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12.7.4 Interaction Effects Moment-resisting frames that are
enclosed or adjoined by elements that are more rigid and not
considered to be part of the seismic force-resisting system
shall be designed so that the action or failure of those elements
will not impair the vertical load and seismic force-resisting

capability of the frame. The design shall provide for the effect
of these rigid elements on the structural system at structural
deformations corresponding to the design story drift (A) as
determined in Section 12.8.6. In addition, the effects of these
elements shall be considered where determining whether a
structure has one or more of the irregularities defined in

Section 12.3.2.
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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.
bl j0 lhugie ied OB L alge piaaw b g lwgie cded OB giaas 5l oolaiwl ACI-318-2019 1o 45 Slewsg Gub S,k 5

Wl oo e |y Lawgie sias OBl eolatul A, B, C bl ,o s o

R18.2—General TABLE 11.6-1 Seismic Design Category Based on Short-Period
Response Acceleration Parameter

Structures assigned to SDC D, E, or F may be subjected to

strong ground motion. It is the intent of ACI Committee 318 Risk Category

that the seismic-force-resisting system of structural concrete

buildings assigned to be provided by special ~ Value of Sos Torllor i v

moment frames, special structural walls, or a combination S <0167 A A

of the fwo. In addl-tIOI“l to 18'.2“.2 thrqugh 18.2.?, these. strue- o < S5 <033 B p

tures aiso are required to satisiy requirements for coniinuous 0.33 < Spg < 0.50 C D

inspection (26.13.1.3), diaphragms and trusses (18.12), foun- 0.50 < Spg D D

dations (18.13), and gravity-load-resisting elements that are

not designated as part of the seismic-force-resisting system

(18.14). These provisions have been (%eveloped .to provide Pl 5 Slnlows 45505 3.

the structure with adequate deformation capacity for the

high demands expected for these seismic design categories. 3 ghn o guma D adlats O ol gla gl
The general building code may also permit the use of inter-

mediate moment frames as part of dual systems for some Sos= A x (S+1)

buildings assigned to SDC D, E, or F. It is not the intent

of ACI Committee 318 to recommend the use of interme- A=0.2, s 1l ==> Sps=0.2x2.5=0.5

diate moment frames as part of moment-resisting frame or A=0.2, eselll ==> Sps=0.2x 2.75=0.55

dual systems in SDC D, E, or F. The general bulldmg. che A=0.3, esiell ==> S0s=03x2.5=0.75

may also permit substantiated alternative or nonprescriptive

designs or, with various supplementary provisions, the use A=0.35, s lll ==> Sps=0.35x 2.75=0.9625

of ordinary or intermediate systems for nonbuilding struc-

tures in the higher seismic design categories. These are not

the typical applications that were considered in the writing

of this chapter, but wherever the term “ordinary or inter-

mediate moment frame” is used in reference to reinforced

concrete, 18.3 or 18.4 apply.
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Table 12.2-1 Design

Structural System Limitations
Including Structural Height, h,, (ft) Limits?

Seismic Design Category

Seismic Force-Resisting System B c D°® E° Ff
C. MOMENT-RESISTING FRAME SYSTEMS
1. Steel special moment frames NL NL NL NL NL
2. Steel special truss moment frames NL NL 160 100 NP
3. Steel intermediate moment frames NL NL 35% NP* NP*
4. Steel ordinary moment frames NL NL NP NP NP
5. Special reinforced concrete moment frames™ NL NL NL NL NL
(6. Intermediate reinforced concrete moment frames | NL NL NP NP
E. DUAL SYSTEMS WITH (INTERMEDIATE MOMENT FRAMES ]
CAPABLE OF RESISTING AT LEAST 25% OF PRESCRIBED
SEISMIC FORCES
1. Steel special concentrically braced frames” NL NL 35 NP NP
[2. Special reinforced concrete shear walls®” ] NL NL 100 100
3. Ordinary reinforced masonry shear walls NL 160 NP NP NP
4. Intermediate reinforced masonry shear walls NL NL NP NP NP

NL = Not Limited
NP = Not Permitted
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Slab-column framing and slab-wall framing generally are not used as part of the seismic-force-
resisting system in regions of high seismicity. Such framing is, however, used to support gravity

loads.
sways
lower

forces
book.

Sledidey o3

As such, its design must ensure that it is capable of supporting the gravity loads as the building
under earthquake motions. This latter subject is the main focus of this chapter. In regions of]
seismic risk, slab-column frames may be used to provide resistance to lateral forces, including
due to wind and earthquake loading. This latter application is not considered directly in this
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Building Frame System: A structural system with an essen-
tially complete space frame providing support for vertical loads.
Seismic force resistance is provided by shear walls or braced
frames.

WALL SYSTEM, BEARING: A structural system with
bearing walls providing support for all or major portions of the
vertical loads. Shear walls or braced frames provide seismic force
resistance.

Bearing Wall: Any wall meeting either of the following
classifications:

1. Any metal or wood stud wall that supports more than
100 1b/linear ft (1,459 N/m) of vertical load in addition to
its own weight.

2. Any concrete or masonry wall that supports more than
200 Ib/linear ft (2,919 N/m) of vertical load in addition
to its own weight.
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(t)0'6

creep coefficient = (t, t))= T0+()08

(535) ¢oM8LL ol Qu=2.35vc

|’Yc:'yla'Yﬂ"sz"Ys"Y']I'ya|

Shrinkage strain =(¢ )= (& o

35+t

(Gas) $oMSLL s (), =780x108y,

|ysh:ycp . ’Yﬂ, . sz . Ys . ij - Yc' Ya |

Loading age = 7 days =—> V =1 e R
Loading age > 7 days =—> yl =1 25(t O ol

68 5 G Lt Y ol s

Relative humidity in percent

= 40 percent ==> y =1
A > 40 percent ==> y ,1_1 27-0.00674

Size effect :

Y% (1+1.13 exp(-0.0213 V/S))

L
V=(bh)L

V=(bt+hb, )T
S=(2b+2h)L (be+hb,)

h  S=2b+2(t+h))L

Observed slump in mm
Qe nm)

Slump: 7s=0.82+0.00264s

Ratio of the fine aggreg;:ce to total aggregate
by weight expressed as percentage

Fine aggregate percentage: yy=0_88+0,0024‘{’

Moist cured during a period of 7 days =——> Ve =1

Table 2.5.3 Shrinkage Correction Factors
for Initial Moist Curing

Moist curing duratiom, Shrinkage Ycp
days
1 1.2
3 1.1
7 1.0
14 0.93
28 0.86
290 0.75

S
40<4 <80 => y=14-0.01024, T ijj
80<4 <100=> 7,=3-0.0304 o

e S oG e Y0 s o%—b'é&? BE

Size effect : y,=1.2 (exp(-0.00472 V/S))

Observed slump in mm
Slump: ys~0.89+0.041s

Ratio of the fine aggreg;te to total aggregate
by weight expressed as percentage

<50 percent ==>1y,=0.3+0.014Y
#>50 percent ==>1v,,=0.9+0.002¥

(Cement content in kg/m3)
Cement content: y=0.75+0.00061¢”

(air content in percent )

Air content: Y,=0.46+0.09a >1

(air content in percent )

Air content; 7,~0.95+0.008¢, >1

. . . e )06
)30V = 6)[.5)‘-.’ Cﬁr‘ ()Lb) => 'Yla—l creep coefficient =g (t, t0)=10()T(Pu
o
de 0 Y ='3—"-’ e “-*-’}-1’) ==> yﬂz] ‘ ( )06
oy ST e ©
700 v (bt+hb )L (t=0) "2 L T ——2.35=2.35
S0 | =)L 10+(=)
250 700x50+250x200 T )
— t= 35=
530 2XT00T2x300 42+ T 9077wl v ~Toroope
creep: t
e (14113 exp(-0.0213 V/S)=1 Strinkage srain ¢ )= —— (*.a
Shrinkage: e - o
1,=1.2 (exp(-0.00472 V/S))=1 (t=oo)§ = e #78%0&78%0—6
[o'0]
b =>y=l  ph =yl P
2§ o § sy = (t=90)§ Ct ) 780x10-6=562x10-6
Pp =>, 1 wr =11 ale v 35+(90)
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Define

E Material Properties..,
@ Section Properties
%E% Spring Properties
F—‘\: Diaphragms...

Pier Labels..

Spandrel Labels..,

Group Definitions..

Section Cuts..,
s strain Gauges Properties

e Functians

A Generalized Displacerments

&"  hass Source..,

P&  P-Delta Options.,

“D  Load Patterns..,

g Shell Uniforem Load Sets...

E Load Cases

Load Cazes

Click ta:

Load Case Name
NSY
SPRE
SPYE
5P
SPY

Load Case Type
Linear 5tatic
Fesponse Spectum
Fesponse Spectrum
Response Spectrum

Response Spectrum

D+5D+0.25L
D+5D+L
D+5D+0.25L+CREEF
D+CREEP [3MONTH)

Monlinear Static
Morlinear Static
Monlinear Static

Monlinear Static

A Add New Caze...
Add Copy of Caze...

~

Modify/Show Caze...

I Delete Caze |

»

Show Load Case Tree...

«

oK

v Cancel

100
[1_5 g Load Cases...

pd

General

Load Case Name
Load Caze Type
Mazs Source

Analyziz Model

Initial Conditions

D+5D+0.25L

Monlinear Skatic ~
Presious w
Default

(@) Zero Initial Conditions - Start from Unstressed State

Dezign...

Motes...

() Continue fram State at End of Monlinear Case [Loads at End of Caze ARE Included)

Loads Applied

Load Type Load Name Scale Factor
Load Pattern Dead Add
Load Pattern S-DEAD 1 Delete
Load Pattern Live 0.25
Other Parameters
Modal Load Case Muodal v
Geometric Monlinearity Option MHone ~
Load Application Full Load Madify/Shaw...
Results Saved Final State Only M odify/Show...
Floor Cracking Analyzis Cracked (Shart Term)
Monlinear Farameters Default - lterative Event-to-Event Modify/Show...

YO cuwl odds (5,8 358 SO ;0 Mo g oo 533 Sl e 00 50 sla b aiilen 5 ails JBuile Cdl 0niy sl b 5l gus

ok Cancel

i

E Floor Cracking Analysis Parameters

Floor Cracking Analyzis Options
(O Mo Cracked Analpsis

(®) Cracked [Short Tem)
() Cracked [Long Term]

Other Cracking Parameters

0.005

Relative Displacement Conwergence Tolerance

M axirnumn lberation:

Note

oKk Cancel

Sglad wlul b g cal sais asdeine doyo ()l Jlade by 4l el ke y0 g anles Fails ous; b Es 3loady Ll as e

www.hoseinzadeh.net

S shaie wilgh (oo ) Go )3 ojle ()15 A azgi Ly (pwiige

www.t.me/hoseinzadehasl Instagram ool glods "ase S L" Cllas Jlasl  YY




Oleiwol (o oIS — )l jos (cwditn (Lo 0 )5S (oD juw Pl i s J 05— J8lg w215k OIS

S 00 g.ﬂ.:).u U"")’ u‘).:‘ u»))f Ll QB\AJSLD)LL}S)J‘MJ&“M c\.»..»L?u; s D+SD+L )L: )J)Jiw)é

Define
E Material Properties..,

@ Section Properties 2
;%; Spring Properties 3
Diaphragrms,.,
Pier Labels..,

Spandrel Labels.,

Graup Definitions..,

Section Cuts...

Strain Gauges Properties 2

*f'f, Functions 2

A Generalized Displacernents
&7 Mass Source..
P&  P-Delta Options...

L]
weg  Load Patterns...

ey Shell Uniform Load Sets...

E Load Cases

Load Cazes

Load Caze Mame
NSY
SPHE
SPYE
SRR
SPY

Load Caze Type
Linear Static
Fesponze 5pectum
Responze Spectur
Response Spectum

Response 5pectum

D+5D+0.250
D+50+L
D+5D+0.28L+CREEP
C+CREEP [3MONTH)

Monlinear Static
MNonlinear Static
Monlinear Static

Monlinear Static

100
[1.5 g Load Cases...

General

Load Case Name
Load Case Type
Mass Sounce

Analysiz Model

Initial Conditions

C+50+L

Monlinear 5tatic v
PresioLis ~
Default

(@) Zemm Initial Conditions - Start from Unstrezsed State

Design...

Mates...

() Contine from State at End of Morlinear Caze [Loads at End of Caze ARE Included)

Loads Applied

Load Type
Load Pattem Dead
Load Patterm 5-DEAD

Load Pattam Live

Load Marme

Sicale Factar

1
1

Other Parameters
Modal Load Cage
Geometric Monlinearity Option
Load &pplication Full Laad

Results 5aved

Final State Only

odal

Maone

i)
Add

Delets

e

e

b odify/Show. ..

Floor Cracking Analpsiz

Monlinear Parameters

www.hoseinzadeh.net

Cracked [Short Term)

Default - [terative Event-to-Evert

oK

M odify/Show...
b odify/Show...

b odify/Show. ..

Cancel

[ ]
X
Click ta:
~ Add Mew Caze... \
Add Copy of Case...
Modify/Show Caze...
Delete Caze
2 |
Show Load Case Tree...
¥
ok
e Cancel
X

E Floor Cracking Analysis Parameters

Floor Cracking Analysis 0ptions
(7)) Mo Cracked finalysiz

(®) Cracked [Short Tem)
(7)) Cracked [Long Temm)

Other Cracking Parameters

Fielative Displacement Convergence Tolerance

I aximnum Iberations

Mote

Ok

Cancel

0.00%
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Define

£

Material Properties..,

E Section Properties 2
Lt Spring Properties 3
[Z] Disphragms..

IEO Fier Labels..,

@3 Spandrel Labels..,

Group Definitions...

Section Cuts..

5‘_—? Strain Gauges Properties 2
*fr Functions »
./‘i' Generalized Displacements
&7 Mass Source..
P& P-Delta Optians..,
“2  Load Patterns..,
peeg  Shell Uniform Load Sets...
100
l1_5 g Load Cases..

General

Load Case Mame
Load Caze Type
Mazz Source

Analyziz Model

Initial Conditions

sl e

E Load Cases

Load Cases
Load Caze Mame Load Caze Type

M5 Linear Static:

SPHE Response S pectum
SPYE Fiezponse Spectrum
S Response S pectium
SPY Response Spectum
D+50+0.250L Monlinear Static
D+50+L Monlinear Static
C+50+0.25L+CREEP Monlinear Static
D+CREEF [3MOMTH) Monlinear Static

~

Click. to:
Add New Casze..
Add Copy of Caze...
Modify/Show Caze...

Delete Caze

>

Show Load Caze Tree...

&

Ok

Cancel

pd

Design. ..
Nonlinear Static ~ Notes...
Previous ~
Drefault

(®) Zero Initial Conditions - Start from Unstressed State

() Continue from State at End of Monlinear Caze [Loads at End of Case 4RE Included)

Loads Applied

Load Type Load Mame Scale Factor i
Load Patterm Dead Add
Load Patter S-DEAD 1 Delete
Load Patterm Live 0.25
Other Parameters
Modal Load Case Maodal ~
Geometric Monlinearity O ption Mone w
Load Application Full Load Modify/Shaw...
Results Saved Final State Drly Modify/Show..
Floar Cracking Analesis Cracked (Long Term)
Nonlinear Parameters Default - lterative Event-to-Event  odify/Show...

www.hoseinzadeh.net

0K

Cancel

EFIoor Cracking Analysis Parameters

Flaar Cracking Analysiz Options
() Mo Cracked Analysis
() Cracked [Short Term)

¢@ Cracked [Long Term)

Long Termn Cracking Options

() Creep and Shrinkage Parameters from M aterial Properties

(® Creep, Shrinkage and Aging Coefficient Specified Below

Creep Coefficient
Shrinkage Strain

Aging Coefficient

Other Cracking Parameters

Fielative Dizplacement Convergence Taolerance

I awirnumm [terations

Mote

oK

Cancel
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Define
E Material Properties..,

@ Section Properties 3
Lttt Spring Properties 3
Ciaphragmms..

El) Pier Labels...

03 Spandrel Labels..

Group Definitions..,

Section Cuts..,
Strain Gauges Properties 3

Functions »

Generalized Displacements

&7 Mass Source..,

P& P-Delta Options...

v
we Load Patterns..

fey Shell Uniform Load Sets...
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E Load Cases

Load Cazes

Click to:

Load Case Mame
NSY
SPHE
SPYE
SPX
SPY

Load Caze Type
Linear Static:
Fesponze Spectrum
Fesponze Spectrum
Fesponze Spectrum

Fiesponse Spectrum

D+50+0.25L
D+50+L
D+50+0.25L+CREEP
‘ D+CREEP [3MOMTH)

Monlinear Static
Morlinear Static
Morlinear Static

Morlinear Static

- Add New Case...
Add Copy of Case...
M odify/Show Caze...

Delete Case
A |
Show Load Case Tree...
¥
oK
v Cancel

Load Cases...

pd

General

Load Case Name
Load Case Type
Mazs Source

Analysis Model

Initial Condition:

(@ Zero Initial Conditions - Start

D+CREEP [3MONTH)

Monlinear Static ~
Previous e
Default

from Unstressed State

Design...

Motes...

(") Contine from State at End of Monlinear Caze [Loads at End of Case 4RE Included]

Loads Applied

Load Type Load Mame Scale Factar
Load Pattern Dead Add
Delete
Other Parameters
Modal Load Case M odal =
Geometric Monlinearity O ption Mone ~
Load Application Full Load Madify/S how...
Results Saved Final State Orly Modifu/Shou...
Floor Cracking Analysis Cracked (Long Tem)
Monlinear Parameters Diefault - lterative Event-to-E vent Modify/Show...

Ok Cancel

LiJ

E Floor Cracking Analysis Parameters

Floor Cracking Analsiz Options
() Ma Cracked Analysis
(7)) Cracked [Shart Tem)
@) Cracked [Long Term)

Long Term Cracking Options

() Creep and Shiinkage Parameters from M aterial Properties

(® Creep, Shrinkage and Aging Coefficient Specified Below
Creep Coefficient 1.4
Shrinkage Strain 0.00056

Aging Coefficient

Other Cracking Parameters

Fielative Displacement Convergence Tolerance 005

w| =
=

M aximum [terations

Maote

oK Cancel
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Edit  View  Define Draw  Select  Assign  Analyze  Display | Design | Options  Tools  Help
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) 1 0 |- § [] Concrete Frarme Design

J’ Model Explorer ] - K Plan Wiew -5 I Cornposite Beam Design

|I| Composite Column Design
1 == Steel Joist Design

“ Cwerarite Frame Design Procedure...
E Shear Wall Design
[=l Concrete Slab Design =P Wiew/Rewvise Preferences..
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=7  Wiew/Revise Flexural Design Owern »
=n
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Start Design
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(a) Wall building (b) Distortion of coupling slab

FIGURE 10.30 Slab-wall coupling.

Lateral loading of walls coupled by thin slabs results in out-of-plane distortion of the slab, both
along the framing direction and perpendicular to it (Figure 10.305). Thus, the effective width of the
slab is reduced from the total width. Paulay and Taylor (1981) and Schwaighofer and Collins (1972)
report that the initial stiffness can be approximated by using an effective width b, equal to one-half of

the corridor opening width/, (Figure 10.31a). As cracking progresses, the effective moment of

inertia should be reduced to the cracked section moment of inertia. Furthermore, Schwaighofer and
Collins (1972) recommend that the effective span should be increased to /, + b because of damage

that progresses beyond the length of the corridor opening /,,. In this application, b is the width of the
wall at the edge of the opening.

b— [~
I,+b
47 b
- !W - - -
¥
II I Sab - l"_.-
—F critical 1 |* ] 1
Reinforcement — b | section— ! |° | !
—F -7“", 2] ) b+d
L
l 1 |
| _Lh L -_———

T+ o+ T+ + l—b+d—]

{a) Effective width for stiffness (b) Effective width for reinforcement {c} Slab critical section
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The contribution of longitudinal reinforcement to moment transfer strength decreases with
transverse distance from the wall. At large lateral drift ratios, 1t may be possible to develop flexural
strength of the full transverse width (Paulay and Taylor, 1981). The reinforcement located closest to
the walls, however, is most effective in transferring moment. Schwaighofer and Collins (1972)
recommend that reinforcement provided for moment transfer should be placed in width/, +& and

length 3/,, centered on the corridor opening (Figure 10.315).

Coupling action may be limited by punching shear strength at the wall boundary. Schwaighofer
and Collins (1972) recommend defining a three-sided slab critical section having dimensions » + d
on cach side (Figure 10.31c¢), resulting in critical section area equal to 3¢(b + d)d. Shear transfer
strength can be estimated by assuming a uniform limiting shear stress on the critical section, resulting

inV, =4/ [3(b+d)d} PSi {0.33F7 [3(b+d)d], MPa}.
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The limitation on the aspect ratio of the column cross-
section dimensions is illustrated in Fig. 3.1c. As the aspect
ratio increases, behavior deviates from a column-slab
connection behavior to a slab-wall connection behavior
(Schwaighofer and Collins 1977). No recommendations for
such connections are made in this guide. FFor more informa-
tion about slab-wall connections, refer to Schwaighofer and

Collins (1977), Paulay and Taylor (1981), and Klemencic
et al. (2006).
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1- J. SCHWAIGHOFER and M. P. COLLINS, “Experimental Study of the Behavior of Reinforced Concrete
Coupling Slabs”, ACI JOURNAL, March 1977, pp.123-127.

2- "T. Paulay and R. G. Taylor, “Slab Coupling of Earthquake-Resisting Shear walls”, Technical Paper, ACI
JOURNAL, March-April 1981, pp.130-140.
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D les
Floor slabs may serve as soft coupling beams. Their stiffness can be based on a slab
with a width perpendicular to the wall equal to the wall thickness plus half of the width
of the opening, €;/2, between the walls, added on each side of the opening [18-11], [18-12],
[18-13]. In tests of shear walls coupled by slabs, the specimens failed by punching-shear
failures in the slab around the ends of the walls. Under cyclic loads, the stiffness of slabs
serving as coupling beams decreased rapidly.
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N * min h,/4, h,/4
—] fo— hl S, < so b
+ d, e 8 as required for shear
h, ¥ 6d,,
S h, ! 4 $,S9 6in (150 mm)
6d, l,2 1/6 4 - as required for shear
1
Ts< 6in (150 mm) 18in (460 mm) 4 e (14_,,1).
9 s, =4+ in
(] [ % ° 3
as required for shear v 5 [100 ( 350 - h, ) ]
Tension lap - e - 3 mm

IfP,>0.354 9{;; splice restricted 3 24in (100 mm)

» Volumetric ratio of hoop to center half of ' <6in (150 mm)
reinforcement along full member length —— Along I, transverse reinforcement
height not less than one-half spacing < s, and quantity

Tensionlap T that required along /, region of a satisfies full confinement
splice, no special moment frame column i B requirements as identified in
restric’tion + Maximum cover =4 in (100 mm) Table 12.2
on location unless additional transverse Provide full height if
'e.'"fO'ceme"‘_'s provided T supporting discontinued stiff
with cover <4in (100 mm) i _ member.
. o
ats < 12in (300 mm) 1 _l_sl Maximum cover =4 in (100 mm)
) 1 L L unless additional transverse
reinforcement is provided
with cover <4 in (100 mm)
A \ ats<12in (300 mm)

(b) Demands exceed
design strengths

(a) Demands do not exceed
design strengths
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