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ACI| 318-19

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 ACI Commitiee 318
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ACI Detailing Manual

Includes Downloadable CAD Files
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Design Guide on the ACI 318
Building Code Requirements
for Structural Concrete

CRSI

A comprehensive guide to assist
design professionals on the design and
detailing of reinforced concrete buildings.

Based on ACI 318-19

Concrets Reinforcing
Steel Institute
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Jack Moehle

He has been a member of the ACI318 Building Code Commuttee
since 1989, chair of ACI 318H (Seismic Provisions) from 1995

t0 2014, and 1s chair of the ACI 318 Building Code Commuttee for
the 2014-2019 code cycle.

Seismic Design of Reinforced
Concrete Buildings

NIST GCR 16-917-40

Seismic Design of Reinforced
Concrete Special Moment Frames

A Guide for Practicing Engineers

t | SECOND EDITION

Jack P. Moehle
| John D. Hooper

Mc
Graw
Hill
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Seismic Design of Reinforced
Concrete Special Moment Frames
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Augu,st 201 6 Consecutive crossties engaging the same
With references to ASCE 7-16 and ACI 318-14 Woisgiesiviah s shil e Dt BL1" ks
on opposite sides. Place 90° hook shall be placed
<6 inches (150 mm) clear —  — near slab at spandrel condition 8d, > 3inches (75 mm)
B— extension
® 3 e o) /o

*N| s "N

Dear Amir,

This message is in response to your technical question/inquiry.

/- 6d, extension

Assuming that the supported longitudinal bars are close enough together Detail A Detail B
(within 14 in or about 350 mm), yes, that detail would meet the requirements S Maximum spacing between bars restrained by legs of hoops

of those provisions. The reasoning for these transverse reinforcement or crosslies shall be = 14 inches {360 mm).

requirements is to hold as much of the section together as possible in the event
of a major earthquake, Note: | am also assuming that you would require that
both the wvertical and horizontal cross-ties in your example would have
alternating 90 degree ends as described in 18.6.4.3.

® 4 U

-

Figure 5-14. Hoop reinforcement detail.
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For example., bars or wires with minimum clear
cover not less than 2d, and mmmimum clear spacing not less
than 4djp and without any confining reinforcement would have

a (c; + K,)/dy value of 2.5 shasi 7 o5 alolh o o alailel B abi laisde

o

®12@ 150 mm

OF USag
Faglea S0

L1 | )"IJ"LJ:‘""'UBJB Q)ﬂua;)..o alols

Cover to rebar center =50+ 12+ 12.5 =745 mm
b o s ot 5] 8t glas SLis 380 b 50 aluls

300 — 74.5 x 2 ) 75.5

Startobay = =J55 = c = Min (74.5,—) = 37.75 mm
2 b 2
_ 402w x 6%) i
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kir + o 20143775
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Tension lap

splice restricted
to center half of
member length

|4—o""'-—|-

»l
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KE& in (150 mm)

T

A W\

-

_As required for shear

)4
$3<< 6in (150 mm) +/

| As required for shear

14— h
50=4"'( 3 ’)in

o0~ (F5=Jrm]

>4 in (100 mm)

J

Along I, transverse reinf.
spacing < s, and quantity
satisfies requirements in
Table 12.2

Provide full height if
supporting discontinued
stiff member

Maximum cover =4 in (100
mm) unless additional
transverse reinf. is provided
with cover < 4in (100 mm)
ats<12in (300 mm)

Longitudinal reinforcement
satisfies 0.01 <A, /A, < 0.06.

= Transverse reinforcement is

spirals, circular hoops, or
rectilinear hoops and crossties,
designed to resist shear as
required.

Rectilinear hoops and crossties
engage at least corner and
alternate longitudinal bars, with
no unsupported bar more than
6in (150 mm) clear from a
supported bar, and with spacing
h, of supported longitudinal bars
not exceeding 14 in (360 mm)
on center.

For columns with P, > 0.3A,f;
or f.> 10,000 psi (70 MPa),
every longitudinal bar around
the perimeter shall be
supported by the corner of a
hoop or by a crosstie seismic
hook, in either case having

included angle not exceeding 135°,

with h, <8 in (200 mm).
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Figure 9.11 Failure modes of walls under prevailing shear: (a) diagonal tension; (b) diagonal compression;
(c) sliding shear; (d) detail of sliding shear; (e) bending failure combined with sliding. (From
Salonikios, T. 2007. Analytical prediction of the inelastic response of R/C walls with low aspect
ratio. ASCE Journal of Structural Engineering, 133(6), 844—854. With permission of ASCE.)
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wall—a vertical element designed to resist axial load,
lateral load, or both, with a horizontal length-to-thickness b < 0.33 h »
ratio greater than 3, used to enclose or separate spaces.
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The question is that according to section 18.10.4.4 in the picture below
in each story Vn shall not be taken greater than 0.66 (f'c™).5) Acv and
Jfor any one of the individual vertical walls (Walll, Wall2 or Wall3), Vn
shall not be taken greater than 0.83 (f'c"0.5) Acw, where Acv is the sum
of the gross web area for Walll, Wall2, and Wall3. Is that correct?

V2 Wall 1 | Wall 2 | Wall 3

FIPITTI7I77.

s iy

Best Regards,

Amir Ashtari,

Dear Amir,

Yes, that is the right interpretation of the code with the understanding

of the definitions of Acv and Acw provided in Section 2. It appears that
there is a load path such that the three walls shown will support lateral

load, thus your interpretation appears correct.

Sincerely,

Technical Staff
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If the factored shear force at a given level in a structure 1s
resisted by several walls or several vertical wall segments of
a perforated wall, the average unit shear strength assumed for
the total available cross-sectional area 1s limited to (.66 \/Z’
with the additional requirement that the unit shear strength
assigned to any single vertical wall segment does not exceed
0.83 \/f . The upper limit of strength to be assigned to any
one member 1s imposed to limit the degree of redistribution
of shear force.
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Section 18.10.6.2 requires a special boundary The int|eraction diagram spreadsheet calculates the
element if the neutral axis depth calculated for the | neutral axis depth ¢, which is 1723 mm
factored axial force and factored moment is greater | The software that analyzes the structure presents the
than the valuein Eq. (18.10.6.2) deflection data for the structure. The value of 6, from
Check if. the software is 61 mm and does not include the C;
—f@ factor of 5 for a special structural concrete wall from
ASCE 7-10.
- £y 5 _ (61 mm)(5)

600(1.58, /1, | T (28,000 mm)
If =0, a special boundary element iz needed. o,/ = 0.0109
Therefore, the value determined from Eq. (18.10.6.2)
is:

- 2500 mm B
~ 600(1.5x 0.0109)

Because c of 1723 mm iz greater than 866 mm,
Section 18.10.6.2 does require a boundary element.

66 mm

™—#18 @

300 mm
o.c. vertical
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BS EN 1998-1:2004
EN 1998-1:2004 (E)

coupled wall

structural element composed of two or more single walls, connected 1n a regular pattern
by adequately ductile beams ("coupling beams"), able to reduce by at least 25% the sum
of the base bending moments of the individual walls if working separately

A23.3-14
Design of concrete structures Job sion (35 sl g0

Ductile coupled shear wall — a shear wall system that complies with Clauses 21.2 and 21.5 and has
ductile shear walls connected by ductile coupling beams where at least 66% of the base overturning
moment resisted by the wall system is carried by axial tension and compression forces resulting from
shear in the coupling heam(s). This seismic-force-resisting system qualifies for a force modification
factor, Ry of 4.0 in accordance with the National Building Code of Canada.
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Ductile coupled walls 4 1.7 6.8 ] Qo 4O 44 o o Q.;.‘ (J,olf Ao LgLQ)b.gp
Ductile partially coupled walls 3.5 1.7 5.95 3 Ny ¥ PGSR Q-.’.‘ 49 Rd 6)-"-‘-“-15-“ o g
Ductile shear walls 3.5 1.6 5.6 (u;“’*“’ NCTON )‘%Q) J_wj @95 4>, LS‘)-.’
Moderately ductile-fully coupled shear walls 2.5 14 3.5 Sq 49‘35' (Y)Y.0 w)..o Q-.’.‘
Moderately ductile-partially coupled shear walls 2 14 2.8 o L;,,‘)_b og_w s Juo Q-.’.‘ a>,0 e
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4.5.4.4 — Bag karisli (bosluklu) perdelerin tanimlanmasinda esas alinan bag derecesi katsayisi
Q , Denk.(4.14)’te verilnustir.

e, _ e:Ny (4.14)
.-’MDEV J.Ml +M 2 +=C i\'r\_.—

) —

4.5.4.5 — Bag kirisli (boslukiu) perde, Denk.(4.14)’te verilen bag derecesi katsayisi’nin
Denk.(4.15)’te tanimlanan kosulu sagladig: tasiyict sistem elemani olarak tanimlanir:

o5 (4.15)

%]

Denk.(4.15)’te tanimlanan kosulun saglanamamasi durumunda perde parcalarimin her bir
boslilksuz perde sayilir. Bu kosula ek olarak, perde parcalarinda asir1 eksenel kuvvetlerin
olusmasini 6nlemek bakimindan Q < 2 /3 kosulunun da saglanmasina ¢alisilmalidir.
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Building Code Requirements for
Structural Concrete (ACI 318-19) 18.10.9 Ductile coupled walls
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ASCE 7 Sectian Structur:al .Syste:m Limitations Including Structural Height,
1 hn (ft) Limits?
ADARD Seismic Force Resisting System | W ocreDetalling b o0 | i Do
ASCE STANDARD elsmic gE8¥ Requirements Are =el 4 Sdsmic Design Category
ASCE/SEI Specified B C D E F
7-22 A. BEARING WALL SYSTEMS ASCE7-16
. g )
Reinforced concrete ductile 147 5 3 1 5 L ML 160 160 100
coupled walls
Minimum Design Loads and ‘ilgissslarmnated timber shear 145 3 3 3 65 65 65 65 65
Associated Criteria for T
Buildings and Other Structures Cross laminated timber shear
wallz with shear resistance 145 4 3 4 65 65 65 65 65
provided by high aspect ratio '
panelz only
B. BUILDING FRAME SYSTEMS
Renforced concrete ductile 143 6 2 2 | s NL NL 160 160 100
coupled walls
Steel and concrete coupled 143 8 2z | 5% ML ML 160 160 1oo
composite plate shear walls
D. DUAL SYSTEMS WITH SPECIAL MOMENT FRAMES...
Reinforced concrete ductile 142 7 2 91, 3 L WL WL WL NL
coupled walls
Steel and concrete coupled 143 a 2V 5% | ML ML ML ML ML
compnsite nlate shear wall
REINFORCED CONCRETE DUCTILE COUPLED WALL: A seismic force-resisting system with a
@ = minimum height of 60 feet as defined in ACI 318-19 Section 2.3 and complying with ACI 318-19 Section
18.10.9. (18 m)
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