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Abstract: Currently, in all building codes, the diagrams of dynamics coefficient are limited to a maximum natu-
ral oscillation period of 1.8 s. However, this range is clearly not enough for the calculation of constructions of
high-rise structures with characteristic basic periods of about 4-5 s and more. This article analyzes the available
seismological data presented in the Center for Engineering Strong Motion Data (CESMD) database. The spectra
of Tohoku earthquakes (Tohoku earthquake, Japan, March 11, 2011) and Emberley (New Zealand Earthquake,
New Zealand, November 13, 2016) were studied, and dynamic factors for periods of natural oscillations of struc-
tures 4-5 s are calculated. The results of the study allow to establish reasonable values of dynamic coefficients in
the field of high periods.
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JIVWHHONEPUOJHBIE CEHCMUYECKHUE BO3JAENCTBUS
W UX BJUSIHUE HA TPOYHOCTh KOHCTPYKLUI
BBICOTHBIX 3JJAHU
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AHHoTanusi: B HacTosiiee BpeMsi BO BCeX CTPOUTENBHBIX HOPMAaX AMarpaMMbl KOG UIHEHTOB TUHAMHUYHOCTH
OrpaHUYCHBl MAKCUMAJIBHBIM MIEPHOJIOM COOCTBEHHBIX KosieOaHuil coopyxenuil B 1.8 ¢. OmHako Takoro auana-
30HA SBHO HEJOCTATOYHO JUIS pacyeTa KOHCTPYKLHIA BBICOTHBIX COOPYKEHHH C XapaKTePHBIMH OCHOBHBIMH CO0-
CTBEHHBIMH MepHOIaMH TIopsika 4-5 ¢ u Gonee. B HacTosimiell craThbe NMpoaHATM3UPOBaHbI JOCTYIHBIE ceiicMO-
JIOTMYECKUE NaHHbIe, IpeacTaBieHHble B 0aze manHHbix Center for Engineering Strong Motion Data (CESMD).
HUccemoBansl criekTphl 3emietpsicennit Toxoky (Tohoku earthquake, Simowus, 11 mapra 2011 r.) 1 DMmGepiu
(Amberley New Zealand Earthquake, Hosast 3enanaus, 13 HostOpst 2016), paccunTtanbl Ko3(hGHIUEHTH IUHA-
MUYHOCTH JJIsl TIEPHO/IOB COOCTBEHHBIX KOJIEOAaHUH coopyxeHuil 4-5 c¢. Pe3ymbTaTsl MccleIOBaHUS TOMOTYT
YCTaHOBHUTH 0OOCHOBAaHHBIE 3HAYCHNS AMHAMIYECKUX K03(D(HUIIMEHTOB B 00J1aCTH BBICOKHX ITEPHO/IOB.

KiroueBble cj10Ba: JUHAMHYCCKUM aHAIN3, CCHCMHUYCCKUM aHATU3,

JAJIMHHONIEPHUOJAHOC celicMHuUYecKoe BOSHCﬁCTBHC, KOS(b(l)I/IIII/ICHT JAWHAMHUYHOCTH, aKCCJICPOTrpAMMBI,
BBICOTHBIC 3JaHUA
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The authors of the National Building Code of
Russian Federation SP 267.1325800.2016 [1]
faced the following problem: in all the actual
building standards governing seismic calcula-
tions [1-3], the diagrams of dynamic coeffi-
cients are limited to a maximum period of natu-
ral oscillations of structures of 1.8 s. This re-
striction made us seriously think about extend-
ing the diagram of the values of the dynamic
coefficient to the region of periods that are more
characteristic for high-rise buildings - about 4-5
s [4]. In this article authors attempts to analyze
the available seismological data and find out
what values the dynamic coefficient takes in the
field of high periods of natural oscillations of
structures.

Long-period seismic vibrations of the soil usual-
ly occur in the far zone of impact, remote from
the epicenter for hundreds kilometers. For the
long-period impacts, the dominant periods of
the order about 2-5 s and more (0.2-0.5 Hz) are
characteristic. It may cause resonances in such
structures as high-rise buildings, telecommuni-
cation towers, long-span suspended and cable-
stayed bridges, seismic-insulated structures with
artificially reduced natural frequencies. Long-
period movements of high-rise buildings were
observed repeatedly, during large-scale earth-
quakes in the far zone; it examples can be found
in papers [5-7]. Among the most significant it
was the following: the July 7, 1952 earthquake
in Los Angeles, USA (Kern County earthquake,
hypocentral distance about 100-150 km (by the
authors of the source material definition), M
7.3); March 28, 1970 in western Turkey (Gediz
earthquake, hypocentral distance 135 km, M
7.1); September 19, 1985 Michoacan, Mexico
(Michoacan, Mexico earthquake, hypocentral
distance about 400 km, M 8.0); March 11, 2011
in Tokyo, Japan (Tohoku earthquake, hypocen-
tral distance about 370 km, M9).

Using the example of the Tohoku earthquake, it
is possible to analyze how the intensity and im-
pacts’ spectrum change with increasing of dis-
tance from the epicenter. In figures 1 and 2, the
records from seismic stations of the Japanese
network Kyoshin Net (KNET) MYGO11l in
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Oshika at a hypocentral distance of 81.3 km and
TKYO017 in Tokyo at a hypocentral distance of
373 km (records of seismic stations can be
found on the Center for Engineering Strong Mo-
tion Data website, CESMD, http : //cesmd.org)
are shown. Parameters of seismic impact inten-
sity are presented in table 1, that includes the
maximum values of accelerations in each direc-
tion and the maximum values of the magnitude
of the acceleration vector of seismic impact. In
figures 3 and 4, the graphs of the dynamic coef-
ficients for both impacts at 5% damping are
constructed using the Odyssey software (devel-
oped by Company “Eurosoft”) that allows pro-
cess accelerograms of earthquakes and obtain
the design parameters of seismic impacts [9-11].
In figures 5 and 6 the modules of corresponding
acceleration vectors are shown. The direction of
NS in table 1 and in figures 1-4 correspond to
the original direction "0", EW - "90", Z — "Up".
Obviously, that with an increase of the hypocen-
tral distance, the intensity of the impact de-
creases, and the spectrum shifts noticeably to-
wards longer periods — in the zone of 4-5 sec-
onds, the dynamic coefficient increases from 0.2
to 0.65-0.5. According to the table 1 and figures
3 and 4, the following estimation can be provid-
ed: let us consider, that the fundamental natural
period of the construction T1 = 5 s, the follow-
ing dynamic coefficient p and intensity coeffi-

cient |1 (maximum values of acceleration vector
modulus of a soil) for earthquakes in Oshika
and Tokyo are obtained:

BOSh (Tl) =0.15, IOsh =9.39 M/Cz,
Briy (T,)=05, Iy =2.24 M/c?.

Then, at ratio of the intensities
IOsh/ ITky =9.39/2.24=4.20,

the internal forces for the first mode of oscilla-
tions for the two impacts are related as

losnBosn (Ty )/ ( iy Briy (Tl)) =
=4.20-0.15/0.50=1.26.
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Figure 1. Accelerograms of Tohoku earthquake
(station MYGO011, Oshika, hypocentral distance 81.3 km).
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Figure 2. Accelerograms of Tohoku Earthquake
(TKYO017 station, Tokyo, hypocentral distance 373 km).
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Figure 3. Dynamic coefficients of the Tohoku earthquake
(station MYGO11, Oshika, hypocentral distance 81.3 km).
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Figure 4. Dynamic factors of the Tohoku earthquake
(TKYO017 station, Tokyo, hypocentral distance 373 km).
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Table 1. Tohoku Earthquake intensity at stations
MYGO011 — Oshika and TKY017 — Tokyo.

Maximum acceleration, m/s°®
Station NS EW Z Modulus
MYGO011 9.21 6.88 2.54 9.39
TKYO017 2.19 1.58 0.82 2.24
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Figure 6. Seismic impact modulus (station TKYO017, Tokyo).

Thus, although the intensity in the far zone falls
more than 4 times, the internal forces (calculat-
ed by the linear spectral method) corresponding
to the near zone are higher than the forces for
the far zone about only 26%.

To obtain an averaged reasonable estimation of
the dynamic cofficient for long-term impacts, it
is required to analyze the spectrums of real
earthquakes in the region of large periods for
tens and hundreds of similar records. As a first

20

step to this work, we consider the Emberley
earthquake (New Zealand, November 13, 2016,
M7.8 Emberley New Zealand Earthquake of 13
Nov 2016), presented in the CESMD database
with instrumental records from 83 seismic sta-
tions. On the CESMD website, it can be found
ready-made Emberley acceleration spectrums
with a range of natural periods of up to 4 s and
5% damping (Fig. 7).
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Site: Ngawi Fire Station 20161113_110256_NWFS_20
Event: 5§ km south—west of Waiau 20168 November 13, 11:02:56 UT Dist 220km Depth 15km M 7.53
Band-pass filter transition bands are .10-.25 Hz and 24.50-25.50 Hz

Component NOOE Acceleration response spectrum. Damping value: 5 percent of critical
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Figure 7. Spectrum of horizontal acceleration of Emberley earthquake

in the CESMD database.
Table 2. Emberley Seismic Impact Parameters in the zone of 200-300 km from the epicenter
(http://cesmd.org).
No | Station, code Epicentral Direction | DCmax | PGA, Sa DC
distance (km) (Max. | m/s® | atT=4s, | atT=4s
and magnitude Spectral m/s’
Ratio)
1 2 3 4 5 6 7 8
1. | Harihari Fire 209 km Horl 35 0.161 0.075 0.466
Station, HAFS M7.53 Hor2 4.1 0.213 0.090 0.423
UP 4.3 0.062 0.075 1.210
2. | Wellington, 214.8 Horl 3.3 1.202 0.400 0.333
WEL M7.53 Hor2 3.7 1.455 0.450 0.310
UP 3.6 0.669 0.400 0.600
3. | Wellington Te 214.8 Horl 5.3 0.936 0.300 0.321
Papa Museum, M7.53 Hor2 5.1 1.593 0.450 0.282
TEPS UP 3.1 0.446 0.300 0.673
4. | Wellington 216.2 Horl 35 1.321 0.450 0.341
Emergency M7.53 Hor2 3.2 1.478 0.45 0.304
Management UP 3.2 0.547 0.30 0.548
Office, WEMS
5. | Makara Bunker, 216.2 Horl 3.1 0.911 0.50 0.549
MKBS M7.53 Hor2 3.7 0.618 0.20 0.324
UP 3.1 0.395 0.20 0.506
6. | Wellington 216.4 Horl 3.9 0.795 0.25 0.314
Pottery M?7.53 Hor2 3.6 0.638 0.25 0.392
Association, UP 2.5 0.371 0.25 0.674
POTS
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1 2 3 4 5 6 7 8
7. | Quartz Range, 216.6 Horl 34 0.158 0.125 0.791
QRZ M7.53 Hor2 3.6 0.188 0.125 0.665
UP 3.2 0.127 0.100 0.787
8. | Aotea Quay 217.4 Horl 4.0 2.094 0.8 0.382
Pipitea, PIPS M?7.82 Hor2 3.0 2.710 0.5 0.185
UP 3.0 0.845 0.3 0.355
9. | Ngawi Fire 220.7 Horl 3.8 0.137 0.15 1.095
Station, NWFS M7.53 Hor2 3.3 0.190 0.11 Figure 7

UP 2.8 0.079 0.10 0.579
1.266
10. | Newlands, 222.3 Horl 2.6 0.950 0.505 0.526
NEWS M7.82 Hor2 3.6 0.569 0.400 0.703
UP 2.9 0.538 0.125 0.233
11. | Petone 225.0 Horl 3.3 0.706 0.300 0.425
Overbridge/ M7.53 Hor2 3.4 0.743 0.250 0.336
PTOS UP 2.6 0.359 0.125 0.348
12. | Petone Victoria 225.7 Horl 2.9 1.900 0.500 0.263
Street, PVCS M7.53 Hor2 3.5 1.211 0.500 0.413
UP 3.2 0.506 0.200 0.395
13. | Petone 225.9 Horl 4.0 1.301 0.500 0.384
Municipal M7.82 Hor2 4.2 1.370 0.500 0.365
Building, PGMS UP 3.7 0.404 0.200 0.495
14. | Whataroa Fire 227.3 Horl 4.5 0.136 0.080 0.588
Station, WHFS M7.53 Hor2 3.8 0.112 0.060 0.536
UP 4.3 0.066 0.030 0.455
15. | Lower Hutt 228.5 Horl 3.0 0.699 0.125 0.179
Normandale, M7.82 Hor2 3.9 0.633 0.400 0.632
LHRS UP 2.5 0.361 0.125 0.346
16. | Lower Hutt 229.1 Horl 3.3 0.987 0.250 0.253
Normandale, M7.82 Hor2 3.3 0.637 0.375 0.589
LHBS UP 3.6 0.348 0.200 0.575
17. | Lower Hutt St 229.7 Horl 3.9 1.685 0.450 0.267
Orans College, M7.82 Hor2 4.5 1.252 0.500 0.400
SOCS UP 3.4 0.617 0.100 0.162
18. | Fairfield, FAIS 230.7 Horl 3.7 0.827 0.450 0.544
M7.53 Hor2 3.3 0.823 0.400 0.486
UP 3.1 0.349 0.200 0.573
19. | Foxton Beach 311.0 Horl 3.2 0.952 0.600 0.630
School, FXBS M7.82 Hor2 3.2 0.860 0.800 0.930
UP 4.5 0.285 0.400 1.404
20. | Paraparaumu 259.4 Horl 3.6 0.860 0.500 0.581
Primary School, M7.53 Hor2 4.4 0.915 0.250 0.273
PAPS UP 4.1 0.393 0.125 0.318
21. | Te Horo House, 274.9 Horl 4.6 0.939 0.500 0.532
THOB M7.53 Hor2 3.6 1.042 0.800 0.768
UP 4.4 0.257 0.100 0.389
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Average 0,465; Standard 0,210
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Figure 8. Dynamic coefficients of the Emberley earthquake
when moving propagates in a horizontal direction 1.

Average 0,471; Standard 0,190
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Figure 9. Dynamic coefficients of the Emberley earthquake
when moving propagates in the horizontal direction 2.
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Average 0,586; Standard 0,333
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Figure 10. Dynamic coefficients of the Emberley earthquake
when moving propagates vertically.

Let us consider the recordings from stations
with epicentral distances (these definitions are
taken from the initial data) from 200 to 300 km
(41 stations in total) to record precisely the
long-period seismic movement. Using the rec-
ords from 41 stations, we have selected only
those, the dynamic coefficient for horizontal-
motion of which at least for one direction ex-
ceeds 0.3 for the period T =4 s. It is turned out
that there are only 21 seismic stations with such
recording parameters. Table 2 contains the fol-
lowing data from 21 seismic stations: the name
of the seismic station with its code, epicenter
distance and magnitude; for each station, the
values of maximum dynamic coefficients (Max
Spectral Ratio) for two horizontal and vertical
directions, peak ground accelerations (PGA),
spectral acceleration Sa and dynamic coefficient
at T = 4 s, that equals to the ratio of Sa and PGA
are presented. The obtained dynamic coefficient
values are shown in Figures 8-10, there the av-
erage values of dynamic coefficients and it
standards are given too.

Analysis of the records of the Emberley earth-
quake using data from 41 far-zone seismic sta-
tions showed that at the half of the all cases, the

values of dynamic coefficients of horizontal
movement at a period of natural oscillations of
structures equal to 4 s exceed 0.3, while the av-
erage DC values are about 0.465-0.471 ( figures
8, 9), and the maximum values of DC can reach
1 or more. Investigations in the evaluation of
dynamic coefficients in the field of high periods
should be continued, and the obtained values
should be taken into account when developing
construction standards governing calculations of
high-rise structures for the seismic resistance.
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