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Dynamics of a Simple Structure

The Single-Degree-Of-Freedom (SDOF) Equation
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Equation of motion (external force)
u Free-Body Diagram (FBD)
Mass = m [E— f,
T I
| L pm -— —>p®
Lateral r' f'
X - ]
stiffness =k K2 / J K2
/ I
! I
/ / f,
f i s PEN
[ N
Viscous damp er f f,
coefficient = ¢
k c
£+ £, +f = p(t) 1
where f.1},, and £ are forces due to u i
Inertia, Damping and Stiffness respectively: f,=ku fy=ct
mi + cu + ku =p(t)|
R0)
¢ T = fp +— f;
[+ ! | p® —> p(t)
: m fy <+«—
—— I !
K @) FBD
ST S S
Mass-spring damper system 3
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Earthquake Ground Motion (u,) w u L
— e
fi+fy+£=0 | T
fI=mu, = m(u+ug) J’
/
P/
m(ii +1ii,)+ci+ku=0 Lt
!
mii +cu +ku = —mii, !
You may note that: u,(t)
0
External
force

7

Earthquake
()

Excitation —

Fixed base

u, = total displacement
f; = m x (total or absolute acceleration)

u = relative displacement (displacement of the structure relative to the ground)
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Undamped natural frequency

Property of structure when allowed to vibrate freely without external excitation

o= \/E Undamped natural circular frequency of vibration (radians/second)
m

f= Zg natural cyclic frequency of vibration (cycles/second or 1/second or Hz)
I

=1 natural period of vibration (second)

f i '
T is the time required for one cycle of free vibration /\ /\

If damping is present, replace ® by ®p

where @, =0y1-&” natural frequency*, and

&=—"" fraction of critical damping coefficient (damping ratio, zeta)

2mo

C C

c. 2+vkm
¢, =2m® = 2vkm ¢, = critical damping

(dimensionless measure of damping)

* Note: In earthquake engineering, o, = ® approximately, since C is usually below 0.2 (or 20%) 5
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u
¢, is the least level of damping that prevents oscillation
-~
\\ c. or larger
. _ c
In general £ <0.2,i.e., op~®, fpf, T=Tp \ k=1
N
. ~
& may be in the range of 0.02 — 0.2 or 2% - 20% S~

—_— >t
. . . >
5% is sometimes a typical value.

|e.g., damper on a swinging door I

in terms of §

mii + cu + ku = —mii,

. ¢. k .
i+—u+—u=-i,
m m

o 5 20
U+28eu+ou=-u,
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Note: After the phase of forced vibration (due to external force or base excitation, or initial
conditions), the structure continues to vibrate in a “free vibration” mode till it stops due to
damping. The ratio between amplitude in two successive cycles is

u; ~ eZnE_,

Uit

where we define the logarithmic decrement as

8=2nf= ln[ Y j if you measure a free vibration response you can find &.

i+l

Ui
Note: for peaks j cycles apart A\ Uil
w) L VY
In| =jo=2jn§
Uit
Free vibration
7
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Why is ¢, = 2mo = 2+vkm

Critical viscous damping

The free vibration equation may be written as
mX +cx +kx =0
and the general solution is

)

2
if [ZC j = —, the radical part of the exponent will vanish. This will produce aperiodic
m m

response (non-oscillatory). In this case

2

¢ 2=£ or ¢ =2vkm =c,
(2m)= m

since @ = L3 , Cc is also equal to 2ma (note that 2vkm = 2v mo’m = 2mo)
m
2k
and also ¢, =2vkm =2 k(k/co2 ——
®
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Multi-support excitation _V"|

w = absolute displacement, u_ = ground displacement
¢ Wl WUy,

m L.
|
|
|
ky k; I
|
|
|
|
Uy, Uy _’|
ulg »
Uzg
mw +ky(W—upg)+kp(Ww—up)=0
mW+(k1 +k2)W =k1u1g +k2u2g it Ujg =Upg =Ug
i = g (0.05 for example) n]{fv-}—(kl +k2)w=(kl +k2)ug but w=u-+u,

Cc

Il’ﬁ+(k1 +k2)ug +(k1 +k2)u=—m'ig +(k1 +k2)ug
¢ =2y(kj +ky)m ; "
or Il’ll+(k1 +k2)u=—mlg

Ahmed Elgamal & Mike Fraser

MCC L VAL E Y

!—4@'&“‘4&\&4@,’%&%’;I’P;‘:M';&,’fb‘r\’a;\f-\-',‘f;,’w,\m\'ndﬁﬁn‘;ﬁ;.{;\":;r«m.mmw.» S . —

[ vaew ev ! IrniGaTion

o |
[
|




First version: 2003 (Last modified 2010) Ahmed Elgamal & Mike Fraser

RERN COUNT Y

o i»MMWWM‘WI\,W B I
| MWWW\WNV\’“”‘MV\W e T W e g N

“'\-/”‘”’“"‘”\f «/ N \/ ~ /\

ii. !

B =t=1

7 e

=se

w{fﬂﬂﬂﬁm ‘-,";»\,N\\WM’WWA{W P B P A A YA S AN S RPN Ao e e

2 s ~ N RN

=‘\-\\v/‘a nf\ l‘\ﬂx“\”['\,a\./\/'wr“"mm\/‘-’ T e M I N
1 . SN

= \/ N e N N \\ / ™~ e
l S e =~ ~_ ‘ N /
= c T IME I ol o

O A EELD o " CICEREG]

e veLUES § o RecE. A= e W ’;"“f . it - a1

'MMWWWWWWN‘MMWVWMWV»WMWﬂWW S

E W\f”‘\wﬁmﬂ/\ﬂﬂ ’\[MMW"V\M"\\W rV\/“ My /V\ A

o {\\//’\"/\“.,\\‘//\\./\—\/\ e ’/\\// ~ \\. o / \ //\\.‘"-/_

First version: September 2003 (Last modified 2010) Ahmed Elgamal & Mike Fraser
EL CENTRO,
3 SO0E COMPONENT,
. Z -0.bg- MAY 18, 1940
Deformation Response Spectrum e~ ?
g8 ° WMWM
2w 0.4 L] 1 L .
. . . = 10
For a given EQ exmtatlgn calcula‘Fe [0, o] < 9 L - 30
from SDOF response with a certain § 100 2
1 . u = 2, n.
and within a range of natural periods or . O i
. = 0. sec Z
frequencies. £ = 0.02 = ol ) | ) ?'

T=1s
from the computed u(t) history at this frequency. | & = 0-02 n N

Aplot of |u,, | vs. natural period is constructed [T.—zu:‘l"' 9 ‘V%%}IVWW
. . . £ = 0.02 -10 JU vemox = 3.8% To.

representing the deformation (or displacement)

o o
™
+

=l

. ‘g
[u,...| for each frequency will be found s : 0 Mmmmmm .
= —5 )

g

S

o 10 20 30
response spectrum (S ). TIME, sec
2 DEFORMATION )
. . & 15} (OR DISPLACEMENT
From this figure, one can directly read the £ RESPONSE snc‘rﬂun/—/§
. . . & 10F & = 2 PERCENT 1
maximum relative displacement of any structure ) “
. . s St >y
of natural period T (and a particular value of & ol S
as damping) 9 E 2

NATURAL VIBRATION PERIOD, T, sec
Figure 17. Computation of deformation (or displacement)
response spectrum

From: Chopra, Dynamics of Structures, A Primer
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Example

Units for natural frequency calculation (SI units)

Weight = 9.81 kN = 9810 N = 9810 kg (m /s?

Gravity (g) = 9.81m/s?

Mass (m) = W/g = 9180/9.81 = 1000 kg

Stiffness (k) = 81 kKN/m = 81000 N/m = 81000 kg (m/s?)/m = kg /s
®=SQRT (k/m) = SQRT (81000/1000) = 9 radians/sec
f=w/(2=n) = 1.43 Hz (units of 1/s or cycles/sec)

Units for natural frequency calculation (English units)
Weight (W) = 193.2 Tons = 193.2 (2000) = 386,400 lbs = 386.4 kips
g = 386.4 in/sec/sec (or in/s?)

Mass (m) = W/g = 1.0 Kips s? /in

Stiffness (k) = 144 Kips/in

© =SQRT (k/m) = 12 radians/sec

f=w0/(2mn) = 1.91Hz (units of 1/s or cycles/sec)

Note: The weight of an object is the force of gravity on the object and may be defined as the
mass times the acceleration of gravity, w = mg. Weight is what is measured by a scale (e.g.,
weight of a person). Since the weight is a force, its SI unit is Newton.

13
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20 T T T T T
Concept of Equivalent lateral force f )
Z (a)
If £, is applied as a static force, it would cause the deformation u.
Thus at any instant of time: . ig TN
/ k & 5f
f, = ku(t) , or in terms of the mass f(t) = mm?u(t) ®= P < 2o 4@
w0l .
The maximum force will be ° R—
_ 2 _ _ _ 1.5 T T T T
f§ max = MO Uy =Koy =mS, =kSq 1ok |
Kk =, &)
— -5 -
Sa —;Sd Sa =m28d
o R
o 1 2 3
S, = deformation or displacement response spectrum NATURAL VIBRATION FERIOD, T, sec
2 i I’Tlg\llft 19. (a) Deformation (or Displacement), (b) pseudo-
S, =©“S4 = pseudo-acceleration response spectrum T P e o oS
percent

The maximum strain energy E_ stored in the structure during shaking is:

B, =ikl =tks? =L K o2 Lipgesr o L2
2 2 2w 2 2

From: Chopra,
Dynamics of Structures, A Primer

where Sy =®Sg = pseudo-velocity response spectrum
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& R °
XN o (\ s %
Note that S4, S, and S, are inter-related by b # A LY o
w2 2 AN XN Ry SV
S, =028y =wS, MR, A n
S., Sy are directly related to Sy (12 §:; >§ 0
by o” and o respectively or by (2nf)* and 2xf; § 3 <§ %__ x} )3‘:; ;
2 i PSR SRR
2n 2n o 3 Ko j
or |— | and - as shown in Figure. ‘ T . —1
T HSWINNISY
Due to this direct relation, a 4-way plot ® n;; /:> & ﬂ)\> :
is usually used to display S,, Sy and S4 8 A 72 A 77 &fﬁ’ﬁ 3
. - AN kX, &N,
on a single graph as shown in Figure. B <\ 2@ {<\ ]
. . S 1 :
In this figure, the logarithm of 2 ‘ 5]
| | SO R I K
period T, S,, S, and S is used. Y r il s

NATURAL VIBRATION PERIOD, sec

Figure 20. Four-way logarithmic plot of response spectrum, El
Centro ground motion—S00°E component, Damping ratio

& =2 percent
From: Chopra, Dynamics of Structures, A Primer
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Figure 6.6.3 Combined D-V-A response spectrum for EI Centro ground motion;

I =2%.

From: Chopra, Dynamics of Structures
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In order to cover the damping

range of interest,

it is common to perform
the same calculations for
&=0.0, 0.02, 0.05, 0.10,
and 0.20 (see Figure)

Typical Notation:
S,=PSv=V
Sa=PSA=A
S¢= SD=D

Example (El-Centro motion):
Find maximum displacement
and base shear of tower
with f=2 Hz, &=2%

and k = 1.5 MN/m

Period T = 1/f= 0.5 second
Sq¢=2.5 inches = 0.0635 m
Forcemax = Kumax

=1.5 MN/m x 0.0635m = 95.25 kN

Ahmed Elgamal & Mike Fraser
RESPONSE SPECTRUM
IMPERIAL VALLEY EARTHQUAKE
MAY 18, 1940 — 2037 PST
1114001 40.001.0 EL CENTROD SITE

I#PERIAL VALLEY IRRIGATION DISTRICT COMP $00€
DAMPING WALUES ARE 0, 2, 5, 10, AND 20 PERCENT OF CRITICAL

«TH %
‘.§, -&2\ )Wr

s, in/sec

v

NATURAL WIBRATION PERIOD, sec

From: Chopra, Dynamics of Structures, A Primer

Figure 21. Four-way logarithmic plot of response spectrum. El
Centro ground motion=S00°E component (after Hudson, 1979) 17
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Tripartite (logarithmic) response spectra
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Inspection of this figure shows

Ahmed Elgamal & Mike Fraser

10—

that the maximum response F

T

Vhigy =7 | ]

at short period 5P & — A sensitive
(high frequency stiff structure)
is controlled by the ground 2r
acceleration, low frequency 1
(long period) by ground $ o5
displacement, and intermediate =
period by ground velocity. 02
Get copy of El-Centro
(May 18, 1940) 0.1
carthquake record
SO0E (N-S component) 0.05
ftp nisee.ce.berkeley.edu
(128.32.43.154) 0.02 L
login: anonymous 0.02 005 01 02 0.5 1 2 5 10 20 S0
password: your_indent Ty, sec
cd pub/a.k.chopra Figure 6.8.2 Response spectrum for El Centro ground motion plotted with normalized
get el_centro.data scales Aliigo, Viiigo, and Dhutg,; £ =0, 2, 5, and 10%.
quit From: Chopra, Dynamics of Structures
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Note that response spectrum

Ahmed Elgamal & Mike Fraser

W

for relative velocity
may be obtained from
the SDOF response history,

and similarly for i'=(ii+ii,).

Aliiyy or i/ g,

These spectra are known
as relative velocity

and total acceleration

t=0.1 @

Acceleration i/

Pseudo-acceleration A

response spectra,

and are different from the

Range of nearly equal values
depends on earthquake

pseudo velocity

and pseudo acceleration

Al

spectra Sy and S,
(which are directly
related to Sy).

| | marms s v pv T A ST T AT ATRI T T T
TSI

0 P I e | R R I R 1 RSN TR O 0 CE S O | PR

C= 0,2/\

e.g. for&=0% 0.02

m(ii+ii,) + ku=0

0.1 1 10 50

T, sec

Figure 6.12.2 (a) Comparison between pseudo-acceleration and acceleration response

or (lit+iiy) + @u=0

spectra; & = 10%; (b) ratio A/i, for & = 0, 10, and 20%.

From: Chopra, Dynamics of Structures
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2) Center for Engineering Strong Motion Data - M

@7 (5 4y (1 htpy/fwww.strongmotioncenter.org/ Pl
| #] earthquake ground motion data - G... > | 4 PEER Strong Ground Mation Databa... x | _| Center for Engineering Strong M... x | = | -
ineering Strong Mot
or Engin 8 Mot
Center £ On Dat,
CESMD - A Cooperative Effort
-
«USGS
science for a changing werld
~ANSS!-1-
About CESMD
Data for Latest Earthquakes ]
Interet Quick Reponts (IQR)
Archive ]
Search for Data
from Specific Stations or Structure Types
Partner Data C nd Networks
Done d
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?) CESMD Internet Data Rej

& -c T ] ; 5

2] eatthquake ground motion data - G... % | 4§l PEER Strong Ground Motion Databa... % | || CESMD Internet Data Report x [ot =
C E S M D Strong-Motion Data Set
Home Archive Search Station Maps More Info

Internet Data Reports

Archives: | 2010

Done

2010
2009
Internet Data Repori 2008 010
2007 L
2006 =
Earthquake Name Date 2005 P Longitude Magnitude
Calexico_14Sep2010 20104)97‘2004 115,199 5.0
NewZealand_03Sep2010 2010.09. 2003 172120 7.0
DeserHotSprings_06Aug2010  2010-08-| 2001 116443 4.1
Geysers_150ul2010 2010-07-| Pre-2 122807 4.0
BorreqoSprings_07Jul2010 2010075295 116489 54
Ocotillo_14Jun2010 2010-06-14 9:26:58 PM PDT 115924 57
BorregoSprings_12Jun2010 2010-06-12 8:08:57 PMPDT 33383 -116416 4.9
Calexico_22May2010 2010-05-22 10:30:57 AM PDT 32593 -115.756 4.9
PuertoRico_16May2010 2010-05-16 05:16:10 UTC 18400 67.07 53 i
Maricopa_08May2010 2010-05-08 12:23:06 PM POT 35.021 -119.253 4.3
Calexico_22Apr2010 2010-04-22 10:12:12 AM POT 32659 -115.603 4.7
Qcotillo_10Apr2010 2010-04-10 2112:28 AMPDT 32671 115773 45
i TAR01 2010-04-07 3:40:29 PMPDT 35842 -120494 4.0
Calexico_04Apr2010 2010-04-04 3:40:39 PMPDT 32259 -115287 72
region_20Mar201 2010-03-20 1:08:09 PMEST 19720 75287 58
WhittierNarrows_16Mar2010 2010-03-16 4:04:00 AMPDT 33.998 -118.072 4.4
ElazigTurkey_08Mar2010 2010-03-08 02:32.34 GMT 38873 039.981 6.1
Femdale_06Mar2010 2010-03-06 0:46:24 AMPST 40327 -124.705 4.5 =

24
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AD Internet Data Report - Mozilla Firefox

C X & ([ i gi-bi hive.pl i - »
| CESMD Internet Data Report x [ B
C E S \/ l D Strong-Motion Data Set -
Internet Data Reports
Archives: Significant Earthquakes +
Significant Earthquakes
Earthquake Name Date Time Latitude Longitude Magnitude
NewZealand 03Sep2010 2010-09-03 16:36:46 UTC ~ -43.530 172120 7.0
i 1201 2010-04-04 3:40:39 PM POT 32269 -115.287 72 L
Chile_27Feb2010 2010-02:27 06:34:14 UTC 35,846 -72719 8.8
HaitiRegion_12Ja2010 2010-0112 1221:53UTC 18467 -72633 7.0
Eerndale_09Jan2010 2010-01-09 4:27:38 PM PST 40645 -124.763 65
Samoalslands_29Sep2009 2009-09-29 1748:10UTC ~ -15.609 -172.034 80
LAquilaltaly_06Apr2009 2009-04-06 0132:33 UTC 42334 13334 58
Sumatra_128ep2007 2007-09-12 111026 GMT ~ -4520 101374 84
Sumatra_Aftershock_1_12Sep2007 2007-09-12 234904 GMT 2506 100906 7.9
Hawaii_150ct2006 2006-10-15 7-07:48 AM HST 19820 -156.027 67
Parkfield_28Sep2004 2004-09-28 10:15:24 AM POT 35815 -120.374 60
SanSimeon_22Dec2003 2003-12-22 11:15:56 AM PST 35706 -121.101 65 L4
HectorMine99 1999-10-16 2:46:45 AM PDT 34600 -116.270 7.1
Morthridge_17Jan1934 1994-01-17 4:30.00 AM PST 34.209 -118.541 64
BigBear92 1992-06-28 8:05:31 AMPDT 34.201 -116.626 6.5
Landers92 1992-06-28 4:57:31 AMPDT 34216 -116433 7.3
Petroli al 1992:04-25 11:06:05 AM PDT 40.380 -124.230 7.1
SierraMadre91 1991-06-28 7:43:00 AM PDT 34.262 -118.002 5.8
maPrieta_170ct1 1989-10-17 §:04:00 PM PDT  37.037 -121.883 7.0
A\ hittiarR7. 1087.10.01 7-A2:20 AM PNT 34 0R7 118 N7R A1 ke
Done @
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gi-bin/ncesmdyiqr_dist_DM2.pIZIQRID=Landers92&SFlag=08&Flac 7 r
Home Archive Search Station Maps More Info M
ESMD Internet Data Repor
- L
ZUSGS Landers Earthquake of 28 Jun 1992
- : 7.3 ML, 04:57:31 PDT, 34.22N 116.43W Depth 1.1 km
-ANSS| i
Interactive Map ShakeMap
ou OO \
<A AR
oﬂa’ a
J AL
| Repot | [ Download Table Last Update: 2010-08-25 18:26:16
Distance (km Horiz Apk
Station Code |y Diance (km) | Horiz Apkia) |,
1D "
Epic. | Fault |Grounds |Struct
Indio - Jackson Road 5294 | USGS | 559 | 425 | 0.408 B
§3n Bemardino - County Senvices 5245 | USGS 99.3 796 0.376 [}
enter
Joshua Tree - Fire Station 22170| ces | 140 | 101 | 0200 - |e ]
Yermo - Fire Station 22074| CGS 84.0 232 0.250 - ® a
Moronga Valley - Fire Station 5071 | UsGS | 230 | 153 | 0.220 ]
Fun Valley - Resenvoir No_361 5069 | uses | 321 | 185 | o217 ]
I r Lake - Civi nter Groun 22861| CGS 46.0 | 456 0.180 - s}
E_;MMMMM 23631| cos | a10 | s07 | o480 | 0820 | o B
rings - Fire Station 12149 cGS | 290 | 164 | 0.180 - B A
ing data from i —— P
26
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zilla Firefox 3

http: £22074.gif )
Yermo - Fire Station CGS Sta 22074 -

Landers Earthquake of June 28, 1992
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lla Firefox
Ay (O nttpy/db.cosmos-eq.org/scripts/earthquakes.phe 1 |2~ Google ol
| COSMOS Virtual Data Centers % () COSMOS Virtual Data Center x [+ -
COSMOS VIRTUAL DATA CENTER 3
Consortium of Organizations for Strong-Motion Observation Systems
Home - LoginLogoff - Download - AboutUs - Contact - Mirror Sites
Earthquakes - Stations -  Search - Map - Adv. Search
Earthquakes within each Region
Jump within page to:
EastAsia:China
EastAsiaindia
East Asia:Japan
East Asia:Russia
EastAsia:Taiwan
Europe:Greece gnitu &
New Zealand:New Zealand Date A de Tre Siatens
South America:Chile 2007-01- -49- v 3
South AmencaPor 2007-01-09 15:49:33 UTC 5.6 Mw 3
US:Alaska
US:Arkansas L
US:California
US:Hawaii
USIndiana
US:Mantana
US:New Hampshire B
US:New Mexico
US:Oregon
|USWashington (<] Date Maguitude Type Stations
Nahanni 1985-12-25 15:43:00 UTC 57 1
Nahanni 1985-12-23 05:48:00 UTC 54 1
Nahanni 1985-12-23 05:16:00 UTC 6.9 Ms 3
Nahanni 1985-11-09 04:46:00 UTC 48 1
Done <
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& (O htip//db.cosmos-eq.org/scripts/earthquakes. phCA
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| COSMOS Virtual Data Centers. » | ) COSMOS Virtual Data Center X |k “
California i
Earthquake Date Magnitude Type Stations
Lafayette 2007-03-02 04:40:00 UTC 42 Mw 56
Offshore Northern California 2007-02-26 12:19:54 UTC 54 Mw 11
Offshore Northern California 2006-07-19 11:41:43 UTC 50 Mw 3
Obsidian Butte 2005-09-02 01:27:19 UTC 51 Mw 12
Greater Los Angeles 2005-06-16 20:53:26 UTC 49 Mw 55
Off the Coast of Northern California 2005-06-15 02:50:34 UTC 72 Mw 14
Anza 2005-06-12 15:41:46 UTC 52 Mw 121
Mettler 2005-04-16 19:18:13 UTC 46 Mw 12
Parldfield Aftershock 2004-09-30 18:5428 UTC 50 Mw 3
Keene 2004-09-29 22:54:54 UTC 5.0 ML 1
Paridield 2004-09-28 17:15:24 UTC 6.0 Mw 97
Adobe Hills 2004-09-18 23:43:31 UTC 54 Mw 8 1
Adobe Hills 2004-09-18 23:02:17 UTC 5.5 Mw 8
San Clemente [sland 2004-06-15 22:28:49 UTC 52 ML 23
San Simeon 2003-12-22 19:15:56 UTC 6.5 Mw 71
Humboldt Hill 2003-08-15 09:22:13 UTC 51 ML 1
Big Bear City 2003-02-22 12:15:00 UTC 54 ML 113
Dn:_h.‘ Tinda 20070002 NT00.00 1T 10 A 22 é
30

15



First version: September 2003 (Last modified 2010) Ahmed Elgamal & Mike Fraser

7 (O hipy/eb. -eq.0rg/5<rip P 2

|| COSMOS Virtual Data Centers % | € COSMOS: Northridge 1994-01-17... x | + | -

COSMOSVIRTUAL DATA CENTER =

Home - LoginLogoff - Download - AboutUs - Contact - Mirror Sites
Earthquakes -  Stations - Search . Map - Adv. Search

Northridge 1994-01-17 12:30:55 UTC

Region: California
Latitude: 34.2057
Longitude: -118 5539
Depth: 17.50 km
Mechanism: Reverse
Strike: 122
Dip: 40
Rake: 104
Seismic Moment: 1.21618600064638e+26
ML: 6.4
Mw: 6.7
Ms: 6.8
References

Jump within page to:
[[Choose a Station | i

Zip Archives for this earthquake: USGS-cra USGS-sma
7] Add all data on this page to the download bin
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) COSMOS: Northridge 1994-01-17 12:30:55 UTC - Mozilla Firefox
5: Northridge 1994-01-17 12:30:55 UTC - Mozilla Firefox @D = c Q o hitps//db.cosmos-eq org/scripts/event phlevt=21
B - C 1 D O mwme oo
| COSMOS Virtual Data Centers | € COSMOS: Northridge 1994-01-17... x | =
| COSMOS Virtual Data Centers s | € COSMOS: Northridge 1994-01-17... x | +

COSMOS VIRTUAL DATA CENTER

3 3 ol 2 <
COSMOS VIRTUAL DATA CENTEH Consortium of Organizations for Strong-Motion Observation Systems
Home - LoginLogoff - Downioad - Abautiis - Gontact - Mirror 5

Home - LoginLogoff - Download - AboutUs - Contact - Earthquakes - Stations - Search - Map + Adv. Search
Earthquakes - Stations -  Search - Map - Adv, Se:

Northridge 1994-01-17 12:30:55 UTC Northridge 1994-01-17 12:30:55 UTC

El Segundo. Ca (14-Story Office Bldg) - Los Anzeles Ca (Fire Station 98; N
El]zabelh Lake. Ca (Lake Hughes Array #12a) Los Angeles, Ca (Grifith Park Observatory)

Elizabeth Lake. Ca Los Angeles, Ca (Hollywood Storage Bldg (14-Story))

Encino. Ca (16000 Ventura Blvd) Los Angeles. Ca (Hollywood Storage Bldg Grounds)

Featherly Park. Ca (Park Maintenance Bldg) = Los Angeles, Ca (Hollywood Storage Bldg: Scec Portable Site)

Garden Grove. Ca (Patton Schaol) Los Angeles, Ca (I10/405 Interchange Bridge)

Glendale, Ca (Fremont Elem School)

Glendora, Ga {Azusa Lds Church) Los Angeles, Ca (Los Angeles - City Terrace)

Los Angeles, Ca (Mcbride School)

Goldstone Lake (Terrascope Station) =

Goleta, Ca (Uc Santa Barbara/Physical Plant) Los Angeles. Ca (Mount St Marys College) =

Hacienda Heights. Ca (16750 Colima Rd) Los Angeles. Ca (Obregon Park)

HemeL Ca (Ryan Aifield) Los Angeles, Ca (Satum St School)

Hollywood, Ca (Laurel Childrens Center) Los Angeles. Ca (St Thomas Schoo

Huntington Beach. Ca (Haven View School) Los Angeles. Ca (Ucla Grounds)

Huntington Beach, Ca (Lake StFire Station) Los Angeles, Ca (Ucla: Math-Science Bldg)

Huntington Beach. Ca (18401 Springdale) Los Angeles. Ca (University Hospital)

Inglewood. Ca (Union Oil Yard) Los Angeles, Ca (Vincent Thomas Bridge)

Irvine, Ca (19900 Macarthur Blvd) Los Angeles, Ca (W Vernon Ave School)

Irvine. Ca (2601 Main St) Los Angeles, Ca (Wadsworth VA Hosp)

Irvine, Ca (2603 Main St - Los Angeles, Ca (Westlake School) a8
I ; " =

[Choose a Station | x| 55 Angeles, Ca (Lcla Grounds) ;_1

Zip Archives for this earthquake: USGS-cra USGS-sma
[) Add all data on this page to the download bin

Go to Download Bin

Zip Archives for this q USGS-cra USGS-sma
] Add all data on this page to the download bin

w Map
Go to Download Bin | View Map

Done

Done
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MOS: Northridge 1994-01-17 1

< C X & (L] nipran, q.org/scrip g 21226

| COSMOS Virtual Data Centers > '} COSMOS: Northridge 1994-01-17... X -~

Los Angeles, CA - UCLA Grounds Closest dist to fault- 22.9 km
CSMIP station 24688 Site Geology: Acceleration
Alhvium Seacion: Loa Acgeiea. CA - UCLA
Scacion Owwer: California Swoos Prosrem

Processing by: CSMIP

Data Available: corrected ion, velocity, disp &
spectra
Summary Page for this Station

[T} Add all of this station's data to the download bin

Structure: Inst Shelter

Plot Acceleration
Spectra: Log Lin

Ahmed Elgamal & Mike Fraser

COSMOS: Data Plot Los Angeles, CA Northridge -

7=y (© http://db.cosn

COSMOS Virtual Data Ce... = | € COSMOS: No

<

Seation Lacicade & Lengicade: 34 0550, -115 4350
H Earchquade: Normrisge 1954-01-17 133033 UTC
Hypoceseral Dizeasce: 264 km

(se e Tack temon on yeoer Bromaer 09 retern 1 e prevous paSe)

Gromed Lawat

Component: 360 PGA (cm/s/s): 46460 PGV (em/s): 21.90 [ Add this to bin
Component: 90 PGA (cm/s/s): 27240 PGV (em/s): -2200 ] Add this to bin . = - >
Component: Up PGA (cm/s/s): 260.60 PGV (cm/s): 9.60  [] Add this to bin

50 Grosad Lovet
Retum to top

Pacific Palisades, CA - Fire Station 23 - 17291 Sunset Bivd Closest dist to fault: 25.5 km

USC station 5349 Site Geology: Nonmarine - & __l:__‘_ = = 1Y
Deposit
Structure: 1-Story Bldg Ground Levei
Data Available: d and d 1
only

Summary Page for this Station

[0) Add all of this station's data to the download bin

Plot Acceleration

Go e

PGA (cm/s/s): 20040 PGV (cm/s): -
PGA (cw/s/s): 48220 PGV (cm/s): -

Component: 280
Component: 190

Transferring data from db.cosmes-eq.0rg...

] Add this to bin
[7 Add this to bin

Done
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ponse Spectra Los Angeles, CA Northridge - Mozilla Firefox

Ahmed Elgamal & Mike Fraser

P C 2 (O nttpi//db.cosmos-eq.org/scrip

63 8eent=21 =log 7 - Google b

_| COSMOS Virtual Data Ce.. | ) COSMOS: Northridge19... | €) COSMOS: Data Plot Los .. > | ) COSMOS: Response Sp... x | ) COSMOS: Response Spec.. » | + | -

COSMOS VIRTUAL DATA CENTER

Consortium of Organizations for Strong-Motion Observation Systems

Home - LoginLogoff - Download - AboutUs Contact - Mirror Sites 3
Earthquakes - Stations -  Search Map + Adv. Search b
Response Spectra 4
Station: Los Angeles, CA - UCLA Grounds Reconfigure Plots:
Station Owner: California Strong Motion % Damping 5+
Instrumentation Program ) §
Station Lafitude & Longitude: 340680, | /ccleration Units cmisjs «
-118.4390 Max Period 8 (sec)
Scale Factor for Data 1
Earthquake: Northridge Overt ctrum:
Hypocentral Distance: 26.4 km erlay response spectrum:
@ None
Processing Info: CSMIP 2 UBC 1997 Help
(Use the back button on your browser to return. Ca
to the previous page) Gy
2IBC 2000 or Ground-motion
Help
Sps
Sp1
* Generic design spectrum Help
Max
Ca
T
T2
T3
Done had
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5: Response Spectra Los Angeles, CA Northridge - Mozilla Firefox

Ahmed Elgamal & Mike Fraser

sponse Spectra Los Angel

CA Northridge - Mozilla Firefox

e & (O nttpy/db.cosmos-eq.org/scripts/plots = C A (O htp/db.cosmes-eq.org/scripts/plotss e £ (O hitp://db.cosmos-eq.org/scripts/plot
{ e €. % | ) COSMOS: idgel9.. % | € | | COSMOS Virtusl Dats Ce.. = | Q) COSMOS: o Qo€ DataCe. x | O C 19 x| O

Component: 30 Grouod Level PCA: 27240 emivs Companent: 360 Grosnd Laval PGA: 464,60 e cq
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Done Done - o Done
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A Northridge - Mozi

A Northridge - Mozill

Ahmed Elgamal & Mike Fraser

BIc £ (O http//db.cosmos-eq.org/scripts/plot e 4 (O hitp://db.cosmos-eq.org/scripts/plot pCc 4 (O hittp://db.cosmos-eq.org/scripts/plo]
| COSMOS Virtual Data Ce... % | ) COSMOS: Northridge19... = | ) | COSMOS Virtual Data Ce... x | ) COSMOS: Northridge19.. = | €} COSMOS Virtual Data Ce.. = | ) COSMOS: Northridge19... % | (]
Resan
Component: 50 Growad Level PCA: 27240 cmvs
‘Component: 360 Grownd Laval PGA: 464.60 cmivis Component: Up Ground Level PGA: 260.60 calvs
H 3 q
H §
H £
H 3
i Hi
3 i
& F{m
d ; b
®
N
3 ! \ \
i = i\
H ithe /A O\
H 1ML
H | FTR
£ E
4 Hii
&y .
h Peciza =i
' ' - . ’ Ferizd fﬂ Poriod
/\ }”\y
: (] 3 NS \
2 £ .; f ‘/\\, \
H i | /
i K /
Peciza 4 P
s —— i S —"
accelerogram bandpass filtered with ramps at 080- .160 and 23.00-25.00 cve/sec
Done Done Done
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Elastic Design Spectrum

i
6 i
Use recorded ground motions (available) !
. o . :I From: Chopra, Dynamics of Structures
Use ground motions recorded at similar sites: 5
Magnitude of earthquake
Distance of site form earthquake fault @
Fault mechanism )
-~ 3
Local Soil Conditions <
Geology/travel path of seismic waves »
Motions recorded at the same location.
For design, we need an envelope. One way l
is to take the average (mean) of these values
(use statistics to define curves for mean 0 . . — -
and standard deviation, see next page) 0 0.5 1.0 1.5 2.0 2.5 3.0
T, sec

Figure 6.9.1 Response spectra for the north—south component of ground motions re-
corded at the Imperial Valley Irrigation District substation, El Centro, California, during
carthquakes of May 18, 1940; February 9, 1956; and April 8, 1968. & = 2%.
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I T I e e ———
g From: Chopra, Dynamics of Structures
sc @
§
Bssd on duta ot The respon'se spe'ctra
- from 10 earthquakes Gy 1| used to derive this
2l > J | design spectrum would
2z typically share
g% common
) B 5 e oge
R o | | characteristics of
] E 3 -
[B€ 1| relevance to the
LES o @ |4 . .
05 2 a8 1 geographic location of
s 83 wl
L [g & ] ]| interest such as:
.?. distance from
o2r |2 1 tive fault, soil
“ causative fault, soi
g 3 profile at the site,
0.1F / 7| expected earthquake
L ~ .
F |l|? N magnitude, fault
)05 4 1| rupture mechanism,
b’ 1! and so forth, ..
3.02 1 ol ey ok L i M 1 el-y
0.02 0.05 0.1 0.2 0.5 1 2 5 10 20 50

T, sec

Figure 6.9.2 Mean and mean +lo spectra with probability distributions for V at T, =
0.25, 1, and 4 sec; { = 5%. Dashed lines show an idealized design spectrum. (Based
on numerical data from R. Riddell and N. M. Newmark, 1979.)

Mean response spectrum is smooth relative to any of the original contributing spectra 38
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As an alternative Empirical
approach, the periods shown on the
this Figure and the values in the
Table can be used to construct a
Median elastic design spectrum (or
a Median + one Sigma), where
Sigma is the Standard Deviation.
For any geographic location,
these spectra are built based on
an estimate of peak ground
acceleration, velocity, and
displacement as this location.

The periods and values in Table 6.9.1
were selected to give a good match
to a statistical curve such as Figure 6.9.2

based on an ensemble

of 50 earthquakes on competent soils.

From: Chopra, Dynamics of Structures

Ahmed Elgamal & Mike Fraser

Elastic design Oyl
sptcl:rumg B Vigo d

Peak ground acceleration,
velocity, and displacement

Pseudo-velocity (log scale)

1/33 sec 1/8 sec
33Hz 8§ Hz

10 sec 33 sec
1/10Hz  1/33Hz

Natural vibration period (log scale)
Figure 6.9.3 Construction of elastic design spectrum.

TABLE 6.8.1 AMPLIFICATION FACTORS: ELASTIC DESIGN SPECTRA

Median (50 percentile) One Sigma (84.1 percentile)

Damping, &
(%) @y ay  ap @y ay  ap
1 321 23118 438 338 273
2 274 203 1.63 366 292 242
5 212 165 159 271 230 201
10 164 137 120 199 184 169
20 117 - 108 101 126 137 138

Source: N. M. Newmark and W. J. Hall, Earthquake Spectra and Design,
Earthquake Engineering Rescarch Institute, Berkeley, Calif,, 1982, pp. 35
and 36. 39

First version: 2003 (Last modified 2010)

dans
Do Gx fe tapm Gomets Dokt

Ahmed Elgamal & Mike Fraser

(Design Spectrum may include more than one Earthquake fault scenario)

Developed By

=
&

In Potnership W s [

nglude: [115 11597717

‘http://dap3.d0t.ca.gov/shake stable/ ‘

B C % . [T rweve =l
s e Gx Yew Hgoy Gomais Ik b

e al @ - ¢ % L [l e “C e

:R:::'M Caltrans ARS Online 2] tost Visted @ Getting Started . Latest Headines

- Avos st grnsnionc| | || ARS Online €3 | (] Priter Friendsy View =]

. it g o Cabw Smam: &

- PR m

» TechialRawences P

Location: LAT=33.092692 LONG=—116.485977 Vs30=400n/s

Elsinore fault zone Clulian section)
i Elsinore fault zone (Julian section-Esrthauske Valley Fault)
USGS X in 50 yeers hazard (2008)

Spectral Acceleration, Sale)

Printes Friendly View.

Done.

About Caltrans ARS Online

This web-based tool calculates both deterministic and probabilistic acceleration response spectra for any
location in California based on criteria provided in Appendix B of Caltrans Seismic Design Criteria 40

20



