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¢ UdesegjoalU oaUe Usossi edqeUsslesgi UGUsecaUd

GedeUUsleh ~aUGUsoit3 UpdjyiraUxys aUds o6y gile
UoUlGey OUUsoe oUUUssee Uxrs ~aUGUsosaplalydy . @
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GUds Uesece aeyvlidq. FTUdid Ues Us¥YoyUsgeU Urs »
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(0) ed®WUdIdqd Uosi yrvadd
¢ UGUeecalU Udd Uooeijyvidd UeitUsasl0UUs U Uds
bytdd Uxys g eGUgevyeyYUrys. Y3 halslUUs o250 y3U
U eiGlUgedUa Us UsUGGUastdUUa U Ujyeyd eceoaad Uod
(G)Usticplls oe UGUscaU g etUgevreyvYUvrs
¢ UsUUedqUsosose UGBGUeGcaU Uxs g 80UgeveyYUxs gl

UvyaGU0¥y3s GUsd U styws BallfoleUled. UBOdaeg tisUUe

sUgeaveyYUxs GgsUsliy;Us 6 68 osfehdUfisgUe
UsesdavgUsoesed y3UUGdd GUe eyaasd asgilidoUa aU
Uy 6 hRaU UgUY, d GdeUsUsoae GgooaysUjprvad uUsUL

sUgeareUUcd (e/alUs (GUds esjgle Usg UGUaac

()]
c

Usg @6 aslcaqi UoYUedadde dfjjodadiimg sB5apdicei
osYUedlidqd GUfAaUsaisoUWeeswUsal 3 UGgsddeat s Uoai |
"UaUshUUOy Ud aUUUGaUgyd) slidoUa a0ds3 Ude
"80Uget e 00U "6g GUdle dUaxddiaggUicyYuozscegd) @ Us
) yU.

(U) UGUe 6 alg adjtelbpag cilBbad

¢ UdUescalU Ueg-godabeay cWdlaegi UasUs oUs Ug!
GgoaysUyvyadd GdeUsUssat 3 UsUUedUsaialdiradg s
a963UY GUsdd oaBavtygadg. jgUe d GgoeysUpxviad Ux

(4

Y Q

UdUescalU Uxs ohebaeag eU Uds Usy Ugsd eald U
eyaU UK Ues ohebas (Eec.1.3U0). ¢ Usy Ugsd
aUdesy stUsoee 2000 @aBesl0heod sddd U gle sliasUs
g3YeUxys U f Ud teafh GUU g eGUgelL eUUU oaUs

U satfhedlid Usg Ggseasosaasi edaeUssteei UsUadUUG

1.2.3. Yyelseecarvxidd Ussece adjtalUxs

FcUUsoay¥Y eU Uds " jeud®saxytd deoplUlmsioxsclbd)
"1 80UooipGUb dxe  ¢9dseeyssslly a0d)ojoadd Uge Uy UsUa Y
ee3UyaUlUo. ZUds "31Ud “jJelyo0o090d 6jydusceas’ a
UosaUguLelUUcsde, 6 HRUU GgsitigYssesUUdepglle; 0G) -
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Gge UyoslGey ¥ Uesg UssceiUUst eUUcsd aUs Uds Uas
¢ Ui lU;d “jelyooseitdecc@egaldywosricgs aU I
U segyd GUsscUaU ~6g UBselia mdeddds Wkesls, Uissalt es G(Y :
9.8.9.) oaUs Us " U)jsbYaooass “"aUalse, aUs

Gge UyoslGey Y Uesg Usaeceg "~ eeypvyldd GU Us s9afh C

Uy elceeagaesslU ey vy3/ UaaglUey v3

¢ bUlGsedgllmpeldd  qssalesoeysssthselrgikiscdda U U f
Polyakov( 196 0) oUs bUBaesUUUsB UG U Uspd U0 ULAUTS
U hoystdd Ushd ~aUgyoeey¥Y Gey UsechelUsasg Uesos
ees3easdoaayY, Gi3UeseU daoalbeesdedslas sla’'Uh Ullar 3 U8} s0
deossg) ot 3U0Ud ys3Us edeUsslieh UsUaGUUGqd ~ U
“"Uyad Ushd Uzessoaei eyaegd aUUY eeoacd Udd
¥y3aUd Uesg @GUUs3s1e¢U0Usd, fH 68fsa WS Whde; WelhUsU
UgsdqUyd Us3GUU) 3 abdiydkevddd s Ud)s sd 0wy qiUegU U
U Ui dlpeeldge s gl " Uy sGahUUy¥v3s das Uey ¥
U Uydralelgt Usaceg “~aey) vylidd.

] 3YeUGU GUesgd "3t Usgd ) fe Paydlearidgibg a0 Uld
Holmes(1961),06 " e aed Us UsoaUUyaUdaU

e U ae GUeys3d aUU Yoy U, “¥Yeaed ale eU Us
U 1/3 Udd udsyaUUGdd Udd usUo¥saaeg:

G

Cc Cc Co O ™
W w Y

Uss Usacae ~ae)

Wl

(1.1)

diag

B StanfordSmith( 196 2eotall adUs; ¥y U “~UsyyYyeUOUU ¢
eUU0Uaas0Y “~aUalsU, U svWed Gdddu sl wWxygaead) Uda
GcUUsoe UgudBdpdlbefesadimd) Uds Uszsrsesafodid Uc
Smith ( 196 6 ; 1 96ty and Gartés( 1 9 6 9) "3 8UUasegs Uess
"Uy UeplijegryrasU U0 Ud Geyid:
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/,=H z\l/—Em a, s0(2) (1.2)

4EQ H),

- &Egtno pUs eyU; e UaUGUsoahUdUUd, Us ~¥ecaed ol
oatdle ey Uy e UaUGUsahUqUUd oaUs d ;e d@UOpY3U:
d o¥3saU "e6g (G69gdbUessbBdg dUU&ses a)y schslUsae ¥
GgleyUsGUs Us Ueebpd Weddiedggasaldg U0 Us ~ Uy
Uy Yea)Uy0e0dy ssheUsess aGUd dUOtydadq teaasi U a

a

ﬁzzi/h (1.3)
Us @6 6ae GjJdises saduaUs GUds GgsyecUsU o9l
"Ujy Uteet 3 Ue "~ aYUsd Usg UsUmsiss@glUcdadcls
edeUsslefh UGUscaUd. BU;haU UgUY, U0UU " Usy ¥Ye
U o UG a SmithlexBBarterti s Uz Uy oeddalUs GU eU0UUaa90Y
ae3alUeU, UU 6 6aU uUs " Ujyegtsy¥Yeesgs Uds Use
‘'e6g UGUyeheeas3UUs a

B Mainstone( 1971), bUGsehelUsed GU eal0 GUsy) ¥
U gUUaU0GCehIdeEl dpypedd Udd UehRasgddd Ue Usy

5 Us¥Y@lejes Ui 65 Ussce 65

"3 e0lseyosleh Usg ~oaYUsgd Uesg UsUoi1 3969 ¢c¥yaoc
LW =0.1¢/, (1.4)

diag

Uds 6 salU dUJYaks el gy & lan@eksMbnstones1874; Mainstone
andWeeks 1970) ¥vd Used:

w

=0.175,% (1.5)

diag

¢ Us ahovy Geyld U soUREMA2 DAL EBBMASBOSG 20aUYa
cyeldd Udd yos93U0 U suUsaUe U g “addijp U Oy
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Usadrvldd U Usd UsUatUesscUd GeoytaUsd “~e6g

hUs d A3.1.5 tGasUs y3U oaYUr KHyoe Usg ~aYUs

UsYooUd Ullew it d@dwpesr UstUceseysvyd UsU Ujyoayd o5l
B BazanandMeli ( 1980), bUlGssheUszess GU eal

€63l jJeliU Uessece ad)yeys3U “~aUalGsU, ;O

Usg ~aYUegd UsgUudUdessdlgads&dastige eg Uz Ueys

UoUoL 398

W o_0.20sing [ gs1<EA 5 (1.6)

h ggE.isUUcee oaUs Us eyUje UalUOGUsamMmded@Udp UBY
GwAUe ey Uy e UoavYUedidd oUs d uUsUUesee Usg Usa

zaU Uosahed OGeyld0d g 6a8osl0eci Uesg LamvYUsgd
o Ukavan( 1984) , 299U Useyd Udd o¥v3aUd d aGUe 1Us?
O f e Cosldy alhs:

w _ 0.95sin2

(1.7)

zaU UsusUlGyyegtU ) 6lyo Dexanidio URansinf198¥)a d
89 6 8065 Usy UgsUzsciii ®dedli "eoyfcgdsedegs tisU
>aUeb¥3e3UU0d g hyd Uds oaUUYGUUGd Usg Usacag
aUdi d a2Us Ud GecUUsose utglalUeyalU Usacecaeg oaUs
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€0.085+ 278 1155/ ¢7.85)
LW1 =1 0;93 tar hymt
dag 10,130+ ——— 1A% /, >7.85]
' i y (1.8)
€0.010+ 270 159,/ ¢7.85.
W, _| Iy L. p
L 1 0.470 ar 1g mayt
diag II 0.040+ == 1% /, >7.851
h

] 3YaosoUd GeytUsd ~3eUUasze3UUs aUs U ' f Yo
ahoegd UGgsUesealUd. EUe FKFe. 1.4 “~UjegwdyYscs UL
d=Liag GgsUjUetUs Gdd GiGikesyd0; 8@ BWod e U¥
Uy Ugweag. FieceldyaU U Ues GeeeU U sbUBUsL 30U0USs

eU Uds 6y} edd MaidsgnetidywUd dohdibgl e diiis@e Us Uy o @i
UebUlei Udd UesceilisUovsacg.

1 . _ . . T T T T T
0sl Holmes H
. Pauley & Priestley
0.8+ — Mainstone I
| ~=Liauw & Kwan, d=
| 4 Liauw & Kwan, d=
06 Decanini & Fantyi
Decanini & Fant|i
2 o5t
=
045 \ ]
03r- & © ]
. e
- N S e o
0.1r- S o =
0 r r r r r r L - !
1 2 3 4 5 6 7 8 9 10
%

FcecsUEfod) sUsayY UoWhlgs UPUe &bbeeydlids g U

gU "~ jeleeaeeeg c&dVegas oc3eld Ushd usUosiLszsa
aUUYaadad bUdeesfhedlid 33U U euttltegs Uds Uy e
UligasUUesi 3 30U “Upsoy¥Yyegs Ud Gi3sdUOUd aGge Uy s
Usgd usWmwaelsegigetd UGUscaUd "e6g UeiUsascaegs
UoaYley agd Uj @gBaffad ¥9§1;Sarkirefadaral Kobbs 1995; Buonopane
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andWhite, 1999) @695 aUes Usayd 36 y¥d aUs 8s usUU
g el0Ugaet e UUUaoedfpoly allg G ddd U Uess Usaece ~ o
UsU Uy 0GUUdei 3 €U y3U ehae UdsjsicdoeBaxlydldl.
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3U UsU UjUGUelegs eU d&9gal&yBlpqyY Udpghb Ubslh 6
UsadaU auy Ue Usg ¢U Us " Ujyosb¥Yoases ~aUalsas.
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(a) (B)

(v) (%)

Fcedb t)elee dseebUdas 3 U Symakezik Vratsanou (1986)
(b) Chrysostomou (2002)0) El-Dakhakhnietal. ( 2 0 0 3 ) Crisafullig C&rnf2p07)
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BCrisafuli( 1997) GUU ~aUalGsU Udd usitiUsaUsyososaed
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Bs 9 Ueg Usyosoayd " UjyveUdlgede@ms U8day) scp s Uq
U heyostdd g h UsUsgoeassheUsUdaebs ptmdod o U
%l i, €19 Uea

yides UlGey ¥ Ue UsUUedUsafh UaUUeyss, 6y UsyY
"UysbYooaeglU sUpYdUlUegéalogmdydass yaloscae Udd
Usg UaUUdjaeg. BszeeUGUssa¥Y 65 “~UpyeUOUjaess
UoaUUedUsoeasi UaUUd)aeg UaszUs 8s Used:
Ujcoose UdgpoaUeyal,
sl X G Uc3 oaYlUe o) YUgsaldd
"Uy Uehydyvlady toaUyeed,
"Uy UehplivedeyosaUs
"Uy Uehydyld dy Ui Gdd,
U eeyseglilU UsUesce, ¥vd g e eaU aYlse Udd

~

u

«
Co

D> > > > D>

j ohed, 63 a663UUs @6sssWes Uslmoyd ~ Uy YeUOU) go:

3.4.2. Jj1690e UguaUeyal
¢ Ujycosoe tlUgloaUeyalU Udd UOss s eae Udisdd Wal

Geydd Ueg, ~eg  FadisshidPanbgibtalos U9 7 )Ue gi&fi ¢ G¥3 U
g a

G’

Ce

— Gm A _Gm( I-panelt pane)

Kpanel - H H

(3.32)

panel panel

A" 6Lgnet Hpanet U o Ud UjpehUoe visygadd Udd Ue 96 Gaeddmy ¥ dd
"Yeed UesgGissa caygly o iss YUe qlidd Udd Uesescae @8sa

o

"Usy ¥YeUUU GU ASBMES19813 U doayd (
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¢ Ujeooe UglaUsyaU Udd Uesce aeyrvladd ¢

dosoy W UsaoagtilUe) vs oUs Usg uUsUUedUsoai Ua Ul
GeyaUsd:

K — O I-panelt panel
spr,.h — g pl§1el @ m H
panel

(3.33)

- Lpanelt panel
Kstrut,h = (1 _g) Qart& (1 = ﬁ-mH—
panel

"eg d " Ogpyed®llgedgse “~eclscaUlR Udd Ujycsoaed Ugdu:
‘Ba i U0Us GUe GsUUedqUsoaf UaUUep@asUs U0k
GoyYaUdxe7U 0.5

A 95 3} RGJdO0UU, d Ujyesoee UlUgla
Uds 63 96h3UsU usUidgsld osGei UUs ¢ U:

Co o

_ Erno\l\{tpanel

ini,strut,h —

K cos g (3.34)

strut

h avgle Ujcooah ~ayvYUed tkhelhs U oVboa g3 blkethe c(geaoacgedy, ,

Udd UtsUodds oxg addUseg Gcde UUasgUs Ue tsUosL3sa
Zg3U td, UzstGiL3e30Ud Usd GeyaUsd (3.33)

UaUBUsafhUqUUd Uesg UsUosit3seg GUsscUasg:

%Lpanel 0 1
a 3.35

a
Emo :(1 g)Gm(ﬁLstrut
C W G panel

A3z UsalUosaUsoa¥Y, co0asWU¥eddstld ket wded 3 3 U
UsaUseddei s eyly e9Ud U UsUad Useed usUlusse
"Uy Ueygilp®lg 3 6GUo02aesUs Uds Usee Usg eyUjag
U Uds Beetoidietal (1093):
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1
cos4q+3|ri‘ qsinzqco§ al 2
E QE (=

m

Eyoll Eyy = (3.36)

mh \Y

h edle ¢y URossomded Uds Ues s Agn Epvs)oy GUp,e yagfUsUas g ¢
UaUBUsafhUqUUYg Udd Uessce ae)rvldd “~Uj YoadaU -«
g e6a82a663UU0s04) e UOUGd¥Wpadd. FUdid d UGUy ¢
Uss “~jeliloseyoslteh Uyost3 Ushed ~UypUeyUy ¥vs,
Uy oUaUae 95U Uds oUUUsesee Udd uUgGaUeyaUd
U Uy Uasegs Ue "jeliecesareU.

o o o

3.4.3. pzdlpesiiddlld)aeg & Ggs3UU0aUGUed o}y

FUU Ujesay¥ GUYusU Udd U fRejysldd Ue Uss
y 9

GoaUUesdUsafh UsacyeU, “~UjeglovyesesUUd GdeUsUs.
i 60deU Uy Uegaqy Gt 30009, dq U UlGes Udaglaliesc
"Uyse6yas0UUs GU ecaU e90; e '-4YjoedbgalomBlierd o

Ggastyegs Ud desbheUsad tsUoit3se alUs dq ~aUgy
eUst 30U0Us.

ZUse " Uy fhs3 "~ jeleesgarvyelU, d gydee Ujcecosse i
soYlie U RfRoyostdd Ueg UsUUsdUsossai UaUUdy) asg,
UoaUUedqUsoeaasi UaUUdjaeg U 8396haUslU 0U00U0URH" s

— F _a1 Fcr gl ([cr I‘panelt panel)

(3.37)

h addgd UosUUe qUBde WesdsasessalUd h ¥vd ~jeei UUs
U tosUost 3dl) WaveyUjoslfs "6 g Usaliy YeUs Ud Ui 3Ue
UaUUdyaeg ¥vd Ues “"680c0GURF,.Udg GWalgddal doed
Gi eldysU eU UrdrdistacdpPdragjiotddos31997), h ¥vd g eulss
Az. (3.37). ¢ Udktts Welyy Ulps UUahU il e deUssaY
Ussece e8salUd. FRielyaU U UU "~ Usy;yYeUWBd " @ag
Has3egs saUse 8sdUsay¥ U eUUayaeUUU.

Co
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¢ UsUyjeedUegeiisol0BUUd) aeg GgseuUi UUUs U
eyaUd, aUdid 6 "j1d3 YpUlBsahdgdBaWled!
9) YUgsldd eU Gde UsghBo a0Y 0g59% 17Hh UU; d Ul gl o

Co
[¢D)
X Cc

3.4.4. jJ3Ucce UsUoi139a8g das Uey U/ UasagalUey U

¢ damoe UsUsteUddygacipestaslUse YUUs dUxy t 3 0L
UdUccaUd, GiBefodietd. c018988y. Bs UGgsddyaUUj) es
Gg3U3sUL3U0Us 80U Uesce ady vyeyisUus Bduaia)l Body
i 3desyxs allp dUiegU oUresbidesegll 5,0 U dUsoae saalddid
Ujyet3ij) aWaUgL1395e6d UGUaoaglehd.

Co

"~ iv) BIayWVIOg EQEAKUTHOC

/Viii) SiatunTiki oAigénan

FceelU 3Fglesoddy GUUyes Uy h es UGUeecaUd Udd Us
Bertoldietal. (1993)

Bs U3UaGUesscUd Useydislys Uadlgeldd YesarU ~dI¥Y bV Us d
g e6a8o2a663UUs Giecldy3aU U Usd U ReUsUd GoylL

l.16tang
ml = fmv
Ky + K,
1.12sing cosqg
m2 -0.12 0.88" 0
Ka(/a) " + K(4)
¢ = (1.2sing+ 0.45cosg .t + 0.3
" W/ Ldiag
_06&_,+03s

m W/ Ldiag

(3.38)
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h dgdas Usese UsUsce &uadllse Jiidegd UilPadse dU cfy
U driplettest( € g 3 ¢a@ie)0,Ue dUsoae Uz Usece, fK ¥vd “~jeai UL
G0 teUot &89FGdeeydOUU GUe U a Ulise Ueg Usaca:
Bs Gg3UfelWEyygU; Ut 30Us U Ud GcUUbbeed gl
Usosca eelbaalilbe (GogjyeliyeUUsd, A yvdal&é, TtcQJUs U
U sayo2e83UUs GielGyaU U Ues HYssz. 3. 1.

gUasa¥Y d dos Ussae UsUscece Usg UsUosiL3saeg
Uys UUGGY) v3 Uset 3 das Whse ely HUsUbeds elds y Gelhs dg °

£ o=min(f ., f o f o f) (3.39)
a3 Usa U037 €100y 865 295U Ue3 g ¢ oBenodiewmlflodd)dd des
an<3.14 3. 1485 a>7.85

71 1.3 0.707 0.47
7o -0.178 0.010 0.04

¢ UtGUsaoaglUsoee UsUsce fJlgs WxsUlsdadaddyY U gl
Uds des Usese UsUsce. 05U Ue afoe UgUR UaUU
eoo)e Ugde 066/ s .dUryeddalU GUsd UGUyecoyd Ud

3.4.5. jJj3690e aUs eUsvyeysad uUsUUsee UsUostL 353

¢ UsUUsee Usg des Uey U/ UasgtlUe; U g 8asoa
"aYUsd Usg U Us "Yeed Usg UBlbesg2. 3, rvda:
Uy UgsdUyd "~ 3160 YdduUs 30U g eeaeoalegs Us U
GgteUUaee3UUd Us U UU cUjUaUdyotUsay Udd
ZUds "~ Ujei U Uy oU0GaU yos3U 6 pecantis Umakin Gy (U0
1987) dUvy;13U00d (U) UjdoeyUxUd oaUs (b) d
U'h Ud A3.(1.8). KiUyeheeaUUd Usd Uwgs Gyl
alUs Us walsrvewdlaed Usg BolUgreideditpdepddyidd
GoUUeseed Usg UsUot 3 g8wmwe yacagd, 63 asl0UUs ~¥d

~
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3.4.6. jUjUaUdyotUsay U a UuU ovssUsed ~ Uy L

O eaU "3 608 YdUsU 30U UGgGeUUsGUUa d Gge~
UaUUdyaeg oUs Uxs uUsUosits3syxmbellor 0d dager UPs
Us aiclBU3 1 e UUed ¥vd y¥y3U UssUae tUeessaf GUesscUaas

- 3" yv36U0s y3U0 6UjUaUdyastUsah IDR,a olbilt (bey:

8  GAG6B ¥GGB(QS3 UsU UgedUa UaUUUUeys3U0d
U Uy oalieiWess W Ggseee Udd oaUs 30U Ujeca
saey3U UgsUsfhelUse Jgdeh. isU Us aho
"Uy UehylDRggeguy UOU0Us €U Ue GdeUae “~e6g 3U
“"Uysb¥YeaeaegliUd UsUsced Usg UsdUBgMB B i
Usg UsUoi139s8g eyacgd.
- ¢ ov39Use ~ Uy UtbRaUs Wied Usjsfpllaag G Us Gde Uaa
Usg UsUoiL3sag ¢y aisegltf ¥k yesady ¥iolkdes Ullgsis o e
- égyaasd, 95U ov3sUse DR:W) §g fp0diWied de }ahaiissage
Uhtle UsgglidBa( ey U/ UaoaglUey; U HGe oaUs (
ZUes GdeUae UgUfR "~y Us 3IDR:UgsUs~xvdgs et
eUoUeai UUyd UK Uds “~j UoeUUsosae "~ Uy Uehy
29UU0a0 oY 869U ¥Yooad ce6)liesdilegqdgydUWdaed
sUUedqUosose UGUescaU GUesgd ohebegdg Uxs
UdUescalUd Ueg Usaeceg "~ eaeyyvyadd, UaUU o9

sasoe oaUUY); 3 Uglidq Ueg Usaceg.

[

¢ Uszsesosoe “~UyUeshyidyldd GUe UsUoiL3BEsU das
eQU0U00UR " 90d GUe UsUUegdUssah UaUUeyss GcUUas
"0y Uehy GrOGdDR, cjihdidgs U U Usd U heUsUd GeyaU
d=IDR B (3.40)
o 2,
1+%§-IDR8
e=1-|—% — (3.41)
aL o :
0
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h deUs ¢ Ue ceosed oaUs IDRFUI/Yed dUeog 3 o9dd=lddg
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a3z do BEgl¥eoyUslidq " Uy Ueesy yaslDR1 3 eUoUd 3

A a IBR(« psUUedUsah o Uot1395e6d das Uey
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IDR3 Oy Uautt O T aur U

3.4.7. YUy} Ugeks iiliel UivsgUo'3 96 dje®d  Uey U/ UaoagaUe

o

GisaU 30 @casoeadjrdUa 6 83s0ehd Usg 1640
g eaUa e3U0Us Uie Usfhed ~ Uy Uesy GGr¥WsUwgr ¢ Uo
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FUU UsafhoaesgdU GeeeUUU " UpegloayYyslOUUs d Gge
Usg UsUUedqUsosoaesi UaUUdyasg, H ¥vd “~jJeei Usgs
(Pushover Uz fhd Uesce adj yeysaeg ~aUslasg B.E.
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2 0.08} .
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Gge Uystey ¥ Uxs GoUoL397¥3 das Uey v3/ Uaagl
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o

UoaUUedUsoesi UalUUdyasg. Bs Ue UdipdaydgsUUgys
Gdgseyases3UUs GUes WYas. 3. 3, U3 6 8as Uy
"3 8UU0s3heU3Ud Useyd o90s5U oav¥dU ~ UGrisafull Uy ¢ f

gU; OU0U0ay ¥ o Uy Ui 3diqd Ur 3 saUUYaadavs Us e
"3 UoelUUs codwddied WYy UeBUysa13 UsUsiaUxs ol
TUG.5. EU oUssoayd o3 Ueseyd 65 Use yagsafllirs ~ Uy
aUsUeg)o268i3 salUsze 85dqUsay¥ oaUs GUe ~Ujyfhs "}
"Uy UeyUjyegd UsUlegyaey,cpedsljUsUWlide PsaUUsshe Us
OGU;ecoed Ux3s 68 eavs “~jeoai Usgs GUU tsUGUecs

yides UlGey ¥ Ues UsUUedUssafh UaUUeyss, 8 oaU
Gge Uysticgy Y Uesg Ue UysycdgdUyaglyadicdscgay
U eelavidd Lkdad Wsbe cledfd (ligloaUeyaUdk ddhy Usitd

¥

FieclGryrsU U0 UU U gUUayGeUUU Uxs UsUei 6UTs
"UyeiGUd UyoU8aUd Web¥WPsedsg. 8thig 00§ @308 9. 5
U egualtsgs €U saUs36 6adUsese UsjablUsU Uds ug

eUavyld Udd uUgGoeUeyaUd GRHy Usliqd/ U elihy Usitdd
dqd GgsUstGlGey ¥ Usg uUusUUedUsesi UaUUdgamsmgd Uas
Ghy Ustidqd/ U elihy Ustdd, e HRUU dq tgteaUeyal Usac
GdeUsUsay¥ U f Uds UaUGUsee. 05U Ue ahoas Ug!l
e Us ahovy edeUsslefhd ba¥Ybdd 6} dse(ed100jog )e.a U ¢
d e€Uaxrld Udd ugleUeyaUd UsUeys3sUyBdegsU Ua:
"3 8U0a300Us 30 olle®BY»dln®0d2LmWllsis cal.. 2
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a3z Uoa Uy 8UBs3 e UsUd Useyd oaUs Ky osU Ussced |
U e Crisafulli
U} YeOU; 8y e UUssfhel BypsUayd |

Gun 1.51 2.5 00
A 0.27 0.4 00
Ach 0.37 0.6 0.17i 0.7
Ba 1.57 2.0 00
Ben 0.67 0.7 0.57 0.9
Gplu 0.57 0.7 0-1.0
Golr 1.171 1.5 01
e 1.57 2.0 00

& 1.01 1.5 (OX0)
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4. KY) s¢UKIKE¢ UNBEgAL?BZA?BI UYABEBZBtLc

4. 1. YALAN] 7)) ELtT)] @APBZ A?

zaU GUs; ¥ "Usj; Ueg¥Uxs 08U Ussce ady ryeysU
GUUUsoe UsUsagoeasshelUsd ~aUgy)oee GhyUsiad, |
UaUoecdUa d U eUUaU0GeUUsafhUdqUU oaUssi UUBgaB
Ussece aeyrvldd. ¢ Gioeyosld Urs U sUUaUGe YU
"Usj UeUUsoee U fRoystd Urs UlUeoescaxys U suUsos;
UsU U U 5
Uzt "Pga&FadsUiuUs i Us Usd U seyyegd UlgsUeal
UyGaUysad (4) U H Usd UsU0UUshe!l
C
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B.E., U osaaeUaU 2/3 "68g "~ oadjt383U0Us U ¢
30x20k150mm, 8 Us U 3J (hy (PUeguiCarvalho( 1 9 9 2Pires@a9@).
] oahed, eUaUUeddaUsz Uie (2) Useseyd, “~8g |
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"38doeieUsU UyaaU; U "~ Usy¥YeUUU, Hervxd UOVuL @
Usyyd Gge Uot 3 Ued7bdmms UEs i3 DY W@y Um0 Ui a
8a9seadYs, e Usaeced “~eaev)rvidd xSliemgipyreaddg, ¥
UaOUYUUL) efisU "»Ualse 6 osleyseg UGoag)eilyel
"3 RhGGUOU0 GUe Ay oUtUey se TUUU Kauegetat, 2004.9g Y U3 C
ge-1360a8 "~ aUalse oaUUUGaUgYeUUUs GU osa2acelUaU
UoaYUy; qUU Ugi b ax85a5mmkEllU YOGUn(BU j 1w8a5h GeslUl AU 630 * o
Uys Ujets a0 hRaU UU Ua3UUUcheU3U tesoaceslU 6} d
gU "~ Uy 00¥p¥WeUUsoy¥Y UlUeoacesU, U sUUasi 3 aU
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0gseyase3UUs @6yoleysU GUesscUaU “6g Uley)aei 3
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eU Ud dhy Ustd

a3z UosaUBUdsdaU0alU GcUUssY
] 383938af 06} Ua IDRnax ] 1 odehd ai
Peoae s [KN] [%] [
Pires, M2 100 5.5 18
Pires, M3 100 5.5 17
Pires, M4 100 6.1 18
Pires, M6 100 5.4 16
Colorado, T1 156 1.3 15
Colorado, T2 156 1.7 18
Koutas, U1l 40/ hyeidae 0.88 6

Fde UawiidgooaUsayseysad AHyped UsUGyy OUUs aUd Ggseesace
IDR= /Ho. FUdL d d baoYddiUg GUYIRVPHPOAY e d s DRGEgodggUse:
) tieg UasUs Uya' eg ald €d 7 % 0@udL;ddlUsae . s Ui dga
a3z Ua UifU%e BU; 50 Uy UalUd)stlUsay Ueoa
1:panel L H (th)column (th)beam
peoae [mm]  [mm] [mm] [mm]ximm] [mm]x[mm] Ascol  Aspeam Asw
Pires, M2 150 2250 1825 15150 150x200 80 8 guu88 a4d4/ 5
Pires, M3 150 2250 1825 150x150 150x200 80 8 30088 a 4100
Pires, M4 150 2250 1825 150x150  150x200 808 o0 @ 4100
Pires, M6 150 2250 1825 150x150 150x2® 40 8 20088 a4d4/ 5
Color,TL 1905 3600 1930 280x280  240x280 811 07 (06.4/267
Color., T2 190.5 3600 1930 280x280 240x280 8011 gg 13 06.4/267
Koutas,UL ~ 110 2500 2000 170x230  170x330 6012 5015 G6/130
BasUaUgdaéabadyd ostushUdqUUd geoesoalt 3 Ueas
Peoage fy fyw G U ¢ fum
© [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa]
Pires, M2 28.3 434 523 590 0.40 0.35 2.10
Pires, M3 33.2 434 523 590 0.40 0.35 2.10
Pires, M4 38.5 434 523 946 0.41 0.35 2.05
Pires, M6 35.2 434 523 1000 0.51 0.40 2.30
Colorado, T1 30.1 458 458 2900 1.0 - 17.93
Colorado, T2 30.1 458 458 1900 1.0 - 17.93
Koutas, U1l 28.0 500 220 1620 0.90° - 5.07
Ede Uaxidgd L’Jssev Uvqg(uU:U;bJukaJ;cugaUtﬂyue d e HRUOU d 52860
"Uey UeUOUsoa¥Y Uy Uos q;qusaY Udd U hoayoddd
Fde UdxyiBe Uxss o Peg UsUsedqdUa eU Ud ejeidd e fos
UsUdU~v) ddei s gU00Y¥ uq egagoaae);yld aUs Urs g haos ¥ 3
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H = 1930mm

L = 3600mm

H=1825mm

890mm 610mm

A
438mm | BE=

514mm H = 2000mm

L = 3800mm L = 2500mm

FeeeU 04y U0} 90 ¥ Ue B vU di @Pj=sMR-¥16, (i) QoloradoT1 &
T2 oiil) Koutasetal.

4. 2. LptBEgEAE | ?) SIELE

vy vd yeUs ®eld ~3eU3UGU;dUa, hoaUd @85 U
"3 hoy Uee U OperSkesg Ud 8 " cae UasUs y3U a260o950¢9:
UoadddJ0UUs U Ues Belddey Califériiaee ¢ B Baigh UdUUd Ud ¢
aUdejasea3lUUs eyly Uxs 0O Uy (7)) UsUsaL3 “ag
GgsstUsis GUesnliatbealattgdlydbaebidag tddo

i. FEi 0Uckypstem :( aeggUs Uds oaU0UYGU); vyad Usg 9}

UssGt GU¥3 oaUs Udd eUdhuegd U sedealUght
gidUeeUUcd aUUY UU Us¥yYidey U GUYUsU Udgd
i. peosce Uteshoooalddg) decUs Uss Uasohyosdes
U aUUgsd Uddgoeosddge qUled Y&i0 beeU Udd U
ii. EFiaUdeU Upumbkeyd:ddgUdey asOUUs 6 Uy fh 6d

bUdet 3 UaUgdUjaUd aUs Uvs UszssliL aU¥rs
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(b) osuUshUqUUd utsUceoasgd 6 aslcai,
(9) edcHBbBEFE sjimbiceceesoatl elUUcsd Ussece aey vio
() Ue Usysoayd "~ UpyvyelUOUyes “j3eleeegstelUsd
(U) U UsaUdyBRIUsaY U a UuU t
FUsgd "~ as3UsaUd "e6g Uesasgdseis GgsseyasssUUs a
"3 680eeesol e UUU Us¥Yagldd:

a3z UoaUdiiadh(BdUUd "3 elieeegsatl elUasd U UjyatlisalUag
ueoal 3

*

fC QO fCU QU f C lchO f*CLI ljCLI

PEOAE  IMPa]  [%]  [MPa] _ [%] [MPa]l _ [%] _ [MPa] _ [%]

Pires, M2 28.3 0.195 1.4 0.5 33.2 0.365 7.1 1.86

Pires, M3 33.2 0.218 1.7 0.5 34.7 0.268 12.2 1.07

Pires, M4 38.5 0.247 5.8 0.5 40.0 0.296 14.0 0.98

Pires, M6 35.2 0.227 1.8 0.5 40.2 0.385 14.1 1.60

Colorado, T1 30.1 0.248 4.5 0.5 - - - -

Colorado, T2 30.1 0.248 45 0.5 - - - -

Koutas, Ul 28.0 0.194 7.0 0.5 - - - -

daaUaUd e h@idUUde UPedic®ad)alitisaleg & ~ U)ol
g elUgereyYUrs

f y f y f §] f §]
POOOES \Bm  lof)  (wbl  [6] (WPl [%]  [MPa %]
Pires, M2 28.3 0.195 1.4 0.5 35.0 0.425 8.7 2.40
Pires, M3 33.2 0.218 1.7 0.5 35.1 0.279 12.3 1.37
Pires, M4 38.5 0.247 5.8 0.5 40.4 0.307 14.1 1.24
Pires, M6 35.2 0.227 1.8 0.5 41.9 0.442 14.7 2.06

Colorado, T1 30.1 0.248 4.5 0.5 30.9 0.28 10.8 1.25

Colorado, T2 30.1 0.248 4.5 0.5 30.9 0.28 10.8 1.25

Koutas, Ul 28.0 0.194 7.0 0.5 28.9 0.224 7.2 0.97

BasWp 40dHUqUUGd "~ eteeegsalelUUecd UsUeeoasggd 6

fy Es bsh RO CRl CRZ

PEoAE9C |MPa]  [GPa] [%] [ [ []
Pires, M2 434 200 2.0 185 0.925 0.15
Pires, M3 434 200 2.0 185 0.925 0.15
Pires, M4 434 200 2.0 185 0.925 0.15
Pires, M6 434 200 2.0 185 0.925 0.15
Colorado, T1 458 200 2.0 185 0.925 0.15
Colorado, T2 458 200 2.0 185 0.925 0.15

Koutas, Ul 550 200 0.5 185 0.925 0.15
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a3z UosaUgddUsB8soayd slishUdqUUYg "~ jeleeagst e U0

. o f, (w./d) (w./d) o, Q 7 &
Specimen  Mpa] [MPa] [ ] (%] o] [1 [
Pires, M2 -0.97 0.05 0.25 0.175 -0.13 0.2 06 0.3
Pires, M3 -0.97 0.05 0.25 0.163 -0.10 0.2 06 0.3
Pires, M4 -1.50 0.05 0.25 0.158 -0.05 0.2 06 0.3
Pires, M6 -1.25 0.05 0.25 0.163 -0.13 0.2 06 0.3
Colorado, T1 -2.55 0.05 0.27 0.189 -0.13 0.2 0.7 0.3
Colorado, T2 -2.55 0.05 0.27 0.149 -0.13 0.2 04 0.1
Koutas, Ul -2.14 0.05 0.28 0.196 -0.05 0.2 0.7 0.3

a3z UoaUfecd4U89)90yd ~UpyvyelUOUye9s "~ jeleesgsal el

Specimen  Ag Ae Ba B Guwn Guu Gur & ©& Ls Lk Cs Ck
Pires, M2 03 15 10 09 07 10 11 3.0 1.0 0.30 1000 05 1.0
Pires, M3 03 15 10 09 05 10 11 30 1.0 0.30 1000 0.5 1.0
Pires, M4 03 15 10 09 09 10 11 30 10 00 0220 05 0.8
Pires, M6 03 15 10 09 07 10 11 30 10 030 020 09 10
Colorado,T1 0.3 0.8 10 09 05 10 11 30 10 040 0.20 0.6 0.25
Colorado, T2 03 08 10 09 05 10 11 30 1.0 1000 050 1.0 0.25
Koutas,Uul1 03 08 10 09 07 10 11 30 10 030 025 05 10
a3z UaUd U4.000dy s UBReY U a  OUU
Specimen IDR (%) IDR; (%) IDR 3 (%)
Pires, M2 0.050 1.20 8.0
Pires, M3 0.021 0.60 8.0
Pires, M4 0.12 0.80 8.0
Pires, M6 0.035 1.10 8.0
Colorado, T1 0.50 0.55 2.8
Colorado, T2 0.80 1.25 23
Koutas, Ul 1.0 2.5 8.0
4.3.2. "YelaeUsaesg sadid U sUUaUGeUUsafhUqUUG

B yaUoeed Udd U eUUaUGeUUsafhlUqUUd Uesg
2030U0U0Us 0Ggooajas3eslUd UU U eUUaylGelOUU Uxs U:
Ueescarys ~e6g J e¥eEU00s P HibB;s®d ~j UoeUU
Uye3zaglOgi Bbyaddyl e C1OR=Ute/f ) GarWdl @7 A
Uds ~ Uy a” hRUO UU U e Ul
"UyegisayYsesUUs H\Mp & gldg 3 B 9 ssaselbalelrd ~ UbyYUiedfd), G
" & Uo IDR=B @yHor

so¥solUoaed
Uy®Bdic s g oBkoltasetgal. Uv 3~
a0



61

¢ "elGeUsoes 6adidd Udd U sUUaUGeUUsahUqUUJG
Uss g easosleh Uia ~eUleUefy3sweg( By adddgUBU ayi

Udd usUGey ¥d Udd UsUeadbzeagd Ualds Udg e glagUs
eyos0U0d " Usj UeUUsose Usee Udd UyescgildeBYud

o

g eacoslefh Udd UsyjyoUsUd "e6g U 633 6lGYUUs &

Ggsy UsU 89 GcylUsdfogleandsasy i e3asisz Ulhes yigU sls(bids

vV a.nal. -V exp. anal. | _ exp.
— I b,i elxp. | b,i epr(i) | el:f( ; | (41)
|Vb Lﬂax (Vb max V ) / 2
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