Horizontal Distribution of Forces to Individual Shear Walls

Interaction of Shear Walls with Each Other

In the shown figure the slabs act as horizontal diaphragms extending between
cantilever walls and they are expected to ensure that the positions of the walls,
relative to each other, don't change during lateral displacement of the floors.
The flexural resistance of rectangular walls with respect to their weak axes
may be neglected in lateral load analysis.
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Shear wall Arrangement

The distribution of the total seismic load, F, or F, among all cantilever walls
may be approximated by the following expressions.

Fo=Fu+ F

Fy=Fy+F

where:

F. =load induced in wall by inter-story translation only, in x-direction

Fiy = |oad induced in wall by inter-story translation only, in y-direction
F";, = load induced in wall by inter-story torsion only, in x-direction
F'y = load induced in wall by inter-story torsion only, in y-direction
Fix = total external load to be resisted by a wall, in x-direction
Fiy = total external load to be resisted by a wall, in y-direction
To obtain F; and F',, the forces F, and F, are distributed to the individual
shear walls in proportion to their rigidities.
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The force resisted by wall i due to inter-story translation, in x-direction, is
given by

F I

P Xy
ix
2Ny

The force resisted by wall i1 due to inter-story translation, in y-direction, is
given by

F I
F,;, - y Cix
Z Iix
where:
Fy = total external load to be resisted by all walls, in x-direction

F = total external load to be resisted by all walls, in y-direction

lix = second moment of area of a wall section about x axis
Liy = second moment of areas of a wall section about y axis

¥ l;, = total second moment of areas of all walls in x-direction

y

> ljy = total second moment of area of all walls in y-direction

The force resisted by wall i due to inter-story torsion, in x-direction, is given
by

(Fx ey)yi Iiy
Z(Xizlix + yizliy)
The force resisted by wall i due to inter-story torsion, in y-direction, is given
by
Fy =

" __
I:ix_

(Fy ex) Xi Iix

Z(Xizlix + yizliy)

where:

x; = X-coordinate of a wall with respect to the center of rigidity C.R of the

lateral load resisting system
y; = Yy-coordinate of a wall with respect to the center of rigidity C.R of the

lateral load resisting system
e, = eccentricity resulting from non-coincidence of center of gravity C.G and

center of rigidity C.R, in x-direction
ey = eccentricity resulting from non-coincidence of center of gravity C.G and

center of rigidity C.R, in y-direction
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Example (3): In Example (1), determine the forces acting on shear wall G.

Neglecting moments of inertia about weak axes, second moments of area of
each of the shear walls about y-axis are given by

_02(3)

IAy By — 'Gy — 'Hy

Total second moments of area about y-axis are given by
4
le l, =0.45(4)=1.8m"
Second moments of area of each of the shear walls about x-axis are given by

3
IFX=%=O.45m4

ICx: IDx: IEx_

Total second moments of area about x-axis are given by

IX

4
|, =0.45(4)=1.8m*
=1

[ N %
= 0.042F. = 0042 F.
N —=25F —=025F. [
N i § 7
@
F CR
J— X
e
2 4+ R
F CG
X
e b
——=025F, ——025F,
—0042F, — 0.042F.
-

(0.0)

To locate the center of rigidity C.R, the distance from the origin to the C.R

Y in the y-direction is given by

y — |—14

iz:l: l, 1.8

The distance from the origin to the C.R in the x-direction Xis given by

2y Y, _045(2)(18)+2(045)(45) ;5 -
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X _(2)(045)18) _¢ -
) 1.8

IX

x|
I

Thus, the eccentricity in y-direction e, =11.25-9.0=2.25m
And the eccentricity in x-direction e, =9.0-9.0=0.0m

Torsion caused by eccentricity e, , T; =2.25F,
Torsion caused by accidental eccentricity , T, =F, (0.05)(18)=0.9F,
Total torsion, T,+T, =(2.25F, +0.9F )

F_r — Fx Iiy
Z Iiy
F = Pl = Fl, = Fl = = = 025F,
(Fx ey)Yi Iiy

" __
I:ix -

Z(Xizlix + yizliy)

" _cro_ oo
FAX_FBX_FGX_FHX_

(2.25F,+0.9F, )(6.75)(0.45)
2(0.45)(6.75)" +2(0.45 )(6.75) +2(0.45 )(9) +2(0.45 )(9)°
=0.0133(2.25F, +0.9F,)
=0.042 Fy

The forces acting on shear wall G are given by the following expression
=0.25F,+0.042F

=0.292F,

Using the story forces evaluated in Example (1), the forces acting on shear

wall G at each of floor level are shown in the next figure.

376t

247t -

2.06 t -~

1.65t

1.24t =

0.82t

041t -l

Distribution of forces at each floor level (Shear wall G)
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Classification of Structural Walls According To Seismic Risk

According to Chapters 2 and 21 of ACI 318-08, structural walls are defined as being
walls proportioned to resist combinations of shears, moments, and axial forces
induced by earthquake motions. A shear wall is a structural wall.

Reinforced concrete structural walls are categorized as follows:

1- Ordinary reinforced concrete structural walls: They are walls complying
with the requirements of Chapters 1 through 18.

2- Special reinforced concrete structural walls: They are cast-in-place walls
complying with the requirements of 21.2 and 21.7 in addition to the
requirements for ordinary reinforced concrete structural walls.

Special Provisions for Earthquake Resistance

e According to Clause 1.1.9.1 of ACI 318-08, the seismic risk level of a region
Is regulated by the legally adopted general building code of which ACI 318-08
forms a part, or determined by local authority.

Correlation between Seismic-Related Terminologies In Model Codes

Code/ Standard Level of seismic risk as defined in the code section
Low Moderate/Intermediate High

(21.1.2) (21.1.2 and 21.1.8) (21.1.2 through

21.1.8) and (21.11
through 21.13)

International Building | SDC A, B SDCC SDCD,E, F
Code 2000, 2003, 2006
Uniform Building Seismic Seismic Zone 2 Seismic Zone 3, 4

Code 1991, 1994, 1997 | Zone 0, 1
SDC = Seismic Design Category

e According to Clauses 1.1.9.2 and 21.1.1.7 of ACI 318-08, in regions of low
and intermediate seismic risk, provisions of Chapter 21 are not to be applied.
(Chapter 1 through 18 are applicable)

e According to ACI 318-08, in regions of high seismic risk, special structural
walls complying with 21.9 are to be used for resisting forces induced by
earthquake motions.
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Classification of Shear Walls According To Their Height-to-Length Ratios

Shear walls are classified as short or long according to their aspect ratios (the ratio of
its height h, to length in the plane of loading 1,), as follows:

1- For nh,/l,<2, they are called short or squat shear walls. Their design is

dominated by shear, rather than flexure.

Aspect ratios below 2 mark the transition from slender to short behavior, and
walls with such dimensions require considerable care in design if a ductile failure
mode is required. Without this attention, shear walls are likely to fail in brittle
failure modes such as diagonal tension or sliding shear rather than undergoing the
more ductile flexural failure possible in slender walls. Short shear walls may need
increased strength or special detailing, including diagonal steel to overcome these
problems.

2- For h,/l,>2, they are called long or slender shear walls. Their design is

w w

dominated by flexure. Aspect ratios are normally restricted to 7; higher ratios
may result in inadequate stiffness, problems in anchoring the tension side of
the shear wall and possibly significant amplifications due to P—A effects.

The above stated classification is not explicitly stated in ACI 318-08 Code.
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Design of Ordinary Shear Walls

The shear wall is designed as a cantilever beam fixed at the base, to transfer load to
the foundation. Shear forces, bending moments and axial loads are maximums at the
base of the wall.

Types of Reinforcement:

To control cracking, shear reinforcement is required in the horizontal and vertical
directions, to resist in plane shear forces.

The vertical reinforcement in the wall serves as flexural reinforcement. If large
moment capacity is required, additional reinforcement can be placed at the ends of
the wall within the section itself, or within enlargements at the ends. The heavily
reinforced or enlarged sections are called boundary elements.

vertical reinforcement

horizantal reinforcement C
3 W
k1
. | 8- | |l P
Lw Lw
(b) (a)
With boundary elements No boundary elements

Walls with Uniform thickness

Lw

(©)
Wall with end enlargement

Shear Strength:
According to ACI 11.1.1, design of cross sections subject to shear are based on

oV >V
n u (l)

where V, is the factored force at the section considered and V|, is the nominal shear
strength computed by

V, =V, +V,

(2)
where Vv, is nominal shear strength provided by concrete and Vv, is nominal shear
strength provided by shear reinforcement.
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Based on ACI 11.9.3, V|, nax at any horizontal section for shear in plane of the wall is
not to be taken greater than

V. e =265,/ T/ hd
| 3)

where h is thickness of wall, and d is the effective depth in the direction of
bending, may be taken as 0.81,, where |, is length of wall considered in direction of

shear force, as stated in ACI 11.9.4. A larger value of d, equal to the distance from
extreme compression fiber to center of force of all reinforcement in tension, be
permitted to be used when determined by a strain compatibility analysis.

Based on ACI 11.9.5, the shear strength provided by concrete v_ is given by any of
the following equations, as applicable.

For axial compression, Eqn. (4) is applicable
V.=0.53,/f/ hd
.=053/f/ @

For axial tension, Eqn. (5) is applicable

N
V. =053(1- u f'hd
c [MJﬁ

()
where A, is the gross area of wall section and N, is the factored axial tension force
in Eqn. (5).

ACI 11.9.6 specifies that a more detailed analysis is permitted to evaluate Vv, as
follows, where V. is the lesser of the two values shown in Egns. (6) and (7).

VC=0.881/f'Chd+N4“|d ©
L, 0.33ﬁ+0'2 N,
V, ={0.16,/f", + ( I 'whjhd (7)

Where N, is positive for compression and negative for tension. If (M, /V, —1,/2) is
negative, Eqn. (7) is not applicable.
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Shear Reinforcement:

A-When the factored shear force Vv, is less than ®Vv_/2, minimum wall

reinforcement according to ACI 11.9.9 or in accordance with Chapter 14 of
ACI code.

A-1 Minimum Horizontal Reinforcement Ratio:

Ratio of horizontal shear reinforcement area to gross concrete area of vertical section,
p.» shall not be less than 0.0025. Spacing of this reinforcement g is not to exceed the

smallest of 1,/5,3h,45cm.

A-2 Minimum Vertical Reinforcement Ratio:
Ratio of vertical reinforcement area to gross concrete area of horizontal section, p, is

not to be taken less than the larger of

p, =0.0025 + 0.50 (2.5 —:‘—Wj (p, —0.0025)

' (8)
and 0.0025, but need not be greater than p; required by Eqgn. (9). Spacing of this

reinforcement S, is not to exceed the smallest of 1,/3,3h,45cm.

Chapter 14 Provisions:
Minimum ratio of vertical reinforcement area to gross concrete area, 0, , shall be

e 0.0012 for deformed bars up to 16 mm in diameter, with f, not less than

4200 kg/cm?.
e 0.0015 for other deformed bars.

Minimum ratio of horizontal reinforcement area to gross concrete area, £, shall be

e 0.0020 for deformed bars up to 16 mm in diameter, with f, not less than

4200 kg/cm?.
e 0.0025 for other deformed bars.

B- When the factored shear force exceeds ®V_/2, minimum wall reinforcement for
resisting shear, according to ACI 11.9.9, must be provided.

C- According to ACI 11.9.9.1 when the factored shear force Vv, exceeds oV,
horizontal shear reinforcement must be provided according to the following equation.
V.- A f,d
S,
(9)

where A, is area of horizontal shear reinforcement within a distance S,. Vertical
shear reinforcement is provided using Eqgn. (8), shown above.
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The critical section for shear is taken at a distance equal to half the wall length 1,/2,
or half the wall height h, /2, whichever is less. Sections between the base of the wall

and the critical section are to be designed for the shear at the critical section, as
specified in ACI 11.9.7.

[T,

O O O

B.M.D S.F.D Factored lateral N.F.D

loads on wall

Loads and Internal Forces

s /" Vertical shear
L] e reinforcement

hw

Footing

Wall Reinforcement

S =
-----

Shear wall Reinforcement

Design for Flexure:

The wall must be designed to resist the bending moment at the base and the axial
force produced by the wall weight or the vertical loads it carries. Thus, it is
considered as a beam-column.

For rectangular shear walls containing uniformly distributed vertical reinforcement
and subjected to an axial load smaller than that producing balanced failure, the
following equation, developed by Cardenas and Magura in ACI SP-36 in 1973, can
be used to determine the approximate moment capacity of the wall.

P C
M, =®[0.5A5 f,l,, [1+Asfy](1_|wﬂ

Where:
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C o+a

|, 2w+0.854,
f
cong L and a = R
| hf I hf

C = distance from the extreme compression fiber to the neutral axis
A = total area of vertical reinforcement

I, = horizontal length of wall

P, = factored axial compressive load

f, = yield strength of reinforcement
® = strength reduction factor for bending

Lateral Ties for Vertical Reinforcement:

Based on ACI 14.3.6, vertical reinforcement need not be enclosed by lateral
ties if vertical reinforcement is not greater than 0.01 times the gross concrete
area, or where vertical reinforcement is not required as compression
reinforcement.

Additional Reinforcement around Openings:

In addition to the required horizontal and vertical reinforcement explained
earlier, ACI 14.3.7 states that not less than 2416mm bars are provided around
all window and door openings. Such bars are to be extended to develop f, in

tension at the corners of the openings.
2016 2016

opening

2016 20116

Additional reinforcement around wall openings
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