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NaDiMa Dialogue #2 | Earthquake:

/

/ Earthquake Recording

| Seismograph (scismometer)

| An instrument used to detect and record
earthquakes

[ Seismogram
[ A graph output by a seismograph.

I Itis arecord of the ground motion at a
measuring station as a function of time.

Surface waves
Ai-wavo Slwavo ‘l
—MWWN&‘NN\A V

Seismogram recorded in the UK frema
distent earthquake

=

Tima (e towns sty

tpsz/fsocratic.org/

20 nm @ o

Support

Base anchored
Into bedrock and

moves with it X\

VE-5x Seismomeler.

WWW.geosig.com

L Ls e

B oyl pd 9y (oDl é‘)T ol L obw!

n Network, Tehran, Ir

|\

-

I 5.- cismometer: C.H» o)’ )J

=

Measures the velocity of a point on the ground
during carthquake

Very sensitive instrument that can detect
movements of the Earth's surface at [ar distances.

Seismograms used for science (earth structure,
velocity of layers,..)

=
Seismometer and Accelerometer

Guralp Fortis and Fortimus strong motion accclerometers

Clips for strong earthquake in close distances
(saturate)

I Aggglgrgmgtgr C,..w < L....; 400
Measures the acceleration of a point on the 200

/

ground during earthquake

Designed to measure the large amplitude, high-
frequency seismic waves typical of large local 5
earthquakes.,

_J
Less sensitive with wider range (£2g) 4%
Accelerograms used more for engineering 500
application
400

Corrected A (emvs?), : Sar
o 10 20 30 a0 €0
Time (soc) /
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BAE Morth Anatolian fadlt —A— Thrust fault
EAF East Anatolian fault ==  Strike:skp fault
] Dead Sea transform / / Transform fault
- Arabian-Nubian shield e  Plate movement

—  Plate boundary
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Future ground shaking
Rock

.~ _Fault Building

_Soil Site
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SITE
RESPONSE =
Motion can be

amplified by soil
cm%lrbons g

ATTENUATIO

Seismic waves | n
and diminish in strength
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Ground motion prediction equations 1964—-2021

John Douglas
Department of Civil and Environmental Engineering
University of Strathclyde
James Weir Building
75 Montrose Street
Glasgow
G1 1XJ
United Kingdom
john.douglas@strath.ac.uk
https://www.strath.ac.uk/staff/douglasjohndr/

Friday 14" May, 2021

Reference Area H v E Mmin Minax M scale Tmin Tmax T Scale S C R M
Zafarani et al. (2018) Iran 1551 - 200 1.0 7.3 My (M) 0.6%  200% 1y (repd) | G IN A (R, S,
U)
Darzi et al. (2019) Iran 1350 - 370 4.5 7.4 M, (M, 17 200%  rep, 3 G 2M A (5, R,
my) Thypo, Tjb U)
& Trup
Farajpour et al. Iran 13567 - 208 4.8 7.5 M, 1.5*  350*% rpyp c G IM A (R, S
(2019) N)

Y\ \
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Surface amplification (Kanai 1962)
1
A(T) = - -
2
Tk 1_{ T} {ﬁ. TJ Soi
1-K Tsai v Tson Teai Psoil - Vsoil : Tsoil
e T = period of seismic waves

o 7., = predominant period of soil —
Bedrock -

X (period T)
_ pSDiIIVSDiI !Orock Vrock ]

o K
Prock Vrl:lck




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

(3L 1N olKa Lo 0329 cinds dnwlna : 44z 15

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 T 0.
0.03000 -0.00040 -% 0[.]2;-
0.04000 -0.00050 =
0.05000 0.00000 & 204
g 005
0.06000 0.00060 5 o
0
0.07000 0.00320 &
0.08000 0.00570
0.09000 0.00590
0.10000 0.00610 :
0.11000 0.00530 ol : s e maEn e . s A
0.12000 0.00450 & Time [sec]
Fourier and Power Spectra
Frequency Period Fourier Amplitude Fourier Phase Power Spectrt A
40.96000 0.00020 1.32871 0.00000 028 :
0.04883 2048000 0.00110 0.93431 0.00000 gzi o
0.07324 13.65333 0.00257 0.98750 0.00001 022
0.09766 10.24000 0.01016 0.35127  0.00019 o
0.12207 8.19200 0.01474 1.39363 0.00039 ;22::
0.14648 6.82667  0.00885 0.08927 0.00014 50:14
0.17090 5.85143  0.00681 1.21735 0.00008 ;%0-12
0.19531 5.12000 0.02049 -0.33452 0.00075 0?3
0.21973 4.55111  0.01487 -1.46902 0.00040 oosd
0.24414 4.09600  0.03285 0.87634 0.00194 0.04 ¢~
0.26855 3.72364 0.03546 -0.04895 0.00226 O'D;'” e
0.20207 3.41333  0.06574 -1.52651 0.00776

e = Frequency [Hz] Frequency [Hz]
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[FYCRRT . Down-Hole Test resulis
& BH-6
- N, . o) Sy oy e
C,(kPa) 1(60) | v.(mm/s) D(m)  Vp(m/s) Vs(m/s)

0.0 816 331
o s LA dd o o8 1.5 880 380
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12.4.2.2 Vertical Seismic Load Effect. The vertical seismic

Eg. (12.4-4a} as follows:

load effect, E£,, shall be determuned in accordance with G:

gﬁ?bu Lo)—'-'-‘

B oy ATy ool 13T ol&iils b sbiws!

w8 Al

Sps=(S+1) xA

7
v

E,—0.28pD (124-4a) N\
Js/ I S D
S.=Sps (0.4 + 0.6—) (11.4-5) *
T
FV=0.6AI1.D ojl; b5 sbls 3 ojle JS sl | -
3L 5l i
i ~ By=S+1
. . ,,.‘ uu iy ’_/‘
T g 1<S0<1.3 |-}
= (S0) x A f
It B1=(S+1)(T/T)
[ .
@ Sommp || e
Bl addge chai Ly 85 Ll @56 adlge I
..‘,“).l yw Tioll ‘irl 1 Lo Lo

PERIDD {SECONDS)



Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

Oy &S o =)

O E95 Gl Sl (PB4 SB Oleogas clip> o (60 )l50 j0 F-F-F
P LIV esd pesj 4 Sliogas (SSTgi5 slaosls 5 wils sadansliss Joe
S5 0y90 Jome 10 (SeiS5555 Slalllae plal (V-7) w3 g wawi olad e
5 e VY ) a8 Eli ) e Jlezr fiSTax b Jhs 5590 plaisbo g il 690

Jsaz UL gofl; S5 3,90 Goej Glgiee a3l opo 2o Yoo 2S1ao Jlidl ke
&, izl ¢F=Y)




Alireza Faroughi "3,{4 W "
B o i 9oy oDl o 3T ol 5 o Liw!

Assistant Professor of IAU. East Tehran Branch

sl ol 3l olS3los 0309 lalllas plol (ya; E55 Croend 5l 25 3,lg0 ,0 A=F—Y

A IV T g5 slagns) 5l jé Sloogas slls a5 obolKasls gl -l
s e (Tl 55 A3l (59 CoS e 55MLL el daoliSLu g5 ol (sl
S PU

L oboj Csh; sl 5 GV L () 51 St Wil (a0 &5 lmolSis s y3 -
Dbl oo (S (5 ymez al) PI> Fr g o Ve Culies JSlos

LI g5 slaS5 Jolas o3y zge ey b S slaasY a5 oboolSisle o -
ot =y g Sy b Edno Y G (69 0 Yo BD o Caalies g [V
bwgio il p ¥ JBlos o auY ol (o8 g Sy g 433,55V M/s
Trb ek 4 (po s pae 8j50,0 0390 (nl jo all B Y L5 zae as

2,5 0ol IV g4 ey caubs 5l g5 oo ol 059
MLl 4 e 45wl azils 92 lalye axilix baolSisly 4l 5 $-F-Y

S Jad jo ead 7 yhae sl S SaSSg5 Gladllas 4o sl p3Y 00,5 e
58 1 i




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

. . oSl o g b Uildlbho — o
Sa: wlus 7 b b r9 = -

Sa.l/R: s Jasbil wlis 7 b il dEsalags b il Vb

sla Sy dn azgi b 5 oSl adhis sladlj); Slasin jl eolaiul b cade )l
slaay 3 S Slasis 5 g pdy ks (e (owlide] ) ( SSgiSS ( oulidas
4_{;55)9_‘0)')")’))5@&.)#’3“)‘)0 élﬁwéﬁ)gbbsso&bm
Ol Olsiee S Slml | (slite (lyme Comd 555 90 A3l mhans 5 plaSlo g9
g | ol o o Wb il oulds Aiilxe polie ol 8 ad ayd (sl |,
..).); ura 1/Ru )L:_é) g.u)..a u‘“&;

3lall 7y il polie ao o Ae il 2eS wls olSLs o9 2,k il polis
(u**’)&‘u*-*’“ 6‘f) Sed L]

1 |°‘>Ln'*-“‘|g.s-l9 .of)t_fct_au Lo..?L...)d_,lS)Jug_»L_s_n °)"9C)J°“°"'1°
5u_..:' L5_‘0‘),“L,QIJ| 6|JJ OLXQL.: Ofﬁ uL:JUa.o (O ¥- Y)M&LEAASG)LQOML“
Sl ui’9)} oolaiwl Jgo—iie (Y-Y-Y) o b S ableizls 5,90 0 3




29,8 Ls e

Alireza Faroughi
B oy ATy ool 13T ol&iils b sbiws!

Assistant Professor of IAU. East Tehran Branch

oS lw o g b Wl -

ol oyl sy slyls bg als 515 51 e VO« 5l ien glas )l b sla Lzl -~

gl g AtV Y5, Jyas 11

Jouax ML LT g5 51 o8 slagres) 555 2 45 720 00 5 ol glaglezslo -0

Y Culses b I g I g9 sloiyn; (59, 5 aS ;e 0 5l gasl glaleasle -o
g oo Al e P 5l g S




PR - - SO

Alireza Faroughi
B oy ATy ool 13T ol&iils b sbiws!

Assistant Professor of IAU. East Tehran Branch

wl pip ol
2ol 3l polie &Ml F-1-F-Y

o 4l )= Sl 5ReS ik Lo (B Sl edel Cemas a0l (3 o5 (315 0
g peolie an Wby i o aly (B Jade wldl (V-F) adal, (Jolas Sl
50,8 235l LT b censlito o5l (glacslisly 5 oucd oolo 38

Gl [ "B oL am L g i galindll a5 gt glihes 48—l
Cipmas diyd Vo ol Laol sl polde wdls Nasad  cdoes” b "a s Lo
Wgd b (el Jolo lonal Cowsay a0l By 4 Jolae (Ssliul 4l iy
ol i 8l S0 508 8 lae Jyatie Ul calitali S palinals glbbsho 5 s
Jdzs 5l saasl cwoay oo a Jolee Solbial aoly by Cons o Wb laclsl
D9 Oyl b

bl by 5 p S 0o 0 AD o b bl polis elate sleojle o -0
Bl o gtub ol sl Cevsds b B 4 Jolee

Oyl BB lw 0339 b (glp iy ( LB Ll pg B ol il g o
low! suuiws




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

oL lsz

A, A,
¢ > <+
A

hy h

Js! aido ais

v
X |38 3 '3' 5 ' A P .
% Osdaied SBed 515
[
\ pes

-t




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

4L 515 porde

M ERRR R,

o 5l adily plsim )0 a5 098 oo Ul pleidla )5 (55l 5 4wt po5 4 Ly il 15

&l 4l 5l adl alllas 0929 (yae) 9 ledSle o (S5 o S ol 4 gl

39 g0 43,5 a5 )3 pj Ojge 4 lapleisle b

O slolgss &5 (e ) shlo slagleizlo b (e n; g slagleizlo gl -)
g 433, a0 009l (6VL xbaw ;o b Al 515 widls fuate ojlw 45

g 2l Jate ojlu 4y ] (eSS slajlsns oS (e Sl slaglezslo sl Y
S il oas p @S S L e p Ol Jlps 5 60,51 (sl
a8 S L )0 Sl bl (b (e 4 ey ) Al (23S0 5 53 Wil o0 il
Lol 4 0l w5T,20 lazslo GBlbl 45 34290 anb S5 Yol aSST 5 ogio e
Coslo ()18 5 mny 5 B (0,51 5 005 )l ass 05 QLS gl e
g odlaiwl Latw cudio uli8l gl




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

(o5l p > 5l (2L 59) A5 (65185 5L by pudlin ad>
MQMQQQ@JL@‘WJS);J@)B‘__é_i?ol;_g‘o)l.;‘ob"ld.?)onW&)o
g o3l oylg Sime Ay (g, ciwl) o Coownd D9l co pund (LB log

el o5l (o]l 1o50) ey i Con
(M5} +[ClE K1} =M [ | {Eg(0)}

c\.])J) 69)4.3 L_;‘é).z.o 94\.]QL9.A C,wa‘) d).b : Js‘ Ccounnd
Pl 53 Al b calps e [Moslo p ulo [M] (0,58 (55) dholeo sl Cas o
o) sl 5 )5 & Sy o EQ(E)] 5 (conl V]l (82 05l 1) 050 (e £939

¥,

£,
{EQ'EIJ}:*' ”1'.!_-' (£) ;

g
8, ()
8,.(1)




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

03k 2z 31 50 59,0 A5 (5)105,L by pdlin 4ol
Eg(ty=%_(1) ol (K sliwl,y jo 881 adj)s Slie) (ol addge ) &35 5o
aly ol o LGHT ol olids poosls Ay 69, Q-.’.‘)-.’l%’ YU lalg, a4 axgi L

L 09 aple>

a0 o s b e i o8 g il Jisl ool e e ol =1 55 L)
" U oles

Perr(r) = —mlii, (f) (U els=s

-l N Ijg ('t)

- -1, Ui (1
1)

-m, L'Eg( t)

o> i (1) Stationary base




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

(03l o2 5l 36 59,09) A5 6,195 ,L Ay pudrlio ol
o3l Gl (Byre g dolrs o )b pgs Cae

5 ol el Wb ojlo 45 058 oo (g)slol dazee dolas i e 4 B
Ceod g0 5l Hla3 By0 g il atily (il g9y cnl b ablis sl 1) o3Y (S5

LY VIR CAPESSUR N U I VR 051 WO Wiavey ') I DS | NV wo) RSV SV FRpog 1Y
{fsor = [KI {y(}

6,5 3 bbby syl 3ym 5 s Jadll oSe il gl 3l ol
A0 90 095 5l il S Jlasl s jo |y 5w 5L5 05 el Wlgiy

19 Vubb Guu).’ 63)'.?'; -{-¥Y-Y

)JA_J(J}_“J\D_ALB\IUD'AJ)J)J.JL)&Skaw M‘va“/gb‘bukfwfsseﬁ
335 o J @ lV-1-T-F) s gadge il 515




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

(03l oy 5l 56 55,09 A5 15, L by palio asdls

$Fe Sl b gl b jho g L5 b)) 4 ar g b oS Sl (nl (599 Con mpe a
Cowl Oyle a0l 555 pagde wislas s 86 posd oS Slads o aldy )L S s o5l
3 &S DS b Iy s YA e s faslin) s gillae a5 g5l
sobe cpl @ I o s 6 sl e 0gdd st (o) 4 S leis L
sobio pl a4 Clo S g o5l 4 fale il slayles g o051 S L oojle Wl

.dwoj.g

{fs(’r)} = [KT{y @}
{Ypt= {0} = {fs(’r)} - {0}




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

ASCET (C11.2) (5 a7 (6,05, Aol iyarT puedl 2 (o 155

el Jialge el 51 (gams 35,10 51 (ol 51590 (51 050 4ol (Suambsn) doma 5 (0l Jialye rarly

(Slad aS) o iS5l 5 a4 abgome o cond CunBgo .

obeisle jylme S Lol *

i) sslgs jo lagdsl

sl o3 polie piwew ;)b 3B polic SBuw 5 Condge

&l oy soyys ojlal g Coxdsa .

eI R B

Al oy 25 S85l500 51 SealaST AL (K95) Comdg .
(9bre) tlued losdlo 4 (& j5lxe) (Soop .




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

— —3 —3 —
Base is at the top of footings

FIGURE C11-2 Base for a Level Site.

Base at
Ground
 — ] | | | [
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. C11.24.

Max H/2

Base at level
closestto grade | ——=

I | I —
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.




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

ASCE7 (C11.2) (S5 pof (g5, anb pyourT yundi a4y 28,55

bl a8 asb 5Ll (See w00 e Bl la,lpps 4 S a5 aSil> o
@ Sl 5Sow o e o3l a59501 (gl 0g ools 1,8 yawlaigd 55 10 g e e 3
D23 90 (pl o o &S > o3l B alls fate aless

s g BB (6)Ld Cuoglia 5 Aty iy GBllamil o) i 5o el o1 Ls 3]
D55 18 e g 50 GleiSle absls as il ll cal S il
Jsb 53 ol (a5l 030 oaiiSTaz (gl po o5 Jlial slid b slgilezslo ol
Alizee Slez 50 Slge )0 iz Sl (e b g Wigd 00 S S 90 o LSl
b oy omb 0 gmmwlaig (555 Ysere alsly deilesslo 45l lp 09 ool
55 35y 50 1o 5, oSl om0 I e (YL

loboizbo ol ST.a8l SIS Sl 515 CosBe ;o Wls oo 50 b ojlu ple (SS90
ceslio el (Sen 5,5 18 pleisle Bib wiz b g SO Dpgle jo ey il
4 glee lleitlo (b 005 b o pSe 518 pmeip) oml 0o 4ljly b ask
Sl cpo ) b 1 50 b by as cal ol oyls Jles! i assl el




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

R
S g ol Sl a
S 3\t 3o § (ySnnn ¢ 0y SNBSS 35 y0 »G

g AN A AR = N\A\ DD ojles @
JEHJ:...‘.{US:'SEJHS‘E' ‘:"“’ILEI:?:‘“ ‘_'_,..1 31’.5: H.}’,n.p;ﬂ.uah.ﬁl‘,ﬂ?:aﬁuﬂh.!dﬁh} sl Y o yle ._'I|’...1 E**L,'.
Se s
(3)‘5%9
-
A % OO,
Koo S 84510, LN
Vs u"-’:’* S ,
2" e : .
% T ¢ . 0
H AN 6 L0 _en il
7/ o il | 9
ekt a f v ]

(S Je ~Jl=>)

g0 S 4o oY Job I 4z 0 YV-YA o S SKaol 4l 4 a>g5 L

Db 0 0.6H U 0.5H 0 il 515 5,8 jshaie a0 S 35 Goc slp jlgo




Alireza Faroughi

=298 Lo y—le

Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

o iy ey, ) cul aieils (o5 ) Comw S e py YL Ges 0

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

Qo g g0 JEe Geejp; slajlns VL ElE] 0 5 e (ol o plesle
b el e 35 oyl 4y S LT a5 wil o ol ol 50,5 ol st 435

duled Joe abbgzs 5l )5 C_EM & Soop |y dily slag

Site Class v, N or ﬁm

Su
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 15 to 50 1,000 to 2,000 psf
E. Soft clay soil <600 ft/s <15 <1,000 psf
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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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© ~~ Table 1. Coefficient o and distribution type in & method.
L
= qu Case Distribution | «
g; . Resultant Bridge abutment (H < 5 m) | 0.31
= < foree Bridge abutment (H > 5 m) | 0.55
T Rigid and propped wall (H < 5 m) | 0.32
~ F_ Rigid and propped wall (H > 5 m) | 0.64
T S RC retaining wall (H <5 m) | 0.25
RC retaining wall (H > 5 m) 1T 0.44

APg=0.43A.X H2 H>5m
AP=0.2TAXH2 H<5m
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1.2H+1.4EH
H: static load pressure
Eh: seismic earth pressure

i ylo ASCET aes sl y 31 oMl o

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

(waLo.n ws)) Pl ASCE7 b U‘-’"J"L""

1.6H+1.0EH
H: static load pressure
Eh: seismic earth pressure
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The seismic carth 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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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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Figure 9-1. General structural response envelope
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Figure 9-1. General structural response envelope
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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 /. is obtained when Equation (12.8-2) is written as follows:

Spsl,
Co= =5 (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®

Earthguake Ground | Earthquake Ground | Earthquake Ground
Performance Measure Motion Level Motion Level Mation Level
Minor Moderate Major
Life-safety: Loss of life or serious injury is not expected F1 F1I F1
Structural damage: Significant structural damage 1s not expected F1 F 1 I
Nonstructural damage: Significant nonstructural or contents damage 1s not expected F 1 I I

Note “F indicates fixed base; I indicates 1solated.
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that stories with story shears of at least 35% of the base shear include ) ) ) o )
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Guide to the Seismic Load &= PITmE TR R sET

Provisions of ASCE 7-10 Ll

12.3.4.2, which states that p may be taken as 1.0 where the structure has
no horizontal structural irregularities and where at least two bays of perim- . L o
eter seismic force-resisting elements exist on each side of the building for =S gl g SVl s aglie i e
each story of the building resisting more than 35% of the seismic base shear.
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 Loyew 5l S0 b Ll o e Caglie B i PONEL -
length of the wall divided by the story height for light-frame construction.
A W N
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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 torsicnally irregular building to be extremely irregular when compo-
nents are removed to evaluate structural redundancy. If this happens
{or if the systern is initially 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 additienal
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 exireme 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

S e i S m iC LO a d S torsicnal irregularity before the component or connection is removed.

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

Guide to the Seismic Load Provisions 1. When it is determined that p = 1.3 in a given direction, the factor of 1.3 applies only
of ASCE 7-16 to load combhinations where seismic forces are applied in that direction. Also, the
load combination with p =1.3 is used for all components 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
Justin D. Marshall, Ph.D.. PE those elements and components in levels resisting more than 35% of the seismic
hase shear.

Finley A Chamey, PFhD.
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Brace forces corresponding te-tension or compression shall be assigned based on one

direction of loading per analysis; the effects of gravity loads are not considered in
determining these forces as tension or compression. Analyses shall be performed for

each direction of frame loading. For systems.that include columns that form part of two
intersecting frames in erthogonal ormulti-axial directions, the analysis shall consider

the potential for brace yielding in-both.directions simultaneously.

AISC-341-2020-Draft
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——, a=f New Zealand Standard™
sSin o
— Structural Design Actions
Part 5 : Earthquake actions -
_________________________________________ New Zealand - Commentary
- e A 4
NZS 1170.5 Supp 1:2004 52
[ ;
Rx C6.2 EQUIVALENT STATIC METHOD

C6.2.1.1 General

Earthquake loads skew to two orthogonal principal axes may be assessed using:
Vg =V, cos’d + ¥y sin” @

where
&is the angle of skew measured from the X-axis

V., Vy are the base shears in two principal directions x and y.
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Mode 3: T=1.965 sec Mode 4: T=1.377 sec  Figure 4.3-10. Loading conditions applicable for ELF analysis
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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 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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Gude 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.Sud, (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
situations in which the ELF procedure is used {must be used) for other purposes
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,
Computing P-delta stability ratios,
Determining the redundancy factor,

Calculating diaphragm forces, 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 L

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

The mathematical model used to compute the TIF must be three-dimensicnal
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
C4/1,1s not necessary because these terms cancel cut 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 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

4 (or at lecast the effect of gravity loads) after strong carthquake

: shaking. The primary system (walls or bracing) acting together

Strength) cuwglis B0 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

) strength to resist at least 25% of the design seismic forees.

Gor 2eyd YO plp e B
WS e SolaS by

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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Guide to the Seismic Load Provisions
of ASCE 7-16

Finley A Chamey, PhD, PE
Ihomas F. Heausier, PE .S
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 SEAOC
| 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.




Alireza Faroughi PP - Vg P
Assistant Professor of IAU. East Tehran Branch B o 3 Aoty (oSl 3157 o8NS bS]

FEMA P-1051/July 2016

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 1n 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 it 1s not the intent of the Standard to allow
dual systems of co-planar and integral 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.
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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.

i IS

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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* 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.

£y ;
A LI
O
Span £ Span £,
= Depth  h Depth  h

i
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P E E R / ATC A semi-rigid diaphragm model 1s considered more accurate, particularly for
Seismic Loads

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

Pricr 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
accordance with Eq. 12.10-1 as follows:

Lo oS 2o § WaST,3Us A=Y Er
00-vy I E Wi

analysis, but shall not be less than that determined in

(12.10-1)
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Combining diaphragm and
transfer forces
Applied for transfer forces
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Building Diaphragm Analysis Analysis Analysis
design design for 2nd-floor for 3rd-floor for 4th-floor
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The force determined from Eqg. (12.10-1) shall not be less than
Fo.=025p51,w,, (12.10-2)

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

F,, =0.4Spsl,w,, (12.10-3)
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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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Vo= Ayttt

‘c A,r refers to the distributed vertical reinforcement in the
{ il wall web; in a wall with boundary elements, A,r can be
N |
T

Shear friction

reinforcement Structural wall ——
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ﬁ‘ £| Shear
L reinforcement
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conservatively calculated as if the distributed vertical web

reinforcement continues uninterrupted into the boundary
|
i — 4 elements.
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Maximum shear
No. Name Of Fault L;If‘::j? ‘?Ejz Mmax " ﬁ”ﬁ:;ﬂ? L
Bonilla Ghassemi

1 Khazar Fault 190 099.7 7.50 4.22 3.14
2 North Alborz Fault (West Zone) 1350 096.5 7.4 3.40 3.03
3 South Amol Fault 110 111.8 7.2 2.22 2.80
4 Babol Fault 65 133.8 6.0 1.17 1.56
3 Noor Faiult 60 82.3 6.9 1.17 1.43
] Kandovan Fault 65 52.2 6.9 1.17 1.56
7 Mosha Fault (West Zone) 190 30.5 7.5 4.22 5.4
8 North Tehran Thrust 75 14.0 7.0 1.45 1.83
Y Nivavaran Fault 18 124 6.3 0.32 0.38
10 Muahmoodieh Fault 11 11.6 6.0 0.17 0.22
11 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 Rav Fault 16.5 7. 6.2 0.26 0.34
16 Robat Karim Fault 100 16.8 7. 2.22 2.52
17 Eshtehard Fault 60 50.8 0.9 1.17 1.43
18 Pishva Fault 34 46.8 6.6 0.61 0.76
19 Garmsar Fault 70 04.3 7. 1.45 1.70
20 Arad Fault 40 34.9 6.7 0.76 0.9
21 Shian-Kousar Fault 18 11.6 6.3 0.32 0.38
22 Ghasr-e-Firoozeh Fault 13.5 9.5 6.1 0.21 0.27
23 Eivanaki Fault 31 495 6.6 0.61 0.69
24 Taleghan Fault 65.3 56.8 6.9 1.17 1.57
23 Alamoot 140 79.4 7.: 2.75 3.00
26 Alam kooh 95 124.8 7. 1.79 2.38
27 North of Qazvin F 60 137.7 6.9 1.17 1.43
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FIGURE C13.3-1 NCEER Formulation for a,, as Function of
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SEAOC Blue Book - Seismic Desigh Recommendations

Stair and Ramp Design

Seismic Loads. Stairs and ramps that are either integral to the floor construction or are not designed to
accommodate seismic relative displacements between floors should be designed as part of the primary structure and
modeled 1n the global structural analysis. Stairs and ramps that are not part of the primary structure and are designed
to accommodate seismic drifts should be designed using Chapter 13 for nonstructural components.
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18.3.3.1 Flights of Stairs. (> 6§ i)
D=W,=7061b i

L =(10.08)(3.5)(100 psH = 3,528 1b

_0.4(1.0)(1.0)(706 1b)

FP - 2.5/:L s

(1 +2(0.4)) =3061b

Fomin = 0.3(1.0)(1.5)(706 1b) = 318 b A3 \ ~ “—PL /4 x 10 Stringer, Typical

Fomaz=1.6(1.03(1.5)(706 1b) = 1,694 1b

W™

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

| Vou(max) = L6A(1 + S)I,W,

| Vou(min) = 0.3A(1 + S)L,W,
Vpu(min)



Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

(oS g aind ¥ g Cowguy 50) alub A 5l yieS el b bawgio (ylodis L

6‘0)".&).3.5)‘9._:_.) Y-0-Y

s Ol ool (3l glad o Slas (&5 el gl lojlo 2 s

Loosbs o)l oS8 sla )b beos o oot o (0l 090 o0 00 )0 Sl L

) 992 059 5! (b (il Jb s ol s sl b Bllae  SeS olie i oolar

b ')"3 ') B -“‘-.’.‘)-i’ b 6‘°)'L“’;.'r‘;‘)‘9-.‘.°

o B b 2B )l auls @3B NS 90 oyer (lojlo et le0 5 jlome Jobo 2STa -
O F-Y D) ol i Sl QT sl s

S o ok 28 el Eletend s slinl acabies s Jils
3L >l e b gl wb Glojle e s cwles Polas o1 5l oola

o=l 3 59led Sy 50 ol Jma VB S 5l ) slojlo i lgns EU5)) S Tas ¥

sk ds =30 Al 5 asile B g B8 yole Al L glojle g s b jlode

.‘3...1 ;‘-5..1.'?4 3 J.-.uw’-‘.a \_‘_J.»...vl..a




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

(oS g adb F wus Cawguy o) b A I oS eyl b dawgo ylosisLw
P ASS
Sl Sl oy oo el s oa

L g oladsy 35,0 PYA L VY o i
2,5 oolaswl YA« « o lslnl £ cavgn

e BB Jile g A Mals” s oyl delol aib elis )l ples jo a5 glojlu e lass -F

e (He) 0old (sl i ;0 BT Mo g Lid b ars BT S, o 09

oY WS L wul o)l dslol glas )l pled jo a5 (slojlo e oo (A8 SlBgd ad -0
SIS L slojlalgo & a5 a2 b s o adaiie Jolas L # 005 Slogl b
OV F-V SCD) e aude il Jae slojlu pus )lass sosSabls
dxs SO s asb ad el sl oyl (axs) slojlo jue lass oSB ad a5 5,90 0 -F
sVsd gk Sy Jolae gt b g o3 NS L (] 1 Sgae s Sy b e
S5k adls a5 B Jlasl b« 092 b dn)l o adaio b £ o0 e




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

(oS g aind ¥ g Cowguy 50) alub A 5l yieS el b bawgio (ylodis L

/ h<vy/am

ﬁr--.____\ [<sm | ¥t
- %-_%K

,9 OI.Q ;‘_a\),la

(Jobee oo b4l 0)




Alireza Faroughi gy W VP SN 1

Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!
< o
LAS A SsE
oleasle 125 g e ol e i Sl 9 3 o 01 o 5 30
YA+ o3, bl

@k ol ys

slal g slojd alsb

Syloxe glojlw jue glial




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

dodds V-V -F o

ol sl ond ple plenslo dlojlu e Sl (doj ) e (b Lalss skl ol ooy s
Gl cleje cole) ol oad Wl golare (lojl s linl (loj) e 5 S Gl ol )lSal) coosy
o2 Lytpe Shalons o5, 3y90 53 djSnly sl ) i el posike oy ol (A Conpy ) 3 03
55 olizal bles 3,50 1y g ol Blinl g 395 ploul plas s Lalgus ollyy clog) Jlgo 5 ol
Sl VIV 40,55 53 s 5 5o Sl ol i) sl oo Shuss | oasipe
ol 00l Q) a8 anng g sl

Caloro glojlw s glial glal -Y-V-Fo

el 25 3)lge Jols plolo (5 laxe (slojlys (32!

B s =)

R e g an=Y

oly o=

aly ol ¥
S s =D
L5

390zl =Y




Alireza Faroughi gy W VP SN 1
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

Sloslw € glial gloj) Obldl g lulge —-¥-V-Fo
L,lgs - V-F-V-Fo

) Gl plee gilulis gy oY Olaljll
L ok) Jlew cxeal b slapleile o 50 5 adb e Jal claplele adS 5 b an ol 5 ead
D Cule; adb Jlas 5l eS clab

o 1 3 3)ly (lagys 3yel 3 Wb g L)y cdby ] s 3 (o) ojle 4 0k obils (cla gy

s

g L.-‘E"""’ : ).a.l > },‘lﬂ \_gl.ﬂtg).u g {-.|£.:r_3 L,;;LQJL.a JI\S.L::.S- g )t'_-&'; JUL.: \:J)E.._o L).!] ;Jl ..U?...:a sald 1_.][5:. T—F’t_.: JADL"

295 blod Clusloe 3 50 o] 13 005 &l lalgs bl =18 cpl 51 5= Jlgd 263

et Dl Cudgasme — V-V V-F-VFo
P g @S s e e Y Sl o) Ol ele) ):*“@j] Bl oM 3 (26l ST Job

o o o oS clsie 4 b o3V clale b B e )l o ¥ ) i Jsb b ol

oo b (odYsd alado L 28l sae jloslaial b b e V0 51 i glal b lajlas 1o g (4olg) Jleus axas

Sy ials 1 sl gl )] (S ,0)




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B oy ATy ool 13T ol&iils b sbiws!

Llojlw € gl gloj ) Slel3dl g bulge —F-V-Fo
h}‘%: —‘—f_1_F’-_-._-’
(2 saglesle ) pegase (oligS Jlpd) Lad e Gidg | aab ] pled 57 (2 )1 lajles Do jas

295 03l 13 "oligS yenn'! LKl cael Wl o gl pe 3 15 e s slojle OB 5l L o)lsen

Partial
Short Height Regular

Opening \ /CO/U’T’” Wall r Column

\ ] AY

® » J

: ‘ --- ----

column LT
restrained

from
moving
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