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5.1 Characteristics of Ground Motion

‘The motion produced during an earthquake is complex. In addition to being a complex subject,
itis also a very dynamic subject with new information being made available after each earth-
quake. The databases of earthquake records are being updated continuously, and predicted
empirical relationships becoming obsolete possibly faster than in any other field. A com-
plete picture of the earthquake process has yet to emerge. There are many areas of ‘known
unknowns’, and the knowledge base is updated with each additional piece of new infor-
mation. There are surely many areas of ‘unknown unknowns'. For example, we know the
severity of the Loma Prieta carthquake (1989) exceeded all predictions with widespread dam-
age. However, (0 put the reader at ease, in this chapter we will deal only with areas of ‘known
unknowns'.

A ground particle at any instant of time generally follows a three-dimensional path. Its
velocity, acceleration and displacement changes with time and the earthquake record encom-
passes a broad range of frequencies. It s to be noted that several factors influence the ground
motion that reaches the site of interest. The major influence comes from the source, travel
path and local site conditions. These effects are discussed very briefly below.

5.1.1 Ground Motion Particulars
General

Fault location and configuration affect the ground motion. A fault is a zone of the Earth’s
crust where two sides have been displaced. The fault is caused by sliding or slippage during
the resultant ground motion. The Imperial Valley carthquake of 1940, for example, produced
fault movements of 5.8m horizontally and 1.2m vertically (Bolt, 1988, 2004). In general,
most carthquakes occur at faults. Faults exist along plate boundaries and also away from the
plate boundarics.

Earthquakes occurring along the different types of plate boundaries across the world are
alled inter-plate carthquakes. They account for the vast majority of global carthquakes
e Chapter 1, Figure 1.5, Epicentral locations around the world). Earthquakes may also
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5.2 Ground Motion Parameters
“The first recorded sround motion was during the Long Beach earthquake, Califorsia, in 1933

Since then earthquake records have steadily increased, with sesmoprams spread across the
plobe. A collection of several earthquake ecords obained ffom various parts of the world is
sown in Figure 5,10, I clea from this collection ofrecordstha 10 (wo carfquakes ar the

Eartauake Exciaion

Parkied 1966
E1Cantro 1040 SO0E- P 19

W ——
Lyt Crook 1970 - SO6E  San Fransico 1957
‘Stao Buing - S09€

‘San Fomando 1971
Pacorma bam - NTGW
Mg (572-East |

B L

Oympn 104 Mot o
D
H
Vol 155 500N | S Co 672
G o o -1 £ 05
e w st
o ComaMos - CHANI: 90 Deg.

Syimar Couny Hosptl
Pl ot 300 Do

Crile 1985, Lileo - N10E-

Moxio Gy, 1986 SCT S00€

Timo,soc

Figare 5,10 Coneral goond mevion rocordod during several carhauakes. Reroduced from Hocsen
(1979 by permission of the Farthauake Engineering Rescarch lasttte
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‘same and the random variation of acceleration with time is what makes assessment of seismic
Ioading a challengiag fckd.

he main horizoatal component from each fecord s plotid fo the same (e and aceelera-
on scale. As may be seen, thre i wide variation of (s) amplitude and (b) duration. Also o
be noled i hal the variaion of accelecation with tine i highly irregulac The ground motion
‘would lso consis of a mumber of periods (o fequencies).

AU st plance, it does seem thal the period of the ground motion, for example for the
Mexico City (1985 carthquake, i ifferent 10 that ofth ot records. Whal s ot clea al this
Stage is e frequency conent of the Various records. Another observation (0 be made i that
‘analytical closed form solutions o (e cquations f moton are ot posible. The seismograms
record the aceleralons a closely spaced, discree inervals of time (rfe [0 the acceleration
fecord of the Fizincan eathquake in Chapte 4)

Specification or identfication of ground motion parameers i an important sicp asd of
practical use 0 structural engincers. I is clear from the observations made in the preceding
paragraph, hat the specifcaton of a single paramete that described the important charac-
eristis of ground molion would not be possibie Jeanings, 1985). The important parameters
identifod an:

1. time hisory record
2. frequency content

3. peak pround acceeration
4 duration of grousd moton.

“Time History Record

“The data obtained during the FI Centro (1940) carhquake, although ao the firs ecorded, has
since been used extensivly for nalysis by scietists ad enginecrs.

“The time history of meion recorded during the EI Centro (1940) earthquake is shown
in Figure 5.11. The st plol is the variation of rouad acceleration wilh time, obtzined
from seismogram rocordings. The peak pround accelration is 0.32¢. The second plot i the
varation with time of ground velocity and the thid plo i that o ground displacement. The
velocity plot i obtained by integrting the acceleation fecord with time and th displacement
plot by integratng the velocity ecord obtained with .

Frequency Content
Apart from time history of acceleration (velocity and displacement ime histories through
numerical ntegration) around molion may be represealed in apother way — i the frequency
omain raher than the time domain. AS we have seen in Chapier 4, sandard Fourier analysis
nables he analyst to ransform the time history into amplitude a0 phase specia, which
diretly depicts the frequency dependent charicleritis of th seismic record. The fraquency
content of an earthquake record s an ininsic property of the ecord, Just as the atu-
rl frequency of a sircture is an iiriasic property of the sfucture. From our caginccring
experience we know certain analyses are carried out more easily in ooe domain than in the
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Figare 5.1 Nori-souh component ofhoizotal proand aceleation recondd a he mperal Vel
ley iigaton Distict sutaon, i Cenir, Cabfrnia, during the Imperia Valey cartquake of 18
May 1540, The round elocty and ground displscement were compased by intgratin the groumc
acclerion. Reprudced rom Dowrck (1987) by permision ofJobn Wily & Sos, L.

other, Fourier analysis fechniques are extnsively used by seismologiss 0 sudy siess drops
(Hanks, 1982) and other source effects.

Peak Ground Acceleration (PGA)

Pk aroundacckration i themos commonly s paancic o descriingsround moon.
Usualythe horizontal compone s spciled and i s he highst value i e reord, e
spocive o he sgn. This has ecn  prefrrd parameer s i casy fo cogineers o e
s puramctr with net fores

The pround moion prodiucd i e dimeasiona i mture Wi (w0 bocizontl compo-
s ad  vertcal componcn. In cuted desipn pracce, it s common fo asume hat
e maximun ground acceerationin th two bortzontldirections is ol and the el
cccloraon s - o moreof he hoizontal componeat

10 sparte sty Dicric (1973 showe,aplyig e clemen echiiques 0 various
Souree models, Mt hepesk ground scclesion  poporioal o s 6rop

T he 19705 varou vetgaons(Newmark and Roscableuh, 1971 Trifrac and By
19750 ot peak velocity and disiacement i ferms o isance ad magaiude. S,
Muraka, Lysier, and Kiss (1976) have presenicd vl of peak ground accleations
fecordd on fock ad i ol s durng pas cathquakes. Thes vlus r sl and ave
T cxicnsiely i by investgstors o develo cmpiricl eions o csimatin hoizonal
ground motions (attonuation elationships)
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Further amplitude paramelers have been suggesied by various investigators and are
‘available i th lerature, fncluing Krames (1996).

Peak pround acceleration i also affected by anothe source ffect knowa asdiretivity(see
Section .1).

Duration of Ground Motion

The duration of shaking i a seful parametr fo deteriniag the treagth of shaking.
“The damape caused during the carhquake, as may be expected, i strongly elied (0 the
duration ofthe carhquake. There would be  proportionale increase in he aumber of cyclic
tesses with the ncrease i duraton. Availble seismic records confem s, For cxample, he
1966 Parkield and 1972 Stone Canyon, Californiaearthquakes have both produced high peak
‘round acceleation, n the order of 0.5 2. But since the duration was less (Figure 5.10), the
amage caused was ot heavy. On the ot hand, the EI Ceniro (1940) cathquake prodiced
preater dumage, with peak pround scceleration of 0.3 . a the duraion was much longer
igure 5.10).
‘e are strong indications tha i an carhquake: persiss for a ong time, tis will result
in liquefaction (Seed and Idrss, 1971). Turher detailed studies on carthquakes and their
effcts Trifunae and Brady, 19753 Trifuna and Westermo, 1977) indicat thatthe the most
important intertinking and ofen-complementary parameters thal cause heavy damage ac:

1. amplitude,
2. duration,
3. dorminant period at which the shaking (akes place.

18 ampitudes are simal (s will ot cause high sireses. A shot duration arbuake does
oL cause enoughsires eversals orany significant damage. I the domminant period coincides
‘with he atural period ofthe siructure his givs ise 0 fesonant condition and evere damage.
comsequently. During the Mexico City carhquake such conditions developed; the dominant
period of shaking coincided with the natual period of some of the buidings. Inerestingly
10-20 storoy buildings were seerely damaged while other buikings ncarby sufered e or
0 damae.

Scismologits ave proposed several quaniiativ defiitons of duration of srong motion.
The (wo most widely accepted defntions are Known as the “sigificant duraion” and the
“Dracketed duration’

Aias (1970) showed tha the valu of th inegral / (0 s a measure of hesieagth of
around shaking a0 varttion of sceleration with e ),

“Ihe sigaiicant durtion i delined s the time requied o build up rom 5% 0 95 % of the
intepral of cceleation record J 4 () 0 (DObey e al., 1978). The siaifcantduration, it may
be sunnised, i  fnction of e sieagth of round shakin.

Bracketed durtion i defned as he time olapsed between the st and st occurrence of
he fecord abov a cetan vlue 003 (Amiaseys and Sarma, 1967)or 0,05 (ol 1969).

Dobry efal. (1978) have provided an cmpircal correlation of magitude with significant
duration’ T, of srong pround moton:

10g(T;) = 0423M — 183
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The correlation was developed for the Western United States with magnitude ranging from
M = 4.5-7.6. The duration on soil sites could be twice that on rock sites.




