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18.2.2 Analysis and proportioning of structural members

18.2.2.1 The interaction of all structural and nonstructural
members that affect the linear and nonlinear response of the
structure to earthquake motions shall be considered in the
analysis.

18.2.2.2 Rigid members assumed not to be a part of the
seismic-force-resisting system shall be permitted provided
their effect on the response of the system is considered in
the structural design. Consequences of failure of structural
and nonstructural members that are not a part of the seismic-
force-resisting system shall be considered.

18.2.2.3 Structural members extending below the base of
structure that are required to transmit forces resulting from
earthquake effects to the foundation shall comply with the
requirements of Chapter 18 that are consistent with the
seismic-force-resisting system above the base of structure.

18.2.3 Anchoring to concrete

18.2.3.1 Anchors resisting earthquake-induced forces in
structures assigned to SDC C, D, E, or F shall be in accor-
dance with 17.10.

strength, energy dissipation capacity, and deformation capacity
of a proposed frame system equals or exceeds that provided
by a comparable monolithic concrete system. ACI ITG-5.1M
provides similar information for precast wall systems.

The toughness requirement in 18.2.1.7 refers to the
requirement to maintain structural integrity of the entire
seismic-force-resisting system at lateral displacements
anticipated for the maximum considered earthquake motion.
Depending on the energy-dissipation characteristics of the
structural system used, such displacements may be larger
than for a monolithic reinforced concrete structure satisfying
the prescriptive provisions of other parts of this Code.

R18.2.2 Analysis and proportioning of structural members

It is assumed that the distribution of required strength to the
various components of a seismic-force-resisting system will
be determined from the analysis of a linearly elastic model of
the system acted upon by the factored forces, as required by
the general building code. If nonlinear response history anal-
yses are to be used, base motions should be selected after a
detailed study of the site conditions and local seismic history.

Because the basis for earthquake-resistant design admits
nonlinear response, it is necessary to investigate the stability of
the seismic-force-resisting system, as well as its interaction with
other structural and nonstructural members, under expected
lateral displacements corresponding to maximum considered
earthquake ground motion. For lateral displacement calcula-
tions, assuming all the structural members to be fully cracked is
likely to lead to better estimates of the possible drift than using
uncracked stiffness for all members. The analysis assumptions
described in 6.6.3.1 may be used to estimate lateral deflections
of reinforced concrete building systems.

The main objective of Chapter 18 is the safety of the struc-
ture. The intent of 18.2.2.1 and 18.2.2.2 is to draw atten-
tion to the influence of nonstructural members on structural
response and to hazards from falling objects.

Section 18.2.2.3 serves as an alert that the base of structure as
defined in analysis may not necessarily correspond to the foun-
dation or ground level. Details of columns and walls extending
below the base of structure to the foundation are required to be
consistent with those above the base of structure.

In selecting member sizes for earthquake-resistant struc-
tures, it is important to consider constructibility problems
related to congestion of reinforcement. The design should
be such that all reinforcement can be assembled and placed
in the proper location and that concrete can be cast and
consolidated properly. Using the upper limits of permitted
reinforcement ratios may lead to construction problems.



Jowwe i

P9 > — Humds 9 i e lw Al AolimT

MB&:{‘

S glin ¢ finlS Cuylypd F-F-1A

el plod (gl Cunglie ialS Colpd (gol> VY J—2d \-F-Y-1A
126529 byt JaL 5 5l ) polin cslneis Ll 5 Ln
w0y i OB b slaolaslw oy F-Y-YY sy

..\wa;o bwgio didlw yiuy (sbdylerd g 05g loslo slajlgsd

6'05&0 csl.b)l,ﬂ) 9 0).!’ c,.w.ub csLleS o= O-F-1A
o35

O (6L dasuie Cuglie piSTas 0)ls o)Ll A5 51 iU slayl
dgde JSwblKe ¥ 4 (glojls (4l ol 1 edlaiwls jge S
2kl g (2B SleMbl 34008 yol ol ol S wanl o
SO 35 (12 20 3 S oy b o bl sliael )U8) 390 5
slp (S aalgd oplix Adbge (ot 039000 > (IS pgcd)
O dwastiie Cuwglie yS s Codgdone dgdb dd astie 3 )5
Al ol el 1ol 590 pdaw 4 LG o S

6&)]%) 9 oj__g, c_w.o: cslhcb ),_J(A)T 9-r-1A
0j29 ¢slojlw

2L lojlu Slapi s (sl 00 i e syiloy] 1-£-¥-1A
-ACI318 L g9 b aidly 0-Y-Y-Y+ ¢ ¥-Y-Y-Y+ oy llas
2y Caglie (¢l PA 500+ 03, ASTM AT06 (sLn,gilo,l <19
Sl ples g 0kg (ol slalynd 3 (B 9 ygee slayb XU
it e alylend g dien (gloyd Jold o (glojls (sl g
039 (oo a1 OB+ 03y ASTM AT06 (sloygilo)] (pimons
Gaios 5 0addil)) Llos lalllas ¢ b iles] guls .ol jlxe 5
a5 a8 amd o oyl (Y V#) Ghannoum 4 Sokoli o (Y+V¥) NIST
ASTMAT06 (sla ygilo,l b uwydds 45 039 e OB cla gt
L\dsu_bLa.C‘ d:)l.m.c L;lg.u))wswﬂan sJ.)IoMC.Lwo;R' 900' oJ{
A 0y yg5loyl 1 oalasuwl imd o Ui clods gl ¥V + 0 g3l
ol (gl (S CleMbl 1y, 5 fng jbxe o9 Lot g8 )

2105 dg3 g Loyl i (gloj ) 5 Slas
S 500+ 03, ASTM AT06 (cLaygilo)] i auils jLsee gl
2 dlﬁ)sﬂn)] satold gy olacudgize VN4 64—‘130.‘.-‘..1
JyiS cas Jsb slmygiloyl (ol B o4 S5 uels )?_Ja;“g
)9]4;.»4.: JL.A.)‘ o ‘-)AA—’I)BI PATARIS dl.h:)ytnj )I odlawl LS‘)"
JICEISENEN WE§ PSR ISCIE RIS PPNCAN
1 yg5Lo ] i Canglio I 3550 (iitS Cenglio gly laljll
uo)s L)" uo‘_ml — ((u)Y‘—\—Y—Y’ J9A_> H-Y-Y-Y- J_.u)
i b ys ol sl slosl guae Sy s llgs a5 il
e jgme Aol ;0 pul s d‘\?tfb]o il b Sl e
s g4l Jo b ( B _iolojl mols j iy > Sl o

S glin ¢ fidlS Culypd F-F-1A

..\....wl: Yy J.a.é d—‘u“ ,\,b ws‘.n,o UMMS wl)ao 1-F-Y-\A

¢sloyjw ¢sbajlgad g 059 ¢rans sl i O- l’—_lA
OR3
0309 (stad GO ) 33 (L8 dak e Casglio 1-B-F-1A

Glojy 039 (slapius lol )l sillas b 035 (slojluw (slaylgsd o
R SR

C"‘b)lﬂb 9 oj._” C,—w.oa GLBQD ),—ILO)T 9-r-1A
Bjaicsiojle

0559 slojlw slaylesd g 05g ot gl ) )95Lo)1 \-7-Y-1A
AL YYY 5 3 oy (sl (slarpins Sl slae 1l

I 4505 12l 03 pglie slaojlw

I




Page 289 of

! SEISMIC

CODE

COMMENTARY

18.2.4 Strength reduction factors

18.2.4.1 Strength reduction factors shall be in accordance
with Chapter 21.

18.2.5 Concrete in special moment frames and special
structural walls

18.2.5.1 Specified compressive strength of concrete in
special moment frames and special structural walls shall be
in accordance with the special seismic systems requirements
of Table 19.2.1.1.

18.2.6 Reinforcement in special moment frames and
special structural walls

18.2.6.1 Reinforcement in special moment frames and
special structural walls shall be in accordance with the
special seismic systems requirements of 20.2.2.

R18.2.4 Strength reduction factors

R18.2.4.1 Chapter 21 contains strength reduction factors
for all members, joints, and connections of earthquake-resis-
tant structures, including specific provisions in 21.2.4 for
buildings that use special moment frames, special structural
walls, and intermediate precast walls.

R18.2.5 Concrete in special moment frames and special
structural walls

Requirements of this section refer to concrete quality in
frames and walls that resist earthquake-induced forces. The
maximum specified compressive strength of lightweight
concrete to be used in structural design calculations is limited
to 35 MPa, primarily because of paucity of experimental and
field data on the behavior of members made with lightweight
concrete subjected to displacement reversals in the nonlinear
range. If convincing evidence is developed for a specific
application, the limit on maximum specified compressive
strength of lightweight concrete may be increased to a level
justified by the evidence.

R18.2.6 Reinforcement in special moment frames and
special structural walls

R18.2.6.1 Nonprestressed reinforcement for seismic
systems is required to meet 20.2.2.4 and 20.2.2.5. Starting
with ACI 318-19, ASTM A706 Grades 550 and 690 rein-
forcement is permitted to resist moments, axial, and shear
forces in special structural walls and all components of
special structural walls, including coupling beams and
wall piers. ASTM A706 Grade 550 reinforcement is also
permitted in special moment frames. Results of tests and
analytical studies presented in NIST (2014) and Sokoli and
Ghannoum (2016) indicate that properly detailed beams and
columns of special moment frames with ASTM A706 Grade
550 reinforcement exhibit strength and deformation capaci-
ties similar to those of members reinforced with Grade 420
reinforcement. The use of Grade 690 reinforcement is not
allowed in special moment frames because there is insuf-
ficient data to demonstrate satisfactory seismic performance.

To allow the use of ASTM A706 Grades 550 and 690
reinforcement, the 2019 Code includes limits for spacing of
transverse reinforcement to provide adequate longitudinal
bar support to control longitudinal bar buckling. In special
moment frames, the use of Grade 550 reinforcement requires
increased joint depths to prevent excessive slip of beam bars
passing through beam-column joints (18.8.2.3).

The requirement for a tensile strength greater than the yield
strength of the reinforcement (20.2.2.5, Table 20.2.1.3(b)) is
based on the assumption that the capability of a structural
member to develop inelastic rotation capacity is a func-
tion of the length of the yield region along the axis of the
member. In interpreting experimental results, the length of
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18.2.7 Mechanical splices in special moment frames and
special structural walls

the yield region has been related to the relative magnitudes
of nominal and yield moments (ACI 352R). According to
this interpretation, the greater the ratio of nominal to yield
moment, the longer the yield region. Chapter 20 requires
that the ratio of actual tensile strength to actual yield strength
be at least 1.25 for ASTM A615 Grade 420.

The restrictions on the value of fj, apply to all types of
transverse reinforcement, including spirals, circular hoops,
rectilinear hoops, and crossties. Research results (Budek
et al. 2002; Muguruma and Watanabe 1990; Sugano et al.
1990) indicate that higher yield strengths can be used effec-
tively as confinement reinforcement as specified in 18.7.5.4.
The increases to 550 and 690 MPa for shear design of some
special seismic system members is based on research indi-
cating the design shear strength can be developed (Wallace
1998; Aoyama 2001; Budek et al. 2002; Sokoli and Ghan-
noum 2016; Cheng et al. 2016; Huq et al. 2018; Weber-
Kamin et al. 2019). The 420 MPa restriction on the value of
fy for deformed bar in 20.2.2.4 for calculating nominal shear
strength is intended to limit the width of shear cracks at
service-level loads. Service-level cracking is not a concern
in members of the seismic-force-resisting system subjected
to design-level earthquake forces.

R18.2.7 Mechanical splices in special moment frames and
special structural walls

In a structure undergoing inelastic deformations during
an earthquake, the tensile stresses in reinforcement may
approach the tensile strength of the reinforcement. The
requirements for Type 2 mechanical splices are intended to
avoid a splice failure when the reinforcement is subjected to
expected stress levels in yielding regions. Type 1 mechanical
splices on any grade of reinforcement and Type 2 mechan-
ical splices on Grade 550 and Grade 690 reinforcement
may not be capable of resisting the stress levels expected in
yielding regions. The locations of these mechanical splices
are restricted because tensile stresses in reinforcement in
yielding regions can exceed the strength requirements of
18.2.7.1. The restriction on all Type 1 mechanical splices
and on Type 2 mechanical splices on Grade 550 and Grade
690 reinforcement applies to all reinforcement resisting
earthquake effects, including transverse reinforcement.

Recommended detailing practice would preclude the
use of splices in regions of potential yielding in members
resisting earthquake effects. If use of mechanical splices in
regions of potential yielding cannot be avoided, there should
be documentation on the actual strength characteristics of the
bars to be spliced, on the force-deformation characteristics
of the spliced bar, and on the ability of the mechanical splice
to be used to meet the specified performance requirements.

Although mechanical splices as defined by 18.2.7 need not
be staggered, staggering is encouraged and may be necessary
for constructibility or provide enough space around the splice
for installation or to meet the clear spacing requirements.
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18.2.7.1 Mechanical splices shall be classified as (a) or (b):
(a) Type 1 & Mechanical splice conforming t025.5.7

(b) Type 2 =Mechanical splice conforming to 25.5.7 and
capable of developing the specified tensile strength of the
spliced bars

18.2.7.2 Except for Type 2 mechanical splices on Grade
420 reinforcement, mechanical splices shall not be located
within a distance equal to twice the member depth from the
column or beam face for special moment frames or from
critical sections where yielding of the reinforcement is likely
to occur as a result of lateral displacements beyond the linear
range of behavior. Type 2 mechanical splices on Grade 420
reinforcement shall be permitted at any location, except as
noted in 18.9.2.1(c).

18.2.8 Welded splices in special moment frames and
special structural walls

18.2.8.1 Welded splices in reinforcement resisting earth-
quake-induced forces shall conform to 25.5.7 and shall not
be located within a distance equal to twice the member depth
from the column or beam face for special moment frames or
from critical sections where yielding of the reinforcement is
likely to occur as a result of lateral displacements beyond the
linear range of behavior.

18.2.8.2 Welding of stirrups, ties, inserts, or other similar
elements to longitudinal reinforcement required by design
shall not be permitted.

18.3—Ordinary moment frames
18.3.1 Scope

18.3.1.1 This section shall apply to ordinary moment
frames forming part of the seismic-force-resisting system.

18.3.2 Beams shall have at least two continuous bars at
both top and bottom faces. Continuous bottom bars shall
have area not less than one-fourth the maximum area of
bottom bars along the span. These bars shall be anchored to
develop f; in tension at the face of support.

18.3.3 Columns having unsupported length &, O 5¢; shall
have «V, at least the lesser of (a) and (b):

(a) The shear associated with development of nominal
moment strengths of the column at each restrained end of
the unsupported length due to reverse curvature bending.
Column flexural strength shall be calculated for the factored

R18.2.8 Welded splices in special moment frames and
special structural walls

R18.2.8.1 Welding of reinforcement should be in accor-
dance with AWS D1.4 as required in Chapter 26. The loca-
tions of welded splices are restricted because reinforcement
tension stresses in yielding regions can exceed the strength
requirements of 25.5.7. The restriction on welded splices
applies to all reinforcement resisting earthquake effects,
including transverse reinforcement.

R18.2.8.2 Welding of crossing reinforcing bars can lead
to local embrittlement of the steel. If welding of crossing
bars is used to facilitate fabrication or placement of rein-
forcement, it should be done only on bars added for such
purposes. The prohibition of welding crossing reinforcing
bars does not apply to bars that are welded with welding
operations under continuous, competent control, as in the
manufacture of welded-wire reinforcement.

R18.3—Ordinary moment frames

This section applies only to ordinary moment frames
assigned to SDC B. The provisions for beam reinforcement
are intended to improve continuity in the framing members
and thereby improve lateral force resistance and structural
integrity; these provisions do not apply to slab-column
moment frames. The provisions for columns are intended to
provide additional capacity to resist shear for columns with
proportions that would otherwise make them more suscep-
tible to shear failure under earthquake loading.
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axial force, consistent with the direction of the lateral forces
considered, resulting in the highest flexural strength.

(b) The maximum shear obtained from design load combi-
nations that include E, with Q,E substituted for E.

18.3.4 Beam-column joints shall satisfy Chapter 15 with
joint shear V,, calculated on a plane at mid-height of the joint
using tensile and compressive beam forces and column shear
consistent with beam nominal moment strengths M,,.

18.4—Intermediate moment frames
18.4.1 Scope

18.4.1.1 This section shall apply to intermediate moment
frames including two-way slabs without beams forming part
of the seismic-force-resisting system.

18.4.2 Beams

18.4.2.1 Beams shall have at least two continuous bars
at both top and bottom faces. Continuous bottom bars shall
have area not less than one-fourth the maximum area of
bottom bars along the span. These bars shall be anchored to
develop f; in tension at the face of support.

18.4.2.2 The positive moment strength at the face of the
joint shall be at least one-third the negative moment strength
provided at that face of the joint. Neither the negative nor the
positive moment strength at any section along the length of
the beam shall be less than one-fifth the maximum moment
strength provided at the face of either joint.

18.4.2.3 «V, shall be at least the lesser of (a) and (b):

(a) The sum of the shear associated with development of
nominal moment strengths of the beam at each restrained
end of the clear span due to reverse curvature bending and
the shear calculated for factored gravity and vertical earth-
quake loads

(b) The maximum shear obtained from design load
combinations that include E, with E taken as twice that
prescribed by the general building code

18.4.2.4 At both ends of the beam, hoops shall be provided
over a length of at least 2k measured from the face of the
supporting member toward midspan. The first hoop shall be
located not more than 50 mm from the face of the supporting
member. Spacing of hoops shall not exceed the smallest of
(a) through (d):

(a) d/4

(b) Eight times the diameter of the smallest longitudinal
bar enclosed

(c) 24 times the diameter of the hoop bar

R18.4—Intermediate moment frames

The objective of the requirements in 18.4.2.3 and 18.4.3.1
is to reduce the risk of failure in shear in beams and columns
during an earthquake. Two options are provided to deter-
mine the factored shear force.

R18.4.2 Beams

According to 18.4.2.3(a), the factored shear force is
determined from a free-body diagram obtained by cutting
through the beam ends, with end moments assumed equal
to the nominal moment strengths acting in reverse curva-
ture bending, both clockwise and counterclockwise. Figure
R18.4.2 demonstrates only one of the two options that are to
be considered for every beam. To determine the maximum
beam shear, it is assumed that its nominal moment strengths
(« = 1.0 for moment) are developed simultaneously at both
ends of its clear span. As indicated in Fig. R18.4.2, the shear
associated with this condition [(M.; + M,)/a,] is added
algebraically to the shear due to the factored gravity loads
and vertical earthquake effects to obtain the design shear for
the beam. For the example shown, dead load, live load, and
snow load have been assumed to be uniformly distributed.
The figure also shows that vertical earthquake effects are to
be included, as is typically required by the general building
code. For example, ASCE/SEI 7 requires vertical earthquake
effects, 0.28 s, to be included.

Provision 18.4.2.3(b) bases ¥, on the load combination
including the earthquake effect E, which should be doubled.
For example, the load combination defined by Eq. (5.3.1.e)
would be

U=12D+2.0E+1.0L+0.2S

where E is the value specified by the general building code.
The factor of 1.0 applied to L is allowed to be reduced to 0.5
in accordance with 5.3.3.

Transverse reinforcement at the ends of the beam is
required to be hoops. In most cases, transverse reinforce-
ment required by 18.4.2.3 for the design shear force will be
more than those required by 18.4.2.4.

Beams may be subjected to axial compressive force due
to prestressing or applied loads. The additional requirements



P9 > — Humds 9 i e lw Al AolimT

o 5 Job yeile)] sl il oEAST ppeli Cam b S—V-F-1A yiogheo Yo o (e
7 Jobo ilyw A2 015 o0 y5le ] Jolgd ¥-0-F-1A
Dy ybn

w,=(1.2+0.2Spg)D+1.0L+0.2S

\
Mnl Q* |3 Mnr
‘n v
Vi Vur
I / » ooy
V., = My + My, Wy ﬁn
“ lp 2
1"
’\Mnt
—_— ‘_
Vy
0P
ly e
Vy
v -
w_
M \
nb vV, = Mnt+ Mnb
P, v ly

buwgio ivod gl ol Slb glo yop Y- VA UK

b ygiw F-F-1A

PS> Sl i (o 5568 AV FFIA i ile
2y el oS (28 L g el > datie S 3l e

I s P pd (5 )LE8 (5y9me (595 Sy slys 2 #-¥-F-1A
O FYV=YD L YV-V-YD w9 5l S g Y-Y-V-Y0 clay

g

) g - E-1 A

25l 5 e 93 a8 ply JBls BL P, A-P-E-1A

Skl > (i ol (slaciaglio sbrl 4 by je b (il

n &35 palpe 0d polie sdo )l



Page 293 of

! SEISMIC

CODE

COMMENTARY

(d) 300 mm

18.4.2.5 Transverse reinforcement spacing shall not
exceed d/2 throughout the length of the beam.

18.4.2.6 In beams having factored axial compressive
force exceeding A4, /10, transverse reinforcement required

by 18.4.2.5 shall conform to 25.7.2.2 and either 25.7.2.3 or
25.7.2.4.

18.4.3 Columns
18.4.3.1 ¢V, shall be at least the lesser of (a) and (b):

(a) The shear associated with development of nominal
moment strengths of the column at each restrained end of

in 18.4.2.6 are intended to provide lateral support for beam
longitudinal reinforcement.

<Wy=(1.2+028pg)D+1.0L +0.28

M, M,
nl Q A g i 3 nr
n
Vul Vur

I /Beam shear
V., = Mnl+ Mnr Wy ﬁn
“ ln 2
1™
T Mnt
—_— 4—
Vu

Column shear
ly e

Vu
b —
w_ L—Y‘
Mnb V _ Mnt+Mnb
1 PU o ['u

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

R18.4.3 Columns

According to 18.4.3.1(a), the factored shear force is
determined from a free-body diagram obtained by cutting
through the column ends, with end moments assumed equal
to the nominal moment strengths acting in reverse curva-
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the unsupported length due to reverse curvature bending.
Column flexural strength shall be calculated for the
factored axial force, consistent with the direction of the
lateral forces considered, resulting in the highest flexural
strength

(b) The maximum shear obtained from factored load
combinations that include E, with Q,E 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
all columns supporting discontinuous stiff members.

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

(a) For Grade 420, the smaller of 84}, of the smallest longi-
tudinal bar enclosed and 200 mm

(b) For Grade 550, the smaller of 6d}, of the smallest longi-
tudinal bar enclosed and 150 mm

(c) One-half of the smallest cross-sectional dimension of
the column

Length &, 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 The first hoop shall be located not more than s,/2
from the joint face.

18.4.3.5 Outside of length 4,, spacing of transverse rein-
forcement shall be in accordance with 10.7.6.5.2.

18.4.3.6 Columns supporting reactions from discontin-
uous stiff members, such as walls, shall be provided with
transverse reinforcement at the spacing s, 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-
sive force in these members related to earthquake effects
exceeds A4, f.'/10. If design forces have been magnified to
account for the overstrength of the vertical elements of the
seismic-force-resisting system, the limit of 4, f,'/10 shall be
increased to A, f.'/4. 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 P,
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 ¥, on load combinations including the earth-
quake effect E, with E increased by the overstrength factor
Q, rather than the factor 2.0. In ASCE/SEI 7, , = 3.0 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.

Discontinuous structural walls and other stiff members
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
earthquake effect should include the factor Q, if required by
the general building code.

R18.4.4 Joints

R18.4.4.2 For joints in which the beam depth is signifi-
cantly greater than the column depth, a diagonal strut between
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analysis and design of the joint shall be based on the strut-
and-tie method in accordance with Chapter 23 and (a) and
(b) shall be satisfied:

(a) Design joint shear strength determined in accordance
with Chapter 23 shall not exceed ¢ ¥, calculated in accor-
dance with 15.4.2.

(b) Detailing requirements of 18.4.4.3 through 18.4.4.5
shall be satisfied.

18.4.4.3 Longitudinal reinforcement terminated in a
joint shall extend to the far face of the joint core and shall
be developed in tension in accordance with 18.8.5 and in
compression in accordance with 25.4.9.

18.4.4.4 Spacing of joint transverse reinforcement s shall
not exceed the lesser of 18.4.3.3(a) through (c) within the
height of the deepest beam framing into the joint.

18.4.4.5 Where the top beam longitudinal reinforcement
consists of headed deformed bars that terminate in the joint,
the column shall extend above the top of the joint a distance
at least the depth £ of the joint. Alternatively, the beam rein-
forcement shall be enclosed by additional vertical joint rein-
forcement providing equivalent confinement to the top face
of the joint.

18.4.4.6 Slab-column joints shall satisfy transverse rein-
forcement requirements of 15.3.2. Where slab-column joint
transverse reinforcement is required, at least one layer of
joint transverse reinforcement shall be placed between the
top and bottom slab reinforcement.

18.4.4.7 Shear strength requirements for beam-column
joints

18.4.4.7.1 Design shear strength of cast-in-place beam-
column joints shall satisfy:

oV, =V,

18.4.4.7.2 V, of the joint shall be determined in accor-
dance with 18.3.4.

18.4.4.7.3 « shall be in accordance with 21.2.1 for shear.

the joint corners may not be effective. Therefore, the Code
requires that joints in which the beam depth exceeds twice
the column depth be designed using the strut-and-tie method
of Chapter 23.

R18.4.4.3 Refer to R18.8.2.2.

R18.4.4.4 The maximum spacing of transverse reinforce-
ment within a joint is consistent with the spacing limits for
reinforcement in columns of intermediate moment frames.

R18.4.4.5 This provision refers to a knee joint in which
beam reinforcement terminates with headed deformed bars.
Such joints require confinement of the headed beam bars
along the top face of the joint. This confinement can be
provided by either (a) a column that extends above the top
of the joint or (b) vertical reinforcement hooked around the
beam top reinforcing bars and extending downward into the
joint in addition to the column longitudinal reinforcement.
Detailing guidance and design recommendations for vertical
joint reinforcement may be found in ACI 352R.

18.4.4.7 Shear strength requirements for beam-column
joints

R18.4.4.7.2 Factored joint shear force is determined
assuming that beams framing into the joint develop end
moments equal to their nominal moment strengths. Conse-
quently, joint shear force generated by the flexural reinforce-
ment is calculated for a stress of f, in the reinforcement.
This is consistent with 18.4.2 and 18.4.3 for determination
of minimum design shear strength in beams and columns of
intermediate moment frames.
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18.4.4.7.4 V, of the joint shall be in accordance with
18.8.4.3.

18.4.5 Two-way slabs without beams

18.4.5.1 Factored slab moment at the support including
earthquake effects, E, shall be calculated for load combina-
tions given in Eq. (5.3.1e) and (5.3.1g). Reinforcement to
resist M, shall be placed within the column strip defined in
8.4.1.5.

18.4.5.2 Reinforcement placed within the effective width
given in 8.4.2.2.3 shall be designed to resist 9,M,.. Effec-
tive slab width for exterior and corner connections shall not
extend beyond the column face a distance greater than ¢,
measured perpendicular to the slab span.

18.4.5.3 At least one-half of the reinforcement in the
column strip at the support shall be placed within the effec-
tive slab width given in 8.4.2.2.3.

18.4.5.4 At least one-fourth of the top reinforcement at the
support in the column strip shall be continuous throughout
the span.

18.4.5.5 Continuous bottom reinforcement in the column
strip shall be at least one-third of the top reinforcement at the
support in the column strip.

18.4.5.6 At least one-half of all bottom middle strip rein-
forcement and all bottom column strip reinforcement at
midspan shall be continuous and shall develop f, at the face
of columns, capitals, brackets, or walls.

18.4.5.7 At discontinuous edges of the slab, all top and
bottom reinforcement at the support shall be developed at
the face of columns, capitals, brackets, or walls.

R18.4.5 Two-way slabs without beams

Section 18.4.5 applies to two-way slabs without beams,
such as flat plates.

Using load combinations of Eq. (5.3.1e) and (5.3.1g) may
result in moments requiring top and bottom reinforcement at
the supports.

The moment My, refers, for a given design load combi-
nation with E acting in one horizontal direction, to that
portion of the factored slab moment that is balanced by the
supporting members at a joint. It is not necessarily equal to
the total design moment at the support for a load combination
including earthquake effect. In accordance with 8.4.2.2.3,
only a fraction of the moment M, is assigned to the slab
effective width. For edge and corner connections, flexural
reinforcement perpendicular to the edge is not considered
fully effective unless it is placed within the effective slab
width (ACI 352.1R; Pan and Moehle 1989). Refer to Fig.
R18.4.5.1.

Application of the provisions of 18.4.5 is illustrated in
Fig. R18.4.5.2 and R18.4.5.3.



P9 > — Humds 9 i e lw Al AolimT

SN e {

Oy —| N 15hSCt

e C:j

.7 1.5h < ¢4

(%)

n al)) pslye 0o r°9'-a~° o jlw

el b5 ) \

¢

a Jlas! (1

O h Calies b JIs
RN N/
(] ) /

Cy y

[o o] ' .

1 T | e
15h<c, || [F43> -
|/
sl 1 1/
e \
G4
adgs Juail (o

ST 455 5 4 13 1571e,] 5 i (51t 50 s 1-0-E- 1A IS




Page 297 of

! SEISMIC

CODE

COMMENTARY

Slab, thickness = h

Edge\ # $
Columnﬂ\ 15h < ¢4
Effective | c .
width |2

L1
Y 15h < ¢
7
Yield line | $
Ct
Cq
== Direction of moment s
(a) Edge connection
Column Slab
E ’
__x\ dge\ thickness = h
[o o] 7
C> by
1< 9| Effective
% width
1.5h < ¢ 54:”,(7 e
7
Yield line /] »
v
Edge— c
Cq
== Direction of moment ===

(b) Corner connection

Fig. R18.4.5.1—Effective width for reinforcement place
ment in edge and corner connections.
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18.4.5.8 At the critical sections for columns defined in
22.6.4.1, two-way shear stress caused by factored gravity
loads without moment transfer shall not exceed 0.4¢v, for
nonprestressed slab-column connections and 0.5¢pv. for
unbonded post-tensioned slab-column connections with
Jfpe in each direction meeting the requirements of 8.6.2.1,
where v, shall be calculated in accordance with 22.6.5. This
requirement need not be satisfied if the slab-column connec-
tion satisfies 18.14.5.

s )

Y Column 3
C2a ; Coa+3h All reinforcement
to resist Mg to be
placed in column
3 5 strip (18.4.5.1)

L Reinforcement to resist y{Msc (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)

\) \
L Not less than one-third of
top reinforcement at support

-~ - --H+H—-—

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

Column strip

Top and bottom reinforcement
/ to be developed !

|

A Not less than half bottom !
reinforcement at mid-span

(18.4.5.6) {

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

B -

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 0.4¢v,.. Based on labo-
ratory test data (Kang and Wallace 2006; Kang et al. 2007),
a higher maximum factored gravity shear stress of 0.5¢v, is
allowed for unbonded post-tensioned slab-column connec-
tions with f,,. in each direction meeting the requirements of
8.6.2.1. Post-tensioned slab-column connections with f,. 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
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18.5—Intermediate precast structural walls
18.5.1 Scope

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
1.5S), 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 Scope

18.6.1.1 This section shall apply to beams of special moment
frames that form part of the seismic-force-resisting system and
are proportioned primarily to resist flexure and shear.

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

satisfy shear and moment strength requirements of Chapter 8
under load combinations including earthquake effect.

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-
fied yield strength of the reinforcement.

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

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 (4,f.'/10) 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.
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