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Variation of horizontal acceleration from seismic bed
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12.4.2.2 Vertical Seismic Load Effect. The vertical seismic

load effect, E,, shall be determuned in accordance with G:)
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1 1 | I | I
Base is at the top of footings

FIGURE C11-2 Base for a Level Site.

Base at
Ground
Floor _ _
| I | I | I | —_
FIGURE C11-3 Base at Ground Floor Level.
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For a floor level above grade to
be considered the base. 1t generally should not be above grade
more than one-half the height of the basement story, as shown in
Fig. C11.24,

Meax H/2

Base at level

closestto grade | = = 1 !
. B F-l- r. mEw
z7| | ; IH

| === | E—
FIGURE C11.2-4 Base at Level Closest to Grade Elevation
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FIGURE C11-5 Base below Substantial Openings in Basement Wall.
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rather than close to grade. Stiff soil§ are required over
the depth of the basement because seismic forces will
be transmitted to and from the building at this level
and over the height of the basement walls. The
engineer of record|is responsible for establishing
whether the soils are stiff enough to transmit seismic
forces near grade. For tall or heavy buildings or where

Table 20.3-1 Site Classification

Qoo Ngd (oo JEe o)) slajlgs YL el 50 g mhaw cnl e plesle
CSw ‘_;9l5 o)‘du‘ L S l.:] as dw.sl.’ < ).4‘ U"‘ QQ; d..ul.’ Jjﬁ.w.o ‘JJLA-NJ f-\.!)])

arles izt abgoma 515 o 4 Sa055 |, 43 (slag e b and

Site Class v, N or N, S
A. Hard rock >5.000 ft/s NA NA
B. Rock 2,500 to 5.000 ft/s NA NA
C. Very dense soil and soft rock 1.200 to 2.500 ft/s >50 >2.000 psf
D. Stiff soil 600 to 1.200 fi/s 15 to 50 1,000 to 2.000 pst
E. Soft clay soil <600 fi/s <15 <1.000 psf
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o T Table 1. Coefficient a and distribution type in o method.
t" - s Case Distribution | o
% — Bridge abutment (H < 5 m) | 0.31
- s 2OEOR Bridge abutment (H > 5 m) I 0.55
E [ Rigid and propped wall (H < 5 m) I 0.32
. = Rigid and propped wall (H > 5 m) I 0.64
= S RC retaining wall (H < 5 m) | 0.25
RC retaining wall (H > 5 m) 11 0.44

(a)

AP =0.43A.X H2 H>5m
APg=0.2TAX H2 H<5m
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1.2H+1.4EH
H: static load pressure
Eh: seismic earth pressure

iyl ASCET aes )y 31 oMl 4o

Common practice in the U.S. is to treat the dynamic increment of soil pressure
associated with earthquake, as an “E” load and to use the 1.0 factor on it

(Cenglie ybg,) ietal ASCET &b nl s

1.6H+1.0EH
H: static load pressure
Eh: seismic earth pressure
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The seismic earth pressure shall be added to the unfactored
static active earth pressure to obtain the total earth pressure on the
wall. The wall shall be evaluated as a force-controlled component
using acceptance criteria based on the type of wall construction
and approved methods.

Ll & gnn 5L Loy wiile Lolas Jdaoal iy Ol 31 Sals g ol Sioiwd as L lao cpl pls




Alireza Faroughi g W) V- SN 1
Assistant Professor of IAU. East Tehran Branch B o)y 92y (oSl 13T oK1 4 o Lww!

(b 51y i) Glslo cdo gb,lgd p a3l il (8,5
009 38) 3o sl jLiS a8lsl opl 4 euls axss ASCE41 o Lasiiv pgas (ol jo—ojlu: o

1035 )15 oolicial 3 )90 03l &1l By

Seismic earth pressures calculated in accordance with this
section are intended for use in checking acceptability of local
wall components and should not be used to increase total base
shear on the building.
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in which /, appears to be a modifier of R, which is an incorrect interpretation
because R is a system-dependent parameter that is independent of risk. Another
interpretation of /., is obtained when Equation (12.8-2) is written as follows:
0,200 (G6-1)
R
In the revised equation, I, appears to act as a multiplier of the design spectral
acceleration. This also is an incorrect interpretation because the level of ground
motion felt by a building is not a function of risk. The true purpose of the
importance factor is to provide additional strength for risk-critical facilities. For
the same level of ground motion and type of detailing, a stronger building will
have lower ductility demand and less damage than a weaker system.
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Table C17.2-1 Performance Expected for Minor, Moderate, and Major Earthquakes®

Earthquake Ground | Earthquake Ground | Earthquake Ground
Performance Measure Motion Level Mation Level Motion Level
Minor Moderate Majo
Life-safety: Loss of hife or sertous injury 1s not expected F.1 F.1 F.I
Structural damage: Significant structural damage 1s not expected F1 F1 I
Nonstructural damage: Significant nonstructural or contents damage 15 not expected F.1 I I

Note “F mdicates fixed base: I indicates isolated.
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12.3.4.2, which states thar p may be taken as 1.0 where the structure has 2

no horizontal structural irregulariries and where at least two bays of perim- -

cter seismic force—resisting clements exist on each side of the building for oS g e Sl s gl s B e
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7.1 Structural Configuration Issues

to evaluate drift at the edges of the building. In addition, it is not unusual for an
initially torsionally irregular building to be extremely irregular when compo-
nents are removed to evaluate structural redundancy. If this happens
{or if the system is inifially extremely irregular), the redundancy factor p
becomes 1.3, which increases all seismic design forces by 30%. See Section
12.3.4 of the standard and Chapters 10, 12, and 13 of this guide for additional
discussion on these issues.

Subparagraph (a) of Section 12.3.4.2, in association with Table 12.3-3, describes
the calculation test. In this test, a lateral load-resisting element {or connection)is
removed from the structure to determine if removal of the element or connec-
tion causes an extreme torsional irregularity {where one was not present
before), or if the lateral strength of the structure is reduced by more than
33%. If the extreme torsional irregularity or excessive strength loss does not
aoccur, the redundancy factor may be taken as 1.0. Note that the torsional
irregularity test fails {p must be taken as 1.3} if the structure has an extreme
torsional irregularity before the component or connection is removed.

Twao final points are made regarding the use of the redundancy factor:

1. When it is determined that p = 1.3 in a given direction, the factor of 1.3 applies only
to load combinations where seismic forces are applied in that direction. Also, the
load combination with p =1.3 is used for all compenents and connections develop-
ing seismic forces when the load is applied in that direction. This includes elements
and components from the bottom to the top of the structure and is nof limited to
those elements and components in levels resisting more than 35% of the seismic
hase shear.
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Table 4.3-14b. X-Direction ELF story drifts in Frame 1 — With P-Delta

Story 1 2 3 Combined | Combined LIMIT

X Load+eY X-Load- 0.3 Times 1+3 2+3 (in.)

Torsion eYTorsion Y load
(in.) (in.) (in.) (in.) (in.)

12 0.930 0.804 0.004 0.934 0.808 3.00

11 1.393 1.203 0.005 1.397 1.207 3.00

10 1.729 1.495 0.008 1.737 1.503 3.00

9 1.960 1.710 0.023 1.984 1.733 3.00

3 1.997 1.788 0.068 2.064 1.856 3.00

7 2.072 1.862 0.053 2.124 1.914 3.00

6 2.065 1.858 0.047 2.112 1.905 3.00

5 2.084 1.879 0.047 2.132 1.926 3.00

4 2.041 1.854 0.047 2.088 1.901 3.00

3 1.945 1.767 0.045 1.990 1.812 3.00

2 1.803 1.635 0.049 1.852 1.684 3.00

1 1.529 1.378 0.060 1.589 1.437 3.60
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Guude to the Seismic Load Provisions of ASCE 7-10(2010):
Computation of Story Displacements
and Story Drift

The next step in the analysis is to determine the displacements in each mode.
These displacements are computed as follows:

U = risd.l'¢r “H.i- GIG-S}

The displacements are then combined using the square root of the sum of
the squares (SRSS) to determine the total displacements at each story.
However, story drifts should not be determined from the SRSS of the story
displacements. Instead, the drifts should be determined for each mode, and
then these story drifts are combined using SRSS. The calculations for story
displacement and story drift are provided in Table G20-4.
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- . drifts that would be used in the design. However, there are a number of
%g — situaticns in which the ELF procedure is used {must be used) for other purposes

‘ “ﬁ even when it is not allowed for final design. Such uses include

Preliminary design of the lateral load resisting system,

Determining the presence of certain horizontal or vertical irregularities,
Computing the torsional amplification factors,

Application of accidental torsion,

t._:L..A.CZJ-I Lj sd\.ﬁ.‘n—b PN ul.o.:_":-l....o

Computing P-delta stability ratios,

%

ST leasl o EJ_.A gl e A

Determining the redundancy factor,

" "

Galculating diaphragm f-:)rces, 12.8.6 Story Drift Determination. The design story drift (A)

Validating conformance with the 256% rule for moment frames in dual systems, and

R L L A A

Scaling the results of modal response spectrum or linear response history analysis.

"

The mathematical model used to compute the TIF must be three-dimensional
and may be based on rigid diaphragm analysis without P-delta effects included.
The lateral loading should be as determined in Section 12.8 of the standard, and
accidental torsion should be applied in accordance with Section 12.8.4.2. Story
drifts are computed at the edge of the building in accordance with Section 12.8.6,
although it is noted that multiplication of computed displacements by the ratio of
(/1. 15 not necessary because these terms cancel out when computing the TIF at
each story. Computation of the TIF is illustrated for each of four possible
torsional eccentricities in Fignre 10-1.
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(12.2.5 System-Specific Requirements

(C12.2.5.1 Dual System. The moment frame of a dual system
must be capable of resisting at least 25% of the design seismic
forces: this percentage is based on judgment. The purpose of the
25% frame is to provide a secondary seismic force-resisting
system with higher degrees of redundancy and ductility to
improve the ability of the building to support the service loads
(or at least the effect of gravity loads) after strong carthquake
shaking. The primary system (walls or bracing) acting together
with the moment frame must be capable of resisting all of the
design seismic forces. The following analyses are required for
dual systems:

I. The moment frame and shear walls or braced frames must
resist the design seismic forces. considering fully the force
and deformation interaction of the walls or braced frames
and the moment frames as a single system. This analysis
must be made m accordance with the principles of struc-
tural mechanics that consider the relative rigidities of the
elements and torsion in the system. Deformations imposed
upon members of the moment frame by their interaction
with the shear walls or braced frames must be considered in
this analysis.

The moment frame must be designed with sufficient
strength to resist at least 25% of the design seismic forces.

I
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Seismic LL.oads

Chulde to the Selsmic Load Provisions
of ASCE 7-16
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Unfortunately, the standard is not clear on how the 25% rule is to be applied,
because there are two possible interpretations. The first of these is that one
analysis of the full system is required, and in that analysis the sum of the column
shears at the first story in the moment frame should be not less than 25% of the
seismic base shear. The second interpretation is that the full system be analyzed
under 100% of the lateral load, that the moment frame is separately analyzed for
25% of the lateral forces, and that the largest of the moment frame component
forces from the two analyses be used. It seems that the first approach is more
rational because it provides a more realistic distribution of design forces in the
moment frame, requires only one mathematical model, and is applicable to all
methods of analysis. It is noted, however, that the Commentary to the SEAOC
| Blue Book (SEAOC 1999) clearly indicates that “the special moment resisting

frame, acting independenily, shall be designed to resist not less than 25% of the
total required force.”

It is interesting to note that
where the moment frame is separately analyzed and designed for 25% of the
lateral load, the frame is being designed for a force distribution that is
completely different than that which includes the interaction. See FAQ
Al4 for additional discussion.
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10.5.1 Analysis of Frame-Only Structure for 25 Percent of Lateral Load

Where a dual system 1s utilized. Standard Section 12.2.5.1 requires that the moment frames themselves are
designed to resist at least 25 percent of the total base shear. This provision ensures that the dual system has
sufficient redundancy to justify the increase from R = 6 for a special reinforced concrete structural wall to R
=7 for a dual system (see Standard Table 12.2-1). This 25 percent analysis was carried out using the
ETABS program with the mathematical model of the building being 1dentical to the previous version except
that the panels of the structural walls were removed. The boundary elements of the walls were retained in
the model so that behavior of the interior frames (Frames 3. 4. 5 and 6) would be analyzed in a rational way.
It could be argued that keeping the boundary columns in the 25 percent model violates the intent of the
provision since they are an integral part of the structural walls as well as the moment frames. However. in
this condition. the columns are needed for the moment frames adjacent to the walls and those in longitudinal
direction (which resist a small amount of torsion). Since these eight boundary columns resist only a small
portion (just over 15 percent) the total base shear for the 25 percent model. the intent of the dual system
requirements 1s judged to be satisfied. It should be noted that 1t 1s not the intent of the Standard to allow
dual systems of co-planar and mtegral moment frames and structural walls. It may be preferable to establish
a dual system layout that maintains a separation between the elements of the structural walls and moment
frames, but that was not practical for the structure of this particular design example.

FEMAL051 aog b ool il
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The 25% rule was developed during a time when virtually all structural analysis
was performed in two dimensions, and equivalent lateral-force analysis was
used. Today, most analysis is performed in three dimensions, and the modal
response spectrum method is often required. Some recommendations for the
25% rule applied to current practice are as follows:

1. The 25% analysis of the moment frames must be performed using the equivalent
lateral force method. There is no rational approach to perform the analysis using
modal response spectrum analysis.

2. In addition to the lateral loading, the moment frames must be designed to carry
tributary gravity loads.

It is not necessary to include P-delta effects.
It is not necessary to perform drift cheecks.

It is not necessary to include accidental torsion.

A

It 1s necessary, if required for the direction of loading under consideration, to use
load combinations that include the appropriate value of p computed for the full
system and the appropriate overstrength factor €2, for moment frame components
where required by Section 12.5.3.3.
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PEER/ATC
Seismic Loads

A semi-rigid diaphragm model is considered more accurate. particularly for

irregular configurations or diaphragms with large openings. because it
explicitly considers the diaphragm stiffness properties.

An omission in Table 12.3-1 is the fact that the presence of any horizontal
irregularity effectively precludes the classification of diaphragms as rigid
Guide to the Seismic Load Provisions (see Section 12.3.1.2). In accordance with Section 12.7.3 any horizontal irregu-
of ASCE 7-16 larity would require that diaphragms be modeled as semirigid.
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A.6.2 Building Code Requirements

Prior to 2005, building codes did not regulate the choice between diaphragm
modeling assumptions. Beginning with ASCE/SEI 7-05 (ASCE, 2006), use
of a rigid diaphragm assumption for concrete diaphragms required that no
horizontal irregularities be present in the building. Diaphragms in buildings
not meeting this requirement must be modeled as semi-rigid.
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12.10.1.1 Diaphragm Design Forces

Floor and roof diaphragms shall be designed to
resist design seismic forces from the structural
analysis, but shall not be less than that determined in
accordance with Eq. 12.10-1 as follows:

n

ouscS 2oz ¢ LeST,8Ls A-Y Z F

ao-vy  Fp=E—wy,

(12.10-1)

9,8 Lo e

G ol A1y soShast 13T o821 Sl

5120 (i (69

=

3i2g of13Ls ST A1) ;i

[t LI

# s e Guite )
Al a b 1 e n81 8l
il Fipl e L o
ool gsm s T

S WL L s 2813

o 35 G ol

A5
Gub Gl oS F g 2
Jad) aib Fwl (old)
SrolSl 9 (YA o)k

L) o 2 50 ojlw (o
Ll (o3l S5

[L0F I
Fs £
==
4 FP-I
= =
2 e =
2 o
D 3
Building Diaphragm
design design
forces forces




Alireza Faroughi PP W) V- SN 1

Assistant Professor of IAU. East Tehran Branch By o)y 92 lg ool 35T ol Hb o]
Combining diaphragm and
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Applied for transfer forces
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The force determined from Eg. (12.10-1) shall not be less than
P =025p5l W, (12.10-2)

The force determined from Eqg. (12.10-1) need not exceed

F,, =04Spsl,w,, (12.10-3)
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Shear flow from lateral loads -

Shear flow from gravity loads (bold arrows) —\
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NMaxinmn shear
— - movement ar surface
No. Name Of Faulr Lf;:: }fz:: Mmax £ii)
Bonilla Ghassemi

1 Khazar Fault 190 99.7 7.30 4.22 34
2 North Albor= Fault (West Zone) 150 96.3 7.4 3.40 3,95
3 South Amol Fault 110 111.8 7.2 2.22 2.80
4 Babol Fault (1] 1338 6.9 L7 1.56
] Noor Foulf 60 823 6.9 117 43!
] Kandovan Fault 63 52.2 6.9 107 1.56
7 Mosha Fault (West Zone) 190 30.5 7.5 4.22 514
8 North Telran Thrust i) 4.0 7.0 L.43 4.83
9 Nivavaran Fault 18 12,4 0.3 0.32 0.38
10 Malmoodieh Fault 11 11.6 6.0 0.17 0.22
Il Parchin Fault 28 10.8 6.5 0.50 0.61
12 Telo-Paeen Fault 13 21.3 6.1 0.21 0.26
13 Kahrizak Fault 40 17.9 6.7 0.76 0.91
14 South Ray Fault 18.5 10.9 6.3 0.32 0.39
15 North Ray Fault 16.5 7.4 6.2 0.26 0.34
5 Robat Karim Foult 100 16.8 7.2 2,22 2.52
g7 Eshtehard Fault | 60 59.8 6.9 Li7 1.43
18 Pishva Fault | 34 16.8 6.6 0.61 0.76
19 Garmisar Fault | 70 64.3 7.0 1.45 1.70
A Arad Fault | 40 34,0 6.7 0.76 0.91
21 Shiar-Kousar Fault 18 11.6 6.3 0.32 0.38
22 Ghasr-e-Firoozelt Fault 13.5 Q5 0.1 0.21 027
23 Ervanaki Fault 3! 49.5 6.6 0.6/ 0.69
24 Taleghan Fault: 65.3 56.8 6.9 L7 1.57
S Alamoot 140 79.4 7.3 2.75 3.66
26 Alam kooli 95 124.8 7.1 1.79 2.38
pia| Noith of Qazvin F | 60 137.7 6.9 117 1.43
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Relative Floor Acceleration Relative Floor Acceleration +
Relative Component Acceleration

| (a) Ground Acceleration Only (b) Ground Acceleration + (¢) Ground Acceleration +
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PETTRrr Total Component Accelaration, g Total Component Acceleration, g ap
. * ‘L
Companent R
Companent F Acceloration [~

Accelerotron H

5 Peak Roof E

Peak Floor Acceleration H

Acceleration !

i

[}

E Component F Period ; Component R Period "
i .
Component Period T, Component Period T,
o . (b) Floor Spectrum for Component F (C) Roof Spectrum for Component R
(&) Ground Acceleration +
Relative Floor Acceleration
a,
L
25
NCEER study

1.0
| | | |
:'}.|5 ﬂ,l’f |_|4 -2.|u e
FIGURE C13.3-1 NCEER Formulation for a, as Function of

Structural and Component Periods
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B4 |~
D=Ww,=7061b -

Level 4
L=1(10.08)(3.5)(100 psf) = 3,528 1b
F, = 0.4(1.0)2(;.0)(706 1b) (1 +2(0.4)) = 306 b
“/15

Fomax=1.6(1.0)(1.5)(706 1b) = 1,694 1b |
Fomin =0.3(1.0)(1.5)(706 1b) = 318 1b A3 \ 3

Standard Eq. 13.3-3 governs, and ¥, =318 1b Level 3
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Vpu(max)

Vou(max) = 1.6A(1 + S)I, W,

| Vou(min) = 0.3A(1 + S)I,W,
Vpu(min)
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Flgure 3 Short columns effect in RC buﬂdmgs
when partial height walls adjoin columns —
the effect is implicit here because infill walls

are often treated as non-structural elements. ®)
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