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(3] Av 3ev unohoyiZetat n WBlonepiodog T, 1éte T0 D(T) Ba AapBdveral and
mv e&lowon (2.1.8).

[4] Ze kdBe nepirtrwon anaweiTac

D,(T)
Ay,

2.3.2 Karakdépupn ouvioTtwoa
[11 To ¢@doupa Mg kataképupng ouviotwoag kabopiletal and Tig eElOWOEL
(2.1) pe Tiq €ENg peTABOAEG:

® avtimg oplévriag edaPikrig emrdxuvong A XPNnolLomoLeTal ) avrioToyn
katakdpuen ocuvictwaa A, =0.70-A,

® avti Tou CUVTEAEDTH] CUMNEPIPOPAG q XPNOOTIOIETAL O OUVTEAEDTQ
x q, =0.50q2>1.00 kat

® n Tn Tou ouvteheotr Bepehinong 6 AauBdveral ndvrote {on pe 1.0.

2.3.3 Zelopiki emTdyuvon e3aQoug

[1] Ta mv epappoyr Tou napdvrog Kavoviopou n Xwpa urnodiaipeitat o

TEooepIq Zwveqg Zelopiknq Emkivduvémrag |, II, H kat IV, Ta épia Twv oroiwv
kaBopifovral atov Xapt Zewopknig Emkwduvétrag mg EAGSog (Exriua
2.2).

[2] Zrov MMivaka 2.1 divetal KATAAOYOG OIKIOHWY TOU EAANVIKOU XWPOU Kat 1
Zwvn Zewopkng Erukivduvémrag oy onoia avrjkouv.

[8] Ze kdBe Zwwvn Zewouknig Emkivduvotntag avTioTolXel pia Ty OEIOUIKAG
emrdxuvong eddgpoug A, olupuwva pe Tov Mivaka 2.2.

[4] Ot THES Twy oelopKWY erutaxuvaewv e3dpoug Tou MMivaka 2.2 ektiudrat,
oUHQWVa UE Ta OELOHOANOYIKA Sedopéva, 6Tt €xouv mibavdtnta unépBaong
10% ota 50 xpdwvia.

2.3.4 ZuvteAeoTriq oTTOUSQIOTNTAG KTIPIWV

[11 Takrtipia kKatardogovral oe TECOEPIG KATTYOP(E] aToudaidTrag, avaioya
HE Tov kivduvo mou oguvendyetrat ylia Tov dAvOpwrno Kat TIG
KOWVWVIKOOIKOVOUIKEG GUVETIELEG TIOU UTTOPEL va EXEL EVEEXOIEVT) KATACTPOPN
Toug i dtakonr g Aeitoupyiag Toug.

[2] Ze kdBe kamyopia omoudaldTNTAG AVTIOTOIKEL pia TIUH TOU OUVTEAEOTY
ontoudaldtntag v, ouppwva We tov Mivaka 2.3.
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(3]

(4]

(5]

3.1.2

(1]

(2]

(3]

ZEIIMIKH AMOKPIZH KATAIKEYON

Ma Tov UNoAOYIOUO TWV MPAYHATIKWY (METEAACTIKWY) METAKIVIJOEWV TOU
OUGTHIATOG, Ol LETAKIVIIOELG TOU TIPOKUMTTOUV and ToV YPAUUIKG UoAoYIoud
HE TNV OEIOHIKT) Spdon oxediacpiol 8a roAAanAacIafovTal £ TOV avTioToIxXo
OUVTEAEDTT} CUMNEPIPOPAQ q.

O 300 op1ldévTieg Kat KABETEG METAEY TOUG OUVIOTWOES TOU OEIOp0U pnopel
va €Xouv OrolodTiIoTe MPoCavaTtoMoud WG MPOG TNV KATACKEUT.

Erutpéneral, YEVIKA, N nMApdAeyn g Katakdpueng ouvigTwaoasg Tou
OELOHOU, EKTOG AMO TIG MEPITTWOELS POPEWV ANS TIPOEVTIETANEVO OKUPGIENQ
Kat SOKWV ToU PEPOUV PUTEUTA UMOOTUADMATA OTIG JWVEG TEIOWKAG
grukivduvoetnrag ll kau IV. ZTiq nepNTwoelg QuTég eMITPENETAL N
MPOCOHOIWOT] Kat avaluon Twv Napandvw SOUIKWY OTOIXEIWV oUuPwva e
mv nap. 3.6, aveEaptnTa ano my undAoinn karaockeun. Eniong, ot ktipa
and pEpouca Toxornolia, 8a npénel va diepeuvdral, YEVIKA, N enidpaocn mg
KATakopuepne ouvioTwoag TOU CEICHOU.

M£603801 unoloyigpou

MpoBAénetal n epapuoyn Twv NAPAKATW SU0 PEBSSWV YPAUMIKOU
UrtoAOYIOHOU TNG CEITHIKNG anoKpLong:

a) Auvapukr} paouatikni HéBodog.
B) AnAornompévn paouatikr) péBodog (Icoduvaun otatikh uEBodog).

To nedio kat 0 TPONOG epapuoyng Twv dUo autwy PeBodwy kabopilovtal
otg nap. 3.4 kat 3.5 avtigroixa.

2& eviEAWG EIO0IKEG TIEPUTTWOEIG EMITPENETAL, CUUMANPWHATIKA TIPOG TIQ
napanavw uedodoug, n e@appoyr AAAwY SokiHwv HEBGBWY UNOACYIOHOU,
ONWG YPAUUIKA 1 HN YPAUUIKY QVAAUOT] ME €V XPOVW OAOKARPWON
emuraxuvoloypapnuatwy, kAm. Ot péBodot autég Ba epapudlovral und
HOP®PN MPACBETWY EAEYXWV KAl TIPOG TNV TIAEUPA TG aopdAeiag.

Zmy nepimTwon Twy KTIpiwv yia TV £papuoyr onolaodAMoTE ueBdSou
UMOAOYLOHOU XPMOOMOIETAL, YEVIKA, XWPIKG TIPOCOHOIWHA TNG KATACKEUNG.
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&)

[4]

[5]

]

Erwonuaiveral 6Tt ot mpaypatikég QvEAQOTIKEG HETAKIVIJOELG TOU CUOTTHATOG
elval aveEGPTITTEG NG TOV CUVTEAECTY] CUHMEPLPOPAS g, S16TI BswpouvTal
{0EqQ HE TIG HETAKWVIOELG TOU anePLOPIOTa EAACTIKOU guoTiparog. Katd
OUVETIELQ, Ol LETAKIVI|OELG A, TIOU TIPOKUTITOUV and Ti§ Suvdapelg oxXed1acpol
F, =E q (3nAadr and mv epapuoyn Twv ¢acudtwv oxediaopol Twv &
2.1) Banpénet va moAaraotacBoulv He TO q Yia va SWoouv TIG HETAKIVIJOELG
A, =A, Tou anepléploTa EAACTIKOU CUCTHHATOG.

BA. nap. 2.2.2.1.[2].

H emppor} T karaképupng ouvioTwoag Tou oelopol Bewpeital ot
KAAUTTTETAL, YEVIKG, and TOUG CUVTEAEOTEG AOPAAeIaq ¥, =1.35 KAt ¥, =1.50
oto ouvduaoud Baoikwv dpdoewv (XwpPIq oeloud), kabwg eniong kat and
Ta uglotapeva NeplBwpLla aEoVIKNG avroxrig TWV KaTakOpu@wV OTOLXEIWV.
IBuaftepn Mpoooxr) anarreital oTIq NEPUTTWOELG KATA TIG OMOIEg N unéyn
OouVIOTWOQA TPOKAAE( HETABOAN TWV UNXAVIKWV XAPAKTTPIOTIKMV TWV SOMKWOV
ototxeiwv AOyw ePeAKUOTHOU (TOLXOTOLEG, SIATUNOT UMOOTUAWHATWY).
Eniong Suopewiiq unopei va ivat n npog Ta dvw dpdon T¢ KATakGpUPNG
OUVIOTWOAG TOU OELOHOU O TIPOEVIETAMEVEG SOKOUG.

2.3.1.2 Mé£60odo1 uttohoyiopoul

(1]

(2]

(3]

74

H Suvaukn paouarikn néBodog nepapBdvel MAripn (SIOMOPPIKT) avAAuom
TOU QUOTI|UATOG, UMTOAOYIONG TNG HEYIOTNG OEIOUIKTG andkpLong ya kabe
(BLopopPr] TAAGVTWONG Kat, TEAOG, TETPAYWVIKT] EMAANAIQ Twv HEYIOTWY
\SIOHOPPIKWV AMOKPITEWV.

H ar\oroinpévn paopankn péBodog dev anaitel ISO0pHop@Ik avaiuon,
ompifeTal oe MPOUEYYIOTIKT) BEWPENOT) HOVOV TNG BEHEMWSOUG IOIOUOPPHG
TaAAvTwong, n onoia Gpwg “evioxueTal” KATAMNAQ WOTE Ta MPOKUTTOVTA
anoteAéopara va Bpiokovral npog Tnv MAeupd NG acedielag. MNa
NMEPLOOOTEPEG MANPOPOPIEG OXETIKA HE TIG U0 aAuTEG HEBABOUG
TIapanéunoupe otn oxeTIkA BiBAoypagia {2},{3},{4},{5}.

Katd mv eqpappoyr Twv “XpovoAoyikwv” HeBGSwY ) mpokUMTouoa anékpLon
eivat eEalpeTIkG guaioBTN O UIKPOUETABOAEG TWV BACIKWY MAPAUETPWY
Tou cuotiuarog (Sléyepom, pala, duokaupwia, anéofeon). Eniong omv
MePIMTWON TOu UN-YpAuuiKoU UMOAOYLOMOU amnalteiTal MPOCEKTIKA
TIPOCOHOIWON TNG AVAKUKALIKIG TUUMEPIPOPAG TWV MAQOTIKOMOIOUHEVWV
TIEPIOXWV KAl EK TWV TIPOTEPWV YVWOT) TwV Sla0TACEWV TwV SIATOUWV Kat
TOU OTALOHOU (Yla KOTAOKEUEG arno OonAIOREVO OKupOdepq). Emopévwg dev
npdkertat yia peB63ouq oxedlaopol Twv Gopewv, ald yia pedddoug
EAEYXOU NG HETEAQTTIKNG CUHMEPIPOPAG TOUG.

H npooguyr| oe xwpikd npogopoiwpa eival avandtpemn, aképa kat yia

kTipla pe dUo afoveq ouppeTpiag, AOYw TG OTPEMTIKAG EMMOVINONG ToU
E10AYEL MAVTOTE 1) TUXTIHATIKY) EKKEVTPOTNTA.
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ZEIZMIKH ANOKPIZH KATAZKEYQN

3.6 KATAKOPY®H ZEIZMIKH AIETEPZH

[11 O éAeyxoG HEHOVWHEVWY POPEWV YIa KATAKOPUPN OEICMKN SIEYEPOT) Uropel
va yivel Je TV arnAoTotNpEVT) GacuaTiky HEBOSO wG aKOAOUBWE:

Q) H karakopugn OEIouIKT| SIEyepon epappdleTal aTa onueia apiEng
TOU QOpEQ.

B) H Bepehwdng 8ionepiodoq Tou popéa unoloyileTal ye Tov TUNo
Tou Rayleigh:
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ALVAVVAIV 3

Fl’x F]7y
FZ’X F29y
Fx = . Fy =
-FN’X- _FN’Y_

O napandvaw «ogooTiaiol cuvduaouoi» TwWV CTATIKWY POPTICEWV Katd X
kaly epapuélovral S1adoxIKd HE TIG HEYIOTEG KAt EAAXIOTEG EKKEVTPSTITIEG
oxedlaopou, ondéTe MPOKUTTOUV TEAIKA 4x8=32 MEPUTTWOELS OTATIKWV
popTioewv Tou KTipiou (0. X 3.5.3(4)). Ze kGBe nepimTwon Ta npokuTTovTa
evramnkd Pey£0n enaAnAifovral akyeBpikd pe Ta avtioTolXa evraTika yeyEon
and m dpdomn Twv KartakopuPwV PopTiwv Baputrag.

Zxripa Z 3.5.3.(4): MooooTiaiot guvduaopoi opI{OVTIWV CEITUIKWV POETIWV.

2.3.6 KATAKOPY®H ZEIZMIKH AIEFEPZH

(1

106

Ta ompiydara Twv pepovwuévav popéwv Bewpoulvtat katakdpuga. Ze
TIEP{MTTWOT) KEKMHEVWY OTNEIYHATWY Ba EXOUHE OUTEUEN TWV KATaKSpUPWV
Kal opl{ovTiwv EAEUBEPIDV Kivnong oToug KouBouqg atipiEng, ondte
anarreitat kaBOAIKr TPOCONOIWOT] TOU CUCTHHATOG Kat yxc MV Katakopuen
ouVIOTWOAQ TOU CELgHOU.
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(2]

(3]

ZEIZMIKH AMOKPIZTH KATATIKEYQN

...... (3.18)

émou y; (i=1,2,...n) Ol HETATOMIOEIG TWV CUYKEVIPWHEV®V HAGWY
m, AGYW KATaKOPUPWV GoPTIwV my -1

y)  Takaraképupa CelopIkd popTia unoAoyifovral and m oxéon:

m; -y;

ijwy,-’
J

F=M-®, (T) (,j=12,..n) (3.19)

ériou M n Tahavtoupevn pdZa Tou popéa, @, (T) N T TG PACHATIKAG
gntdyxuvong oxedlaopou kat (n) 0 apiBpudg Twv OUYKEVTPWHEVWV padwv m; .

Ta oeopikd goptia E epapudlovral oratika endvw OTOV QopEa Kat n
TpoKUIToUCa EvIaom, T600 Tou iSlou 400 Kal TwV OToIXelwv oTPIENG Tou,
npootiBeral omv évraon and Tiq 0PILOVTIEG OUVIOTWOEG TOU CEIOWOU, aVv
Sev epappooBel akpBETTEPN Hop®r) eMarAnAias.

H nponyoupevn HEB0B0G EMTPENETal va epappdZeTal avegapmra and my
HEBOS0 UMOAOYIOHOU Yia TV 0pIZOvTia OEIoIKT SIEYEPOT.

3.7 NPOZAPTHMATA KTIPIQN

[1] MNpoocapmuata KTIpiwv £ival KATAoKEUEG 1 TUHHATA KATAOKEUWY Moy Sev
anoTeAoUv OPYaVIKO HEPOG TOU OKEAETOU Onwg r.X. otméaia, karvodoxol
KAM. H OEIOMIKY] Qrokplon evog MPooapTiHATog EMNPEEAZeTal and my
OEIOHIKT] QMOKPLOT TOU KTIPpiou eMELdTy N Kiviom ToU oNpeiou oTrpLEng navw
OTO KTipto eival SLaPOPETIKN and v kivnon Tou £3Apous.

[2] Edv dev yiveral akpIBETTEPOG UTIOAOYIOHOG N OPIZOVTIA CELOHIKN duvaun
Y1Q TOV UTTOAOYIOHO TWV TIPOCAPTNHATWY KAl TwWV JTOLXEIWV OTNPIENG Toug
urtoAoyiletat and v e&iowon (4.17), 6NMou 0 OEIOMIKOG OUVIEAECTT|G €
Sidetal and mv oxeon:
ge=o-B-(1+z/H) .. (8.20)
drou:
a=Alg’
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NETIVUNIUV O

[2,3] AxpiBEoTepn poper enaMnAiag unopsl va epappoodel alppwva pe mv

nap. 3.5.3 1 v nap. 3.4.4 oe mepimrwon epapuoynig mq duvauikig
PacuaTkniq peB6Sou yia Ty optZévTia oeloukT Spdon. 2mv teAeutaia aum)
MePTwan o Tpitog 6pog oTo SeUTEPO HéNog ™G &, (3.71.8) avTikaBiotaral
ané Tov Tpito 6po Tou SeuTepou HEAOUG TG &&. (3.17).

Z.3.7 MPOZAPTHMATA KTIPIQN

(1]

(2]

108

EEwtepikn Siéyepon yia To npoodpmua anotehsi N OEI0UIKT] anoKpLoT) Tou
onueiou omEIENG, AapBavopvng undyn kat ™G aMnAenidpaong ktipiou-
POCaPTHHATOG.

To npoodpmua Bewpeital cav povoBdEdpio oUoTtnua, Tou ornoiou N HEylomn
emTdyuvon y=¢-g AapBdvetal (om WE TO Yivépevo ™G EMTAXUVONG Tou
Ktipiou A - (1+2z/H) omv oTd8un z eni Tov OuVTEAETTH aMnAenidpaong B
HeTa&u npooapmiparog-kTipiou. H Bewpolpevn 5w EMTAYUvVoN KTipiou (A
om BAon kat 2A otV KopuPr)) anoTeAe ouvimpnTikn neptBdouoa Twv
ouvnBwyv emtaxivoewv oxedtaopou. Ma T, >2T AapBdverar B=1
(apeAnTéa aMnAeniSpaon).
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ZEIZMIKEL KINHEEIZ EAAQOYS

A.1 EAAZTIKO ®AZMA EMITAXYNZHZ

(1]

(3]

A2

(1]

OtopiZdvrieq OUVIOTWOEG TWV OEIOUIKWY KIVIJOEWV TOU €8agoug kabopiZovral
Me To enduevo eAaoTikS pdoua eruraxuvong @ (T):

T
0<T<T, Q(T)=AY1[1+(TlBo -I)FJ
[
T,<T<T, ®,(T)= AynB,
TZ
T,<T ¢3(T)=AY1UBO T
dnou:
D (T (PaopaTtikn erurdyuvon,
T nepiodoqg ot SeutepdAerta,
T, kat T, XAPAKMPIOTIKEG MEP{OSOL TOU PpAaouaroq ot deutepdAema,

oLonoieg didovrai otov MMivaka 2.4 avaloya pe my Kamyopia
Tou eddgpoug,

A OEIOUIKT] ETUTAXUVOT) TOU edagoug katd Tov fMivaka 2.2,

Y, OUVTEAEOTNG oTtoudaldmTag Tou KTiplou kard tov Mivaka
2.3,

B,=2.50 OUVTEAEOTIG PACUATIKAG gvioxuong kat

n SlopBwTikdg OUVTEAECTNG Yla MOC0OTS Kpiowng andoBeonc

31apopo tou 5%.

To eAaoTiké @dopa mg KATakGpuPng ouvioTwoag Tou CEIONOU MPOKUITTEL
ané To avwTEpw eAAOTIKG ¢doua noManAaciaZovrag Tiq TETAYHEVEG TOU
pe 1o 0.70.

2e nepinmrwon apeBaidtnrag wg npog To £€3aPog XpPnoluonoleital To
duouevéatepo pdopa.

EMITAXYNZIOFPA®HMATA

Erutpéneral n XPnowonoinon npayuatik@v n/kat ouvBeTikwv
ETITAXUVOI0YPAPNUATWY, Ta onoiq 0T OUVEXELQ TOU MApdvTog Kavoviouou
KaAouvtat «ETUTAXUVoloypagruara oXedlaouou», e@dgov MANpouV TIg
dlara&eig Mg tap. A.2. 1.
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(2) For most of the applications of this Eurocode, the hazard is des-

cribed in terms of a single parameter, i.e. the value a of the
effective peak ground acceleration in rock or firm soil, hdnceforth
called "design ground acceleration". Additional parameters required

for specific types of structures are. given in the relevant Parts of
Eurocode 8,

NOTE: The concept of the "effective peak ground acceleration" is
an attempt to compensate for the inadequacy in general of the
actual single peak to describe the damaging potential of the
ground motion in terms of maximum acceleration and/or velocity
induced to the structures.

There is not a unique established definition and corresponding
techniques for deriving a from the ground motion characteris-
tics, the methods actually varying as functions of these latter.
In general, a tends to coincide with the actual peak for mode-
rate-to-high fmagnitude of medium-to-long distance events, which
are characterized (on firm ground) by a broad and approximately
uniform freguency spectrum, while a_ will be more or less re-

duced relative to the actual peak for™ near field, low magnitude
events.

{3) The design ground acceleration, chosen by the National Authori-
ties for each seismic zone, corresponds to a reference return period
of [475] vears. To this reference return period an importance factor
Y equal to 1,0 is assigned.

‘&) Seismic zones with a design ground acceleration ag not g¢grea:ter
tzzn {0,11):¢c arz lcw seismicity zcnes, for which reducCed or siTpli-
Iled selsmic desizm procedures Ior certain Iyres or categories oi
structures may be used

(S5)P In seismic zones with a design ground acceleration a, not grea-
zer than [0,04] -g the provisions of Eurocode 8 need not beé observed.

4.2 Basic representation of the seismic action

£.2.1 General

(1)P Within the scope of Eurocode 8 the earthquake motion at a given
point of the surface 1is generally represented by an elastic ground
acceleration response spectrum, henceforth called "elastic response
spectrum". ’

(2)P The horizgntal seismic action is described by two orthogonal
components considered as independent and represented by the same res-
ponse spectrum. '

(3) Unless specific studies indicate otherwise, the vertical compo-
nent of the seismic action should be represented by the response
spectrum as defined for the horizontal seismic action, but with the
ordlnates reduced as follows: :

.
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- For vibration periods T smaller than 0,15 s Cthe ordinates are
multiplied by a factor of [0,70].

- For vibration periods T greater than 0,50 s the ordinates are
multiplied by a factor of {0,50].

- For vibration periods T between 0,15 s and 0,50 s a linear
interpolation shall be used.

(4) For special conditions more than one spectrum may be needed to
adequately represent the seismic hazard over an area. This may be ne-
cessary when the earthquakes affecting the area are generated by
sources differing widely in distance, focal mechanism or travel path
geology, as in the case of shallow depth and intermediate depth
earthquakes. In such circumstances, different values of ag as well as
different shapes of the response spectrum for each type og earthquake
would normally be required.

() For important structures in high seismicity zones it is recom-
mended to consider topographic amplification effects according to
Annex B of Part 5.

(6) Altermative representations of the ear:hquake motion - e.g. power
spectrum or time history representation - may be used (see 4.3).

(7) Allowa=nz
time may cs

3 and 4).

e

H
T
.
»
§l. (D
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4.2.2 Elastic response spectrum

(1)P The elastic response spectrum S,(T) for the reference return
period is defined by the following expressions (see figure 4.1):

r T 4

0 =T = Tg: Se(T) = ag's-tl + “(n-By-1) | (4.1)
. TB J

Tg = T = T¢ Sa(T) =,ag'S-n~Bo (4.2)

r Toky

Teo = T = Tp: Se (T) = ag-S-n-Bo-t——j (4.3)

Tp s T: S (T) = ag'S-n-So-l———J - =] (4.4)
LT, L d

10
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(2) The combination of the horizontal components of the seismic
action may be accounted for as follows:

- The structural response to each horizontal component shall be
evaluated separately, using the combination rules for modal res-
ponses as given in 3.3.3.2.

- The maximum value of each action effect on the structure due to
the two horizontal components of the seismic action may then be
estimated by the square root of the sum of the squared responses
to each horizontal component.

(3) As an alternative to paragraph (2) the action effects due to the
combination of the horizontal components of the seismic action may be
computed using the two following combinations:

1] [1} .
a) Epdx st 0,30-Epgy
. L] "

where

A implies "to be combined with",

Erdx action effectcs due to the application of the seismic
action along the chosen horizontal axis x of the struc-
ture,

Zoay aczion zffszcts dus To the zpplicazlicon O ITne same sSSIs-
miz ac-iocn aleng the  orThsgonal ncorizontan axis vy of

the structu

L

e.

(4) The sign of each component in the above combinations shall be ta-
ken as the most unfavourable for the effect under consideration.

(5)P For buildings satisfying the regularity criteria in plan and in
which walls are the only horizontal load resisting components, the
seismic action may be assumed to act separately along the two main
ortheconal horizontal axes of the structure.

(6)P When using time-history analysis according to 3.3.4.3 ind em-
ploying a spatial model of the structure, simultaneously acting acce-
lerograms shall be considered for both horizontal components.

3.3.5.2 Vertical component of the seismic action

()P The vertical component of the seismic action, as defined in
clause 4.2.1.(3) of Part 1-1, shall be taken into account in the fol-
lowing cases:
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- Horizontal or nearly horizontal structural members spanning
20 meters or more;

- Horizontal or nearly horizontal cantilever components;

- Horizontal or nearly horizontal prestressed components;

- Beams supporting columns.
(2) In general, the analysis for determining the effects of the ver-
tical component of the seismic action can be made based on a partial

model of the structure which includes the elements under considera-
tion and takes into account the stiffness of the adjacent elements.

3) The effects of the vertical component need only be considered
fcr the elemencs under consideration and their directly associated
supporting elements or substructures.

) In case the horizontal components of the seismic action are also
levant for these elements, the following three combinations may be
&

re

used for the computation o the action effects:
a) 0,30-Egg, "+" 0,30-Egq, "+ Epdz
b) Ede oo O,BO'EEdY e O,BO'EEdz
<) 0,30 Epqy =" Epay "."  C,30-Egg,
where

Ecax see 3.3.5.1.(32),
EEdy see 3.3.5.1.(3),
Eggz action effects due to the application of the vertical

component of the desicn seismic action as defined in
clause 4.2.1.(3) of Parz 1-1.

3.4 Displacement analysis

(1)P The displacements induced by the design seismic action shall be
calculated on the basis of the elastic deformation of the strictural
system by mean® of the following simplified expression:

ds = qd . de . 'YI (3.12)

where

12
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wNNKQ,

(9) © ouvteAeothic ke nou EXPp&leL tnv EMLPPON NG KUpiapxng HOPPRG adto-
xiag oe Sopik& ovothpata HE toixduata npénet va Aaupaverat w¢ £{AC:

1,00 yla DAQLOLaK® Kat LoodUvaua e

nAatolakd HLXKT& guothuata
k“ =

(2.5)
1/(2,5-0,5a,) Yl& OUCTANATX TOLXWHATWV, gucthuata
S 1 1oodUvapa pue QUOTAHATA TOLXWHATQV
KQl MUPRveg
énov
Qo

Kupiapxn avaloyia SL1aOTAOEWOV TWV TOLXWHATWV TOU
OTaTLXOU ouothpatoc (d, = (Hw/ly)).

(10) Eav ot avadoyieg Siaot&ocwv Hyi/le OAQV TV Tolxwudtwv i evég ogratikou

oucthpatog Sev diLapépouv onuavtika n kupiapxn avadoyla Siactdocwv a, pnopei
va optotei wo gfRic:

® = ZHy;/ZTly (2.6)
énovu

Hui Uyo¢ tou touxduatoc i

Ly HAKOG NG SLaTOMAG TOU ToLXdpatog i

2.3.2.2 Kataxépupeg oeiopikéc dpaoeL¢g

(1) Tia tnv katakdpupn ouvictdox NG OELOULKNAG dp&ong, via OAad ta gtaTt ik

guothuata npénet, YEVLIROG, Vva vioBeteltat OUVTEAECTAG OUNNEPLYOPES q (00C
HE TNV pov&da.

(2) H anodoxn tipdv tou OUVTEAESTH OUUNEPLYOPLS q HEYQAUTEPWY TNG pOVEdag
npénet va dikatodoyeltat péow Kat&AANANG av&Auong.

2.4 Kpitfipta oxediaocpod

2.4.1 Tevik&

(1) OuL apxéc oxediaopou nou nepiyp&otnkav otnv 2.1.3 kat oto pépog 1l-1
epapudlovial yia TX QVvTiOELOp LKA douixk& ogtoixeia twv kTipiwv and oKupddepa

énwg oplletatl otig 2.4.2 + 2.4.7. D——

(2) Ta xpithpla oxediaopoy nou divovrial otig 2.4.2 + 2.4.7 Qewpeitatr o1t
LKkavonotoUvial, étav ol ditat&felc nou divoviat gtig 2.6 + 2.12 tnpoUvrtal.

2.4.2 KpitipLlo tomikAq avioxng

(1) OAeg ot kpioiuecg nepLox€G 1INGC KATAOKEUAG nNpéneL  va éxouv avioxn
Enapxa¢ uynAdtepn twv aviigrolxwv dp&oewv MOU avanitUoooviat

O QUTIEG TLC
nepLoxég Adyw tou geiopou axedLaopou.

(2) O devtepevovceg Sp&oetcg npénet  va  Aappavoviat ‘Un'6WLV

onwg
NEQPLYPAPETAL OTO MHépoC 1-2.

13
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3. SEISMIC ACTION
31 Definition of the seismic action
3.1.1 General

()P  The seismic action can be defined by means of different models, whose complexity shall
be appropriate to the relevant earthquake motion to be described and the importance of the

structure and commensurate with the sophistication of the model used for the idealisation of the
bridge.

(2)P  In this section only the shaking transmitted by the ground to the structure is considered in
the quantification of the seismic action. However, earthquakes can induce permanent
displacements in soils (ruptures, liquefaction of sandy layers and ground offset due to active
faulting) that may result in imposed deformations with severe consequences to bridges. This type
of hazard shall be evaluated through specific studies and its consequences shall be minimised by
an appropriate selection of the structural foundation system and possibly ground improvement.
Tsunami effects are not treated in this Code.

3.1.2 Seismological aspects

()P In the definition of the seismic action the following aspects shall be considered:

« the characterisation of the motion at a point;
« the characterisation of the spatial variability of the motion.

3.1.3 Application of the components of the motion

1(P) In general only the three translational components of the seismic action are taken into
account. When the Response Spectrum method is applied the bridge may be analysed separately
for shaking in the longitudinal, transverse and vertical directions. In this case the seismic action
is represented by three one-component actions, one for each direction, quantified according to
192 and 3.2.3.2. The action effects shall be combined according to 42.1.4;

2(P)  When linear time domain analysis is performed or when the six component model or the
spatial variability of the seismic motion is taken into account, the bridge shall be analysed under
the simultaneous action of the different components.

3.2 Characterisation of the motion at a point
3.2.1 General

(1)P  The characterisation of the motion at a point shall be carried out in two phases:

«  Quantification of each component of the motion;

«  Construction of a three component model of the motion with three translational components,

or of a six component model of the motion, with three translational components and three
rotational components.

14
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2) The seismic action is applied at the interface between the structure and the ground. If
springs are used to represent the soil stiffness either in connection with spread footings or with
deep foundations (piles, shafts etc., see Part 5) the motion is applied at the soil end of the springs.
In general it is not necessary to use the three rotational components of the ground motion. If their
inclusion is considered necessary, then cl. 3.2.3 is applicable.

3.2.2 Quantifying of the components
3.2.2.1 General

()P  Each component of the earthquake motion shall be quantified in terms of a response
spectrum, or a power spectrum, or a time history representation (mutually consistent) as set out in
Section 3 of Part 1, which also provides the basic definitions.

3.2.2.2 Site dependent elastic response spectrum

3.2.2.2.1 Horizontal component

()P The horizontal component shall be in accordance with 3.2.2.2 of Part 1.

3.2.2.2.2 Vertical component

()P When needed (see cl. 4.1.7), the site dependent response spectrum for the vertical
component of the earthquake motion shall be taken in accordance with 3.2.2.of Part 1

3.2.2.2.3 Site averaged response spectrum

()P In the case of bridges whose abutments and piers are supported on soils having
significantly different soil properties but which do not require the use of a spatial variability
model for the seismic action, the site average response spectrum shall be defined by combining,
through a validated scientific method, the spectra corresponding to the differing soil conditions of
the supports.

(2)  The site averaged response spectrum S, may be defined as a weighted average of the
appropriate site dependent response spectra and is determined by

I.

Sa<T>=Z—Z—'Tsi(T> G.1)
- J

where r, is the reaction force on the base of pier i when the deck is subjected to a unit

displacement while the base is kept immobile; S, is the site dependent response spectrum

appropriate to the soil conditions at the foundation of pier 1.

Note: The average shall be computed separately for each of the two horizontal components and for the
vertical component.
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(3)  Alternatively the site averaged response spectrum may be substituted by an envelope
spectrum obtained by considering, for each period, the highest value of the site dependent
response spectra corresponding to the different soil conditions at the foundations of the bridge.

3.2.2.3 Site dependent power spectrum

()P  The earthquake action can be described by a stochastic stationary gaussian process
defined by a power spectrum and considered with a duration limited to a given time interval. This
description of the motion shall be consistent with the site dependent response spectrum.
Consistency between power spectrum and response spectrum shall be defined as equality
between the response spectrum value and the mean value of the probability distribution of the
largest extreme value (for the duration considered) of the response of a one degree of freedom
oscillator with a corresponding natural frequency and viscous damping.

Note: The term extreme value refers to the absolute value of a maximum or a minimum value. 1t should be
noted that in some cases (local) maximum values may have negative values and (local) minimum values
may have positive values.

3.2.24 Time history representation

()P When a non-linear time-history analysis is carried-out, at least three pairs of horizontal
ground motion time-history components shall be used. The pairs should be selected from
recorded events with magnitudes, source distances, and mechanisms consistent with those that
define the design seismic action.

2) When the required number of pairs of appropriate recorded ground motions is not

available, appropriate simulated accelerograms may be used in replacement of the missing
recorded motions.

(3)P  Consistency to the applicable 5% damped design seismic spectrum shall be established
by scaling the amplitude of motions as follows:

e  For each earthquake consisting of a pair of horizontal motions the SRSS spectrum shall be

created by taking the square root of the sum of squares of the 5%-damped spectra of each
component.

o  The spectrum of the ensemble of earthquakes shall be formed by taking the average value
of the SRSS spectra of the individual earthquakes of the previous step.

e The ensemble spectrum shall be scaled so that it is not lower than 1.3 times the 5%-
damped design seismic spectrum, in the period range between 0.2T, and 1.5 T|. Where T,
is the natural period of the fundamental mode of the structure in the case of a ductile

bridge, or the effective period (T) of the isolation system in the case of a bridge with
seismic isolation (see 7.2).

16
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e The scale factor derived in the previous step shall be applied to all individual seismic
motion components.

(4)P  Each pair of time histories shall be applied simultaneously.
3.2.25 Site dependent design spectrum for linear analysis

(1)P  Both ductile and limited ductile structures shall be designed by performing linear analysis
using a reduced response spectrum called the design spectrum as specified by 3.2.2.5 of EN
1998-1, but the lower bound shall be taken equal to S,(T) > 0.10a

323 Six component model
3.2.3.1 General

()P The six component model of the earthquake motion at a point shall be developed from the
probable contribution of the P, S, Rayleigh and Love waves to the total earthquake vibration.

Note: The simplified models referred to in Annex D may be used if geological discontinuities are not
present.

3.2.3.2 Separation of the components of the seismic action

(1)P  For the separation of the components of the seismic action the relevant provisions of 3.1.3
are applicable. However, the vertical component may, in general, be disregarded if the bridge is
not particularly sensitive to vibrations in this direction; furthermore, the rotational components
are usually not important and can also be disregarded.

33 Characterisation of the spatial variability
()P The spatial variability shall be considered when:

e Geological discontinuities (e.g. soft soil contiguous to rock)

e  Marked topographical features are present;

e The length of the bridge is greater than 600 m, even if there are no geological discontinuities
or marked topographical features.

Note: Simplified models to take into account the spatial variability of the earthquake motion are presented
in Annex D.

(2P  The spatial variability dealt with in this subclause concerns the continuous deformation of
the ground, in the elastic or in the post-elastic range. However, in the case of strong earthquakes,
discontinuous deformations, due to surface faulting or soil ruptures, may be induced. Measures
to prevent the risks related to this type of hazard, such as the adoption of structural systems which
minimise its effects, shall be taken. (See also 2.4 (10)).
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with the correlation factor

! 32
___ 8 (+pp “8)

i (1. p2f + 4221 +pY

where:
p=T/T, and
£ is the viscous damping ratio

(4)  When the differential displacement along the base of the bridge can induce substantial

stresses in the structure, the value of the earthquake action effects can be determined in the case
of application of the SRSS-rule as

E=,ZE!+3,(k,d,)’ (4.9)

and in the case of application of the CQC-method as

E=LIEnE +Z,(k,d,) (4.10)

ey

where ky is the effect of the m-th independent motion and d,, is the asymptotic value of the
spectrum for the m-th motion for large periods, expressed in displacements.

4.2.1.4 Combination of the components of seismic action

(1)  The probable maximum action effect E, due to the simultaneous occurrence of seismic
actions along the horizontal axes X, Y and the vertical axis Z, may be estimated from the
maximum action effects E,, E, and E, due to independent seismic action along each axis, as

follows:
E=,/E§+ E2 + EZ (4.11)

(2)  Alternatively it is sufficient to use as design seismic action AE( the most adverse of the
following combinations:

Ag, "' 0.30Ag, "+" 0.30 Ag,

0.30Ag, "+" Ag, "+" 0.30A¢,
0.30A;, "+" 0.30Ag, "+" A, (4.12)

where Ag, = Agy and Ag, are the seismic actions in each direction X, Y and Z respectively. Ag,
should be considered according to the requirements of 4.1 7.

4.2.2 Fundamental mode method
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4.2.2.1 Definition

(1)  Equivalent static seismic forces are derived from the inertia forces corresponding to the
fundamental mode and natural period of the structure in the direction under consideration, using
the relevant ordinate of the site dependant design spectrum. The method includes also
simplifications regarding the shape of the first mode and the estimation of the fundamental
period.

(2)  Depending on the particular characteristics of the bridge, this method may be applied
using three different approaches for the model, namely:

o the Rigid Deck Model
e the Flexible Deck Model
e the Individual Pier Model

(3)P  The rules of 4.2.1.4 for the combination of the components of seismic action shall be
applied.

4.2.2.2 Field of application

(1) The method may be applied in all cases in which the dynamic behaviour of the structure
can be sufficiently approximated by a single dynamic degree of freedom model. This condition is
considered to be satisfied in the following cases:

(a) In the longitudinal direction of approximately straight bridges with continuous deck, when
the seismic forces are carried by piers whose total mass is less than 1/5 of the mass of the
deck.

(b) In the transverse direction of case (a) when the structural system is approximately
symmetrical about the centre of the deck, i.e. when the theoretical eccentricity e, between the
centre of stiffness of the supporting elements and the centre of mass of the deck does not
exceed 5% of the length of the deck (L).

(c) In the case of piers carrying simply supported spans when no significant interaction between
piers is expected and the total mass of each pier is less than 1/5 of the mass of the part of the
deck carried by the pier.

4.2.2.3 Rigid deck model

(1)  This model may be applied only when - under the earthquake action - the deformation of
the deck in a horizontal plane is negligible compared to the displacements of the pier tops. This is
always valid in the longitudinal direction of approximately straight bridges with continuous deck.
In the transverse direction the deck may be assumed rigid if L/B < 4.0 or, in general, if the
following condition is satisfied:

A
d" <0.20 (4.13)

a
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Type of Ductile Elements Seismic Behaviour
Limited Ductile
Ductile
Reinforced concrete piers: .
Vertical piers in bending (o, 2 3.0) 1.5 3.5 Mo)
Inclined struts in bending 1.2 2.1 May)
Steel Piers:
Vertical piers in bending 1.5 3.5
Inclined struts in bending 1.2 2.0
Piers with normal bracing 1.5 2.5
Piers with eccentric bracing 3.5
Abutments rigidly connected to the deck:
In general 1.5 1.5
Locked in structures (par. (9), (10)) 1.0 1.0
Arches 1.2 2.0

*o= L/h is the shear ratio of the pier, where L is the distance from the
plastic hinge to the point of zero moment and h is the depth of the
cross section in the direction of flexure of the plastic hinge.

Foro, >3 Mo)=1.0
aS
3>a,21.0 Mo,) = 3

(4P For reinforced concrete elements the values of g-factors given in Table 4.1 are valid when
the normalised axial force n, defined in 5.3 (4) does not exceed 0.30.

When 0.30 <1, < 0.60, even at a single ductile element, the value of the behaviour factor shall be
reduced to:

q = q-(m/(3)-1)(q-1) 2 1.0 (4.2)

A value for g, = 1.0 (elastic behaviour) should be used for bridges in which the seismic force
resisting system contains elements with n, > 0.6.

(5P The values of the g-factor for Ductile Behaviour given in Table 4.1 may be used only if
the locations of all the relevant plastic hinges are accessible for inspection and repair. Otherwise,
the values of Table 4.1 shall be multiplied by 0.6; however final g-values less than 1.0 need not
be used. When energy dissipation is intended to occur at plastic hinges located in piles, which are
designed for ductile behaviour, and at points which are not accessible, a final g-value of 2.1
shall be used for vertical piles and 1.5 for inclined piles.

Note: The term “accessible”, as used in the paragraph above, has the meaning of “accessible even with
reasonable difficulty”. The foot of a pier shaft located in backfill, even at substantial depth, is considered to
be “accessible”. On the contrary, the foot of pier shaft immersed in deep water, or the heads of piles
beneath an extensive pile cap, should not be considered “accessible”.

(6) Regarding plastic hinge formation in the deck, see 2.3.2.1 (4).
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(7)  No plastic hinges will in general develop in piers flexibly connected to the deck, in the
direction under consideration. A similar situation will occur in individual piers having very low
stiffness in comparison to the other piers (see 2.3.2.1 (6) and (7)). Such elements have negligible
contribution in resisting the seismic actions, and therefore do not affect the g-factor (see 4.1.6

(3)P).

(8)  When the bridge has a regular seismic behaviour, as defined in 4.1.8, the value of
behaviour factor as defined above may be used without any additional check.

(9)  Bridge structures whose mass follows essentially the horizontal seismic motion of the
ground (“locked-in” structures), do not experience significant amplification of the horizontal
ground acceleration. Such structures are characterised by a very low value of the natural period in
the horizontal directions ( T < 0.03 s). The inertial response of these structures in the horizontal
directions may be assessed using the design value of the seismic ground acceleration and q = 1.
Abutments flexibly connected to the deck belong to this category.

(10)  Bridge structures consisting of an essentially horizontal deck, rigidly connected to both
abutments (either monolithically or through fixed bearings or links), may be considered to belong
to the category of the previous paragraph (9) (without need to check the natural period) if the
abutments are laterally encased, at least over 80 % of their area, in stiff natural soil formations. If
above conditions are not met, then the soil interaction at the abutments should be included in the
model, using realistic soil stiffness parameters. In case T > 0.03 s, then the normal acceleration
response spectrum with q = 1.50 should be used.

(11)  When the main part of the design seismic action is resisted by elastomeric bearings the
flexibility of the bearings imposes a practically elastic behaviour of the system, i.e. q=1.0. Such
bridges shall be designed according to Section 7. The potential formation of plastic hinges in

secondary deck elements (continuity slabs) is allowed but should not be considered to increase
the value of q.

(12)P The behaviour factor for the analysis in the vertical direction shall always be taken equal
to 1.0.

4.1.7 Vertical component of the seismic action
(1)  The effects of the vertical seismic component on the piers may, as a rule, be omitted in

zones of low and moderate seismicity. In zones of high seismicity these effects need only be

investigated in the exceptional cases when the piers are subjected to high bending stresses due to
the permanent actions of the deck.

(2)P  The effects of the vertical seismic component in the upward direction in prestressed
concrete decks, shall be always investigated.

(3)P  The effects of the vertical seismic component on bearings and links shall be assessed in
all cases.

(4)  The estimation of the effects of the vertical component may be carried out using the
Fundamental Mode Method and the Flexible Deck Model (see 4.2.2.4).
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2. ME®OAOZ PAIMATIKHZ AMOKPIZHZ
2.1 ddopa EmTayivoewy Ixediaogpou

(1) To gdopa opifovriwy emiTaxUvoewv AapfBaveral CUMQWVa HE TIG
mapaypdgouc 2.2.2.1, 2.2.2.2, 2.2.2.4, 2.2.2.6 kai 2.2.2.7 Tou EAAnvikoU
AvTiogiopikou KavoviopoU (EAK) kai oclUpgwva pe TG diardgelg tou
TAPOVTOC, avaopikd WE TOUG ouvTeAeaTéG oroudaidTnTag y,, BepeAiwong
6 KAl HETEAATTIKAG CUMTTEPIPOPAS q.

(2) H kataképuen cuvicTwoa 6a Aapﬁaveral oUpEWVa WE TV TTapayp.
2.2.2.8 T0U EAK ( &gak € 3V T EA\ 20w )

(3) O Kupioc Tou Epyou éxel 1O dikaiwpa OF TEPITTWJEIG TTOU HE
aitioAoynuévn amdeacr Tou opifel yépupeg wg IBiaiTepa OnMavrikeg, va
TpoPei o ouUvragn €BIKAG TEXVIKAG - OEITUOAOYIKAG HEAETNG yia TOV
kaBopIopd Twv CeloHIKWY dpdocwv oxediaopou, kabuwg kai va KaBopioe!
TPOoBeTeC | DIAQOPETIKEG BIATAGEIG AT TIG avaQepOHEVEG OTO TTapPOV
KEipevo.

2.2 TuvteAeoTHG ZTTOUSAIOTNTAG Y,

2.2.1 Tlevika

(1) Avdloya pe Tn oToudaidTnTa TOu £pyou O CEICUOG OXEdIagpoU
UTTopEi va optaBei pe TNV emAoyR piag amodekTig mlavétnTag uTepRaong
p, péoa atnv utroAoyiaTikr Sidpkeia {wrig ty TOU €pyou. Tote n mepiodog e-
Tavagopdg t. Tou oeiopou 0XedIATHOU TTPOKUTITE! amo TN oxEon:

=1/ [1-(1-p) (2.1)

(2) Te YEQUPEG QUTOKIVATOBPOHWY, EBVIKWV 08wV Kal a18npodpopwy
AapBdverar yevika TR Tou cuvieheotr otoudaidtnrag y, = 1.0, Tou
avTIGTOIXEI OE TTEPiIOd0 ETAVAPOPAG TOU CEITHOU oxedliacpou TrepitTrou 475
xpovia. Evag téTolog OEIop6G €xel BaveTnTa UTTEPBATNG p KUHAIVOUEVN
peTafy 0.10 kai 0.19, yia utroAoyioTikr SiIGpKEIa {wiig Tou €pyou t, HETagu
50 kai 100 xpoévwyv avriartoixa.

(3) Av Oev yivel agiémortn oramnanky afloAoynon  umapxoviwv
ocIgpOAOYIKWY JEBOHEVWY TTOU va eMITPETTE], HE TUp@WVia Tou Kupiou Tou
Epyou, Tov KaBopiopd TNG Otiouikig Opdong pe BAon TIPEG Twv
Tapapétpwy  oxedlacpou (p kai t, f t) OlaPOpPETIKEG amd TG
Tpoava@epOpEVES, N dlagopotroinon tou embiwkopevou BaBuol acea-
Aeiac ptropei va emITEUXBEl HEOW Twy akdAouBwv TIHWV TOU GUVTEAEDTH
atoudaldTNTag Y
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IXETIKG TTPOG TOug XGAUBEC eival avaykaio n EI0aywyr Tou OUVTEAECTH
ac@aAeiag UAIKOU ym=1,15 yia TNV evapuévion Tpog Toug Eupwkwdikeg.

O1 oplakég TTapapopPuwoeic aKupodEéNarog Kai XaAupa eAngdnoav ioec TTpog
3,5%0 Kai %o avrigToixa, cUpewva Trpo¢ DIN1045. Aev BewpriBnke oKOTIIMN
n auvgnon Tou 5%, Oedopévou OTI TTPAKTIKA EXEl EAAXIOTR EMppor] OTn
diaoTaaioAéynon Tng diatourig. Emonuaiverar 6T OF TAPAUOPPWOEIS QUTEG
avagpepovial pPoOvov oToug eAéyxoug Siatopwv KAl Ox1 ge  eAéyxXoug
TAQoTIHOTATAG.

(2) O éAeyxog oe BidTunon JiaQOPOTIOIEITal YIa TIEPIOXES EVTOS 1) EKTOC
TAaoTIKAG dpBpwong. H ouoiwdng diagopd ocuviotatar oTn Bswpnon
amo@Aolwpévng BiIaTodng T8 TTEPIOXES TTAQCTIKAG dpBpwaong, olpQwWvVa TTROS
Tov Eupwkwdika.

To dvw épl1o TNG TIUAG Tea (TTOU eAéyXel cUppwva TTpog To DIN1045 tnv BAiyn
NG 1ogng diaywviou) TiBetar ico Trpog Pa/3-1,50 =0,2258r, 6Tou Br/3 n
optakry diatunTikh avroxn kai 1,50 o ouvreAeoTi¢ aopalieiag UAIKoU, ATol yia
B25

Tos = 17,5/3:1,60= 3,93MPa évavti 4,0 1wv Eupwkwdikwy yia C20/25.

QewprBnke eTti TAEov oKOTIPN N eMPROAR TTAfPOUG BIaTUNTIKAS KAAUWNG o€
dlatopég TAQOTIKWY apBpwotwy, agevog pev SIOTI N CUMPMETOXH TOU
oKupodEéuartog oTnv avainyn Téuvouaag dev eival KaBopiaTikr, ag’ eTépou e
51671 n amodiopydvwan g Siatopng (1I8iaitepa o€ UWPNAEG TIREC Tou BEiKTn
guuTTEPIPOPAG) Bev TNV e§aTPAAIlel.

AvTiBeTa ETTETPATIN, KUpiwg yia Adyoug cupBarotnrag mpog 1o DIN1045, n
HEIWMEVN JIaTUNTIKA KAAUWn eKTOG TTAQOTIKWY apBpwotwy, xwpic augnon
OHWG TNG TIUAG To2.

(3) EmeBAnRBn emmiong, oe avrioToixia mpog Tov Eupwkwdika, n avdaAnyn
TNG TEUVOUCAG Ot appoug SIaKOTIAG, GUVEKTIHWHEVNG GUWE KAl TNG ETTIPPONS
Tou agovikoU @opTiou.

2.2.7.2 EAeyxog edagoug

(2) H oQuvomTikh eKTiunon NG KatakOpueng CEITUIKAC OCUVIOTWOAg
Bacifetar otnv mapadoxy OT Ta PdBpa TaAaviwvoviar PE  PNBEVIKA
1IG10TTEpiodo EVW Ta OPIZOVTIa OTOIXEIa OE KATrola 1I310TTERIOS0 OTNV 0POYPH TOU
PaouaToc.

2.2.7.3 Egédpava
(1) O €éAeyxog TwV £PEOPAVWY TPOTTOTTOINBNKE HEPIKWC WC TTPOC TNV
E39/93, taumlopevog TAEOV  pe Tov  éAeyxo Tou Eupwkwdika. O

TPOTIOTIOINCEIG AVAPEPOVTAI OTA EAQCTORETAANIKG e@éSpava kal eival of EEAC:

a) 0 CUVTEAECTNG QUPTTEPIPOPAG g AauBdveTal yeviKG i0og TTPOG
1,0 Sedopévou OTI TO ségmopem)\)\mé epEdpavo Acitoupyei
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B) Mepiox€g ekTOG TAQOTIKAS ApBpwang

AapBaveral utrdyn otov éAeyxo n TARPNG SiaTopr] TOU OKUPodENATOG,
ion Tmpog b,d ot opBoywvikéc diatopég 1 md*4 oe KukAikég. O
HoxAoBpaxiwv z yia TNV exTignon TG OIATUNTIKAG TAONG T,
emrTpémeral va Aapfdveral ioog wpog 0,9d oe opBoywvikeg 1} 0,75d ot
KUKAIKEG OIaTOEG.

H peyiotn diatpnmiki 1@on 1, Sev emTpETETAl va UTTEPREI TNV TIPNA
0,2258k.

Emrpémerar peiwpévn diatuntik kaAuywn kata DIN 1045 epdoov n
diatunTik Tdon T, €ival MIKPOTEPN TOU Ty, H  peiwpévn tdon
utroAoylopoU Tou SiaTunTikou oTrAiIopou AapBAveral ion wPog 1,3/T,,.

4) MNépav Twv TTapamdvw JIaTPNTIKWVY EAEYXWV ETIRAAAETAI OE appoUg
diakoTrrig okupodETnOng n TRPNoN NS oxéong

V<AL B, /1,15 + minNg, (2.12)

o1Tou

\Y N UTTOAOYICTIKI TEYVOUTa cUPPWva TTpog TNV TTap. 2.6.4
A n diaropr] Tou diapnkoug oTTAIcHoU TTou diacyilel Tov apud

minNg4 TO EAAXI0TO agovikd goprtio (BeTikd oTav eivar BAITTTIKG), AapBavouévng
uTTOYN KAl TNG KATaképuepng cuvISTWAOAS TOU TEITHOU.

2.7.2 EAeyxog eddagoug

(1) O €Aeyxog avroxig eddgoug Ba yiverar oUpQwva TPOG TNV
mapdypago  5.3.2 tou EAK. Orav n ¢épouca ikavdtnta TracodAou
uttoAoyiletal cup@wva mpog 1o DIN 4014, pe BAon TOV OUVOTITIKO KAl
EUUECO XOAPAKTNPIOHG Tou €0d@oug TTou TTPORAETTETAl ATTO TOV KAVOVIOWO
auto, 6Ba XpnoldoTToIEiTal HEIWTIKOG cuvteAeoTrig agpaleiag v =1,30 oTnv
TIiUn TNG @Epoucag kavotnrag. O ouvreAeaTtric acpaleiag v Ba Aaupdveral
icog pe 1,0, érav n @épouca ikavotnTa utroAoyileTal pe Bdon e£3aQIKEC
TapaueETpoug aXediaopou (OnA. HE QVTITTPOCWITEUTIKEG TIHEG BIQIPEPEVES WE
MEPIKOUG OUVTEAETTEG agpaAeiag).

(2) Z1oug eAgyxoug avToxrg eddpoug, av Sev yivel akpiBEaTepn eKTiunon
NG CUMBOANG TNG KATaKOPUPNG CUVICTWOAG TNG CEITHIKAG dpdong, auTth
HTTopei va AapBaverar ion mpog £ 0,7 - a - (G4+2,5G,) émou Gy 1o Bdpog Tou
BaBpou kai Tou Bepediou (Kal Twv eTTIKABAPEVWY YaIWV €9’ doOV UTTAPXOUV)
kai G, n 8pdaon Tou KATaoTPWHATOG.

(3) e Qopeig eudioenroug o€ Slagpopikég kaBIfaeig Ba eAéyxovral kat ol
EMTTWOEIG TOUG TTAVW OTO QOPEa. Ze kdBe TepiTTwon Sev emTpéTovTal
TTAPAPEVOUTES UTTOXWPNTEIG HEYAAUTEPES Twv 40mm.

C:\E39.93.99\0DIGF99.DOC 29/11/99
25



12
26 Apdoeig EAéyxou
2.6.1 YmoloyioTiki ogiopikn éviaon
(1 Av Gev yivetal akpiBéoTepn eKTiHNON TOU SUCUEVECTEPOU CUVBUAGHOU

Twv BleuBUvVoEWY Tou CEIopHOU O EAEyXOG ETITPETTETAl va yiveral yia Tn
OUCHEVETTEPN QTS TI TTAPAKATW UTTOAOYICTIKEG OEITUIKES EVIATEIC

Ag, “+" 0.30A¢, “+" 0.30A,
0.30A¢, “+" Ag, “+" 0.30A,
0.30A¢, “+" 0.30 Ag, “+" A, (2.8)

otou © Ag, eival n Tigp OTroloudATIOTE AT Ta EVTATIKG PEYEBN TG SiaTopnc
(M,, M,, V,, V,, N), TTou TrpokUTrTouV yia geiops katd tn SietBuvon x.

Kat: Ag, Kai Ag, eival n Tipf Tou iG1ou peyEBOUG TTOU TTPOKUTITE! YIA OEICHG
Kara 1n SietBuvon y kai z avrioToixa.

("+" eivar To oUuBoAo NG emaMAnAiag, epooov TTPOKUTITEI SUGHEVESTEPO

amotéAecpa. InWelVETal OTI TO TPACNHO TWV EVIATIKWOV  HEYEBLV
evalaooeral avahoya HE TN Qopd NG CEICUIKAS Spdonc).

2.6.2 Zeiopikdg ouvduaopog dpdoswy

(1 O oeiopikég ouvduaopdg Spaoewy opifetal we e€Ac:

Ey= G ™" P ™" A “+" Wy Q "+" Q, (2.9)

oTTOU:

G, gival To JUVOAO Twv WoVipwy Spdoewv pE TN XAPAKTNPIOTIKY TOUS TIHA
(id1o Bapog kar mpdabeTa poévipa)

P gival n TeAikr Tipf OpdcEwv Ao Tpoévtaon

Agq eival o SuopEvEDTEPOG oUVBUaopGG Bpdotwy, GTTWS auTég opiaBnkav
o710 TTapamavw e0a@Io 2.6.1(1).

Q,, gival N XapaktNPIOTIKA TipR Tou peraBAnTou @optiou kukAogopiag
(emTpEmeTal va AauBAveTal opoIOpOPPA KATaveEUNHEVO O OAGKANPO
TO MAKOG TOU POPEQ)

Wy O avTioTOIX0G OUVTEAEOTAG guvduaouoy icog Tpog 0,2 yia 0dikéC
yepupeg kai 0,3 yia a1dnpodpopikég

Q, gival n olovei HOVIUN TiuA dpdoewy, pe PeydaAn Sidpkela, (T.X. Lenaon
yaiwy, @vwan, Tiean por¢ k.a.)

(2) Evraceig karavaykaopol emitpémetar va pn AapBdvovrar umdyn
oto oeiopikd cuvduaopd dpdoewv, pe e€aipeon TNV TEPITTWON YEQUPWYV,
gTIG omoieg n OEIOMIKR Opdon avaAapBdveral amd  EAACTOHETAAAIKG
eQedpava. Ty TEPITTWON aut Ta amoteAéopara Tou o@eilovriar ge
EVTAOEIG KATAVAYKAoHoU TPETE! va AauBdvovrar utrdyn.

C:\E39.93.99\0DIGF99.00C 29/11/99
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APRIL 10, 1987

overturning moments, and other seismic force effects
corresponding to these augmented story shears.

Any of a number of rational analyses could be used. Some

published computer programs take P-delta effects into account.

Computer programs used to account for P-delta effects must consider

horizontal displacements which include inelastic (non-linear) action

of the structural elements. In formula Cl-1 the design story drift

(elastic) A has been increased by the factor 3(R,/8) to approximate
the actual drift'of the structure including inelastic action of the
structural elements.

The columns of moment frames which are designed with P-delta
effects included, need not have their bending stresses amplified as
in AISC Formula 1.6-la (1 - £,/F,), or ACI Formula 10 - 8 (§ ),
since these factors were intended to account for P-delta effects.

| Because the relative stiffness of lateral load resisting systems
in higher seismic zones is required to be greater than those in lower
seismic zones, it should be noted that P-delta effects for systems
in lower seismic zones are potentially much more significant than
for systems in higher seismic zones.

10. Vertical Component of Seismic Forces: The dead load of the
members will usually assure against problems resulting from upward
accelerations while the typical load factors will provide assurance
against failure resulting from downward accelerations.

It was realizéd that, in general, beams in frames will not
collapse as a result of vertical seismic loads since in the case of
overstresses a éatin#ry mode of load redistribution can carry the
loads, thus preventing collapse. Since cantilevers do not have this

e
continuity it was felt necessary to provide some additional

assurance. Also, both simply supported and continuous prestressed
R

beams should be checked for the reduced vertical load combination.

F. Dynamic Lateral Force Procedure
1. General: The dynamic analysis procedures described in

this section are intended to incorporate the structure's dynamic

1-56
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CHAPTER 1 COMMENTARY
SECTION 1F2a(4)
APRIL 10, 1987

analysis procedures, the scaling provisions contained in Section
1F5e differ from those for other structure types and soil conditions.
In particular, these provisions specify that the design base shear
and corresponding response parameters obtained from the dynamic
analysis are not to be reduced if they exceed the values given in
Section 1F5d(2). Therefore, for such conditions, the amplitude of
the input horizontal ground motions must now be specified.
Accordingly, this paragraph specifies that the input horizontal
ground motion amplitudes for this case should correspond to a 10
percent probability of exceedance within a 50 year time period, as
obtained from a properly justified probabilistic seismic hazard
analysis for the site.

b. Vertical Ground Motion: Prior statistical analyses of
ground motion records have shown that it is generally reasonable for
design purposes to use a vertical component of ground motion whose
peak amplitude is two-thirds of the peak amplitude of the horizontal
motion.  However, for unusual site conditions, a site-specific
evaluation should be used to specify vertical ground motions for

seismic design.

3. Mathematical Model: (to be provided)

4. Description of Analysis Procedures:

a. Response Spectrum Analysis: The dynamic analysis
procedure deﬁcribéd in this section uses a response spectrum
representation'Aof?‘the seismic input motions. The procedure is
applicable to linear elastic building models that are developed in
accordance with the principles set forth in Section 1F3. It consists
of the following steps [F4,F5]:

(1) Use principles of mechanics to compute the natural period
and mode ahapé for the first N normal modes of the building
model, where N 1is established in accordance with Section
1F5a.

1-62
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1620.2.2 - 1620.3.4

In wood diaphragms, the continuous ties shall be in
addition to the diaphragm sheathing. Anchorage shall not
be accomplished by use of toenails or nails subject to
withdrawal, nor shall wood ledgers or framing be used in
cross-grain bending or cross-grain tension. The dia-
phragm sheathing shall not be considered effective as
providing the ties or struts required by this section.

In metal deck diaphragms, the metal deck shall not be
used as the continuous ties required by this section in the
direction perpendicular to the deck span.

. Diaphragm to wall anchorage using embedded straps
shall be attached to or hooked around the reinforcing steel
or otherwise terminated so as to directly transfer force to
the reinforcing steel.

1620.2.2 Direction of seismic load. For structures that
have plan structural irregularity Type S in Table 1616.5.1,
the critical direction requirement of Section 1620.1.10
shall be deemed satisfied if components and their foun-
dations are designed for the following orthogonal combi-
nation of prescribed loads.

One hundred percent of the forces for one direction
plus 30 percent of the forces for the perpendicular direc- '
tion. The combination requiring the maximum compo-
nent strength shall be used. Alternatively, the effects of
the two orthogonal directions are permitted to be com-
bined on a square root of the sum of the squares (SRSS)
basis. When the square root of the sum of the squares
method of combining directional effects is used, each
term computed shall be assigned the sign that will result
in the most conservative resulit.

1620.3 Seismic Design Category D. Structures assigned to

STRUCTURAL DESIGN

Section 1605, a minimum net upward force of 0.2
times the dead load. -

1620.3.3 Diaphragms. The deflection in the plane of the
diaphragm shall not exceed the permissible deflection of
the attached elements. Permissible deflection shall be that
deflection that will permit the attached elements to main-
tain structural integrity under the individual loading and
continue to support the prescribed loads.

Floor and roof diaphragms shall be designed to resist
design seismic forces determined in accordance with
Equation 16-65 as follows:

,Z Fi (Equation 16-65)
pr = '_u‘——wﬂ
w;

imsx

where:
F;, = The design force applied to Level i.
F,,= The diaphragm design force.
w; The weight tributary to Level i.
== The weight tributary to the diaphragm at Level x.

The force determined from Equation 16-65 need not
exceed 0.3 Sp¢lpw,, but shall not be less than 0.15 Sps/w,.,
where Sy is the design spectral response acceleration at
short period determined in Section 1615.1.3 and /¢ is the
occupancy importance factor determined in Section
1616.2. When the diaphragm is required to transfer design
seismic force from the vertical-resisting elements above
the diaphragm to other vertical-resisting elements below

Seismic Design Category D shall conform to the require-
ments of Section 1620.2 for Seismic Design Category C and
to the following.

the diaphragm due to offsets in the placement of the ele-
ments or to changes in relative lateral stiffness in the ver-
tical elements, these forces shall be added to those deter-

1620.3.1 Plan or vertical irregularities. For buildings hav-
ing a plan structural irreguiarity of Type 1a, 1b, 2,3 or 4 in
Table 1616.5.1 or a vertical structural irregularity of Type
4 in Table 1616.5.2, the design forces determined from
Section 1617.4.1 shall be increased 25 percent for connec-
tions of diaphragms to vertical elements and to collectors,
and for connections of collectors to the vertical elements.

1620.3.2 Vertical seismic forces. Horizontal cantilever
and horizontal prestressed componepts shall be 3esngned
to resist the vertical component of earthquake ground
motion. This requirement is considered to be met if:

1. The load combinations used in designing such

components include £ as defined in Equation
16-29, and

2. Such components are designed to resist, in addi-
tion to the applicablc load combinations of

3

mined from Equation 16-65 and to the upper and lower
limits on that formuia.

1620.3.4 Collector elements. Collector elements shall be
provided that are capable of transferring the seismic
forces originating in other portions of the structure to the
element providing resistance to those forces.

Collector elements, splices and their connections to
resisting elements shall resist the forces determined in
accordance with Equation 16-65. In addition, collector
elements, splices and their connections to resisting ele-
ments shall have the design strength to resist the earth-
quake loads as defined in the Special Load Combinations
of Section 1605.4.

Exception: In structures, or portions thereof, braced
entirely by light frame shear walls, collector elements,
splices and their connections to resisting elements

2000 INTERNATIONAL BUILDING cope®
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px éTHUcTURAL UESIGIN TROCE TOTO.J.Z = TOT7.T.1
TABLE 1616.5.2
VERTICAL STRUCTURAL IRREGULARITIES
— SEISMIC DESIGN
REFERENCE CATEGORY®
{RREGULARITY TYPE AND DESCRIPTION SECTION APPLICATION

Stiffness Irregularity—Soft Story L 1616.6.3 D.Eand F

1a| A soft story is one in which the lateral stiffness is less than 70 percent of that in the story above or less Table 1616.6.3 D.Eand F
than 80 percent of the average stiffness of the threc storics above. o )
Stiffness Irregularity—Extreme Soft Story 1620.4.1 Eand F

Ib| An extreme soft story is one in which the lateral stiffness is less than 60 percent of that in the story 1616.6.3 D,Eand F
above or less than 70 percent of the average stiffness of the three stories above. Table 1616.6.3 D,EandF
Weight (Mass) Irregularnity

) Mass irregularity sh‘all be considered fo exist where the cﬂ'cctive.mass of any story is more than 150 Table 1616.6.3 D,Eand F
percent of the effective mass of an adjacent story. A roof that is lighter than the floor below need not
be considered.

3| Vertical Geometric Irregularity
Vertical geometric irregularity shall be considered to exist where the horizontal dimension of the Table 1616.6.3 D,Eand F
lateral-force-resisting system in any story is more than 130 percent of that in an adjacent story.
In-plane Discontinuity in Vertical Lateral-Force-Resisting Elements 1620.3.1 D,Eand F

4 | An in-plane offset of the lateral-force-resisting elements greater than the length of those elements or a 1616.6.3 D,Eand F
reduction in stiffness of the resisting element in the story below. 1620.1.9 B,C,D,Eand F
Discontinuity .in Cap.acity—.—Weak Story . . 1620.1.3 B,C,D,EandF
A weak story is one in which the story lateral strength is less than 80 percent of that in the story above. 1616.6.3 D.Eand F

51 The story strength is the total strength of seismic-resisting elements sharing the story shear for the 1 620. 4‘1 E and F
direction under consideration. o

a. Seismic Design Category is determined in accordance with Section 1616.

1616.6.2 Seismic Design Categories B and C. Except as
permitted by Section 1616.6, the analysis procedures in
Section 1617.4 shall be used for structures assigred to
Seismic Design Category B or C (Section 1616) or a more
rigorous analysis is permitted to be made.

SECTION 1617
EARTHQUAKE LOADS —MINIMUM DESIGN
LATERAL FORCE AND RELATED EFFECTS

1617.1 Seismic load effect E and E,, Seismic load effect,
E and E,,, for usec in the load combinations of Section 1605

1616.6.3 Seismic Design Categories D, E and F. The shall be determined as follows.

analysis procedures identified in Table 1616.6.3 shall be

used for structures assigned to Seismic Design Category
D. E or F (see Section 1616). or a more rigorous analysis
shall be made. For regular structures five storics or fewer
in height having a period T, as determined in Section
1617.4.2, of 0.5 seconds or less, the design spectral
response accelerations, S;,¢ and §;,,. need not exceed the
values calculated using values of Sg and S, respectively,
of 1.5g and 0.6g.

Fo: the purposes of this section, structures shall be con-
sidered regular if they do not have plan irregularitics la, Ib
or 4 of Table 1616.5.1 or vertical irregularitics la, 1b. 4 or §
of Tablc 1616.5.2.

200y inei ERNATIUNAL BUILLING LLuE

1617.1.1 Seismic load effect E. Where the effects of grav-
ity and the seismic ground motion are additive, seismic
load, E, for use in Formulas 16-5, 16-10, and 16-17 shall be
defined by Equation 16-28:

E = pQ, + 0.2S,,sD (Equation 16-28)

where:

D = The effect of dead load.

E = The combined effect of horizontal and vertical
earthquake-induced forces.

p = A rcliability factor based on system redundancy

obtaincd in accordancc with Section 1617.2.
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. TABLE 1616.6.3 - 1617.2.1

STRUCTURAL DESIGN

TABLE 1616.6.3
ANALYSIS PROCEDURES FOR SEISMIC DESIGN CATEGORIES D, EOR F

STRUCTURE DESCRIPTION

MINIMUM ALLOWABLE ANALYSIS PROCEDURE
FOR SEISMIC DESIGN

1. Seismic Use Group I buildings of light-framed construction
three stories or less in height and of other construction, two
stories or less in height with flexible diaphragms at every
level.

Simplified procedure of Section 1617.5.

(8]

. Regular structures, other than those in Item 1 above, up to
240 teet in height.

Equivalent lateral-force procedure (Section 1617.4).

3. Structures that have vertical irregularities of Type la, 1b, 2
or 3 in Table 1616.5.2, or plan irregularities of Type 1a or
Ib of Table 1616.5.1, and have a height exceeding five
stories or 65 feet and structures exceeding 240 feet in height.

Modal analysis procedure (Section 1618).

o 4. Other structures designated as having plan or vertical
irregularities.

Equivalent lateral-force procedure (Section 1617.4) with
dynamic characteristics included in the analytical model.

5. Structures with all of the following characteristics:

- located in an area with Sy, of 0.2 or greater, as determined
in Section 1615.1.3;

- located in an area assigned to Site Class E or F, in
accordance with Section 1615.1.1 and;

- with a natural period T of 0.7 second or greater, as

i determined in Section 1617.4.2.

Modal analysis procedure (Section 1618). A site- specific
response spectrum shall be used but the design base shear
shall not be less than that determined from Section 1617.4.1.

For SI: | foot = 304.8 mm.

Qr= The effect of horizontal seismic forces.

Sps= The design spectral response acceleration at short
periods obtained from Section 1615.1.3 or
1615.2.5.

Where the effects of gravity and seismic ground motion
counteract, the seismic load, E, for use in Formulas 16-6,
16-12 and 16-18 shall be defined by Equation 16-29.
E=pQ-0.25,D (Equation 16-29)

Design shall use the load combinations prescribed in
Scction 1605.2 for strength or load and resistance factor

design methodologics. or Section 1605.3 for allowable
stress design methods.

1617.1.2 Maximum seismic load effect, E,,. The maxi-
mum scismic load effect, £,,, shall be used in the special
seismic load combinations in Section 1605.4.

Where the cffects of the seismic ground motion and
gravity loads arc additive, seismic load. £E,,. for use in
Formula 16-19 shall be defined by Fquation 16-30.

E., 90,025,

(Equation 16-30)

Where the effects of the seismic ground and gravity loads
counteract. seismic load. ££,,. for use in Formula 16-20 shall
be defined by Equation 16-31.

358

E,=Q,0r-0.25,D (Equation 16-31)
where E, Qf, Sps are as defined above and Q, is the
system overstrength factor as given in Table 1617.6.

The term Q;Qf need not exceed the maximum force
that can be transferred to the element by the other ele-
ments of the lateral-force-resisting system.

Where allowable stress design methodologies are used
with the special load combinations of Section 1605.4,
design strengths are permitted to be determined using an
allowable stress increase of 1.7 and a resistance factor, ¢,
of 1.0. This increase shall not be combined with increases
in allowable stresses or load combination reductions oth-
erwise permitted by this code or the material reference
standard except that combination with the duration of load
increases permitted in Chapter 23 is permitted.

1617.2 Redundancy. A redundancy coefficient, p, shall be
assigned to all structures in accordance with this section,
based on the extent of structural redundancy inherent in the
lateral-force-resisting system.

1617.2.1 Seismic Design Category A, B or C. For struc-
tures assigned to Seismic Design Category A. B or C (see

Scction 1616), the value of the redundancy coefficient p is
1.0.

2000 INTERNATIONAL BUILDING cope®
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establish the dependence of the response spectrum on the thickness and vs-value of the

soft clay/silt layer and on the stiffness contrast between this layer and the underlying
materials. ‘

(5) The value of the damping correction factor m can be determined by the
expression

n=410/(3+&)2055 (3.5) {31}
where
£ viscous damping ratio of the structure, expressed in percent.

(6) If for special studies a viscous damping ratio different from 5% is to be used,
this value will be given in the relevant Parts of Eurocode 8.

@) The elastic displacement response spectrum, DS¢(T), shall be obtained by direct
transformation of the elastic acceleration spectrum, S¢(T), using the following
expression:

DS.(T) =S. (T)[Eﬂ (3.6)

(8) Expression (3.6) shall normally be applied for vibration periods not exceeding
3,0 seconds. For structures with vibration periods greater than 3,0 seconds, a more
complete definition of the Type 1 elastic spectrum is presented in Annex A in terms of
displacement response spectrum. {32}

3.2.2.3 Vertical elastic spectrum {33}

(1) P The vertical component of the seismic action should be represented by a response
spectrum, Sy(T), derived using expressions (3.7)-(3.11) in combination with the values
of the control parameters presented in tables 3.2 and 3.3.

0<T<T,:
3.7
SVC(T)= a,, -{1+.—7:—.(77‘. .3,0_:1)] 3.7
T,
T,<T<T.:
(3.8)
Svc (T) = a\vg : T’v . 390
T.<T<T,:
: 39
Svc (T) = avg /M 390[%—} ( )
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S..(T)=a,, n, 30[%5_} (3.10)
N, =+2,72/(0,72 +&) (3.1

Table 3.4: Values of parameters describing the vertical elastic response spectrum

Spectrum |aw/a;, | Ts Tc Tp

Type 1 0,90 0,05 0,15 1,0

Type 2 0,45 0,05 0,15 1,0

2) It should be noted that the ordinates of the vertical response spectrum are
independent of the subsoil class. However, the values in table 3.4 and expressions (3.7)-

(3.11) are only applicable for subsoil classes A, B, C, D and E, and not for special
classes S; and S,.

3.2.2.4 Peak ground displacement

(1) Unless special studies based on the available information indicate, otherwise the

value d; of the peak ground displacement may be estimated by means of the following
expression:

d, =[0,025)-a,-S T T, (3.12) (34} ‘

with the values of a,, S, T¢, Tp as defined in 3.2.2.2.

3.2.2.5 Design spectrum for elastic analysis

1) The capacity of structural systems to resist seismic actions in the non-linear ‘

range generally permits their design for forces smaller than chose corresponding to a
linear elastic response.

(2)  To avoid explicit inelastic structural analysis in design, the energy dissipation
capacity of the structure, through mainly ductile behaviour of its elements and/or other
mechanisms, is taken into account by performing an elastic analysis based on a response
spectrum reduced with respect to the elastic one, henceforth called "design spectrum”, |
This reduction is accomplished by introducing the behaviour factor q.

(3)  The behaviour factor q is an approximation of the ratio of the seismic forces,
that the structure would experience if its response was completely elastic with 5%
viscous damping, to the minimum seismic forces that may be used in design - with a
conventional elastic response model - still ensuring a satisfactory response of the
structure. The values of the behaviour factor q, which also accounts for the influence of
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the viscous damping being different from 5%, are given for the various materials and
structural systems and according to various ductility levels in the relevant Parts of
Eurocode 8.

(4) P For the reference return period the design spectrum, Sq(T), is defined by the
following expressions:

OSTST,,.:Sd(T)=aK-S-[1+—T—-££—lH (3.13)
T, q
2,5
T,<T<T.: S,(T)=a, -S-== (3.14)
q

T.<T<T,:S,(T) ’ q (3.15)
>[0,20]-a,
. _2_5[”}

T,<T: S,(T) . g | T (3.16)
>[0,20]-a,

where
S4(T) ordinate of the design spectrum, which is normalised by g,

q behaviour factor.

&) Values of the parameters S, T, Tc, and Tp are given in tables 3.2, 3.3 and 3.4.
{36}

(6) P The design spectrum as defined above is not sufficient for the desiga of
structures with base-isolation or energy-dissipation-systems.

3.2.3 Alternative representations of the seismic action

3.2.3.1 Time - history representation

3.2.3.1.1 General

(1)P The seismic motion may also be represented in terms of ground acceleration
time-histories and related quantities (velocity and displacement).

(2)P  When a spatial model is required, the seismic motion shall consist of three
simultaneously acting accelerograms. The same accelerogram may not be used
simultaneously along both horizontal directions. Simplifications are possible according
to the relevant Parts of Eurocode 8.
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(3) For the five subsoil classes A, B, C, D and E the values of the parameters S, Tp, Tc

and Tp are given in table 3.2. for Type 1 Spectrum and table 3.3 for Type 2 Spectrum,
as defined in Section 3.2.2.1 {25}.

Note:

For special site-classification studies referred in 3.1.1 (4) National Authorities should provide the
corresponding changes of parameter S.

Table 3.2: Values of the parameters describing the Type 1 elastic response
spectrum {26}

Subsoil Class S Ts Tc To
A 1,0 0,15 |04 [2,0
B L1 015 |05 |20
C 1,35 (020 |06 [2,0
D 135 (020 |08 [2,0
E 1,4 0,15 |05 |20

Table 3.3: Values of the parameters describing the Type 2 elastic response
spectrum {26}

Subsoil Class S Tgs Tc To
A 1,0 (0,05 025 |1,2
B 12 005 025 (1.2
C 1,5 1010 025 |12
D 18 |00 030 |12
E 1,6 005 (025 [1,2

3) For sites with ground conditions matching the classes S; and S; special studies
for the definition of the seismic action may be required. {29}

4 Special attention should be paid in the case of a deposit of sub-soil S; {30}.
Such soils typically have very low values of vs, low internal damping and an abnormally
extended range of linear behaviour and can therefore produce anomalous seismic sité
amplification and soil-structure interaction effects; see Section 6 of Part 5. In this case, a
special study for the definition of the seismic action should be carried out, in order to
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The maximum value of each action effect on the structure due to the two horizontal
components of the seismic action may then be estimated by the square root of the
sum of the squared responses to each horizontal component.

(3)  As an alternative to paragraph (2) the action effects due to the combination of
the horizontal components of the seismic action may be computed using the two
following combinations:

a) Egax "+" 0,30 Eggy (4.20)
b) 0,30 Egax “+” Egqy , 4.21)
where

“+”  implies "to be combined with",

Eeax  action effects due to the application of the seismic action along the chosen
horizontal axis x of the structure,

Eesqy action effects due to the application of the same seismic action along the
orthogonal horizontal axis y of the structure.

C) The sign of each component in the above combinations shall be taken as the
most unfavourable for the effect under consideration.

(5) P When using nonlinear static (pushover) analysis and applying a spatial model,
the combination rules of (2), (3) above should be applied, considering as Eyy the forces
and deformations due to the target displacement in the X direction and as Egy the forces
and deformations due to the target displacement in the Y direction. The internal forces
resulting from the combination shall not exceed the corresponding capacities.

(6) P When using nonlinear time-history analysis and employing a spatial model of
the structure, simultaneously acting accelerograms shall be considered for both
horizontal components.

(7) P For buildings satisfying the regularity criteria in plan and in which walls are the
only horizontal load resisting components, the seismic'action may be assumed to act
separately and without combinations (2) and (3) above, along the two main orthogonal
horizontal axes of the structure.

4.4.3.5.2 Vertical component of the seismic action

(1) P The vertical component of the seismic action, as defined in clause 4.2.1.(3) of
Part 1-1. shall be taken into account in the following cases:

—  Horizontal or nearly horizontal structural members spanning 20 meters or more;
- Horizontal or nearly horizontal cantilever components;
—  Horizontal or nearly horizontal prestressed components;

— Beams supporting columns.
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2) In géneral, the analysis for determining the effects of the vertical component of
the seismic action can be made based on a partial model of the structure which includes
the elements under consideration and takes into account the stiffness of the adjacent
elements.

3) The effects of the vertical component need only be considered for the elements
under consideration and their directly associated supporting elements or substructures.

4) In case the horizontal components of the seismic action are also relevant for
these elements, the following three combinations may be used for the computation of
the action effects:

a) 0,30 Egax “+7 0,30 Eggy "+” EEq: (4.22)
b) Egax "+” 0,30 Eggy "+” 0,30 Egq, (4.23)
c) 0,30 Egdx “+” Eggy "+" 0,30 Egq. _ _ 4.24)
where

Ede and EEdy see 4.4.3.5.1 (3),

Eeq; action effects due to the application of the vertical component of the design

seismic action as defined in 3.2.2.3 St 4= \2
W

(5) If nonlinear static (pushover) analysis is performed, the vertical component of
the seismic action may be neglected.

4.4.4 Displacement analysis

(1) P If linear analysis is performed the displacements induced by the design seismic
action shall be calculated on the basis of the elastic deformation of the structural system
by means of the following simplified expression:

d, =q,d, (4.25)

where

ds displacement of a point of the structural system induced by the design seismic
action. ‘

qd displacement behaviour factor, assumed equal to q unless otherwise specified in

Section5to 9,
de displacement of the same point of the structural system, as determined by a
linear analysis based on the design response spectrum according to 3.2.2.5. |

The value of ds does not need to be larger than the Value derived from the elastic
spectrum

()P When determining the displacements d., the torsional effects of the seismic
action shall be taken into account.
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Method 2 The application of the ground motion along the principal axes of individual components. The
ground motion must be applied at a sufficient number of angles to capture the maximum

deformation of all critical components.

Transvearse (T}
~

N -

L ¢
"~ Longuudinat £)

Bridge Plan /
Gobal X-X and 2-Z Axes

Z

(Locas Y-Y and Z-Z Axas)

Figure 2.1 Local-Global Axis Definition

2.1.3 Vertical Ground Motions

A vertical acceleration response spectra analysis is not required for Ordinary Standard bridges. For bridge sites
where the peak rock acceleration exceeds 0.5g, an equivalent static vertical load shall be applied to the
superstructure to estimate the effects of vertical acceleration®. The superstructure shall be designed to resist the
applied vertical force as specified in Section 7.2.2. A case-by-case determination on the effect of vertical load is

required for Non-standard and Important bridges.

2.1.4 Vertical/Horizontal Load Combination

A combined vertical/horizontal load analysis is not required for Ordinary Standard bridges.

This is an interim method of approximating the effects of vertical acceleration on superstructure capacity. The intent is to
ensure all superstructure types, especially lightly reinforced sections such as P/S box girders, have a nominal amount of mild
reinforcement available to resist the combined effects of dead load, earthquake, and prestressing in the upward or downward
direction. This is a subject of continued study.

Revision Date: 7/27/99 49 Page 2-2
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Figure 7.2 Effective Superstructure Width

7.2.2 Vertical Acceleration

If vertical acceleration is considered, per Section 2.1, a separate analysis of the superstructure’s nominal
capacity shall be performed based on a uniformly applied vertical force equal to 25% of the dead load applied
upward and downward, see Figure 7.3. The superstructure ﬂexqral capacity shall be based only on continuous
mild reinforcement distributed evenly between the top and bott&m slabs. The effects of dead load, primary and
secondary prestressing shall be ignored. The continuous steel shall be spliced with *service level” couplers as
defined in Section 8.1.3, and may be integrated with the mild reinforcement required for other load cases.
Splicing of the vertical acceleration steel in critical zones such as mid-span or near the supports should be

avoided.

The longitudinal side reinforcement in the girders shall be capable of resisting 125% of the dead load shear at

the bent face by means of shear friction. The enhanced side reinforcement shall extend continuously 25 ft (7 m)

beyond the face of the bent cap.
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Figure 7.3 Equivalent Static Vertical Loads & Moments

7.2.3 Pre-cast Girders

Pre-cast girders shall be designed to remain essentially elastic when resisting the column overstrength moments
and shears. Recent research has confirmed the viability of pre-cast spliced girders with integral
column/superstructure details that effectively resist longitudinal seismic loads. This type of system is
considered non-standard until design details and procedures are formally adopted. In the interim, project

specific design criteria shall be developed per MTD 20-11.

7.2.4  Slab Bridges

Slab bridges shall be designed to meet all the strength and ductility requirements as specified in the SDC.

Revision Date: 7/27/99 a4 Page 7-6
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SECTION 1
INTRODUCTION

The objective of this study is to determine under what conditions the vertical component of seismic
ground motion is critical in determining the demands placed on key elements of typical highway
structures. In current design practice, the vertical component of motion is not usually included in the
analysis of bridges or buildings, though the Uniform Building Qgﬁg l1997| does specify increased
multipliers on dead loads that are intended to approximate its effects. These muitipliers are 0.9DL and
1.2DL for non-isolated buildings, and 0.8DL and 1.2DL for isolated buildings. Vertical spectral shapes
are not defined in current bridge design codes, however when the vertical component is included, it is
normally specified as a spectrum with an amplitude two-thirds of the horizontal spectrum. In recent years,
various researchers have conducted statistical studies on large numbers of strong ground motion records

that show this vertical-to-horizontal ratio grossly underestimates the strength of the vertical component in
the near fault (< 5km) region and at short periods.

The research approach in the current work is to analyze a representative group of bridges with a range of
input ground motions that include and exclude the vertical component of motion. The results of the
dynamic analyses are compared for both cases and conclusions are drawn as to when the vertical
component can be safely ignored and when its effects should be included in the design of highway
bridges. The scope of the study involves linear analyses of finite element models of six typical highway
bridges using a broad range of input motions. These elastic models were obtained from the Berger/ABAM
series of bridges assembled as seismic design examples for the Federal Highway Administration. Both
time history and response spectrum analyses are performed, and results compared. One bridge from this
group that shows sensitivity to vertical excitation is selected for nonlinear dynamic analyses, again
including and excluding the vertical component of motion.

On the basis of the results from these linear and nonlinear analyses, recommendations are made regarding
cases where vertical motions should explicitly be included in design, where the effects of vertical motions
can be adequately addressed by simple load combination rules, and finally, cases where the impact of
vertical motions is less than 10% and thus can be ignored from a design perspective.

Section 2 gives a summary of previous research work done on the effects of the vertical component of
motion on bridge decks, piers, foundations, bearings and hinges. Section 3 provides a description of each
of the six bridges analyzed, including their physical dimensions, element properties used in the structural
model, and vertical dynamic characteristics. Section 4 describes the characteristics of the vertical
component of motion and gives details of response spectra and frequency scaled time history records used
for input motions in the bridge analyses. Details of the parameters used in the linear dynamic analysis of
each bridge are given in Section 5. Section 6 presents the results of the analyses and provides
recommendations based on results from these analyses. Results from the response spectrum and time
history analyses are compared. The effects of varying vertical deck stiffness and foundation fixity on the
vertical structural response are reported. Response spectrum analysis results using three different
directional combination rules are compared.

This report ends with five appendices, which contain response ratios computed from response spectrum
analyses of the six bridges, response ratios computed from response spectrum analyses for varying deck
stiffnesses and foundation fixity in bridge numbers 4 and 6, mode shapes with modal mass participation
ratios greater than 10% for the six bridges, SAP2000 input files, and the ANSR-II input file for Bridge 6.
These appendices are provided on MCEER's web site at http://mceer.buffalo.edu.

\\‘ W —— r——— —

- .- ——— TR ¥ e N Y M e ¥ Tttt n e cm vy i e Ty ) = S| T T® NV Twi e e v -

46



8‘2,\ (,m\c,Q,nsi ows WQMTPA 1o Az ’x%rouwlcl A oXion S

1.

2.

The vertical component of seismic ground motion at close-in soil sites and distant rock and soil
sites is relatively rich in short period waves that arrive earlier than the largest horizontal motions.
Records at some close-in rock sites (less than 10 to 15 km) exhibit longer period motions in the
vertical component that have similar arrival times and more similar frequencies to the largest
horizontal motions.

At both rock and soil sites, and for magnitudes above 5.5 and distances less than 40 km, for
periods in the range of approximately 0.2 to 3.0 seconds the vertical to horizontal (V/H) spectral
ratio (as computed by Silva [1997]) is less than the commonly used value of 2/3. For periods
shorter than approximately 0.2 seconds, the V/H spectral ratio is greater than 2/3.

For soil sites with distances up to approximately 20 km, in the period range of approximately 0.02
to 0.15 seconds the V/H ratio exceeds 1.0 for all magnitudes above 5.5.

For rock sites with distances up to approximately 10 km, in the period range of approximately
0.03 to 0.1 seconds the V/H ratio exceeds 1.0 for magnitudes above 6.5.

The V/H spectral ratio for magnitude 6.5 events has a peak value of about 1.1 and 1.9 for rock
and soil respectively, and the peak ratio increases to about 1.3 (rock) and 2.6 (soil) for magnitude
7.5 events. The V/H spectral ratio increases with increasing earthquake magnitude for all periods

less than approximately 1.0 seconds. At longer periods, the magnitude dependence is much less
apparent.

8.2.2 Structural Response of Bridges in the Linear Range

Most of the design office analyses that are performed on bridges are based on linear elastic models using
the response spectrum method of analysis. Very rarely is the vertical component included in such
analyses. If vertical motions are included in an analysis, they generally use two-thirds of the amplitude of
the horizontal response spectra. Bridge codes to date have not provided load muitipliers or specific
vertical response spectra that allow for the impact of vertical motions.

All six bridges included in this study have been analyzed using linear elastic models with and without the

vertical component of motion. Both response spectra and time history analyses have been performed. The
conclusions are as follows:

1.

Bridges with the greatest percentage of modal mass lying in the range of the peak spectral
acceleration of the vertical response spectra experience the greatest impact from the vertical
seismic motions. An attempt was made to assess the amount of modal mass less than 0.2 seconds
that caused significant vertical response. Unfortunately, the six bridges used in this study were
not sufficient to develop a specific recommendation on this issue.

Tables 6.8 to 6.15, Figures 6.8 to 6.23, and Tables 8.1 and 8.2 give DL multipliers that may be
applied to various response quantities in order to eliminate the need to include the vertical
component of motion in a dynamic analysis. Three different response ratios (3/2, 3/DL, (3-2)/DL)
were examined in this study. It was found that the (3-2)/DL ratio gave the best practical measure
of the impact of the vertical component of motion on bridges. The (3-2)/DL ratio is computed by
dividing the difference in absolute response values from the three-component input and two-
component input loading cases by the dead load only response value. Tables 8.1 and 8.2 preser:
the ratios for magnitude 6.5 and 7.5 events, respectively, for both rock and soil conditions. These
ratios increase substantially as the bridge site gets closer to the fauit.

In order to envelop the design forces as a function of DL on all bridges for both magnitude 6.5
and 7.5 events, the multipliers get quite large, especially when the bridge site is within 10km of a
fault. For magnitude 6.5 events a DL multiplier of +0.4DL would envelop all forces in the 20-
50km range. A multiplier of £0.7DL wouild be required in the 0-20km range except for the mid-
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span moment in which a +1.4DL multiplier would be necessary. For magnitude 7.5 events, a DL
multiplier. of +0.6DL would envelop all forces in the 20-60km range. A multiplier of +1.0DL
would be required in the 0-20km range except for the mid-span moment in which a +1.9DL
multiplier would be necessary. As a consequence, it would seem prudent to consider the use of an
appropriate DL multiplier on all bridge deck design forces and column axial design forces when
the bridge location is 20 to 50km from a fault. When the bridge site has a fault distance of less
than 20 km, it would seem prudent to require the inclusion of a vertical ground motion analysis in
the analysis of a bridge rather than specifying very large multipliers. Beyond 60 km from the
fault, the value of £10% of the dead load design value would adequately account for the impact of
the vertical component of motion on all vertical design forces. As a consequence, the impact of
the vertical component of motion could be ignored when a bridge site is greater than 60km from a
fauit.

Values of horizontal response quantities are not significantly affected by the vertical component
of motion.

Results from linear response spectrum analyses using the CQC modal combination method and
the SRSS directional combination method are mostly within 10% of the average linear response
from time history analyses using five records frequency-scaled to the input spectra.

Response values from a modal analysis using vertical spectra computed from attenuation
relationships by Abrahamson and Silva [1997], and Sadigh et al [1993; 1997] can be up to 40%
greater or less than those obtained from vertical spectra that have a spectral amplitude equal to
2/3 of the horizontal spectra. It be should be noted that the “2/3 spectra” generally give
conservative results for vertical deck response quantities; but for pier axial force, the results are
mostly unconservative. For this reason, it is recommended that the use of the 2/3 multiplier to
obtain the vertical spectra from the horizontal spectra should be discontinued.

Softening of a bridge deck due to cracking during an earthquake will generally reduce the effect
the vertical component of motion has on the bridge (see Tables 6.19 and 6.20). As a consequence,
the DL multipliers shown in Tables 6.8 to 6.15, Tables 8.1 and 8.2 and Figures 6.8 to 6.23 are
conservative in that no deck stiffness reduction is included in their development.

Bridge models with fixed foundations give higher absolute response values for a three component
input whereas flexible foundations tend to give higher (3-2)/DL ratios (see Tables 6.23 and 6.24).

Vertical shear at mid-span may need to be checked in bridges that are located within 10km of a
fault and are designed for M7.5 loading, have uneven span lengths, and have columns that are
effectively fixed to the deck.

The early arrival of the vertical component of motion does not have a significant effect on the
structural response of typical highway bridges.

A magnitude 7.5 event and soil site conditions produces the highest (3-2)/DL ratios for pier axial
force for all distances, and for deck shear at the pier and moment at mid-span at distances beyond
10 km. Rock site conditions produce the highest ratios for these two quantities for distances less
than 10 km and for deck moment over the pier for all distances.

A comparison of results from modal analyses using the following three directional combination
rules (a) SRSS rule (b) 100% + 30% rule (c) 100% + 40% rule showed that using the SRSS
method produced results that were closest to the average result from time history analyses using
five spectrum compatible records (see Tables 6.25 and 6.26).
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8.2.3 Stfuctura_l Response of Bridges in the Nonlinear Range

The results presented in Section 8.2.2 are in conflict with current design practice since it has been
assumed to date that the vertical ground motion does not have a significant impact on the design of a
bridge. One of the obvious questions resulting from the linear analyses is what impact does the nonlinear
response of key components of the bridge have on the results discussed in Section 8.2.2. Deck softening
was discussed in Item 6 of Section 8.2.2 although this was not part of a nonlinear study. Unfortunately, it
was not possible to perform an extensive study on the nonlinear response of each bridge. Bridge 6 was re-
analyzed incorporating the nonlinear response of the piers. These nonlinear results were compared with

the linear response results and the following observations resulted from the limited nonlinear modeling of
this one bridge.

I Including nonlinear behavior in the piers strongly influences the horizontal response of the
structure although the horizontal displacements are not significantly impacted.
2. Response values for horizontal quantities are not significantly affected by the vertical component
- of motion in the bridge studied. However, earlier research has indicated some sensitivity of the
horizontal response to the inclusion of vertical motions in inelastic bridges
3. (3-2)/DL ratios are slightly greater but essentially the same for the nonlinear and linear response
of the majority of response quantities for this one bridge.

Generalizations from the above observations are not warranted until further nonlinear analysis are
performed on a wider range of bridge structures.

8.3 Recommendations

The results of this study are important and will be a surprise to many because it has been commonly
assumed to date that vertical ground motions do not have a significant impact on the response of a bridge.
As a consequence, current bridge design codes do not incorporate any design provisions to account for the
response resulting from vertical ground motions. This clearly is not a valid assumption for bridge sites
located within 20km of a fault and for some bridges, the vertical response may be important when the site
is located within 40km of a fault.

There are two methods that design codes can utilize to address the vertical response issue. The first is
simply to require the inclusion of a vertical component of motion in the design and analysis process when
a bridge site is within some distance of a fault (e.g. 10km). The second is raore complex from a code
perspective but more straightforward from a design perspective. It involves the incorporation of a
percentage (e.g. +40%) of the dead load design force on the design of the deck, columns and bearings
without the necessity of performing a vertical analysis. The complexity of this method arises because the
design forces that need to be addressed vary significantly by the distance of the bridge site from the fault
and, as the site gets within 10km of a fault, some of the percentages get into the 70 — 190% range. It
would therefore seem prudent under these circumstances to require the inclusion of the vertical

component of motion rather than have very high multipliers that of necessity have to envelop the results
obtained in this study.

In order to aid in the development of future code provisions, the following recommendations are offered
for consideration.

1. The values for DL multipliers in Tables 8.1 to 8.2 should be considered for inclusion in code
provisions in lieu of conducting explicit vertical analyses. If the design process is to be simplified as
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much as possible, an envelop of the multipliers could be considered and consideration should be
given to having appropriate multipliers when the bridge site is located within certain distances, i.e., 0
to 20km; 20 to 40km; 40 to 60km. At a distance greater than 60km the impact of the vertical response
is less than £ 10% of the dead load design value for all of the design quantities included in this study
and can therefore be ignored. Decisions will need to be made on the distance from a fault and whether
or not to envelop the magnitude 7.5 and 6.5 events or to have separate multipliers for different
magnitude events. ,

Vertical motions should be explicitly included in the analysis and design of most bridges within 10km
of a major fault. This will avoid the use of very high envelop multipliers, e.g. £ 1.9 on the DL design
forces.

If linear analysis is appropriate for a particular bridge, response spectrum analyses can accurately
represent the vertical response of complex three-dimensional bridges to multi-component seismic
excitation.

Use of a vertical spectrum equal to 2/3 of the corresponding horizontal spectrum is not recommended.
Additional nonlinear work is required to validate the conclusions reached in this research, although it
does appear that further nonlinear analyses will reduce the impact of the vertical ground motions.
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Table 8.1 Fault Distance Zones and Corresponding Dead Load Multiplier for
ALL BRIDGES Observed for Rock and Soil Site Conditions and a Magnitude 6.5 Event

Fault Distance Zones (km)

RBSP‘“_‘Se 0-5 5-10 10-15 | 15-20 | 20-25 | 25-30 | 30-35 | 35-40 >40
Quantity ‘ or

0-10 10-20 20-30 30-40 given
value

Pier Axial

Force DL 0.7 0.5 0.3 0.3 02 ¢ 0.1
Multiplier ‘ ' 0.1
0.7 0.3 ST

Deck Shear

Force at Pier |
DL 0.7 0.5 0.4 0.3 0.2 0.1

N 0.1
Muitiplier 0.7 0.4

Deck
Bending

Moment at 0.6 0.4 0.3 0.3 0.2 ' 0.1
Pier DL 0.1
Multiplier 0.6 0.3

Deck Shear
Force at

Mid-Span 0.1
DL 0.1
Multiplier

Deck
Bending

Moment at '
14 1.0 0.7 0. 4 0.4 0.3 0.3
Mid-Span* ; 0 ‘ 0.1

DL (>50
Misdtiplier 1.4 0.7 0.4 0.3 )
Foomotes
(1) The DL Multiplier values given above are in addition to the dead load; thus, an actual “load
Jactor” would be 1.0 plus/minus the above numbers.

(2) *Broekhuizen[1997](see Section 2, 2.1 Decks) concluded that prestressed spans will not experience
significant damage for upward accelerations of up to 1g applied 1o the superstructure.

(3) The Live Load (LL) typically used in the design of bridge types shown in this study is in the range of
20-30% of the Dead Load (DL).
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Table 8.2 Fault Distance Zones and Corresponding Dead Load Muitiplier for
ALL BRIDGES Observed for Rock and Soil Site Conditions and a Magnitude 7.5 Event

Fault Distance Zones (km)
Response | g5 | 510 | 10-15 | 15-20 | 2025 | 25-30 | 30-35 | 35-40 | 40
Quantity ' or
0-10 10-20 20-30 30-40 siven
value
Pier Axial
Force DL 0.9 0.6 0.4 0.3 0.2 _
Multiplier — 0.1
0.9 0.4 - E
Deck Shear
Force at Pier :
BL 1.0 0.7 0.5 0.4 03 |03 02 | | o1
Multiplier 1.0 0.5 0.3 | B (>50)
Deck
Bending
Moment at 1.0 0.7 0.5 0.4 0.3 0.3 0.2 = 0.1
Pier DL (>‘:§0
Multiplier 1.0 0.5 0.3 )
Deck Shear
Force at
Mid-Span 0.1
DL : 0.1
Muitiplier See Section 6.5
Deck
Bending
Moment at '
9 4 1.0 0.8 0.6 0.6 0.5 0.4 :
Mid-Span* 1 1 0.1
DL - (>60)
Multiplier 1.9 1.0 0.6 0.5 e
Footnotes

(1) The DL Multiplier values given above are in addition to the dead load); thus, an actual “load
Jactor” would be 1.0 plus/minus the above numbers.

(2) *Broekhuizen(1997](see Section 2, 2.1 Decks) concluded that prestressed spans will not experience
significant damage for upward accelerations of up to 1g applied to the superstructure.

(3) The Live Load (LL) typically used in the design of bridge types shown in this study is in the range of
20-30% of the Dead Load (DL).
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Figure 4.7 Horizontal (dotted lines) and Vertical Spectra for Fault Distances 1, 5, 10, 20, 40 km;
Magnitude 6.5 and Soil Site Conditions
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Figure 4.8 Horizontal (dotted lines) and Vertical Spectra for Fault Distances 1, 5, 10, 20 40 km;
Magnitude 6.5 and Rock Site Conditions
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FIGURE 4.9 Horizontal (dotted lines) and Vertical Spectra for Fault Distances 1, 5, 10, 20, 40 km;
Magnitude 7.5 and Soil Site Conditions
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FIGURE 4.10 Horizontal (dotted lines) and Vertical Spectra for Fauit Distances 1, 5, 10, 20, 40 km;
Magnitude 7.5 and Rock Site Conditions
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Chapter 9: Seismic Isolation and Energy Dissipation
(Systematic Rehabilitation)
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gure C9-11 Definition of Effective Stiffness of

Seismic Isolation Devices

behavior of a group of bearings is small and can be
neglected. Al-Hussaini et al. (1994) provided
experimental results that demonstrate this behavior
up to the point of imminent bearing uplift. Similar
results are likely for elastomeric bearings.

The effect of vertical ground acceleration is to
modify the load on the isolators. If it is assumed that
the building is rigid in the vertical direction, and
axial forces due to overturning moments are absent,

the axial loads can vary between W(1 - U/g) and
W(1+U/g), where U is the peak vertical ground

acceleration. However, recognizing that horizontal
and vertical ground motion components are likely
not correlated unless in the near field, it is
appropriate to use a combination rule that uses only
a fraction of the peak vertical ground acceleration.
Based on the use of 50% of the peak vertical ground
acceleration, maximum and minimum axial loads on
a given isolator may be defined as:

N_ = W(1 £0.20S)) (C9-19)

where the plus sign gives the maximum value and the
minus sign gives the minimum value. Equation C9-19 is
based on the assumption that the short-period spectral
response parameter, Spg, is 2.5 times the peak value of
the vertical ground acceleration. For analysis for the
Maximum Considered Earthquake, the axial load
should be determined from

N_. = W(11£0.20S,,¢) (C9-20)
Equations C9-19 and C9-20 should be used with
caution if the building is located in the near field of a
major active fault. In this instance, expert advice should

be sought regarding correlation of horizontal and
vertical ground motion components.

Load N, represents a constant load on isolators, which

can be used for determining the effective stiffness and
area of the hysteresis loop. To obtain these properties,
the characteristic strength Q (see Figure C9-11) is
needed. For sliding isolators, Q can be taken as equal to

S max™N - where f,_ isdetermined at the bearing !
pressure corresponding to load N .. For example, for a

sliding bearing with spherical sliding surface of radius
R (see Figure C9-8), the effective stiffness and area of

the loop at the design displacement D are: Al

_ 11 f max
keff - (-R:;'F D }VC

Loop Area = 4f N D

max ¢

(C9-21) I

(C9-22)

C. Nonlinear Models

For dynamic nonlineai time-history analysis, the
seismic isolation elements should be explicitly
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