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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. As such, its design must ensure that it is capable of supporting the gravity loads as the building
sways under earthquake motions. This latter subject is the main focus of this chapter. In regions of
lower seismic risk, slab-column frames may be used to provide resistance to lateral forces, including
forces due to wind and earthquake loading. This latter application is not considered directly in this
book.
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18.14.2.1 Members not designated as part of the seismic-
force-resisting system shall be evaluated for gravity load
combinations of (1.2D + 1.0L + 0.28) or 0.9D, whichever is
critical, acting simultancously with the design displacement
9,. The load factor on the live load, L, shall be permitted
to be reduced to 0.5 except for garages, areas occupiced as
places of public assembly, and all areas where L is greater
than 4.8 kN/m?.
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CHAPTER 18—EARTHQUAKE-RESISTANT RI18.12.2 Design forces
STRUCTURES
18.12—Diaphragms and trusses R18.12.2.1

For collector elements, the general building code in the
United States specifies load combinations that amplify
earthquake forces by a factor ©Q,. The forces amplified
by Q, are also used for the local diaphragm shear forces
resulting from the transfer of collector forces, and for local
diaphragm flexural moments resulting from any eccentricity
of collector forces. The specific requirements for earth-
quake design forces for diaphragms and collectors depend
on which edition of the general building code is used. The
requirements may also vary according to the SDC.

18.12.2 Design forces

18.12.2.1 The earthquake design forces for diaphragms
shall be obtained from the general building code using the
applicable provisions and load combinations.
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A collector parallel to a shear wall has its critical connection at the face of the shear wall. Collector longitudinal bars must
extend deep enough into the shear wall to develop and transfer the lateral force to wall reinforcement (Fig. 8.6b). The collector
reinforcement is in addition to the horizontal diaphragm reinforcement required to resist the shear force (Moehle et al. 2010).

Collector bars extend into wall a

minimum of a development length, £4

and the length required to transfer
force to horizontal wall bars

-

Collector force
= . >

j 45 , : Collector force transferred to
) these horizontal wall bars;

J bars added if required to resist
both shear and collector force

Fig. 8.6b—Collector reinforcement extended into shear wall.
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18.12—Diaphragms and trusses
18.12.3 Seismic load path

18.12.3.2 Elements of a structural diaphragm system that
are subjected primarily to axial forces and used to transfer
diaphragm shear or flexural forces around openings or other
discontinuities shall satisfy the requirements for collectors
in 18.12.7.5 and 18.12.7.6.

ke dzgs

R18.12.3.2 This provision applies to strut-like elements
that occur around openings, diaphragm edges, or other
discontinuities in diaphragms. Figure R18.12.3.2 shows
an example. Such elements can be subjected to earthquake
axial forces in combination with bending and shear from
earthquake or gravity loads.

. Wall
Diaphragm

Diaphragm
opening

WAA/

N

SECTION A-A

Fig. R18.12.3.2- Example of diaphragm subject to the
requirements of 18.12.3.2 and showing an element having

confinement as required by 18.12.7.5.
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Dowel ' b
FIARRRRRRRRRTARRNREY. T\ “
t .
bess Shear friction i T .
|, reinforcement /

:E A\ Collector reinforcement [N— Cold joint
E: distributed transversely
'E';—--w Collector into the diaphragm
T Collector reinforcement ’ Structural wall —{ v

reinforcement N a

22.9.4.2 If shear-friction reinforcement is perpendicular to  Table 22.9.4.2—Coefficients of friction

the shear plane, nominal shear strength across the assumed -
Coefficient of
shear plane shall be calculated by: Contact surface condition friction p!!
Concrete placed monolithically 1.4A (a)
Vn= ”A‘fﬁl (22942 Concrete placed against hardened concrete that
where A,is the area of reinforcement crossing the assumed | is clean, free of laitance, and intentionally rough- 1.0 (b)
shear plane to resist shear, and p is the coefficient of friction | ened to a full amplitude of approximately 6 mm
in accordance with Table 22.9.4.2. Concrete placed against hardened concrete that
is clean, free of laitance, and not intentionally 0.6\ (c)
roughened
Concrete placed against as-rolled structural steel
that is clean, free of paint, and with shear trans- 0T @
ferred across the contact surface by headed studs .
or by welded deformed bars or wires.

[1H, = 1.0 for normalweight concrete; A = 0.75 for all lightweight concrete. Otherwise, A
is calculated based on volumetric proportions of lightweight and normalweight aggre-
gate as given in 19.2.4, but shall not exceed 0.85.
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18.14.5 Slab-column connections

18.14.5.1 For slab-column connections of two-way slabs
without beams, slab shear reinforcement satisfying the
requirements of 8.7.6 or 8.7.7 shall be provided at any slab
critical section defined in 22.6.4.1 if A,/hy > 0.035 — (1/20)
(vug/dv.). Required slab shear reinforcement shall provide
v > 0.29\/7; at the slab critical section and shall extend at
ieasi {our iimes ihe siab ihickness {rom ihe {ace of ihe suppori
adjacent to the slab critical section. The shear reinforcement
requirements of this provision shall not apply if A,/A, <0.005.

The value of (AJ/h,,) shall be taken as the greater of the
values of the adjacent stories above and below the slab-
column connection. v, shall be calculated in accordance
with 22.6.5. v, is the factored shear stress on the slab crit-
ical section for two-way action due to gravity loads without
moment transfer.

R18.14.5 Slab-column connections

R18.14.5.1 Provisions for shear reinforcement at slab-
column connections are intended to reduce the likelihood
of slab punching shear failure if the design story drift ratio
exceeds the value specified.

No calculation of induced moments is required, based on
research (Megally and Ghali 2002; Mochle 1996) that iden-
itfies ihe likelihood of punching shear faiiure considering ihe
story drift ratio and shear stress due to gravity loads without
moment about the slab critical section. Figure R18.14.5.1
illustrates the requirement. The requirement can be satisfied
by adding slab shear reinforcement, increasing slab thick-
ness, changing the design to reduce the design story drift
ratio, or a combination of these.

If column capitals, drop panels, shear caps, or other
changes in slab thickness are used, the requirements of
18.14.5 are evaluated at all potential critical sections, as
required by 22.6.5.1.

. 003
g
L3
)
o 0.02
o
pe Shear reinforcement Shear reinforcement
.E not required required
g oot
Z]
[~
2
(7]
a

0.00

0.0 0.1 0.2 0.3 0.4 0.5 0.6 07
Vug/dve

Fig. R18.14.5.1 Illustration of the criterion of 18.14.5.1.
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ACI-318-14:

CHAPTER 8—TWO-WAY SLABS
8.7—Reinforcement detailing

8.7.6 Shear reinforcement — stirrups

(SAFE 1) g 42 uato 1> @3k G JyuiS-eShals b

8.7.6.1 Single-leg, simple-U, multiple-U, and closed stir-

rups shall be permitted as shear reinforcement.

8.7.6.2 Stirrup anchorage and geometry shall be in accor-

dance with 25.7.1.

8.7.6.3 If stirrups are provided, location and spacing shall

be in accordance with Table 8.7.6.3.

Table 8.7.6.3—First stirrup location and spacing

limits

Maximum

WAA/

2L 0 1> JB15 53 ()135)93lo)) @) bgayo o Ly

/%,db (75 mm min.)

45 deg max

?:e 253

(a) single-leg stirrup or bar
212d,

Direction of

ement

Description of

ement

distance or

spacing, mm

Perpendicular to column

Distance from column

df2

£ face to first stirrup
ace
Spacing between stirrups dr
Parallel to column face Spacing l?etween vertical 2d
legs of stirrups

Critical section

S

through slab shear ,~--
reinforcement e N
(first line of ] *
stirrup legs) ]

di2 1 an

i

|

?See 253

See 25.3§

(b) multiple-leg stirrup or bar

(¢) closed stirrups
Fig. R8.7.6(a)-(c)—Single- or multiple-leg stirrup-type slab
shear reinforcement.
Slab 1 . - Critical section outside

Critical section
--\[ outside slab shear

reinforcement

11

==
b
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+ T

EAERNNE

|

sio| £TTTT]
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HENENE

Elevation

1

L
IN
N
Q

Column

= -t
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Fig.R8.7.6d—Arrangement of stirrup shear reinforcement,

interior column.
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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 —w] e
//— Ih +b b
- IW - =N -
II Iy Slab T l'j T
—% critical 1 |* ] 1
Reinforcement > | ], section— ! |* -] !
— _7‘", o : b+d
. r
] [ 1 |
l __h | IR |
- IW - - - 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/, +5 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 6 +d
on cach side (Figure 10.31c¢), resulting in critical section area equal to 3(b + dj)d. Shear transfer
strength can be estimated by assuming a uniform limiting shear stress on the critical section, resulting

inv, =4/F[3(b+d)d} PSi (0.3377[3(b+d)d], MPa}.

oo 4 .3)S e3laiwl lgiw (gl saus Al kolgud 1 (4lg3 (505 9 3)15 Wglal (hgiw Slbl b b (ki )lgrs Bhbl )> &b cuole

1amled a3 ACI352 1 5
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. IFor 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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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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6.6.3 Section properties
6.6.3.1 Factored load analysis

6.6.3.1.1 Moment of inertia and cross-sectional area
of members shall be calculated in accordance with Tables
6.6.3.1.1(a) or 6.6.3.1.1(b), unless a more rigorous analysis

: R6.6.3.1 Factored load analysis—For lateral load anal-
is used.

ysis, either the stiffnesses presented in 6.6.3.1.1 or 6.6.3.1.2
can be used. These provisions both use values that approxi-
mate the stiffness for reinforced concrete building systems
loaded to near or beyond the yield level, and have been shown
to produce reasonable correlation with both experimental and

Table 6.6.3.1.1(a)—Moment of inertia and cross-
sectional area permitted for elastic analysis at
factored load level

Momentof | Cross-sectional detailed analytical results (Moehle 1992; Lepage 1998).
Member and condition Inertia area

Columns 0.701,

Uncracked 0.707,
Walls

Cracked 0.351, 1.04,
Beams 0351,
Flat plates and flat slabs 0251, <:|
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Cracked-section analysis is run in SAFE using either of the following two methods:

1. All load patterns are applied in a single load case which uses either immediate or long-term cracked
deflection, discussed as follows:

Immediate cracked deflection, in which all loads (DEAD + SDEAD + LIVE) are applied in a single load pattern,
then analysis is run with the Crack Analysis option.

Long-term cracked deflection, in which analysis is divided into the following two categories:

Non-sustained portion, in which cracked-section analysis considers only the non-sustained portion of LIVE
load, solving for incremental deflection.

Sustained portion, in which long-term cracked analysis considers the sustained loading from DEAD, SDEAD,
and a portion of the LIVE load. Creep and shrinkage are included only in this sustained portion of analysis
because these effects are only applicable under sustained loading.

NOTE: Short-term concrete modulus = Elastic concrete modulus Ec(to)

NOTE: Long-term concrete modulus = Age-adjusted concrete modulus Ec(t,to), given

Ec(to)
1+ ){n‘.p(f_. tﬂ}

For example, assume that 25% of the LIVE load is sustained. Analysis proceeds as follows:

Case 1: Cracked analysis for short-term load with short-term concrete modulus is given as DEAD + SDEAD +
WsLIVE, in which Ws = 1.0

Case 2: Cracked analysis for permanent load with short-term concrete modulus is given as DEAD + SDEAD +
WYLLIVE, in which WL = 0.25 (WL = 0 if 100% of the LIVE load is non-sustained)

Case 3: Long-term cracked analysis (with creep and shrinkage) for permanent load with long-term concrete
modulus is given as DEAD + SDEAD + WLLIVE, in which W. = 0.25

The value of total long-term deflection is then the combination of Case 3 + (Case 1- Case 2). The difference
between Case 1 and Case 2 represents the incremental deflection (without creep and shrinkage) due to non-
sustained loading on a cracked structure.

The procedure indicated above results on total long term deflection over time. Most engineers simply check this
values against ACI 318 Table 24.2.2, since this will always result in safe and conservative design. In order to
remove portion of dead load deflection occurring before attachment of nonstructural elements, the following
procedure can also be used:

Ec(t,ty) =

Case 4= Cracked analysis for permanent load with short-term concrete modulus is given as DEAD + WpSDEAD,
in which Wp = percentage of super imposed dead load present before attachment of non structural elements

Or Case 4= Cracked analysis for permanent load with long-term concrete modulus creep and shrinkage is given
as DEAD + WpSDEAD, in which Wp = percentage of super imposed dead load present before attachment of non
structural elements, and say using a creep factor for 3 months.

The value of total long term deflection to occur after attachment of nonstructural elements is then the
combination of Case 3 + (Case 1- Case 2)- Case 4.

We recommend this method, though an alternative is available, described as follows:

2. A single load pattern is applied in a load case, then another case is set to continue From State at End of
Nonlinear Case.

For example:

Add a DEAD load case using the Nonlinear (Cracked) option, starting with a Zero Initial Condition.

Add a SDEAD load case using the Nonlinear (Cracked) option, starting From State at End of Nonlinear Case
DEAD.

Add a LIVE load case using the Nonlinear (Cracked) option, starting From State at End of Nonlinear Case
SDEAD.

The DEAD load case predicts cracking from a zero initial condition, in which no load is present, then computes
cracking due to DEAD load-pattern application. Adding SDEAD then uses the stiffness at the end of DEAD load
case, and contributes additional deflection. Deflection reports the total deflection from both DEAD and SDEAD
cases, however, the increase in DEAD load deflection due to additional cracking from SDEAD load application is
not recognized, therefore we do not recommend this method.

https.//wiki.csiamerica.com/display/safe/Cracked-section+analysis 820
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