Flowchart 3 - Equivalent Lateral Force Procedure

Equivalent Lateral Force Procedure

y

Determine Ss, Si1, Sps, Sp1, and the
SDC from Flowchart 1 and 2.

y

Determine the response modification coefficient R from Table
12.2-1 for the appropriate structural system based on SDC.

A 4

Determine the importance factor l. from Table 1.5-2

based on the Risk Category from Table 1.5-1.

A
N

A4
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structure.

Determine the fundamental period of the

structure T by a substantiated analysis that
considers the structural properties and alternates*.
deformational characteristics of the

A

Determine the approximate fundamental
period T, by 12.8.2.1; eq. 12.8-7 or

Eq. 12.8-7: T, = C;h} where values of C; and
X are given in Table 12.8-2.

Determine the approximate fundamental
period T, by 12.8.2.1; eq. 12.8-7 or
alternates*.

Eq. 12.8-7: T, = C;h} where values of C; and
x are given in Table 12.8-2.

Determine C, from Table 12.8-1 based on Sp;.

Determine the upper limit on the calculated
period per 12.8.2; Tmax = CyTa

*Alternative methods for T, are given in 12.8.2.1 for concrete and steel moment resisting frames and
masonry or concrete shear wall structures.
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v v
T from substantiated Use T=CT..
analysis may be used.

A4

Determine T, from Figures
22-12 through 22-16.

l

No Yes
IsT>T,?
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Determine Csby Egs. 12.8-2 and 12.8-3*

S S
Cs = 0.044S,s1, <[22 |< 2L

Calculate this then
check against the
min. and max. values

Is Cs< larger of

0.01 and 23317

)

Yes

C,=0.01 A 4
Cs = larger of
0.01 and O'f%
(7e)

*For regular structures five stories or less above the base (see section 11.2) and having a period T < 0.5
sec, Cs is permitted to be calculated using a value of 1.5 for Ss (12.8.1.3).



Ian Riley
Rectangle

Ian Riley
Callout
Calculate this then check against the min. and max. values
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Calculate this then

check against the
/ |min. and max. values

Determine Csby Eq. 12.8-4*

Cs = 0.044S5p51, <|5<|<

Is Cs< larger of

0.01 and O'f%?

()

Yes

C,=0.01 A 4
Cs = larger of
0.01 and O'f%
(7e)

*For regular structures five stories or less above the base (see section 11.2) and having a period T < 0.5
sec, Cs is permitted to be calculated using a value of 1.5 for Ss (12.8.1.3).
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Rectangle

Ian Riley
Callout
Calculate this then check against the min. and max. values
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accordance with 12.7.2.

Determine effective seismic weight W in

A4

V=CW

Determine base shear V by Eq. 12.8-1:

4
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Exponent related to structure
period k=1 (12.8.3)

y

Exponent related to structure

period k=2 (12.8.3)

A

b
Q

A

Exponent related to
period k=2 (12.8.3)

structure Interpolate exponent related
to structure period (12.8.3).

k=0.75+0.5T

v

Determine vertical distribution of the lateral
seismic force Fy at level x by Eqgs. 12.8-11 and
12.8-12 (respectively):

wyh¥
Fy =GV Cox ==
iy wihf

Wi, Wy, hi, and hy per 12.8.3.

*See SEAOC 2012 IBC Structural/Seismic Design Manual, Vol. 1 (or other similar reference).
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Determine the seismic design story shear Vy at
level x by Eq. 12.8-13:

n

Vx :ZFl

i=x
Fi = the portion of the seismic base shear (V)

induced at Level i.

Is the diaph d f
s the diaphragm made up o Ves

a concrete slab or concrete
filled metal deck?

Is the diaphragm

un-topped steel

deck or wood
panels?

Is the diaphragm span-to-
depth ratio < 3:1 with no
horizontal irregularities?

Yes

A

Diaphragm is
considered
rigid.
Is the maximum diaphragm
deflection (MDD) > 2x average
drift of vertical element (ADVE)?
(See Fig. 12.3-1) A
Diaphragm is
considered
flexible.
A A 4 y
K L K

*See SEAOC 2012 IBC Structural/Seismic Design Manual, Vol. 1 (or other similar reference).



Flowchart 3 - Equivalent Lateral Force Procedure

Check section
12.3.1.1

Are the vertical

Yes

Page 7

elements steel braced
frames?

No

Are the vertical elements concrete,
masonry, steel, or steel and
concrete composite shear walls?

No

Is the structure a
Yes

Yes

one- or two- family
dwelling?

No

Is the structure light-frame
construction and meets all of
12.3.1.1(c)?

No

\4

Yes

Diaphragm is
considered
flexible.

*See SEAOC 2012 IBC Structural/Seismic Design Manual, Vol. 1 (or other similar reference).
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K L
Determine inherent torsional moment Distribute V, to the vertical elements
M resulting from eccentricity of the seismic force-resisting system
between the locations of the center in accordance with 12.8.4.

of mass and the center of rigidity.*

v N

Determine accidental torsional

moment M, in accordance with

12.8.4.2.*

No Is the structure assigned to Yes
SDCC, D, E, or F?

Does any story being investigated
have a Type 1a or 1b torsional Yes

irregularity per Table 12.3-1?

y

A

Distribute V, to the vertical elements of the Determine the torsional amplification factor A,
seismic force-resisting system considering by Eq. 12.8-14: A, = (M)Z <3

. . . x - —
the relative lateral stiffness of the vertical 128avg
resisting elements and the diaphragm, Where 6,45 and &4y, 4 are defined in 12.8.4.3.
including M; + M,

y
Determine M, = A, M,

v
Distribute Vy to the vertical elements of the seismic
force-resisting system considering the relative
lateral stiffness of the vertical resisting elements

N and the diaphragm, including M + M',

*See SEAOC 2012 IBC Structural/Seismic Design Manual, Vol. 1 (or other similar reference).
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Design structure to resist overturning
effects caused by seismic forces Fy (12.8.5)

A 4

Determine the deflection amplification
factor C4 from Table 12.2-1.

A\ 4

Determine the deflection §, at levels x by Eq. 12.8-15:
O, = CdTS’“” where §,, are the deflections at level x based

on an elastic analysis of the structure subjected to the
seismic forces Fy *

A\ 4

Determine the design story drift A as the difference of the
deflections &, at the center of mass at the top and bottom
of the story under consideration (see Figure 12.8-2).

A 4

Check that the allowable story drifts A, given in Table
12.12-1 are satisfied at each story.

A 4

Ensure that the other applicable drift and deformation
requirements of 12.12 are satisfied.

A\ 4

Determine stability coefficient © at each story by Eq. 12.8-16:

P, Al
Vxhstd
Where Py = total vertical design load at and above level x (Pyx is determined
using load factors no greater than 1.0) and hg = the story height below level x.

*It is permitted to determine &, using seismic design forces based on the computed fundamental
period of the structure without the upper limit C,T, specified in 12.8.2 (12.8.6.2).
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No Yes

v
Determine 0,4, by Eq. 12.8-17:

2 _ 05 <0.25
max—Cdﬁ— .

Where B = ratio of shear demand to shear
capacity for the story between levels x
and level x - 1.*

IS 9 > emax?

A
N

* B can conservatively be taken as 1.0. Where P-delta effects are included in an automated analysis, the

value of 8 computed by Eq. 12.8-16 is permitted to be divided by (1- 8) before checking Eq. 12.8-17
(12.8.7)




