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1 Low-frequency H/V peak

Throughout the data recorded during the URS project (Ritter et al. 2005) in Bucharest city, we
observe a low-frequency peak in H/V ratio near 0.2 Hz (Ziehm 2006). The frequency of this peak
systematically varies from lower frequencies in the north to higher frequencies in the south. This
variation Is believed to be caused by the dipping of the interface between the Neogene and
the Cretaceous at a depth from 1000 m to 2000 m. Unfortunately the H/V level below 0.15Hz is
unstable and strongly rises with decreasing frequency in the recordings of most stations. This
puts an effective limit on the analysis of the peak at frequencies below 0.2Hz (Fig. 1). Since
In some of the data there appears to be a power-law relation between H/V ratio and frequency
below 0.15Hz, | discuss tilt as a possible cause of this strong increase.
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Figure 1. H/V ratio for station URS14. Two peaks (at 0.15Hz and 0.7 Hz) are apparent. Each thin curve is H/V for a
different time window, while the black curve displays the average with the dashed curves marking standard deviation.
Courtesy of Julia Ziehm.

2 [Forces acting on inertial sensors

Inertial sensors (gravimeters, seismometers and tiltmeters) sense inertial and gravitational ac-
celeration. Due to the equivalence of inertial and gravitational mass they are principally unable
to distinguish between both (Wielandt 2002, secs. 2.1 and 3.3). The inertial acceleration in the
horizontal direction is

0% A
=3z and a, = 52 (1)
in vertical direction, where u,(h,z,t) is the vertical component of displacement and un(h,z,t) the
horizontal component. For small tilt angles the horizontal component of a seismometer sitting on
the ground additionally senses the acceleration

dh

dry ~ g_ (2)

due to ground tilt, where g is the gravitational acceleration (Fig. 2).

Tilt has a linear contribution
Aap = g sin(T) ~ gt (3)

to the horizontal component’s ac-
celeration while its contribution

Aa, =g (1—cos(T)) =~ gTZ (4)

to the vertical component is of

g’ second order. For this reason the
effect usually is only significant in

the horizontal component’s sig-

Aah nal.

Figure 2: Tilt changes the alignment of the gravitational acceleration J to the sensitive directions €, and &, of the seis-

mometer’'s components. Both experience a change Aa, and Aay, in acceleration, respectively.

If &,, an, and a; are the Fourier transforms of a,, an, and a;, respectively, the Fourier transform of
the seismometer’s vertical component output signal is

§(w) =T (w)a(w), (5)
where T (w) is the instrument’s complex response function. And
Sh(w) = T (w) (ah(w) + &r(w)) (6)

for the horizontal component’s output signal.

3 Tilt contribution to H/V ratio

H/V ratio Is calculated from seismic recordings usually by

Sh(w)| _ |an(w) + ar(w)|
S2(w)] |82(w)]
and averaging over signals from several time windows. Hence the H/V ratio contains a tilt con-

tribution, which may be ignored at high frequencies since the inertial term rises with w?. At low
frequencies the tilt contribution can dominate Ay .

920!

AH/V(OO) =

(7)
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4 Point load on an elastic halfspace

The elastic deformation of a homogeneous halfspace due to a static point load is known as the
,Boussinesque solution* in the theory of elasticity (Fig. 3). According to Zurn (2003) the solution
to Boussinesgue’s problem is

F 1 /A+L2u 272
z ) ()

Uz(r;Z) = _ﬁﬁ ()\+H ‘|‘R2

for the vertical component and

B F 1 Z A+Urz
ur(r’z)__4T[()\—|—U)F (1+§+ Y Rs) (9)

for the horizontal component. It is given in cylindrical coordinates with the radial coordinate r =
v/ X2+ Y2 and the spacial distance R = v/r24 z2 to the load. The loading force at the origin is

—

f = —F3(X)é, (10)

and A and |l are Lamé’s parameters for the homogeneous halfspace at z < 0.

=

For observations at the surface of the elastic halfspace | simply obtain

=0)=— — 11
for the vertical component and
F 1
—0)= — — 12
ul’(rJZ O) 4.’_[()\_|_u) r ( )

for the horizontal component, which is valid for r > 0.

Figure 3: Deformation of a point load on a homgeneous, elastic halfspace (schematically; the deformation would be-
come infinite at the location of the load). This is a model for the seismic near-field of passing vehicles. In the near-field
deformation is instantaneous (quasistatic). A seismometer on the surface is tilted.

For F(t) varying with time egs. (11) and (12) are the near-field solution. In this case the seis-
mometer senses

F(t) A+2u
a(t,rrz=0)=— : 13
8 ) AT (A ) &
F(t) 1
t =0)=— 14
an(t,r,z=0) A (14)
and
t
a(t,r,z=0) :gauz(a,rr, 2) (15)
F(t) A+2u
— , 16
2 A (A ) 4o
Using eq. (7) | obtain
Anv(w) = a + ) (17)
A+2U  rod
for the effect of the point load in the H/V analysis. While it is constant and less than 1 with
J)i_rQOAHN(OO) = ﬁuZu (18)
at high frequencies, its contribution
(Li_%AHIV((*)) — % (19)

IS Increasing with decreasing frequency.

Consider a point load at r = 10m distance, with A = 1 in the halfspace and g = 9.81ms~2. Then
the tilt contribution Is larger than 2 at frequencies less than 0.11 Hz and is likely to mask H/V
peaks produced by surface wave ellipticity (Fig. 4).
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Figure 4: H/V ratio predicted by eq. (17) for a point load at distance r. Lamé’s parameters are assumed to be equal
A =W.

5 Propagating Rayleigh wave

The surface displacement of a plane Rayleigh wave (Fig. 5) is

uz(r,t) = A(w) sin(k(w)r — wt) (20)
and

ur(r,t) = A(w)e(w) cos(k(w)r — wt), (21)

with the ellipticity £(w), where € < 0 for prograde waves and € > 0 for retrograde waves.

Figure 5: A propagating plane Rayleigh wave in the far-field is tilting a seismometer on the surface. The seismometer
experiences an oscillating acceleration from gravity additionally to inertial acceleration.

The seismometer senses

ay(r,t) = — W A(W) sin(k(w)r — wt), (22)

ar(r,t) = — WA(w) (W) cos(k(w)r — wt), (23)
and

ar(r,t) =gk(w)A(w) cos(k(w)r — wt) (24)
In this case.

Considering the tilt contribution from eq. (24) | obtain

Anv(w) = 9 g(w)

() : (25)

in the H/V analysis, where c(w) = w/k(w) is the phase velocity. If £(w) and c(w) are bounded,
the H/V ratio
lim Ay (W) = |g(w)| (26)
(D—>00

provides the ellipticity at high frequencies (as is expected) but is likely to increase with decreasing
frequency at the low-frequency limit

([j_%AHlv(w) = — - (27)

Inertial and tilt contribution cancel at
W = — (28)

for retrograde waves.
For a surface wave with ¢ =2000ms—, £ =0.67, and g = 9.81ms—?

W =21m-1.2- 10—3%. (29)
Below 1.2 mHz the tilt effect dominates over the inertial acceleration and Ayy > 1 rises with
decreasing frequency.
The frequencies for which Ay > 1 due to the tilt contribution are not significant for our H/V
studies (Fig. 6). Likewise the cancellation at (0c cannot be observed since w¢ under realistic con-
ditions (where phase velocity is dispersive) is smaller than the frequency of the lowest-frequency

free mode (S,) of the earth.
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Figure 6: H/V ratio predicted by eq. (25) for surface waves of constant phase velocity ¢ and constant ellipticity €.

6 Conclusions

In urban environments point loads that vary with time (moving vehicles, buildings loaded by wind,
etc.) must be expected to contribute to the long-period seismic signal. While the tilt contribution
from Rayleigh waves is not significant in the frequency band studied with URS data, tilt due to
point loads has the potential to mask surface wave ellipticity at frequencies less than 0.2 Hz.
Whether this effect becomes apparent in H/V ratio depends on the relative strength of the point
load compared to the amplitude of the microseisms under investigation. This and the distance-
dependence of the effect may explain the strong scatter of H/V from different time windows at
frequencies below 0.1 Hz in Fig. 1.
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