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Abstract

Determining the seismic load and ensuring the seismic resistance of buildings is an
extremely important and important issue for the seismically active regions of the Earth,
including our country, Georgia. Ensuring seismic resistance means that the consequences
of strong earthquakes will be less catastrophic and human deaths and material damage
will be minimized as much as possible.

This issue is the main topic of the presented dissertation. The dissertation deals with
the task of ensuring the seismic resistance of a specific type of thr large-span structural
system under construction and/or existing in seismically active regions.

Engineering analysis of the results of strong earthquakes, especially for epicentric
zones, shows the destructive effect of the vertical coefficient of seismic acceleration on
structural systems and their elements. This is the basis for the fact that almost all
applicable seismic resistance norms/codes require consideration of the vertical coefficient
for individual types of structural systems and elements.

Modern industrial and/or public purpose buildings in most cases require volume-
planning solutions that ensure the existence of large spaces. Such demand can be met by
arranging large roofs (with flat or spatial bearing system). Therefore, ensuring their
seismic resistance requires the calculation of the special adjustment of loads, taking into
account the vertical coefficient of seismic acceleration. Moreover, the calculation model
(calculation scheme - calculation algorithm) is the same as for the calculation taking into
account the horizontal multiplier.

within the framework of the normative method of calculating seismic resistance and
statistical theory, the following issues were presented in the dissertation for the
development of the methodology for calculating large-span constructions on vertical
seismic impact:

- Deterministic and probabilistic accounting models ensuring seismic resistance of
buildings and their structural elements;

- vertical coefficient of seismic acceleration - its influence on buildings / their
structural elements;

- Roofing flat large-span structural elements, trussed beam; the influence of the
vertical coefficient of seismic acceleration on them;

- Calculation of the special compliance of the load of large-span flat structural
elements taking into account the vertical seismic acceleration;

- calculation of large-span flat structural elements on accidental vertical seismic
impact;

- Numerical realizations and their comparative analysis.

The first chapter is devoted to the stages of development of seismic impact
calculation methods, normative calculation; deterministic and random seismic impacts;
Basic concepts of vertical seismic accelerations are introduced.

The second chapter deals with large-scale constructions in enterprise and public
buildings; their normative calculation methods for vertical seismic impact.

The third chapter is entirely devoted to the proposed methodologies for the
calculation of large-span constructions on vertical seismic impact within the framework of
the normative method and statistical theory.



The calculation of the steel large-span truss is given in the fourth chapter by the
normative (using software) and the proposed two methodologies; Comparative analysis of
the given results.

In accordance with the requirements of the normative documents valid for the
seismically active regions, in the dissertation presented for the larg-span strucrural
elements, we have adopted a methodology for the calculation the normative vertical
seismic load, which takes into account the scheme of the structure and, as a result, the
influence of the adjacent load-bearing elements on the dynamic charasteristics of the
structure, respectively, on the value of the vertical seismic load.

Accordingly, the theory of random functions is the analytical basis according to
which the calculation algorithm most adequately reflects the essence of the event. In the
presented work, a methodology for calculating the accidental vertical seismic impact of a
large-span flat structural element (a product of a deterministic function and a stationary
random process) is adopted, which allows to consider both different realizations of the
impact (different amplitude-frequency characteristics), as well as different concerns of
adjacent load-bearing elements.
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9096 1927 {geob. 9sb 3063985 3059300 YM9Mqds Lol gdol mo30LvBsEo Mbgzol
3930965l BgoldMMo IEHZ30MM30L I60T36gEMBdIBY. 0dol gomgzswrolobgdom H™I
do{jolidzmoligsb 459mfizgmeo, 439eoBHg derogho baMg3z9gdo bgds Lofyol dmdgb@Edo,
05006 OHMmEgLsg xgO 96 SMHOL Jowgmwo 3oM39w0  d0dygdom  oMmdmddbowo
B5200Mdg00L  M30LIBIEO  Bbg3gd0.  0dMEgdom  Mbg39dmsb  xsddo  olbobo
5dwo0g©m9096  LgoLdMmo  BgdmJdggdol 9BgIAL, OdLOg 9O  omzswolfobgds
dmbmbmdgl gMmM0s. Psm3ows M5 BgoldMMo sbJoMgdol 360d3zbgermds dofiolidz®mols
Lofigol 8mdgbEGHTo odloTo Mo, 0653039MHMBdOL 3930309bEOLIMZ0L (1.4)-sb

T2, _
8oomem 3608369¢mds: Upy =2 *(1— T_OZ) 1 (1.6)

MMI9goE MOX IO 509353905 Imbmbmdgls doge Bomqdre 0g039 LooL.

0653031600 3095303096¢0L F9dmygzs600 LobEGHIIoL Mgodios Fomdmoagbowo
390095P0g00L 96 dogngol Loboom, 8gglsdsdgds obsdogzol sdmEsbaly; dglsdsdobo
HomImp9bow 0gmMosLsE 9Hms 0bsdo3MMO 0gMEOos.

bgobdMMo  Bgdmddggdol  AsBLIBW3MsTo,  Fgdgamdo,  bBsOLbMdGOZ0
330 gds 53530060900y 1932 (gl 3. domb  Foge  F9dm:935HgdMn

3 (Nonekos C. B, 1983)
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1399dBHMOWEO FJOMPMID, OMIGEoE ILsE MBYdS Lyoldmdggamdol mgm®ools
068030 59m3s6900L 3505(Y39E0L LsdsbBoLm JgoMEsE. 53 dgoMmEOom dqlsdergdgwo
395 095390l 0bE Mo TY33WOWOYM MAOHM FoMEH030 39NY39BHOM, M3
209m0LobgdM@s 989090 139dEHEgdom. Fgmmol Labgumgdosbsg Rsbl Mma
Lsfyolo LgoldmEMaomMo 0bxgMMAs30s dobdo m3gdwEos Mgsgaool b3gd@Mgdol -
960350560 MLEOWHEHMMGOOL SBJsMGOIMS ITMI0IOIENGdS FoMbO39 39M0MPML
- 15O GOOM.

139G ME  SBJoMgdsms LooYgdo LAg (6 Pa) Lbgssbbgs 3gMomols
dJmbg 96»IsLosbo MbEOWSEGHMMGOOLsM30L 2960L5BE3MGdIM©S
993960089635 MSE 965EMPMMO 25TMMNZOMO FMYMdOEMBYOOL BsdwsEgdom.
00ml dog® F90mmegz5Hg0eds 9gomEds 296300000905 3m3s @. 3sLbmbob, .
Bodotmzol, g. 35 HobgMol, x. SBMOEHOL s Bbgsms Mrmdgddo.

1958 fol  35oim®boge  0bj0bgmms  sLmEosgool doge  3MogE03 o
399629500d930LsmM30l 93396 gdw» 0gb6s LEObIOEHMO L39dBHeo
C(T) = Zmax(T)/g, G®dol 3500myggbgdomsg Lgoldnmo ©sG306m30l doglodswr®o
360083690md0UL 296LsbP3Ms Tgbodegdgero ogm 89dgao dodmbobrengdom:

S = MZpax(T) = QC(T) (1.7)

LgobdMmo  Mbgzol  Hgdmm  JomomPdMwo  IMEIgdo  HoMmIMoYgb
96m35L056 MBEOEISEHMEMYOL. FM535¢ToB0sbO (n) JMBLMEOL (bob. 3) o930l Ao6M9dg
30053sbomo  Mbgzol 4obbowrgol 99dmbggzsdo K od@GHowdo dmddgo xsdwmemo
bgobdMOmo EsGH30MOM30L 860369 MdSL 30090 g43ges N GmMIol MHY3900LLL
5090990. LYOLINOO Sk; IGIOOMZIOOL X 53000:

n n n
Skt) = Z Skit) = Mk Z Qi Diey = my, Z OiXkipiry  (1.8)
i1 =1 i=1

boss, D = fot Yo (1) e Dsing(t — 1)dr .

24



B5bsBo 3. n M30LBEGdOL baGoOlbOL IJmbg LoliBgdol Lygolidwmdo Mbgzs.

1.8 258mbobangds Bodwgoegdsl 0degzs OMOoL bgdoldogMo t dmdgbEHobmazols
3960LsBE3OML LgoLdMOHO OEZ0M™MZS AsLol 3MBEIbGHME00L k HodEHowdo.

09) 960 30ROl bomolbol LolEGgdolmgol bgolidwmemo o@30Mmm30l
39bLOBOZMOL odMLObEgdls

Z(t) = —p*y(t) = oD  (1.9)

09350096090 ObHg30L i -MO0 RMEOIOLMZOL BIFIOO  2odmbobryengdst (1.8)
3bsbogm @M @ = p? -Lomzgolb obobo 9MMBBIOL  JMbggzs  @OMOLYSE  t
©59M)30009dJW0 Ny; B3 53 LODBMLEGO.

9525W0MIQ,

Zii () = @iniiDaey = @MiDacey = niuZ(t)  (1.10)

1.10 959mbobwegdgd0@sb BBl Mmd 9ghmo moz30LwREgdol baMobbols dJmbg
LoLEHIIOLMZOL FoMIPONWO Zpax 9BJoGgBOL 139dBHOFd0 Fgodegds  gsdmyghgdwgm
094656 n ®o30LYRWGOOL boGolbol dJmbg LobGHgdol k HodEHowdo dsdlodowrmemo
BYoLINEO SBJSMGJOOL Zmax 39BL3BOIGOLEMZOL, FoLo i-99MH0 BMOHIom Gbgz0Lsl. 53
300900 LOEOEOL  FgLsdSToLOE 5T FMOZ35M0  FMOIoLsmzol k  FgdEHowdo
9dmgdgo LyoLMMO IBHZ0MMZS 2360LIBWIMGdS QoTMLIbMEgds:
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— j}Omax ” j}max (Ti' gr)
g y Omax
K. ULgobdmemdol 3m95303096@¢0 1.11  gs8mbsbrargdsdo  ©sdm30gdweos

Ski Neimig = KcfinkiQr ~ (1.11)

dbmwmo g)dols Mbo30L 0639blogMmdsbY;
Bi - L39dBH®9OOL MLYdMBdOL T9gdNHZ935d0 65290MBOL 0BG FsboliosmMgdEgdbY;
Nk - 3™9B0G0I0E0 30 2960LsHBN3ZMGds 2oblsbLzmMwo i-MMHo Gbgzol BmOIoom,
306396@®0M9gdmo m; dsligdol LoEOWOm S EYOIMGMO0.

9OD0 30l Bdol boGolbols dJmbg LolEGgdobsmgolb n =1, bowm n
053053 gdoL boGolbols dJmbg LoliEgdoLosmgol:

n
ani -1 (112)
i=1

1goLdMIgEYAMOOL 0650 3IMO MYMOOOL Q5630M6MYdT0 sMBYdoMO H3wowo
3903565 0.¢0.3mMB0BL30D. LgoldMMo HBHZ0MMZ0L FoBLEBOZMOLIMZOL LEdSBOLM
3obs  dob 8oy  BoMgdVIEMo  godmbobgdgdo. 1954 (gl dol doged  odbs
5LSOMMYOMEo 1.11 25FMUBobmEgds s 90Mmms35HgdMEo 0dbs M93mBgbsiogdo
50 BMOIMwsdo §99535¢00 3m9B03096EJOOL FoBLIBOZMOLIM30L. Lgoldmmo Mbgzsls
ol g960boogs HMyM®E Jog3500 LobMlMmogdol K saAl:

n

yo(t) = z aone” 2ontsin(wot + yh)  (1.13)

i=1
09935 999ama dob gho d)bgL 0mM35¢ol[obgds HBgdmm s0bodbwmwols
Logymdzgenby, bgobdmeo ©H30MM30L 39bLsBEO3MOLIMZ0L. 65350
05303 gdoL boGolbols dJmbg LoliEgdolmzols ol Joz0s AodmBobyegds9

aow?
Ski = T.BinkiQk (1.14)

B 30m9803096¢0L  goblobrzmolsmzgol  o.  3mOROBL3Ed  doopm  dolLo
5303000909 gds W/P BIOMILMIB JOHDO M530LGBEdOL  bsGolbol  dJmby
bobBgdgdolomzgol, 6oz  09damddo 08  39M0MEOLMZ0L  sbowo  Bsbsfgmgdols

dobgz0m 0465 3060943H0MgdMwo s 393005 1957 (gl 99mEg0vee bm®dgddo.*
(bm®dsE0meo »BOHb39wymazol GgLobgd GO obowgm mszo 1.2).

4(CN—8—57. HopMbl 1 NPaBMIO CTPOUTENLCTBO B CEMCMMUYECKUX paltioHax.)
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Bg0mm  §omdmEagboer  odbs  T96mds-Boggdmdsms  Lgoldmdggamdstby
3996256009900l d90MEYdOL, BMAsI® ByoLIMIgEIaMdOL MYMOHOOL gob30056MgdOL
doMH0mMI©O 9B93900 3500 BoxBYd3wgdoL s JOMOMOIWPO JOYIEGdJOOL SPFIOHO.

oMM S gNwgddo  smbodbmmo s bBmso  Lgolidmdggamdols
0653039600  009mMH00L  FoMywgddo  300560©JdS  JMM0Jo0,  OHMIGWDS
36500030396 35BoLL FoMdmMoqbl: 5edsmMdOL MgMmE0s, d90mbzgz0m 3OM3gLms
09MM05, 3MHOR0Z MHgzsms MIMM0S, GHOWEMMO 99dsbo3zol mMgmM0s, ©obsdozm®
59m3sbsms 2ooYy39@Hol odmmzmomo 990mEYd0. dg@o M35¢LsBobmgdolsmzol,
99-4 BoboBDBy UJgdod Mo 900l Fomdmaqbowo Lgoldmdgogamdol mgmGools
396300006900l bgdmm 50bodbmwo 9@s39do.

15999690 BM®3gdo s Hgbgdo Lgolbdmdggy dd969deMdsTo FoMTMo9bqb
@OMOL  3m6309@ Mo 39MHomEOolm3ol 98 sMado Bsdgabogdm, LodMmgddm o
36543030 3©boL 4obBMmAs©gdsl bmMs@ovIro ©m3dgb@gdol bLabom. olobo
Do0mo9696  Lobgeddwgsbgerm  ©™3d9bBHJIL  Lobgwdfoxzmdo Lgoldmdgwogao
36099 GH06905-089698mdol [oMmdmgdolom3zol. dso Fgbobgd sMBYdoMSE© obowgom
9tm093b™ 3oMMmx3d0.
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LgobdmIggymdOL
LEHOGH0ZMOO MIMOOS
L9gobdmagE9MOOL
4 LEAHOGH03MO0 MY
LgobdmagE9gAMdOL
065303160 009MM05
1goldmIgEgyMdOL
& g 565(6H 53030 M90S
bgobdmaggymOOL
139JGHOIMOHO NYMOI0S
L9goLdmIgE9MOOL
AOONOHO MYMOMH0S
v
3™bLEG®MJ300Ls
©99mgddg9gdol gmHod o
O56BMmIodosbo
dm9egdobomgzol
\ 4 \ 4

3MbLEGOMJ300LS s Bgdmddggdol
150 gobBmIodosbo
dmgrgdolomzols

Bsbsbo 4. LgolidmIggMdIOL MYMGOOL 43630056930l gEs3gd0.

1.2 39bmds-65390mdgd0olL Lgolidwm Bgdmgdggdsbyg 99685008900l
63500 NBOHMBzgmymzol dglisbgd.
093960  ©Eol  dEymds®mgmdom bmxzeomdo  Lobgadfioxnmgdl  (dsom
JmO0b LodoMmM39embs3) 99300 bmMTgdo, MMIgEms Bsxgmd3z9wHI3 MR ITOMOYdS
bgobdmdg9gao 99969dEMdSs. > om0 MEOEILO MIMHZ3EgbMds 9i3dbgds Bro OO

dmEMEmdol  mgmOomwo @  94b3gm0dgbGHowmo  33eg3900L 8999l
$o8Mo96L LgoLde oG30MHMZsL 30MHMBOMO BESBH0IMNOO0 IGHZ0MM30L Loboo,

> (16889690 ™ EmMIgdOL s Faligdol — ,bgoldmdggao 3996gdmds” (36 01.01-09), 2009)
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39bLOBOZOMEL  3MbLEHOJ30Mmo  LoLEGIIOL  B3gJGHOIWNOO A6 TgdOL
(00653039960 3sbslosmgdgdols gom35w0oljobgds) Logdzgwby.

d390mo»  foMdmygboos ¢ 7 bmMIgdol  Tgbodsdolo 2096 sM0dgd0l
5Eam®omdo  3MBLMEWMEO  Bosbas®odm  dmEgErolmzol n 3MbiEgbdMmoMmgdmwo
dsLgd00. 3mblmEo BobGsE ML Bsdsa™mgdricro, Bdgdo s 3mOODBMbEIWMGOO
19oLIMMO IHBHZ0MMZs FMddgdL Asboms 39bEGHMYdBY. LobEHYIoL dMIMSMDdS 0TS
Mbg30L Lo3Mme® BMMIGOoL dobggzom, LYoLIMMO IGHZMOMZS FIBOLIBEIMNOS
(39-(35¢39 MHI30L M0MMGMO B53MMNIMO FMOIOLISMZ0U.

9000560 bgoLdMOO HBHI0MMZS Six FIBOLEBPZMYdS 3MBLEHOYJ300L M350
©I8MMHIMIO0L  3060HMdGOOLMZ0L  30OHMdoMO  ga30M0Mwo  3m9303096E OOl
090myg3560m,  OGMIMgdoz  0m35¢0olHobgdgb  3mbLEGOWJzoMwo  gargdgb@gdols
®3930L bb3ssbbgs 3m®mdqdl, o339 sB0s6gd9dL s 3MBLEHMMIE0Mwo Bggdol
05301989960 90908, 9990 Fodmbobregdoom:

Sin = k1k2Soik (1.15)

boY3, k1 39830309630 0035¢oL{0bIOL OLZ390 IB0s6YdYOL, k, - T9bMdS-
65290Mmd0L  3MBLEHOMIE30ME  25NY39BOL, Soixk 30 My LD dmddg  MbgzoL
L3O 1 gmOIolb  FgLodsdol  Bosbas®modm  LYoLIMO  EIGHIOOMIIL
3960LsBZMIOS godmbobriengdom:

Soit = QkzABikyniy  (1.16)

boog Qx = mkg s60b k-960 dsliol Iglodsdolo mbs;

k3 - 896Md5-65390Md0l 3609369 ™d0L obsliosmgdgmo 39530309605

A - bgobdmeMmdol 3m9x0309630, bmMmIoMmIdMo  Ms30LBIo  F5MEboL
3bgo6r900m;

Bi - ©0b5303mM™dolL  3m953030963H0; 033wgds  BogMms®o  Mbgzol  i-mMo
xmEIol  Jgbodsdolbo T; 3gMomols s  bgobdOmool  dobgzom  M6EOL
3949302600 Fgbsdsd0Lo;

ky, - Boe930L 3mg5303096¢)0;

6 (TTosusxk E. B., 2019)
7 (Ymrakos. O. 10., 2015)
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Nik - BOIOL 3098303096@0; HTIMI0YIMYO0S 1 BMOT0M bO3MYMIMO MHbg30LLL
©IBRMO5300L  BMOTPOD) ©O  ©IGHZ0OMZ0L  FEJOIMGMDsDY;  gobolsBLIMdS

399mbobMgd00:
_ x; (xx) Z?=1 Qjxi(x;)

n. =

bosg, xi(xx) » xi(x) - Logmms®ro Gbggol i-mGHo  gmedol  Bqlsdsdolo

(1.17)

39Q5QEPOWIOYo0  oblobowrggw k figbGhowdo s y3gws 08 j fgdHowdo,
6MOmIgddos  3mbEgbBH®oMgdmwo  dsls  Losbgo®modm  Lggdol dgbodsdobs  s6ols
(obogrgo bobsbo 5).

Bsbsbo 5. 3MBlBOIzemEo Loldgdols 3mbBlimemm®mo LssbysMmodm dmpgero ssbysGodm
Lgolidw©o oB30MHmM30L gsblisBE3GOLsMmZ0L.

doosbo  Lgoldwemo  bgdmddggdol Sy (1.15)  Losbas®odm  Lboowggdol
do0qool 8999y, ULogmmedo  Mbgzol mommgMmo i RmOIol  Jglsdsdols.
UAHOIGHOIMMO  205BaM0dgd0m  Mbs  gobolsbEgmmMl  FgbmdI-Boggdmdoms
3MbLEHOMJ309wo 9egdgbEgdol 339009330 s©0IOWE0 doenggdo N;, 53 9935651369 ms
39bLsBOZMOL 8999y, PBYdS LoMMMWg 393006093 0T oMM GdSLMLL BMI
(1.15) s (1.16) @59mbobregdgdom  goblsbrgmmwo  LgoldmMo  doggdol
dodbodsgrMo  3b0dzbgemdgdo  doomfg3s @OMOL  Lbgsalbgs  dmdgbEolomgob.
39L505d0boE B¥Y39gMH3MBOE0OL 3MOBE030L godmygbgds 8 9gdmbggzsdo s6 Fgodargds.
d9Lsd5F0LO  BodboTdoeMo  dognggdol  obLOBEOZMOL  sBM3SBy,  GMTgeros
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394 BHMOM0350 JOMOMI© bl MMMYdMe 3603690 MmdSL 0dgbl. L3gd@®ow®
09M60590, 90bodbM  Lszombmsb  80dsmmMgdsdo  Jogdmwo s  bmMIgdol
w3530 glMdsTo  SLObB0s,  2obbowrmmo  8Ygbggdolismzol  goblsbrzmwo
3539056, Lo ™ 335MsG VI 36033690 MdOL BoMgds LsbyIMIOTM doen3s.

9-0 SRSS — square root of the sum of the squares 9900m@o 99INM35HJdYWO .
30 dsbob 9. HMdY6d09EOL s 6.0. 60ds® 3oL doge & .

(1.18)

50 89000bg393500, N - 2056560390530 Fom35¢olobgdmwo MHbgzol BmEMmTgdol
509bMdsy. bmMIgdo  0m3z35woliobgdgh  Lszmmsdo Mbg39d0L  96Msbs3egd  Lod
RMmOIsL, 099 30603900 BMMOIoL 39MH0MmEO T 5©0gdsEHgds 0.4 §53b s Gbgzol Fbmerm
30639 3mEIsL, oo Ty < 0.4 0.

Bg0mm  sefghomo  FgomEOol 9O,  BIWIJMo  2oblozmmEgdMEo
3600369cmd0lL 56 29633990 (56G53H03496M0) 30bLEHMI30o Fosfy39GoL dJmbg
M0099dBHgdobm3zol  98m0yggbads  306Hs30M0 065303 MMO  Qo9byMm0dgdq00
UgolAMIgEIRMdsDY. 98  BHo3oL  2osbyo®0dgdgdo  [oMmBmgdl  Losbyo®modm
5JL9gOHMYEO5TgOOL godmygbgdoo.

a(t) = A;y;(¢) (1.19)

(1.19) 250mLobwyargdsdo i Ho®mdmoagbl Mbg30L 39dEH™MOL dqbgwrols bedg®ls;
A; - 58456900 53300l dogduodsee 3608369 mdsl; ¥;(t) 30 3MvbEHoL ™o
Mb930L S0P 9O Hg bm®IoMGdMwo 3b30ss.

50bodbme  dgoml 9o OH0/LobmgBoMGdMEo  5JlgEgBIMAEMSgd0m
3996256009900l dgomELs3  MPMm©9dgb.  LosbysModm  sdugEgmMAGSTgO0  50Q9dS
mdmom© 3d9690emdoL 50D 9b 53 0ol Augoglo 306MHMdYdOL IJmbg
50930 MYAOLEHMOMGIMO 5l gMMAMIOOL 3 Toz900L  Logmdzgeby.
Abgogl 306MHMd7d80 0golbdgds dobslosmgdgwo Lyoldmemao®o dmbs3gdgdo:
95960, 9303396GHGo Mo dsbdowro, 3960l LoM®IY, LyobgobOHM-ygmEmaomGo
3061900 s 5.0.

8 (Newmark, N. M., 1973)
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399625009900l MgMM0MEo bogmdzgero 9o Jgdmbggzsdo Fgodergds oymls
©099539e0lL  06@ 93050l HoEbzomo Mo oBs30s vy dm3gdo ¢35J3L (o0
3990bg93590 23593L) G3wndol sBdoMgdol a(t) Mgsewy©o 56 LEbMgBOMYdWO (Fo0WdS
3OL9dME0 B6)9MH5d0L Fqlsdsdolo edw)dsggdols abom) Bsbsfgdgdo.

dgmeg  doamds 30  9EaMIsMgmdl  MHbgzol  AsbEHMergdqgdol  Mosbgzom
063 93606905d0. 5d0Bsm30L 3MBLEGHMMJ30wo LolEgdol MbgzsMs 2obEMEGdgdOL
LobLEBHYs HomdmAboEo 0dbgds 306390 Mool B39MEgdMH030 WORIMIBE0IWMEO
3963Mgd900L Lobom 9.f). bmMdoer®o FmOIom. 96 2sbEMmwgdgdol MHogbzomo
0639200609008  gbom (8590  OMbx-39GHL  Ggoom©o)  JooEgds
396BMa 50930 30mO0bsEoL 360036900 m™ds QOMOL Bgoobdogemo
9md9b@obomzgol, Mol  990gas3  Igbodegdgos  bgoldwmemo  oG30M™M30L
39bLOBEZEMS K Bslisbyg i-096m0 gm®Hdom GHbg30l @OHMU.

5ML9dMBL 53 3900MmOL 259MYygbgdol Lb35Lb3s FMEOB0 3530930 BoggdMdgdol
0653030 59m (35693056 F03560905d0, HMIwgdog 1939 990degds 2o6BDMYsYdmE
0g69L 65290Md700L goLdMH HBgdmJdggdsbY gosbasM0TGOgdOLIMZOU.

30bLEHOWJ309wo LolEgdgdol 3mbLmEE Bosbasm0dm dmEEgdmMsb gMms©
bgobdM®  BgdMmddgYdsBY 2996349608900l  3M9JE03500 BIODMM®  Fo3M0Ygbgds
0MHGHYgo s bogdiEmeo  Losbao®odm  bdgdgdo.  90bodbmols  LoFoMHmgdsls
3965306Md90L  36589MH™M39  99bMds-65398Mdgd0L  Boo  3MmbLEGHOMJE0ITo
3900509394900, OO 35900 s Lo ggdo s 5.9. Jglsdsdolo PbYds obgmo
LoobYOMOTM  FMEYEOl RMOI0MIOOL LoFoMMYdS, GMIgoi IgEo  TggLodsdgds
3MbLEGOMJz0Mwo  LobEgdol  MgomE  8MFomdsl  Lgoldwemo  Bgdmddgwogdols
306d9ddo.

50b0dbEo  BosbyoModm  dmEgergdol  bmMIs@Goo  MH9o0bBsEo0Lm30L
530009390 bgdos d9Lsdsdolo 39003 0mMO 153590900 Qo
1393050BYOME0  3OMYMHTME0 3033 gJlgdols  AsdmYgbgds, 98 M3sbsL3BgOL

Lo3AZ3S 30 JOMOMIIP J5TM0Ygbgds LELOYIEN GEgIGBEHMS JgNMO.
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1.3 389do;mbggzom lsgolidme Bgdmddggds®y go563500dgd0l dgliobgd.
LgobdMIYEIRAMOOL  MJMOO0L  QO630MGOOL 993900l  Bgdmo  sehgHowo

brGomo (ob. § 1.1) 30093 9embgwr bsmws FoedmsBabl ™I bgoldmdggamdol
0900l 496300560900l gHobg 093560 IdMIMMGdS 0gm s MBGdS 4O6EOL
L9goLdMMHO MHbg30L BYLEO SBsoE 03O BHgHOL T9w9dwgdeMds.

093600 53GHMGmo ° 10 11 Gommomgdl G™3 00gbo ©Msdgbssg LgolidmMo
B9g0mddggds oMol Fgdmbggzomo  dmzgwgbs,  LgoldmdgEgAMdOL  MgMOool
3650003039960 Bo1dz9w0E MBS 0gml sSEBsMMBOL MJMOOOLS S F50gdoEH03O0
LEGHOGHOLEHO30L Bg0MEYOO.

50b0dbEo oymds MHOL F9gao 08 J96M9dmgdol ™A derog®mo dofiolidz®ols
9sboliosmgdgEo MomMJdoL 4zgus 356539BHM0 - 930396EGHMOL 3MM©ObsEgd0o, 39bols
900q05M9gMds, Fodmymuowo 9bgMmyool IMEMEIMds, 03 SYHOWIOL  JJMEIMQOIOO
LAHOMIGHMOS OMIgdog 29096 1bgobdmo EowEgdo s 9.8 - bslosmYdosb
d900mbgz9300m0 LOWOYJOOm.

3 39MHMO 0gm 9HM-9MHmo 3003900 3063 YM©mo©®gds dosdios bgobdmGo
©99gd990930L 5EdsMMMO IMEY9d0L godmyggbgdols TglodegdMmdsl.!? ol 50
M95d3ool b3gdBH®Mgol xgmdol MHbgz0mo  BMdMmHMdJOIOLM30L, gobobowsgzs Mo 3
356513690l gBMbsoGo  $830GHMEIdol  dJmby  Fdgdmbgzgzom  0d3wligdols
190900 (II-19dGm0o 1B¥B4BdOL 303D SBJsMYJOS-OMOL FMH03BY) Loboom.

9m0dg36m  (ergddo, ULgoldmMo  Bgdmddggdol, GmamME  dgdmbggzom
363900 Labom gobbograro dmEgEgdo dgodwgds googml MM EOE X YINBI:

- 99 gd0, HMIWIdoi3 3ObEOL IMIMIMdSL derogho dofjolidgzmgdol Mmls
39b60bows396 HMYMEE LESE0MbsMME d9dmbggzom 3Mm3gLL.

- 99 gd0, GH0Iwgdoa 0035¢0l{jobgd96 9o OH0 36Hm3qLol
305LGHOE0MbIOMEOMBS.

-BEogombosmo  dmEgwgdol XML d9a30dwos dogz03m3bmo  d.
05MIBHgobol  Imgero - ol LgoLbdmE  SBJoMgdsls  Aoboboregs  MMAMO3

LGOE0MbIOME MMM 3OM3gLL.

% (Ayryctn I, bapatra A., Kawmatn @., 1988)
10 (NyskmH O. B., 1983)

11 (BapwreitH, M.®., 1960)

12 (George W. Housner, 1947)
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3bMdoE0s MHMI BMYss© LgoldmEmo Mbgzs HoMdmMoEYgbl SMIBESEGOMbGIwM
36OMmE9LL, 053653 9GOl obgmo GHodolb 3MHMmiEgbgdo, MMIWwgdos OMOL  L3swwols
d9L53530b0 OLETZ3900 T9Mbgz30m F930de0s J030B60Mm MHMYME [ LESE0MbIOWO.
8- 956MdgEgobols doge LHimeMgo BsbsfgMgdo 0dbs dgMBgmeo LgolidmMmo sbds6rgdgd0ls
BobsHgMgool  LgMoosb  Fgdpmdo  33wg30Lom30L.  FgMBgme  BsbofgMgdo
153056M0LbdE O 063HIMZ5DBY  BILOsMPIOMPHIE  LETMsWME  TYsGOMEO
Mbgz0m. Sgm  9JUBgEgOHMYMHTGIL  Tggbodsdgds LbgobdMmo HBHIOMMZ0L oo
LOoOEY. A3bboWMwo  BsbsfigMgdol bmMIoMmgdMwo  3MmOgEEoMMo  BmbJisool
95536mgLoB0MGOG 45FMBOb GBS 93EHMMO Ao6ObOEIS3L AoTMBobmEgdsls

R(1) = eIl cos pt  (1.20)

a=6..856"", B =14..20(07"

dgbsdsdolbo  b3gdBHGowymo  bod3zzmogzobmzol 3o FoMdmyqbowos
300bObMEgds

2 mZ

S(w) = 2B(0) fooe_“|f| cos ftcoswtdt = 2B(0)a (1.21)
0

w* + 2aw? + m*
Lsog m? = a? + B% a = a* — B2
(1.21) 250mUobmengd0sb gobolisDrg®mgds asblobowgqgwo sl gMmyMdgdol
306060905000 39000700l 3603369 mdqd0 50bodbwo doymadol Lsgdzguby
33GMOL 9eHmo s LSOO M530LBWYOOL boGolbol ddmbg LobEgdgdolomzgols
9009g0Io 5943l ®95d300ls @S b3 MOMIOL 3093030 gbGOL  Lodwsenm
33900M5¢mMeo 36093690 mdgd0.

Bgdmo bligbgdmwo 30MH39mo xR0l dmEgwgdl dog3mom3bgds Imgugdo,
I gddos aMbE0OL bgoLdMMo sBJoMgdgd0 Fobobogds ,,0gmMEO bdsrHob“ Laboo.

50b0dbMo  BHodol 99dmbggzoms 3OHMELO  bobosm©Yds Y3zgars LobdoMobomzol
bmarmgsbo Lodsm 36093609 mdsms s dmdogo L3gdGMowmo 1od33M030m,
5699 LodA 309 yz9ws LobJoMmGHY MBIVBGOE MOl F5BIHoE GO, sbscrmyorMo
»J0O0“ LobsmEoby, GMIol bowrgs LobdoMOre 3md3mbgbEgdo sbsd®ms©
36056 2565)0wgdo. 53 GHodob Bgdmddggdqdo 3sbbowmwo 5930m d503OMBEHOL 2,
HMBY6dMELS 5 dMLEHSBBEHL .

13 (Bycroft, G. N., 1976)
14 (E. Rosenblueth, J.I Bustamante, 1962)
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BMAo©I©  OmymeE  HBgdmo 9036036900 LgobdEo 9B JogdgdOL
©59M300909gds  OMULMID oMMy gbl  9MBLEIEOMbIOM  F9dmbggzom
36MME9LL.E  g58mm3e0mo dmEgeol Lobom, 58 GHodol 3OmEgLOL 2o6bowgolols mogls
0BgbL 3. 3. dmEmEobol doge 90mms35H9do JgomO ¢ [omdmoygbl gMm-gMm
L539009bm  Foabgdsl.  5bodbMwo  dmEgol  Jgbodsdols  Bmdol  LgoldmEmo
3Bd56905 B50g0M9ds g59mbobgdood:

a(t) = AW (L) (1.22)

Loog A(t) §omdmopqbl ©g®EHgm30boMgdmer 8mdzwgd Bwvbdzost, @(t) 3o

L3o30MbsOMEo F90mb3z9300 3MMEILOS.

(1.22) 259mbsbvgengd0sb Bobl H™A Lgold,® sBJoMgdsms LobdoMvyeo L3gddmo

"33 gE0s.  50bodbo  obolosmgderoll 330 gdol  Asm35eobfiobgds
d9L5d9d90 bgds (1.23) BMOIMol xsdol Loboo Bsfig@ol 99dmbggzsdo:

a® = ) A Opu(®)  (123)
k

903900 53bd300L oLOMIdOIE 3. 3. dMWMEH0boL ImEgdmwo 59d3b Abysglo
06393050 MM 5bsL0sMGIWGOOL 5JlgEgMMAM3d0L (sbgmgdOL 56 SOLGdMBOLSL

9600 5JLgEgOHMAOSIOL) FMT3900L  FJIMEMEMY0s 7, MOl L9xdz9w B3
Bsofgdds  sRoGgdol  Lsdrsmm  335MFMo  960336gmmds a? (t). dmdzwgdo
53MBg 300U 536MHMmgLods300LsM30L 30 04gbgdl AsdmBobmegdgdL:
A(t) = Age™ 4 A(t) = Ag(e ™t —ve™2t)  (1.24)
L5535, Ao, €, €1, €3 @S v Fofolidzmol Foboslosmgdgwo 356M5d9G®M9d0s. @(t)
UAO30MbsGIMo 899:mb3930000 3OMEILOLMZOL S3EBHMML 593L S0MMBd.:

Jooogo(w)dw =1.

©90gd990930L  IE0sbs  goblsbrgmol 98y, LolEgdol dgdmbzgzomo
bgobdmo Obg30L STMEBS A9PYPIds 3MOIWSEF0VIM0  MYMOHOOL  FJOMPIIO.
305LBHO30MbIGMEo  bgobdmo  Mbg3z900L  sTMEsbsl  4oblbgeggdmeo  doamdom
bLbOL 5. FoMmM30lL IgMmo."8 ol gr3wdbgds Fgdmbzgzomo 3MmiEglol LobdotMwmer s
LobJoMH)-EOHMo00 5MHYMSL. LgoldwmE@mo sBJsgds BoMZE0E0s. 356MHTMBOBYdOE

15 (Tajimi, H. A., 1960)
6 (onotuH B.B., 1965)
17 (onotuH B.B., 1979)
18 (3Kapos A.M., 1964)
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35LGHO30MmbsGMeE  Fgdmnbgzgz0m  3OMEgLd 96 3OMEYLL,  OHMITOLMZ0LE3
396BM500905 BEBSEOMbsOWMwo Jgdmbggzomo 3OHMEgLloLsmM30lL doMgdIEo 30696 -
bobhRobol B39gdEMWMOHO MbsBIMPMBI60. Fgdmbggzomo 3OmEglol sSedsmEOo
©bHOLOSMGOOLOM30L  93BHMOO  0ygbgdl  Lobdo®ols  dobgzom  JMEMgEsEoOoL
RbJgosts Q (w,w’) s LobIoOWW-EOHMOM JMEOJWs300L S (w,t) BMbIEosL,
MY 5m30L53 93EHMOOL d0ge, BobolinsmMgdgo MsbsBIOMOMIBO 30Mm39ws© 0dbs
do9dIEo.

3.3.  0mwm@obol  dmgwol  dbyoglo,  Lgoldwmed  Bgdmgdggdsls
©9}H9M0boMgdMwo  dmdzwgdo  gMbJgools s LEsgombs@memo  dgdmbggzomo
363960L  Bs3M3@0l Lobom  (oblbgs390wo  ©HI39090gd0ms s BBJ30sm
39bLbg0390o  LEAHO®WMJGHMOO®) AbOobOW3ID dmBH™ s GHm3zo ¥, Low o
09Mb56MH©0%, ©.6 s 1.6 0gbsMgd0?!.

0.0 50%96d9Ma0l *? ImEawl Lsxgmdaws®© MEI3L  3Mb39BE0s,  GMIwol
dobgz0ms3 3obobogds 565 9OH®O, 939 2oblb3zs39do  Fsboliosmgdegdols
dJmbg LgobdM® Bgdmddggdoms 653000, HMIJPMOYD (393539 POMOMYOl
9oboboomgdgE0  3565993MJd0  (odoBMmbgdmo Lobdomyg, UL3gdBH®oL Loysby o
R}0MIs,  0mdzwgdo  gMbdEos)  9OmIobgmmsb 9393000900 BoMGH030
950935@0371600 ©59M 3009 gdg00m. 5dM0YE s0bodbo dmEguol dobgpzom
LgoLINMHO  Bgdmddggds  FoMmdmEAgbowos GMAMOE ©oLIOYGHMEo  LodMsgwg
3M5LESE0MbIOMWO  4oMLol G030l I EHO3E035GH0M0  3Mm39LgdoLs s dolo
g4m39gwo  j-o0mo  9gagdgbGo, Wmax ©O Dpmin  3905GHMbdMEo  Lobdo®mgqgdoom
3900boBO3OME 06EH9M35¢To 533MMOL doge Fo®mdm©gbowos 89990 baboom:

o(t, @;) = A(t, @) @(t, @)

boog  P(t,@;) 560L gombol G030l bEsgombsdmmo 3Gmagbo;  A(t, @;) -

80383900 53969305, bMMI0MGOMO 0033505 OB  |Alnar =1

1% (Goto H., Toki K, 1969) (Hsu T —J, Bernard M.C., 1978)
20 (Hsu T —J, Bernard M.C., 1978)

21 (lyengar R.N., lyengar K.T.S.R., 1969)

22 (Ai13enbepr A.M., 1980)
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396030356 bgobde  SBJoGgdoms  9glgwgMMaMsdgdo  (bsbsbo  6)
3OH0DMbE Mol Abgoglo (obog Bgdmom ™o30) LsTo MBBOLORE Tgygds.
LoHgobo 306390 MBBO BMOToMYds 303Mm(396GM0IL FodmEHym®Ebowo aMdozo
GoEgd0om. oo 330G IdIOLS s 39MH0MEIOoL I60d369w™dgd0 ML T306Y
LOEOEOL; JoMOMOEO b FgmMg MBBO bslosMGds MHY30L 33 o0E™IdOL
dowowo  3603369wmdgdom, dolbo 3gMHomgdo 3o dbodzbgwrmo  50gdsBgds b
G005 30639000 BBl 39MH0MEIO0L; 0l BMEOI0MIOMW0s 396030 s bbgsslibgs
G030l 50930 GO MYd0m. 9JBgEgHMYMHTYPDY 56O BodLoMYds Lofyol ™G
wdsbl  GmOoL 933900600  20dox3bs.  5dugaErgmMAGSTol  Lodmermm  dbols
5930@HMgOoLmM30L  Tsbolloomgdgmos  dmbm@GHmbmMo  FgdoMgds,  bmerm
3960mgdol  3608369wmdgdo IgBHos Lsfyobo s doGomso wdbols Jglsdsdolo

3 (3- B93600930, 8. Bogzn®356009, 3. o035, 8. %904Yd, 5. hY@Me0560, 1980)
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L. 3. 0903909305 ©o598m8sgs * 59960390  Lgoldmemygdols dogé 8g-20
L3960l 60-056 Hergdsdg BohgMowmo dgrogmo dofiolidzmgdols sgdlgwgMmyMsdgdo,
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363090000  39MGH035WMOHO  BYoLIMMO  SBJsgdol 3600369 MdYOOL (3539w

24 (C.B, MezBezes, 1960)

% (Tlonaxos C.B, 1983)

% (Housner G.W., Jennings P.C., 1972)

27 (Takada S., Hassani N., 1995)

28 (Tezean S.S., Yerlici V., Durgunoglu H.T., 1978)
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5930009099305 §I30MH0ME0 A5TMLEBLEGDdS.

deog6 dofolidgzMoms 89w9gaq00L 0650660 565¢r0Bol oo dodbodsgrmemo
39603035MH0  Bgobdmo  5BJoMgd0L  oYIHOL  TguodegdEMds  (55msb dolo
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5530JL0MGdMo 0dbs LyoLdN® shJoGBIMS BBIHIMYdO BrdE®OKOL 1994 ferols 17

2 (Fasnunitckne 3emneTtpaceHna 1976 r. MHxeHepHbI aHanus nocneacrsum, 1982)
30 (Fukushima Y., Irikura K., 1997)
31 (MaHyksaH A.B., AMbapuymsaH B.A.)
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L5000 7-Bg omdMmAb0w0 MbsgsmmdgdO.

32 (Shakal A.F., Huang M.J., Darragh R.B., 1995)
33 (Bozorgnia Y., Mahin S.A., Brady A.G.)
34 (3. XaumaH, 2015)
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3mO0bMbGsmmHo  0gMdol  Fodsdom  sLodgGHMomwo  sBJoMgdom,  Golo
39635306Mmd9dgoiE 9®oL  3MBLEGHMMIE0sDY IGHZ0MMZ0L  goblbgeggdmwo
LAHGHOIMMO >  O0bsdogMEo  9u39dBgdo,  Loghgbo  30bBLEHOYY309d0L
365 MIOHMBS.  2obobogds  ©0Is0sbo  3mFMGo (odfg 9O Mo
LoyM9bgdom 5699 256353900 HTYMEMBOL Ambyg LotEYgEgdoo. JOMHOMSPO
Mbg30L  AoBLEBOZMOLMZ0L  LssbsModm  Imgwo  HoMmImqbowros  TYmen
LoyMm9bgdbg 8gdscg Lsd FoLosbo 3mFom (BobsBo 34) (odigBg Fmbmero doeosbo
dsbol Bobgzs®mo  3mb39bEGHMOMdMos ool ds H9mEGowdo, sbs®Bgbo oL
390056500 gdmwos sdgmer Boymgbgdby. 58 gBom bgds 39ME035w Mo Mbgzol
doboliosmgdgo Bgdmom bligbgdwro mMsgz30lgdMgdgd0L Sbob3S/ o3¢ olfobgds.

9OMgMYwo  dsgrol  3mddggdoll 9990  SVIOIO A5 Y0GOOL
39bLOBOZMOLMZ0L  3MBLEGHOWJ300L s FgOEGOWDY s LogHgbgdbBg 30Yygbgdm
3000bObEgdsl:

6Ely(x) = Rya® + T(a—x)3+ (C, + A)a + A, (3.15)

bo@o@, Ry = — (1 - %).

1
C, = —7(3le —2x1%2 — x3);

Ba= 20 (8aRe + 6, 7);
l [

A,= —3EI65,,

Iy 560L 369 30MmbsE G905396MHYdEL, 9090 Foboliosmgdargdoo:

I, = 0 &mqLsg a < x;

[, = 1 6&mqlsg a > x.

Gq Q5 Op 900l 6935000 LEYMHIHJIOL TYMEPMDS:

X Q5 a, dgLsds3oLs, SMOL 3bLEMWYJ300L GOMIMEIO WSSO GOOLS OO

306396@®0M9gdMmo Fsligdol oM EHowgdol 3mmMmobs@gdo. (bsbsbo 35).
909900 5ol Bobslosmgdgw FgdEGHowgddo a = 0; a = 1/2; a = 1 (65b.35).

(1) gm6IMeob 359mygbgdoo dogzo0wgdod:

3)
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L/2 /2 ¥

a=0;x=0; 6Ely(x) = 6EI5;; y(x) =811 = b,.
a=0;x=1/2; 6EIy(x) = 3El8;; y(x) = 612 = 21 = %6(1-
a=0;x=1 6Ely(x) =0; y(x) =63 =0.

d)
=1
; 1
= P2 o
- s
Frdf LIIJ'Z Llrllz .Illll
a=1/2;x=0; 6Ely(x) =3EI8, y(x) =85y = 81 = 15a_
(Ba+8p)

a=1/2;x=1/2; 6Ely(x) = —+ (6 + 8,)EL; y(x) =8y, = —+ "
a = l/Z,X = l, 6E1y(X) = 3E16b, y(X) = 623 = 632=56b.

2)

L/2 L/2

a=1Lx=0; 6Ely(x) =0; y(x) =83, = 6,3 =0.
a= l’x = l/Z’ 6EIY(x) = 3E15b; _'V(X) = 632 = 623 = %6b

a=1Llx=1 6Ely(x) = 6EISy; y(x) = 833 = bp.
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d9L58530b5 YMEMBOL FoBHoEoLMZ0L 23969ds:

1
0a E(Sa 0
O 012 O3] |y 3 §,+6, 1
021 022 O3 =|=4, 22 - b
5ai S 5 2 48EI 4 2
31 032 033 1
0 E(Sb Sy

dowmd  99mMmEom  Bsgmowo  ©obsdolzm  goosA0wgdsms  35bmbozmemo
396@Mgdsms LobEBHYGIoLZ0L 939469ds:
(77’11511‘1)1'2 - 1))’11‘ + My 81,0 Yo + M3613wF Y3 =0
my 6 w7y + (m2522wi2 - 1)3’21‘ + M383w7y3; =0
My 83107 Y1; + My8rwF Yy + (m3533wi2 — 1)3’31‘ =
oo ©93HYMHT0bsbEHO 04b69ds:

2 2 2
(m1611wi - 1) m2612(l)l’ m3613wi
— 2 2 2 —
D —_ m1621(l)l‘ (m2622wi - 1) m3623wi —_ 0
2 2 2
m1631(l)l‘ m2632wi (m3633(l)i - 1)

909bgo3500 0dol MM 58 ©YGHYMT0bIBEHOL goblbs Bmyso Lobom s6 sl
53530060930 ©o0dg  3M0b303wo  bsbol  LoOMWYgdMsb, s0b3  MBGOM
9560305 dolo HoEb30m0 Lsboo 2oblbs ymgzgwo 3mb3MgE Mo dgdmbggzolomgob.
5dm3960L HoEbz0mo MHYooBszos obowgm § 4.2.

3.3 99000b3930000 3903035¢9M0 LgoLdMO EIGIOMMNZJO0 J5EIBMGZ0L
©0035¢0056 3mbLiGMHMJ305DY

aobg30bowmm  bgdmm § 3.2, Im3gdm  3mbLEGOWJ305Dg 39O G039 OO
bgobd©mo HBgomddg9ds, HMEILSE U M3sbsL3bgo Fo®dm®gbowos Fgdmbggzomo
36Mm39Lol bsbom. (ob. mszo 1). 3mb63MYGHMWs© ©YEHIMT0boMdMEo ImIZegdo
RbJgools s Tgdmbzgzomo  LEsEgombsdrmo  3GMMmEgbol  Bsdmagerols  Lsboom
(0mEMmEHobol Imgeo. obowrg Msg0 1): %

a(t) = A(e(t) (3.16)
UAOGoMbosMmmo  3Mmagbol  @(t)  Tobsbosmgdgew  Tgmeg  Mogol

53M30093000 BIBI305© Ky (T1 — T2) = Ky (T) 509099@05 398mbisberiargds:

8 (BonoTus, 1965)
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Kpp(T) = k,e "l cospr  (3.17)

ML,

k, 560b 8m©d03zs, B0 3o8cm0mgegds (3.16) - 306@dOL Yqbsd30Lo;

a - 306090300l badolbol dobsliosmgdgwo 3098303096309,

B - 30 3m6O9o30©o 3bdzool dobsbosmgdgwo LobdotMg 396 E035¢em0
19goLINOO sBJoMgdOLMZ0L Foco 3b0d3bgEMds sSoMgds: a = 2...10, f = 12 ... 60;

3obloboggro  dmEgeoll  Mbg3z0L  AobGHMEdsms  LoLEGHYSL,  Bofgmowls
390095000l IgMOL LyRI39W B Jorgz0l Yom35wolHobgdol gocmqdg 94bgds
390090 Labg: ¢

myyy + ki1yy + kipyo + kizys = —a(t)
myYs + ka1 y1 + kaoyo + kazys = —a(t) (3.18)
m1yz + k31 ¥y + koY, + kazys = —a(t)

LobolEol  ds@Mogol babggMgdol 9608369 mdgdol  gobloBrgts dm3gdrem
d900mbg935d0 bgds goblibs s ©sdYmE™dolL Fo@MmoEsl IOl sGLYdMEo 36mdowo
©59M 3009099900056 - 0bobo [oMmdMoYgbgb MO PogMm 9d6Hbgdmw FoEHMOiEgdL
D = k™1 56 3o®Hodoo.

LobGgdob o@MmoEMEo BMMIom Rsfgdolsl:

My +Ky =—a(t)  (3.19)

@5 259m30949bgdm o356  3MmMmOObsGHMs  FgommEL ¥ dogomgdo  Lod
©59M93000939 2563 Mqdsl:

Gi + @iq =p:(t) (320

G2 + w302 = P2(t) (321)

G + w3qs = p3(t) (3.22)
B3,

Ugp1t+UzTU3, ’

ca(t)  (3.23)

pi(t) = —

2 2 2
mqiui;+tmous,+msus,

p,(t) = — ——zttaattss .y (304)

2 2 2
myui,+myus,+msus,

Ui3t+Uz3+U33

ps(t) = — a(t)  (3.25)

2 2 2
myiuiz+myus3+msus;

57 (BpoHwTeliH & CemeHaaes, 1986, p. 544)
68 (Nlysunu O. B., 1983)
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0839 lM0 53bJ 30900 MMOMMYMO F5BEBHMEgdOLmZ0L Fglsdsdobo:

h(t) = — %“;” (3.26)
hy(t) = — % (3.27)
ha(t) = — S“;‘;’“ (3.28)

9053500  3mMOHO0bEJOOLM30L  35ygb oo EOoL3YOLOOL BB 3090l
Dq;(t) (i =1, 2,3); 306500056 0L0bo 565¢0mMa09M5@ 2560L5BM3MHGdS LodoggaLm30L, 59
Dommpqbowos ghmo 8mo3500  3mmOEObsGHOLMZ0L q; 30LsGYGOWM  Fgmey
6030L 3009W301M0 Fb300L QodMLobgdo:

kq,q,(t1t) = jf hy (t — t)hy(t — 1) A(T)A(T)k, , (T1 — T2)dTidT, (3.29)
0

535bm5b (3.19)-0b dgLodsdobo
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3 2 0.060 16.78 2.871 0.374 1.246 T€.448 T€.449
3 3 0.018 54,180 g.625 0.116 0.000 0.000 T€.448
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Ground TypeB
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Ty pe ] e—Type 2
Typel
\ 0<T<0.15 sec
10 §,=1.20412 T
0.155T=0.5 sec
I \ 5.=3.0
25 T 1lnase & 0.55T=2.0 sec
Yoe Livi2ono S.=15/T
2.0 £T<4.0 sec
20 5.=3.0/T

35

Type2
\ 0<T=0.05 sec
15 5.=1.35+05 T
0.055T<0.25 sec
Type 2, M<5) §,=3.375

1.0 \ 0.25T<1.2 sec
5.=0.84375/T

\ \ 1.2 £T<4.0 sec
0.5 S.=1.0125/T2
S —
0 2

5 3.0 35 T (sec)
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0.155T<1.0 sec
5.=0.405/T
1.0 =T=4.0 sec
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0=T<0.05 sec
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\ 0.055T<0.15 sec
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0.15<T<1.0 sec
5.=0.2025/T

\ \ 1.0 <T<4.0 sec
\'\\ bl
Type 2,/M<5. —
0.0
0.0 05 1.0 15 20 25 30 35 T (sec)
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