb

�u
Fig. R18.4.2—Design shears for intermediate moment 
frames.

R18.4.3 Columns
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E oE E

 - - -

so  - - -
so o

8db

mm
6db

mm

o

so/2 - - -

o - - -

 - - -

Ag f
so

Ag f Ag f

- -
 - - -

 - - -

Pu

Vu

ASCE/SEI 7  o

o

o

- -

 - - -
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the unsupported length due to reverse curvature bending. 

factored axial force, consistent with the direction of the 

strength
(b) The maximum shear obtained from factored load
combinations that include E, with oE substituted for E

18.4.3.2 Columns shall be spirally reinforced in accor-
dance with Chapter 10 or shall be in accordance with 
18.4.3.3 through 18.4.3.5. Provision 18.4.3.6 shall apply to 

18.4.3.3 At both ends of the column, hoops shall be provided 
at spacing so over a length ǎo measured from the joint face. 
Spacing so shall not exceed the least of (a) through (c):

(a) For Grade 420, the smaller of 8db of the smallest longi-
tudinal bar enclosed and 200 mm
(b) For Grade 550, the smaller of 6db of the smallest longi-
tudinal bar enclosed and 150 mm
(c) One-half of the smallest cross-sectional dimension of
the column

Length ǎo shall not be less than the longest of (d), (e), and (f):

(d) One-sixth of the clear span of the column
(e) Maximum cross-sectional dimension of the column
(f) 450 mm

18.4.3.4 so /2 
from the joint face.

18.4.3.5 Outside of length ǎo, spacing of transverse rein-
forcement shall be in accordance with 10.7.6.5.2.

18.4.3.6 Columns supporting reactions from discontin-

transverse reinforcement at the spacing so in accordance with 
18.4.3.3 over the full height beneath the level at which the 
discontinuity occurs if the portion of factored axial compres-

exceeds Ag fc
account for the overstrength of the vertical elements of the 
seismic-force-resisting system, the limit of Ag fc  shall be 
increased to Ag fc . Transverse reinforcement shall extend 
above and below the column in accordance with 18.7.5.6(b).

18.4.4 Joints

18.4.4.1 Beam-column joints shall satisfy the detailing require-
ments of 15.3.1.2, 15.3.1.3, and 18.4.4.2 through 18.4.4.5.

18.4.4.2 If a beam framing into the joint and generating 
joint shear has depth exceeding twice the column depth, 

ture bending, both clockwise and counterclockwise. Figure 
R18.4.2 demonstrates only one of the two options that are to 
be considered for every column. The factored axial force Pu 
should be chosen to develop the largest moment strength of 
the column within the range of design axial forces. Provision 
18.4.3.1(b) for columns is similar to 18.4.2.3(b) for beams 
except it bases Vu on load combinations including the earth-

E, with E increased by the overstrength factor 
o rather than the factor 2.0. In ASCE/SEI 7, o  for 

intermediate moment frames. The higher factor for columns 
relative to beams is because of greater concerns about shear 
failures in columns.

Transverse reinforcement at the ends of columns is 
required to be spirals or hoops. The amount of transverse 
reinforcement at the ends must satisfy both 18.4.3.1 and 
18.4.3.2. Note that hoops require seismic hooks at both 
ends. The maximum spacing allowed for hoops is intended 
to inhibit or delay buckling of longitudinal reinforcement.

can impose large axial forces on supporting columns during 
earthquakes. The required transverse reinforcement in 
18.4.3.6 is to improve column toughness under anticipated 
demands. The factored axial compressive force related to 

o if required by 
the general building code.

R18.4.4 Joints

R18.4.4.2 -
cantly greater than the column depth, a diagonal strut between 
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̿Vn
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h
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̿Vn u

Vu  - - - -

̿ - - - -

 - - -

- - -

 - - -

ACI 352R

- - -

- - - -

fy
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R18.4.4.3

R18.4.4.4

R18.4.4.5

18.4.4.7 Shear strength requirements for beam-column 
joints

R18.4.4.7.2

fy

Vn

18.4.4.3

18.4.4.4 s

18.4.4.5

h

18.4.4.6

18.4.4.7 Shear strength requirements for beam-column 
joints

18.4.4.7.1

Vn Vu

18.4.4.7.2 Vu

18.4.4.7.3 ◖
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Vn - - -

- -

- - -
E

M

 - - -

fM

t

 - - -

- - -

- - -

 - - -

fy

 - - -

- -

E M

M

 (ACI 352.1R;
Pan and Moehle 1989)
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R18.4.5 Two-way slabs without beams

Msc
E

Msc

18.4.4.7.4 Vn

18.4.5 Two-way slabs without beams

18.4.5.1
E

Msc

18.4.5.2
ɔf Msc

ct

18.4.5.3

18.4.5.4

18.4.5.5

18.4.5.6

fy

18.4.5.7
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.1

c2

c2

Effective
width

Effective
width

c1

ct

1.5h ≤ ct

c1

ct

1.5h ≤ ct

1.5h ≤ ct

Edge

Edge

Edge

Slab, thickness = h

Slab, 
thickness = h

≤ 45°

≤ 45°

Direction of moment

(a) Edge connection

Direction of moment

(b) Corner connection

Yield line

Yield line

Column

Column

Fig. R18.4.5.1 -
ment in edge and corner connections.
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h

hc2

c2

Effective
width

Effective
width

c1

ct

1.5h ≤ ct

c1

ct

1.5h ≤ ct

1.5h ≤ ct

Edge

Edge

Edge

Slab, thickness = h

Slab, 
thickness = h

≤ 45°

≤ 45°

Direction of moment

(a) Edge connection

Direction of moment

(b) Corner connection

Yield line

Yield line

Column

Column

Fig. R18.4.5.1 -
ment in edge and corner connections.

American Concrete Institute – Copyrighted © Material – www.concrete.org

 PART 5: EARTHQUAKE RESISTANCE 297

CODE COMMENTARY

18
 
Se
is
m
ic

@
n
°
@
§
¶
³
µ
©
¦
³
@
³
¦
±
³
°
¥
¶
¤
µ
ª
°
¯
@
°
³
@
¥
ª
´
µ
³
ª
£
¶
µ
ª
°
¯
@
ª
´
@
±
¦
³
®
ª
µµ¦¥N



ACI 318- 19: BULDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE

.2

CODE COMMENTARY

c2

c2

Effective
width

Effective
width

c1

ct

1.5h ≤ ct

c1

ct

1.5h ≤ ct

1.5h ≤ ct

Edge

Edge

Edge

Slab, thickness = h

Slab, 
thickness = h

≤ 45°

≤ 45°

Direction of moment

(a) Edge connection

Direction of moment

(b) Corner connection

Yield line

Yield line

Column

Column

Fig. R18.4.5.1 -
ment in edge and corner connections.
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.3

 - - -
0.4̿V

̿V
V f

Column

c2a c2a + 3h
Column strip

All reinforcement
to resist Msc to be 
placed in column
strip (18.4.5.1)

Reinforcement to resist γfMsc (18.4.5.2), 
but not less than half of reinforcement in
column strip (18.4.5.3)

Note: Applies to both top and bottom reinforcement

Fig. R18.4.5.2—Location of reinforcement in slabs.

Not less than one-fourth 
of top reinforcement at 
support (18.4.5.4)

Top and bottom reinforcement to 
be developed (18.4.5.6 and 18.4.5.7)

Top and bottom reinforcement 
to be developed

Column strip

Middle strip

Not less than half bottom
reinforcement at mid-span 
(18.4.5.6)

Not less than one-third of 
top reinforcement at support

Fig. R18.4.5.3—Arrangement of reinforcement in slabs.

R18.4.5.8

0.4◖vc

0.5 vc

fpc
fpc

18.4.5.8

0.4◖vc
0.5◖vc

fpc
vc
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Column

c2a c2a + 3h
Column strip

All reinforcement
to resist Msc to be 
placed in column
strip (18.4.5.1)

Reinforcement to resist γfMsc (18.4.5.2), 
but not less than half of reinforcement in
column strip (18.4.5.3)

Note: Applies to both top and bottom reinforcement

Fig. R18.4.5.2—Location of reinforcement in slabs.

Not less than one-fourth 
of top reinforcement at 
support (18.4.5.4)

Top and bottom reinforcement to 
be developed (18.4.5.6 and 18.4.5.7)

Top and bottom reinforcement 
to be developed

Column strip

Middle strip

Not less than half bottom
reinforcement at mid-span 
(18.4.5.6)

Not less than one-third of 
top reinforcement at support

Fig. R18.4.5.3—Arrangement of reinforcement in slabs.

R18.4.5.8 The requirements apply to two-way slabs that 
are designated part of the seismic-force-resisting system. 
Nonprestressed slab-column connections in laboratory tests 
(Pan and Moehle 1989) exhibited reduced lateral displace-
ment ductility when the shear stress at the column connection 
exceeded the recommended limit of vc. Based on labo-
ratory test data (Kang and Wallace 2006; Kang et al. 2007), 
a higher maximum factored gravity shear stress of vc is 
allowed for unbonded post-tensioned slab-column connec-
tions with fpc in each direction meeting the requirements of 
8.6.2.1. Post-tensioned slab-column connections with fpc in 
each direction not meeting the requirements of 8.6.2.1 can 
be designed as nonprestressed slab-column connections in 
accordance with 8.2.3. Slab-column connections also must 

18.4.5.8
22.6.4.1, two-way shear stress caused by factored gravity 
loads without moment transfer shall not exceed vc for 
nonprestressed slab-column connections and vc for 
unbonded post-tensioned slab-column connections with 
fpc in each direction meeting the requirements of 8.6.2.1, 
where vc shall be calculated in accordance with 22.6.5. This 

-
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Column

c2a c2a + 3h
Column strip

All reinforcement
to resist Msc to be 
placed in column
strip (18.4.5.1)

Reinforcement to resist γfMsc (18.4.5.2), 
but not less than half of reinforcement in
column strip (18.4.5.3)

Note: Applies to both top and bottom reinforcement

Fig. R18.4.5.2—Location of reinforcement in slabs.

Not less than one-fourth 
of top reinforcement at 
support (18.4.5.4)

Top and bottom reinforcement to 
be developed (18.4.5.6 and 18.4.5.7)

Top and bottom reinforcement 
to be developed

Column strip

Middle strip

Not less than half bottom
reinforcement at mid-span 
(18.4.5.6)

Not less than one-third of 
top reinforcement at support

Fig. R18.4.5.3—Arrangement of reinforcement in slabs.

R18.4.5.8 The requirements apply to two-way slabs that 
are designated part of the seismic-force-resisting system. 
Nonprestressed slab-column connections in laboratory tests 
(Pan and Moehle 1989) exhibited reduced lateral displace-
ment ductility when the shear stress at the column connection 
exceeded the recommended limit of vc. Based on labo-
ratory test data (Kang and Wallace 2006; Kang et al. 2007), 
a higher maximum factored gravity shear stress of vc is 
allowed for unbonded post-tensioned slab-column connec-
tions with fpc in each direction meeting the requirements of 
8.6.2.1. Post-tensioned slab-column connections with fpc in 
each direction not meeting the requirements of 8.6.2.1 can 
be designed as nonprestressed slab-column connections in 
accordance with 8.2.3. Slab-column connections also must 

18.4.5.8
22.6.4.1, two-way shear stress caused by factored gravity 
loads without moment transfer shall not exceed vc for 
nonprestressed slab-column connections and vc for 
unbonded post-tensioned slab-column connections with 
fpc in each direction meeting the requirements of 8.6.2.1, 
where vc shall be calculated in accordance with 22.6.5. This 

-
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satisfy shear and moment strength requirements of Chapter 8 

R18.5—Intermediate precast structural walls
Connections between precast wall panels or between 

wall panels and the foundation are required to resist forces 
induced by earthquake motions and to provide for yielding 
in the vicinity of connections. If mechanical splices are used 
to directly connect primary reinforcement, the probable 
strength of the splice should be at least 1.5 times the speci-

R18.6—Beams of special moment frames
R18.6.1 

This section applies to beams of special moment frames 
resisting lateral loads induced by earthquake motions. In 
previous Codes, any frame member subjected to a factored 
axial compressive force exceeding (Ag fc ) under any 
load combination was to be proportioned and detailed as 
described in 18.7. In the 2014 Code, all requirements for 
beams are contained in 18.6 regardless of the magnitude of 
axial compressive force.

This Code is written with the assumption that special 
moment frames comprise horizontal beams and vertical 
columns interconnected by beam-column joints. It is accept-
able for beams and columns to be inclined provided the 
resulting system behaves as a frame—that is, lateral resis-
tance is provided primarily by moment transfer between 
beams and columns rather than by strut or brace action. In 
special moment frames, it is acceptable to design beams to 
resist combined moment and axial force as occurs in beams 
that act both as moment frame members and as chords or 
collectors of a diaphragm. It is acceptable for beams of 
special moment frames to cantilever beyond columns, but 
such cantilevers are not part of the special moment frame 
that forms part of the seismic-force-resisting system. It is 
acceptable for beams of a special moment frame to connect 
into a wall boundary if the boundary is reinforced as a 
special moment frame column in accordance with 18.7. 
A concrete braced frame, in which lateral resistance is 
provided primarily by axial forces in beams and columns, is 
not a recognized seismic-force-resisting system.

18.5—Intermediate precast structural walls
18.5.1 

18.5.1.1 This section shall apply to intermediate precast struc-
tural walls forming part of the seismic-force-resisting system.

18.5.2 General

18.5.2.1 In connections between wall panels, or between 
wall panels and the foundation, yielding shall be restricted to 
steel elements or reinforcement.

18.5.2.2 For elements of the connection that are not 
designed to yield, the required strength shall be based on 
1.5Sy of the yielding portion of the connection.

18.5.2.3 In structures assigned to SDC D, E, or F, wall 
piers shall be designed in accordance with 18.10.8 or 18.14.

18.6—Beams of special moment frames
18.6.1 

18.6.1.1 This section shall apply to beams of special moment 
frames that form part of the seismic-force-resisting system and 

18.6.1.2 Beams of special moment frames shall frame into 
columns of special moment frames satisfying 18.7.
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