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At implementing of the macroseismic inspections of buildings in zones of strong
earthquakes, not infrequently, it is noted that damages and destruction of buildings are
caused by relative displacements of their constitutive parts. Typically, such damages take
place in the buildings and structures located on soft grounds. Effects of surface grounds on
intensity of seismic impacts is well-known and is considered in standards of anti-seismic
construction design of all countries (FEMA P-750, 2009 and etc.). As a general rule, seismic
loads on structures are dependent on ground acceleration and the influence of site
conditions, for which corresponding design coefficients are used.
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This factor used within the Seismic Code of Russian Federation (SNiP II-7-81*) may
increase or decrease the seismicity by one point (by MSK64 scale) is considered. In the
building codes of USA the site class coefficients Fa and Fv are used. These and other factors
in different countries are used in determining a real seismic impacts on structures, by
adjustment of the design accelerations. These approaches give a positive results for dense
ground conditions (site categories A, B, and C).

However, unlike greater structure displacements caused by soft soils, seismic
accelerations on different sites occur within a certain range. Therefore, application of the
above - mentioned factors leads to some correction of design accelerations, but does not
consider the impact of possible greater displacement resulting from soft soils.

This study is an attempt of comparative analysis of displacements, velocities and
accelerations on soft soils resulting from strong earthquakes. As an initial material, our own
database of numerous measured of shear wave velocities and the prevailing (dominant)
periods on different sites were used, executed for seismic microzoning. The results of
research in the well-studied area of the December-1988 Spitak earthquake by experts from
different countries are used also (Atabekyan R.A,1998,2003, 2004, 2008, Borcherdt R.D
1989).

The velocities of particles oscillating movement (V) from the density of a stream of
earthquake energy (Fo) with the following formula are defined (Aki K,1983)...

F=VVsp

, Where Vs is the shear wave velocity, p is the density of soils. (D

The energy generated by the Spitak earthquake with a magnitude up to 7.0 makes (E
=1022 erg 101> N.m). It is connected with density of a stream of energy with following
formula: E= J‘ jFodS dT

S T (2)

qE=FST

For the bounded territory is accepte . In the epicentre zone of the Spitak

earthquake, by depth of the hipocenter 10km., for a semicircle surface, it has S = 2nR? =
6,28-102km?2 = 6,28-:108 m2. Duration of record of the basic impact in near zone is T = 24sec.
(Recorded at seismic station of Ashotsq). On these data the density of a stream of energy is:

Fy=EIST_ | 1g15Nm. / (6,28-108m?- 24 sec) = 663-102N/m.sec.
The portion of the seismic energy, directed on horizontal oscillating movement makes.
Vzl/\/Ez 0,71 and FJ: 663-102- 0,71 N/m.sec.= 470,7-102N/m.sec.

For superficial, rocky ground, we have average values of Vs = 2,7 km/sec. and p =
2400Kg/m3. From (1), for site of the first category (class A) the velocity of particles
oscillating movement makes...

Vi=F; 1V,
0 Vsp =0,00726 m2/sec?, V=0,085m/sec = 8,5 sm./sec.
The above values approximately corresponds to an earthquake of VII points on the MSK64
scale. The additional increase in intensity of concussions occurs within the limits of friable
strata (Atabekyan R.A.2008,Yegian M.K... 1994). Here, it is necessary to note that in the city

of Vanadzor (previously Kirovakan) the intensity of Spitak earthquake on analogous sites
(class A) also is estimated as VII points (Atabekyan R.A.1998).
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It is accepted, that the density of seismic energy does not vary in different soils, then a
velocities of particles movement are similarly defined for a different sites. For the purpose
of a more detailed differentiation of soils with respect to seismic properties, site grading
according by BSSC (USA) is accepted per Table 1 below:

Table 1.
Average values Vs and particles’ oscillating movement velocities VV for various site classes:
Site Class A B C D E
BSSC (m/sec) | Vs>1500 1500>Vs>760 | 760>Vs>360 | 360>Vs>180 | Vs<180
Vsav- (m/sec) | Vs=2700 Vs=980 Vs= 620 Vs= 210 Vs=110
P (Kg/m3) 2400 2150 1900 1650 1350
V (sm/sec) 8,5 14,9 20,0 36,9 56,3

The average values of shear waves velocities (on site class), which are received as a result
of processing more than 100 measurement on different sites and archival records data, are
given in Table 1. Presented here-also are the corresponding densities and the calculated
values of velocities V of particles oscillating movement.

The displacements -D, acceleration -A and stress - T during the passage of seismic waves are
determined by known expressions for oscillations in an unbounded environment, with
allowance the conditions on surface (3).

D _ ,9°D r=v2pL

ot? ox* ox | (3)

)

:VS

D=D,sin2x(t/Ty —x/Ly)

The function D is which with sufficient accuracy for a task

describes seismic motion in the initial, the most intensive part of S waves.
For velocities, accelerations and stress is accordingly will had:

V=D,Q2r/Ty)cos2n(t/T, —x/Ly)
A=-D,(27/T)* sin2x(¢t/ T, —x/ L)
t=-V;pD,2r/Lg)cos2x(t/T, —x/Ly)

(4)

For the calculations the results of instrumental measurements of a prevailing periods To
in these sites are used. The Calculated displacements, accelerations and stress for average
values of To are given in table 2.

Table 2. Values of displacements, accelerations and stress for various sites.

Site Class A B C D E
V(sm/sec) |85 14,9 20,0 36,9 56,3
Tox (sec) | 0,13 0,22 0,28 0,49 1,00
Dy (sm.) 0,17 0,52 0,89 2,88 8,96
A (sm/sec?) | 397 424 448 473 353
T (kN/m?) | 552 313 235 128 84
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Through the results of all available data the curves of relative displacements,
velocities and accelerations, depending on a ground conditions (by Vs) are plotted in fig.1.

Here the ordinate shows the ratio of the value of this parameter on the corresponding
parameter for class B soils (Vs = 980 m/sec). For a comparison, the curved of relative
velocities and accelerations plotted according to the soils coefficients - Fv and Fa (FEMA P-
750) are also given.

According to the calculated results, the change of velocities and accelerations on soft
soils basically are consistent with values in BSSC, but a displacements increase significantly
more (up to several tens of times). The same results are obtained at natural measurements.
The fig.2 shows seismograms and accelerograms, recorded in the stations Gyumri
(Leninakan, site class E) and (Gogaran, site class B) at aftershock with magnitude 4,7 of
Spitak earthquake 1988 [Borcherdt R.D. 1989). These stations are located on the same
distance from the epicentre (24 and 23km.) and at practically identical accelerations
(accordingly 15 and 18 sm/sec?) the displacements on soft soils are ten times greater than
on bedrock of a category B (accordingly 0,25 and 0,024cm).
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Fig.1. Changes of relative displacements -D; / D3, speeds -V, / Vg, and accelerations - A; /Az
depending on a class of surface soils
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Thus, displacements on soft soils are increased repeatedly, whereas accelerations on
different sites are changed at a smaller range (fig.1, fig.2).
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Fig.2 Seismograms and accelerograms, recording on stations Len and Gog at aftershock
with magnitude 4,7
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Fig.3 Displacement of the surface soils at passing of seismic waves

Hence, using of the site class factors, applied to correct of seismic impacts on
structures, results only in adjustment of design acceleration values, but does not consider
the true character of seismic impacts on constructions, located on the soft soils. As
conclusion, it can be noted that the seismic events on sites with soft soils (category D, E), lead
to greatest displacement of bases and foundations.

The obtained results indicate the need to take into account large displacements on
weak soils, which is especially important for long structures (the long buildings, bridges, etc.)
. Here, large displacements of the parts of the structure relative to each other can cause their
considerable damage or destruction at the strong earthquakes.
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INEPEMEIIEHUA HA CJIABBIX TPYHTAX IIPHU CUJIBHBIX 3EMJIETPACEHUAX U
YCTPOMCTBO CEMICMHUYECKHUX IIIBOB
ATabeksH PasMuk, ATabeksH JlycuHe
Pe3woms

B paboTe caenaHa MONbITKA CPaBHUTEJNbHOW OLEHKH CMELIeHUH, CKOPOCTEH U
YCKOpPEHUUM Ha cJabblX TPYHTAX MNpPU MPOXOXKAEHUU CEUCMHUYECKUX BOJIH CHUJIBHOTO
3emJieTpsiceHUsl. B kayecTBe HMCXOJHOTO MaTepuasia HCIOJb30BaHbl KaK COOCTBEHHbIE
JlaHHble MHOTOYHMCJIEHHbIX U3MEPEHHI CKOPOCTel NMPOX0XAeHHUS BOJH U peo6/1aJaloiux
NepuoJIoB KoJiebaHUS TPYHTOB, BBINOJHEHHbIE /[Ji1 MHUKPOPAWOHUPOBAHHUSA, TaK U
pe3yabTaThbl UCCAEeA0BAaHUM CIIELUAJMCTAMM U3 Pa3HbIX CTPAH B 30HE XOPOILIO U3YYEHHOTO
CnuTtakckoro 3emJsetpsiceHus: 1988r. [ns onpenesieHUs1 CKOPOCTeN KoJiebaHUS 4YaCTHI]
cpeAbl UCXOUJIU U3 MIJIOTHOCTH MOTOKA SHEPTUU 3€EMJIETPSICEHUS.

CorJylacHO MOJIyYeHHbIM pe3y/JbTaTaM H3MeHEHHE CKOPOCTEW U YCKOpeHHs Ha
cJ1abbIX TPYHTAX B OCHOBHOM COTJIacyeTcs ¢ NpUHATHIMU B BSSC 3HaUueHUsAMY, a cMelleHUs
MOTYT YBEJUYHUTbCS BO MHOI'O pa3 (/10 HECKOJIbKUX AeCATKOB CAaHTUMETpPOB). [locKOIbKY
celiCMHUYEeCKHEe Harpy3Kd Ha COOpYXKEHHUS ONpeJiesIIloTCS M0 YCKOPeHUSM, KOTOpble Ha
pa3HbIX TPYHTax M3MEHSKTCSA B OMNpeJeJieHHOM Juana3oHe, TO OO0JiblliMe CMelleHUs
C/1abbIX TPYHTOB NPU NPOEKTUPOBAHUS MPAKTUYECKU HE YYUTHIBAIOTCS.

[lonyyeHHble pe3y/bTaThl CBUAETENbCTBYIOT O HEOOXOJAUMOCTU ydeTa OOJbIIUX
CMelleHUH Ha caabbIX FPYHTAaX, YTO OCOOEHHO Ba)KHO JJIsl NMPOTSKEHHbIX COOPYKEHUH,
MOCTOB, Y T.IL, IJle 60JIbllIMe CMeLleHUs1 YaCTeW COOPYKEHHUSI OTHOCUTEJbHO APYT Apyra
MOTYT CTaTh MPUYMHOW UX 3HAUYUTEJbHBIX IOBPEXJEHUN WX pa3pylIeHUsI IPU CUJIbHBIX
3emJieTpsiceHUsIX. PaccMaTpuBaeTcs TakxkKe 11e/1eCO00pa3HOCTb YCTPONUCTBA CEMCMUYECKUX
IIBOB 10 BCeU BbICOTE 3/]aHUS, BKJIOYas pa3jeeHuss GyHJaMeHTOB.
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