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Abstract

The H/V technique is an estimation tool for the local site effect as
not only the predominant frequency but also the amplification factor.
Both microtremor and strong motion consist of various kinds of waves
as P-wave, S-wave, Rayleigh wave, Love wave and so on, so the spec-
trum derived from microtremor or strong motion shows many peaks
corresponding to these wave components. From the viewpoint of the
seismic disaster mitigation, it is important to pick out S-wave from
microtremor and investigate its characteristics because the severe
damage is mainly caused by S-wave. Although it is fine way to esti-
mate the S-wave structure of the surface ground layers from the char-
acteristics of Rayleigh wave, this technique requires not only a precise
setup of the measurement points but also complex analysis. On the
other hand, the H/V technique is established as a direct approach for
the site amplification estimation, so it is easy to apply for the various
ground condition. This paper shows the scheme of the H/V technique
and its application for L’ Aquila and Rome areas.

1. Introduction

The H/V technique is an estimation tool for the local site effect as
not only the predominant frequency but also the amplification factor.
Both microtremor and strong motion consist of various kinds of waves
as P-wave, S-wave, Rayleigh wave, Love wave and so on, so the spec-
trum derived from microtremor or strong motion shows many peaks
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corresponding to these wave components. From the viewpoint of the
seismic disaster mitigation, it is important to pick out S-wave from
microtremor and investigate its characteristics because the severe
damage is mainly caused by S-wave. Although it is fine way to esti-
mate the S-wave structure of the surface ground layers from the char-
acteristics of Rayleigh wave, this technique requires not only a precise
setup of the measurement points but also complex analysis. On the
other hand, the H/V technique is established as a direct approach for
the site amplification, so it is easy to apply for the various ground
condition.

2. Brief story of the H/V technique

Originally, the H/V spectral ratio was found from strong motion re-
cords at various sites in Japan. Although the horizontal motion shows
larger value than the vertical motion on the soft ground, the horizontal
and the vertical motion are similar in both the maximum value and the
shape of the waveform on the hard ground. At first, the horizontal to
vertical ratio for the maximum value was derived and compared with
the softness and the amplification factor of ground. As a result, the
horizontal to vertical ratio of the maximum value highly corresponds
to the ground characteristic on the same site [1]. Then the horizontal
to vertical spectral ratio (H/V spectral ratio) of microtremor was estab-
lished to estimate the predominant frequency and the amplification
factor and confirmed that the estimation result is stable not depended
on the measured time and season [2].

3. Outline of the H/V technique

There is no reason to be amplified the amplitude of a particular fre-
quency range or direction at the hard and uniform ground. It is natural
that the vibration in the hard ground is uniform for wide frequency
range or each direction. The measured results of both microtremor and
earthquake suggest it. On the other hand, it is important for a soft
ground deposition over the hard basement to grasp the amplification
characteristics of the horizontal motion. At the frequency range the
horizontal motion is amplified, it seems that the vertical motion is not
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amplified. And at a ground with that kind of the amplification charac-
teristics, it is important to consider the Rayleigh wave propagation on
the ground surface. Earthquake disaster is caused mainly by the body
wave and if the Rayleigh wave causes any damage, the damage must
be a minor damage. That is to say, it is important to understand the
phenomenon of the trapped energy of the body wave inside the soft
surface layer. The phenomenon shows the amplification characteris-
tics of earthquake motion by so called the multiple reflections.

From this viewpoint, the Rayleigh wave exists as a noise and it is
necessary to reject the effect of the Rayleigh wave. The effect of the
Rayleigh wave for the amplification characteristics R (= Ay/Anp, the
surface (4;s) to the basement (4,,) of the horizontal motion) of the
surface ground is estimated by the surface (4,s) to the basement (A4,5)
ratio of the vertical motion £ (= 4,/A4,s). Then the corrected amplifica-
tion characteristic 4,, i1s shown as follows;

Am = R/E = (Ahs/Ahb)/(Avs/Avb) = (Ahs/Avs)/(Ahb/Avb) ~ Ahs/Avs

This is the H/V spectral ratio [2]. Figure 1 shows the concept of the
H/V technique. The H/V spectral ratio shows the amplification charac-
teristics by the multiple reflections of the SH wave at least around the
predominant frequency F), and also shows the characteristics con-
taminated by the Rayleigh
wave around 2F). In case of
smaller effect of the
Rayleigh wave, it is possi-
ble to estimate not only the For the HIV technique, |
preliminary peak but also Surface wave = noise
the secondary peak of the i 7 ¢
amplification characteristics
caused by the multiple re-
flections from the H/V spec-

tral ratio. Please see [3] or .
[4] in detail. Figure 1. Concept of the H/V technique

®: Measuring Point

On the H/V Method
(image)

4. Average velocity, thickness and vulnerability index of surface
layer
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The H/V spectral ratio of both microtremor and strong motion can
provide at least fundamental frequency and its amplification factor.
Based on the predominant frequency F, in Hz and the amplification
factor 4, derived from the H/V spectral ratio, the average velocity AVS
in m/s, the thickness 4 in m for the surface ground are defined as fol-
lows,

AVS = Vy/Aq,
h = AVSI(4Fy) = Vy/(44,Fy),

where V}, 1s velocity in basement ground.

On the other hand, earthquake damage of members of structures
occurs at the time of exceeding the destruct limit of the strain caused
by deformation, and it may cause a collapse if the stability of the
structure 1s lacked. Then the

vulnerability index was de- Vulnerabllity Indexes,/K-values

The strain related damage of structure or ground can be

ﬁned fOCUSil’l on the strain esfimated fromthe product pf K-value and PGA
g sensor I

| I]\.')g sensor
[ |
iy -
Kj Y
i

[5]. K value in 10%/cm/s? is
defined to estimate the strain
in the unit of 10 at particu-
lar parts of the structures, ;
multiplying the possible ‘lll ‘
maximum acceleration at [EEim———yE-—
the engineering basement Voot Gal
(see Figure 2). These K val-

ues are defined individually Assessment of the Site Effect
. ® Predominant frequency F
for ground and various and Amplficationfadtor A .® Damage Index for ground
e TN ore derived Kg-value
structures, as K, value for (g o £\ Jun

ground, K; value for em- |[“r=/ 1] JENEREAN
bankment, K value for rigid w1 1
frame structure, K, value for
building and K, value for

Surface ground

X AT : \;” d:em
derailment. For example K, | il \aly 2Vy=sooms  5; Gal

emnent

value is defined as follows | ﬁwm : Kg-value = AYF
(see Figure 3).

B

Figure 3. Vulnerability index K, value for
surface ground
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K,= A /F,

If maximum accelera-
tion is /00 cm/s* at the
basement and K, value is
20, the average strain at
the surface ground layer is
estimated 2000 (x10°) and
this strain may cause some
damage to this ground.
Figure 4 shows an exam-
ple of the K, value distri-
bution at Marina district in

Kg-value and Damage
-the 1989 l.oma Prieta Earthquake-

Figure 4. An example of comparison
between K, value and damage

San Francisco after the 1989 Loma Prieta earthquake. Large K, (K >
20) were observed at the severe liquefied area.

5. Microtremor measurements in L’Aquila and Rome

5.1. Location and method

Figure 5 shows the
measurement area and
locations in L’Aquila
and Rome area.
L’Aquila area  was
measured before the
workshop with its par-
ticipants. Rome area
was measured after the
workshop. Measure-
ment locations around
the Colosseum were set
as extensions of meas-
urement on 1998.

Microtremor was
measured at each site
three times and its

32 sites in L'Aquila measured
during 17" and 18"™ of March
2010 before L'Aquila Workshop
held at 19" of March 2010

(i

Figure 5(a). Overview of the
measurement in L ’Aquila
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length was 40.96 seconds in /00 Hz sampling using NewPIC" of SDR
(see the detail on http://www.sdr.co.jp).

Fourier Spectrum and H/V spectral ratio were calculated for each
40.96 seconds data with twenty times Hanning window and then aver-
aged the three data at each site.

Peak frequency F, and peak value 4, were read from the averaged
spectral ratio H/V, and K Value were calculated with these values.

easurem, §t of §_BG in 20’1

J:;‘

Figure 5(c). Measured sites in LRG
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Measurement sﬂ:&

at ‘Strong Motmq‘

Obsg'rvatmn Site in
<,

11 sites in Rome measured during 20t and
21st of March after L'Aquila Workshop held
at 19t of March 2010

Measurement around Colosseum in 1998 marked ©
Measurement around Colosseum in 2010 markedO

Figre 5(e). Measured sites in Rome
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5.2. Results Table 1. Summary of measurements
Fg Ag Kg h AVS
site Hz y/Gal m m/s
Figure 6 shows the aver- | ssos| sss| 333| 29| 12| 180
. SBG3 2.49 3.03 3.7 20 198
aged spectral ratio H/V for | seay 205) s2) 5| 7| 3%
cach sites. Please note that the oot Il irof 240 2 1
point LRG7 shows abnormal | oai| 85| i4s| 341 iloa
ULG5 6.47 3.78 2.2 6 159
result because of a strong uLesl  920| 637| 44 2l
wind, so this data was omitted uLosl 5624  sie} 1.8 ol 190
from the discussions follow- | ires| 232| 710| z38| 10| a5
1n LRG4 3.15 6.18 12.1 8 97
. LRG5 1.56 3.79 9.2 25 158
g . LRG6 2.15 5.49 14.0 13 109
LRG7 N/A N/A
Table 1 summarizes the LRGS8 2.61 5.93 13.5 10 101
measurement result for Fg, Ay, | (raro| 505| 4ss| 7 A
Kg, h and AVS. According to | iRoiz| 263| sis| 91| 10| 11
LRG1 A 7.27 . 7
this table -the predqminant ﬁje- L}_ng %gg 3.74 1§;Z 19 1§§
quencies in L’Aquila area dis- s E e A
. . AQV| 2.93 5.44 10.1 9 110
tributes totally wide range as ronl  se7| 04| 57 2 85
. . . CMGW 1.37 2.76 56 40 217
1-9 Hz, and distributes in 2-3 [ RS 259[ 4101638 Bl 1
Hz in the mountain area | Arcs| 1s4| 2e0| 44| 37| 2o
ARG4 1.59 1.97 24 48 305
(LRG). And that of Rome area | arcs| =212 181f 15 so| 3
. . . ARG6 3.69 1.82 0.9 22 330
distributes in /-2 Hz. AVS as- ARGTI 188l seTH 7O 251 e
suming Vs = 600 m/s shows | oceczl 112| 29| 51| 6| 281
. 98G3 1.42 2.20 3.4 48 273
large value in Rome and less | gieg) 1d2) 223 77| 32| 1%
than 700 m/s for many sites in e T e g e —— 197210
L’Aquila, and this suggests
that there may exists a soft ground in o
L’Aquila. The K, value shows almost 3 / AV
small amount in Rome and most part of g R gl
L’Aquila except the mountain area (LRG), & ,
and that in the mountain area shows obvi- £ N
ousl}_l large value. o 5" =T
Figure 7 shows the distribution of the ¢
K, value. In this figure, the diameter of § 1+ = = W
the circle for each point corresponds to % :
the amount of its K, value. It is found that = s
0.1 1 10 100

the K, value differs widely from each
other. The campus of L’ Aquila University
in the old town (ULG) was suffered se-

Frequency in Hz

Figure 6(a). Spectral ra-
tios H/V for AQV and AQA
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vere damage. Espe-
cially in the courtyard
filled by the ancient
debris, the embankment
higher than surrounding
roads liquefied severely
and flew out to the sur-
rounding roads. Hence
K, values are still over
20 even after recon-
struction of the em-
bankment, K, values
can be estimated in the
same range before the
reconstruction and the
shear strain in the sur-
face ground seems to
be over 1/200 caused
by the several hun-
dreds Gals strong mo-
tion in the basement
ground and the severe
liquefaction may be
occurred.

There were also
subsided road may
caused by the liquefac-
tion, so the K, value
seems to be large, too.
Thus, advance calcula-
tion of K, value with
the microtremor meas-
urement can help tak-
ing the proper coun-
termeasure previously
with choosing the pos-
sible damage area of

Amplification Factor
Amplification Factor

1 10
Frequency in Hz
Around San Bernardino (SBG)

Frequency in Hz Frequency in Hz

Campus in Old town of L'Aquila (ULG)

N
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Frequency in Hz
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100
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e
) H
/ A 1 Y
= —HoG2y IB { —Hoaay
] —HOG2x — HOG3x
o [ . .
1 10 100 1 10 100
Frequency in Hz Frequency in Hz Frequency in Hz

Sites in Hospital Area (HOG)

Figure 6(c). The H/V for LRG and HOG
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the ground fluidization Sa R
or subsidence. %
The K, values on the M “ “U‘ .
mountain area (LRG) are | =
larger than that of other - W ki
area, especially in the 8% _—per e ————— o

: . L = E [y

northern side. A leaning 5 __llul T ot T et dean [T

bust near the point & % I H
. o o1 .
LRGI might be suffered g"'==—= = e | e
by damaged ground. To- =LY LU =l LT w
tally in the L’Aquila area e I W
the surface ground dam- " —e e ——— o
. i THI -

age would be caused in ' St 21U L
the area with K, > 10. . T s il
Fre¢1:|uency inHz " Freqhency in Hz §100 : m :‘i‘g;‘;"g‘é

. . Line EW Old and New around Colosseum 5 i ‘ i

6. DISCUSSIOn Emﬁ é i H i
= M :’ %MO] Fre1quency1i(r’1 Hz ”

<<

Figure 8 shows a I o Line NS Old and New
1 10 100 around Colloseum

comparison between the Fromuency m Hz

spectral ratio H/V of the West side the Foot of the Column of Marcs Aurelius

strong motion records Figure 6(d). The H/V for sites in Rome
(PGA was around 650

Gal) and that of the microtremor at the observatory AQV. Obviously,
both the predominant frequency and the amplification factor of the
strong motion are sifted lower and larger, respectively. It seems that
this caused by non-linearity of the surface ground.

According to the results of surface layer investigation shown in
Figure 9 [6], the surface ground is estimated as the sediment of silty
soil of around 50m depth on limestone. However the amplitude of
strong motion displacement is around Scm derived from the double in-
tegration of the acceleration records, and the shear strain will be as-
sessed as 1/1000 approximately, then a non-linearity shown in Figure
8 may not be occurred.

Assuming the shear wave velocity (Vs) of the basement ground as
600 m/s regarding to the layer investigation, AVS = 110 m/s and h =9
m for the surface ground are estimated from the H/V spectrum of the

o

Amplification Fact

e
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microtremor. Al-
though the layer
with the compa-
rable depth can
be seen in Figure
9, Vs is around
400 m/s and 1s
not similar to this.

Assuming that
the estimation re-
sult from the mi-
crotremor meas-
urement 1S cor-
rect, if the depth
of the surface
layer is 9 m and
the displacement
at the ground sur-
face 1s around 5
cm, the shear
strain 1S esti-
mated as 6/1000
(=5 cm /900 cm).
On the other hand,
because the K,
value at this site

of concentric circles correspond to 20 of Kg value

is 10, the shear strain at the ground surface can be estimated at most
6/1000 (= 10 x 600 Gal x 10°) with assuming that the maximum ac-
celeration at the basement ground is 600 Gal. Both result of the shear
strain estimation are similar to each other.

According to the G-y curve for the clay arranged by Ishihara [7]
shown in Figure 10, the rigidity of the soil will be reduced to 1/3 with
such shear strain. This corresponds to the (.58 times of the frequency
shift and it is agreeable to the observed frequency change from 2.9 Hz

to /.7 Hz.

Namely, the frequency sift shown in the strong motion is attributed
to the surface ground 9 m thick and 7/0 m/s AVS.
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The K, value related to = o =
] IJ
the earthquake damage to H_ on§ ik
the surface ground is often /::\’ ’ | '

T
A

more than /0 and it corre-
sponds to the sedimentary
layers less than 200 m/s of | H/V of Strong Motion
AVS. In Japan the ground of 04 e R e e
AVS 500-600 m/s is stiff 10
enough to the basement
ground. It is important to
extract accurately the sedi-
mentary ground with large
K, value and then to grasp
the dynamic characteristics

Amplification Factor

AQV T

Amplification Factor

H/V of Microtremor

. 01 T | | T | L
of that site. o1 1 0 00
. Frequency in Hz
7. Conclusion Figure 8. Comparison between spectral

ratio H/V of strong motion and that of
This paper describes the  microtremor at the site AQV
outline of the H/V technique

developed by focusing on the ;1,4 projecn) 0 mxs (Wi o
multi-reflection phenomena F==—3 °7177 %77 sy oy
in surface ground and shows =553 s L mp bbb
its application with the data [3eees] 1 AL
of the microtremor measure-  [23:22 REREF LEREE v
ment at the workshop. This [55553 P IRRREEY 'RERERAES
time the measurement was [Si55df 20 bbbttt
done only on the ground. [==**° :;:L25 R e
Next time I would like to 3 R 2ENER
measure microtremor not ? . aﬂerﬂaﬁew
only on the ground but also N RN LR
on structures or on buildings. a0 J-biobid

The microtremor includes i i

various valid information. I I I LT vy
would like to keep challeng- T =

ing to create proper analysis Figure 9. Geological profile of the
methods for various purposes ~ Sit€ AQV (modified from [6])
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to expand the possibility X Go (Initial Rigidity)
of microtremor applica- 1.0 - '
tion. I am happy if the o g \ )
proposed K value method é ) A \\“
for vulnerability assess- § 06 K ke \\ -
. S - Seed-Idriss (1970) W AN
ment widely spreads and L 04|/ = wuen | N o
contributes the improve- 2 e Wiaticd B 10
ment of the earthquake 02 [1223)" osoncare | | ‘r\ \‘I
resistance ability of cities. 0.0 L vl vl il e L
10° 10° 10° 10° 10°
. Shear strain y
Acknowledgments Figure 10. Measured G-y curves for clay [7]
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