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Synopsis

Statistical relations are presented to assess ground motion a&s a function
of geismieity.

Symbols and abbreviations

amex = meximum horizontal ground acceleration (g)
ay = maximum vertical ground acceleration (g)
D = distance to the fault or equivalent (km)
= meximm horizontal ground displacement (em)
= Modified Mercalli intensiiy scale
= magnitude
= number of cycles of accelerationa3% g
.E. = standard error of a prediction of a further observation
= average period (s)
t = period corresponding to the maximm of the acceleration spectrum (s)
Ty =Bverage period corresponding to the vertical acceleration record (s)
t = duration (s)
ty = duration of vertical motion (s)
Vmax = maximum horizontal
ground velocity (cm/s)
Introduction
Seismic probability studies and maps must be based in a large amount of da
ta extending to historical times. So, seismic intensity, and for more recent ti-
mes magnitude, epicentral distance and focal depth must be used in them.

=R =1 =T

On the other hand, modern studies of response of structures are based upon
spectrafor records. An acceleration diagram is of a random nature, so that it -
will never be possible to predict it mathematically. Notwithstanding certain si
milar properties emerge from records corresponding to similar conditions. In or
der to study these effects it is necessary to define a diagram by only a few pa
rameters: maximun ground acceleration, duration, average period, etc...(1l).

Acceleration diagrams have only been recorded from 1933, and in most places
there are no strong motion accelerographs. So, it is very important to relate -
these values with the ones that emerge from earthquake probability studies and
ground conditions.

Definitions

"Duration" of an earthquake is defined as the time that includes all the -
pulses equal to or greater than 3% g (II) (3)
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(II) This definition is sustained by the fact that there is only a 7% probabili
ty that an earthquake with intensity V or VI will have a maximun ground accele—
ration larger than 3% g
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The "average perio@l" is defined as the duration of the earthquake divided
by the number of cycles during it. The convenience of this definitions is sus#
teined by the close correlation existing between the average period and the pe
riod p())rresponding to the maximm of the acceleration spectrum (v. eq. 8 a.ndt—;__
ble IT).

Jhe records included in the statistics correspond to focal depths not dee
per thkan 160 .

¥requency distributions

Jhe arithmetic mean and the standard error when this mean is used as a pre
dictien of a further observation are shown in table I for several frequency dis
tribuiions. When the distribution of the logarithms is considered, this particu
lar is indicated in the arithmetic mean.

Regresions

Some linear regressions and the standard error of a prediction are indica
ted below:

#max = 0,140 4 0,059 M - 0,210 logjo D (1)

valid for ag,x > 10-3 g

S.E~.~.—#),O97V1,OOB+O,OIO(M-6,2)2+0,028(10g10D-1,73)2-0,018(M-6,2)(1og10D-1,73)
If De2km, D=2 must be introduced in the above equations.

emax = 05121 4 0,0051 (Vpgyx — 20,6) (2)
S.E. = 0,118/ 1,030 4 0,00009 (vyax ~ 20,6)2
logip t = — 1.546 4 0,348 M ¢ 0,999 apax (3)

S.E..z:(),333v 1,0134% 0’016(M‘692)2+0,52(amx—0,215)240,026(M-6,2) (amx—0y22)
For rock:
logip T = - 1,452 4+ 0,085M + 0,0910g10 D (4)

S.Ew“),OZl-]- 0,0009(M—6,05)2+0,0016(1og1-oD-1,564)2-0,0005(M-6,05) (logyoD-1,56)
For Plegkstocene & firm soil: (5)
logio T = =0,787 4 0,112 logig D

S.E. =|0,02 4 0,0017 (logjgD ~ 1,826)%

For slluvium and medium soil:

logip T = - 0,591 4 0,112 logyo D (6)

S.E. =\[0,04 + 0,0017 (logyg D - 1,454)2
For wery soft soil:
logip T = - 0,288 ¢ 0,112 logyp D (7)

SeEs zV0,0S'T + 0,0017(log1o D - 2,095)2

If D<0,08 km, D=0,08 must be introduded in eq. (4) to (7) and in the corres—
ponding standard error expressions

logyy T' = - 0,047 ¢ 0,918 logjg T , (8)
SeEe= 0,137 /1,018 + 0,337 (logio T 4 0,600)
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The results of Seed et al. (1), based in a much :.smaller number of records
seriously underestimate a .., and overestimateT.andt by a factor of the order -

of 2.

Confidence limits

The confidence limits corresponding to the centre of gravity of the distri
bution for some of the previous estimates are shown in table IT.

The following comments may be made to table II:

As already stated by Newmark (2), the maximun ground velocity is much be —
tter related to intensity than the maximun ground acceleration (and better than

displacement).

The estimate of T is better than the estimate of amgxe. The estimate of t
has the largest dispersion.
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Table I
Arithmetic mean and standard error of a prediction of a

further observation for several frequency distributions

Frequency distribution Mean S.E.
].Oglo a'max_ for I =1V 10glo 0,03 -
-V ' |
10g10 a . for I=V & VI log,y C,13 0,41
loglo & o for I= VII log10 Cc,18 0,29
log10 & o for I= VIII log10 ¢,29 0,28
¥ = 8 -
yﬁax for I A% 54
W for I = VI 9,6 6,7
max
N\ for I = VII 26,8 18,7
max
v for I = VIII 35,6 27,5
max
dfor I =1V 0,75
d for I =V 3
Lifor I =VI 4,8
]
}dfor I = VI1I & VIII 18,5
dfor I = IX 50
&,
Y 48%
max
t
A\ 70%
T %
logloT 1og10 Cc,28 0,28
v T4%
—T—- (4]
n for I VI 62
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Table IT

Cernfidence limits for some of the estimates

S contraonee | eontiaence
Frequency distributions
8 ox for I =V & VI 10g100,13+10g103,5
& ax for I = VII log100,18+log102,4
8 o for I = VIII 1og100,29+10g102,5
T log100,28i10g102,3
Y nax for I = VI 9,6 + 9,9
Vnex for I = VII 26,8 + 25,1
Y nax for I = VIII 35,6 + 40,6
Regressions
a s (eg. 1) 0,14 + 6,13
- (eq. 2) 0,23 + 0,16
t (eq. 3) log106,8710g102,7
T (eq. 4) logleO,l6iloglol,6
T (eq. 5) 1og100,26i]og101,5
T (eq. 6) 1°g100’3711°g10178
T (eq. 7) 1og100,89ilog102,2
Tt'(eq. 6) loglOO,2SIloglol,5
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