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IlepiAnyn

v apouoa SIMA®PATIKY) epyacia SiepeuvhOnkav o1 S1apopég Tou eAappoorupodEpa-
106 KAl TOU OUPBATIKOU OKUPOSEPATOS APXIKA OTIS OPlAKEG KATAOTACELS KAl £MENTA OF &-
ninedo @opéa kata EC2 kat EC8. AepeuvnOnkav apxikd ot 81adopeg OTig 0PlaKeg KAta-
OTAOELG A0TOX1aG, OTIS OPLAKEG KATAOTACELS AEITOUPYIKOTNTAG KAl ot mAactipotta. Ma va
yivel n oUuykplon aut) oxedlaomkav daypdppata yla v e§ayoyr] CUPMEPACHATOV. AUTO
MPAYHATOOONKE e Ta PNXAVIKA XAPAKTINPIOTIKA KAl TG OPlAaKEG KATAOTAOELS aotoxiag-
AsttoupyikotnTag onwg rapovotddovial oug dwatagelg tou Evpokwdika 2 kat 8. H xdpain

aut TV S1aypap AtV mpayHatono|fnKe pe 10 AOYloH1KO matlab®.

Ia v oUyKp1on o€ €rnedo opea £yive 0 0XEH100110G TIEVIAOPOPNS KATACKEUNG Yid
OKUPOSEA KAVOviKoU BApoug Kat yla eAadppooKupodepata e mukvotnteg p = 1600kg/m3

kaip = 1800kg/m?3. Ta tov oxediaouo otomoONKE 10 oTaTKO Tipdypapa SAP2000°.
p g X OHO XPnNot non poypapp

[Tpoxurtouv tedika draypdppata oxediaopou, mlaotipotntag Kat Asttoupyiag. Méowm tav
Sraypappdiov oupnepaivetat 6t pe v Peimon g MUKVOTNTAS T0U oKUpodépatog Sev peta-
BaAloviat o1 anartoUpevol ormAlopol ennpedlovial OP®G Ol OPLAKEG POTEG. ITA KATAKOPUHA
otoyeia yia uopevr) mepirm®orn UOoTUAQPATOS 1) avioxt] propei va peiwdel kata 15 20%
yia sdappookupddepa pe p = 1400kg/m3. Aev napouoctadoviat 18iaitepeg petaBoAég oto
Auylopo aAdd auto ogeidetal oty aduvapia tou eupek®SIKa va AdBet uroyw tg Stapopeg
otV {un ypappkota yeoperpiag. Ot mdaocupdtnteg Xwpig repiopi§n petaBadiovial kata
Peyddo OOOOTO 0 KATAKOPUPA OTOLXeEla eved 000 pelmvetal 0 9A1BO1EVOG OTALONOG TO00
pewvovtatl Kat ot dtagopég. T'a mlaoctupotieg otoixeinv uno nepiopidn napatnpeitat ot
ol Sagopég audavoviatl yia auvgnorn g repioPigng, e181KA otV MepPin®orn Kioonpodépatog
riépav piag riepiodi€ng Sev augdverat ) repioPign oroixeiwv. e 0plakéG KATAOTAOELG Aettoup-
ylag mapot pewdverat 1) tépvouoa duokapyia yla peioon g mukvotntag dev petaBailovrat

1a BeAr] yla TUTTIKEG TIEPUTIOOELS YPAPHUIKOV POPEDV.

H epedkuotikn avioxn fem €ivat 1o kpitfjplo §1a0tac1o0Adynong 1@V UTIOCTUAOHIAT®V OTO
edappookupodepa. Ot §ladpopEég 0TOUG ATIAITOUPEVOUS OTAIOHOUS Yid €AappooKupodepa
rapouotddovial aroKAE10TIKA OTIG OTNPIEELS TV MAAK®OV KAl 0T0UG §1aprKelg OrAlooUS TV
dokov. Ta eAadppookupodepa sdappov adpavav pe p = 1800kg/m?® napouotadetal moco-
otaia peioon katd 8% twv omAopaV Kat auinon tou PEYI0TOU OUVIEAEOTH] OEIOUIKNG EUdl-
00noiag katd 5%'evod yia edappookupddepa pe p = 1600kg/m? napouoiddetatl mocootiaia
peiwon kata 10% tev ormAiopov Kat audnor) ToU PEYI0TOU CUVIEAEDTT] OEIORIKES eualobnaoiag

rata 22%.
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Abstract

A case study was carried out to determine the differences of normal weight concrete
and lightweight aggregate concrete in the design of cross sections and the deisign of
buildings, in accordance to the Eurocodes EC2 and EC8. For the comparison of the
design of cross sections diagrams were created for ultimate limit states, serviceability
limit states and ductility. To create these diagrams the mechanical properties of EC2 and
ECS8 where used. These diagrams were plotted with use of matlab®. To determine the
differences in the design of buildings a five storey building was designed. The building
was designed with normal weight concrete, lightweight aggregate concrete with a density
of p = 1800kg/m? and lightweight aggregate concrete with a density of p = 1600kg/m?3.
To design the buildings the static program SAP2000° was used.

From the diagrams created it was made clear that the density of concrete does not
affect the required steel of horizontal members but does affect the moment limits. In the
case of vertical members the resistance may be reduced by about 15 20% for lightweight
aggregate concrete with a density of p = 1600kg/m3. There aren’t noticeable differences
for buckling, but that is due to the parabola stress-strain diagram of EC2 for lightweight
aggregate concrete. The ductility of members without confined concrete for different
densities changed proportionally to the compression steel. For confined members the
differences in ductility are proportional to the confined stress. Especially for pumice
concrete after a upper limit of confined stress there is no increase in ductility. In the case
of serviceability limit states, even though there is a reduction of stifness, especially for
the uncracked members, there is not a increase in the deflection of beam members.

Having designed the building with a lightweight aggregate concrete of p = 1800kg/m?
there is a 8% decrease of steel and a 5% increase of the maximum sensitivity coefficient
whereas for p = 1600kg/m?® there is a 10% decrease of steel and a 22% increase of the
maximum sensitivity coefficient. The differences in required steel appeared exclusively in
the beams and the supports of the slabs. The difference of the tensile strength determined

the dimensions of the columns

Keywords

lightweight concrete, EC2, EC8, ultimate limit states, design diagram for simply rein-
forced cross section, design diagram for beams, interaction diagrams, biaxal bending
diagrams, moment resistance diagrams for beams, ductility, serviceability limit states,

five storey structure, comparison, design SAP2000°, matlab®
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Prilogoc

H paroOsa diplwmatik ekpon jhke kat™ thn earin perBodo tou akadhmadkoO étouc
2019-2020, sta plabsia tou proptugiakoO progr'mmatoc spoud.n thc sqol ¢ politik,n
mhganik,n tou EjnikoO Metsibiou PolutegnePou. H ergasPa aut oloklhr,nei kai ton
kOklo spoud,n di'rkeiac 6 et.n me kateOjunsh domostatikoO mhganikoO.

H ergasba aut égine upi thn epbbleyh tou K. Qr stou Zérh, anaplhrwt kajhght
tou toméa domostatik ¢ thc sgol ¢ politik,n mhganik,n tou EMP.






Kef'laio

Eisagwg

E na api ta euréwc grhsimopoioOmena tegnik” ulik™ gia thn kataskeu domhm’twn
ebnai to oplisméno skuridema. Eidik™ sthn Ell"da pou par”getai tsiménto kai u-
p_rgoun shmantik™ apojemata adran,n oi perissiterec kataskeuéc ebnai kataskeuasménec
api skuridema. Pleonekt mata ipwc h mikr tim tou skurodematoc, ta shmantik™ mh-
ganik” garakthristik” tou kai h eukolDa mirfwshc erintwn stoigeBwn kajistoOn idanik

thn gr sh tou wc éron uliki. 'Ena api ta shmantikitera meionekt mata tou imwc ebnai
to Bdio to “roc touc. H posithta tou ulikoO pou grhsimopoiebtai gia thn exasflish twn
apaitoOmenwn antog.n mporeD na odhg sei se meg’la ortba tiso statik® se perbptwsh
meg~lwn anoigm™twn, iso kai seismik™ sthn perbptwsh yhl.n oréwn.

Gia na antimetwpisteD aut h priklhsh anaptOgjhke to domiki elafroskuridema. To ela-
roskuridema grhsimopoioOntan arqik™ gia ermominwsh. H meg’lh ermomonwtik kai
hgomonwtik ikanithta kaj,c kai to mikri tou “roc to kajistoOse idaniki gia thn gr sh

se d"peda, mon,seic ktl. Me ton kairi epigeir jhke na anaptugjoOn pia skurodémata gia
thn dhmiourgba erintwn stoigePwn. Me thn gr sh diafirwn tOpwn tegnht,n kai usik,n
adran.n dhmiourg jhkan skurodémata pou mporoOsan na éroun shmantik™ ortba. H
meléth gia thn efarmog tou k’je tOpou kajorDzontan ébaia api thn diajesimithta twn
domik,n ulik,n stic antbstoigec g,rec. Sthn Ell"da gia par"deigma up’rgei idiabtero
endiaféron gia to kisshridema, kaj,c up“rqoun sta Dwdek"nhsa shmantik™ apojémata
elafripetrac “risthc poiithtac pagkosmbou kl"shc.

Ta mhganik™ qarakthristik™ tou elafroskurodématoc éqoun eisagjeb pia kai se kanoni-
smoOc ipwc ton Eurwk dika.






Kef'laio

Jewrhtiki upibajro

2.1 Basik™ garakthristik™ elafroskurodematoc

Orismic elafroskurodématoc

Woc ES orbzetai to skuridema me puknithta mikriterh api thn puknithta twn kanonik, n
skurodem™twn(2150-2500 kg=m 3).
Ta ES an’loga me thn puknithta touc kai ton tOpo touc éqoun diaforetikéc gr seic ligw

twn mhganik,n touc garakthristik n.

TOpoi ES
An’loga me ton tripo kataskeu c kai twn ulik,n diakrbnontai se treBc tOpouc [3],

" Me elafr” adran
Paraskeu“zontai ipwc ta SKB me qr sh pia elafr,n adran,n. Aut” ta adran mpo-
eb na ebnai usik™ tegnht’.
Fusiki adranéc ebnai h kbsshrh
Teqnht™ adran ebnai h skwrba, o diogkwmeénoc perlbthc, h diogkwmenh “rgiloc, h
ipt'menh téfra k.t.l. Sta pio sOggrona tegnht™ adran grhsimopoioOntai kai oi
pérlec diogkwmenhc polusterbnhc, ta oruktopoihména okanBdia xOlou, to diogkw-
meéno gualb k.t.l.

Me egklwbisméno aéra aerio.

Dhmiourgebtai me usalbdec api egklwbisméno aério. Paraskeu zetai gwrbc gon-
drikokka adran kai se polléc peript,seic qwrbc adran , garakthrbzontai étsi api

pol® mikr puknithta (400 1100 kg=m 3) kai antoq (2 10MPa). Qrhsimopoiebtai
wc ermomonwtiki uliki.

" Mino me gondrikokka elafroadran

Kathgoriopobhsh ES “sh leitourgbac

Mia asik kathgoriopoPhsh “sh tou tOpou kai thc puknithtac api to amerik™niki
institoOto skurodématoc (ACI) ePnai [4],



Kef'laio 2. Jewrhtiki upibajro

Sqma 2.1: LeitourgPa tou ES “sh puknithtac kai tOpou

2.2 Kanonismob EC2 kai ECS8

2.2.1 Mhqganikec idiithtec ulik,n

Oi mhganikéc idiithtec a grhsimopoihjoOn sto logismiki matlab © gia thn dhmiourgba
twn diagramm’twn sOgkrishc.

Skuridema

Gia to SKB ta qarakthristik™ dbnontai upi morf pbnaka. O pPnakac ebnai,



2.2.1 Mhqganikec idiithtec ulik,n

Sg ma 2.2: Pbnakac skurodématoc SKB, EC2

Gia to ESEA ta qarakthristik™ metab”llontai “sh thc puknithtac tou skurodématoc.
O pbnakac anaféretai sthn gr sh elafroskurodematoc me elafr” adran . Sugkekriména
orbzontai dOo suntelestéc,
ng =0:6+0:4 =2200

ne = (= 2200 )2

B"sei aut,n o pPnakac prokOptei wc ex c,
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Sg ma 2.3: PDbnakac skurodematoc ESEA, EC2

Me “sh tic parameétrouc aut,n twn dOo pin“kwn orDzontai ta trba paraktw diagr'm-
mata t"sewn - paramorf, sewn gia ta duo ulik”, an"loga me thn efarmog touc:

" Di"gramma 1: QrhsimopoieBtai gia mh grammik anlush oréwn. Aplopoihtik™, gia

eOresh paramorf sewn se leitourgba grhsimopoiebtai trigwniki di"gramma t"sewn-
paramorf sewn me kibsh  E¢q,.

Sq ma 2.4: Di"gramma 1 t"sewn-paramorf, sewn skurodématoc



2.2.1 Mhqganikec idiithtec ulik,n

ipou,
_ k n n?

=f -
cTM T4k 2) n

n=—
cl

k = 1.05 Ecm J Clj:me

" Di"gramma 2: Qrhsimopoiebtai gia sgediasmi thc diatom c.

Sg ma 2.5: Di"gramma 2 t"sewn paramorf sewn skurodematoc

Me ton analutiki tOpo na ePnai parabol ,
An 0 c c2

c=fw [T (1 )]
c2

Alli.c an c2 c cu

¢ = fed

" Di"gramma 3: Qrhsimopoiebtai gia sgediasmi thc diatom c. Den parousi“zetai to
sq ma kaj,c ePnai sunthrhtiki gia ton upologismi tou oplismoO.

Perisfigmeno skuridema

Gia ton sgediasmi oréwn api skuridema upi triaxonik katapinhsh uiojetebtai to

di"gramma t"sewn-paramorf,sewn wc ex c,
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Sg ma 2.6: Di"gramma t"sewn-paramorf,sewn skurodématoc upi triaxonik katapinhsh

me analutikéc sgeseic,

" Sumbatiki skuridema,
foe =fak (L+5  =fg)gia » 0:05 fe
fck;c = fek (1:125 +2:5 2:fck) gia o> 0:05 fe

c2;c — c2 (fck;c:fck)2

cu2ic = cu +0:2 2=fek

ESEA,
floke = ik (L +k  2=fiek)
ipou
Gia elafroskuridema me "mmo wc leptikokko adranéc k=1:1

Gia elafroskuridema me leptikokka kai qondrikokka adran .
2 = tc2 (fioke =fick)?

lcu2;c = leu t 0:2 2=Fick

Q’lubac

Qrhsimopoiebtai digrammiki di"gramma sto opobo o meletht c mporeb na sumperil*bei
thn kr'tunsh igi. Gia thn elastik periog tou g'luba lamb”netai métro elastikithtac
E = 200 MPa.



2.2.2 Oriakec katast™seic astogbac

Sg ma 2.7: Di"gramma t"sewn-paramorf sewn g luba

2.2.2 Oriakéec katast™seic astogbac

Paradogéc
" Epipedithta diatom,n kat” benoulli ipwc isqOei sthn perbptwsh twn grammik,n o-

ewn

" Gia ton upologismi twn eswterik,n t'sewn grhsimopoioOntai oi exis, seic isoduna-
mbac. Apaitebtai étsi h isorropba twn eswterik n kai exwterik ,n antidr"sewn.

H anhgmenh paramirfwsh tou oplismoO kai tou skurodématoc sthn Bdia st'jmh eBnai
bdiec. Den up'rgei sgetik olbsjhsh tou g luba.

Gia thn perbptwsh oriak ¢ kat"stashc astogbac den lamb™netai upiyin h efelkusti-
k antoq tou skurodématoc.

Oi t'seic sto skuridema ePnai autéc pou prokOptoun api to di"gramma t’sewn-

paramorf sewn 2 tou skurodématoc

Oi t"seic ston oplismi ePnai autéc pou prokOptoun api to di"gramma t"sewn-paramorf, sewn

tou q’luba

Oi anhgménec paramorf,seic diatom ¢ gia OKA ipwc parousi“zontai kat™ eurwk dika
ebnai,
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Sq ma 2.8: Anhgmenec paramorf seic gia OKA

Bébaia gia thn perbptwsh pou I"boume g’luba qwrbc kr'tunsh ston sqediasmi, h a-
nhgmeénh paramirfwsh astogbac tou q'luba ewrebtai iti den éqei irio.

Periogéc astogbac me “sh thn éntash

An"loga me thn éntash thc diatom ¢ up“rqgoun treic peript,seic astogbac,

" Proéqousa k'myh: AnaptOssetai kurbwc op sthn diatom kai h axonik dOnamh
ebnai mikr se sgésh me aut n pou dOnatai na anaptugjeb.
Oi anhgménec paramorf seic pou garakthrbzoun thn diatom ebnai, c2 > 0 Kkai
c1 < 0.
Prikeitai gia thn perbptwsh pou parousi”zetai sthn pleioyhfba twn peript,sewn me

meg’lec opéc.

Proéqwn efelkusmic: AnaptOssetai meg’lh efelkustik axonik dOnamh kai mikr

op .

Oi anhgménec paramorf seic pou garakthrbzoun thn diatom ePnai, c2 < 0 kai
c1 < 0.

Praktik™ gia peript,seic efelkuimenwn stoigebwn.

Proégousa IPyh: AnaptOssetai meg’lh liptik axonik dOnamh kai mikr op .
Oi anhgménec paramorf,seic pou garakthrbzoun thn diatom ePnai, c2 > 0 kai
cl > 0.

Praktik™ gia peript,seic kajar” libimenwn stoigeBwn.

2.2.3 Fainimena deutérac t"xhc

Gia na Ihfjeb upiyin o lugismic grhsimopoieBbtai h méjodoc tou pritupou upostul, ma-
toc [1], ipwc parousi“zetai ston EC2 h méjodoc thc onomastik ¢ kampulithtac



2.2.4 Oriakec katast™seic leitourgikithtac

'Estw upostOlwma me eleOjero “kro, gnwst irtish sto “kro

(N; My; My) kai gnwst™ gew-
metrik™ qarakthristik™

L:b;h. Api ta prohgoOmena prokOptoun anhgménec ent’seic sto

"kro ; x; y kai ligoc 'FO Kat™ thn mPa dieOjunsh(éstw x) gia metabol thc orizintiac

éshc the kefal ¢ aux'netai kai h op sthn “sh ligw thc katakirufhc dOnamhc.

Sqma 2.9: Perbptwsh monipaktou upostul matoc me eleOjero “kro

Sugkekrimeéna aux"netai kat”,

Mgg = Mg+ Ngg €

kat” ton EC2 h ekkentrithta lamb netai wc

ipou c= 2=10

H kampOlh ekkentrithtac-antoq ¢ kai ekkentrithtac- op ¢ aPnetai paraktw

Sg ma 2.10: 'Entash kai op antoq ¢ sunart sei thc ekkentrithtac [1]

Upologbzontac thn mégisth Mg ston "xona M prosdiorDzetai kai h apaitoOmenh op
antoq ¢ gia apofug astogbac api ainimena deutérac t"xhc.

2.2.4 Oriakéc katast™seic leitourgikithtac

Oi oriakéc katast™seic leitourgikithtac pou lamb™nontai ebnai oi katast"seic ekebnec
péran tic opoPec h kataskeu paOei na ePnai gr simh.
B°sh tou EC2 apaitebtai,
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" Periorismic t"sewn
" 'Eleggoc wgm,n

~ 'Elegqgoc el,n

Paradogec

EPnai Bbdiec me autéc twn OKA me tic paraktw diaforéc,

AfoO h diatom rbsketai pia se leitourgba lamb netai to di"gramma 1 tou skuro-
dématoc

Gia thn perbptwsh tou elegqou wgm,n ewrebtai hgmatwménh h diatom (den lam-
“netai upiyin h efelkustik antoq tou skurodématoc.)

Gia thn perbptwsh eOreshc el,n ewrebtai iti h diatom rDsketai se mia endi"me-
sh kat"stash metaxO hgmatwmeénhc kai arhgm™twthc diatom c. Auti ofePletai sthn
an’lhyh twn efelkustik,n t"sewn apo to skuridema stic diatoméc an"mesa api tic
prokOptousec wgmeéc. Aut h anakoOfish onom zetai efelkustik sumbol sthn
akamyba (tension stiening e ect ). [1]

Sugkekriména ewrebtai,

=S|

Ch+@ ) G

ipou,
=1 =
= 0 gia arhgm™twtec diatoméc
(%)1 kampulithta gia arhgm”twth diatom
(%)2 kampulithta hgmatwménh diatom
ebnai suntelest ¢ pou lamb™nei upiyin thn gronik di‘rkeia twn ortBsewn.
=1 gia memonwménh raquprijesmh irtish
=0.5 gia polloOc kOklouc ortbsewn

2.2.5 Epimérouc diaforec ESEA kai SKB

Ektic api tic diaforéc pou epishm™njhkan gia ton katastatiki garakthrismi tou
skurodématoc (| Pinakec 2.2 kai 2.3) a parousiastoOn kai oi upiloipec diaforéc stouc
eléggouc kat™ EC2.

Erpusmic kai sustol x ranshc

O suntelest ¢ erpusmoQ gia to ESEA a Ihfieb Bsoc me autin tou skurodématoc ka-
nonikoO “rouc pollaplasiasménoc epb ton suntelest ng = (W)Z. Oi anhgménec para-
morf seic ipwc proékuyan a prépei na pollaplasiastoOn me ton suntelest n,, ipou,
n, = 1:3 gia f,x LC16=18
n, =1 gia figxk LC20=22



2.2.5 Epimeérouc diaforec ESEA kai SKB

Oi timéc tou suntelest x ranshc tou ESEA a prokOyoun api tic timéc tou SKB polla-
plasiasménec epb ton suntelest ng,

ny = 1:5gia fx LC16=18

ng = 1:2 gia fix LC20=22

Epik~luyh
Gia to ESEA mporeb na grhsimopoihjeb h Bdia kathgorba ékjeshc ipwc aut tou SKB.
H epik’luyh tou elafroskurodématoc a prokOyei api aut tou SKB me aOxhsh kat
5mm
Ikanithta strof ¢
Giato ESEAhtim tou  past ipwC abnetaistosqgma 5:6N tou EC2 apollaplasiasteb
me thn tim %
Temnousa qwrbc egk’rsio oplismi
Gia to ESEA, h antog diatom c se témnousa qwrbc egk’rsio oplismi a lhfjeb ipwc
to SKB me tropopobhsh twn suntelest,n,
VIRd;c = [CIRd;c Nni k (100 | fIck )1:3 + kl cp] bw d (nl I;min + kl cp) bw d

0:15

CIRd;c =
c

tmin = 0:028 k3% f172
ky = 0:15

1=05 n; (1 fix=250)

Mégisth témnousa kai témnousa gia egk’rsio oplismi

Tropopoiebtai o suntelest ¢ api =06 (1 fx=250)se =n; 0:5 (1 fx=250)

Oriakéc katast™seic leitourgikithtac

Oi ligoi anobgmatoc/statikoO Oyouc gia oplisména melh qwrbc axonik pou dbnontai

sthn par'grafo  7:4:2 tou EC2 a prépei na meiwjoOn me suntelest ~ n24°

ntai se ESEA.

itan efarmizo-

Leptomereiec oplismoO mel.n me ESEA

Sthn perBptwsh elafroskurodématoc h di"'metroc twn tump™nwn a prépei na auxhjeb
kat~ 50%.






Meroc [

SOgkrish sgediasmoO diatom n kai me-
|.n api SKB kai ESEA se OKA kai OKL







Kef’laio

Sgediasmic diatom_ n upi orjéc ent"seic

3.1 Qrsh H/U gia dhmiourgba diagramm’twn

Argik® a prépei na epishmanijeD iti gia thn dhmiourgba twn diagramm’twn sgediasmoO,
plastimithtac kai eleggwn OKL grhsimopoi jhke to logismiki matlab © . 'Ena apispasma
tou k,dika pou grhsimopoi jhke gia ton sgediasmi twn diagramm™twn allhlepbdrashc se
monoaxonik k“myh parousi“zetai sto sqma 3.1. Sugkekriména sto apispasma auti
abnontai oi epanal yeic gia ton upologismi twn suntelest,n pl rwshc- “rouc kai ton
upologismi twn anhgménwn entatik,n megej,n.

Sq ma 3.1: Apispasma api k,dika dhmiourgbac diagramm™twn allhlepBdrashc
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3.2 Anhgmeénec paramorf seic “sh kampulithtac se OKA

Aut h diakritopoPhsh éqei idiabterh shmasba gia ton orismi twn paramorf,sewn sthn
diatom “sh thc kampulithtac. Opwc abnetai sto sq ma 3.2 orbzontai treic periogéc.

" Perioq 1, opoO h diatom astogPac peristréfetai gOrw api thn pléon efelkuimenh
Pna tou q’luba. Se aut n thn perioq oi endi'mesec paramorf seic prokOptoun éwc

exc,
y Yi
i = su == (i ys1)= su (s2 c2) (L):
d d
y Yi
w o d () =1(d)
ipou, d = 41 2 kai y etiki proc thn pléon efelkuimenh Bna
antistobgwc
L= U h (y$1h yl)zf(h)

ipou, h = ¢ c2

Perioq 2, opoO h diatom astogPac peristréfetai gOrw api thn pléon libimenh Bna
tou skurodématoc. Se aut n thn periog oi endi'mesec paramorf, seic prokOptoun

ewc ex c,
Yi Yy
i = cu"'u (Yi YCZ): cu+(sl 02) (l C2)=
d d
whd (F=FH)=1(d)
antistobqwc
= wth (B =1(h)

" Perioq 3, opoO h diatom astogPac peristréfetai gOrw api thn Bna pou rbsketai
se apistash 1 ?22 h api thn pléon libimenh. An ewr soume thn prohgoOmenh

Pna weac3,

Yi ¥y
i = c3"'C1TC2 (Yi YC3)= c3+(cl c3) (chS):

antistobgwc,
ath (L) =1(h)

Oi sqgéseic autéc antistoiqoOn tiso sto SKB iso kai sto ESEA. Oi diafor™ gia to SKB kai to
ESEA ofebletai metabol tou lcu -

3.3 Suntelestéec pl rwshc kai shmebou efarmog c thc lipti-
k ¢ dOnamhc

Epbshc prépei na shmeiwjeDb iti stic exis,seic isodunambac to di\gramma t"sewn-paramorf, sewn
tou skurodématoc a antikatastajeb me orjogwniki to opobo a éqei to Bdio ortbo kai ton



3.3 Suntelestéc pl rwshc kai shmebou efarmog c the liptik ¢ dOnamhc

Bdio moglobragbona.
Gia ton suntelest pl rwshc a,

a b h fyg= (Al a

etontac imwc

y
c= at F ( c2 cl)
prokOptei,
d h
d = dy c2 cl | dy - c
h c2 cl
Sunep,c,
P. R c2 d:h R 2 ¢ d
a= cl ¢ c2 «cl - cl f(:d ¢
h fcd c2 cl

Antbstoiga gia to Oyoc tou shmebou efarmog ¢ the liptik ¢ dOnamhc égoume,

b R
(@ b h foq) h (h y)dA'! pe (0 y)a
a = ! = =
cd A c y a b hz de
R, R,
b h o ¢ (1 y=h)dh o ¢ (2 y=h)dh
a b h? fegq - a h feg
etontac imwc
y
c= at H (c2 c1)
prokOptei,
X: c cl
h c2 cl
d h
dy = —=
c2 cl
Sunep,c, R R
c2 1 d:h 2 ¢ 1
_a ¢ (1 :2 il) 2 ¢l _ ¢l fcd (1 :::2 %1 dC)
a h feg a (e c1)
Diakrbnontac peript,seic,
An o <Okai <0
a=20
=0
An o <Okai >0 R
2 ¢
a=20 fed dec
c2
RCZ RCZ Rcz
_oﬁ(lidC)_ofcd (02 c)dc_ Oﬁ cdc
- - 2 - 2
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An 1 >0kai >0

R R R
c2 _c c2 _c d cl _c d
a= c1 fed ¢ — 0 fed ¢ 0 fed ¢
c2 cl c2 cl
R c2 R c2 R c2
_c c_cl _c c2__c¢ _c
g fd (1 2 cl dc)_ g fod T cl dC_ o fcd (2 o) do
a ( c2 cl) a ( c2 cl) a ( c2 cl)2
R cl R c2
_c _c
c2 + 0 fcd ¢ de 0 fcd ¢ de
c2 cl a ( c2 01)2

Sunep.c ta oloklhr mata pou a prépei na upologisjoOn gia na kalOyoume ilec tic

peript,seic ebnai, 7 .
C
— d
0 fcd ¢
kai Z
c2 c d
0 fcd ¢ ¢
An ¢ < gy
Z c2 c _Z c2 ¢ \n _Z c2 (cy C)n B
Sode= (1 @ ) de= (@ ) des
0 cd 0 cy 0 cy
[ + ( cy c)n+1i c2 - + ( cy c2)n+1 2y+1
T+l H o T (+1) 5§ (n+1) §

Gia kathgorba skurodématoc C50=60

Z
"oy - L@ 2f 2_12 @t2® 3 22 o+3 2 & 5
o fa ° % 3 22 3 12
52 (6 c2)
12
Gia thn epal jeush tou parap™nw tOpou
R 2
2 ¢ c (6 c)
q= 0 fo d°= 2122=<:2 6 )
c2 c2 12

ipwc prokOptei kai sto tupoligio tou E.M.P.
Gia to deOtero gPbnetai olokl rwsh me oloklhrwtikoOc par“gontec

z z

Te gL Trele Ty
o fa °© oo S (h+1) © e
Z
[( o+ (cy c)n+1) I °2( + (cy c)n+1) 0 4 =

C i+ 37 Co o ° (+1) &7 ° 7F

2 + ( cy (:2)n+l [_02 ( cy c)n+2 i 2 _

T+ § % 2 (n+2) (1) §o



3.3 Suntelestéc pl rwshc kai shmebou efarmog c the liptik ¢ dOnamhc

( )n+1 2 ( )n+2 ( )2
2 + cy c2 5 _c2 cy c2 cy
Z (+1) & 2 (n+2) (n+1) 5 (n+2) (n+1)

Gia kathgorba skurodématoc C50=60

Z
z . _ o, @ o) S.@ ot 22 _
e c dc¢= c2 L 2 — *+ -
o fed 3 22 2 4 3 22 4 3
4 3
3 c2 +16 c2
48
Sunep.c gia thn epal jeush tou parap™nw tOpou,
R c2
_ o fd c 9o _
=1 5 =
a c2
3 §2+16 32
— - 3 c2+16 _
2 (6 2)=12 52 4 (6 c2)
4 (6 02) 4 (6 c2)
ipwc prokOptei kai sto tupoligio tou E.M.P.
An > cy
Z Z YA 2
c2 cy c2 (6 )
° d.= S .+ g, =2 Yi(s o)
o fed o fed o fed 12
Gia skuridema C50=60
Z 2
c2 Cc 2 4 4 + 3 c2 6
— d¢= t o2 = =
3 o 2
3
Gia epal jeush
€2 ¢ 3 o 2
a= 0 fed ° _ 3 _3 @ 2
c2 c2 3 c2
Antistobqwc,
z e c £ Y ¢ z ‘¢ 3 ély+16 g’y 32
— 2 d¢= — ¢ d .+ — o d¢= +—
0 fcd 0 fcd oy fcd 48 2
Gia skuridema C50=60
z 4 3 2 o2 2
2 . 3 2°+16 2 & 2 24 5, 16
_— d c = + == - =z
o fa € 48 ) 48
Gia epal jeush R
2 .
-7 20 g ¢ do_
= 2 =
c2
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(24 & 16)=48 B 2 2)3 18 % 12 o 9 5+6
B 2 273 ) 2 6 B 2 2) 6 B 2 2)
c2
9 5 12 2t _ o (3 o 4)+2
6 (3 c2 2) c2 2 c2 (3 c2 2)

ipwc prokOptei kai sto tupoligio tou E.M.P.

3.4 Basikob algirijmoi

Se auti to shmebo a parousiastoOn dOo asikoD algirijmoi pou grhsimopoi jhkan

stouc k_ dikec gia thn dhmiourgba twn diagramm’twn sgediasmoO.

Gia thn IOsh twn mh grammik_n exis sewn (exis,sewn isodunambac) grhsimopoiebtai h méjo-
doc thc digotimhshc [5].

3.4.1 EOresh kampulithtac gia dedoménh axonik se OKA

Mia arijmhtik diadikasDa pou prépei na epishmanjeD ePnai h eOresh thc kampulith-

tac astogbac gia dedoménh axonik .

An prikeitai gia perbptwsh proéqousac k“'myhc me apli oplismi, h kampulithta asto-

gbac mporeb na upologisteb apeujebac me gr sh twn analutik,n sqésewn ipwc ekfr'zontai

sthn par“grafo (3.6).

Gia thn perbptwsh pou up’rgei diplic oplismic den prikeitai gia perbptwsh proéqou-

sac kK"'myhc o upologismic thc paramorfwsiak ¢ kat"stashc mporeb na gbnei mino mesw

epanalhptik ¢ diadikasbac.

Sugkekrimeéna, gia k'je perbptwsh kai

d1:h

~ Upologismic oriak,n anhgménwn axonik .n gia tic periogéc 1,2 kai 3. Oi oriakéc

anhgmenec axonikéc abnontai sto sq ma 3.2,

1. 1= sukal 2=
2. 1= squkai 2=
3. ¢a=0kai =

4 = gkai o=

sy

Ccu

cu

cy

" H axonik ePnai gnhsBwc aOxousa api thn diatom 1 éwc thn diatom 4. Gia dedoménh

anhgmeénh axonik mporeb na kajoristeb h perioq astogbac.

~ Jewrebtai metablht h kampulithta kai grhsimopoioOntai oi sgéseic thc paragr™fou

(3.2) Me thn mejodo thc digotimhshc upologbzetai me krit rio thn axonik h kampu-

lithta astogbac thc diatom c.



3.4.2 EOresh anhgménwn paramorf,sewn gia dedoménh axonik kai kampulithta

Sg ma 3.2: Peript,seic 1-4 OKA

3.4.2 EOresh anhgménwn paramorf,sewn gia dedoménh axonik kai kampu-
lithta

EPnai profanéc iti gia dedoménh kampulithta h axonik ePnai gnhsbwc aOxousa the a-
nhgménhc paramirfwshc thc opoiasd pote Bnac sthn diatom . Me metablht thn anhgmeénh
paramirfwsh k“poiac Bnac sthn diatom Kai krit rio thn axonik upologbzetai mésw thc
mejidou thc digotimhshc oi anhgménec paramorf,seic thc diatom c.

3.5 Diagrrmmata t"sewn-paramorf sewn 2 skurodematoc

Me gr sh twn sgésewn ipwc perigr-fontai sthn par"grafo 2.2.1 prokOptoun ta ex ¢
trisdi"stata diagr'mmata t"sewn paramorf , sewn.
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Sg ma 3.3: Diagr'mmata t"sewn paramorf,sewn 2, poiithta skurodématoc C50=60

'Opwc abnetai sto sq ma 3.3 iso mikriterh ePnai h puknithta tou skurodématoc tiso pio
yajur” leitourgeb. H diafor” sthn paramirfwsh astogbac a odhg sei se diaforéc sthn a-
ntog twn diatom_ n. Bébaia, den up“rgei diafor” stic mikriterec anhgménec paramorf seic
sunep,c den lamb"nontai oi peript,seic pou oi diatoméc astoqoOn ligw mh grammikithtac

gewmetrbac (lugismic).

3.6 PlI'kec-dokob

3.6.1 Sgediasmic orjogwnik ¢ diatom ¢ upi proégousa k“myh

Ta diagrmmata aut” grhsimopoioOntai gia ton upologismi tou oplismoQ gia diato-

méc plak,n kai dok,n upi proéqousa k“'myh. Dedoménou iti se mia tupik kataskeu oi
pl"kec kai oi dokob sqgedi“zontai apokleistik™ se éntash k"myhc ta diagr"mmata parou-
si"zoun Kai tic diaforéc oplismoO se dokoOc-pl’kec api SKB kai ESEA.
H an"gkh dhmiourgbac aut,n twn diagramm~twn ofebletai sthn mebwsh thc paramirfw-
shc astogbac gia mikriterec puknithtec skurodématoc. Dedoménou iti o g lubac diarréei
Fs = As fyq, (apabthsh kat™ thn dhmiourgba twn diagramm™twn kai thn topojethsh opli-
smoO) h metabol tou apaitoOmenou oplismoO gia k'je perDptwsh puknithtac a ofePletai

ston moglobragbona twn dun"mewn.



3.6.1 Sgediasmic orjogwnik ¢ diatom c upi proéqousa k'myh

Sq ma 3.4: Perbptwsh proegqousac k"'myhc

Exis,seic isodunambac

Me gr sh twn exis,sewn isodunambac [1]
Ng = FctFs1 + (FSZ) = fcd (a X) b Asy fyd + As2 fyd

Msd =F; z+(Fs2 (d dy))=feg (@ x) b (d X) + (As2 fya (d di))

Diair,ntac thn axonik kai thn op me b d fe kai b d? fe antbstoiga gia na gbnoun
adi"stata éqoume,

- Ng — fa (@ Xx) b Ag fya + (As2 fyd) —
b d fq b d fe
X
a q 11+(2)=+a L+ (1 2)
_ Ng _ fed (@ x) b (d x)+ (As2 fyg (d d1)) _
T h d? fg b d2 feq
X X
a 3 (1 a)‘*‘ (2 (1 di=d))=a (1 )+ (2 (1 di=d))
ipou, = x=d to anhgmeéno Oyoc thc libimenhc nhc
| = Asi fyd
b od fyg

to mhganiki pososti oplismoO
H anhgménh op gr'fetai epbshc wc,

sa=a (1 z)= z+!; (1 d;=d)

ipou z=1
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Perbptwsh aploO oplismoO

ss=a (1L z)= z=0! a= z° a= z+ (¢=0! z°2 z+ ¢ =a =0!

1 p12 4 =a pl 4 =a
2 = sd - =05 sd
2 1 2

Exis,nontac thn anhgménh op me to mhdén prokOptei deuterob”jmia exDswsh. LOnontac

prokOptoun dOo I0seic. H mPa IOsh antiproswpeOei ton moglobragbona gia libimenh nh
tetoia ,ste h dOnamh tou skurodématoc na ePnai k'tw api ton oplismi. Auti ofebletai

sto gegonic iti sthn exDswsh den uprgei irio sthn tim tou < 1. Hlih IGsh pou mac
endiaférei ePnai moglobragbonac gia libimenh nh tétoia ,ste h dOnamh tou skurodématoc
ebnai p"nw api ton oplismi. Se aut n thn perbptwsh égoume x mikriterh ! mikriterh
Iz megalOterh. Sunep_c epilégoume thn mégisth tim api tic IOseic twn dOo exis,sewn.
Sunep,c gia dedomeéno g,

A f f Nd
¢g= a +!1! A LN + g Ass=(@ ) b d e
b d fgq fya  fya
Gia kajar k"myh(N=0) éqoume,
1 =a
Sunep,c h prohgoOmenh exBswsh mporeb na grafteb,
f N
As1=!1 b d < + il
fya  fyd
opoO ! 1 ebnai to apaitoOmeno mhaganiki pososti oplismoO gia kajar k"myh
Gia na isqOei ébaia h upijesh iti o efelkuimenoc oplismic diarréei prépei,
sl sy ! lim = — sd <a lim (1 Iim)

$1+ cu

Perbptwsh libimenou oplismoO

Topojetebtai isiposa libimenoc kai efelkuimenoc oplismic éetsi ,ste na perioristeb

to im pou éqei perioristeD. 'Etsi,
sd lim

1 d,=d



3.6.1 Sgediasmic orjogwnik ¢ diatom ¢ upi proéqousa k"myh

‘ Gia K’je perbptwsh sd

|

Upologismic tou suntelest pl rwshc, kéntrou “rouc

Upologismic tou moglobragbona z = 0:5 + w7 425d =

|

- 4

Teloc

Sqg ma 3.5: Di"gramma o c gia oplismi proéqousac kK"'myhc
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ProkOpton di"gramma

Sq ma 3.6: Diagrrmmata aploO oplismoO, q’lubac qwrbc krtunsh, paraboliki di\gramma
t"sewn-paramorf,sewn, fyx = 500 MPa, C50=60



3.6.1 Sgediasmic orjogwnik ¢ diatom c upi proéqousa k'myh

Fabnetai na up’rgei amelhtéa diafor™ sto apaitoOmeno mhganiki pososti oplismoO gia
apl kK“'myh. H epirro thc paramirfwshc astogbac tou skurodématoc sthn metabol tou
mogqlobragbona ebnai mikr . Beébaia prepei na shmeiwjeb iti me thn mebPwsh thc puknithtac
mei,netai h oriak op gia thn opoBa o oplismic éqgei milic diarreOsei ipwc abnetai sto
sqma 3.6 . Sunep,c h puknithta tou skurodématoc den ephre“zei to apaitoOmeno mhganiki
pososti oplismoQ all” tic oriakéc opéc pou mporoOn na anaptugjoOn sthn diatom gia mh
apabthsh libimenou oplismoQ kai gia plastik anlush( < 0:45). Oi diaforec abnontai
kalOtera sto sq ma 3.7.

Sgma 3.7: Metabol thc oriak c opc “sh puknithtac, su = 1 gia thn perbptwsh
= 0:45, gwrbc kr'tunsh, paraboliki di"gramma t"sewn-paramorf ,sewn, fy« = 500 MPa,
poiithta skurodématoc C50=60

SOgkrish tim,n me ibliografbac

Gia thn sOgkrish a grhsimopoihjoOn oi pPnakec tou ergasthrbou oplisménou skuro-
dématoc tou EMP.
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(ap)ProkOpton pPnakac

(p) Pbnakac tou ergasthrbou W.S. tou EMP

Sqma 3.8: SOgkrish me ibliografba, pPnakec aploO oplismoO

Oi diaforéc twn dOo pin"kwn ePnai amelhtéec.

3.6.2 Sgediasmic plakodok,n upi proégousa kK“myh

Stic perissiterec peript,seic oi dokoP den leitourgoOn san orjogwnikéc diatomeéc kai
leitourgoOn san plakodokoOc. Gia etikéc opéc oi dokoD sunerg’zontai me tic diplanéc
pl’kec odhg, ntac se aOxhsh tou pltouc thc libimenhc periog c. Aut h aOxhsh tou
pl'touc odhgeb se aOxhsh tou moglobragbona kai mePwsh tou apaitoOmenou oplismoO.

H kOria diafor” me thn perBptwsh orjogwnik, n diatom n ePnai h ex c. Gia opéc mega-
IOterec miac sugkekriménhc tim ¢ h libimenh nh eisérgetai ston kormi kai o ujmic
mebwshc tou moglobragbona aux"netai. 'Opwc stic orjogwnikéc diatoméc ebnai anamenimeno
iti a metablhjoOn oi oriakéc timéc, péran autoO diereun’tai an sthn perBptwsh aut , h
metabol tou moglobragPona a odhg sei se diaforéc sto apaitoOmeno mhqaniki pososti
oplismoO.



3.6.2 Sqgediasmic plakodok,n upi proégousa k“'myh

Exis,seic isodunambac

Sg ma 3.9: Dun"meic se plakodoki upi proégousa k'myh

Me afabresh grammoskiasménou embadintoc,
Ng =Fc1+( Fea) Fsi=+feg (a1 x) b (fea (a3 (x hf)) b) Ag fyd

Msg = Fe1 z1+( Fez z2)=(a x) b feg (d 1 x)+( feg (@3 (x hg)) b (d hy 3 (d hy))

Diair,ntac thn axonik kai thn op me b d fe kai b d? fe antbstoiga gia ha gbnoun
adi"stata, N b h
d w f
=— — = a + (1 a —)+!
Tha T 2 gt e (o
Md bW hf hf hf
=———=a 1 1 a —) Q1 — —
Cre e ) @) s P g s O

Gia thn perbptwsh proentetaménwn dok n o upologismic thc antog c pragmatopoiebtai

meésw tou moglobragbona, ipou 0 moglobragbonac ebnai,

‘Gia K'je perbptwsh 44

l

Upologismic thc kampulithtac astogbac “sh thc paragr~fou 3.4.1

|

Upologismic tou mhganikoO posostoO oplismoO moglobragbona

|

Teloc

Sqg ma 3.10: Di"gramma o c gia diagrmmata plakodok,n
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ProkOptonta diagrmmata

(ap)Digramma m-w, ¢, =1

(p) Di'gramma mz, ¢ = 10%,

Sgma 3.11: Digramma oplismoO plakodok,n, paraboliki di"gramma t'sewn-
paramorf,sewn, poiithta skurodématoc C50=60

AntDstoiga me tic apl” oplisménec orjogwnikéc dokoOc oi oriakéc timéc ePnai,



3.6.3 Antoq dok,n gia thn perbptwsh libimenou oplismoO

Sg ma 3.12: Metabol thc oriak ¢ op ¢ “sh puknithtac, h{=d = 0:05, ¢ = 0:00217
gwrbc krtunsh, paraboliki di\gramma t"sewn-paramorf,sewn, fyc = 500 MPa, poiithta
skurodématoc  C50=60

'Opwc “nhke kai sta diagr'mmata oplismoO gia apli oplismi oi diaforéc ePnai ame-
Ihteéec kai abnontai el"gista kont™ stic oriakéc opéc. Diaforéc prokOptoun sthn oriak
op gia diarro tou oplismoO, ipwc kai sta diagr'mmata orjogwnik ¢ diatom c.

SOgkrish me timéc ibliografbac

Ta apotelésmata sugkrbjhkan me ta antbstoiga tou tupologbou tou EMP kai oi diaforéc
ebnai amelhtéec.

(ap)ProkOpton pbnakac ('p) PPnakac tou ergasthrbou W.S. tou EMP

Sqma 3.13:  SOgkrish me ibliografba, pPnakec plakodok,n, hs=d = 0:05

3.6.3 Antoq dok.n gia thn perBptwsh libimenou oplismoO

Se ilec tic dokoOc up’rgei kai libimenoc oplismic. Ja diereunhjeb pia h epirro
thc puknithtac tou skurodématoc gia peript,seic pou up’rgei kai libimenoc oplismic
sthn diatom . Sugkekriména, par"metroi a ebnai o ligoc embad,n tou q’luba 2_: kai to
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mhqaniki pososti oplismoO ! .

Exis,seic isodunambac

Sqma 3.14: Perbptwsh dokoO

. 0 Lo
Gia &k = 92 = d g 12

h h h 1
d=a +1 (_El + LE. _Eg)
fyd ' fyd
- : | s1 l2 s ]
s=a (05 ) 1 (222 (o5

A As
Gia K'je perbptwsh , w, A—Si

Upologismic thc kampulithtac astogbac gia n=0 “sh tou 3.4.1

Upologismic thc op ¢ astogbac

Teloc

Sqma 3.15: Di‘gramma o c gia diagramm’ta antoq ¢ dokoO



3.7 Upostul, mata

ProkOpton di"gramma

Sqma3.16: Di"gramma antoq ¢ dokoO gia dh—l = 0:05, g, = 67:5%,, paraboliki di\gramma

t"sewn-paramorf, sewn, poiithta skurodématoc C50=60

Den parathroOntai diaforéc par~ mino sthn anptuxh thc oriak ¢ op c. To Pdio su-
mpérasma pou ex"gjhke kai stic peript, seic aploO oplismoO. Bébaia oi amelhtéec diaforéc
sthn antoq ebnai shmantiki sumpérasma kaj,c epibebai, nei iti se orizintia stoigeba h anto-
g den metab’lletai ligw thc puknithtac.

H epal jeush twn diagramm™wn égine sugkrbnontac ta diagrrmmata me ﬁ = 0 me aut”

tou aploO oplismoO orjogwnik ¢ diatom c.

3.7 Upostul,mata

3.7.1 Diagrmmata allhlepbdrashc se monaxonik k™myh

QrhsimopoioOntai gia thn iplish orjwgwnik,n diatom,n upi monoaxonik k™myh kai
axonik dOnamh. Lamb™nontac upiyin iti sta upostul, mata up“rgei diaxonik k™myh
gia seismi kai gia statik” ortba ebnai pio swst h gr sh twn diagramm™twn diaxonik ¢
kmyhc pou a parousiastoOn sthn sunégeia.
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Exis,seic isodunambac

Sqma 3.17: Dun"meic se orjogwnik diatom diploO oplismoO

Gia tic oriakéc katast™seic astogbac,
Nsg = (a X) b h fCd Asy s1 T As c2

Mg =(@ x) b h feq (h=2 X) Asi1 s1 (h=2 di)+As; 2 (h=2 dy)

Diair ntac thn axonik kai thn op me b d fe kai b d? fe antbstoiga gia na gbnoun
adi"stata,
1 s2
d=a + 1 1 _St + 1 2 —
fyd fyd
dz
=a 0:5 1, =L (05 2)+1, 22 (05 -2
’ ( R o AR vl LI
Gia thn perbptwsh ! 1 =1, =0:5 | kai & =% = %O
g=a +05 ! (il+iz)
fya  fyd
d® sl , s2
g=a (0:5 )+05 ' (05 —) ( —+—=

Sthn perbBptwsh pou up“rgoun pollaplob oplismob oi parap™nw sgéseic metab’llontai kai
gbnontai,

¢=a (0:5 )+ — -

ipou Xxg h apistash tou oplismoO api thn pléon libimenh Bna tou skurodématoc.



3.7.1 Diagrrmmata allhlepbdrashc se monaxonik k"myh

Gia K’je perbptwsh kampulithtac, , w

Upologismic twn anhgménwn paramorf,sewn gia OKA “sh thc paragrfou 3.2

Upologismic twn anhgmeénwn ent’sewn “sh twn exis,sewn isodunambac

Teloc

Sg ma 3.18: Di"gramma o c gia diagr'rmmata allhlepbdrashc
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ProkOptonta diagrmmata

(ap)ProkOpton di"gramma

(p) Di"gramma allhlepbdrashc api ergast rio W.S. tou EMP

Sg ma 3.19: Diagr'mmata allhlepbdrashc, dh—1 = 0:15, ¢, = 67:5%, As1 = Ago, paraboli-
ki di\gramma t"sewn-paramorf sewn, fuk = 500 MPa, poiithta skurodématoc C50=60



3.7.1 Diagrrmmata allhlepbdrashc se monaxonik k"myh

(ap)di=h = 0:05

(p)d;=h =0:15

Sq ma 3.20: Diagrmmata allhlepBdrashc, omoiimorfh katanom oplismoO,
paraboliki di"\gramma t"sewn-paramorf sewn, C50=60

su = 67:5%,,
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'Os0 aux'netai o ligoc  d;=h tiso megalOterec ePnai oi diaforéc ligw thc puknithtac.
Praktikéc diaforec ston sgediasmi parousi"zontai gia d,=h 0:15. To gegonic iti up“rgei
kai libimenoc oplismic shmabnei iti gia metabol thc anhgmenhc paramirfwshc astogbac
metab’llontai kai oi dun"meic pou oplismoO.

Gia na aneb h praktik shmasba aut,n twn diagramm”twn.

| N(KN) [ ESEA =1400kg=m3 ESEA =1800kg=m® SKB ||

277 107 107 107
554 114 124 126
830 102 106 112

Pbnakac 3.1: M(KN) gia thn perbptwsh upostul, matoc me diast’seic ~ 35cm 35cm, 4 gwniak™
sbdera, s = 1%, poiithta skurodematoc C20=25, a,. = 0:85 kai epikluyh  d, = dy = 5cm.

| N(KN) [ ESEA =1400kg=m3 ESEA =1800kg=m?3 SKB ||

277 87 92 96.9
554 92 102 107
830 87 92 96.9

PPnakac 3.2: M(KN) gia thn perbptwsh upostul,matoc me diast’seic  35cm 35cm, omoiimor-
h katanom oplismoOQ, s = 1%, poiithta skurodematoc C20=25, a.. = 0:85 kai epik’luyh
dp = dp = 5cm.

Oi diaforéc se mia dusmen c perbptwsh poiithtac-epik’luyhc ePnai kat™ megisto thc
t"xhc tou 10% gia thn perbptwsh twn 4 gwniak,n kai tic t"xhc tou 15% sthn perbptwsh tou
omoiimorfou oplismoO. Sthn perBptwsh tou omoiimorfou oplismoO up’rqoun diaforéc
sto megalOtero eOroc twn tim,n. Sunep.c aPnetai iti h mePwsh thc anhgménhc paramor-
.sewc astogbac odhgeD se mei_ seic stic mégistec opéc astogbac kai h Oparxh endi"mesou
oplismoO odhgeb se megalOterec posostiaDec metaboléc se megalOtero eOroc tim n.

3.7.2 Diagrrmmata allhlepbdrashc se diaxonik k"myh

Me thn aOxhsh tou endi"mesou oplismoO metab’lletai h epirro thc puknithtac stic a-
naptussimenec opéc astogbac gia tautigronh axonik kai K"'myh. Aut h epirro aux'ne-
tai endeqomenwc sthn perbptwsh thc diaxonik ¢ K"'myhc pou gia di*forec gwnbec strof ¢
metab’lletai to pososti tou endi"mesou oplismoO.

Exis,seic isodunambac

Akolouj,ntac tic oriakéc katast’seic astogbac gia tugaba strof prokOptei to ex ¢

sq ma,



3.7.2 Diagrrmmata allhlepbdrashc se diaxonik k“myh

Sg ma 3.21: Paramorf,seic gia diaxonik k“myh

Sunep,c gia tugabo kai ,
L= b _ h
cos() sin()

Kat” Oyoc a isqQei,
=f(;y 9

Pou an’loga me thn periog OKA a ebnai,
= wt (L Y9

yO

= g+ (= LYY

= oy
cu

Dedoménou iti y®=x cos()+y sin(), gia k'je shmebo,

i=f(;x i cos()+y; sin())

i = (i)

Qwrbzontac thn diatom se k“'nnabo ny np
Gia to skuridema,
b h
Agi = — —
Np Np
ch;i = c;i Ac;i
nX Nh
Fc = dFC;i
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nX Nh
Iv”:c;x = Vi ch;i
i=1
nx np
MF¢,y = Xj dFg;
i=1
Gia ton g'luba
=2 =1 ( gn)
fya
dFs = s As
As
FS = dFS,I
i=1
Ais
MFsx = y dFg;
i=1
As
MFs,y = x dFg;
i=1

An ekfrastoOn adi“stata oi eswterikéc ent’seic,
Gia to skuridema,

P P
_ in:blnh dFg; _ in=blnh r:J_b r?_h ci _ nx Nh 1 e
b h feq b h feq Moo np fe
P
_omMy R Y a ow XMy 1
o b h2 fg b h2 fg . hony oy fe
P P
_ in:blnhxi dFci in:blnhxi ,% nh_h c:i_nXnh i 1 ci
o b2 h feq b2 h feq o, bonp np e
Gia ton q'luba, p P
b h fa b h fg '
P
_ in=51Yi dF; _XS Yi [ si
b h? fg  _ h ' fy
P
_ In:sl Xi ch;i _XS Xi s
A S
cd i=1 yd
Antbstoiga gia tic anhgménec paramorf,seic,
Perbptwsh 1,
=t (L x cos()*y sin()= o+ == (L (x cos()+y sin())=
x cos() y sin() x cos() y sin()
+ 1 + = wt 1 - =
cu (Cl 02) ( ( L L )) cu (Cl C2) ( (b:COS() h: Sln())

wtla @) @ (& cos()?+¥ sin()?)
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Perbptwsh 2

X
= su ( cl c2 (B COS( )2 + %

sin( )?))
Perbptwsh 3
X
= gt(a @) (< (¢ cos(+
cu

sin( )?))

Gia k'je perbptwsh , J, n, w

Upologismic twn anhgménwn paramorf sewn “sh thc paragr'fou 3.4.1

Upologismic thc anhgmenhc op ¢ “sh twn exis,sewn isodunambac

Teloc

Sg ma 3.22: Di"gramma o c gia dhmiourgba diagramm™twn diaxonik ¢ K"myhc

Katanom oplismoO

AntDjeta api ta diagr'mmata me op kat” thn mPa dieQjunsh éqei pia idiabterh sh-
masba kai h katanom twn oplism,n sthn diatom . Sunep,c a diereunhjeb h epirro thc
katanom c¢ twn oplism,n sta prokOptonta diagr'mmata sgediasmoO.

Sto epimeno di"gramma lamb™nontai di*forec peript,seic oplismoO.



Kef'laio 3. Sgediasmic diatom n upi orjéc ent’seic

Sg ma 3.23: Di"gramma diaxonik ¢ K"myhc “sh oplism,n an” pleur”, dp=b = d;,=h=0.05,
su = 67:5%,, paraboliki di"gramma t"sewn-paramorf sewn, fux = 500 MPa, poiithta
skurodématoc C50=60

Sunep,c up’rgoun shmantikéc diaforéc gia 4 sbdera kai gia thn omoiimorfh katanom
oplismoO. Qrei“zontai mino dOo diagr'mmata, éna di"gramma gia 4 gwniak™ sBdera kai &na
gia omoiimorfh katanom oplismoO.

ProkOptonta diagrmmata

An |hfieb mia perbptwsh upostul, matoc 50cm 50cm me epikluyh  dp = dp = 5cm
prikeitai gia de = dh—h = 0:10. Gia anhgmenh axonik an” 0.2



3.7.2 Diagrrmmata allhlepbdrashc se diaxonik k“myh

(ap)4 gwniak™

( p) omoiimorfh katanom oplismoO

[=X

Sq ma 3.24: Diagrrmmata diaxonik c K'myhc gia <2 = ‘L—“ = 0:10, g = 67:5%,, paraboliki

di"gramma t"sewn-paramorf,sewn,

b
fuk = 500 MPa, poiithta skurodématoc C50=60
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ParathroOntai aisjhtéc diaforéc gia tic treic peript,seic puknithtac. EPnai “xio na
shmeiwjeb iti gia thn perDptwsh twn 4 gwniak, n oplism .n den parathroOntai shmantikéc
diaforec gia proéqousa k“myh ewc = 0:4 en, gia omoiimorfh katanom oplismoO
parathroOntai diaforéc gia ilo to eOroc twn anhgménwn axonik,n. Bébaia, h epirro thc
puknithtac stic opéc antoq ¢ kajorbzetai ipwc kai sta diagr'mmata allhlepBdrashc api

ton ligo %b = dh—“ H aOxhsh tou ligou de = CL—“ odhgeb se megalOterec diaforéc sthn antoq
ligw thc puknithtac. ParathroOntai diaforéc api thn perbptwsh pia dh—l = 0:05 eidik

gia ton omoiimorfo oplismi.

An |hfijeb h antbstoigh perbptwsh me aut sta diagr'mmata monoaxonik ¢ K"'myhc

| N(KN) [ ESEA =1400kg=m3 ESEA =1800kg=m3 SKB ||

277 61 65 67
554 61 67 70
830 56 61 71

PPnakac 3.3: Mx My (KN) gia thn perBptwsh upostOlwmatoc me diast’seic 35cm  35cm),
= 45 , 4 gwniak™ sbdera, s = 1%, poiithta skurodématoc C20=25, a,. = 0:85 kai
epikluyh  dy = dy = 5cm.

| N(KN) [ ESEA =1400kg=m3 ESEA =1800kg=m3 SKB ||

277 51 56 58
554 54 58 61
830 51 56 58

PPnakac 3.4: M(KN) gia thn perDptwsh upostOlwmatoc me diast’seic  35cm 35cm, =45 ,
omoiimorfh katanom oplismoO, s = 1%, poiithta skurodématoc C20=25, a,. = 0:85 kai
epik’luyh  dp = dn = 5cm.

Oi diaforéc se mia dusmen c perbptwsh poiithtac-epik’luyhc ePnai kat™ megisto thc
t"xhc tou 20% sthn perbptwsh twn 4 gwniak,n kai thc t"xhc tou 12% sthn perbptwsh tou
omoiimorfou oplismoO. Sthn perBptwsh tou omoiimorfou oplismoO up’rqoun diaforéc
sto megalOtero eOroc twn tim n.

3.7.3 Diagrrmmata lugismoO

Ja InfjoOn upiyin kai ta ainimena 2ac t'xhc gia na exagjoOn sumper’smata gia
thn metabol thc antoq ¢ ligw thc puknithtac. Gia thn sOgkrish twn puknottwn a
grhsimopoihjeb h mejodoc tou pritupou upostul, matoc-onomastik ¢ kampulithtac ipwc
perigr-fetai sthn par"grafo 2.2.4.



3.7.3 Diagrrmmata lugismoO

Gia K'je perbptwsh ,w, I=h,n

Upologismic twn paramof,sewn astogbac “sh tou (3.4.1)

Upologismic twn op,n gia diakritopoihmenec kampulithtec “sh tou (3.4.2)

Upologismic thc op ¢ antoq ¢ ston “xona M gia k’je perbptwsh kampulithtac “sh tou (2.2.3)

Megisth op antoq c

Teloc

Sq ma 3.25: Di"gramma o ¢ gia diagrrmmata lugismoO
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ProkOptonta diagrmmata kai sOgkrish me ibliografbac

(ap)y = 10 (b)+ =20

(gb): = 30 (dp): = 40

o~ L=
(epPi"gramma tou ergasthrbou W.S. tou EMP me ;- = 30

Sqma 3.26: Diagrrmmata lugismoO, dh—l = 0:15 4, = 67:5%,, paraboliki di"gramma
t"sewn-paramorf,sewn, fuk = 500 MPa, poiithta skurodématoc C50=60



3.7.3 Diagrrmmata lugismoO

Diaforéc parousi“zontai praktik™ gia di=h  0:15 kai autéc ofeblontai se astogba tou
ulikoO. Gia mikriterec t"seic to di"gramma 2 tou EC2 den parousi“zei diaforéc sto SKB
kai sto ES. Auti ebnai ektic pragmatikithtac epeid to metri elastikithtac tou ES ePnai
mikritero api auti tou SKB kai a éprepe na lamb™netai upiyin sto digramma 2, afoO
auti to di\gramma grhsimopoiebtai gia ton élegqo tou lugismoO.

Gia thn perbptwsh upostul, matoc me diast™seic 35cm  35cm, 4 gwniak™ sbdera, ¢ =
1%, poiithta skurodématoc ~ C20=25, a.. = 0:85 kai epik“luyh dp = dy, = 5cm anex’rthta
api thn lughrithta parathrebtai iti den up“rqoun diaforéc metaxO twn 3 puknot twn.






Kef'laio

Plastimithta diatom,n

Me touc pio prisfatouc kanonismoOc dbnetai h epilog ston meletht na sqgedi‘sei
oreDc me mikritero seismiki ortbo itan ikanopoiebtai mia dedomeéenh plastimithta ston
oréa. Me autin ton tripo gia megalOterouc seismoQc api autin tou sgediasmoO dhmiour-
goOntai hmiéc qwrDc na katarreOsei 0 oréac. Aut h plastimithta ikanopoieDtai mésw twn
kataskeuastik,n diat"xewn pou dbnontai api ton kanonismi all” kai api thn plastimith-
ta twn diatom,n. B"sh tou suntelest sumperifor’c me ton opobo sgedi“zetai o oréac
apaiteBbtai sugkekrimenh plastimithta kampulithtac diatom n [6].

Plastimithta kampulithtac orbzetai wc ton ligo,

ipou  h kampulithta kat™ kat™ thn astogba kai y h kampulithta kat™ thn diarro .

Se orjogwnikéc diatoméc a ewrhjeb diarro thc diatom ¢ h diarro tou efelkuimenou
oplismoQ. O ligoc ePnai h apitomh mePwsh thc efaptoménhc duskamybac améswc met” thn
diarro tou efelkuimenou oplismoO.

Prépei na epishmanjeb iti gia thn g'raxh twn diagramm™wn a grhsimopoihjeb to di-
"gramma t’sewn paramorf sewn 2-perbsfixhc tou skurodématoc pou grhsimopoioOntai

gia OKA.

4.1 Arijmhtikec diadikasbec

4.1.1 EOresh kampulithtac diarro ¢ gia dedoménh axonik

Katarg n a prépei na diapistwjeDb an o oplismic diarréei h igi. Ja upologisjeb h
axonik estw y gia paramirfwsh diatom c s1 = sy kai 2 = . Aut h perbptwsh
entashc antistoigeb se perbptwsh astogbac. EPnai profanec “sh thc paragrfou (3.4.1)
iti an h axonik ePnai megalOterh api aut thn perBptwsh a isqOei s1 > sy. Opite
to an o g'lubac diarréei iqi se k’poia diatom kajorbzetai api thn tim thc anhgménhc
axonik ¢ se sgésh me thn .
AfoO kajoristeP iti diarréei o q’lubac anazhteBtai h kampulithta diarro c. Gia ton
skopi auti lamb”netai s1 = sy kai me metablht thn kampulithta mésw thc mejidou thc
digotimhshc upologbzetai h kampulithta étsi ,ste = .
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4.1.2 Upologismic anhgménwn paramorf sewn dedoménhc thc entatik ¢
kat"stashc M kai N

Qrhsimopoiebtai dipl digotimhsh gia thn eOresh twn anhgménwn paramorf,sewn. Su-
gkekriména lamb™nontai dOo “kra gia thn kampulithta, mPa gia thn diarro kai mPa kont
sto mhdén (gia na ebnai di"foro tou mhdenic) kai me metablht thn kampulithta upo-
logbzontai gia k'je tim thc kampulithtac “sh thc paragrifou (3.4.2) oi anhgménec
paramorf seic thc diatom c.



4.2 Plastimithta me gr sh tou diagr'mmatoc 2

4.2 Plastimithta me gr sh tou diagr'-mmatoc 2

Diagrmmata op,n-kampulot twn

Sg ma 4.1: Di"gramma
ta skurodématoc  C50=60

h , n=0 paraboliki di"gramma t"sewn-paramorf,sewn, poiith-
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Di"gramma mf-n

Sq ma 4.2: Kampulithtec diarro c kai astogbac

Dedomeénou iti grhsimopoioOntai anhgmeénec kampulithtec,

Gia k'je perbptwsh n,w

Upologbzontai “sh tou (3.4.1) oi paramorf, seic astogbac

Upologbzetai “sh tou (4.1.1) h paramirfwsh diarro ¢ an up’rgei

Upologbzetai h plastimithta thc diatom ¢

Teloc

Sqma 4.3: Di"gramma o c gia di"gramma mf-n



4.2 Plastimithta me gr sh tou diagr'mmatoc 2

ProkOpton di"gramma

Sg ma 4.4: Di"gramma mf-n me Asl = As2,

dy

h

= 0:10, ¢, = 67:5%,, paraboliki di"gramma

t"sewn-paramorf, sewn, fuk = 500 MPa, poiithta skurodématoc C50=60

Gia n=0 an I"boume wc par"metro ton ligo

As2=As1 prokOptei,



Kef'laio 4. Plastimithta diatom,n

Sg ma 4.5: Di"gramma mf-w, = 0, dh—l = 0:10, ¢ = 67:5%,, paraboliki di"gramma
t"sewn-paramorf sewn, fuk = 500 MPa, poiithta skurodématoc C50=60

Antbjeta api ton upologismi thc antoq ¢ h puknithta tou skurodématoc ephre”zei éntona
thn plastimithta twn kampulot twn. Parathrebtai iti anexrthta api thn axonik oi diafo-
ec sthn plastimithta ePnai sqedin stajeréc. Me thn mebwsh tou ligou As2=Aq; parathrebtai
iti mei,nontai oi diaforéc ligw thc puknithtac. Me thn mebwsh thc puknithtac mei netai h
paramirfwsh astogbac tou skurodématoc. H mebwsh thc paramirfwshc astogbac tou skuro-
dématoc odhgeb se mebwsh thc paramirfwshc tou libimenou q'luba. Mei netai epbshc kai
paramirfwsh tou efelkuimenou q’luba afoO a prépei na auxhjeD h libimenh perioq
tou skurodématoc gia na anaptugjeb h aparabthth liptik dOnamh. Dedoménou iti h diatom
rDsketai se leitourgba h kampulithta diarro ¢ ebnai Bdia anex’rthta thc puknithtac.



4.3 Plastimithta upostulwm™wn upi perbsfixh

4.3 Plastimithta upostulwm™twn upi perbsfixh

Se upostul,mata ipwc aPnetai api to di"gramma gia axonikéc megalOterec
api = 0:2 anaptOssetai anepark plastimithta. '‘Omwc sthn perBptwsh twn upostulw-
m“twn to skuridema sto pur na déqetai pleurik pBesh api touc egk'rsiouc sundet rec
se sunduasmi me touc diam keic oplismoOc. Aut h egk’rsia pPesh dhmiourgeD sunj kec
triaxonik ¢ katapinhshc pou aux™nei thn antoq kai thn paramirfwsh astogbac tou sku-
odematoc. Auti den lamb™netai ébaia ston sqediasmi all” lamb”netai sthn plastimithta
thc diatom ¢ an"loga me thn kathgorba plastimithtac tou oréa. Sugkekriména gia kata-
skeuec uyhl ¢ plastimithtac apaitebtai se ilec tic krbsimec diatoméc en, gia kataskeuéc

meéshc plastimithtac apaitebtai mino sthn “sh tou upostul, matoc.

Jewrhtiki upibajro

Sq ma 4.6: Kampulithtec diarro ¢ kai astogbac

H astogba pia tou skurodématoc kajorbzetai api to di"gramma t"sewn paramorf, sewn
skurodématoc upi triaxonik katapinhsh tou EC2.
Gia dedoménh perbsfix a ! w [7],

H diadikasba dhmiourgbac twn diagramm’twn me perbsfixh ePnai antbstoigh me ta prohgo-
Omena diagrmmata. Sthn perBptwsh aut prépei na IhfieD upiyin kai h apoflobwsh tou
skurodématoc. Tupik™ se Bnec pou to skuridema egei xeper~sei thn anhgmenh paramirfw-

sh astogba to skuridema éxw api ton pur na apofloi,netai kai den leitourgeP pia sthn
diatom .

Gia ligouc upologistik ¢ aplithtac thc prosomobwshc ewrebtai iti,

" An astoq sei h akrian Pna apofloi,netai oliklhro to tm ma thc libimenhc ,nhc

pou rbsketai ektic tou pur na.

" Gia na mhn eisagjoOn parap™nw par"metroi o pur nac tou skurodématoc gar’zetai
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api ta kéntra twn diam kwn oplism n.

Gia K'je perbptwsh  , d;=h, I w

(3) diarro ¢ me apoflobwsh

(%) astogbac me apoflobwsh

(%) diarro ¢ gwrbc apoflobwsh

T c2 > cu
Oqi
{ Teloc

Sq ma 4.7: Di"gramma o c gia diagrmmata plastimithtac upostulwm™twn upi perbsfixh



4.3 Plastimithta upostulwm™twn upi perbsfixh

Diagr'mmata op,n kampulot twn

Sgma 4.8: Diagrrmmata h , di"gramma t'sewn paramorf sewn triaxonik ¢ kata-
pinhshc, ! = 0:13, den lamb™netai upoyin apoflobwsh skurodématoc, fukx = 500 MPa,
poiithta skurodématoc C50=60
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Di"gramma mf-n

Sgma 4.9: Di'gramma mf-n gia ! = 0:4, Asl = As2, dh—l = 0:10, di"gramma t"sewn para-
morf sewn triaxonik katapinhshc, fuk = 500 MPa, poiithta skurodématoc C50=60
Sthn perbBptwsh aut me gr sh twn diagramm™twn ipwc perigrifontai ston EC2 oi dia-

orec ebnai shmantikéc. 'Oso aux'netai h perbsfixh tou skurodématoc tiso aux"nontai kai
oi posostiabec diaforéc thc plastimithtac twn diatom n “sh thc puknithtac. O asikic
par“gontac twn diafor n thc plastimithtac ebnai h mebwsh sthn paramirfws astogbac.

An Ihfieb uplyin h diirjwsh thc sgéshc tou EC2 “sh peiramatik ¢ diereOnhshc pou
pragmatopoi jhke se kisshridema, h plastimithta mei netai akima parap™nw. Sugke-
kriména periorDzetai h paramirfwsh astogbac tou skurodématoc sOmfwna me to sq ma 4.10

2]
86 |



4.3 Plastimithta upostulwm™wn upi perbsfixh

Sqma 4.10: Megisth paramirfwsh cu proc ! w gia dokbmia kisshrodématoc kai ewrh-
tik eujeba kata EC2 [2]

An Ihfjeb periorismic cu 0:02 gia thn perbptwsh tou kisshrodématoc prokOptei,

(ap)skuridema kanoniko® “rouc (p) kisshridema = 1800 kg=m 3

(gbkisshridema = 1400 kg=m 3

Sgma 4.11: Diagrmmata mf-n, ! = 0:4, Asl = As2, dh—l = 0:05, perisfigmeéno di-

"gramma t"sewn paramorf,sewn me diirjwsh “sh thc peiramatik ¢ diereOnhshc, poiithta
skurodématoc C50=60

Parathrebtai iti peran miac sugkekriménhc tim ¢ perbsfixhc I w den up'rgei aOxhsh
sthn plastimithta anexrthta api thn anhgménh axonik .






Kef’laio

Diagr'mmata leitourgbac

5.1 Diagr'mmata t"sewn paramorf sewn

Ektic api ta diagrmmata sgediasmoO kai plastimithtac pou anaférontai se oriakéc
katast"seic astogbac idiabtero endiaféron gia endi"mesec katast"seic parousi“zoun oi o-
iakéc katast"seic leitourgikithtac. An IhfjoOn ta diagr'mmata t"sewn-paramorf,sewn
se leitourgba,

Sg ma 5.1: Diagrmmata t"sewn-paramorf, sewn gia fex = 20MPa, acc = 0:85

~ FaPnetai apeujePac iti gia mePwsh thc puknithtac mei_ netai kai to métro elastikithtac.

~

Ta ESEA parousi"zoun megalOterh grammikithta ulikoO éwc thn diarro tou skuro-
dématoc.
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~

To ESEA ebnai pio yajuri api to SKB.

5.2 Suntelestéc pl rwshc kai kentrou “rouc

Sthn perbptwsh twn diagramm™twn leitourgBac oi suntelestéc dOskola upologbzontai
apeujeBPac me thn gr sh oloklhrwm™wn. Gia ton ligo auti me gr sh thc sumbolik ¢
gl,ssac tou matlab © upologbsjhkan apeujebac ta oloklhr,mata thc paragr-fou (3.3)
gia peript,seic , fa pou a grhsimopoihjoOn, ana ¢ = 0:01%,. Qrhsimopoijhke
grammik parembol gia tic endi"mesec timéc.

Ta diagr'mmata pou proékuyan endeiktik™ gia foc = 20MPa kai acc = 0:85 ebnai ta ex c,

(ap)Suntelest ¢ pl rwshc ('p) Suntelest ¢ kéntrou “rouc

Sg ma 5.2: Suntelestéc diagrrmmatoc 1 - anhgmenhc paramirfwshc, fac = 20MPa, ac. =
0:85

Parathrebtai apeujebac iti to ESEA api touc suntelestéc, pou kajorbzoun thn sumperi-
or” tou, leitourgeP sqedin grammik™. H aplopoihtik paradoq gia trigwnik katanom
t'sewn a tan akrib c. Antbjeta to SKB parousi“zei k’poiec mh grammikithtec, kurbwc
met” thn tim diarro c c= o

5.3 Arijmhtikéc diadikasbec

Upologismic anhgmenwn paramorf,sewn dedomenhc thc entatik ¢ kat"stashc M
kai N

Katarg n gia dedoménh axonik a prépei na diapistwjeb iti h op ebnai abxousa thc
kampulithtac dedomenou iti to di"gramma t"sewn-paramorf,sewn tou skurodématoc den
ebnai monitono. H op ePnai to ginimeno thc dOnamhc tou qluba kai tou moglobragbona
opite autob ebnai kai oi par"gontec pou ephre”zoun thn monotonba. Bébaia éwc thn diar-
o o ujmic aOxhshc thc dOnamhc tou g’luba ePnai ter'stia kai episki"zei thn pijan
mebwsh tou moglobragbona pou ebPnai genik™ mikr . Gia autin ton ligo sthn periog twn
kampulot twn éwc thn diarro h op a ePnai aOxousa thc kampulithtac.



5.4 Diagrrmmata op ¢ kampulot twn kai temnousac duskamybac kampulot twn dok,n

Me dedomeénh pia thn monotonba grhsimopoieBtai dipl digotimhsh gia thn eOresh twn
anhgmenwn paramorf sewn. Sugkekriména lamb™nontai dOo “kra gia thn kampulithta,
mba gia thn diarro kai mba kont™ sto mhdén (gia na ebnai di“foro tou mhdenic) kai me
metablht thn kampulithta gia k'je tim thc kampulithtac me thn par“grafo (3.4.2)
upologbzontai oi anhgmenec paramorf seic thc diatom c.

5.4 Diagrrmmata op ¢ kampulot twn kai ttmnousac duskam-
ybac kampulot twn dok,n

Ta diagr'mmata aut™ ePnai aparabthta gia na aneb h metabol thc op ¢ kai thc
temnousac duskamybac “sh thc puknithtac.

Sqma 5.3: K'myh dokoO me apli oplismi

Exis,seic isodunambac

Gia thn dhmiourgba twn diagramm™twn leitourgbac a Ihfieb pia kai h efelkustik
dOnamh tou skurodématoc.
Up“rgoun dOo st"dia tou skurodématoc sta diagr'mmata leitourgDac. To st'dio 1 ipou h
diatom ewrebtai arhgm™twth kai to st’dio 2 ipou h diatom égei hgmatwijeb pl rwc(den
lamb™netai upiyin h efelkustik dOnamh tou skurodématoc).
Gia endi"mesec katatast"seic grhsimopoiebtai o nimoc hgm“twshc thc paragr-fou 2.2.4.

Exis,seic isodunambac

Gia thn arhgm™twth diatom ,
N=Fa Fe Fs=(a1 x) b h fog (@2 (1 x)) b h feg+tAsa s

Msg = (a1 x) b h feg (h=2 1 x) (@2 (1 x)) b h fq (h=2 > (1 x)) As1 s1 (h=2 dy)

Diair,ntac thn axonik kai thn op me b d fe kai b d? fe antbstoiga gia ha gbnoun

adi"stata éqoume,

d=ai a, (1 )+ 1 st
fyd



Kef'laio 5. Diagr'mmata leitourgbac

d = a 05 1 ) a (T ) (05 , @ ) !y =

Antistobgwc gia thn hgmatwmenh,

d=ap +1, =
s1 dy
d = ai o5 1 ) 'y — (05 —)
frq h

M=b h2 fq _ El
h h b h3 feq

R
5 )



5.4 Diagrrmmata op c kampulot twn kai ttmnousac duskamybac kampulot twn dok n

Gia k'je perbptwsh ~ , fx, d1=h

Upologbzetai h op hgm“twshc kai h kampulithta gia thn op hgm“twshc
me thn e rhsh iti eBnai arhgm’twth h diatom

Upologbzetai h kampulithta diarro ¢ thc diatomhc “sh thc paragr~fou 4.1.1

Upologbzetai h anhgménh paramifwsh tou g’luba gia thn op hgm“twshc
me thn e,rhsh hgmatwmeénhc diatom ¢

Gia kK'je op ewc thn op diarro ¢ upologbzetai h t"sh tou g luba kai
h kampulithta  h , me thn e ,rhsh hgmatwmeénhc diatom c

Upologbzetai h kampulithta h
me thn e, rhsh arhgm“twthc diatom c

Upologbzetaito =1 (%)z

Upologbzetai h kampulithta h = h;+(1 ) h,

Teloc

Sqgma 5.4: Di"gramma o c gia diagrymmata M- kai EI-M



Kef'laio 5. Diagr'mmata leitourgbac

ProkOptonta diagrmmata

(ap)Di"gramma op ¢ kampulot twn

( p) Di"gramma témnousac duskamybac

Sg ma 5.5: Diagrrmmata leitourgbac, d;=h = 0:05, foxk = 20, =1, a,. = 0:85, di"gramma
t"sewn-paramorf,sewn gia mh grammik an’lush, nimoc hgm“twshc tou EC2



5.5 Di"gramma elégqou el,n grammik,n oréwn

Apeujebac aPnetai iti ta ESEA leitourgoOn pio yajur” kai me mikriterh duskamyba.

Idiabtero endiaféron parousi“zei to di"gramma témnousac duskamybac pou apaitebtai gia thn

eOresh el n. Parathrebtai iti h diafor” thc ttmnousac duskamybac gia arhgm’twth dia-
tom ebnai polO meg’lh en, gia hgmatwmeénh diatom oi ttmnousec duskamyPec sugklBno
Epbshc ebnai “xio na shmeiwjeb iti pariti oi opéc hgm“twshc égoun mikréc diaforéc oi
temnousec duskamybec arhgm“twthc diatom ¢ mei,nontai shmantik™ gia mikriterec puknith-
tec.

5.5 Di"gramma elégqou el.n grammik n orewn

Idiabterh shmasba éqei pia na lhfjeb upiyin kai h mebwsh tou “rouc tou elafrosku-
odématoc. Se auti to shmebo a exetasjeb kat™ piso ephre”zei h metabol thc duskamybac
kai tou “rouc ta élh pou prokOptoun se aploOc grammikoOc orebc. Sugkekriména, a
upologistoOn ta aparabthta p“gh gia na ikanopoioOntai oi OKL gia di“forec peript,seic
anoigm’twn kai grammik,n oréwn.

O eleggoc el,n pou apaitebtai gia tic OKL ePnai,

~

c+0:3 g < L=250, gia na ni jei asf’leia o gr sthc
0:30 < L=500, gia mhn prokihjoOn hmiéc se euabsjhta gwrbsmata

Sthn sugkekriménh par“grafo upologbzontai ta apaitoOmena el gista p“gh hmin €tsi ,
na ikanopoioOntai oi prohgoOmenec sunj kec se aploOc grammikoOc orebc. Autob oi oreBc
parousi“zontai kai se ktiriakéc kataskeuéc(p.q. pl’ka kamptimenh kat™ mba dieOjunsh,
priboloc k.t.l.).

Diadikasba dhmiourgbac tou diagrmmatoc

O upologismic twn pag,n a gbnei gia tic tésseric asikéc peript,seic grammik,n o-
ewn, dhlad gia amfiéreisth, amfbpakth, monipakth dokic kai priboloc. O upologismic
twn el,n a gbnei me thn arq twn dunat,n ergwn. Opite to éloc a Ihfieb wc,

Z Z
Mi M M M
d= dL + @a ) dL
0 Elx 0 El2
ipou,
=1 %
M
aplopoihtik™ lamb™nontai oi opéc gia ton upologismi tou gia thn apofug poll.n

epanal yewn sto prigramma. Sugkekriména an lamb™nontan oi t"seic ston upologismi
tou a eprepe gia K'je diatom na gbnei diadikasba thc paragrifou (5.3) aux"nontac
shmantik™ ton grino ekteleshc tou progrrmmatoc qwrbc meg’lh diafor” sto apotélesma.
Gia peript,seic statik,n prosomoiwm™twn pou anaférjhkan a grhsimopoi soume gew-
metrik™ garakthristik”™ kai ortba étsi ste na antistoiqoOn se pragmatikéc peript seic
plak,n.

un.

ste
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Gia k’je perBptwsh , statikoO prosomoi, matoc, L

Eklog argikoO Oyouc gia na ePnai mikriterh thc oriak ¢ gia = —=

cu

sy

Upologismic tou aploO oplismoO sto “noigma kai sthn st rixh

Upologismic thc op ¢ hgm“twshc gia to “noigma kai thn st rixh
Upologismic thc temnousac duskamybac gia hgmatwmenh kai arhgm™twth diatom

Diakritopobhsh tou oréa kai euresh tou M, M;j kai  k'je diatom c

EOresh tou élouc  ¢.30 kai  G+0:30

- . L . L
d =d + 0:001 oq 0:3Q < Fgp G+0:3Q < Z5g

Nai

Elgisto Oyoc gia ikanopobhsh élouc

Teloc

Sg ma 5.6: Di"gramma o c gia diagr'mmata el gistou p“qouc

Diagrmmata sOgkrishc

An |hfjeb to Bdio ortbo gia tic diaforetikéc peript,seic puknithtac abnetai apeujebac
h diafor” sta apaitoOmena p“gh.



5.5 Di"gramma elégqou el,n grammik,n oréwn

Sqma 5.7: Di"gramma el"gistou p~qouc-anobgmatoc gia orjogwnik diatom .
P = 5KPa, f,x = 20MPa, d, = 0:04m, = 0:5, acc = 0:85, di"gramma t"sewn paramorf se-
wn gia mh grammik an”lush, nimo hgm“twshc tou EC2

Gia perbptws oikbac

Sg ma 5.8: Di"gramma el gistou p"qouc-anobgmatoc gia orjogwnik diatom .
G = 1:5KPa kai Q = 2KPa, fox = 20MPa, d;, = 0:04m, = 0:5, a,c = 0:85, di"gramma
t"sewn paramorf,sewn gia mh grammik an’lush, nimo hgm“twshc tou EC2



Kef'laio 5. Diagr'mmata leitourgbac

Gia perbptwsh grafeBwn me meg’la ortba epikalOyewc

Sg ma 5.9: Di"gramma el qistou p"qouc-anobgmatoc gia orjogwnik diatom .
G = 2:5KPa kai Q = 5KPa, fex = 20MPa, d,, = 0:04m, = 0:5, acc = 0:85, di"gramma
t"sewn paramorf, sewn gia mh grammik an’lush, nimo hgm“twshc tou EC2

Gia Bdia ortba oi mikriterec puknithtec odhgoOn se megalOtera p"gh. Gia tupikéc pe-
ipt,seic imwc aPnetai iti h tautigronh mebwsh tou “rouc kai thc duskamybac odhgeb se
sgedin Bsa élh anex’rthta api thn puknithta. Sunep,c gia thn perbptwsh grammik,n o-
ewn oi diaforéc sta élh ligw thc puknithtac ebnai amelhtéec.



Meroc [N

SOgkrish ston sgediasmi pentairofhc

plaisiwt ¢ kataskeu c







Kef'laio E

Tegnik ekjesh pentairofhc kataskeu ¢ me sku-

idema kanonikoO “rouc

E ; to kef’laio auti gbnetai ma proc ma sqediasmic oréa kat” tic diat™xeic tou
EC2 kai EC8. O oréac prikeitai gia pentairofh kataskeu apoteloOmenh api
sumpageBc pl'kec, dokoOc, upostul mata kai emelbwsh dia pedilodok,n.

6.1 Gewmetrba
Prikeitai gia kataskeu triwn anoigm™twn pl“touc 6m kai pénte orifwn meiktoO Oyouc

h =3m.

6.2 Paradoqgéc

Mejodoi upologismoO
" EpPlush plak,n kat” Czerny
Upologismic twn statik,n ent"sewn meésw elastik ¢ an’lushc tou qwrikoO plaisBou

Upologismic seismik,n ent’sewn mésw idiomorfik ¢ an“lushc tou qwrikoO plaisPou.

ulik®
" Skuridema C20/25
" Q%lubac B500
" Suntelest ¢ asfaleDac skurodématoc ¢ =15
" Suntelest ¢ asfalebac q’luba s = 1:15
Fortba

" B"roc oplisménou skurodématoc ~ 25KN=m3
~ B’roc mpatik ¢ optoplinjodom ¢ 3:60KN=m?
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"~ Epik’luyh plak,n 1:50 KN=m?
© Kinht" plak,n: JewroOme gr sh katoikDac 2:00KN=m?2
" Kinht" d matoc  2:00KN=m?

" Suntelest ¢ asf’leiac minimwn ortbwn c = 1:35

" Suntelest ¢ asf’leiac kinht,n ortbwn o =1:50

Seismologik™ stoigeba
~ Kathgorba meéshc plastimithtac
~ Z.nh seismik ¢ epikindunithtac Z1 (agr = 0:16)
" Spoudaiithta dom matoc S2 (1 = 1:00)
" Kathgorba ed*fouc B 1:50KN=m?
" Suntelest ¢ seismik ¢ sumperifor’c: Prikeitai gia polu,rofo plaisiwti polOstu-
lo plabsio, opite q = 3:9 (EC8-85.2.2.2).
Allhlepbdrash edfouc-kataskeu c

" ProsomoPwsh mésw elathrbwn wrinkler . JewroOme mia perbptwsh galar ¢ "mmou
amm, douc argblou me métro elastikithtac Es = 30MPa kai ligo poisson = 0:2.

" Epitrepimenh t"sh ed"fouc 0:20MPa

6.3 Sqgediasmic plak,n

Epik’luyh plak,n ( EC2-84.4.1)

Gia kathgorba ekjesh XC1 api ton pbnaka E:1N abnetai iti h kathgorba skurodématoc
C20=25 kalOptei thn el'gisth apabthsh.
Prikeitai gia sun jhc kataskeu opite h kathgorba kataskeu ¢ ePnai S4.
Gia diam keic F8,
Cminb = 8mm

Crin:dur = 15mm
Cdur; = Cdurst = Cduradd =0
Cmin = Max (Cmin:b ; Cmind:dur +  Cdur; Cdur;st Cduradd ; 10mm) =
max (8;15;10)mm = 15mm
Chom = Cmin ¥ Cdev = 15mm + 10mm = 25mm
di = Chom + =2 =25mm + 8mm=2 = 29mm

Jéetoume d; = 30mm
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6.3.1 Omadopobhsh plak,n

6.3.1 Omadopobhsh plak,n

'Eqoun |hfieb ta Bdia ortba gia ilec tic pI’kec. Dedomeénou iti ePnai summetrik h

kataskeu grei“zetai na sgediastoOn oi 3 pl'kec.

Sg ma 6.1: Omadopobhsh plak,n

6.3.2 Sgediasmic pl’kac 1

Prikeitai gia pI’ka edrazimenh kat" tic tésseric akméc kai pakt,menh kat" tic dOo.

Statiki Oyoc

Dedoménou iti o sqediasmic égine me skopi thn sOgkrish twn puknot twn a éprepe na
epilegjeb to el"gisto Oyoc gia k'je perbptwsh puknithtac. Bébaia h apallaktik di“taxh
tou EC2 mporeb na odhg sei kai se statik® Oyh ta opoPa ebnai ektic pragmatikithtac.
Gia ton ligo auti epilégjhke kai stic dOo peript,seic pl'ka p“qouc h = 15cm. P"qoc
to opobo gia thn perbptwsh anobgmatoc 6m mporeb na ewrhjeb arket™ mikri. Sunep,c
gia epik’luyh d; = 3cm, statiki Oyoc a ebPnai  d = 12cm. Ja eleggjeD sthn sunégeia to

statiki Oyoc “sh tou EC2

Jewrhtiki "noigma plak,n ( EC2-8.3.2.2)
Lamb netai pl'toc exwterik ¢ dokoO b = 25cm kai pl'toc eswterik dokoO b = 30cm.

0:30m

Lnx = Loy =6m  0:25m = 5:60m

min (1=2 h;1=2 t)=min(1=2 15cm;1=2 25cm) = 7:5cm

ap

min (1=2 h;1=2 t)=min(1=2 15cm;1=2 30cm) = 7:5cm

az
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lef =1y +a;+a, =5:75m ! 5:80m

Fortba

G =0:15m 25KN=m? + 1:5KN=m? = 5:25KPa

Q = 2KPa

Pesoeid ¢ ortbseic

p; =1:175 G+0:75 Q=1:175 5:25+0:75 2=7:67! 7:7KPa

p =0:175 G+0:75 Q=0:175 5:25+0:75 2=2:42! 2:5KPa

Ent"seic

Api touc pbnakec Czerny gia pl'ka edrazimenh stic tésseric akmeéc kai pakt,menh stic

dOo mely=l, = 1

Mepan = P1 17=42:7 + p, 1%=27:2=7:7 5:8°=42:7 +2:5 5:8°=27:2 = 10KNm=m
Meyp = p1 1°=14:3+p, 1%=11:9 =7:7 5:8°=14:3 +2:5 5:8%=11:9 = 26KNm=m
Sthn eswterik st rixh,
Veup1 = (P1 + p2) 1=1:96 = (7:7 + 2:5) 5:8=1:96 = 31KN=m
Sthn exwterik st rixh,

Veupiz = (1 + p2) 1=2:76 = (7:7 + 2:5) 5:8=2:76 = 22KN=m

El"gistoc oplismic ( EC2-89.2.1.1)

Asmin = min (0:26  fcm=fy;0:0013) by d =

min (0:26 2:2=500;0;0013) 100 12cm?=m = 1:56cm?%=m

Mégisth apistash oplism,n( EC2-83.3.1.1)

Smin = Min (1:5 h; 200mm) = min (1:5 150;200)mm = 200 mm
Opite gia elgisto oplismi F8, As =0:5 0 =2:5cm?=m
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6.3.2 Sgediasmic pl’kac 1

ApaitoOmenoc oplismic anoBgmatoc( EC2-86.1)

m 10KNmM=m
== = 0:06
ds fgq 0:12< 11:3MPa
Api pPnakec aploO oplismoO
I =0:062
fed cm 11:3 2
As=! b d —=0:062 100— 12cm —— =2cm
fyg m 435
Topojetebtai o el"gistoc, F8/20  (As = 2:5cm?=m)
ApaitoOmenoc oplismic st rixhc( EC2-86.1)
m 26 KNm=m
= = = 0:16
d2 feg 0:122 11:3MPa
Api pPnakec aploO oplismoO
I =0:175
fed cm 11:3 2
As=! b d —=0:175 100— 12cm —— =5:5cm
yd m 435

Apaitebtai epipléon,
As = (5:5 2:5)=3cm?=m

étoume epipléon, F8/15  (3:3cm?=m)

Antoq di'tmhshc( EC2-86.2.2)

r r
200 200
k=1+ “— =1+ “= =23 21 k=2
d 120
c. 018 _018
Rdie . 1:5 '

mn = 0:035 k3% {172 =0:035 2% 20 1=2=0:443

Eswterik st rixh
As1 _ 2:5+3:3

by, d 100 12

=0:5%< 2%

VRd;c = max (CRd;c k (100 | fck)lzs; min) bW d=
_ 1000 mm
max (0:12 2 (100 0:5% 20)'73;0:443) — . 120mm =

1000 mm
max (0:517;0:443) T 150 mm = 77:6KN=m

Sunep,c an gbnei o élegqoc sthn st rixh(upér thc asfalebac)
Ved = 31KN=m <V ggc = 77:6KN=m
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Exwterik st rixh Gia thn exwterik strixh an Ihfieb h el’gisth témnousa pou ebnai
uper thc asf’leiac,

1000 mm
VRae = 0:443 T 150 mm = 66:5KN=m

Veg = 22KN=m < V pge = 66:5KN=m

Rhgm“twsh( EC2-§7.3.3)
[8] Sto "noigma

" Upologismic Oyouc oudéterou “xona,

Eem b X?=2=Es As (d x)! 30 100 x?=2=200 2:5 (12 x)! x =1:9cm

" Upologismic thc t"shc ston efelkuimeno oplismi

G+0:3 Q 5:25+0:3 2

M = =
#7135 G+15 Q P T 135 525+15 2

10KNm=m = 5:8KNm=m

Mgis _ 5:8KNm=m

= = = 204 MPa
* (d x=3) As (12 1:9=3)cm 2:5cm2=m

~ Upologismic,
Gia makroqrinia irtish, ki =0:4

heet = min(2:5(h  d);(h  x)=3;h=2)=min(2:5 (15 12);(15 2:3)=3;15=2) =

min (7:5;4:2;7:5)cm = 4:2cm

As _ 2:5cm?=m

eff = = 60:00
' Ac:eff 4:2cm
fete .
e ke L (L+ae o) 204MPa 0:4 ZZMPA (146:67 6%)
smooem = Es - 200 GPa -
s 204 MPa

0:26 < — =06 ———=
Es 200 GPa

~ Upologismic mégisthc apistashc wgm,n
s>5 d; =5 3cm =15cm, opite Spmax = 1:3 (h x)=1:3 (15 1:9)=17cm

" Upologismic tou pl*touc twn wgm_n
W, =0:61%, 172mm = 0:11mm
pou ikanopoiebtai
Sthn eswterik st rixh
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6.4 Statiki prosomobwma oréa

H X Msis c e Neieft ;eff sm cm Sr;max Wk H
| 2:7cm  15:1KN=m 235MPa 6.67 4:lcm 1:4% 0:79%, 160mm 0:13mm ||

PPnakac 6.1: Stoigeba hgmat,sewc gia st rixh pl"kac 1

Apallag api élegqo elouc( EC2-87.4.2)

Kat™ eurwk, dika 2
Qwrbc na IhfieD h diirjwsh ligw thc meiwmeénhc t"shc oplismoO(upér thc asfaleDac),

As: 2:2
Ac 100 12
P— P—
0= fa%o= 20%,=4:5%,
< ( opite,
| pP— P— 3=2
=18 [11+15 ik L2432 Rk (=2 1) 1=
P— 45 P— 45 3=2 580
1:3 [11+15 20 — +3:2 20 (— 1) ]=70! = — =8:3< 12cm
1:8 1:8 70

Opite den apaitebtai élegqoc el n.

Sgediasmic pl'kac 2,3

H pl'ka 2 ebnai paktwmeénh stic tésseric pleuréc, h plI’ka 3 ebnai paktwménh kat™ 2
kai h pl'’ka 1 ePnai paktwmeénh stic dOo. Lamb nontac upiyin to gegonic iti éqoun thn
bdia gewmetrba kai irtish kai lamb™nontac upiyin thn statik leitourgba twn plak,n oi
ent’seic pou anaptOssontai sthn pl'ka 1 ePnai megalOterec api autéc pou anaptOssontai
sthn pl'ka 2 kai 3, tiso sto "noigma iso kai sthn st rixh. AfoO égoume topojet sei sthn
pl'ka 1 touc el'gistouc oplismoOc sto "noigma a topojethjoOn oi Bdioi oplismob sthn
Pl'ka 2,3 qwrbc na pragmatopoihjoOn oi antbstoiqoi élegqoi.

6.4 Statiki prosomobwma orea

Omadopobhsh stoigePwn statikoO prosomoi,matoc

B"sh thc summetrbac h omadopobhsh twn stoigePwn tou oréa mporeb na gbnei wc ex c,
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Sqg ma 6.2: Omadopobhsh dok;n

Antbstoiqa gia ta upostul, mata

Sqg ma 6.3: Omadopobhsh upostulwm™twn
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6.4 Statiki prosomobwma oréa

Sunergazimena pl'th dok,n( EC2-8.3.2.1)

Dokic 1(exwteriki "noigma-exwterik dokic),

6m 0:35m 0:4m=2
= 2 = 2:8m

In
2
lp =0:85 (6m 0:35m=2)=5m

lp) =min(0:2 2:8+0:1 5;2:7;0:2 5)m =

b, =

Pef.1 = min(0:2 by +0:1 lg;by;0:2
min (1:1;2:7;1)m = 1m
beff;z =0

Dokic 2(eswteriki “"noigma-exwterik dokic),

6 04
=2:8m

b]_:

lpo =0:7 6m =4:1m
Pef:r = Min(0:2 by +0:1 lg;by;0:2 lg) =min(0:2 2:8+0:1 4:1;2:8;0:2 4:1) =
min (0:95;2:7;0:8) = 0:8m

Dett2 = 0
Dett = by + befr.1 + et = 0:25 +0:8 = 1:1m
Dokic 3(exwteriki "noigma-eswterik dokic),

6m 0:4m 0:45m=2
b, = > =26

lo =5m
Defr.1 = Defrz = min(0:2 by +0:1 lp;by;0:2 lp) =min(0:2 2:6+0:1 5;2:6;0:2 5)=

min (1:05;2:6;1) = 1m
Dett = bw + befr1 + Defr2 = 0:3+1+ 1 =2:3m
Dokic 4(eswteriki "noigma-eswterik dokic),
b, = % =2:7m

0:7 6m =4:1m

lo
Defr.1 = berz = min (0:2 by +0:1 lp;b1;0:2 lp) =min(0:2 2:7+0:1 4:1;2:7;0:2 4:1) =
min (0:95;2:7;0:8) = 0:8m

Dett = bw + Defr:1 + Defrp = 0:3+0:8 +0:8 =1:9m
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Mélh prosomoi,matoc

Ja IhfioOn 3 diaforetik™ prosomoi mata gia ton sgediasmi tou oréa.

" Pl'kec h =15cm kai d = 12cm se ilec tic st’jmec.

" Kol nec,
K1 diast"'sewn 35cm 35cm
K2 diast’'sewn 40cm 40cm
K3 diast'sewn 45cm 45cm

" Statik irtish

Dok’ria plakodokob :

Dokic 1 diast’sewn: beg = 1:25m, by, = 0:25m, h = 0:5m
Dokic 2 diastsewn: be¢ = 1:1m, by, = 0:25m, h = 0:5m
Dokic 3 diastsewn: beg = 2:3m, by, = 0:3m, h = 0:6m
Dokic 4 diast’sewn: beg = 1:9m, by = 0:3m, h = 0:6m

Sthrbxeic: Ja IhfjoOn pakt,seic.

Auti to statiki prosomobwma a grhsimopoihjeb gia ton upologismi twn ent’sewn
ston oréa.

Sg ma 6.4: Statiki prosomobwma 1

" Seismik irtish 1

Sthn perbptwsh aut ta dok’ria leitourgoOn sto misi tou m kouc wc orjogwnikéc
diatoméc kai sto “llo misi wc plakodokob, opite lamb“nontai wc orjogwnikéc diato-
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6.4 Statiki prosomobwma oréa

mec.

Dok’ria orjogwnik ¢ diatom c ipou,

Dokic 1 diast’'sewn b =0:25m, h = 0:5m
Dokic 2 diast’sewn b =0:25m, h = 0:5m
Dokic 3 diast"'sewn b = 0:25m, h = 0:5m
Dokic 4 diast’'sewn b =0:25m, h =0:5m

Sthrbxeic: Ja IhfjoOn pakt,seic.

Se sunduasmi me thn statik irtish a grhsimopoihjoOn ta ortBa pou prokOptoun
gia thn diastasiolighsh twn mel n.

Den lamb™netai upiyin h endosimithta tou ed*fouc gia ton upologismi twn ortbwn
kaj,c gbnetai h upijesh iti me thn | yh thc endosimithtac aux"netai h idioperbo-
doc kai mei,nontai ta seismik” ortba. Upijesh h opoPa isqOei kaj,c to “"sma
apikrishc pou a prokOyei ePnai jbnousa sun’rthsh.

Sq ma 6.5: Statiki prosomobwma 2

~ Seismik irtish 2

Dok’ria kai kol,nec lamb™nontai ipwc thn irtish 1. Se aut n thn perbptwsh a
IhfieD uplyin kai h emelPwsh tou oréa pou a gbnei me pedilodokoOc. 'Egine
epilog autoO tou tripou emelPwshc ligw tou megeéjouc thc kataskeu ¢ kai thc
apodotikithtac aut c thc emelPwshc gia apofug diaforik,n kajiz sewn. Gia na
Ihfieb h endosimithta tou ed*fouc a topojethjoOn katakirufec kulPseic sta “kra

tou ktirbou gia na up’rqoun katakirufec metakin seic kai katakirufa elat ria

gia na IhfjoOn h paramorf seic tou ed*fouc. Oi pedilodokoD a prosomoiwjoOn
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me grammik” stoigeba.

Dok’ria ipwc thc seismik ¢ irtishc 1

PedilodokoD:

Pedilodokic 1 diast"sewn bett = 1:5m, by = 0:4m, h =1m, hy = 0:5m
Pedilodokic 2 diast”sewn be = 1:5m, by = 0:45m, h =1m, h;y = 0:5m

Sthrbxeic: Gia na Ihfieb h endosimithta tou ed*fouc a topojethjoOn kata-

kirufa elat ria me debkth elathrbou.
O debkthc tou ed*fouc a Ihfieb wc [9],

0:65 E

“Tbr a9

Prikeitai imwc gia grammik™ stoigePa opite h stajer” tou elathrbou a ebnai

proseggistik”,
K = 0:65 30MPa

1 0:22

= 20000 KN=m?

Gia na mhn up’rgoun orizintiec metakin seic a topojethjoOn stouc kimbouc

katakirufec kulbseic.

Sq ma 6.6: Statiki prosomobwma 3

Krit ria eklog ¢ diast"sewn

~
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Dokob: To pl'toc se tétoia ktiriak™ lamb™netai sun jwc wc

0:25 0:3m. To Oyoc epi-

legjhke wec to dipl’sio tou pl'touc kai eleggjhke sthn sunéqeia iti gia thn anhgmenh



6.4 Statiki prosomobwma oréa

H UpostOlwma H oriak” 0:65 Ikanopobhsh sunfeiac H
1 30 35
2 40 40
3 45 45

PPnakac 6.2: Pleuréc upostulwmtwn( cm) gia perDptwsh = 2200 kg=m 3

op ikanopoioOntai ta iria gia diarro tou oplismoO kai efarmog c plastik ¢ a-

n’lushc.

Kol,nec: Tupik™ sthn ibliografba epishmabnetai iti h di"stash twn upostulwm”twn
kajorbzetai api ton periorismi thc anhgmenhc axonik ¢, sthn perbptwsh kathgorbac
méshc plastimithtac, ( seis 0:65). Sthn sugkekriménh perDptwsh imwc, krDsimoc
eleggoc tan h apabthsh sun“feiac twn diam kwn oplism,n stouc kimbouc mésw tou
periorismoO twn diameétrwn. Sunep,c égine eltistopoPhsh twn diast’sewn twn upo-
stulwm’twn me krit rio thn ikanopobhsh tou eleégqou apabthshc sun“feiac stouc
kimbouc me Ktw irio twn diam kwn oplism,n na ePnai 12mm. Sugkekriména abno-

ntai oi prokOptousec diast™seic sto sq ma 6.2.

PedilodokoD: L finke to sunoliki Oyoc wc to 1/6 tou anoBgmatoc [9].Ja Ihfieb to
p"goc tou kormoO api ta upostul, mata pou sthrbzei. To p°qoc tou pélmatoc a
ebnai to el qgisto, dhlad hs = 0:5m kat” EKWS.

Fortba

" PI'ka tupikoO orifou,

G; = 1:5KPa

Q = 2KPa

Fortba Bdiwn ar,n dok,n, upostulwm’twn kai pedilodok,n prokOptoun apeujeBac

api to prigramma.

" Toigopoibec lamb“nontai sta akrian™ dok’ria wc, G = 3:6KPa 2:5m = 9:2KN=m

dedomeénou iti el"gisto Oyoc twn akrian_n dok, n ePnai h =0:5m.

Seismikob sunduasmob

Gia ta 3 prosomoi,mata a grhsimopoihjoOn oi antDstoigoi sunduasmob

" Statiki sOsthma 1:

1:35 G+ 1:5 Q, gia eléeggouc OKA. Stic dokoOc den a gbnei éleggoc el n kai
hgm™twshc opite den apaiteBbtai na lhfjeb h irtish G +0:3Q

" Statiki sOsthma 2:

G+0:3 Q+Ex+0:3 Ey,giaeléggouc OKA
G+ 0:3 Q, gia touc ikanotikoOc elégqgouc.
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"~ Sto statiki sOsthma 3:

G+0:3 Q+E,+0:3 Ey giaton upologismi twn seismik,n metakin sewn
G+0:3 Q+1:4 Ex+0:42 E, giaton upologismi twn ent’sewn stic pedilodokoOc. Gia
na mhn apaithjoOn ikanotikob élegqgoi a IhfieD suntelest ¢ epaOxhshc acp = 1:4.

Prosomobwsh me H/U

Ena api ta mata sgediasmoO ePnai h prosomobPwsh tou oréa ston H/U. Gia ton

ligo auti a parousiasteb h diadikasBa prosomobwshc ipwc pragmatopoi jhke gia ton

sgediasmi tou sugkekriménou oréa me gr sh tou progrr-mmatoc SAP2000 © .

~
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Dhmiourgba kann“bou kai plaisbou

Sunoliki m koc-pl'toc ebnai 18m me exwterikéc dokoOc b = 0:25m kai eswterikéc
dokoOc b = 0:3m, sunep,c oi akrianéc dokob égoun mkoc 5:875m ! 5:90m kai oi
eswterikéc eqoun mkoc 6m

Gia to Oyoc ilec oi st'jmec tou statikoO prosomoi matoc éqoune Oyoc 3m ektic api
to isigeio pou égei Oyoc 3m + 0:5m hs% =3m + 0:5m w =3:41! 3:5m
Eisagwg ulikoO

Orismic diafragm”twn

Eisagwg diatom n grammik,n oréwn

Gia thn statik irtish kai thn seismik irtish Ja apomeiwjoOn oi streptikéc
duskamybec twn dok,n sto 10 % twn argik,n.

Gia thn seismik irtish epipléon a apomeiwjoOn oi opéc adr’neiac ilwn twn
stoigePwn kat™ 50 %.

Eisagwg diatom n plak,n

Eisagwg sunoriak,n sunjhk.n

Diakritopobhsh twn plak,n

Eisagwg peript,sewn irtishc kai ortBsewn
Eisagwg seismikoO “smatoc

Orismic sunduasm,n irtishc

Eisagwg ortbwn se grammikoOc oreBc-pl'kec

DhmiourgbPa tom,n  QrhsimopoioOntai gia ton éleggo tou suntelest euaisjhsPac-
sgetik ¢ metakbnhshc orifou.

Diakritopobhsh twn pedilodok,n Efarmizetai stic pedilodokoOc gia thn eisagw-
g twn katakirufwn elathrbwn.

Eisagwg elathrbwn stic pedilodokoOc



6.4 Statiki prosomobwma oréa

Perbptwsh seismikoO sunduasmoO 2

(ap)Dhmiourgba kannbou (p) Eisagwg ulikoO

(gp)Orismic diafragm™twn (dp)Diatom pedilodokoO 1

Sqma 6.7: ProsomoPwsh seismiko® sunduasmo® 2 m8AP2000 © (1)
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(b) Eisagwg sunoriak.n sunjh-
(ap)Diatomec epifanei,n k.n

(gp)Diakritopobhsh twn plak,n

Sqma 6.8: ProsomoBPwsh seismiko® sunduasmo® 2 m8AP2000 © (2)
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6.4 Statiki prosomobwma oréa

(ap)Eisagwg peript,sewn irtishc (p) Eisagwg ortbsewn

(gb)Eisagwg seismikoO “smatoc (dp)Eisagwg sunduasm,n irtishc

Sqma 6.9: ProsomoBPwsh seismiko® sunduasmo® 2 m8AP2000 © (3)
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(ap)Eisagwg ortbwn se grammikoOc orebc ('p) Dhmiourgba tom n

(gp)Diakritopobhsh twn pedilodok n (dp)Eisagwg elathrbwn stic pedilodokoOc

Sqma 6.10: ProsomoPwsh seismiko® sunduasmo® 2 m8AP2000 © 4

6.5 'Eleggoc orizintiwn metakin sewn kai plastimithta
Plastimithta( EC8-85.2.3.4)
Api to statiki prosomobwma h idioperBodoc thc 1hc idiomorf ¢ ePnai,
T, =1:23s>T.=0:5s
Sunep,c h apaitoOmenh plastimithta twn diatom_n ebnai,

=2 q 1=2 39 1=638

Orizintiec metakin seic( EC8-84.4)

Gia ton seismi sqediasmoO a prépei na upologistoOn gia ilouc touc orifouc oi sge-
tikec metakin seic( drift ). Gia autéc tic metakin seic up“rgei periorismic katarg n gia thn
mebwsh twn ainoménwn deutérac t"xhc all” kai periorismic gia na thn apofug hmi,n
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6.6 Analutikic sqediasmic dokoO 1

sta yajur” stoigeba thc kataskeu c.

Ta ainimena deutérac t"xhc periorbzontai mésw tou suntelest euaisjhsbac sgetik,n me-

takin sewn , ipou se K'je perbptwsh apaitebtai < 0:3 kai sthn perbptwsh ipou > 0:1
apaitebtai o éleggqoc ainoménwn deutéerac t"xhc.

_ Pot  dt
Vit h

Gia thn apofug hmi,n sta yajur” stoigePa thc kataskeu c, prépei,
di < 0:01 h

'‘Opou gia sun jeic kataskeuéc =05
Telik™ prokOptei,

PBbnakac 6.3: 'Eleggoc orizintiwn metakin sewn SKB

6.6 Analutikic sqediasmic dokoO 1

Gewmetrikob periorismob
" Gia oioneP-minimec katast"seic ( EC2-85.9(3) )

lot _ 5:4m 50 50
e =216 = =39:7
b ~ 0:25m (h=b)1=3  (50=25)1=3

" Gia kataskeuéc meéshc plstimithtac apaitoOntai oi ex ¢ gewmetrikoB periorismo-
DEC8-8.4.1.2.1), by, min(bc+hy;2 bc)kai e b.=4

by = 0:25m <min (bc + hy;2 be) = min(0:35m +0:5m;2 0:35m) =0:7m
e =(0:35m 0:25m)=2 =0:05 0:35=4 = 0:08
AutoD oi gewmetrikoD periorismoB ikanopoioOntai se ilec tic dokoOc

Epik“luyh dok,n ( EC2-84.4.1)

Gia touc sundet rec F8,
Cminb = 8mm

Cmin;dur = 15mm
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Cdur; = Cdur;st = Cdur;add =0
Cmin = Max (Cmin;b ; Cmind:idur + Cdur: Cdur:st Cdur:add ; 10 mm) =
max (8;15;10)mm = 15mm
Chom = Cmin ¥ Cdev = 15mm + 10mm = 25mm

Gia touc diam keic oplismoOc,
Cminb = 18mm

Cmindur = 15mm
Cdur, = Cdurst = Cduradd = O
Cmin = MaXx (Cmin;b ; Cmindidur +  Caur; Cur;st Cduriadd ; 10mm) =
max (18;15;10)mm = 18mm
Chom = Cmin ¥ Cdev = 18mm + 10mm = 28 mm
Krbsimh eBnai h epik’luyh twn sundet rwn afoO, 25 +8 > 28,

Topojetebtai d; = 40mm

Ent’seic api sunduasmoOc ortDsewn

PPnakac 6.4: Entseic dokoO 1
Periorismic anhgménhc op c gia plastik an”lush( EC8-85.6.3)

Mseis 110 KNm

= = = 0:15 < 0:295
T d2 fq  0:25m  (0:46m)? 13:3MPa

Oplismic gia apl k"myh( EC2-8.1)

" Exwterik st rixh K'tw
Sunergazimeno pl“toc gia seismik irtish( EC8-8.4.3.1.1)

bett = by +2 hy =0:25+2 0:15 =0:55

M _ 22KNm
bet d2 fog 0:55m (0:46m)? 13:3MPa

= 0:015
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Api pPnakec plakodokoO, anex’rthta api ton ligo Z—f
I =0:016
f 13:3
As=! beg d <4 - 0:016 55cm 46cm ——— = 1cm?
fyd 435
" Exwterik st rixh p"nw
M 93
= =0:13

bef d2 foq 0:25 0:462 13:3MPa

Api pPnakec plakodokoO,
1 =0:14
fed 13:3MPa 2
As=! by d —=0:14 25cm 46cm —  =4:9cm
fya 435
" 'Anoigma Ktw

M 64 KNm
= = = 0:02
bet d2 feq 1:25m (0:46m)2 11:3MPa
Api pPnakec plakodokoO,
I =0:02
f 11:3
As=! beg d 4 - 0:02 125cm 46cm ——— = 3cm?
v 435
" Eswterik st rixh K'tw
Msup1+ = 2KNmM
Praktik™ mhdenik op
" Eswterik strixh p'nw
M 110
= = =0:16
bet d2 fog 0:25 0:462 13:3MPa
Api pPnakec plakodokoO,
I =0:175
fog 13:3MPa )
As=! by, d —=0:175 25cm 46cm ———— = 6:2cm
fya 435
El"gistoc efelkuimenoc oplismic( EC8-85.4.3.1.2)
f 2:2
smin =05 M =05 22 =0:22%
' fyk 500

Asmin = smn b d=0:22 25cm 46cm = 2:53cm?
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PragmatopoioOmenoc efelkuimenoc oplismic

" Strixh 1 p'nw 4F14(6.2  cm?)

® Strixh 2 p'nw 5F14(7.7  cm?)

El"gistoc libimenoc gia krbsimec periogéc ( EC8-85.4.3.1.2(4) )

Topojetebtai o apaitoOmenoc libimenoc oplismic kai epipléon to misi tou efelkuime-
nou oplismoO

" Strixh 1:

" Strixh 2
Asmin = Asrqd +0:5 Agtop = 0:5 7:7cm? = 3:9cm?

PragmatopoioOmenoc libimenoc oplismic

TopojetoOntai 3F14(4.6 cm?)
Megistoc efelkuimenoc-krbsimec periogéc ( EC8-85.4.3.1.2(4) )

_ o0, 010018 feq _
s;max — - £ -
sy;d fyd

0 0:0018 13:3
+

= 04 0:37%
6:8 0:00217 435

Exwterik -eswterik st rixh

4:6cm?

_ 0 _
max = 0+0:37%= — 0
simax 25cm  46¢cm

+0:37% = (0:4 + 0:37)% = 0:77%

smax Db d =0:0077 25cm 46¢cm = 8:9cm?

As;max

Mégistec di'metroi ( EC2-85.6.2.2)

Exwterik st rixh

Nmin = 360 KN
N 360
= = =0:22
b he feg 0:35 0:35 13:3 1000
d f 2:2
bt 75 1+0:8 ) “m 75 (1+0:8 0:22) —— =0:045!
he fyd 435

dy, 0:045 0:35m = 15:7mm

Eswterik st rixh
Nmin = 700KN
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Egkrsiec ent"seic

Niin 1000
= = =0:32
b, he feq 0:42 13:3
max = 0:77%
0= 0:4%

1+0:8 f 1+0:8 0:24 2:2
———— =75 e = 0:038

1+0:5 yd 1+0:5 00077 435

max

dp. = 0:038 b, =0:038 400mm = 15:2mm

" Api sunduasmoQOc ortbsewn

PPnakac 6.5: Egk'rsiec ent’seic

"~ lkanotikic sgediamic( EC8-85.4.2.2)

Exwterik st rixh

Gia na megistopoihjeb h témnousa sthn exwterik op lamb™netai h perbptwsh sei-

smoO pou ePnai etik h op sthn exwterik st rixh kai arnhtik sthn eswterik

Sthn doki,

d]_ 0:04
= ——=0:08! 0:10
0:5

Sthn exwterik st rixh,

As fyg _ (6:2+4:6) 435

Sthn eswterik st rixh,

(0:14 +0:1) 0:25m (0:5m)?> 13:3MPa

| = =0:28
b h fog 25 50 13:3
| =1 , = 0:75
Ra+ = 0:14
As f 7:7+4:6) 435
! = b _ ) = 0:32

" b h fgq 25 50 13:3
1 ,=l 1 =7:7=4:6 =1:67! 15

rd+ = 0:1

P 2
_ b h? fgq _
VEg = I + Vg+0:30 =
cl

+ 44KN = 37KN + 44KN = 81KN
5:4m
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Eswterik st rixh Antistobgwc sthn eswterik st rixh,
d; _ 0:04
—=——=0:08! 0:10
h 0:5

Sthn exwterik st rixh,

As fyg _ (6:2+4:6) 435

= b h fgq 25 50 13:3 =028
I,=l;=0:135! 1:25
rdg = 0:11
Sthn eswterik st rixh,
| = As fyg _ (7:7 + 4:6) 435 — 032

" b h feg 25 50 13:3
.=l ,=0:59! 0:5
R+ = 0:18

P 2
b h2 fuy

Vgq = I + Vg+0:309 =
cl

(0:11 + 0:18) 0:25m (0:5m)? 13:3MPa
5:4m

+ 47KN = 43KN + 47KN = 90KN

Oi temnousec kajorbzontai api ton ikanotiki sgediasmi,
Vsup:out = 96KN
Vsupin = 90KN

Egk’rsioi oplismobP( EC2-86.2.3)

O suntelest ¢ asf’leiac ulikoO tropopoiebtai gia touc egk’rsiouc sundet rec
fyws = 0:8 fyu = 0:8 500MPa = 400 MPa

Sthn st rixh(upér thc asfalebac),
Veq = 90KN
Asw VEd 90KN

= = = 2:1cm?
S z fwa cot() 0:9 0:46m 40KN=cm? cot( )

Gia ditm touc sundet rec F8 eqoume,
Ay = 1cm? ! s = Agy=2:1 = 47cm
M koc krBsimhc periog c( EC8-85.4.3.1.2(1))

Le = hy = 0:5m
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El"qgisth di"metroc sundet rwn( EC8-85.4.3.1.2)
dpw 6mm
El"gistec apost’seic entic krbsimwn perioq,n( EC8-8.4.3.1.2)

Sw min(8 dp ;hy=4;24 dpy;225mm)=min(8 1:;50=4;24
min(11:2;12:5;19)cm = 11cm

El'gistec apost™seic ektic krbsimwn perioq,n( EC2-89.2.2)

s 0:75 d=0:75 46cm = 34cm

El"qgistoc egk’rsioc oplismic( EC2-89.2.2)
p—
fck P— o
wmin = 0:08 T =0:08 20500 = 0:7=0
y
A lcm?
s = = 57cm

bw wmn 25cm 0:0007

Mégisth témnousa antoq c( EC2-8.2.3)

z=0:9 d=0:9 0:46m =0:41m

fek 20
=06 (1 =06 (1 —)=0:55
1Z06 (1 )= 06 (1 o)
cot( )
VRdmax = @cw Dw Z 1 led —/77 7575~
1+ cot()

0:8)cm =

1 25cm 42cm  0:55 1:33KN=cm? 2:5=(1 + 2:5%) = 265KN

PragmatopoioOmenoc diam khc kai egk’rsioc oplismic
Diam khc oplismic
" Exwterik strixh 4F14 p"nw
" Eswterik st rixh 5F14 p'nw

" 3F14 K'tw

Egk’rsioc oplismic

" Krbsimh perioq 1: F8/11
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Keflaio 6. Teqnik ékjesh pentairofhc kataskeu ¢ me skuridema kanoniko® “rouc

" Krbsimh perioq 2: F8/11

" ‘Anoigma: F8/34

Par” to gegonic iti égine orizintia omadopobhsh twn dok,n an omadopoi soume tic
dokoOc kat™ Oyoc an” 2 stjmec grei“zetai na lujoOn “llec 11 peript,seic gia aut n th
perbptwsh puknithtac. Gia na apofeugjeb aut h gronobira diadikasba egine automatopo-
Phsh thc diadikasbac epPlushc dok,n me gr sh tou H/U. Sugkekriména gia thn perbptwsh
thc dokoO 1,

PPnakac 6.6: PPnakac sgediasmoO me H/U

Me gr sh twn eléggwn thc dokoO 1-st'jmhc 1 krDjhke iti to Ollo ePnai ikani gia ton
elegqo twn dok,n.
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6.7 Analutikic sqediasmic upostul, matoc 1-st"jmhc 1

6.7 Analutikic sgediasmic upostul, matoc 1-st'jmhc 1

Epik“luyh

ApaitoOmenh epik’luyh ebnai Bdia me aut twn dok,n, all” topojetebtai d; = 50mm

Ent"seic

Gia thn statik irtish lamb“nontai oi ent"seic api to statiki prigramma. Gia thn
seismik irtish lamb“nontai oi mégistec timéc twn op,n kai h el’gisth axonik . Tupik”
a éprepe na exetastoOn ilec oi peript seic kai na IhfieD h dusmenésterh, ébaia mia
tétoia proséggish a tan upologistik™ dusger c. Lamb™nontai loipin oi mégistec opéc
kai h el'gisth axonik pou den antistoiqoOn se sugkekriméno seismiki sunduasmi all®
ebnai uper thc asfalebac.

PPnakac 6.7: Ent’seic apo sunduasmoOc dr’sewn upostul matoc 1

Gia thn | yh twn atelei,n apaitebtai h metajetithta tou plaisbou

Metajetithta plaisBou
Ja kajoristeb h metajetithta tou plaisbou gia statik kai seismik irtish,

Statik irtish( EC2-8.8.3.3)

X
=4 0:45m?%=12+8 0:55%=12 +4 0:6*=12 = 0:1179 m*

E
Eed = —= = 25GPa

1:2
n P E |
Feq = 27126 KN > 0:31 s cd e
‘ ng+1:6 L2
P 4
5 25GPa 0:1179m
0:31 = 2881 KN
5+1:6 (15:5m)2

Prikeitai gia metajeti plabsio.

" Seismik irtish( EC8-8.4.2.2(2) ) Dedomeénou iti > 0:1 gia toul’giston mba

st’jmh ewrebtai metajeti to plabsio.

127



Keflaio 6. Teqnik ékjesh pentairofhc kataskeu ¢ me skuridema kanoniko® “rouc

Gewmetrikéc atéleiec( EC2-8.2)

Ja Ihfieb h epirro twn atelei,n memonwmena sta upostul, mata.

Gia to upostOlwma 1,

2 2
hz'ﬁ—_z'ﬂ:=1:07! 2=3 h=1:.07 1! h=1
I 3:5
i = - - 1 1=0:005
i— 0 h m—20 h m—200 = Y.

AfoQ prikeitai gia metajeti plabsio

Hi= ; N=0:005 N

Tropopoihménec ent"seic me | yh twn atelei,n

PPnakac 6.8: Ent"seic me atéleiec sto upostOlwma 1

Anhgména megéjh

Tropopoi,ntac tic ent"seic na gbnoun adistatec,

PPnakac 6.9: Anhgména meggéjh ent’sewn sto upostOlwma 1

Periorismic anhgménhc axonik c( EC8-85.4.3.2.1)
Megisth axonik ipwc prokOptei api to prigramma ePnai,

Nseis;max = 611 KN

_ 611 KN

ismax = = 0:38
SESMA " (0:35m)2  13:3MPa

Prikeitai gia oréac méshc plastimithtac opite,
seis;max — 0:38 < 0:65
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6.7 Analutikic sqediasmic upostul, matoc 1-st"jmhc 1

Upologismic oplismoO gia diaxonik k™ myh( EC2-8.1)

Sthn diatom
=2 =_"""=0:14"! 015

o
(=2
I
e
=
6]

Me gr sh twn diagramm’twn diaxonik ¢ kK"'myhc gia omoiimorfo oplismi kai

ol

PPnakac 6.10: ApaitoOmenoc oplismic gia diaxonik k’myh

Dhlad apaitebtai,

f 13:3
As=! b d -2=02 (35cm)? == =7:5cm?
fua 435

El"gistoc oplismic( EC8-85.4.3.2.2)
min = 1% ! Agmin =0:01 b, h,=0:01 35cm 35cm = 12:3cm?

Elgistoc arijmic oplism,n an” pleur’( EC8-8.4.3.2.2)

An” pleur” prépei na topojethjoOn 3 oplismob

PragmatopoioOmenoi oplismob

TopojetoOntai 8F16 ( 16:1cm?)

Tom diatom ¢

Sgma 6.11: Tom upostul matoc 1
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Energi m koc plaisBou( EC2-8.8.3.2)

Gia thn kolina

lc bc

le o (e_he), - (G0mm)

(350 mm)* 3
)=3300 mm = 378946 mm

Gia thn suntréqousa exwterik doki,

M Ic 250mm (500 mm)?3 3
— =4 f =4 12 =5400 mm 0:5 = 482253 mm

Gia ton upologismi twn deikt,n eukamybac, Sthn “sh lamb"netai p"ktwsh,

ki =0
Sthn kefal tou upostul, matoc,
X Ic 378946 mm?3
ko= ()b —=2 ———— =16
M L 482253 mm*
Perbptwsh metajetoO plaisBou
' ki k k k
lo=1 max( 1+10 — 2 (1+——) Q1+—2"))=
ki + ks 1+k; 1+k;
r
0 1:6 0
I max 1+10 (a+ 1+ =

( O+1:6( 1+O) ( 1+16))

I max(1;1:6)=1:6 | =1:6 3:3m =5:3m
Apallag api élegqo lugismoO( EC2-8.8.3.1)

Gia thn statik irtish,
A=0:7
. _As Ty _20:25cm? 435MPa _ 0:38
A feg 45¢cm? 11:3MPa '
p p
B= 1+2 I = 1+2 0:38=1:3
M
Moz

C=1.7 m =07

_ p___
m=20 A B c=PR=20 07 1:3 0:7= 033 =22

Gia eOresh thc pragmatik ¢ lughrithtac gia statik irtish,
Aktbna adr'neiac gia arhgm’twth diatom ,

r— r
|

_ b h3=12 _P

— h2=12 = 0:289 h =0:289 0:35m = 0:1m
A b h
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6.7 Analutikic sqediasmic upostul, matoc 1-st"jmhc 1

=lp=i =5:3=0:1 =53 > |

Sunep,c apaitebtai éleggoc lugismoO gia statik irtish
Ta krit ria eDnai dusmenéstera gia thn seismik irtish opite apaitebtai élegqoc lugismoO
kai gia thn seismik irtish

'Eleggoc lugismoO( EC2-85.8.8)

~ Statik irtish

lamb™nontac mino touc akrianoOc oplismoOc(upér thc asfleiac),

12:1 435 MPa
= =0:38! | =04
(35cm)? 11:3MPa
Lamb’netai

lo 5:3m

— = =15:1! 20

h 0:35m
d
-1 =0:15
h

Den a |hfieb upiyin o erpusmic ston lugismi.

Gia thn apofug pollapl ,n eléggwn lamb netai api touc seismikoOc sunduasmoQOc
oi mégistec opéc kai axonikéc(upér thc asfalePac). Api diagrrmmata lugismoO gia
! =0:4, =0:5,d,=h=0:15

=0:03 < gg = 0:13

ikanopoiebtai
Seismik irtish

12:1cm? 435MPa
= = 0:33
(35cm)?2  13:3MPa

Api diagr'mmata lugismoO gia | =0:3, =0:4,d,=h =0:15
=0:11 < Rgq =0:12

ikanopoiebtai

Ent"seic tétmnousac

" Meégisth api sunduasmoOQc,

Vggq = 31KN
" Api ton ikanotiki élegqo,
16:1 435
=" " =043
352 13:3
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Gia thn dusmenésterh perbptwsh a Ihfjeb

Ng s = 611 KN

~ 611 KN
(0:35m)2  13:3MPa

Api diagr'mmata diaxonik ¢ K"'myhc

SLS =0:38

myr = 0:23

Mrd+ = Mgg =My be hZ feg =0:23 (0:35m)® 13:3MPa = 132KNm

M +M 2 132KNm
Veq = rg —2r = R4 - g 2 TC T = 120KN
lel 2:5m
| fjhke m koc upostul, matoc 2:5m gia na kalufjoOn kai oi upiloipec st'jmec.
Upologismic egk'rsiwn oplism,n
A V 120KN
W= Ed = = 3:3cm?
s z fawg cot() 0:9 0:4m 400MPa 2:5
'Eleggoc mégisthc témnousac( EC2-86.2.3)
acw =1
by = 0:45m
z=0:9 d=0:9 0:40m =0:36m
fex
=06 (1 = 0:55
1 @ >5)
v _ b cot( ) _
Rd;max — Qcw w Z 1 Ted 1+ (cot( ))? =
2 2:5
1 45cm 36cm 0:55 1:33KN=cm — = 410KN
1+ 2:52

El"gistec diamétrouc

dypw max (6mm;dy =4) = max (6mm; 16 mm=4) = 6mm

Di“taxh sundet rwn ektic krBsimwn periog,n( EC2-89.5.3)

Sw = min (20 dp.;he;be;400mm) = min (20 16 mm; 350 mm; 350 mm; 400 m) = 32cm
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6.7 Analutikic sqediasmic upostul, matoc 1-st"jmhc 1

Se periogéec uperk’luyhc,
Sw =min(12 dy ;0:6 h¢;0:6 be;240mm) =

min (12 16;0:6 350;0:6 350;240)mm = 19cm

Di“taxh sundet rwn entic krBsimwn periog, n( EC8-8.2.3.4)

Sy =min(8 dp ;bp=2;175mm) =min(8 16;274=2;175)mm = 12cm
Oplismic perbsfixhc gia plastimithta( EC8-8.4.3.2.2)
b = 350mm 2 50mm

i 2

bg =350mm 2 50mm + 16mm + 8mm = 274 mm

= 125mm

Genik®
! 0:08
Gia F8/10,
P
. _ bi Ag fyg _(27:6 4+19:5 4) 05 435 _
- b2 s foq 27:6 27:6 10 13:3
X b? 8 (125mm)?
anp=1 =1 =0:73
6 bg hog 6 276 mm 276 mm
S S 100 100
as = ( ) (@ )=1 —52) 1 —57)=0:67
2 by 2 ho 2 276 2 276
a—-a, ag=0:73 0:67 =0:49
al wg =0:47 0:49 0:4=0:2
b 0:35
30 d syd — 0:035 =30 6:8 0:37 0:00217 —— 0:035 =0:17
Y by 0:28

Parathrebtai iti topojet jhkan oi el’gistoi diam keic oplismob opite a gPnei o sqedia-
smic twn upostulwm™twn mino tou isogebou

M koc krbsimhc periog ¢( EC8-8.4.3.2.2)

ler = maxhe; be; 0:45m;1.=5) = max:35m; 0:35m; 0:45m; 3m=5 = 0:6m
'Eleggoc lugismoO gia upiloipec stjmec
Gia thn st’jmh 2 pou aux'netai to energi m koc,
ki =ko, =1:6
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Perbptwsh metajetoO plaisBou
r

ki k k k
lo=1 max( 1+10 —2:(1+—) Q1+—2"))=
ki + ks 1+Kk; 1+k;
r
1:6 1:6 1:6 1:6
| max( 1+10 (1 + ) 1+ ) =
1:6 +1:6 1+1:6 1+1:6
I max(3;2:6)=3 |=3 3m =9m
Lambnetai
|0 9m
— = =25
h 0:35m
" Statik irtish
N 625 KN
= = = 0:45
be he feg (0:35m)2 11:3MPa
Mogd _ (36 +0:005 625)KNm _ 0:08
be hZ feq (0:35m)3  11:3MPa '
Api diagrmmata lugismoO gia  lp=h = 25,! =0:4, =0:45,d;=h =0:15
Me grammik parembol , = (0:16 + 0:06)=2 = 0:11
=0:08 < gg =0:11
" Seismik irtish
N 470KN
= = =0:29
be he feg  (0:35m)2  13:3MPa
Mogd _ (54 +0:005 470)KNm _
be hZ feq (0:35m)3 13:3MPa
Api diagr'mmata lugismoO gia  lp=h =25,! =0:33, =0:3,d;=h =0:15
Gialg=h = 20 me grammik parembol gia ! =0:3 kai ! =0:4

rRd = 0:1+(0:165 0:1)=(0:4 0:2) (0:33 0:2)=0:14
Gia lg=h = 30 me grammik parembol gia ! =0:3 kai ! =0:4
ra = 0:05 + (0:08 0:05)=(0:4 0:2) (0:33 0:2)=0:07

'Etsi, gia lp=h =25
rRd = (0:14 + 0:07)=2 = 0:105

=0:1< gg =0:105

pou oriak™ arkeb.

Automatopoi,ntac thn diadikasPa ektic api ton élegqo tou lugismoO, prokOptei,
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6.8 Sgediasmic pedilodok,n

Pbnakac 6.11: Sgediasmic upostul matoc 1

Dedomeénou iti éqoun gbnei oi upiloipoi élegqoi me automatopobhsh, parousi“zontai ta
apotelésmata lugismoO sthn 2h stljmh pou ewrebtai kai krBsimh sta upostul,mata 2
kai 3.

ala d 1=h lo=h | Rd |
Statik irtish 0:63 0:01 0:15 22:5 0:4 0:12
Seismic 0:36 0:07 0:15 22:5 0:33 0:12

PPnakac 6.12: 'Eleggoc lugismoO upostOlwma 2-stjmh 2

ala d 1=h lo=h | rRd ||
Statik _irtish 0:73 0:01 0:15 20 0:4 0:1
Seismic 0:45 0:09 0:15 20 0:33 0:12

PPnakac 6.13: 'Eleggoc lugismoO upostOlwma 3-stjmh 2

6.8 Sgediasmic pedilodok,n

Periorismic edafik ¢ pbeshc

H mégisth katanemhménh dOnamh pou prokOptei ebnai 265 KN=m. Opite prokOptei
t'sh,
_ 265KN=m

gr = = 177 KPa < 200 KPa
1:5m
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Sgediasmic pelmatoc

To pélma prikeitai gia perbptwsh ragéwn probilwn.

_ 177KPa  (0:5m)?=2

= =0:01
> (0:45m)2 11:3

f
As=! b d 9 = 0:01 100cm=m 45cm 11:3=435 = 1:2cm?=m
yd
o opoBoc ePnai el"gistoc. Ja topojethjeD plégma  T12=10 sto k’tw meéroc thc plakodokoO.

Gia ton sgediasmi twn pedilodok n a IhfioOn upiyin oi élegqoi,

~ Apl c K'myhc

" EIgistou oplismoO

~ Témnousac

~ Mégisthc témnousac

'Opwec anaférjhke kai prohgoumeénwec oi ikanotikob éleggoi den apaitoOntai kaj,c éqei Ih-

jeb suntelest ¢ epaOxhshc  acp = 1:4 Me thn automatopoBPhsh thc diadikasbac twn dok n
grhsimopoiebtai to Bdio Ollo gia touc pedilodokoOc me touc antbstoigouc eléggouc.

Epbshc prépei na epishmanjeb iti sthn perbptwsh twn pedilodok,n uprgei el’gistoc dia-

m khc oplismic s = 4%, K'tw kai p"nw.
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6.9 lkanotikob elegqoi

Pedilodokic 1

PPnakac 6.14: Sqediasmic pedilodokoO 1

6.9 Ikanotikob elegqoi

Sta upostul, mata topojet jhke o el"gistoc oplismic opite éqoun thn Bdia op anto-
q ¢ kat” Qyoc. O ikanotikic éleggoc twn kimbwn apaiteDtai mino sthn st’jmh pou oi dokob
egoun touc megistouc oplismoOc. Sunep,c a gbnoun sthn stjmh 1,

" Kimboc K1-D1

max (Mrp+;Mgp ) = max b h? feg =0:17 0:25m (0:5m)? 13:3MPa = 142KNm

Miet =Mre = max b h? fq =0:2 (0:35m)®
X

13:3MPa = 114
X

Mgc = 2 114 = 228KNm  1:3 Mgp = 1:3 142 KNm = 185KNm

Kimboc D1-K2-D2 'Opwc égei sgediasjeb o oréac oi dokob 1-2 éqoun thn Bdia antoq
ston kimbo

X X

MRb = b h? feg =0:28 0:25m 0:5m 13:3MPa = 233KNm

X

13:3MPa = 170
X

Mgc =2 170KNm = 340KNm  1:3 Mg = 1:3 233KNm

303 KNm
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" Kimboc K2-D3
max (Mrp+; Mgp ) = b d? feg =0:13 0:3m (0:6m)? 13:3MPa = 186 KNm

Mget = Mge = 170 KNm

X X
Mrec =2 170KNm = 340KNm  1:3 Mrp = 1:3 186 KNm = 242 KNm

~ Kimboc D3-K3-D4

X X
MRb = b h? fg =026 0:3 0:6° 13:3MPa = 374
Mget =Mge = b h? feg=0:21 (0:45m)® 13:3MPa = 254 KNm
X X
Mge = 2 254KNm = 509KNm  1:3 Mgp = 1:3 374 = 487 KNm

IkanopoioOntai oi ikanotikoD élegqoi sthn st'jmh 1 kai sunep,c se ilec tic stjmec.
Prépei na epishmanjeb se auti to shmebo iti sqedin krbsimoi tan oi ikanotikob elegqoi gia

thn diastasiolighsh twn upostulwm™twn.

6.10 Agkur seic, uperkalOyeic kai tOmpana
Gia tic agkur,seic a dhmiourghjeb argik™ pbnakac gia,

fod = fotk= ¢ = 1:5MPa=1:5 = 1MPa

Pbnakac 6.15: M kh agkur,sewn gia SKB

Me dedoméno pi”~ ton pPnaka prépei na upologisjoOn ta sunolik® m kh twn “bdwn
oplismoO gia na gbnei kostolighsh tou oréa.

Pl'kec

Stic eswterikéc sthrbxeic , 0i oplismoD a epektajoOn sto 1/4 tou m kouc thc dipla-
n c pl'kac.
Stic exwterikéc sthrbxeic : Gia thn pl’ka 1 pou ePnai h pio dusmen ¢ afoO anaptOssontai

oi megalOterec opéc sto “noigma.
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6.10 Agkur, seic, uperkalOyeic kai tOmpana

" K'tw oplismic(eunodkéc sunj kec): To asiki m koc agkOrwshc gwrBc thn meBwsh

ligw t"sewn ebnai lyqq¢ = 348 mm opite, me mebBwsh twn t"sewn

ooy = ol L6 e m = 223mm
b;rqd Aprov b;rqd 2.5

An InfieB mh eujOgrammh agkOrwsh, dedomeénou iti prikeitai gia efelkuimeno o-

plismi
lbg = 0:7 lpyga =0:7 223mm =157mm ! 16cm

m koc to opobo arkeb na epektajeb mésa sto dok’ri.

P nw oplismic: Me thn Bdia logik gia mh eujOgrammh agkOrwsh,
Ibg = 23cm

to opobo arkeb.

Dokob

Gia ton oplismi twn dok,n a gPnei h paradoq iti to shmeBo mhdenismoO twn op,n

den metab’lletai api st'jmh se st'jmh. Se ilec tic dokoOc a IhfieD uperk’luyh stouc

k'tw oplismoOc kai agkOrwsh stouc p’nw. H uperk’luyh twn dok,n a gbnei améswc
met” thn antbstoigh st rixh. Stouc dOo p nw oplismoOc twn dok,n a gbnei uperk’luyh.

Ja upologisjoOn oi agkur seic gia tic upiloipec “bdouc. Gia gbnoun oi agkur,seic a
prépei na Ihfieb kai h metatipish tou diagr'mmatoc op,n ligw hgm“twshc.

aj=z (cot cota)=2=0:9 46cm (2:5 0)=2=52cm
Sthn st rixh thc dokoO 1-stjmh 1,
M = 100 KNm

2=5 M = 40KNm

H opobPa anaptOssetai se ésh x; = 0:6m api thn st rixh. Opite api parei” thc st rixhc
h agkOrwsh prépei na gbnei se apistash,

li=Xj+lyg+ta bc=2=0:6m+1m+1:04m 0:45m=2 = 2:4m

Ja gbnei h Bdia diadikasPa kai gia touc upiloipouc kimbouc kai prokOptei
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PPnakac 6.16: Agkur,seic p"nw oplism,n stic dokoOc

Pedilodokob

Qrhsimopoi jhkan uperkalOyeic p'nw kai k’tw miac kai topojet jhke o el'gistoc
oplismic
Upostul, mata

Ja IhfjoOn uperkalOyeic ipwc prokOptoun api ton pPnaka

TOmpana

Arkeb na rejoOn sthn dusmeneésterh perbptwsh, dhlad sthn exwterik st rixh thc
pedilodokoO 1. Gia thn pedilodoki 2 to pl'toc tou upostul,matoc ePnai megalOtero kai
sunep,c prikeitai gia eumenésterh perbptwsh.

Sugkekrimena, [6]

" K"tw oplismic:
Katarg n gia na mhn astoq sei o oplismic F20

Dmand =7 = 7 20mm = 140mm

Gia Dmang = 450 mm

l1 =bc d;y Dmang=2 =350mm 50mm 450 mm=2 = 75mm

Fot = As fyg 11 foa =
(20mm)?=4 435N=mm? 75mm 20mm 1:75N=mm? = 128412 N
1 _21 1 4 1
ap 50 2 20
D For (———)=128412 (2—2)mm =435mm
mand bt ( 13:3 ) ( 13:3 )

di"'metroc h opoba arkeb.

" K’tw oplismic:Gia ton ktw oplismi a grhsimopoihjeD h Bdia di"metroc tump nou
pou a arkeb kaj,c ebnai eunodkéc oi sunj kec.

Sunep.c a grhsimopoihjeD  Dmang = 450 mm gia ilec tic dokoOc kai pedilodokoOc. Pro-
an,c den uprgei k"poioc ligoc na upologisjoOn oriak” ta tOmpana miac kai den up’rgei
k™poio tegniki-oikonomiki ifeloc.

140



6.11 Prometrhsh

6.11 Prometrhsh

6.11.1 Skurodématoc

Pbnakac 6.17: Promeétrhsh skurodéematoc

6.11.2 Oplism.n

PI'kec tupik ¢ st'jmhc

PPnakac 6.18: Promeétrhsh oplismoO plak,n
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Kef'laio 6. Teqnik ékjesh pentairofhc kataskeu ¢ me skuridema kanoniko® “rouc

Dokob st'jmhc 1

PPnakac 6.19: Prometr seic oplismoO dok n stijmhc 1
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6.11.2 Oplism,n

Pedilodokob

PBnakac 6.20: Promeétrhsh oplismoO pedilodok,n
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Kef'laio 6. Teqnik ékjesh pentairofhc kataskeu ¢ me skuridema kanoniko® “rouc

Upostul, mata st’jmhc 1

PPnakac 6.21: Prometr seic oplismoO upostulwm’twn
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Kef'laio

Sqgediasmic me elafroskuridema

H diadikasPa ePnai Bdia me aut tou skurodématoc kanoniko® “rouc.

7.1 Elafroskuridema me = 1600

7.1.1 Gewmetrba, Paradogéc kai statiki prosomobwma orea.

" Gewmetrba: Ta anobgmata kai Oyh ePnai Bdia me aut™ tou SKB

"~ Paradogéc: EPnai Bdiec ektic api to Bdio “roc tou skurodématoc. Qrhsimopoiebtai
elafroskuridema LC20=25 me = 1600 ! = 17KN=m?3.

" Statiki prosomobwma:

Pl'kec: Ja Ihfijeb to Bdio p"qoc pariti epitrépetai api ton EC2 na Ihfieb
mikritero p"goc. H gr sh mikriterou p"gouc a tan ektic pragmatikithtac

kai "neu no matoc gia thn exagwg sumperasm’twn
Dokob: Oi diastseic twn dok,n a IhfioOn Bdiec.

Upostul, mata: 'Opwc sthn perbptwsh tou SKB oi diast™seic kajorbsthkan me
dokimeéc étsi ,ste na ikanopoiebtai o eleggoc sunfeiac stouc kimbouc. 'Etsi kai

sto ES proékuye,

| UpostOlwma || oriak® 0:65 Ikanopobhsh sun‘feiac ||
1 25 40
2 35 45
3 40 45
PPnakac 7.1: Pleuréc upostul,matoc(cm) gia sqediasmi ESEA me = 1600
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Kef'laio 7. Sgediasmic me elafroskuridema

7.1.2 Sgediasmic pl’kac 1
Epik’luyh plak,n ( 8.4.1)

EPnai Bdia me aut tou SKB me epaOxhsh dc = 5mm opite,
dl=29mm +5mm = 34mm

Opite a Ihfjeb epik’luyh d; = 40mm.

Jewrhtiki "noigma plak,n

To ewrhtiki "noigma twn plak,n ebnai Bdio

Fortba kai ent’seic

H G(KPa) Q(KPa) pl(KPa) pZ(KPa) Mspan Msup Vsup;l Vsup;2 H

| 4.05 2 6.3 2.2 77 211 252 179

H

PPnakac 7.2: Fortba kai ent"seic pl'kac 1

El"qistoc oplismic

As;min = min (0:26  figym =fy;0:0013) by d =

min (0:26 n; fem=fy;0:0013) by d =

min (0:26 0:84 2:2MPa=500 MPa; 0:0013) 1200 cm?=m = 1:56cm?=m

ApaitoOmenoc oplismic

Sto "noigma
As:span = 1:56cm?=m
Ja topojethjeb o elgistoc oplismic, 8=20(2:5cm?=m)
Sthn st rixh

Assup = 4:4cm?=m

Apaitebtai 1:9cm?=m opite a topojethjeb 8=25(2cm?=m)

Antoq di"tmhshc

r r
200 200
k=1+ —=1+ —=2:2 2! k=2
d 150
co. =015 _0:15 _
IRd;c . 15 .

mn = 0:03 k%? §;7?=0:03 2%% 20 1=2=0:38
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7.1.2 Sgediasmic pl’kac 1

Eswterik st rixh,
Agg _ 25+2

= =0:3%< 2%
by d 100 15

VRd;c:maX(CRd;c k (100 | fck)lzs; min) bW d=
_ 1000 mm
max (0:1 2 (100 0:3% 20)'3;0:38) — . 120mm =

1000 mm
max (0:36;0:38) T 120 mm = 43:2KN

Gia thn exwterik st rixh,

Veg = 17:9KN=m <V gg.c = 43:2KN=m
Gia thn eswterik st rixh,

Veg = 25:2KN=m <V gg.c = 43:2KN=m
Rhgm™twsh

Sto "noigma

"~ Upologismic Oyouc oudéterou “xona,

Ecm b x?=2=Es As (d x)! 16 100 x?=2=200 2:5 (11 x)! x =2:3cm

~ Upologismic thc t"shc ston efelkuimeno oplismi

G+0:3 Q 4:05+0:3 2
Mgis = span = 7:7TKNm=m = 4:2KNm=m
1:35 G+15 Q 1:35 4:.05+15 2

Mgis 4:2KNm=m
.= = = 164 MPa
(d x=3) As (11 2:3=3)cm 2:5cm2=m

"~ Upologismic,
Gia makrogrinia irtish, ki =0:4

heet = min(2:5(h  d);(h  x)=3;h=2)=min(2:5 (15 11);(15 2:3)=3;15=2)=

min (10; 4:2;7:5)cm = 4:2cm

_ As _ 2:5cm%=m _
eft Aceff 4:2cm 00
fore .
C o ki =R (Ttae )  164MPa 0:4 IR (14125 6%)
smoem ™ Es - 200 GPa N
164 MPa
0118 < —= =016 —— =0:49%,, ! = 0:49%
ES ZOOGPa —00 sm cm ~00

" Upologismic megisthc apistashc wgm,n
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Kef'laio 7. Sgediasmic me elafroskuridema

s>5 d; =5 3cm =15cm,opite Srmax = 1:3 (h x)=1:3 (15 2:3)=17cm
~ Upologismic tou pl'touc twn wgm,n
Wi = 0:49%, 170mm = 0:08mm
pou ikanopoiebtai
Sthn eswterik st rixh
E: Msis c e hceif eff  sm_ cm  Srmax wi |

[ 3cm 11:6KN=m 320MPa 125 4cm 1:1% 1:23%, 156mm

Pbnakac 7.3: Stoigeba hgmat,sewc gia st rixh pl'kac 1

Apallag api elegqo elouc

Qwrbc na I'boume thn diirjwsh ligw thc t"shc oplismoO(upér thc asfalePac),

Ac 100 12~
p— pP—
0~ 1:cko:oo = 200:00 = 4:50:00

< ( opite,

I pP— p—
=18 [11+15 ik L2+32 Rk (22 1) 1=

P

— 45 p
1:3 [11+1:5 20 H+3:2

— 45 3=2

20 (— 1 = 100
(1:3 ) ]

Lamb™nontac kai thn diirjwsh gia perbptwsh elafroskurodematoc,

7 ng?® 248 =0:53%:15 100 =91

580
d="—=6:4
920

pou arkeb

PI'kec 2 kai 3

Me thn Bdia logik tou oréa SKB a topojethjoOn ta sBdera pou topojet jhkan sthn

pl’ka 1

7.1.3 'Eleggoc orizintiwn metakin sewn kai plastimithta
Plastimithta

Antistobgwc me SKB,
T =1:39s>T.=0:5s! =6:8
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7.1.4 Sgediasmic dok,n

Orizintiec metakin seic

Pbnakac 7.4: 'Elegqgoc orizintiwn metakin sewn

7.1.4 Sqgediasmic dok,n
Diaforéc twn pragmatopoioOmenwn eléggwn
" Epik’luyh : H epik’luyh aux"netai kat” 5mm all” d; = 40mm arkeb.

El"gistoc oplismic . Tropopoiebtai h mésh efelkustik antoq , fiem = N1 fom

Mégisth témnousa : Tropopoiebtai o suntelest c 1=05 n; (1 %) antb tou

argkoO0 =06 (1 2

Ikanopobhsh sun“feiac stouc kimbouc . Tropopoiebtai h mesh efelkustik anto-
qa, flctm =N fctm
7.1.5 Sgediasmic upostulwm™twn
Diaforéc twn pragmatopoioOmenwn eléggqwn
" Epik’luyh . H epik’luyh aux"netai kat” 5mm all” d; = 50mm pou arkeb.

" Meégisth témnousa : Tropopoiebtai o suntelest c 1=05 n; (1 %) antb tou
argko®0 =06 (1 2
" Tropopoiebtai h antoq gia diaxonik k™myh.
Gia ton lugismi, api ta diagrmmata lugismoO pou dhmiourg jhkan gia to SKB kai gia
to ESEA parathrebtai iti gia di;=h kai gia ! = 0:4 oi diaforec “sh twn puknot twn
ebnai amelhtéec. Sthn perbptwsh tou ESEA aux™nontai oi diatoméc twn upostulwm™twn kai

tautigrona mei nontai ta ortba, oi éleggoi pou éginan gia SKB kalOptoun kai aut n thn

perbptwsh.

7.1.6 lkanotikob elegqoi

Parousi“zontai ta apotelésmata twn eléggwn,

~ Kimboc K1-D1 X X
Mge = 256 KNm  1:3 Mgy = 108 KNm
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Kef'laio 7. Sgediasmic me elafroskuridema

~ Kimboc D1-K2-D2

X X
Mgc = 437KNm  1:3 Mgp = 227 KNm
Kimboc K2-D3 X X
Mge = 437 KNm  1:3 Mgp = 186 KNm
~ Kimboc D3-K3-D4
X X
Mgre = 485KNm  1:3 Mgp = 336 KNm

7.1.7 Sgediasmic pedilodok n

" Elgistoc oplismic : Tropopoiebtai h meésh efelkustik antoq, fieem = N1 fom

" Megisth témnousa : TropopoiePtai o suntelest ¢ 1=05 n; (1 %) antb tou

argkod =016 (1 2

7.1.8 Agkur seic, uperkalOyeic kai tOmpana
H diafor”~ sthn efelkustik antoq ephre“zei an’loga ta apaitoOmena m kh agku-
,sewc kai uperk’luyhc.
fieg = N1 fex= ¢ = 0:84 1:5MPa=1:5 = 0:84MPa

Tropopoiebtai antbstoiga o pPnakac twn agkur,sewn.

PI'kec

Oi agkur,seic kai ta tOmpana a upologisjoOn me ton Bdio tripo pou upologPsjhkan
sto SKB, prokOptei,

" K’tw oplismic: Diamorf,netai mh eujOgrammh agkOrwsh me lbg = 19cm

" P"nw oplismic: Diamorf,netai eujOgrammh agkOrwsh me lbg = 28cm Kkai Dmang =
150 (Me grsh fqq = 0:8MPa arkoOse oriak®  Dmang = 100 all” gia ES oi di'metroi
twn tump nwn prépei na auxhjoOn kat® 50%

Dokob, pedilodokob kai upostul, mata

Upologbzontai me ton Bdio tripo pou upologbsthkan sto SKB.

TOmpana

'‘Opwc sto SKB arqgik™ upologbsthke me  fyq = 0:8MPa, gia b, = 40cm kai F20 pro-
kOptei Dmang = 450 mm, gia aOxhsh kat® 50% prokOptei Dpyang = 675
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7.2 Elafroskuridema me = 1800

[Prépei na shmeiwjeDb iti an to upostOlwma ebge di'stash b, = 35cm a apaitoOntan
sOmfwna me tic diat"xeic tou SKB gia fgg = 0:8MPa ! Dmang > 450 mm dhlad me aOxhsh
kat® 50%. Dmang > 675 mm. Mia tétoia distash den a '‘qwroOse' se upostOlwma pl“touc
b = 350mm me epik’luyh d; = 5mm. Sunep,c sthn perbptwsh aut a eprepe na gbnei
allag stic diast™seic tou upostul, matoc sthn di"metro tou oplismoO.]

7.2 Elafroskuridema me = 1800

Gewmetrba, paradogéc kai statiki prosomobwma orea.

H gewmetrba ebnai akrib,c h Bdia me aut tou = 1600, me thn minh diafor” tic

diast™seic twn upostulwm’twn, se aut n thn perBptwsh prokOptei.

H UpostOlwma H oriak” 0:65 lkanopoBhsh sunfeiac  Ikanotikic-eleggoc lugismoO
1 25 35 35
2 30 40 40
3 40 40 45
PPbnakac 7.5: Diastseic upostul, matoc gia sgediasmi ESEA = 1800
Pl'kec

Ja IhfioOn mino oi diaforéc sthn exwterik strixh. Miac kai aut kajorbzei tic
allagéc ston oplismi. Oi upiloipoi élegqoi ikanopoioOntai.

| G(KPa) Q(KPa) pi(KPa) pa(KPa) mMap  swp  'sp  Asp(em?) |
| 435 2 6.7 2.3 23 017 0188 586 |

Pbnakac 7.6: Fortba kai ent"seic pl’kac 1
Topojetebtai sthn st rixh F8/10 (5cm?)

'Elegqoc orizintiwn metakin sewn kai plastimithta

IkanopoioOntai oi apaitoOmenoi élegqoi.

Dokob, upostul,mata kai pedilodokob

'Idia logik me aut tou elafroskurodématoc.
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Kef’laio E

Sugkritikic sgediasmic ktirbwn api SKB kai
ESEA

8.1 Pl'kec

P"gh pl'’kac gia ikanopobhsh el n

Argik pepobjhsh tan na gbnei elagistopobhsh ston igko skurodématoc iso kai sthn
positht™ oplism,n gia na anoOn oi diaforéc tiso sto p“qoc iso kai stouc oplismoQOc.
Bébaia auti tan telik”™ "neu no matoc kaj,c gia "noigma 6m sOmfwna me ton élegqo
el,n tou EC2 mporoOsan na grhsimopoihjoOn p“gh akima kai twn 13cm (statiki Oyoc
10cm) sto SKB kai sto ES. P goc to opobo se pragmatik perBptwsh ewrebtai polO mikri.
Sunep.c gia to "noigma den up rge ligoc na gbnei sOgkrish tou p~qouc kai grhsimopoi-
jnke p"goc  h = 15cm kai stic dOo peript,seic. P qoc to opoPo mporeD na ewrhjeb kai

mikri gia tétoio "noigma.

Diam keic oplismob

'‘Opwe anaptOgjhke kai prin oi diaforéc sto prokOptonta oplismi gia proégqousa k™'m-
yh apl” oplisménhc diatom ¢ ebnai amelhtéec gia thn perbptwsh tou SKB kai tou ES.
Opite me thn mePwsh tou “rouc tou skurodématoc tan anamenimeno na meiwjoOn kai oi
aparabthtoi oplismob. Stic sthrbxeic parathroOntai oi diaforéc
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Kef'laio 8. Sugkritikic sqediasmic ktirbwn api SKB kai ESEA

0o , = 2500 —
2 |00 4= 1900 ]
lo ,=1700 T
- 1.5 H
1 | |
o I
Sthrbxeic SOnolo

Sqg ma 8.1: Promeétrhsh oplism,n plak,n (1)

Parathrebtai mebwsh twn oplism,n stic sthrbxeic 14 %-20% gia ESEA(1800)-ESEA(1600).
Sta anoBgmata topojet jhkan kai stic dOo peript,seic oi el gistoi oplismoD. Sunolik” stic
pl"kec h mebBwsh ebnai 6%-10 %.

'Eleggoc temnousac

Gia mebwsh thc puknithtac parathrebtai kai shmantik mebwsh thc antoq ¢ se témnousa
gwrbc oplismi di'tmhshc. Gia thn perbptwsh = 1600 kg=m ° parathrebtai iti mei jhke h
el"gisth ttmnousa thc pl"kac 15cm api 66:5KN=m se 43:2KN=m.

Agkur,seic

Gia pqoc thc exwterik ¢ dokoO by, = 25cm sthn perBptwsh tou SKB to apaitoOmeno
m koc agkOrwshc tan tétoio pou grhsimopoi jnhke mh eujOgrammh agkOrwsh en, sthn
perbptwsh tou ESEA apait jhke eujOgrammh agkOrwsh me tOmpano.

8.2 Oirizintiec metakin seic

Mba api tic pio shmantikéc diaforéc tou skurodématoc ebnai stic metakin seic kai ston
debkth seismik c euaisjhsbac . Sthn perbptwsh aut o mégistoc suntelest ¢ euaisjhsbac
sgetik ¢ metakbnhshc gia ESEA(1800)-ESEA(1600) aux jhke kat” 5%-22% antbstoiga.
Sugkekrimena,

| aa  SKB ESEA =1800kg=m3 ESEA = 1600 kg=m°® ||
Stimh1  0.03 0.04 0.04
Stjimh2 0.07 0.08 0.09
Stimh 3 0.12 0.13 0.15
Stimh4 0.16 0.17 0.21
Stimh 5 0.18 0.19 0.22

PPnakac 8.1: Metabol tou gia ESEA
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8.3 Diast’seic stoigePwn oréa

8.3 Diast seic stoigebwn orea

Stic pl'kec kai stic dokoOc den krbjhkan oi diast’seic api k™poion éleggo. Gia thn
perDptwsh twn upostulwm’twn den tan krBsimoc o éleggoc periorismoO anhgménhc axo-
nik ¢ all” o periorismic twn diamétrwn gia ikanopobhsh thc sunfeiac stouc oplismoOc
twn kimbwn. Eidik™ sto ESEA pou mei, netai h mésh efelkustik antoq fictm . Pariti a
eprepe na meiwjoOn oi diast’seic me thn mePwsh twn ent’sewn, parathrebtai iti apaitoOntai
megalOterec diast seic upostul,matoc. Aut” isqOoun gia mésh kathgorba plastimithtac.

I ala SKB ESEA =1800kg=m® ESEA =1600kg=m? |
UpostOlwma 1 | 35 35 40
UpostOlwma 2 | 40 40 45
UpostOlwma 3 | 45 45 45

Pbnakac 8.2: Pleuréc upostulwm™wn  (cm)

8.4 Sqediasmic dok,n

Diam keic oplismob

H meBwsh twn ortbwn od ghse se antbstoigh meBwsh tou diam kouc oplismoO. H mePwsh
the fom llgw the puknithtac den od ghse se @ma ston élegqgo periorismoQ tou efelkuime-
nou oplismoO. Ja parousiastoOn oi diaforéc an™ st'jmh.

_ 0o , =2500
0o , =1900 gl ] |
1:5 o ,=1700 | -
o ] 6| n
11 i — |
- al |
0:5 | I
2 | .
0 T T ! 0 T
Stjmh 1 Stjmh 3 Stjmh 5 SOnolo

Sq ma 8.2: Prometrhsh diam kwn oplism n dok, n( t)

Parathrebtai iti gia mePwsh thc puknithtac mei nontai oi diam keic oplismob kai se
megalQOterec stjmec ePnai mikriterh h mePwsh. H sunolik™ diafor” gia ESEA(1600)-
ESEA(1800) ebnai 23%-16 %
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Kef'laio 8. Sugkritikic sqediasmic ktirbwn api SKB kai ESEA

Mégisth témnousa

Mei,netai shmantik® h megisth tétmnousa twn dok,n. Aut h mebwsh ofebletai ston
suntelest n kai ePnai akrib,c 36 %. Bebaia gia ta anobgmata twn dok,n kai ta ortba pou
egoun Ihfijeb den up’rgei k"poioc periorismic.

Egkrsioi oplismob

Oi egk’rsioi oplismob kajorbsthkan api tic mégistec apostseic ipwc kajorbzontai api
ton EC2

8.5 Sqgediasmic upostulwm™twn

Diam keic oplismob

Oi diam keic oplismob pou proékuyan telik” tan kai stic dOo peript,seic oi el gistoi( 1%).

Lugismic

Den parathr jhke kpoia diafor™ ston éleggo tou lugismoO. Auti ofePletai sta pro-
kOptonta diagrmmata elafroskurodématoc “sh tou EC2. Gia thn perbptwsh tou upo-
stul,matoc pou exet’sjhke ta diagr'mmata allhlepbdrashc den parousizoun diafor”
en, par’llhla h lughrithta aux"netai ligw megalOterwn diast"sewn upostul, matoc.

Ikanotikob élegqoi

'Htan oriakoD sto SKB all” me thn aOxhsh twn diast’sewn sto ESEA den proékuye
k’poio ema. Genik,c h mebwsh thc puknithtac odhgeb se mikriterec antogéc sthn diaxonik
k™myh. Par’llhla imwc mei nontai kai oi ent"seic stic dokoOc pou odhgeD kai sthn mePwsh
antoq ¢ twn dok,n. Me mePwsh thc antoq c tiso stic dokoOc iso kai sta upostul, mata den
a up’rgei éma stouc ikanotikoOc eléggouc kimbwn.

Egk’rsioi oplismob

Kajorbzontai api ton ikanotiki élegqo témnousac. Den up’rgei diafor” kaj,c kajo-
Bzontai api tic mégistec apostseic.

Méegisth témnousa

Up“rgei mePwsh thc megisthc ttmnousac kat™ 36 % ipwc stic dokoOc ligw tou suntelest

8.6 Pedilodokob

Stic pedilodokoOc den up“rgoun diaforéc oOte sto apaitoOmeno skuridema oOte stouc
oplismoOc. To Oyoc ePnai tétoio pou oi ent’seic pou dhmiourgoOntai ePnai mikréc gia thn
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8.7 Sunolik orizintia kai katakirufh dOnamh.

perbptwsh twn pedilodok,n. Sunep,c oi oplismob kajorBzontai api touc el gistouc tou
EC2.

8.7 Sunolik orizintia kai katakirutfh dOnamh.

| ala SKB  ESEA (1800) ESEA(1600) |
Katakirufh dOnamh  1:35G + 1:5Q 24429 22462 21534
Katakirufh dOnamh G +0:3Q + E, + 0:3E, 15543 13372 12585
Témnousa dOnamhG + 0:3Q + E4 + 0:3E, 730 587 524

Pbnakac 8.3: Sunolikec dun"meic(KN)

Stic katakirufec dun"meic oi diaforéc gia ESEA(1800)-ESEA(1600) ebnai 8%-12% gia
thn statik irtish kai 14%-20% gia thn seismik irtish. Stic orizintiec dun"meic oi
diaforéc ePnai 20%-30%. Sthn perBptwsh autoO tou ktirbou h emelPwsh tan apl kai
“neu tegnikoO ématoc. Se peript,seic pou h emelPwsh tou érgou ePnai problhmatik h
gr sh tou elafroskurodématoc endeqoménwc na dbnei kalOterh  kai monadik 10sh.

8.8 Idioperbodoi

[ SKB ESEA(1800) ESEA(1600) |
H 1.23 1.28 1.39 H

Pbnakac 8.4: Jemeli,dhc idioperbodoc (sec)

Gia ESEA(1800)-ESEA(1600) h emeli,dhc idioperbodoc aux'netai kata 4%-13%
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Kef'laio 8. Sugkritikic sqediasmic ktirbwn api SKB kai ESEA

8.9 Prometr seic

500
I 0o ,=2500 I
300 0o ,=1900 |
lo ,=1700 400 |-
200 | 300
200 |
100
100 |
O T l:”\ﬁl—l I O T
PI’ka-dokob Upostul, mata Pedilodokob sOnolo
Sq ma 8.3: Prométrhsh skurodématoc( m?)
| | |
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Sg ma 8.4: Prometr sh oplism,n( t)

Oi diaforéc pou emfanbzontai stic pl’kec ebnai autéc twn oplism n sthrbxewc en, stic
dokoOc ePnai autéc twn diam kwn oplism, n. Oi diaforéc sta upostul, mata ofePlontai stic
diaforéc tou el gistou oplismoQ. Se ilouc touc “llouc oplismoOc krbsimoi tan oi el qi-
stoi opite den abnontai diaforéc. H posostiaba diafor™ gia to SKB kai tou ESEA(1800)-
ESEA(1600) ebnai 8%-10%.
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Kef'laio m

Epblogoc

9.1 Sumper’smata

Sgediasmic diatom,n

" Orizintia meélh: H mePwsh thc puknithtac den epiférei aOxhsh tou oplismoO. Me
meDbwsh thc puknithtac mei,nontai oi oriakéc opec gia =0:45 kai ¢ 2:17%,.

" Upostul,mata: H mebwsh thc puknithtac odhgeb se aisjhtec diaforéc ston apai-
toOmeno oplismi oi opoPec gia mia dusmen ¢ perbptwsh den ePnai megalOterec tou
15 20%. Diaforéc oi opobec egoun nihma mino gia oriaki sgediasmi.

" Lugismic: Diaforéc oi opoPec ePnai polO mikréc kaj,c den metab’lletai to di"gramma
2 t"sewn-paramorf,sewn gia anhgménec paramorf,seic mikriterec thc oriak c.

Plastimithta diatom,n

A~

Diatoméc qwrbc perbsfixh: Up“rqoun stajeréc diaforéc gia ilo to “sma twn tim.n
n. Gia mebwsh tou ligou Ags»>=Ag; 0i diaforéc mei nontai.

Upostul mata me perDsfixh: Me aOxhsh thc perbsfixhc aux™nontai kai oi posostiabec
metaboléc. Gia thn perBptwsh eidik™ tou kisshrodématoc an Ihfieb diirjwsh thc
sgéshc tou eurwk dika “sh peiramatik,n metr sewn h plastimithta péran miac

perbsfixhc den aux"netai.

Belh

Diagrrmmata op,n-kampulitht"c: Me mebwsh thc puknithtac aux"nei h yajurith-

ta, mei,netai h duskamyba kai aux"netai h grammik sumperifor” tou skurodéma-
toc. 'Oson afor” thn témnousa duskamyPa parathroOntai meglec diaforéc sthn
arhgm“twth diatom .

Belh apl,n statik,.n orewn: Par” thn mebwsh thc duskamybac pou parathrebtai
gia mikritera h antbstoigh mebwsh tou “rouc odhgeb se Bdia élh sthn perbptwsh
grammik,n oréwn.
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Sgediasmic oréwn

Oi diaforéc stouc elégqouc ofeblontai kurbwc sthn efelkustik antoq tou skuro-
dématoc fem . Oi diaforéc stouc apaitoOmenouc oplismoOc gia elafroskuridema parousi-
“zontai apokleistik™ stic sthrDxeic twn plak n kai stouc diam keic oplismoOc twn dok_n.

Gia ESEA me = 1800 kg=m® parousi‘zetai posostiabDa mePwsh kat" 8% twn oplism,n
kai aOxhsh tou mégistou suntelest seismik ¢ euaisjhsPac kat 5% en, gia ESEA me
= 1600 kg=m ® parousi“zetai posostiaba mePwsh kat~  10% twn oplism_n kai aDxhsh tou

megistou suntelest seismik ¢ euaisjhsbac kat” 22%. Auti eqei idiabtero endiaféeron ka-

,c h meBwsh thc puknithtac odhgeb se pol® mikr meBwsh twn oplism,n kai pol® meg’lh
diafor™ ston suntelest seismik ¢ euaisjhsPac. ParathroOntai kai meglec diaforéc stic

sunolikéc dun"meic, gia thn seismik irtish mei netai h katakirufh dOnamh gia tic dOo
puknithtec kat™ 14% kai 20% kai oi orizintiec mei ,nontai kat” 20% kai 30%. En olbgoic
h gr sh ESEA se perbptwsh ktirbwn odhgeb se diaforéc stouc oplismoOc twn orizintiwn
stoigebwn all” kurbwc ephre”zei tic orizintiec metakin seic kai tic sunolikéc dr'seic pou

askoOntai sto édafoc.

9.2 Prot"seic gia peraiterw ereuna

B”sh twn apotelesm™twn a tan endiaféron na diereunhjeb:
" H gr sh tou ESEA se orizintia stoigeDa gefur,n.

" H gr sh ESEA sthn emelPwsh dusmen,n peript,sewn. Yhl n ktirbwn, gefur,n
kak,n edafik,n qarakthristik,n.

" H gr sh enallaktik,n diagramm“twn t"sewn-paramorf,sewn ESEA gia thn exagwg
sumperasm’twn ston lugismi katakirufwn stoigeBwn.
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PPnakec aploO oplismoO-plakodok n
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Par’rthma Ap. PBnakec aploO oplismoO-plakodok,n

PBnakac Ap.1:PBnakac aploO oplismoO = 1400
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PPnakac Ap.2:PPnakac aploO oplismo® = 1600

165



Par’rthma Ap. PBnakec aploO oplismoO-plakodok,n

PBnakac Ap.3:PBnakac aploO oplismoO = 1800
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PPnakac Ap.4:PPnakac aploO oplismo® = 2000
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Par’rthma Ap. PBnakec aploO oplismoO-plakodok,n

PBnakac Ap.5:PBnakac aploO oplismoO NWC
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