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NaDiMa Dialogue #2 | Earthquake: Engineering Meets Economics |Atti i : -
| Assistant Professor, Iran Strong Motion Networl

/Earthquake Recording s

I Seismograph (scismometer)

. Base anchored
I An instrument used to detect and record s Bk

carthquakes moves with it X

[ Seismogram

[ A graph output by a seismograph.

I Itisarecord of the ground motion at a i
measuring station as a function of time. 8 e

Seismometer and Accelerometer
[ Seismometer: @.w o)).l

Measures the velocity of a point on the ground
during carthquake

Surface waves

P-wave S-wave ’l

e | ki

=]

Very sensitive instrument that can detect
movements of the Earth’s surface at lar distances.

Seismogrom recorded in the UK frema
distent earthquake

I Seismograms used for science (earth structure,
= 5 ~— — ~— velocity of layers,..)

Tima (v towns s e i< e . . . .
tpsz//socratic.org/ VE-5x Seltsmomt.u.r, Clips for strong earthquake in close distances
WWW.geosig.com (saturate)

A 1. M 2
I Accelerometer: @.w g_JL»..M: PP L L fomie I e !
I Measures the acceleration of a point on the pr
ground during earthquake
[ Designed to measure the large amplitude, lugx- 4
frequency seismic waves typical of large local 5
carthquakes., 9
| Less sensitive with wider range (£2g) 4%
1 Accelerograms used more for engineering 500
application
P : i ; ;
| o 10 20 30 40 50 e
\ Time (soc) ,/

Guralp Fortis and Fortimus strong motion accelerometers
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EARTHQUAKES
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EAF East Anatolian fault =  Strike-sip faul
] Dead Sea transform / / Transform fault
- Arabian-Nubian shield e Plate movement
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USGS ShakeMap : NORTHWESTERN IRAN
2:23:17 AMGMT M 6.4 N38.32 E46.89 Depth: 9.9km 1D:b000bupa

AUG 11 20121
SRR
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Earthquake Magnitude Classes

Earthquakes are also classified in categories ranging from minor to great, depending on their magnitude.

Class Magnitude

Great 8 or more

Major 7-7.9

Strong 6 - 5.9 (Large)

Moderate 5 - 5.9

Light 4 -4.9

Minor 3 -3.9

:d.!. & 0‘
gy wlss Iyl GG 0 B o) Jpme; oyl oo o1 (6550 ol jiisy ol o M slo) Jipe (53 )5
LogE = 11.8 + 1.5M
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Ground motion prediction equations 1964-2023 (incomplete)
John Douglas
Department of Civil and Environmental Engineering
University of Strathclyde
United Kingdom
john.douglas@strath.ac.uk
https://www.strath.ac.uk/staff/douglasjohndr/
Tuesday 27 April, 2024

/
Reference Area H vV E M in Mo M scale Tmin Tmax I Scale S C R M
Zafarani et al. (2018) Iran 1551 - 200 1.0 7.3 M, (ML) 0.6%  200%  rjp (repi) 1 G IM A (R, S
U)
Darzi et al. (2019) Iran 1350 " 370 4.5 7.4 M, (M, 1% 200% g, 3 G 2M A (S, R,
M) Fhypoy Tijb U)
& ryup
Farajpour et al. Iran 13567 - 208 4.8 7.5 M, 1.6*  350%  rrup c G IM A (R, S
(2019) N)

2.14 Ambraseys (1975b), Ambraseys (1975a) & Ambraseys (1978a)

e Ground-motion model 1s:
logY = by + bo My, + bslog R

where YV isin em/s?, by = 0.46, by = 0.63, b3 = —1.10 and o = 0.323

e Ambraseys and Bommer (1995) state that uses earthquakes with maximum focal depth of 15 km.

\\
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2.271 Amiri et al. (2007a) & Amiri et al. (2007b)

e Ground-motion model is:

Iny = Cy + CoM, + C3In[R + Cyexp(M,)] + C5R

Coefficients of the attenuation
Seismic Site model
Province Condition Parameter (O G, G, Cs OLny
Alborz and Rock PGAH 415 0623 -0.96 0.478
Central Iran PGAV 346 0.635 -0.996 0.49
PGVH —-0.71 0.894 -0.875 0.51
PGVV -2.18 099 -0.83 0.51
EPAH 345 0.66 -0.88 0.457
EPAV 225  0.67 -0.84 0.48
Soil PGAH 3.65 0.678 -0.95 0.496
PGAV 3.03 0732 -1.03 0.53
PGVH -1 1.03 -0.93 0.54
PGVV =25 1.08 -0.85 0.57
EPAH 3.69 0.68 -1.01 0.5
EPAV 342 0.69 -0.99 0.51
Zagros Rock PGAH 5.67 0318 -0.77 —0.016 0.52
PGAV 526 0.289 —0.8 -0.018 0.468
PGVH 0.74 0.67 -0.93 -0.003 0.578
PGVV -1.61 0091 -0.79 -0.0077 0.554
EPAH 464 04 -0.67 -0.016 0.55
EPAV 3.68 042 -0.63 -0.019 0.52
Soil PGAH 5.51 0.55 -1.31 0.488
PGAV 5.52  0.36 -1.25 0.474
PGVH —0.54 0.95 -1.03 042
PGVV -145 1 -1.03 0.49
EPAH 5.35  0.65 -1.47 0.44

EPAV 459 0.53 -1.3 046 .Cowl ool BA> C4
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2.271 Amiri et al. (2007a) & Amiri et al. (2007b)

e Ground-motion model is:

Iny = Cy + CoM, + C3In[R + Cyexp(M,)] + C5R

484 G. G. Amiri, A. Mahdavian, and F. M. Dana
2000
— Ms=45
700 N Ms=55
Ms=6.5
300 b Ms=75
% 80
£
O
T 40
<
0]
o
9
5
1
5 25 45 65 85 105125 145
15 35 55 75 95 115135
R(km)

FIGURE § Diagrams for models with different magnitudes (Albor and Central Iran-soil
ground type- logarithmic scale).
Cowl 00l WA= C4
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\ Hazard Horizontal Acceleration Curve For The Site
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Global Earthquake Model
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Surface amplification (Kanai 1962)

1
A(T) = ; .
2
[1“{{1[; J H {0-3.; J Soil
—K soll Tson o Psoil » Vsoil : Tsoil
¢« T = period of seismic waves

o T = predominant period of soil —
Bedrock

% (period T)
_ pSDiIIVSDiI !Orock Vrock ]

o K
Prock - Vruck
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Baseline Correction and Filtering  Time Series Fourier and Power Spectra  Elastic/Inelastic Response Spectra  Ground Motion Parameters

Acceleration

Time [sec] Acceleration [g] A

0.00000 -0.00120

0.01000 -0.00070

0.02000 -0.00030 G

0.03000 -0.00040 %

0.04000 -0.00050 %

0.05000 0.00000 1

0.06000 0.00060 E

0.07000  0.00320 8

0.08000 0.00570

0.0%000 0.00590

0.10000 0.00610

9241000 2100550 6 1‘ 8 9 10 1 ‘1 1 ‘2 1 3 1 4 1 ‘5 1 S 17 1é 1 é 26 2‘1 2‘2 2‘3 24 2‘5 2‘5 2‘7 Zé 2‘9 3;3 3‘1 3é 3‘3 3‘4 3.5 36 3‘7 38 3l9 4;3
0.12000 0.00450 Time [sec]

Fourier and Power Spectra

Frequency Period Power Spectr. A
40.96000 0.00020 1.32871 0.00000
0.04883 20.48000 0.00110 0.93431 0.00000
0.07324 13.65333 0.00257 0.98750 0.00001
0.09766 10.24000 0.01016 -0.35127 0.00019
0.12207 8.19200 0.01474 1.39363 0.00039
0.14648 6.82667  0.00885 0.08927 0.00014
0.17090 5.85143  0.00681 1.21735 0.00008
0.18531 5.12000 0.02049 -0.33452 0.00075
0.21973 4.55111 0.01487 -1.46902 0.00040
0.24414 4.09600 0.03285 0.87634 0.00194
0.26855 3.72364 0.03546 -0.04895 0.00226
0.29297 3.41333  0.06574 -1.52651 0.00776

<

Fourier Amplitude Fourier Phase

Frequency [Hz]

Frequency [Hz]
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Down-Hole Test results

D(m)
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Vp(m/s)  Vs(m/s)
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Spatial correlation models of Vs3g values: A case study of the Tehran region
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Fig. 18. Final estimated Vg3, map of Tehran.
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and P is the effective viscous damping ratio.
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12.4.2.2 Vertical Seismic Load Effect. The vertical seismic
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Base is at the top of footings

FIGURE C11-2 Base for a Level Site.

Base at
Ground
Floor_ _ _ —
| I e | | | I
FIGURE C11-3 Base at Ground Floor Level.
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For a floor level above grade to
be considered the base, it generally should not be above grade
more than one-half the height of the basement story, as shown in
Fig. Cl11.2-4.

Max H'2

Base at level
closestto grade | ——=

:]-IIIII
FIGURE C11.2-4 Base at Level Closest to Grade Elevation




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

ASCE7 (C11.2) 1K a7 (685, dob ¢y T i &1 (s 50

Y S ahis 0,5 )18 dbgme 4 5 00 5S005 0 bl a5 sl 8 S
w2 i) Goe YL S adaie ol (MCE) a3y 5o [55l5, wuls ey py (Boe

5L (MCE) 4335 5 5l 3
Wb al 515 ausS el 3 (0,0 by g b o,y (g sl oly (o5 d8le ale (g,

o .

AL byl ol ol

= __]% Y F———T- -~ - S
Base below N R G B (| '
grade I 1 Il I

FIGURE C11-5 Base below Substantial Openings in Basement Wall.
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rather than close to grade. Stiff soils 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

Site Class v, N or N, Sy
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 ft/s (VAY-Y£6) M/S 15 to 50 1,000 to 2,000 psf
E. Soft clay soil <600 ft/s <15 <1,000 psf
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STANDARD ASCE/SEI 7-22 12.2.3.2
e. The upper portion is analyzed with the equivalent lateral Lefow g~5 5
fﬂl‘CE’.‘, or I:110dal response spectrum pm:::edura, and the lower ELa7 51 40 L piumsmw s i 4-B-F-V
portion is analyzed with the equivalent lateral force .
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he periods of vibration used to determine the period ratios must be determined
sing a rational analysis and not the approximate formulas provided by
Section 12.8.2. In addition, the stiffness of a structure of several degrees of
freedom does not have a unique definition. The approach used previously
(wherein a 100 kip load was applied) is only one of several reasonable
approaches that might be used.
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B o3l a5 woly godasl ST oSN Sliss!
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12.2.3.2 Two-Stage Analysis  Procedure for Vertical
Combinations of Systems
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The system was analyzed using SAP2000 (CSI 2019), wherein the precast walls
were modeled with shell elements. The stiffness of the upper portion was
determined by fixing it at its base (transition from the upper to the lower
portion) and applying a 100 kip lateral load at the top. The displacement at the
top was 0.607 in.; thus, the stiffness is approximately 100/0.607 = 165 kips/in. The
stiffness of the lower portion was found by removing the upper portion and
applying a 100 kip lateral force at the top of the lower portion. The displacement
at the top of the lower portion was 0.0146 in., and the stiffness is
100/0.0146 = 6,872 kips/in. The ratio of the stiffness of the lower portion to the
upper portion is 6,872/165 =41.6, so the first criterion is met.
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» 13.6 kip
Upper Portion:
W=450 kip —3 9.1kip
R=3.25
T=0.367 s
C.=0.0604 —» 4.5kip
Vv=27.2 kip
13.6 kip «— «—— 13.6 kip

38.1 kip 38.1 kip

41.3 kip 41.3 kip
W=1000 kip _
R=3.00 [ ] [ ]
T(<.15s) —» 27.8kip
C=0.0833 —
v=83.3 kip L] [ ]
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o] ~ Table 1. Coefficient a and distribution type in @ method.
i * Case Distribution | «

LE; : Re}?{?ﬁ:;‘""t Eﬂ:ge fi:utment (H <5 m) [ 0.31
- ridge abutment (H > 5 m) I 0.55
T "Rigid and propped wall (H <5m) I 0.32
. = Rigid and propped wall (H > 5 m) I 0.64
= S RC retaining wall (H < 5 m) I 0.25
RC retaining wall (H > 5 m) 11 0.44

q0=0.64A.XH H>5m
q0=0.32AXH H<5m
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1.2H+1.4EH
H: static load pressure
Eh: seismic earth pressure

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

(ijuﬁ 99,) : w20 ASCET 3ub ol by

1.6H+1.0EH
H: static load pressure
Eh: seismic earth pressure
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Seismic Lateral Earth Pressure on Basement and Retaining Walls

Posted on 2014-07-03

Topics: 2012 IBC, ASCE 7-10, Seismic Provisions
A: Section C11.8.3 of the expanded seismic commentary to ASCE 7-10 says the following:

Evaluation of Dynamic Seismic Lateral Earth Pressures. The dynamic lateral earth pressure on basement and retaining walls
during earthquake ground shaking is considered to be an earthquake load, £, for use in design load combinations. This dynamic earth
pressure 1s superimposed on the preexisting static lateral earth pressure during ground shaking. The preexisting static lateral earth
pressure 1s considered to be an / load.

However, please note that £ in ASCE 7 is determined at strength level, and consequently has a load factor of 1.0 on it in the strength design load
combinations and 0.7 in the ASD load combinations. Seismic lateral earth pressures, on the other hand, are typically computed at ASD level.
Therefore, we cannot use the same load factors as those used on E. It is our opinion that the above statement from the expanded commentary
means that the seismic part of the earth pressure needs to be considered only in those load combinations that include E, but the load factor for
strength design should be 1.4 and for ASD should be 1.0. Note the suggested strength design load factor of 1.4 is different from the load factor
used on A, which is 1.6. This is because ASCE 7-10 applies a load factor of 0.7 on E for reducing it to ASD level. Our recommended factor of 1.4

1s simply the reciprocal of 0.7.
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The expression in Eq. (8-30) 1s a simplified approximation of
the Mononobe—Okabe formulation.

The secismic 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.
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Comb1=1.2D+F;+1.2F+L+RL+0.25+1.6Hayp+0.9Hy, Comb1=1.2D+F;+1.2F+L+RL+0.25+1.2Hyp+0.7Hyn+1.2

+1.6Hyp+1.6Hyn+1.0Hpyp Hyp+1.2Hyn+1.4Hpyp+0.8Hpxn
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8.7 SEISMIC EARTH PRESSURE

Building walls retaining soil shall be evaluated to resist addi-
tional earth pressure caused by seismic forces when both of the
following are true:

1. Performance Objectives include Immediate Occupancy
and/or Damage Control and,
2. Short period spectral response acceleration parameter
for the Seismic Hazard Level exceeds 0.4g.

PSA 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 is permitted to be evaluated for out-of-plane forces
as a deformatio-controlled component for flexural forces, and as
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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 I, 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 I, is obtained when Equation (12.8-2) is written as follows:

C,= Sf};?;‘r i (G6-1)
In the revised equation, /. 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 Motion Level Motion Level
Minor Moderate Major
Life-safety: Loss of life or serious injury 15 not expected EI E1I EI
Structural damage: Significant structural damage is not expected E1I F1 I
Nonstructural damage: Significant nonstructural or contents damage 1s not expected E1 I I

Note F indicates fixed base; I indicates 1solated.
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The number of bays for a shear wall shall be considered as the total length
of the wall (in one plane) divided by the story height, or two times the total Lae 3 S0 b Ll o e gl B0 o S nns
length of the wall divided by the story height for light-frame construction.

A U N

n.L'..Sc-.'y- L‘S‘La:'L._ljd.lL.S.lLljjlﬁbJ.lJ.b-




Alireza Faroughi
Assistant Professor of IAU. East Tehran Branch

Seismic Loads

Guide to the Seismic Load Provisions
of ASCE 7-16

Finley A Chamey, PhD.
hom
Justin D. Marshall, D, PE

9,8 Ls e

B o3l a5 woly godasl ST oSN Sliss!

ESTRVESK V) URl V) B BUEL S VIS VST VEILIU) N VI U Rppivic JERIN = S0 LR L SR B3 WSSy | POV

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
discussicn 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
occur, 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.

Two 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
bhase shear.




Alireza Faroughi
Assistant Professor of IAU. East Tehran Branch

Seismic Loads

Guide to the Seismic Load Provisions
of ASCE 7-16

homas F, Heauster, PE. 5§

Justin D. Marshall, Ph.D., P

HB)L—J S

B ool st 9y oSl 813 olEiils 5L sli!

For the story mechanism [Figure G11-6(a)], which is applicable for systems

that do not satisty the strong column-weak beam criterion, the story strength of
story, Vi, (AISC 2005) is

V _EZ.EF:].MPCFC
v H

(C3-3)
For the beam (girder) mechanism that does satisfy the strong column-weak
beam requirements [Figure G10-6(b)], the AISC expression for computing
story strength (AISC 2005) is

— 2 E?: 1 MpGJ'

Vi 7 (C3-2)

H M, (tye)
Mg (yp)
H o ofo ol of

(a) Moment Frame (Story Mechanism) (b} Moment Frame (Beam Mechanism)

k and j= Integer counters,

m = Number of columns,

M, = Plastic moment strength of column k& under minimum factored load,
1n = Number of bays,

M,,;; = Plastic moment strength of beam j, and

H = Story height.
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Finding the story strength of other systems, such as frame-wall systems in
concrete or moment frames in combination with braced frames in steel, is not
straightforward and must be computed using nonlinear static analysis.
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AISC-341-2022

For the purpose of designating a brace as acting in tension or in compression when

establishing the expected brace strength, the horizontal component of the design

earthquake loads shall be applied in one direction per analysis. Analyses shall be

performed for each direction of frame loading. For systems that include columns that

form part of two intersecting frames in orthogonal or multi-axial directions, the anal-

ysis shall consider the potential for brace yielding in both directions simultaneously.
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0.20P

n(max)

= 0.2x1,616.9 = 323.4 kips > 72.7 kips

FEMA P-2192-V1/November 2021
4.5.2 Design of Shear Walls

The design of one of the shear walls at the base of the structure is illustrated in this example. Similar
procedures may be followed to design the shear wall at the other floor levels. The design of shear
walls is performed in accordance with the provisions of ACl 318-19.

Each L-shaped segment of the shear wall core is designed as a flanged wall in each direction. (Figure
4-5). Per ASCE/SEI 7 Section 12.5.4, “any column or wall that forms part of two or more intersecting
seismic force-resisting systems and is subjected to axial load due to seismic forces acting along
either principal plan axis equaling or exceedingﬁ‘20%: of the axial design strength of the column or
wall” needs to be designed considering the orthogonal combination of seismic forces along x- and y-
axes of the structure in accordance with one of the procedures specified in ASCE/SEI 7 Section
12.5.3.1. The maximum axial compression on this flanged wall, when subjected to seismic forces
along the x-axis, is 3,385 kips, and that when subjected to seismic forces along the y-axis is 3,586
Kips. Both these values are less than 20% of the axial design strength of the wall, which is 29,547
Kips (shown later). Thus, it is not required to consider orthogonal combinations of the seismic forces,
and the wall is designed for the seismic forces along x- and y-axes separately.

CSRSI 2020 Y aSS —ak e e
ratio and determine [the|designfaxialfstrengthof the column:
OGP, max) = $0.80P, = ¢0.80[0.85£(A, — 0.014,) + £,(0.014,)]
= 0.65x 0.80 x {[0.85 x 4 x (784.0 — 7.84)] + (60 x 7.84)} = 1,616.9 kips
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C6.2 EQUIVALENT STATIC METHOD
C6.2.1.1 General

Earthquake loads skew to two orthogonal principal axes may be assessed using:
Vo=V, cos @ + ¥, sin” ¢

where
fis the angle of skew measured from the X-axis

V.. V¥, are the base shears in two principal directions x and y.
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17.4.2 Definition of Principal Directions

A weakness in the current code is the lack of definition of the “principal
horizontal directions” for a general three-dimensional structure. If each engineer
is allowed to select an arbitrary reference system, the “dynamic base shear” will
not be unique and each reference system could result in a different design. One
solution to this problem that will result in a unique design base shear is to use
the direction of the base shear associated with the fundamental mode of
vibration as the definition of the “major principal direction” for the structure.
The “minor principal direction™ will be, by definition, 90 degrees from the major
axis. This approach has some rational basis because it is valid for regular
structures. Therefore, this definition of the principal directions will be used for
the method of analysis presented in this chapter.
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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
8 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 2112 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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Guide 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; =T 844, (Eq. G20-5)

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 - situations in which the ELF procedure is used {must be used) for other purposes

‘ ﬂ? 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,

u_aL..M.:.‘>-| LI sdj.:.‘a FL L‘)Lo.:.‘)-l....o

Computing P-delta stability ratios,

k4

ST olasln ool ol fley o

Determining the redundancy factor,

" "

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

Validating conformance with the 25% rule for moment frames in dual systems, and

e A S 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
C4/1. 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 Figure 10-1.
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ASCE /SE' C12.2.5 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 i 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 lecast the effect of gravity loads) after strong carthquake
PSS shaking. The primary system (walls or bracing) acting together
(Strength) cwglis 6,0 with the moment frame must be capable of resisting all of the
design seismic forces. The following analyses are required for
dual systems:
2. The moment frame must be designed with sufficient
R strength to resist at least 25% of the design seismic forces.

Gy 2oy VO plp e OB
S 0 vl d.il.%

SEAOC Blue Book - Seismic Desigh Recommendations

Dual Systems

Code moment frame design and detailing requirements that the Seismology Committee considers applicable to the
design of the secondary moment frame include the use of special load combinations, consideration of torsional
effects on the moment frame as a stand-alone system, and ductile detailing provisions for frame connections.
Redundancy requirements in Section 12,3.4 apply to primary systems, but the Seismology Committee does not
consider it necessary to include any special redundancy factor calculations for the stand-alone moment frames.
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Seismic LLoads

Guide to the Seismic Load Provisions
of ASCE 7-16

Finley A. Chamey, PhD,, PL
homas F, Heausler, PE ST
Justin D, Marshall, Ph D, PE

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 SEAOCC
| Blue Book (SEAOC 1999) clearly indicates that “the special moment resisting

frame, acting independently, 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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Seismic LLoads

Guide to the Seismic Load Provisions
of ASCE 7-16

Finley A Chamey, "D, PL
homas F, Heausler, PE ST
Justin D. Marshall, Ph D, PE

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 checks.

It is not necessary to include accidental torsion.

S W

It is 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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RIGID FLEXIBLE
Center Wall Shear = F/3 Center Wall Shear = F/2
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* When subjected to lateral seismic forces (ASCE/SEI 12.3.1.2):
(a) Span-to depth ratio< 3 and
(b) Structure has none of the horizontal irregularities in ASCE/SEI Table 12.3-1

When determining the span-to-depth ratio, the span is equal to the distance between lines of lateral resistance (such
as walls and frames) in the direction of analysis (see Figure 9.7). The overall depth of the diaphragm in the direction
of analysis is used to determine the span-to-depth ratio.

? £z
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O
Span ¢, Span _ 4,
Depth  h Depth  h
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12.3.1.2 Rigid Diaphragm Condition Diaphragms of concrete
slabs or concrete-filled metal deck with span-to-depth ratios of 3
or less in structures that do not have a Type 2, 3, 4, or 5
Horizontal Structural Irregularity are permitted to be idealized
as rigid.

A.6.2 Building Code Requirements PEER/ATC

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 mn 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:
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Combining diaphragm and
transfer forces
Applied for transfer forces
Fs Fr AN oy 1
1
3 1 3 3
2t =PRIy
2 2 2
5 i) — 2
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The force determined from Eg. (12.10-1}) shall not be less than
Fo=025p5l W, (12.10-2)

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

F,, =0.4Spsl,w,, (12.10-3)
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/ (a) Plan (c) Internal moment and
shear resistance

(b) Simple beam idealization
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Lateral load
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Reinforcement can be Reinforcement
developed outside shaded for span /4 placed
zones. Other reinforcement  within depth hy/4.

required for force transfer
not shown.
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In this construction method, cold joints occur on the top
and bottom surfaces of the slab along the length of the wall,
and shear transfer reinforcement must be determined at
the following locations

The shear transfer reinforce-
ment perpendicular to the face of the wall and perpendicular
to the bottom surface of the slab must transfer the shear
forces along the length of the wall from the diaphragm to
the wall below. Similarly, the vertical reinforcement in the
wall must transfer the shear force in the wall above through
the top surface of the slab to the wall below. Shear transfer
reinforcement must also be provided along the length of the
collectors.
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Wall reinforcement (typ.)
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Lateral loads increase net shear ¢ Beam Span Lateral loads decrease net shear
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