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Ground Motion Prediction Equations (GMPEs)
Ao )Y S al) ati e alaa

Engineering seismology is the link between earth sciences and
engineering. The main input of engineering seismology in engineering
design are loading conditions which might satisfy certain conditions
regarding their level and frequency of occurrence during the lifetime of
structure. One method for estimating these loading conditions is through
equations based on strong ground motion recorded during previous
earthquakes. These equations are called “Ground Motion Prediction

Equations abbreviated as GMPEs” and previously called “Attenuation
Relationships” or “Attenuation Equations” or “Attenuation Models”.
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Ground Motion Prediction Equations (GMPEs)
Ao N cils al) ad e alaa
What are GMPEs?
Equations giving the mean and standard deviation of measures of ground
motion as a function of magnitude, distance, site conditions, and some
other variables.
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What are GMPEs useful for?
Ground Motion Prediction Equations are vital for Deterministic Seismic
Hazard Analysis (DSHA), Probabilistic Seismic Hazard Analysis (PSHA), and
some other engineering applications such as Earthquake Early Warning
systems (EEW).
fdada N cils al) el Gl@de duaal Rl
A4 il A0 350 jlalaadl Jalal Tas dals A€ je daa \ ) S Al 018 ClEde yiad
dadail Jie dpaaigd) cilandaill ez dieal il et LS Adlaiay) 4y yally clIXS ¢ dapaadil)
Sl sty



Ground Motion Prediction Equations (GMPEs)
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Figure shows mean (solid line) and
standard deviation (dashed line) of
peak ground acceleration value taken
as the largest horizontal component
versus shortest distance to map view
of rupture surface
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How to measure distance used for GMPEs?
taud Y clS all el ciliMal daddiioal) Adlual) (uld aly Ciss

Surface Figure illustrates earthquake source and distance
Projection . . . .
of Top Edge Rx - ‘. measures using a vertical cross-section through a
of kupture = Pug
—SITE fault rupture plane. There are several measures
r TE T T T ETEETETEETETEET ST T TS EETTS W . .
2 1\ gurace Profecion Srond used in GMPEs to measure the distance between
1 ofFwred Ara Surface the site and fault plane as follows,
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Rrup Closest distance to the rupture plane (rupture distance)
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R, Horizontal distance to the surface projection of the rupture (Joyner-Boore distance)
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R, Horizontal distance to top edge of rupture measured perpendicular to the strike (site
coordinate).
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How to measure distance used for GMPEs?
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Surface projection of rupture ~ Another figure show the projection of the

o

rupture area on the surface. Another
measure can be used to estimate the
distance such as:

| ; & ; R,yp Distance to the Hypocenter
Epicenter, : a et
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Rep, Distance to the Epicenter
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Rasp Distance to the Asperity
(High-stress zone)

Fault rupture B Y (3 el dilaia ) ALl
(ebae ) gay) Gsla)

Hypocenter High-stress zone

It is noted that there is no standard, although the closest distance to the rupture plane is

probably the distance most commonly used. It is also noted that the distance measure must
be something that can be estimated for a future earthquake.
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How to use two horizontal components?
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It is well known that GMPEs mostly use the ground motion on the horizontal components

and it is rarely used on the vertical component, that is because the damage could be
related to the horizontal components comparing to the vertical one.
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How to use two horizontal components?  €88Y) (8. pall aladind aly S

1)Use both independently  Jéiuwe <8 (€ jall DS aladin) Ky (1

2)Use larger component V) Aagll b A8yl alasiul (Say (2

3)Use larger component Cpisdy) i€l & ganal oaw yill sl Al aladiul (Say (3
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What measure of ground motion to use?
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Ground motion prediction equations can predict the following parameters
1- Peak Ground Acceleration (PGA)
2- Peak Ground Velocity (PGV)
3- Peak Ground Displacement (PGD)
4- Pseudo Spectral Acceleration (PSA)
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The ground motion depends on basic predictor variables such as

- Moment magnitude which considered the most common measure used by GMPEs
- Distance between the source and site

- Site characterization
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Additional parameters used by GMPEs
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There are several parameters used for more accurate estimate of the ground
motion such as

- Basin depth

- Hanging wall

- Depth to the top of rupture

- Fault dip

- Event class (mainshock/aftershock)

- etc.
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Fourier acceleration spectrum (cm/sec)
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The dependency of ground motion on magnitude
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Source scaling theory predicts a general increase with magnitude for a fixed distance
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The following figure shows the theoretical
calculation of Fourier spectra for earthquakes
range from 5 to 8 in steps of 0.5 at fixed
distance of 20 km. The spectrum increases
with increasing magnitude.
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The dependency of ground motion on distance
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Vg = 760 m/s, mech = SS o 4<M<5S o 5<M<6 o B M<T o < M<B

Generally, it will decrease (attenuate) -
with distance, but wave propagation in ]
a layered earth predicts more
complicated behavior (e.g., increase at
some distances due to critical angle
reflections (“Moho-bounce”)
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The dependency of ground motion on site effect
2 sall iy dp ) AS ) i
Local site conditions at a seismic station can dramatically affect the strong ground motion.
Average shear wave of top 30 meters of soil V5, is most commonly used to predict for site
effect given in the following equation, H is the thickness of each layer, Vs is the shear wave
velocity of each layer, i index refers to each layer
vV - 30

s30 N H

2:vs

i=1
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o EH ;AB_tLE ‘: BSSC. 1004 Table shows the site classification
Definition of NEHRP site classes { - ) according to the National Earthquake
Site Class Range of Shear Velocities™ Hazard Reduction Program of USA. It is

A greater than 1500 m/sec divided into five categories according to

B 760 m/sec to 1500 m/sec V5, value.
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The dependency of ground motion on site effect
28 sall iy dua ) s ) s
Site amplification factors versus average shear wave of top 30 meters of soil V5,
Blue dots refer to amplification factor of each site and red line refers to fitting line.
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Selecting of mathematical function
(Slaaly ) aglal) sl

It is an important issue to select an appropriate mathematical function to
represent the ground motion prediction equation that model the variables. The
functional form of the model will depend, in general, on the use of the
relationship and the database selected.

If the database represents a relatively uniform subset of data (i.,e. with distance
and with magnitude) then a function having only a few parameters would be
appropriate, then relatively simple empirical model would be justified.
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Selecting of mathematical function
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Usually, the model for a GMPE is written as
I Lpally A W) IS jall 5008 Aolas e jang

log A = f(M,etc.) + g(X,etc.) +c+ o

In this equation f(M,etc.) includes terms accounting for seismic source such as for
magnitude(M), faulting style (Normal, Reverse, Strike-slip), focal depth (D), and tectonic
regime (Stable continental regions (SCR), shallow earthquakes in active tectonic regions
(ACR), and subduction zone (SZ)).
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g(X etc.) represents the path term depends on wave types, velocity and Q profile, focal
depth and probably magnitude.
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Selecting of mathematical function
bl i) Ll
In some models path term can be simply considered in the form shown in the following
equation
A apeally O pall (may b e sall il e pmantl) (S
g(X) = blog(X + C) - kX
b is the regression coefficient showing attenuation by geometric spreading. In some
models, b is forced to the value of -1 for body waves and -0.5 for surface wave. X is the
distance between source and site.
21 5aD -1 el 3305 wigh HLEEY) e il Al Jiay oA 5 jlaniY) dilee (o (3idia Jalas b O
Al #1530 0.5 5 dranall
C shows the saturation of near field ground motions at close distances close to the source.
It is found that PGA attenuation at distances close to the fault where little geometrical
spreading attenuation is expected. The following relationship is often used to model C
C =c, exp (c,M)
¢, and ¢, are regression coefficients.
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k represents the inelastic attenuation in the medium
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Procedures to derive GMPEs
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The complete procedure that needs to be followed to derive ground motion estimation
equations using recorded strong-motion data is outlined below:

o LS A 8l S el illan sl i, Y1) S Hall o cilidle GELEY dagall sl aY) sl

(1) Earthquakes are recorded using strong-motion instruments to get a set of records for
analysis.
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(2) If the earthquakes were recorded on analogue accelerographs, which use paper, then the
accelerograms are digitized to get the data into a form usable for numerical analysis.
bl Al e i ) and A ) 5 S (peadine dagilii dua ) 3 el Alsase JHY I il 1Y) (2

(3) The digitized strong-motion records are processed to remove short- and long-period
noise. This processing usually consists of fitting a zero baseline to the record and then
applying a bandpass filter.
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Procedures to derive GMPEs
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(4) A dependent variable is selected and calculated from the strong-motion records. This
dependent variable, such as peak ground acceleration or spectral acceleration, should be
useful for seismic design and analysis.
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(5) Independent variables, such as magnitude and source-to-site distance, that
characterize the strong motion records in the data set are then collected for all the time-
histories used.
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(6) Regression analysis is performed to derive equations to estimate the dependent
variable (a strong-motion parameter) given the independent variables. At the same time,
the standard deviation of the equations are calculated.

8] jaiY) Al aat o LS g dlal) ) juaial) (BELEY Alaa¥) lasiV) dalesy Gldaxal) Jidss 25 (6

Alalae JSI G el
18



GMPEs for Syria
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A GMPE for peak ground acceleration valid for the Syrian territory was proposed
by Alchlabi et. al. (2004). The dataset consisted of 49 PGAs obtained from 10
earthquakes recorded by the Syrian National Seismological Network (SNSN).
The GMPE proposed has the following form

log(A) =b, + b,.M_+b,.log(r) +b,.S

Where A is the PGA (for horizontal and vertical components), M. is the coda
magnitude, b, is the regression coefficient to determined by the regression analysis.
S is the soil coefficient (0 for bedrock and 1 sediments), r is the hypocentral
distance between the event and the station.
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Magnitude (Mc)

GMPEs for Syria
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The distribution of magnitude versus
distance for the data used to derive GMPE
for Syria (Alchalbi et. al. 2004)
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GMPEs for Syria
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According to Alchalbi et. al. (2004), the results of the regression analysis provided very
small values for coefficient b3, so they neglected it and did the regressions again imposing
b3=0. The obtained coefficients of the attenuation laws for both vertical and horizontal
components are given in below table.
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No , | No. Of Actual Min Max | Standard
Components o . ‘ _ _ L b0 bl b2
. records distance range M. M. deviation
1 Horizontal 49 21-400 3.5 5.8 0.259 -1.939 | 0.27 -0.858
2 Horizontal 22 36-400 4.8 5.8 0.249 -0.835 | 0.126 | -0.981
1 Vertical 49 21-400 3.5 5.8 0.264 -2.367 | 0.244 | -0.752
2 Vertical 22 36-400 4.8 5.8 0.216 -1.242 | 0.061 | -0.816

For example, the obtained GMPE for the horizontal component for the events with 3.5 < Mc
<5.8is:
AN A8l 5.8 53,5 (o la a8 o)y ColaaY g 4881 AS yall da V) AS jall 50 A8Me Jaed DUiad

log(A) = -1.939 + 0.278Mc - 0.858log(r)
Mc: coda magnitude

r : hypocentral distance
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